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In recent years, the treatment of Rheumatoid Arthritis has undergone tremendous 
changes due to methotrexate and biologics in large part. Until a decade ago, avoiding 

joint destruction in rheumatoid arthritis was not realistic for rheumatologist. However, 
prevention of joint deterioration is now possible, and the quality of life of patients with 
rheumatoid arthritis in long-term has been able to improve by advances in treatment. 

However, there are still many problems to be overcome before achieving the treatment 
of rheumatoid arthritis. All of review articles presented on this book are explaining 
treatment, basic research, and patient care of rheumatoid arthritis with innovative 

perspective and ideas. I hope that the ideas that have been described in these articles 
help the reader to resolve the outstanding issues in rheumatoid arthritis.
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Chapter 1

Sphingosine-1-Phosphate and Rheumatoid Arthritis:
Pathological Implications and Potential Therapeutic
Targets

Zhiyi Zhang and Chenqi Zhao

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/53308

1. Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease that affects approximately 1% of
the population worldwide. RA mainly targets the synovial tissues of the small joints of the
hands and feet, although larger joints are also affected. The disease is characterized by 1)
proliferation of synovial fibroblasts, leading to synovial hyperplasia; 2) recruitment of in‐
flammatory cells into joint tissue, resulting in tissue destruction; and 3) excessive secretion
of pro-inflammatory cytokines/chemokines, contributing directly to synovium inflamma‐
tion. While the etiology of RA remains unknown, inflammatory mediators appear to drive
the evolution of the disease. In particular, TNF-α together with proinflammatory cytokines,
including IL-1β and IL-6, have been shown to be pivotal in promoting cytokine, chemokine
and matrix metalloproteinase production within the RA synovium, along with cellular acti‐
vation and joint erosion [1,2]. Given the complexity of the inflammatory cascade in the RA
synovium, it is of great importance to identify novel biochemical signalling moieties that
have the potential to constitute intracellular molecular checkpoints within the cell.

Sphingosine-1-phosphate (S1P) is a bioactive sphingolipid metabolite which is formed from
sphingosine by sphingosine kinases (SphKs) and degraded by S1P phosphatases (SPPs) and
S1P lyase (SPL). S1P is critically involved in both physiological and pathological processes.
The lipid is implicated in many cellular processes including proliferation, apoptosis and mi‐
gration via binding to and activation of its G protein-coupled cell surface receptors. Altera‐
tions in S1P signalling as well as in the enzymes involved in its synthesis and metabolism
have been observed in many types of pathological situations such as angiogenesis, metasta‐
sis, and autoimmunity. Accumulating evidence now suggests a role for S1P in various as‐

© 2013 Zhang and Zhao; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.



Chapter 1

Sphingosine-1-Phosphate and Rheumatoid Arthritis:
Pathological Implications and Potential Therapeutic
Targets

Zhiyi Zhang and Chenqi Zhao

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/53308

1. Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease that affects approximately 1% of
the population worldwide. RA mainly targets the synovial tissues of the small joints of the
hands and feet, although larger joints are also affected. The disease is characterized by 1)
proliferation of synovial fibroblasts, leading to synovial hyperplasia; 2) recruitment of in‐
flammatory cells into joint tissue, resulting in tissue destruction; and 3) excessive secretion
of pro-inflammatory cytokines/chemokines, contributing directly to synovium inflamma‐
tion. While the etiology of RA remains unknown, inflammatory mediators appear to drive
the evolution of the disease. In particular, TNF-α together with proinflammatory cytokines,
including IL-1β and IL-6, have been shown to be pivotal in promoting cytokine, chemokine
and matrix metalloproteinase production within the RA synovium, along with cellular acti‐
vation and joint erosion [1,2]. Given the complexity of the inflammatory cascade in the RA
synovium, it is of great importance to identify novel biochemical signalling moieties that
have the potential to constitute intracellular molecular checkpoints within the cell.

Sphingosine-1-phosphate (S1P) is a bioactive sphingolipid metabolite which is formed from
sphingosine by sphingosine kinases (SphKs) and degraded by S1P phosphatases (SPPs) and
S1P lyase (SPL). S1P is critically involved in both physiological and pathological processes.
The lipid is implicated in many cellular processes including proliferation, apoptosis and mi‐
gration via binding to and activation of its G protein-coupled cell surface receptors. Altera‐
tions in S1P signalling as well as in the enzymes involved in its synthesis and metabolism
have been observed in many types of pathological situations such as angiogenesis, metasta‐
sis, and autoimmunity. Accumulating evidence now suggests a role for S1P in various as‐

© 2013 Zhang and Zhao; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.



pects of RA biology. This can involve, for example, activation of SphKs [3] and an elevated
level of S1P [4] in the synovium and synovial fluids of patients with RA, as well as altera‐
tions in S1P signalling that lead to synovial fibroblast migration, proliferation, survival and
production of proinflammatory cytokines/chemokines [4,5]. This review will highlight how
S1P is involved in RA pathology and the mechanisms of its action. In addition, the therapeu‐
tic potential of drugs that alter S1P actions will be examined with reference to RA.

2. S1P biology

Sphingolipids are a class of complex, structurally-related compounds derived from sphin‐
goid bases, with hundreds of known class members; they represent a major class of lipids
that are ubiquitously expressed in eukaryotic cell membranes. Apart from their structural
functions, sphingolipids have emerged as the source of important signalling molecules;
these sphingolipid metabolites have important roles in stimulus/agonist-mediated signalling
which regulate many cellular processes including inflammation, cell proliferation, apopto‐
sis, angiogenesis, and transformation [6]. Sphingolipid-mediated signalling also influences
the pathophysiology of many diseases including cancer, and autoimmune and inflammatory
diseases.

S1P is one of the most important sphingolipid metabolites. It was first identified as a potent
second messenger in the early 1990s [7,8]. Since then, S1P has been shown to be involved in
many important cell signalling pathways and physiological processes such as angiogenesis,
cell migration and movement, cell survival and proliferation, cellular architecture, cellular
contacts and adhesions, heart development, vascular development, atherogenesis, acute
lung injury and acute respiratory distress, tumorogenicity and metastasis, and inflammation
and immunity (reviewed in [9,10]). New tools, such as specific agonists and antagonists and
the generation of targeted knockouts, have led to a surge of interest in the role of S1P in nu‐
merous diseases. Recent studies have shown, for example, that it modulates the pathophy‐
siological consequences of various autoimmune diseases, such as Sjogren’s syndrome [11]
and systemic sclerosis [12].

2.1. S1P metabolism

S1P is present at submicromolar concentrations in various biological fluids and tissues [13].
It is predominantly present in the platelets and erythrocytes in the blood, at concentrations
of 100 nM to 4 μM [14], because the platelets lack the S1P degradation enzyme SPL [15]. Hu‐
man serum is also a rich source of S1P with concentrations ranging from 340 nM to 1 μM
[16,17]. Moreover, the erythrocytes appear to be the cells mostly responsible for the storage
and constant supply of plasma S1P [14].

S1P is produced intracellularly by a series of enzymatic reactions (Figure 1); all cells are
able to generate it  during the normal physiologic metabolism of sphingolipids. Sphingo‐
myelin hydrolysis is considered to be the first step in the pathway generating S1P. The re‐
action is catalyzed by sphingomyelinases yielding ceramide. Ceramide is the central step

Innovative Rheumatology4

in sphingolipid metabolism and can be also synthesized de novo from serine and palmi‐
tate by the action of ceramide synthase [18]. Ceramide is, in turn, deacylated by cerami‐
dase to release sphingosine, which is then phosphorylated either by SphK1 or SphK2, to
yield S1P. While both SphK1 and SphK2 can phosphorylate sphingosine, SphK1 produces
most of the S1P [19]. SphKs can be activated by a large variety of agonists, such as TNF-α
(reviewed in [20-22]).  Activation of SphK1 leads to its translocation to the plasma mem‐
brane  where  its  substrate  sphingosine  is  located,  resulting  in  the  production  of  S1P
[23,24]. S1P, in turn, activates specific S1P receptors present on the surface of the same cell
or on nearby cells in autocrine and/or paracrine manners [20]. This “inside-out” signalling
of intracellularly generated S1P is crucial for many of its functions [25]. S1P is degraded
through two distinct  mechanisms,  the  reversible  dephosphorylation into  sphingosine by
SPPs,  and  the  irreversible  degradation  by  SPL  to  hexadecenal  and  ethanolamine  phos‐
phate [26,27].  Consequently, the cellular levels of S1P are tightly regulated by its forma‐
tion  from  sphingosine  through  the  activity  of  SphKs  and  its  degradation  through  the
activity of SPPs and SPL. In the basal state, the balance between S1P generation and deg‐
radation results in low cellular levels of S1P [28,29].

The mechanism by which S1P is exported to the outside of cells after synthesis is not fully
understood. Several studies suggested the involvement of the ATP-binding cassette (ABC)
family of transporters in S1P secretion [30-32]. It has been shown that its release from mast
cells is regulated by ABCC1 [31] while the ABCA1 transporter is critical for release of S1P
from astrocytes [32]. Altogether, these studies suggested that members of the family of ABC
transporters may be important for the transport of S1P out of cells.

2.2. S1P receptors and S1P receptor-mediated signalling

S1P exerts diverse biological activities under physiological and pathological conditions via
both intracellular and extracellular signalling pathways, but mostly the latter. To date, five
cell surface G protein-coupled S1P receptors (S1P1-5), belonging to the endothelial differen‐
tiating gene (EDG) family, have been identified [13]. S1P receptors exhibit variable tissue
distribution: S1P1, S1P2, and S1P3 are widely expressed in various tissues, whereas the ex‐
pression of S1P4 and S1P5 is more restricted to cells of the immune system and nervous sys‐
tem, respectively (reviewed in [33]). Each S1P receptor couples to a specific heterotrimeric G
protein: Gi/o, Gq and G12/13. When activated, the G protein dissociates into its α and βγ subu‐
nits and transduces signals toward the downstream pathways. In particular, S1P1 is coupled
predominantly to Gi/o, through which it activates signalling known to be essential for embry‐
onic blood vessel development as the murine S1P1 knockout is lethal at the embryonic stage,
as a result of hemorrhage [34]. In addition, plasma S1P has been shown to elicit egress of
lymphocytes into the blood in an S1P1-dependent manner [35] and to regulate basal and in‐
flammation-induced vascular leak in vivo [36]. S1P2 and S1P3 are linked predominantly to
Gq and G12/13; knockout of both receptors in mice decreases litter size and survival rates [37].
S1P4 and S1P5 are the least studied receptors, although it is known that S1P4 is involved in
T-cell proliferation [38] and S1P5 is required in natural killer cell trafficking [39]. More de‐
tailed information on the various signalling pathways triggered by S1P receptor activation
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can be found in previous reviews [40,41]. The five known S1P receptors can lead to activa‐
tion of different downstream targets, such as Rac, ERK, PI3K, adenylyl cyclase, phospholi‐
pase-C, Rho or JNK, resulting in the abovementioned cellular responses [42]. The
extracellular pathways mediated by each S1P-specific receptor are common; however, given
the existence of agonists and antagonists that exhibit receptor specificity, it is probable that
the S1P receptors are not totally redundant [43]. Upon binding to one of the five known cell
surface receptors, S1P initiates signal transduction leading to various cellular responses.

S1P also exerts its action as a second messenger via intracellular pathways. For example, it
intracellularly targets the histone deacetylases HDACs, regulating specific and contextual
chromatin states that impact gene transcription [44]. S1P has been shown to promote growth
and survival, independently from its G protein-coupled receptors, in mouse embryonic fi‐
broblasts devoid of S1P receptors [35]. There is also evidence supporting a role for intracel‐
lular S1P in calcium mobilization [45].

3. Alteration of S1P in rheumatoid arthritis

TNF-α is the predominant proinflammatory cytokine in RA. TNF-α can activate SphK,
which leads to the production of S1P [46]. Indeed, SphK1, SphK2 [3,47] and S1P levels [48]
are elevated in the synovium of patients with RA. Moreover, administration of S1P to RA
synovial fibroblasts causes their proliferation, survival, and migration, as well as cytokine/
chemokine and other proinflammatory mediator production [4,5]. The findings suggest that
S1P may play a role in RA pathology (Figure 2).

3.1. SphK activity and S1P levels in RA synovium

Activated SphKs and elevated S1P levels are associated to RA (Table 1). For instance, in‐
creased SphK1 expression and activity was found in RA B lymphoblastoid cell lines, and
identified as the underlying mechanism of impaired Fas-mediated death signalling in RA
[47]. More recently, SphK2 has been shown to be strongly expressed in RA synovial fibro‐
blasts in vivo and in vitro, which is associated with upregulation of S1P [3]. Suppression of
SphK2 by siRNA results in a more aggressive disease and greater secretion of proinflamma‐
tory cytokines, such as IL-6, TNF-α and IFN-γ in a murine collagen-induced arthritis (CIA)
model [49]. Of more interest, in a murine CIA model, administration of a pharmacological
SphK inhibitor, N,N-dimethylsphingosine (DMS), and an siRNA approach to knockdown
SphK1 isoform markedly suppressed joint pathologies such as adjacent cartilage and bone
erosion, synovial hyperplasia, and inflammatory infiltration into the joint compartment [49].

At present, evidence for roles in RA of other S1P metabolic enzymes, such as SPPs and SPL,
is limited. However, up-regulation of SPP2 was detected in samples of skin lesions from pa‐
tients with psoriasis, a chronic inflammatory skin disease [50]. Interestingly, an elevated
mRNA expression of SPP1 and SPL was observed in RA synovial fibroblasts, as compared
to non-arthritic synovial fibroblasts (Zhao et al., unpublished data).
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S1P is widely expressed in RA synovium. Elevated levels were detected in both synovial tis‐
sue and synovial fluids from patients with RA [4,48]. Moreover, the S1P content in synovial
fluids from patients with RA was compared to that from patients with osteoarthritis (OA), a
degenerative joint disease [4]. S1P levels were shown to be much higher in synovial fluids of
RA patients than in those of OA patients. In that study, the S1P level in RA synovial fluids
was even higher than those in serum or plasma from normal donors. A similar experiment
was performed with a different experimental strategy, in which the S1P level in RA synovial
fluids was five fold higher than that in OA synovial fluids [48]. Peripheral blood B lympho‐
blastoid cell lines from patients with RA exhibited a high level of S1P level as well [47]. This
increase in S1P level could be responsible for the recruitment and retention of the immune
infiltrates in the synovium.

RA OA Normal Experimental StrategyReference

S1P content in

synovial fluids

17.51±4.23 μM 3.45±0.85 μM N/A Competitive ELISA [48]

1,078.92 pM/ml 765.01 pM/ml N/A HPLC [4]

S1P intracellular

level in synovial

cells

Increased level in

LDLs compared to

normal control

cells

N/A Chromatography [47]

SphK activity in

synovial cells

Markedly

increased

enzymatic activity

in LDLs compared

to normal control

cells

N/A Sphk enzymatic activity

assay

[47]

SphK expression

in synovial

fibroblasts

More SphK2

positive cells than

those in OA

Weakly positive N/A Immunofluorescence [3]

S1P1 receptor

expression in

synovial tissue

Markedly

enhanced

expression than

that in OA

Weak expression Weak expression immunostaining [4]

N/A: not applicable or not available

Table 1. SphK expression/activity, S1P levels, and S1P receptor expression in synovium of RA, OA, and normal donors.

Sphingosine-1-Phosphate and Rheumatoid Arthritis: Pathological Implications and Potential Therapeutic Targets
http://dx.doi.org/10.5772/53308

7



can be found in previous reviews [40,41]. The five known S1P receptors can lead to activa‐
tion of different downstream targets, such as Rac, ERK, PI3K, adenylyl cyclase, phospholi‐
pase-C, Rho or JNK, resulting in the abovementioned cellular responses [42]. The
extracellular pathways mediated by each S1P-specific receptor are common; however, given
the existence of agonists and antagonists that exhibit receptor specificity, it is probable that
the S1P receptors are not totally redundant [43]. Upon binding to one of the five known cell
surface receptors, S1P initiates signal transduction leading to various cellular responses.

S1P also exerts its action as a second messenger via intracellular pathways. For example, it
intracellularly targets the histone deacetylases HDACs, regulating specific and contextual
chromatin states that impact gene transcription [44]. S1P has been shown to promote growth
and survival, independently from its G protein-coupled receptors, in mouse embryonic fi‐
broblasts devoid of S1P receptors [35]. There is also evidence supporting a role for intracel‐
lular S1P in calcium mobilization [45].

3. Alteration of S1P in rheumatoid arthritis

TNF-α is the predominant proinflammatory cytokine in RA. TNF-α can activate SphK,
which leads to the production of S1P [46]. Indeed, SphK1, SphK2 [3,47] and S1P levels [48]
are elevated in the synovium of patients with RA. Moreover, administration of S1P to RA
synovial fibroblasts causes their proliferation, survival, and migration, as well as cytokine/
chemokine and other proinflammatory mediator production [4,5]. The findings suggest that
S1P may play a role in RA pathology (Figure 2).

3.1. SphK activity and S1P levels in RA synovium

Activated SphKs and elevated S1P levels are associated to RA (Table 1). For instance, in‐
creased SphK1 expression and activity was found in RA B lymphoblastoid cell lines, and
identified as the underlying mechanism of impaired Fas-mediated death signalling in RA
[47]. More recently, SphK2 has been shown to be strongly expressed in RA synovial fibro‐
blasts in vivo and in vitro, which is associated with upregulation of S1P [3]. Suppression of
SphK2 by siRNA results in a more aggressive disease and greater secretion of proinflamma‐
tory cytokines, such as IL-6, TNF-α and IFN-γ in a murine collagen-induced arthritis (CIA)
model [49]. Of more interest, in a murine CIA model, administration of a pharmacological
SphK inhibitor, N,N-dimethylsphingosine (DMS), and an siRNA approach to knockdown
SphK1 isoform markedly suppressed joint pathologies such as adjacent cartilage and bone
erosion, synovial hyperplasia, and inflammatory infiltration into the joint compartment [49].

At present, evidence for roles in RA of other S1P metabolic enzymes, such as SPPs and SPL,
is limited. However, up-regulation of SPP2 was detected in samples of skin lesions from pa‐
tients with psoriasis, a chronic inflammatory skin disease [50]. Interestingly, an elevated
mRNA expression of SPP1 and SPL was observed in RA synovial fibroblasts, as compared
to non-arthritic synovial fibroblasts (Zhao et al., unpublished data).

Innovative Rheumatology6

S1P is widely expressed in RA synovium. Elevated levels were detected in both synovial tis‐
sue and synovial fluids from patients with RA [4,48]. Moreover, the S1P content in synovial
fluids from patients with RA was compared to that from patients with osteoarthritis (OA), a
degenerative joint disease [4]. S1P levels were shown to be much higher in synovial fluids of
RA patients than in those of OA patients. In that study, the S1P level in RA synovial fluids
was even higher than those in serum or plasma from normal donors. A similar experiment
was performed with a different experimental strategy, in which the S1P level in RA synovial
fluids was five fold higher than that in OA synovial fluids [48]. Peripheral blood B lympho‐
blastoid cell lines from patients with RA exhibited a high level of S1P level as well [47]. This
increase in S1P level could be responsible for the recruitment and retention of the immune
infiltrates in the synovium.

RA OA Normal Experimental StrategyReference

S1P content in

synovial fluids

17.51±4.23 μM 3.45±0.85 μM N/A Competitive ELISA [48]

1,078.92 pM/ml 765.01 pM/ml N/A HPLC [4]

S1P intracellular

level in synovial

cells

Increased level in

LDLs compared to

normal control

cells

N/A Chromatography [47]

SphK activity in

synovial cells

Markedly

increased

enzymatic activity

in LDLs compared

to normal control

cells

N/A Sphk enzymatic activity

assay

[47]

SphK expression

in synovial

fibroblasts

More SphK2

positive cells than

those in OA

Weakly positive N/A Immunofluorescence [3]

S1P1 receptor

expression in

synovial tissue

Markedly

enhanced

expression than

that in OA

Weak expression Weak expression immunostaining [4]

N/A: not applicable or not available

Table 1. SphK expression/activity, S1P levels, and S1P receptor expression in synovium of RA, OA, and normal donors.

Sphingosine-1-Phosphate and Rheumatoid Arthritis: Pathological Implications and Potential Therapeutic Targets
http://dx.doi.org/10.5772/53308

7



3.2. S1P receptor expression in synovial fibroblasts

Synovial fibroblasts or fibroblast-like synovial synoviocytes (FLS) are key contributors to RA
chronic inflammation due to their abnormal growth and erosive activity. During RA disease
progression, these cells become hyperplastic, closely interact with infiltrated immune cells to
form the aggressive pannus tissue that invades and degrades the cartilage and bone and
eventually promotes joint destruction (reviewed in [51]). Synovial fibroblasts also contribute
to the local production of cytokines/chemokines, small molecule mediators of inflammation,
and proteolytic enzymes that degrade the extracellular matrix [52].

RA synovial fibroblasts have been reported to express three of five known S1P receptors,
S1P1-3 [4,5,53]. Expression of S1P1 in RA inflamed synovial tissue is significantly higher
than that in OA synovial tissue [4]. Of more interest, pretreatment of RA synovial fibroblasts
with TNF-α, the cytokine well-recognized to be critical in RA, results in up-regulation of
S1P3 receptor expression in synovial fibroblasts, which likely contributes to the synergistic
production of inflammatory cytokines/chemokines, migration (or invasion) and survival of
these cells upon subsequent exposure to S1P [5]. Thus, it seems that the elevated TNF-α lev‐
els observed in the synovial fluid of RA patients could make synovial fibroblasts more re‐
sponsive to increases of S1P in RA synovium; in turn, the enhanced responsiveness to S1P
through the S1P3 receptor could increase synovial fibroblast survival, migration and pro‐
duction of cytokines/chemokines, processes that all likely contribute to the pathology of RA.

3.3. Influence of S1P on the secretion of proinflammatory cytokines/chemokines and
other proinflammatory mediators by synovial fibroblasts

One key feature of RA is the large amounts of pro-inflammatory cytokines and chemokines
produced by activated synovial cells. These cytokines/chemokines may directly contribute
to cartilage and bone erosion by promoting matrix metalloproteinase (MMP) production
and chondrocyte/osteoclast destruction function [51]. S1P can stimulate synovial fibroblasts
to release various inflammatory mediators, including cytokines, chemokines, and prosta‐
glandin E2 (PGE2) [4,5]. S1P administration notably stimulates the synovial fibroblast secre‐
tion of IL-8, IL-6, MCP-1 and RANTES via S1P2 and S1P3 receptors and through modulation
of p38, ERK, and Rho kinase activities [5]. The S1P-induced cytokine/chemokine secretion
and S1P receptor-mediated signalling pathways were further suggested as the driving force
for synovial fibroblast invasion into the surrounding tissue [5]. Moreover, inhibition of S1P
production by a potent SphK1 inhibitor, DMS, significantly suppresses production of these
cytokines [48]. The effect of S1P on cytokine secretion is further amplified by TNF-α [5], sug‐
gesting that the cytokine-rich environment of the inflamed synovium may synergize with
S1P signalling to exacerbate the disease process [5].

In addition, S1P has been found to indirectly stimulate IL-17 secretion by activating T-cell
receptor-activated CD4 T cells [54]. IL-17 is produced by cultured peripheral blood mononu‐
clear cells (PBMC) and synovial membrane cells, and elevated levels of IL-17 are detected in
the synovial fluid of RA patients [54,55]. It was reported that IL-17-deficient mice showed
resistance to CIA [56]. Furthermore, IL-17 was demonstrated to contribute to the severity of
synovial inflammation and bone destruction in RA by stimulating the production of proin‐
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flammatory cytokines and chemokines such as TNF-α, IL-1β, IL-6, MMPs, and receptor acti‐
vator of NF-κB ligand (RANKL) [57,58].

S1P is able to stimulate the production of other inflammatory mediators, such as PGE2, and
of its metabolic enzymes cyclooxygenases (COXs) in RA synovial fibroblasts [4,53]. PGE2 is
an autocrine lipid mediator derived from arachidonic acid metabolism by COX-1 or COX-2
[59]. The inflammation characteristic of RA is actually closely associated to the production of
PGE2 by synovial fibroblasts, as PGE2 stimulates angiogenesis in rheumatoid synovium [60]
and triggers bone resorption by osteoclasts [61]. Thus, S1P may aggravate synovial hyper‐
plasia, inflammation and angiogenesis through the induction of COX-2 and PGE2 in RA
synovial tissues.

3.4. Upregulation of immune cell recruitment and retention by S1P in the RA synovium

Recruitment  and retention of  inflammatory cells,  such as  neutrophils,  monocytes  and T
lymphocytes, are other fundamental features of RA synovitis. This process is coordinated
by the presence of chemo-attractant proteins at  the site of inflammation, assisted by the
expression  of  adhesion  molecules.  Chemokines  and  other  small  chemo-attractant  mole‐
cules are abundant in the RA synovium and can be produced by synovial fibroblasts in
the  intimal  lining.  S1P,  as  a  chemo-attractant,  plays  a  pivotal  role  in  the  immune  cell
egression.  S1P1,  for  example,  is  essential  for  lymphocyte  recirculation  since  it  regulates
lymphocyte egress from both thymus and peripheral lymphoid organs [62,63]. As S1P ex‐
ists  at  lower levels  in tissues and higher levels  in the blood and lymph, it  is  suggested
that the S1P gradient between tissues and the blood/lymph drives such a migration. Like‐
wise, the elevated S1P levels in the synovial fluid of RA patients [48] could be responsible
for the recruitment and retention of the immune infiltrates in the RA synovium. Indeed,
inhibition of S1P1 down-regulated inflammatory cell accumulation in an adjuvant-induced
arthritis (AIA) animal model [64].

S1P may also contribute indirectly to the recruitment and retention of inflammatory cells in‐
to RA synovium by stimulating the secretion of other chemo-attractants. In RA, the recruit‐
ment of immune cells into the synovium may be due to the large amount of CC and CXC
chemokines produced by activated cells of the synovial lining. In particular, IL-8 exhibits se‐
lective chemotactic activity for neutrophils, whereas MCP-1, MIP-1α, -1β and RANTES pri‐
marily attract monocytes. RA synovial fibroblasts do not secrete detectable levels of
cytokines or chemokines, except for low amounts of MCP-1 in the resting state; upon treat‐
ment with S1P, however, the secretion of IL-8, IL-6, MCP-1 and RANTES is strongly in‐
duced, indicating S1P contribution to and/or amplification of the secretion of chemokines by
cells of the inflamed synovium [5]. Since immune cells express a wide repertoire of chemo‐
kine receptors, including those of IL-8, MCP-1, SDF-1α, IP-10 and RANTES [65], S1P may
indirectly drive the recruitment and retention of inflammatory cells in RA by this chemokine
secretion. Indeed, a bioactive lipid structurally-related to S1P, lysophosphatidic acid (LPA),
is able to recruit leukocytes into an in vivo inflammatory site by stimulating inflammatory
cytokine/chemokine secretion [66].
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3.5. Promotion of proliferation and/or survival of synovial fibroblasts, B lymphocytes,
and chondrocytes by S1P in the RA synovium

Abnormal growth of synovial fibroblasts and chondrocytes has been suggested to contribute
directly to hyperplasia of the rheumatoid synovium [67]. The growth in RA of the synovial
fibroblast population is likely attributable to an imbalance between cell proliferation, surviv‐
al, and death. In fact, synovial fibroblast proliferation is difficult to demonstrate in RA.
Nonetheless, limited numbers of mitotic figures or cells expressing cell cycle markers sug‐
gest that synovial fibroblast DNA synthesis is not a major influence [68,69]. Instead, the RA
synovial environment promotes survival of these cells and discourages their depletion
through apoptosis. S1P, through S1P1, protects synovial fibroblasts from apoptosis [5]. Thus,
the ability of S1P to promote synovial fibroblasts survival, whether or not this agent can also
increase cell proliferation, could contribute to RA pannus hyperplasia [70].

B lymphocytes play an important role in the pathogenesis of RA. B-cell accumulation and
maturation in the inflamed synovium can form ectopic germinal centers [71-73] and activate
T cells [74]. Moreover, mature plasma cells secrete autoantibodies, such as the rheumatoid
factor, which are key features of RA [75]. The importance of B cells in RA is illustrated by
the success obtained when targeting CD-20-positive B cells with the chimeric monoclonal
anti-CD20 antibody, rituximab [76]. In that study, a single short course of rituximab, either
alone or in combination with cyclophosphamide or continuing methotrexate, provided pa‐
tients with significant improvements in disease symptoms, a reduction in B-cell numbers,
rheumatoid factors, and total immunoglobulin levels. S1P appears capable of increasing cell
survival and inhibiting apoptosis of B lymphocytes derived from RA patients, as these cells
are uniquely resistant to Fas-mediated apoptosis [47]. This effect is due to an increased ac‐
tivity of SphK1 and an overproduction of S1P. In a murine experimental arthritis model, ad‐
ministration of SphK inhibitor, DMS, and of SphK1 siRNA significantly decreased the
production of anticollagen IgG2a in the mouse serum [48,49].

S1P was also reported to induce chondrocyte proliferation through stimulation of COX-2
and PGE2 production and via activation of ERK [77,78], and was thus suggested to be able
to modulate cartilage homeostasis.

3.6. Contribution of S1P to osteoclastogenesis

Pathologic bone loss is a common feature of RA in which progressive destruction of bone is
associated with joint inflammation. Focal bone erosion occurs at the pannus-bone interface
and in the immediate subchondral bone early in RA, and is associated over time with signif‐
icant morbidity for patients [79]. Bone-resorbing osteoclasts have been identified as impor‐
tant effector cells in inflammation-induced bone loss in both experimental animal models
and human RA. Osteoclasts are derived from hematopoietic precursor cells of the myeloid
lineage [80,81]. In normal skeletal remodelling, the balance between bone resorption by os‐
teoclasts and bone formation by osteoblasts is critically regulated [82-84] and osteoclast dif‐
ferentiation is dependent on the presence of two key factors, RANKL and colony-
stimulating factor-1(CSF-1), provided by cells of the osteoblast lineage [81,85,86]. In
experimental animal models of arthritis, osteoclasts have been observed at sites of focal bone
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erosion [87,88]. In addition to the RANK/RANKL pathway, many cytokines (such as TNF-α,
IL-6, and IL-17) and growth factors elaborated by inflamed synovial tissues may contribute
to osteoclast differentiation and activation in RA [89].

S1P has been found to induce chemotaxis of osteoclast precursors and osteoclastogenesis in
vitro [90] and in vivo [91]. In a bone marrow-derived macrophage and osteoblast coculture
system, for instance, S1P addition greatly increased osteoclastogenesis by increasing
RANKL in osteoblasts via cyclooxygenase-2 and PGE2 regulation [90]. S1P also chemoat‐
tracted osteoblasts and enhanced their survival [90]. Moreover, S1P controls the migratory
behaviour of osteoclast precursors between bone tissues and the blood stream, dynamically
regulating bone mineral homeostasis via S1P receptors. Cells with the properties of osteo‐
clast precursors indeed express functional S1P1 receptors and exhibit positive chemotaxis
along an S1P gradient in vitro [92]. On the other hand, S1P2 requires a higher concentration
of S1P for activation and induces negative chemotactic responses to S1P gradients [91]. S1P2
activation causes cells to move from the bloodstream into bone marrow cavities [91].

3.7. SphKs and S1P in experimental arthritis

Both CIA and AIA are well-established models for studying RA. Administration of the S1P
receptor agonist FYT720, which down-regulates S1P receptors, in rat CIA and AIA models
inhibits rat hind paw oedema and joint destruction and decreases lymphocyte invasion into
the joints [93,94]. In addition to receptor modulation, non-specific inhibition of SphK with
DMS in a murine CIA model has been shown to significantly reduce adjacent cartilage and
bone erosion, synovial hyperplasia, and inflammatory infiltration into the joint compart‐
ment [48,49]. Moreover, suppression of SphK1 via siRNA knockdown results in similar re‐
duction in joint pathology, serum levels of IL-6, TNF-α, IFN-γ and S1P, and the in vitro
production of these proinflammatory mediators in response to collagen [48,49]. In another
murine arthritis model, the transgenic human TNF-α model that develops spontaneous ero‐
sive arthritis, Sphk1-deficient mice exhibit significantly less synovial inflammation and joint
pathology than the wild-type mice [95].

Interestingly, SphK isoforms may play different roles in RA. In a murine CIA model, down-
regulating SphK1 via specific small interfering RNA (siRNA) significantly reduced the inci‐
dence, disease severity, and articular inflammation. Treatment with SphK1 siRNA also
down-regulated serum levels of S1P, IL-6, TNF-α, IFN-γ, and IgG2a anticollagen antibody
[49]. On the other hand, mice receiving SphK2 siRNA developed a more aggressive disease,
and higher serum levels of IL-6, TNF-α, and IFN-γ, when compared with control siRNA re‐
cipients. These results suggest distinct immunomodulatory roles for SphK1 and SphK2 in
the development of inflammatory arthritis via the regulation of the release of proinflamma‐
tory cytokines and T cell responses.

S1P metabolism and SphK/S1P/S1P receptor axis-mediated signalling pathways in rheuma‐
toid arthritis synovium and the potential role of S1P in RA pathogenesis are illustrated in
Figure 1 and Figure 2, respectively.

Sphingosine-1-Phosphate and Rheumatoid Arthritis: Pathological Implications and Potential Therapeutic Targets
http://dx.doi.org/10.5772/53308

11



3.5. Promotion of proliferation and/or survival of synovial fibroblasts, B lymphocytes,
and chondrocytes by S1P in the RA synovium

Abnormal growth of synovial fibroblasts and chondrocytes has been suggested to contribute
directly to hyperplasia of the rheumatoid synovium [67]. The growth in RA of the synovial
fibroblast population is likely attributable to an imbalance between cell proliferation, surviv‐
al, and death. In fact, synovial fibroblast proliferation is difficult to demonstrate in RA.
Nonetheless, limited numbers of mitotic figures or cells expressing cell cycle markers sug‐
gest that synovial fibroblast DNA synthesis is not a major influence [68,69]. Instead, the RA
synovial environment promotes survival of these cells and discourages their depletion
through apoptosis. S1P, through S1P1, protects synovial fibroblasts from apoptosis [5]. Thus,
the ability of S1P to promote synovial fibroblasts survival, whether or not this agent can also
increase cell proliferation, could contribute to RA pannus hyperplasia [70].

B lymphocytes play an important role in the pathogenesis of RA. B-cell accumulation and
maturation in the inflamed synovium can form ectopic germinal centers [71-73] and activate
T cells [74]. Moreover, mature plasma cells secrete autoantibodies, such as the rheumatoid
factor, which are key features of RA [75]. The importance of B cells in RA is illustrated by
the success obtained when targeting CD-20-positive B cells with the chimeric monoclonal
anti-CD20 antibody, rituximab [76]. In that study, a single short course of rituximab, either
alone or in combination with cyclophosphamide or continuing methotrexate, provided pa‐
tients with significant improvements in disease symptoms, a reduction in B-cell numbers,
rheumatoid factors, and total immunoglobulin levels. S1P appears capable of increasing cell
survival and inhibiting apoptosis of B lymphocytes derived from RA patients, as these cells
are uniquely resistant to Fas-mediated apoptosis [47]. This effect is due to an increased ac‐
tivity of SphK1 and an overproduction of S1P. In a murine experimental arthritis model, ad‐
ministration of SphK inhibitor, DMS, and of SphK1 siRNA significantly decreased the
production of anticollagen IgG2a in the mouse serum [48,49].

S1P was also reported to induce chondrocyte proliferation through stimulation of COX-2
and PGE2 production and via activation of ERK [77,78], and was thus suggested to be able
to modulate cartilage homeostasis.

3.6. Contribution of S1P to osteoclastogenesis

Pathologic bone loss is a common feature of RA in which progressive destruction of bone is
associated with joint inflammation. Focal bone erosion occurs at the pannus-bone interface
and in the immediate subchondral bone early in RA, and is associated over time with signif‐
icant morbidity for patients [79]. Bone-resorbing osteoclasts have been identified as impor‐
tant effector cells in inflammation-induced bone loss in both experimental animal models
and human RA. Osteoclasts are derived from hematopoietic precursor cells of the myeloid
lineage [80,81]. In normal skeletal remodelling, the balance between bone resorption by os‐
teoclasts and bone formation by osteoblasts is critically regulated [82-84] and osteoclast dif‐
ferentiation is dependent on the presence of two key factors, RANKL and colony-
stimulating factor-1(CSF-1), provided by cells of the osteoblast lineage [81,85,86]. In
experimental animal models of arthritis, osteoclasts have been observed at sites of focal bone

Innovative Rheumatology10

erosion [87,88]. In addition to the RANK/RANKL pathway, many cytokines (such as TNF-α,
IL-6, and IL-17) and growth factors elaborated by inflamed synovial tissues may contribute
to osteoclast differentiation and activation in RA [89].

S1P has been found to induce chemotaxis of osteoclast precursors and osteoclastogenesis in
vitro [90] and in vivo [91]. In a bone marrow-derived macrophage and osteoblast coculture
system, for instance, S1P addition greatly increased osteoclastogenesis by increasing
RANKL in osteoblasts via cyclooxygenase-2 and PGE2 regulation [90]. S1P also chemoat‐
tracted osteoblasts and enhanced their survival [90]. Moreover, S1P controls the migratory
behaviour of osteoclast precursors between bone tissues and the blood stream, dynamically
regulating bone mineral homeostasis via S1P receptors. Cells with the properties of osteo‐
clast precursors indeed express functional S1P1 receptors and exhibit positive chemotaxis
along an S1P gradient in vitro [92]. On the other hand, S1P2 requires a higher concentration
of S1P for activation and induces negative chemotactic responses to S1P gradients [91]. S1P2
activation causes cells to move from the bloodstream into bone marrow cavities [91].

3.7. SphKs and S1P in experimental arthritis

Both CIA and AIA are well-established models for studying RA. Administration of the S1P
receptor agonist FYT720, which down-regulates S1P receptors, in rat CIA and AIA models
inhibits rat hind paw oedema and joint destruction and decreases lymphocyte invasion into
the joints [93,94]. In addition to receptor modulation, non-specific inhibition of SphK with
DMS in a murine CIA model has been shown to significantly reduce adjacent cartilage and
bone erosion, synovial hyperplasia, and inflammatory infiltration into the joint compart‐
ment [48,49]. Moreover, suppression of SphK1 via siRNA knockdown results in similar re‐
duction in joint pathology, serum levels of IL-6, TNF-α, IFN-γ and S1P, and the in vitro
production of these proinflammatory mediators in response to collagen [48,49]. In another
murine arthritis model, the transgenic human TNF-α model that develops spontaneous ero‐
sive arthritis, Sphk1-deficient mice exhibit significantly less synovial inflammation and joint
pathology than the wild-type mice [95].

Interestingly, SphK isoforms may play different roles in RA. In a murine CIA model, down-
regulating SphK1 via specific small interfering RNA (siRNA) significantly reduced the inci‐
dence, disease severity, and articular inflammation. Treatment with SphK1 siRNA also
down-regulated serum levels of S1P, IL-6, TNF-α, IFN-γ, and IgG2a anticollagen antibody
[49]. On the other hand, mice receiving SphK2 siRNA developed a more aggressive disease,
and higher serum levels of IL-6, TNF-α, and IFN-γ, when compared with control siRNA re‐
cipients. These results suggest distinct immunomodulatory roles for SphK1 and SphK2 in
the development of inflammatory arthritis via the regulation of the release of proinflamma‐
tory cytokines and T cell responses.

S1P metabolism and SphK/S1P/S1P receptor axis-mediated signalling pathways in rheuma‐
toid arthritis synovium and the potential role of S1P in RA pathogenesis are illustrated in
Figure 1 and Figure 2, respectively.

Sphingosine-1-Phosphate and Rheumatoid Arthritis: Pathological Implications and Potential Therapeutic Targets
http://dx.doi.org/10.5772/53308

11



Figure 1. S1P metabolism and SphK/S1P/S1P receptor axis-mediated signalling pathways in RA synovium. S1P ho‐
meostasis is tightly regulated by the balance between its synthesis and degradation via three enzyme families: (1)
Sphks (SphK1 and SphK2), which generate S1P through phosphorylation of its precursor, sphingosine (Sph), (2) SPPs
(SPP1 and SPP2), which reversibly convert S1P back to Sph, and (3) SPL, which irreversibly degrades S1P to generate
ethanolamine phosphate and hexadecenal. In the inflamed RA synovium, the specific binding of agonists, such as
TNF-α, to their receptors (TNFR) induces the expression of SphKs, which in turn converts the membrane-bound Sph
into S1P in synovial fibroblasts. The generated S1P then exits the cell through the ATP binding cassette (ABC) trans‐
porter and exerts its action through the G-protein coupled S1P receptors in an autocrine and/or paracrine fashion,
activating specific S1P receptors presenting on the surface of the same cell or on nearby cells. Each S1P receptor cou‐
ples to a specific heterotrimeric G protein. When activated, the G protein dissociates into its α and βγ subunits and
transduces signals toward the downstream pathways to regulate cell proliferation, growth, migration, apoptosis, etc.
Extracellular S1P can stimulate the infiltration of immune cells, the proliferation and/or survival of synovial fibroblasts,
B lymphoblastoid cells, and chondrocytes, as well as the osteoclastogenesis in the synovium. S1P also exerts its action
as a second messenger via intracellular pathways, regulating chromatin states that impact gene transcription, cell
growth and survival, and calcium mobilization independent of its G protein-coupled receptors. SM, sphingomyelin;
Cer, ceramide; H, hexadecenal; E-P, ethanolamine phosphate; SMases, sphingomyelinases; CDases, ceramidases.
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Figure 2. Potential role of S1P in the pathogenesis of RA.

4. Therapeutic POTENTIAL of S1P in rheumatoid arthritis

The introduction of novel biological therapies in the mid-1990s markedly improved clinical
outcomes in RA. Cytokine antagonists, such as biologic agents that inhibit TNF-α, IL-6, or
IL-1β, decrease inflammation and joint destruction [96]. The impressive efficacy of these bio‐
logic agents, however, is only seen in about half of the patients. Similarly, B cell depletion
and T cell co-stimulation blockers [96] are beneficial only in non- or partially-overlapping
subsets of patients. There is undoubtedly a necessity to develop therapies that target other
pathways. As S1P modulates RA pathogenesis in many aspects, manipulation of endoge‐
nous amounts of bioactive S1P and/or its receptor activation may be beneficial for joint in‐
flammation and destruction.

4.1. Targeting S1P levels

Decreasing S1P level by inhibiting SphK1 activity may represent a therapeutic approach
against RA. Blockage of SphK1 activity in an animal arthritis model indeed significantly
suppressed articular inflammation and joint destruction, reduced disease severity, and
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down-regulated proinflammatory cytokine production and inflammatory cell infiltration in‐
to the synovium [49]. In fact, inhibition of S1P synthesis by blocking SphK activity has pro‐
ven useful as an anti-inflammation strategy in cancer therapy [97-101].

Depleting S1P level by utilizing S1P-blocking agents, such as specific antibodies, may also
have therapeutic implications for RA. Indeed, anti-S1P antibodies have been developed and
are currently tested in clinical studies for treatment of cancer, fibrosis, inflammation, macu‐
lar degeneration, diabetic retinopathy, glaucoma, and other diseases or symptoms (re‐
viewed in [102]). These antibodies bind to and inactivate S1P, reducing the extracellular pool
of bioactive S1P and inhibiting its stimulating activity [103]. A preclinical study using block‐
ing S1P antibodies to prevent tumour progression, for example, was recently reported [104].
In that study, a specific anti-S1P monoclonal antibody reduced, and in some cases complete‐
ly eliminated, tumour formation and accompanying tumour angiogenesis. These results
suggest that antibody-mediated inhibition of S1P signalling may be developed as a strategy
for inhibiting pannus formation and angiogenesis in RA.

SPL, the major S1P-degrading enzyme, catalyzes the irreversible degradation of intracellu‐
lar S1P. Inhibition of SPL leads to the accumulation of S1P in tissues, including lymphoid
tissues [105], and induces premature internalization of the exit-signal-sensing S1P1 recep‐
tor on lymphocytes, rendering them unresponsive to S1P and preventing their egress from
thymus and lymph nodes [106]. One physiological outcome of this systemic redistribution
of lymphocytes is potent immunosuppression, which offers new opportunities for devel‐
oping  immunoregulatory  agents  to  treat  autoimmune  and  inflammatory  diseases
[107-111]. In fact, SPL-deficient mice showed resistance to various inflammatory and auto‐
immune challenges [112-114]. Early studies are undergoing on the application of SPL in‐
hibitors to RA treatment. The evaluation of a synthetic SPL inhibitor, LX2931, is currently
in phase-II  clinical  trials  in patients  with active RA [112].  There are also studies  on the
SPL inhibitor, LX 3305, which inhibits lymphocyte migration, concerning its potential for
RA clinical treatment [115].

4.2. Targeting S1P receptors: S1P receptor agonist FTY720

FTY720 (generic name fingolimod) is  a synthetic  sphingosine analog (2-amino-2-[2-(4-oc‐
tylphenyl)ethyl]propane-1,3-diol)  that  can be phosphorylated by SphKs.  The designation
FTY-P is used for the phosphorylated compound. FTY720 acts as an agonist with high af‐
finity for all S1P receptors except S1P2 [109], and very effectively down-regulates S1P re‐
ceptor expression [63,102]. It very actively induces the internalization, ubiquitylation and
subsequent  degradation  of  S1P  receptors,  consequently  rendering  cells  unresponsive  to
S1P [63].  Compared to FTY720, S1P is much less effective at inducing receptor degrada‐
tion [116,117].

FTY720 has emerged as a clinically promising novel immunosuppressive drug that presum‐
ably acts by limiting effector lymphocyte egress from lymph nodes [118,119]. It rapidly in‐
duces lymphopenia through the sequestration of lymphocytes in lymph nodes and by
blocking the emigration of mature thymocytes from the thymus through receptor down-
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modulation [116,117,120]. It differentially affects the sequestration of regulatory T-cells and
increases their suppressive activity [121]. It is also reported to display anti-angiogenic activi‐
ty and to potently diminish angiogenesis and tumor vascularization in vivo in growth factor
implants and corneal models [122] and via the S1P1 receptor [123].

FTY720 has been proven effective in the treatment of multiple sclerosis (MS). MS and RA
are both autoimmune diseases with similar clinical inflammatory characterization, such as
the infiltration of immune cells into the inflammatory sites, with RA affecting the joints,
while MS affecting the brain and spinal cord. In MS, the most relevant effect of FTY720-P
relates to its interaction with S1P1 receptor. After binding with the drug, S1P1 is internal‐
ized for several days. This receptor internalization, reduces the number of available S1P1
receptors  and  subsequently  renders  T  lymphocytes  unresponsive  to  S1P  signals,  which
would otherwise mediate their  migration from the thymus and lymph nodes to the pe‐
ripheral blood and from there to the brain. This way, FTY720 prevents lymphocytes from
recirculating to peripheral sites of inflammation [124]. Treatment of human patients with
relapsing-remitting MS with considerably low doses of FTY720 has proven to be benefi‐
cial  [125,126].The results  of  a  phase-II  clinical  trial,  evaluating the efficacy and safety of
FTY-720 for treating relapsing MS, showed that the annualized relapse rate of the FTY-720
group was significantly lower [126]. More recently, two large-scale, phase-III clinical trials
conducted on relapsing-remitting MS patients demonstrated that FTY720 reduces relapse
rates by more than 50%, as compared with the control  groups [127,128].  FTY720,  which
can be  taken  orally  [129],  is  therefore  a  highly  promising  immunomodulatory  drug for
MS. In fact, FTY720 has been approved by the US Food and Drug Administration for the
treatment of relapsing forms of MS.

The therapeutic effect of FTY720 on RA was recently examined in animal models. FTY720
administration suppresses the progression of laminarin-induced arthritis in the SKG mice
[130]. FTY720 treatment decreases IL-6 and TNF-α expression in synovial fibroblasts and in‐
flammatory cells, as well as bone destruction. The numbers of CD4+ and CD8+ T cells were
significantly increased in the thymus and decreased in the spleen in FTY720-treated SKG
mice. FTY720 enhanced IL-4 production by CD4+ T cells stimulated by allogeneic spleen
cells and inhibited PGE2 production by a TNF-α-stimulated synovial fibroblast cell line. The
anti-arthritic effect of FTY720 was also evaluated in AIA rats [131]. In that study, FTY720
treatment inhibited the incidence of arthritis, hind paw oedema and bone destruction. In ad‐
dition, it markedly decreased the number of peripheral blood lymphocytes. In a separate
study, ovariectomized mice were injected with an arthrogenic anti-collagen II antibodies
cocktail and then with lipopolysaccharide (LPS), so that they developed arthritis in their
paws [132]. These mice thus exhibit both arthritis and osteoporosis and can be regarded as a
model of elderly female RA patients. Results from this study showed that FTY720 was as
potent as corticosteroid for suppressing arthritis. In addition, it induced recovery of the
ovariectomy-induced bone density loss. These results clearly suggest that S1P-targeted ther‐
apy, such as S1P receptor agonists, would be beneficial for treating RA patients with both
immunological and bone resorptive disorders.
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5. Conclusion

In summary, S1P, via SphK1/S1P/S1P-receptor signalling, appears to play an essential role in
modulating RA pathogenesis since activated SphK1 and elevated level of S1P are detected in
RA synovium. Moreover, S1P receptor expression is upregulated in inflamed synovium. S1P
can stimulate proinflammatory cytokines/chemokines secretion, drive immune cell recruit‐
ment into inflammatory sites, and promote the proliferation and/or survival of synovial fi‐
broblasts, B lymphoblastoid cells, and chondrocytes. Although the mechanism of its effect in
RA remains unclear, S1P represents an exploitable target for the development of a novel
therapeutic approach for RA.

6. Key Points

• S1P plays an important role in rheumatoid arthritis pathogenesis. Proofs are:

◦ Levels of S1P and its synthetic enzymes SphKs are elevated in RA synovium;

◦ RA synovial fibroblasts are more responsive to S1P;

◦ S1P stimulates the production of proinflammatory cytokines/chemokines by RA syno‐
vial fibroblasts;

◦ S1P drives recruitment and retention of immune cells in RA synovium;

◦ S1P promotes RA proliferation and/or survival of synovial fibroblasts, B cells, and
chondrocytes;

◦ S1P induces osteoclastogenesis in RA synovium; etc.

• S1P represents a potential therapeutic target for rheumatoid arthritis. Evidences are:

◦ Decreasing S1P level by inhibiting SphK1 activity reduces RA disease severity in ani‐
mal models of arthritis;

◦ Depleting S1P level by utilizing S1P-blocking agents inhibits the growth of tumours,
which is relevant to pannus formation in RA;

◦ The strategy of inhibiting SPL activity – with the aim of rendering immune cells unre‐
sponsive to S1P and thus decreasing immune cells infiltration– is undergoing in phase-
III clinical trials in patients with active RA;

◦ Blocking S1P receptor activity by utilizing S1P receptor agonist FTY720 suppresses ar‐
thritis in animal models of RA; FTY720 has been approved by the US Food and Drug
Administration for the treatment of relapsing forms of another chronic inflammatory
disease multiple sclerosis.
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5. Conclusion

In summary, S1P, via SphK1/S1P/S1P-receptor signalling, appears to play an essential role in
modulating RA pathogenesis since activated SphK1 and elevated level of S1P are detected in
RA synovium. Moreover, S1P receptor expression is upregulated in inflamed synovium. S1P
can stimulate proinflammatory cytokines/chemokines secretion, drive immune cell recruit‐
ment into inflammatory sites, and promote the proliferation and/or survival of synovial fi‐
broblasts, B lymphoblastoid cells, and chondrocytes. Although the mechanism of its effect in
RA remains unclear, S1P represents an exploitable target for the development of a novel
therapeutic approach for RA.

6. Key Points

• S1P plays an important role in rheumatoid arthritis pathogenesis. Proofs are:

◦ Levels of S1P and its synthetic enzymes SphKs are elevated in RA synovium;

◦ RA synovial fibroblasts are more responsive to S1P;

◦ S1P stimulates the production of proinflammatory cytokines/chemokines by RA syno‐
vial fibroblasts;

◦ S1P drives recruitment and retention of immune cells in RA synovium;

◦ S1P promotes RA proliferation and/or survival of synovial fibroblasts, B cells, and
chondrocytes;

◦ S1P induces osteoclastogenesis in RA synovium; etc.

• S1P represents a potential therapeutic target for rheumatoid arthritis. Evidences are:

◦ Decreasing S1P level by inhibiting SphK1 activity reduces RA disease severity in ani‐
mal models of arthritis;

◦ Depleting S1P level by utilizing S1P-blocking agents inhibits the growth of tumours,
which is relevant to pannus formation in RA;

◦ The strategy of inhibiting SPL activity – with the aim of rendering immune cells unre‐
sponsive to S1P and thus decreasing immune cells infiltration– is undergoing in phase-
III clinical trials in patients with active RA;

◦ Blocking S1P receptor activity by utilizing S1P receptor agonist FTY720 suppresses ar‐
thritis in animal models of RA; FTY720 has been approved by the US Food and Drug
Administration for the treatment of relapsing forms of another chronic inflammatory
disease multiple sclerosis.
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1. Introduction

Rheumatoid arthritis (RA) is a complex, debilitating, chronic, systemic autoimmune disease
characterised by immunological, inflammatory and mesenchymal tissue reactions in the
synovium that are accompanied by polyarticular synovitis and ultimately lead to the progres‐
sive destruction of articular and periarticular structures [1,2]. A critical factor that contributes
to joint damage is the excessive production of inflammatory mediators by resident and/or
infiltrating inflammatory cells. Among the main mediators involved in the join damage
process are free radicals, extracellular matrix–degrading enzymes, pro-inflammatory cyto‐
kines, including interleukin(IL)-6, IL-1 and tumour necrosis factor (TNF)-α, as well as chemo‐
kines, such as CXCL1, and lipid mediators, such as leukotriene (LT)B4 [3,4,5].

Endothelins  (ETs)  are  a  family  of  naturally  occurring peptides  [6]  with  well-established
growth-promoting,  vasoactive,  and  nociceptive  properties  that  affect  the  function  of  a
number of tissues and systems [7].  ETs have pathophysiological  roles in pulmonary hy‐
pertension,  arterial  hypertension,  atherosclerosis,  cerebral  vasospasm  and  inflammatory
processes [8,9,10,11].

Recently, new evidence has demonstrated that endogenous endothelins (ETs) also play a role
in articular inflammation by regulating inflammatory pain, edema formation, leukocyte influx
and the production of inflammatory mediators. The present chapter attempts to provide an
overview of the evidence accumulated to date, which suggests that ETs play a pivotal role in ar‐
ticular inflammation, and the blockade of these endogenous peptides can represent a promis‐
ing therapeutic tool for the treatment of RA and other articular inflammatory diseases. To
address this issue in a comprehensive manner, however, it is important to briefly provide some
fundamental aspects of endothelin biosynthesis and release as well as information about the re‐
ceptors that they interact with and the modes of action of these peptides.

© 2013 Henriques; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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2. The endothelin system

The endothelin system comprises a family of three highly conserved vasoactive peptides,
which bind to two endothelin receptors (endothelin receptor types A [ETA] and B [ETB]), with
differing affinities that are determined by the N-terminal domain of the peptide. ET-1 has a
higher affinity than ET-2, which, in turn, has a higher affinity than ET-3. In humans, the affinity
of ET-1 for the ETA receptor is 1,000-fold higher than that of ET-3 [12] (Fig 1).

ET -1, the most prominent representative of the ET family, was first identified as a potent
vasoconstrictor secreted by vascular endothelial cells [13]. Since the initial description of ET-1
[14], it has become evident that in addition to modulating vascular tone, ET peptides are also
involved in numerous other pathophysiological processes and are produced not only by
endothelial cells but by a wide variety of cells in virtually all organs [7] (Table 1).

Tissue Cell type Reference

Lung Alveolar epithelium [15-17]

Liver Hepatocytes [18]

Kupffer cells

Skin fibroblast [19, 20]

Synovia synoviocytes [21, 22]

Heart myocytes [23]

Table 1. Localization of ET system in different cells

Numerous lines of evidence indicate that ET-1 acts locally via both autocrine and paracrine
mechanisms in physiological and pathological situations. Contribution of the ET system to
disease progression can occur due to either an increase in tissue ET-1 production or an increase
in the tissue expression of its receptors. ET-1 is upregulated by angiotensin II, vasopressin,
thrombin, lipopolysaccharide, insulin, TGF-β, epithelial growth factor, and EGF-2 and is
downregulated by nitric oxide, prostaglandin, and natriuretic hormone [24, 25].

The release of endothelins is regulated both at the gene expression level and at the peptide
synthesis level. Preproendothelins are synthesized via the transcriptional activation of the
preproendothelin gene, which is regulated by c-fos and c-jun, nuclear factor-1, AP-1 and
GATA-2 [26, 27]. The translational product is a 203-amino acid peptide known as preproen‐
dothelin, which is cleaved at dibasic sites by furin-like endopeptidases to form big endothelins.
These biologically inactive 37- to 41-amino acid intermediates [25] are cleaved at Trp21–Val 22
by a family of endothelin-converting enzymes (ECE) to produce mature ET-1 [28, 29] (Fig 1).
Three isoforms of ECE have been reported [30]: ECE-1, ECE-2 and ECE-3. Four variants of
ECE-1 have been reported in humans [31], ECE-1a ECE-1b, ECE-1c and ECE-1d, which are the
result of alternative splicing of ECE-1 mRNA. Interestingly, chymase, the mast cell-derived
serine protease, also hydrolyses big ET-1 [1–38] into the intermediate peptide ET-1 [1–31]
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which is then readily transformed to ET-1 by neutral endopeptidase 24-11 (NEP) in tissue
homogenates [32]. Recently, the chymase-dependent production of ET-1 was proposed to play
an important role in cardiovascular and pulmonary pathologies [7, 33].

The ETA and ETB receptors belong to the superfamily of G-protein–coupled receptors with
seven transmembrane domains and are differentially expressed according to cell type [34, 35].
The ETA receptor is found predominantly in smooth muscle cells and cardiac muscles [36].
Both receptors, however, have a fairly widespread distribution across many cell types (Table 2)

Figure 1. Endothelin structure, receptors and production

3. Endothelin signaling

The detailed mechanism by which ET induces intracellular responses remains unclear. ET
receptor activation leads to diverse cellular responses through interaction with a chain of
pathways that includes the G-protein-activated cell surface receptor, the coupling of G-
proteins and the phospholipase (PLC) pathway as well as other G protein-activated effectors.
In one of the canonical signalling pathways, ETA induced activation of phospholipase C leads
to the formation of inositol triphosphate and diacylglycerol from phosphatidylinositol. Inositol
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1,4,5-triphosphate (IP3] then diffuses to specific receptors on the endoplasmic reticulum and
releases stored Ca2+ into the cytosol. This causes a rapid elevation in intracellular Ca2+, which,
in turn, causes cellular contraction, followed by vasoconstriction [37-39].

Additionally, ET-1 is known to stimulate arachidonic acid production and prostaglandin
release in rabbit iris [40], porcine coronary artery [41] and mouse paw [42]. This occurs as a
result of the activation of phospholipase A2 and increased intracellular Ca2+ [43].

In addition to phospholipase activation and prostaglandin production, endothelin-1 also
stimulates protein tyrosine kinases (PTK), such as FAK and RAS, in neoplastic cells [44]. The
activation of PTKs results in the induction of the RAF/MEK/MAPK pathway, which subse‐
quently stimulates the transcription of proto-oncogenes, such as c-FOS, c-MYC, c-JUN, and,
in turn, activates cell growth and metastasis.

Nitric oxide (NO) is a versatile molecule with a multitude of functions, including the regulation
of vascular tone, neuronal signalling and host defence [45]. In a classic ET-1 signalling pathway,
ET-1 stimulates NO production in endothelial cells by activating endothelial cell NO synthase
(eNOS) [46, 47] via PI3-K/Akt activation, which in turn, stimulates the phosphorylation of
eNOS and subsequent NO production [47]. Interestingly, NO appears to antagonize ET-1
synthesis by inhibiting preproET-1 transcription [48].

4. Evidence for the involvement of ET-1 in rheumatoid arthritis

ET-1 has been demonstrated to participate in the pathogenesis of a number of diseases, such
as sepsis, bronchial asthma and pulmonary hypertension [49]. In addition to their well-
recognised vasoconstrictive properties, ETs play an important role in inflammatory reactions
modulating hyperalgesia, edema formation [50-52] and cell migration [53, 54]. Considering
their pro-inflammatory properties and the presence of ETs in the plasma and synovial fluid
from RA patients, the participation of ETs in RA is strongly indicated. These findings will be
described in the following sections.

5. Presence of endothelins in plasma and synovial fluid from human RA
patients

High levels of ET-1 are detected in the synovial fluid of RA, osteoarthritis (OA), and gout pa‐
tients. Plasma levels of ET-1 in patients with active RA exceed the values in patients with non‐
active RA. Moreover, ET-1 is secreted from macrophage-like synoviocytes, and the levels of
ET-1-like immunoreactivity in synovial fluid are several times higher than those in plasma [21,
22, 55, 56]. In addition, specific 125I-labeled-ET-1-binding sites that are characteristic of the
ETA receptor were localised to the media of the synovial blood vessels in sections of rheuma‐
toid, osteoarthritic, and normal synovium, suggesting that endothelin may act locally to modu‐
late synovial perfusion and exacerbate hypoxia in chronic arthritis.[Table 2].
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Disease Source Number of

patients

References

Gout Serum 81 [58]

Rheumatoid Arthritis Serum 20, 397, 23 [55, 59]

Plasma 12 [60, 61]

Synovial Fluid 20 [55-57]

Hypertrophic osteoarthropathy Plasma 20 [62]

Table 2. Presence of ET-1 Serum, Pasma or Synovial Fluid from Patients

6. Evidences from in vitro studies

Exogenous ET-1 presents a remarkable variety of inflammatory properties,  including the
activation of resident and inflammatory cells and the stimulation of cytokine production
[11, 63, 64], (table 3).

Accordingly, increased expression of the preproET-1 gene and significant amounts of endo‐
thelin-1 are produced by resident cells of the synovia, including endothelial cells of the synovial
blood vessels [57], fibroblasts [65], articular chondrocytes [66-70], macrophage-like synovio‐
cyte and fibroblast-like synoviocytes [21, 22].

ET-1 modulates the expression of adhesion molecules on endothelial cells and on fibroblast-
like synovial cells [65], stimulates the production of fibronectin and collagen in synoviocytes
[65, 71], ), stimulates cytokine production on monocytes and macrophages [53, 72, 73], and
regulates neutrophil adhesion and migration [9, 53, 74].

Cell Type Effect

Endothelial cells Production of reactive oxygen species, TNF-α,

IL-1, IL-6, NO, PGE2

Expression of ICAM-1, VCAM-1, E-Selectin

Fibroblasts Production of reactive oxygen species,

proliferation, resistance to apoptosis

Macrophages Production of TNF-α, IL-1, IL-6, IL-8, GMCSF,

reactive oxygen species,

Chemotaxis

Mast Cells Degranulation, release of histamine, production

of LTC4

Neutrophils Agregation, chemotaxis, release of PAF, elastase

Table 3. Effect of exogenous ET-1 on different cells types

In addition to its pro-inflammatory effects, ET-1 is mitogenic to articular chondrocytes [75]
and activates these cells. ET-1 binds to the specific endothelin A or endothelin B receptors
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expressed on chondrocytes [76, 77] and triggers a cascade of intracellular events, including
phospholipase C activation [75] and the phosphorylation of p38, Akt, p44/42, and SAP/JNK,
in a sequential manner [78] thereby inducing an increase in intracellular calcium [75, 79] and
prostaglandin production [66]. ET-1 causes the overproduction of nitric oxide (NO) and
metalloproteinase (MMP)-1 and -13 in human osteoarthritic chondrocytes [80]. The production
of these enzymes seems to occur through the activation of at least two kinases, p38 MAP kinase
and PKA [78]. NO seems to be a key molecule that is produced in parallel with the ET-1-
induced overproduction of MMPs

Additionally, ET-1 also increases collagenase activity and decreases protein levels of tissue
inhibitor of metalloproteinases 1 (TIMP-1), leading to type II collagen breakdown [81]. The
endothelin-1 receptors expressed in articular chondrocytes can be up-regulated by the growth
factors PDGF, EGF, IGF-1 and TGFα, which are increased in the synovial fluid of RA patients
[68, 77].

It is interesting to note the age-related differences in the production of ET-1 and the expression
of receptors from chondrocytes. In vitro studies have shown that chondrocytes obtained from
older donors produce more ET-1 and express more ET-1-specific receptors (as shown by
binding assays) both under basal conditions and after challenge with IL-1β or TNF-α, possibly
implicating ET-1 in age-related osteoarthritis [69].

Thus, blocking the effects of ET-1 may become a useful therapeutic approach aimed at stopping
cartilage destruction in rheumatic conditions such as rheumatoid arthritis and OA

7. Evidence from in vivo studies

Active rheumatoid arthritis is characterised by a strong inflammatory reaction and hyperplasia
of synovial tissue that is an unremitting and profoundly debilitating consequence of the disease
and can lead to substantial loss of function and mobility. [82, 83]. In this regard, ETs are well
documented as participating in a wide variety of inflammatory and/or pain-related processes
(for summary see table 4).

Animal Model Effect References

Paw oedema Edema

Nociception

Hyperalgesia

[52, 84, 85]

[86-90]

[42, 91, 92]

Mouse cheek model Nociception [55, 59, 93]

Pleurisy Cell migration/

Cytokine production

[53, 73, 85, 94]

knee-joint inflammation Hyperalgesia/edema [95-100]

surgical osteoarthritis nociception [95]

Table 4. Endothelins in Vascular Permeability and Pain.
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8. Effects of exogenous endothelins in vascular permeability and pain

ET-related peptides induce profound effects on the microvasculature in vivo, acting as
powerful constrictors of arterioles and venules [101-103] and decreasing blood flow in rabbit
and human skin [103, 104]. Exogenous ETs exhibit dual effects on vascular permeability that
at first glance could be considered to be paradoxical.

Early reports demonstrated a marked inhibitory effect of ET-1 (when administered locally or
intradermally) on vascular permeability. ET-1 inhibited plasma extravasation that was
induced in rat or rabbit dorsal skin by several stimuli [105, 106]. ET-1 (0.5 pmol/site) also
inhibited paw edema and pleural exudation induced by PAF in mice [107]. Notably, the studies
that describe the anti-edematogenic effect of ETs have used the local or intradermic adminis‐
tration of low concentrations of ET-1 (between 0.01 pmol to 0.05 pmol). The mechanisms
involved in this effect are not clear and may be a consequence of local vasoconstriction or may
be explained by the differential effects of ETs on the smooth muscle of arterial and venous
vasculature [108]. Nevertheless, the anti-edematogenic effect of exogenous ETs appears to be
dependent both on concentration and on the vascular beds.

There  are  compelling  data  describing  the  edematogenic  properties  of  exogenous  ET-1.
The  vasoconstriction  effect  of  ET-1  may actually  be  masking  an  edematogenic  effect  of
the peptide because it was also found that ET-1 causes a flare reaction and oedema sur‐
rounding the ischaemic area in the human forearm [109, 110].  Accordingly, endothelin-1
(up  to  10  pmol)  is  able  to  induce  ETA  receptor  mediated  oedema  in  the  mouse  hind
paw [85,  87].  ET-1 markedly enhances extravasation of plasma proteins from the micro‐
vasculature in distal organs when administered intravenously [51, 111-113]. This effect is
mediated indirectly via the release of PAF and TXA2 in response to ETA receptor activa‐
tion [112, 114-116]. Endothelin-1 enhances neutrophil adhesion to human coronary artery
endothelial cells via ETA receptors [54]. ET-1(1–30 pmol/cavity) or sarafotoxin S6c [0.1–30
pmol/cavity)  also  triggered  edema  formation  and  neutrophil  accumulation  within  6  h
when injected in the synovial cavity [117].

The nociceptive properties of exogenous ET-1 are also well described. Human subjects report
a deep burning pain and tenderness following ET-1 injection into the forearm [50, 109]. Recent
results confirm that exogenous ET-1 is capable of evoking acute pain in humans. Spontaneous
pain was found to develop rapidly after intradermal injection of ET-1 into the volar aspect of
the forearm of healthy males at high concentrations (10−7 and 10−6 M). It decreasing gradually,
ending 30 and 60 min after ET-1 administration, respectively [118].

Endothelin-1 triggers ETA receptor-mediated nociception, hyperalgesia and oedema in the
mouse hind paw [87]. In mice, ET-1 also causes ETA receptor-mediated enhancement of
capsaicin-induced nociception [86], potentiates formalin-induced nociception and paw edema
[86, 119] and prostate cancer-induced pain [120].

Endothelin-1 also causes articular nociception as well as hyperalgesia to prostaglandin E2 in
dogs [50] and carrageenan in rats [98] when injected into a naive knee-joint. Nociception
induced by endothelin-1 in the naive articulation of the rat is mediated largely via ETA
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results confirm that exogenous ET-1 is capable of evoking acute pain in humans. Spontaneous
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receptors [42, 99], whereas both ETA and ETB receptors underlie its action in the joint primed
(pre-inflamed) with carrageenan. Interestingly, ET-1 peptide-induced hypernociception was
not altered by the inhibition of neutrophil migration or ET(B) receptor antagonism but rather
by ET(A) receptor antagonism. Furthermore, LPS-induced nociception in the carrageenan-
primed joint of the rat is largely mediated by endothelin release and the activation of ETB
receptors within the joint itself [98]. The pro-nociceptive role of ETB receptors was confirmed
by the fact that when its highly selective agonist, sarafotoxin S6c [34], was injected 72 h after
priming with carrageenan, pain was increased, indicating incapacitation. Surprisingly,
sarafotoxin produced an anti-nociceptive effect when it was given 24 h before either the initial
injection of carrageenan into the naive joint or restimulation of the primed joint with carra‐
geenan, ET-1, or S6c [96]. ETB activation exerts an apparent prophylactic action, inhibiting the
development of inflammatory (carrageenan-induced) pain. In addition, ETB receptor-
operated mechanisms limit the priming effect of carrageenan to nociception evoked by
subsequent inflammatory insult. These findings dramatically illustrate the dual pro- and anti-
nociceptive roles of the ETB receptors under the same inflammatory conditions. These roles
are dependent upon the order in which these stimulus occur.

9. Effects of endogenous endothelins in inflammatory process

Consistent with the observed pro-inflammatory effects of endothelins, the studies with ETA
and ETB receptor antagonists have confirmed the role of endothelins in a wide range of
inflammatory reactions.

ETA receptor antagonists inhibit allergic paw oedema in mice and plasma extravasation
during endotoxin shock in rats [121]. The ETA receptor antagonist BQ-123 inhibits eosinophil
migration and lymphocyte accumulation in allergic pleurisy. BQ-123 also inhibited interleu‐
kin-5 levels in the exudate and plasma, as well as intracellular staining of interleukin-4,
interleukin-5, and interferon-gamma in CD4+ lymphocytes [73]. Endogenous endothelins also
participate in delayed eosinophil and neutrophil recruitment in murine pleurisy. Mononuclear
and eosinophil accumulation triggered by OVA were reduced by BQ-123 (150 pmol/cavity) or
bosentan (by 68 and 43% inhibition of eosinophilia) but were unaffected BQ-788, the ETB
receptor antagonist. BQ-123 and bosentan also inhibited LPS-induced increases in neutrophils
(by 67 and 40%) and eosinophils (by 63 and 74%) at 24 h [53, 94] and abrogated the increase in
tumour necrosis factor alpha, interleukin-6 and keratinocyte-derived chemokine/CXC
chemokine ligand 1 4 h after LPS stimulation [74].

Endogenous endothelins contribute to ovalbumin elicited nociceptive responses in the hind
paw of sensitised mice, which are mediated locally by IL-15-triggered ETA and ETB receptor
mechanisms [42, 88, 122]. Interestingly, ET-1 peptide-induced hypernociception was not
altered by the inhibition of neutrophil migration or ET(B) receptor antagonism but rather by
ET(A) receptor antagonism. Furthermore, ET(A), but not ET(B), receptor antagonism inhibited
antigen-induced PGE[2] production, whereas either the selective or combined blockade of
ET(A) and/or ET(B) receptors reduced antigen challenge-induced hypernociception and
neutrophil recruitment [122].
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10. Protective effect of the dual ET receptor antagonist on RA in animal
models

As indicated above, exogenous ET-1 exhibits well established inflammatory properties and
elicits acute nociception. There is also compelling evidence that endogenous endothelins play
a role in different aspects of the inflammatory reaction and hyperalgesia. However, the
implication of endothelins in the inflammatory process during experimental rheumatoid
arthritis was only recently addressed. Most of these studies used the selective ETA receptor
antagonist BQ123, the selective ETB receptor antagonist BQ788, or the dual ET receptor
antagonist bosentan, which is the prototype sentan-class drug and was first approved by the
US Food and Drug Administration (FDA) for human use in pulmonary arterial hypertension
[123, 124].

In the murine model of zymosan-induced arthritis, the intra-articular administration of
selective ETA or ETB receptor antagonists (BQ-123 and BQ-788, respectively) markedly
reduced knee joint edema formation and neutrophil influx into the synovial cavity 6 and 24 h
after stimulation. Moreover, increased expression of pre-pro-ET-1 mRNA and the ETA and
ETB receptors in knee joint synovial tissue was observed in parallel with the inflammatory
process [117]. Likewise, the dual blockade of ETA/ETB with bosentan (10 mg/kg, i.v.) also
reduced edema formation and neutrophil counts 6 h after zymosan stimulation. Pretreatment
with BQ-123 or BQ-788 (i.a.; 15 pmol/cavity) also decreased zymosan-induced TNF production
within 6 h, keratinocyte-derived chemokine/CXCL1 production within 24 h, and leukotriene
B4 at both time points. These findings suggest that endogenous ETs contribute to knee joint
inflammation, acting through ETA and ETB receptors to modulate edema formation, neutro‐
phil recruitment, and the production of inflammatory mediators [117].

Daily oral administration of bosentan significantly attenuated knee joint swelling and inflam‐
mation to an extent that was comparable to dexamethasone in antigen-induced arthritis (AIA).
In addition, bosentan reduced inflammatory mechanical hyperalgesia. Chronic bosentan
administration also inhibited joint swelling and protected against inflammation and joint
destruction during AIA flare-up reactions. Unlike in the zymosan-induced arthritis model, the
use of the ETA-selective antagonist ambrisentan failed to promote any detectable anti-
inflammatory or antinociceptive activity in the AIA study [125].

Moreover, the lipid anti-inflammatory mediator lipoxin A4  was described as exerting an‐
ti-inflammatory  effects  on  articular  inflammation,  inhibiting  oedema  and  neutrophil  in‐
flux  and  the  levels  of  preproET-1  mRNA,  KC/CXCL1,  LTB4  and  TNF-α  through  a
mechanism that involved the inhibition of ET-1 expression and its  effects.  Likewise,  lip‐
oxin  A4  treatment  also  inhibited  ET-1-induced  oedema formation  and  neutrophil  influx
into mouse knee joints [126].

The efficacy of the dual ET receptor antagonist bosentan was described in the collagen-induced
arthritis (CIA) model, which is the animal model that best resembles human RA [127]. Oral
treatment with bosentan (100 mg/kg) markedly ameliorated the clinical aspects of CIA (visual
clinical score, paw swelling and hyperalgesia). Bosentan treatment also reduced joint damage,
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reduced knee joint edema formation and neutrophil influx into the synovial cavity 6 and 24 h
after stimulation. Moreover, increased expression of pre-pro-ET-1 mRNA and the ETA and
ETB receptors in knee joint synovial tissue was observed in parallel with the inflammatory
process [117]. Likewise, the dual blockade of ETA/ETB with bosentan (10 mg/kg, i.v.) also
reduced edema formation and neutrophil counts 6 h after zymosan stimulation. Pretreatment
with BQ-123 or BQ-788 (i.a.; 15 pmol/cavity) also decreased zymosan-induced TNF production
within 6 h, keratinocyte-derived chemokine/CXCL1 production within 24 h, and leukotriene
B4 at both time points. These findings suggest that endogenous ETs contribute to knee joint
inflammation, acting through ETA and ETB receptors to modulate edema formation, neutro‐
phil recruitment, and the production of inflammatory mediators [117].

Daily oral administration of bosentan significantly attenuated knee joint swelling and inflam‐
mation to an extent that was comparable to dexamethasone in antigen-induced arthritis (AIA).
In addition, bosentan reduced inflammatory mechanical hyperalgesia. Chronic bosentan
administration also inhibited joint swelling and protected against inflammation and joint
destruction during AIA flare-up reactions. Unlike in the zymosan-induced arthritis model, the
use of the ETA-selective antagonist ambrisentan failed to promote any detectable anti-
inflammatory or antinociceptive activity in the AIA study [125].

Moreover, the lipid anti-inflammatory mediator lipoxin A4  was described as exerting an‐
ti-inflammatory  effects  on  articular  inflammation,  inhibiting  oedema  and  neutrophil  in‐
flux  and  the  levels  of  preproET-1  mRNA,  KC/CXCL1,  LTB4  and  TNF-α  through  a
mechanism that involved the inhibition of ET-1 expression and its  effects.  Likewise,  lip‐
oxin  A4  treatment  also  inhibited  ET-1-induced  oedema formation  and  neutrophil  influx
into mouse knee joints [126].

The efficacy of the dual ET receptor antagonist bosentan was described in the collagen-induced
arthritis (CIA) model, which is the animal model that best resembles human RA [127]. Oral
treatment with bosentan (100 mg/kg) markedly ameliorated the clinical aspects of CIA (visual
clinical score, paw swelling and hyperalgesia). Bosentan treatment also reduced joint damage,

New Therapeutic Targets for the Control of Inflammatory Arthritis: A Pivotal Role for Endothelins
http://dx.doi.org/10.5772/53738

37



leukocyte infiltration and proinflammatory cytokine levels (IL-1β, TNF-α and IL-17) in the
joint tissues. Bosentan treatment also inhibited the preproET mRNA expression that is elevated
in the lymph nodes of arthritic mice. In this same article, Donate and co-workers [127]
demonstrated that pre-pro-ET mRNA expression increased in PBMCs from rheumatoid
arthritis (RA) patients but returned to basal levels in PBMCs from patients undergoing anti-
TNF therapy. Further supporting the involvement of TNF-α in the upregulation of ET system
genes, the authors showed that TNF-α increased the expression of pre-pro-ET-1, ETA and ETB
in PBMCs from healthy donors and RA patients. TNF-α also increased the expression of
IL-1β mRNA in PBMCs. Interestingly, the effect of TNF-α on the ET system genes was more
prominent in cells from RA patients than in cells from healthy donors. However, this effect
was not observed for IL-1β expression, suggesting a specific effect of TNF-α on the ET system.

11. Concluding remarks

Taken together, these data highlight the importance of ETs in the context of articular inflam‐
mation suggesting a central role for these peptides and represent innovative and promising
therapeutic tools for the treatment of RA (Fig 2).

Figure 2. Role of endogenous endothelins in development of RA
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1. Introduction

MicroRNAs  (miRNAs)  are  small  non-coding  RNAs  of  approximately  22  nucleotides  in
length, whose main function is to modulate the expression of multiple target genes at the
post-transcriptional  level  through messenger-RNA (mRNA) degradation or repression of
translation [1-3]. More than 30% of all human genes are regulated by miRNAs, with each
miRNA controlling  multiple  mRNA targets,  and each  mRNA targeted  by  various  miR‐
NAs [2]. These intriguing molecules has been first described in 1993 in Caenorhabditis ele‐
gans  [4] and first demonstrated in humans in 2001 [5]. Since then, several miRNAs have
been  identified  and  more  than  2.042  miRNAs  have  been  described  in  humans  to  date
(miRBase release 19, at http:// www.mirbase.org/).

MiRNA play a crucial role in modulating a large range of biologic functions from develop‐
mental timing to organogenesis [6,7]. They have a key role in cellular differentiation, homeo‐
stasis, apoptosis and anti-viral defence [1,8]. More recently, it has become evident that
miRNAs play a crucial role in the development of immune cells and in regulating the im‐
mune response [9-11].

Altered expression of miRNAs profiles has been initially related to the development of can‐
cer and subsequently to various non-malignant diseases such as cardiovascular disorders,
lung diseases, schizophrenia, Alzheimer disease, neuro psychiatric disorders, viral infec‐
tions, primary biliary cirrhosis and chronic inflammatory and autoimmune diseases [12-17]

In the last two decades, increasing evidences have linked miRNA abnormal expression with
pathogenic mechanisms of cancer, and a lot of causes that led to their dysregulation have
been discovered [18]. Many miRNAs have been associated with cancer development [19,20],
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1. Introduction

MicroRNAs  (miRNAs)  are  small  non-coding  RNAs  of  approximately  22  nucleotides  in
length, whose main function is to modulate the expression of multiple target genes at the
post-transcriptional  level  through messenger-RNA (mRNA) degradation or repression of
translation [1-3]. More than 30% of all human genes are regulated by miRNAs, with each
miRNA controlling  multiple  mRNA targets,  and each  mRNA targeted  by  various  miR‐
NAs [2]. These intriguing molecules has been first described in 1993 in Caenorhabditis ele‐
gans  [4] and first demonstrated in humans in 2001 [5]. Since then, several miRNAs have
been  identified  and  more  than  2.042  miRNAs  have  been  described  in  humans  to  date
(miRBase release 19, at http:// www.mirbase.org/).

MiRNA play a crucial role in modulating a large range of biologic functions from develop‐
mental timing to organogenesis [6,7]. They have a key role in cellular differentiation, homeo‐
stasis, apoptosis and anti-viral defence [1,8]. More recently, it has become evident that
miRNAs play a crucial role in the development of immune cells and in regulating the im‐
mune response [9-11].

Altered expression of miRNAs profiles has been initially related to the development of can‐
cer and subsequently to various non-malignant diseases such as cardiovascular disorders,
lung diseases, schizophrenia, Alzheimer disease, neuro psychiatric disorders, viral infec‐
tions, primary biliary cirrhosis and chronic inflammatory and autoimmune diseases [12-17]

In the last two decades, increasing evidences have linked miRNA abnormal expression with
pathogenic mechanisms of cancer, and a lot of causes that led to their dysregulation have
been discovered [18]. Many miRNAs have been associated with cancer development [19,20],
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metastatic capability [21] and resistance to anti-cancer drugs [22]. In this field, they are also
considered as new potential diagnostic and prognostic biomarkers [20, 23]. Furthermore the
application of miRNAs as a candidate molecular target for anticancer therapeutics seems
very promising [18,24].

More recently, some studies have highlighted the role of miRNAs in the development of sever‐
al rheumatic diseases [25-33]and this argument today represents an emerging and exciting
field of research. This is not surprising since miRNAs altered expression may lead either to per‐
sistent inflammation or to impaired tolerance against self-antigens, thus promoting the devel‐
opment of both autoimmune and inflammatory chronic diseases [11, 34].

In this article we summarize the new acquisitions about the growing importance of miRNAs
in rheumatic diseases as pathogenetic factors, potential biomarkers and possible new thera‐
peutic targets. We also focus on new developments about the possible role of miRNA in the
pathogenesis of psoriatic arthritis (PsA) on the basis of our recent experimental results.

2. MiRNAs in rheumatic diseases

2.1. Connective tissue disorders

2.1.1. Systemic lupus erythematosus

Systemic lupus erithematosus (SLE) is an autoimmune systemic disease of unknown etiolo‐
gy characterized by abnormal autoantibody production, inflammatory involvement of vari‐
ous organ systems including skin, mucous membranes, joints, serous membranes, kidney,
brain, lung and heart and significant morbidity and mortality [35].A number of studies car‐
ried out so far, have demonstrated that miRNA have an important role in SLE pathogenesis
and can be predictive of disease activity and severity, helpful as biomarkers and useful for
development of new therapeutic strategies [36-42].

In the study of Dai et al. [36], peripheral blood mononuclear cell (PBMC) miRNA profiles
of 23 patients with SLE, 10 healthy controls and 10 patients with idiopathic thrombocyto‐
penic purpura (ITP) were analyzed. In comparison with healthy controls, miRNA microar‐
ray analysis identified 19 miRNA differentially expressed in ITP (14 down-regulated and 5
up-regulated) and 16 miRNAs differentially expressed in SLE (7 down-regulated: miR-196a,
miR-17-5p,  miR-409-3p,HMP-PREDICTED-miR141,  miR-383,  HMP-PREDICTED-miR112
and  miR-184;  and  9  up-regulated:  HMP-PREDICTED-miR189,  HMP-PREDICTED-miR-61,
HMP-PREDICTED-miR78,  miR-21,miR-142-3p,  miR-342,  miR-299-3p,miR-198  and  mmu-
miR-298). Interestingly, from the comparison between the two pathologic groups,13 miR‐
NAs resulted dysregulated both in SLE and ITP, 6 downregulated in ITP only, and finally
3 dysregulated in  SLE only:  miR-184 (underexpressed)  and miR198 and miR21 (overex‐
pressed) [36].  Furthermore,  8 miRNA (miR-494,  miR-188,  miR-501,  mmu-miR-298,  HMP-
PREDICTED-miR61,  HMP-PREDICTED-miR78,  miR-296  and  miR-299-3p)  were
downregulated in SLE patients with more active disease (SLE Disease Activity Index score
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[SLEDAI] ≥15) in comparison with patients with inactive disease (SLEDAI ≤12), which led
to  hypothesized that  these  8  miRNA could be  involved in  SLE progress,  recrudescence
and organ injure [36]. The same group examined miRNA expression in renal biopsy of pa‐
tients with WHO Class II lupus nephritis (LN), showing 66 dysregulated miRNA (36 up-
and 30 down-regulated) in comparison with healthy controls [37].

Te et al. investigated PBMCs miRNA expression profile of LN patients (African American
and European American) in comparison with unaffected controls and found 5 miRNA dif‐
ferentially expressed in LN: 4 up-regulated (miR-371–5P, miR-423–5P, miR-638 and
miR-663) and 1 down-regulated (miR-1224–3P) [43]. In particular, miR-371-5P, miR-423-5P
and miR-1224-3P were reported for the first time to be associated with lupus nephritis [43].

In a study performed by using the TaqMan miRNA assay, Tang et al. showed in SLE PBMCs
42 miRNAs differentially expressed in comparison with healthy controls, with 7 miRNA be‐
ing more than six-fold down-regulated in SLE: miR-31, miR-95, miR-99a, miR-130b,
miR-10a, miR-134, and miR-146a [40]. Notably, underexpression of miR-146a negatively cor‐
related with clinical disease activity and with interferon (IFN) scores in SLE patients. More‐
over, inhibition of endogenous miR-146a in PBMCs through transfection with synthetic
miRNA-146a hairpin inhibitor increased the induction of type I IFN, which is known to
have a role in the pathogenesis of SLE. These findings highlighted that underexpression of
miR-146a could have an important role in the pathogenesis of SLE, thus providing potential
novel strategies for therapeutic intervention [40].

Consistent with these results, Wang et al. showed that in SLE patients serum miR-146a and
miR-155 levels were lower, and the urinary level of miR-146a was higher in comparison
with healthy controls [44]. Moreover, estimated glomerular filtration rate (eGFR) correlated
with both serum miR-146a and miR-155, and serum miR-146a inversely correlated with pro‐
teinuria and the SLE Disease Activity Index, which suggested that that both miR-146a and
miR-155 participated in the pathophysiology of SLE and might be used as biomarkers of
SLE [44]. The same authors recently confirmed that urinary levels of miR-146a and miR-155
in patients with SLE were significantly higher than that in healthy controls [45]. In another
study they also evidenced that the serum levels of miR-200a, miR-200b, miR-200c, miR-429,
miR-205 and miR-192, and urinary levels of miR-200a, miR-200c, miR-141, miR-429 and
miR-192 of SLE patients were lower than those of controls,with SLEDAI index that inversely
correlated with serum miR-200a [46]. Hai-yan et al. confirmed in their study the lower ex‐
pression of miR-146a in PBMCs of SLE patients compared to healthy controls [47].

In comparison with healthy controls, miR-21 and miR-148a [48] and miR-126 [42] resulted
up-regulated in SLE CD4+ T cells and promoted cell hypomethylation by repressing DNA
methyltransferase 1 (DNMT1) expression, which led to hypothsized that they contribute to
T cell autoreactivity in SLE.

Compared with controls, miR-21 has been also found upregulated in SLE CD4+ T lympho‐
cytes by Stagakis et al. [39]. MiR21 strongly correlated with SLE disease activity and investi‐
gation of putative gene-targets showed that it suppressed PDCD4, thus regulating aberrant
T cell responses in human SLE.
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miR-146a could have an important role in the pathogenesis of SLE, thus providing potential
novel strategies for therapeutic intervention [40].

Consistent with these results, Wang et al. showed that in SLE patients serum miR-146a and
miR-155 levels were lower, and the urinary level of miR-146a was higher in comparison
with healthy controls [44]. Moreover, estimated glomerular filtration rate (eGFR) correlated
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Most recently, Ding et al. demonstrated that miR-142-3p/5p were significantly down-regulated
in SLE CD4+ T cells compared with healthy controls and that their reduced expression caused T
cell activity and B cell hyperstimulation[49]. Lu et al. showed a different intra-renal expression
of miR-638, miR-198 and miR-146a between LN patients and normal controls [38]. In particu‐
lar,  miR-638  had  lower  glomerular  expression  and  higher  tubulointerstitial  expression;
miR-198 resulted up-regulated in both glomerulus and in tubulointerstitium; and miR-146a
was overexpressed in glomerulus. Interestingly, tubulointerstitial miR-638 expression signifi‐
cantly correlated with clinical disease severity (estimated GFR/histological activity index and
proteinuria/disease activity score, respectively), while glomerular miR-146a expressions were
correlated with estimated GFR and histological activity index [38].

Main miRNA dysregulated in SLE are shown in Tab.1.

Up-regulated Down-regulated

-miR198 and miR21 (PBMC)[36]

-miR-371–5P,miR-423–5P, miR-638 and miR-663

(PBMC)[43]

-miR-21 and miR-148a (CD4+ T cells)[48]

-miR-21 (CD4+ T cells) [39]

-miR-126(CD4+ T cells)[42]

-miR-638, miR-198 and miR-146a (intra-renal) [38]

-miR-184 (PBMC) [36]

-miR-1224–3P (PBMC) [43]

- miR-31, miR-95, miR-99a, miR-130b, miR-10a, miR-134, and miR-

146a (PBMC) [40]

-miR-146a and miR-155 (serum) [44]

-miR-142-3p/5p (CD4+ T cells) [49]

-miR-638 (intra-renal) [38]

-miR-146a (urine)[44]

Abbreviations: PBMC, peripheral blood mononuclear cells

Table 1. Main microRNA dysregulated in SLE

2.1.2. Sjögren Syndrome (SS)

SS is  an  inflammatory  autoimmune disease  primarily  affecting  the  exocrine  glands  and
characterized by the presence of typical autoantibodies such as anti-Ro (SSA) and anti-La
(SSB),  keratoconjunctivitis  sicca,  xerostomia,  pulmonary involvement,  nonerosive polyar‐
thritis and increased risk of lymphoid malignancy [50].  The relatively easy access to the
target tissue (salivary glands and saliva) makes Sjogren's syndrome appealing to study mi‐
croRNAs [41]. Michael et al. demonstrated a prominent difference between miRNAs pro‐
file  in  saliva  obtained  from  patients  with  SS  and  healthy  donors  [51].  Alevizos  et  al.
showed a  different  miRNA expression profile  in  glands  of  SS  in  comparison with  con‐
trols. Moreover, in half of the patients with a focus score of 12, the miR-17-92 cluster re‐
sulted downregulated [52].

Lu et al. showed that miR-574 and miR-768-3p resulted overexpressed in the SS salivary
glands, while miRNA-146a was increased in PBMCs and salivary glands [53]. Interestingly,
the overexpression of miR146a was confirmed in PBMC of patients with SS [54, 55] as well
as in PBMCs and in the salivary glands of a SS mouse model [54]. These results are promis‐
ing for the development of future diagnostic and prognostic biomarkers in SS.

Innovative Rheumatology54

Main miRNA dysregulated in SS are shown in Tab.2.

Up-regulated Down-regulated

-miR-574 and miR-768-3p (salivary glands) [53]

-miR-146a (PBMCs and salivary glands) [53]

-miR-146a (PBMCs) [54, 55]

miR-17-92 (salivary glands) [52]

Abbreviations: PBMC, peripheral blood mononuclear cells

Table 2. Main microRNA dysregulated in SS

2.1.3. Systemic Sclerosis (SSc)

SSc is a generalized connective tissue disease affecting skin and internal organs and charac‐
terized by abnormal extracellular collagen accumulation. It is tipically associated with spe‐
cific autoantibodies (anticentromere and anti-topoisomerase Scl-70) [56].

Recently, Maurer et al. found that miR-29a was strongly down-regulated in SSc fibroblasts
and skin sections as compared with the healthy controls and, similarly to human SSc, the
expression of miR-29a was reduced in the bleomycin model of skin fibrosis [57]. Interesting‐
ly, overexpression in SSc fibroblasts decreased, and knockdown in normal fibroblasts in‐
creased the levels of messenger RNA for type I and type III collagen, which highlighted the
role of miR-29a as post-transcriptional regulators of pro-fibrotic genes [57].These results ap‐
pear very intriguing and reveal that miR29 could be considered a potential therapeutic tar‐
get in SSc [57, 58]. In comparison with the normal skin tissues, Zhu et al. identified some
miRNAs aberrantly expressed in limited cutaneous scleroderma and diffuse cutaneous scle‐
roderma skin tissues, such as miR-21 (up-regulated) and miR-145 and miR-29b (down-regu‐
lated) both in the skin tissues and fibroblasto [59].

Main miRNA dysregulated in SSc are shown in Tab.3.

Up-regulated Down-regulated

-miR-21 (SSc skin tissues and fibroblasts)[59] -miR-29a (SSc fibroblasts) [57]

-miR-145 and miR-29b (SSc skin tissues and

fibroblasts) [59]

Table 3. Main microRNA dysregulated in SSc

2.2. Osteoarthritis (OA)

OA is the most common age related disorder whose main features are the damage of the articu‐
lar cartilage, the increased activity in the subchondral bone and osteophyte formation. A mod‐
erate synovitis may appear especially in advanced cases [60]. In comparison with normal
cartilage, Iliopoulos et al. evidenced 16 miRNAs differentially expressed in OA cartilage [61].
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2.2. Osteoarthritis (OA)

OA is the most common age related disorder whose main features are the damage of the articu‐
lar cartilage, the increased activity in the subchondral bone and osteophyte formation. A mod‐
erate synovitis may appear especially in advanced cases [60]. In comparison with normal
cartilage, Iliopoulos et al. evidenced 16 miRNAs differentially expressed in OA cartilage [61].

The Role of Micro-RNAs in Rheumatic Diseases: An Update
http://dx.doi.org/10.5772/54273

55



Out of these, miR-22 resulted up-regulated and contributed to decreased expression of aggre‐
can and increased levels of IL-1b and MMP-13 in chondrocytes, while miR-140 was found
down-regulated and its under-expression was related to the development of age-related OA-
like changes [61]. In the cartilage of late-stage OA, Jones et al. described several differentially
expressed miRNAs, out of these miR-146a resulted down-regulated, miR-9 and miR-98 up-
regulated [62]. Interestingly, functional analysis revealed that miR-9 and miR-98 reduced the
IL-1β-induced production of  TNFα in primary chondrocytes,  while  miR-9 also inhibited
MMP-13 secretion in vitro, a scenario which led to hypothesized their protective role in OA
[62]. MiR-27a was also found down-regulated in OA chondrocytes and its underexpression in‐
directly inhibited MMP-13 and IGFBP-5 (insulin-like growth factor binding protein) [63]. A
protective role on OA cartilage and in modulating pain symptoms has been hypothesized for
miR-146A [64]. Most recently, overexpression of miR-146a, miR-155, miR-181a and miR-223
was demonstrated in  PBMCs of  OA patients  in  comparison with healthy controls,  with
miR-146a and miR-223 significantly higher in the early stages of OA than at later stages [65].

However, although several OA-associated miRNA have been reported to date, their potential
role in OA needs to be further elucidated and their targets need to be discovered in the future.

Main miRNA dysregulated in OA are shown in Tab.4

Up-regulated Down-regulated

-miR-22 (OA cartilage) [61]

-miR-9 and MiR-98 (OA cartilage) [62]

-miR-146a, miR-155, miR-181a (OA PBMCs) [65]

-miR-140 (OA cartilage) [61]

-miR-146a (OA cartilage) [62]

-miR-27a (OA chondrocytes) [63]

Abbreviations: PBMC, peripheral blood mononuclear cells

Table 4. Main microRNA dysregulated in OA

2.3. Rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory joint disorder that is characterized by
immune-driven inflammation of synovial membrane which results in erosion, joint destruc‐
tion and disability. Extra-articular symptoms, such as serositis, nodules and vasculitis are
common and usually associated to a more severe disease. The etiology of rheumatoid arthri‐
tis (RA) is still unknown, and many uncertainties regarding its pathogenetic mechanisms
persist yet [66].

Many recent studies have demonstrated that different miRNAs are significantly dysregulat‐
ed in RA tissues.

2.3.1. Synovium

In comparison with healthy controls and/or OA patients, some miRNA have been found up-
(miR-155, miR-203 and miR-146a ) or down-(miR124a and miR-34a*) regulated in RA syno‐
vial tissue and/or synovial fluid [67-74].
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MiR-155  has  emerged as  one  of  the  most  attractive  and thoroughly  studied  miRNA in
RA.  It  was found significantly  up-regulated in  RA-synovial  fibroblasts  (RA-SFs)  [74],  in
the lining layer CD68+ macrophages [68] and in synovial fluid CD14+ cells [68, 74] of the
RA synovial compartment.

Since overexpression of miR-155 in RA-SFs was shown to decrease the levels of matrix met‐
alloproteinase 3 (MMP-3) and 1 (MMP-1) in vitro, it was initially hypothesized a protective
role of miR-155 by modulating destructive properties of RA-synovial fibroblasts (RA-SFs)
[74]. However, in vivo data have shown an opposite role for miR-155 in the development of
arthritis [68, 75]. Up-regulation of miR-155 in synovial fluid CD14+ cells increased the ex‐
pression of TNF-α, IL-1β, IL-6, and IL-8 and downregulated the expression of the miR-155
target SHIP-1 (Src homology 2-containing inositol phosphatase-1), an inhibitor of inflamma‐
tion [68], and miR-155-deficient mice are resistant to collagen-induced arthritis [75].These
data, together with the observation that specific inhibition of miR-155 in RA synovial macro‐
phages reduced TNF-alpha production led to ascribe to miR-155 a role in excessive proin‐
flammatory activation of myeloid cells in RA and to suggest that miR-155 may represent an
intriguing therapeutic target [68]. Interestingly, Worm et al. first reported on miR-155 silenc‐
ing in vivo in a mouse inflammation model [76], which further underlines the potentiality of
miR-155 antagonists as novel therapeutics for treatment of chronic inflammatory diseases.

MiR-203, was found significantly up-regulated in RA-SFs in comparison with OA-SFs [73]. It
resulted in higher release of MMP-1 and secretion of IL-6 via the NF-kappa B pathway,
which led to hypothesize a role in activating RA-SFs and triggering inflammation [73]. How‐
ever, the direct targets of miR-203 in RA-SFs still need to be highlighted [73].

Mir-146a resulted greatly expressed in RA synovial tissue when compared with OA and it
has been demonstrated in CD3+ T cells, IL-17 producing T cells, CD68+ cells, in some B lym‐
phocytes [70, 72, 74] and in RA-SF, where its expression resulted induced by several pro-in‐
flammatory mediators such as TNF-alpha and IL-1beta [70, 74]. However, its role in
synovial tissue has yet to be elucidate.

MiR-124a was found significantly lower in RA-SFs in comparison with OA [69]. Its down-regu‐
lation appears to play an important role in the pathogenesis of RA by mediating the enhance‐
ment of both cyclin-dependent kinase 2 (CDK-2), involved in the cell cycle regulation, and
monocyte chemoattractant protein 1 (MCP-1),which are able to attract into the synovial tissue
inflammatory cells, memory T lymphocytes and natural killer cells [67, 69]. These intriguing
findings have suggested that miR-124a could also have a therapeutic potential [67, 69].

Finally miR-34a* was found significantly down-regulated in RA-SFs in comparison with OA
as a result of higher DNA methylation, which would contribute to the RA-SFs resistance to
apoptosis, a typical feature of these RA cells [71]

2.3.2. Blood

MiR-146a was found overexpressed in PBMC obtained from RA patients, expecially those
with early RA and with high disease activity, compared with healthy and disease control in‐
dividuals [72, 77]. Other studies confirmed miR-146a overexpression in PBMC [78], in CD4+

The Role of Micro-RNAs in Rheumatic Diseases: An Update
http://dx.doi.org/10.5772/54273

57



Out of these, miR-22 resulted up-regulated and contributed to decreased expression of aggre‐
can and increased levels of IL-1b and MMP-13 in chondrocytes, while miR-140 was found
down-regulated and its under-expression was related to the development of age-related OA-
like changes [61]. In the cartilage of late-stage OA, Jones et al. described several differentially
expressed miRNAs, out of these miR-146a resulted down-regulated, miR-9 and miR-98 up-
regulated [62]. Interestingly, functional analysis revealed that miR-9 and miR-98 reduced the
IL-1β-induced production of  TNFα in primary chondrocytes,  while  miR-9 also inhibited
MMP-13 secretion in vitro, a scenario which led to hypothesized their protective role in OA
[62]. MiR-27a was also found down-regulated in OA chondrocytes and its underexpression in‐
directly inhibited MMP-13 and IGFBP-5 (insulin-like growth factor binding protein) [63]. A
protective role on OA cartilage and in modulating pain symptoms has been hypothesized for
miR-146A [64]. Most recently, overexpression of miR-146a, miR-155, miR-181a and miR-223
was demonstrated in  PBMCs of  OA patients  in  comparison with healthy controls,  with
miR-146a and miR-223 significantly higher in the early stages of OA than at later stages [65].

However, although several OA-associated miRNA have been reported to date, their potential
role in OA needs to be further elucidated and their targets need to be discovered in the future.

Main miRNA dysregulated in OA are shown in Tab.4

Up-regulated Down-regulated

-miR-22 (OA cartilage) [61]

-miR-9 and MiR-98 (OA cartilage) [62]

-miR-146a, miR-155, miR-181a (OA PBMCs) [65]

-miR-140 (OA cartilage) [61]

-miR-146a (OA cartilage) [62]

-miR-27a (OA chondrocytes) [63]

Abbreviations: PBMC, peripheral blood mononuclear cells

Table 4. Main microRNA dysregulated in OA

2.3. Rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory joint disorder that is characterized by
immune-driven inflammation of synovial membrane which results in erosion, joint destruc‐
tion and disability. Extra-articular symptoms, such as serositis, nodules and vasculitis are
common and usually associated to a more severe disease. The etiology of rheumatoid arthri‐
tis (RA) is still unknown, and many uncertainties regarding its pathogenetic mechanisms
persist yet [66].

Many recent studies have demonstrated that different miRNAs are significantly dysregulat‐
ed in RA tissues.

2.3.1. Synovium

In comparison with healthy controls and/or OA patients, some miRNA have been found up-
(miR-155, miR-203 and miR-146a ) or down-(miR124a and miR-34a*) regulated in RA syno‐
vial tissue and/or synovial fluid [67-74].
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MiR-155  has  emerged as  one  of  the  most  attractive  and thoroughly  studied  miRNA in
RA.  It  was found significantly  up-regulated in  RA-synovial  fibroblasts  (RA-SFs)  [74],  in
the lining layer CD68+ macrophages [68] and in synovial fluid CD14+ cells [68, 74] of the
RA synovial compartment.

Since overexpression of miR-155 in RA-SFs was shown to decrease the levels of matrix met‐
alloproteinase 3 (MMP-3) and 1 (MMP-1) in vitro, it was initially hypothesized a protective
role of miR-155 by modulating destructive properties of RA-synovial fibroblasts (RA-SFs)
[74]. However, in vivo data have shown an opposite role for miR-155 in the development of
arthritis [68, 75]. Up-regulation of miR-155 in synovial fluid CD14+ cells increased the ex‐
pression of TNF-α, IL-1β, IL-6, and IL-8 and downregulated the expression of the miR-155
target SHIP-1 (Src homology 2-containing inositol phosphatase-1), an inhibitor of inflamma‐
tion [68], and miR-155-deficient mice are resistant to collagen-induced arthritis [75].These
data, together with the observation that specific inhibition of miR-155 in RA synovial macro‐
phages reduced TNF-alpha production led to ascribe to miR-155 a role in excessive proin‐
flammatory activation of myeloid cells in RA and to suggest that miR-155 may represent an
intriguing therapeutic target [68]. Interestingly, Worm et al. first reported on miR-155 silenc‐
ing in vivo in a mouse inflammation model [76], which further underlines the potentiality of
miR-155 antagonists as novel therapeutics for treatment of chronic inflammatory diseases.

MiR-203, was found significantly up-regulated in RA-SFs in comparison with OA-SFs [73]. It
resulted in higher release of MMP-1 and secretion of IL-6 via the NF-kappa B pathway,
which led to hypothesize a role in activating RA-SFs and triggering inflammation [73]. How‐
ever, the direct targets of miR-203 in RA-SFs still need to be highlighted [73].

Mir-146a resulted greatly expressed in RA synovial tissue when compared with OA and it
has been demonstrated in CD3+ T cells, IL-17 producing T cells, CD68+ cells, in some B lym‐
phocytes [70, 72, 74] and in RA-SF, where its expression resulted induced by several pro-in‐
flammatory mediators such as TNF-alpha and IL-1beta [70, 74]. However, its role in
synovial tissue has yet to be elucidate.

MiR-124a was found significantly lower in RA-SFs in comparison with OA [69]. Its down-regu‐
lation appears to play an important role in the pathogenesis of RA by mediating the enhance‐
ment of both cyclin-dependent kinase 2 (CDK-2), involved in the cell cycle regulation, and
monocyte chemoattractant protein 1 (MCP-1),which are able to attract into the synovial tissue
inflammatory cells, memory T lymphocytes and natural killer cells [67, 69]. These intriguing
findings have suggested that miR-124a could also have a therapeutic potential [67, 69].

Finally miR-34a* was found significantly down-regulated in RA-SFs in comparison with OA
as a result of higher DNA methylation, which would contribute to the RA-SFs resistance to
apoptosis, a typical feature of these RA cells [71]

2.3.2. Blood

MiR-146a was found overexpressed in PBMC obtained from RA patients, expecially those
with early RA and with high disease activity, compared with healthy and disease control in‐
dividuals [72, 77]. Other studies confirmed miR-146a overexpression in PBMC [78], in CD4+
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T lymphocytes from peripheral blood [79] and in plasma [80] of RA patients. The observa‐
tion that miR-146a was able to silence in PBMC the expression of interleukin-1 receptor-as‐
sociated kinase 1 (IRAK1) and TNF receptor associated factor 6 (TRAF6), members of the
TLR4 signaling cascade [81], led to hypothesized that miR-146a could act as a negative regu‐
lator of inflammation, as supported by other recent studies [77, 82, 83]. However, in the
study of Pauley et al. PBMC expression of IRAK-1 and TRAF6 was no different between RA
patients and healthy controls, as expected [77], which led to hypothesized that was a defect
in regulation of these molecules by miR-146a that promoted inflammation, with an exten‐
sive and prolonged TNF-alpha production [77].

Consistent with the data on synovial compartment, miR-155 has been found increased in
PBMC from RA patients compared with healthy controls and upregulated during the differ‐
entiation of IL-17 producing cells [72, 77]. Conversely, concentrations of miR-155 and other
examined miRNA (miR-16, miR-132, miR-146a and miR-223) resulted not differently ex‐
pressed between RA and OA patients in plasma, although plasma levels of miR-155,miR-16,
miR-146a and miR-223 inversely correlated with clinical indices, such as tender joint count
and 28-joint Disease Activity Score (DAS 28).

Recently, Fulci et al showed a clear up-regulation of miR-223 and a significant downregula‐
tion of miR-142, miR-28 and miR-30e in T-lymphocytes from peripheral blood from RA pa‐
tients in comparison with healthy controls [84]. The same group confirmed the
overexpression of miR-223 in T-lymphocytes of early rheumatoid arthritis patients [85]
which led the authors to speculate that this aberrant over-expression could contribute to the
pathogenesis of the disease.

Other miRNAs resulted disregulated in RA, such as miR-16, miR-132, miR-26a, and miR-150
which resulted up-regulated in PBMC from patients with RA compared with healthy con‐
trols. [72, 77]. Of these, miR-16 and miR-150 correlated with disease activity [72, 77], where‐
as miR-26 and miR-150 resulted upregulated in IL-17 producing T cells [72].

Main miRNA dysregulated in RA are shown in Tab.5

Up-regulated Down-regulated

-miR-155 (synovium) [68, 74]

-miR-155 (PBMC) [72, 77]

-miR-203 (synovium) [73]

-miR-146a (synovium) [70, 72, 74]

-miR-146a (PBMC/ CD4+ T lymphocytes/plasma) [72,

77-80]

-miR-223 (blood T-lymphocytes [84, 85]

- miR-16, miR-132, miR-26a, and miR-150 (PBMC) [72,

77]

-miR-124a (synovium) [69]

-miR-34a* (synovium) [71]

Abbreviations: PBMC, peripheral blood mononuclear cells

Table 5. Main microRNA dysregulated in RA
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2.4. Psoriatic arthritis

Psoriatic arthritis (PsA) is a chronic inflammatory disease that develops in ~ 20% of individ‐
uals with psoriasis [86]. PSA pathogenesis is not yet fully understood and lymphocytes, in
particular CD8+ T cells, appear to play an important role in the pathogenesis of both psoria‐
sis and PsA [87, 88]. In addition, several pro-inflammatory cytochines seem to be involved,
including TNF-α, IL-1, IL-6 and IL-12 [89-91]. While several studies have shown an altered
expression of miRNAs in psoriasis, to date – at the best of our knowledge - no studies have
been performed about the miRNA expression profile in PsA. On this background, we evalu‐
ated a comprehensive global miRNA expression profile in PBMCs of patients with PsA in
comparison with healthy controls, with the main purpose to characterise the miRNA signa‐
ture in PsA (Clin Drug Investig, in press). Below, the results of the principal studies on psoria‐
sis and the main results of our study on PsA are summarized.

2.4.1. Psoriasis

Several miRNA have been found disregulated in psoriatic skin when compared with
healthy skin, such as miR-203,miR-146a, miR-99a and miR-21 (up-regulated) or miR 125b
(down- regulated).

Up-regulation of miR-203 correlated with the underexpression of SOCS-3 (suppressor of cyto‐
kine signalling 3) which is implicated in inflammatory response and keratinocyte functions
[92]. Recently, Primo et al. confirmed the up-regulation of miR-203 in psoriatic lesions, with
TNF-alpha and IL24 as its direct targets [93]. The over-expressed miR-146a was related to the
TNF-α signalling control in the skin [94]. Up-regulation of miR-99a was correlated with a slow
keratinocyte proliferation and induction of their differentiation through regulation of IGF-1R
[95]. Elevated levels of miR-21 in psoriatic skin have been found by Meisgen et al. [96]. The au‐
thors evidenced that overexpression of this miRNA was related to apoptosis suppression in ac‐
tivated T cells, which contributed to T cell-derived psoriatic skin inflammation [96].

Downregulation of miR-125b has been associated with high TNF-α production [94] and with
the modulation of keratinocyte differentiation and proliferation by targeting FGFR2 (fibro‐
blast growth factor receptor 2) [97].

Other miRNA have been found dysregulated in psoriasis. Zibbert et al. identified 42 upre‐
gulated miRNAs and 5 downregulated miRNAs in psoriasis skin compared with healthy
skin [98]. Out of these, up-regulated miR-21, miR-205, miR-221 and miR-222 were found to
have potential mRNA targets in psoriatic skin such as PDCD4, TPM1, P57, C-KIT, RTN4,
SHIP2, TIMP3, RECK and NFIB, which were likely to be involved in cellular growth, prolif‐
eration, apoptosis and degradation of the extracellular matrix [98].

Down-regulation of miR-424 in the skin [99] and up-regulation of miR-1266 in the serum
[100] of PsA patients have also been demonstrated. Underexpression of miR-124 was re‐
lated  to  increased  levels  of  MEK1 or  cyclin  E1  proteins,  thus  to  enhanced  keratinocyte
proliferation  [99].  Overexpression  of  miR-1266  in  the  PsA serum was  quite  unexpected
being this miRNA a putative regulator of IL-17A, a key cytokine in PsA pathogenesis, so
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T lymphocytes from peripheral blood [79] and in plasma [80] of RA patients. The observa‐
tion that miR-146a was able to silence in PBMC the expression of interleukin-1 receptor-as‐
sociated kinase 1 (IRAK1) and TNF receptor associated factor 6 (TRAF6), members of the
TLR4 signaling cascade [81], led to hypothesized that miR-146a could act as a negative regu‐
lator of inflammation, as supported by other recent studies [77, 82, 83]. However, in the
study of Pauley et al. PBMC expression of IRAK-1 and TRAF6 was no different between RA
patients and healthy controls, as expected [77], which led to hypothesized that was a defect
in regulation of these molecules by miR-146a that promoted inflammation, with an exten‐
sive and prolonged TNF-alpha production [77].

Consistent with the data on synovial compartment, miR-155 has been found increased in
PBMC from RA patients compared with healthy controls and upregulated during the differ‐
entiation of IL-17 producing cells [72, 77]. Conversely, concentrations of miR-155 and other
examined miRNA (miR-16, miR-132, miR-146a and miR-223) resulted not differently ex‐
pressed between RA and OA patients in plasma, although plasma levels of miR-155,miR-16,
miR-146a and miR-223 inversely correlated with clinical indices, such as tender joint count
and 28-joint Disease Activity Score (DAS 28).

Recently, Fulci et al showed a clear up-regulation of miR-223 and a significant downregula‐
tion of miR-142, miR-28 and miR-30e in T-lymphocytes from peripheral blood from RA pa‐
tients in comparison with healthy controls [84]. The same group confirmed the
overexpression of miR-223 in T-lymphocytes of early rheumatoid arthritis patients [85]
which led the authors to speculate that this aberrant over-expression could contribute to the
pathogenesis of the disease.

Other miRNAs resulted disregulated in RA, such as miR-16, miR-132, miR-26a, and miR-150
which resulted up-regulated in PBMC from patients with RA compared with healthy con‐
trols. [72, 77]. Of these, miR-16 and miR-150 correlated with disease activity [72, 77], where‐
as miR-26 and miR-150 resulted upregulated in IL-17 producing T cells [72].

Main miRNA dysregulated in RA are shown in Tab.5

Up-regulated Down-regulated

-miR-155 (synovium) [68, 74]

-miR-155 (PBMC) [72, 77]

-miR-203 (synovium) [73]

-miR-146a (synovium) [70, 72, 74]

-miR-146a (PBMC/ CD4+ T lymphocytes/plasma) [72,

77-80]

-miR-223 (blood T-lymphocytes [84, 85]

- miR-16, miR-132, miR-26a, and miR-150 (PBMC) [72,

77]

-miR-124a (synovium) [69]

-miR-34a* (synovium) [71]

Abbreviations: PBMC, peripheral blood mononuclear cells

Table 5. Main microRNA dysregulated in RA
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2.4. Psoriatic arthritis

Psoriatic arthritis (PsA) is a chronic inflammatory disease that develops in ~ 20% of individ‐
uals with psoriasis [86]. PSA pathogenesis is not yet fully understood and lymphocytes, in
particular CD8+ T cells, appear to play an important role in the pathogenesis of both psoria‐
sis and PsA [87, 88]. In addition, several pro-inflammatory cytochines seem to be involved,
including TNF-α, IL-1, IL-6 and IL-12 [89-91]. While several studies have shown an altered
expression of miRNAs in psoriasis, to date – at the best of our knowledge - no studies have
been performed about the miRNA expression profile in PsA. On this background, we evalu‐
ated a comprehensive global miRNA expression profile in PBMCs of patients with PsA in
comparison with healthy controls, with the main purpose to characterise the miRNA signa‐
ture in PsA (Clin Drug Investig, in press). Below, the results of the principal studies on psoria‐
sis and the main results of our study on PsA are summarized.

2.4.1. Psoriasis

Several miRNA have been found disregulated in psoriatic skin when compared with
healthy skin, such as miR-203,miR-146a, miR-99a and miR-21 (up-regulated) or miR 125b
(down- regulated).

Up-regulation of miR-203 correlated with the underexpression of SOCS-3 (suppressor of cyto‐
kine signalling 3) which is implicated in inflammatory response and keratinocyte functions
[92]. Recently, Primo et al. confirmed the up-regulation of miR-203 in psoriatic lesions, with
TNF-alpha and IL24 as its direct targets [93]. The over-expressed miR-146a was related to the
TNF-α signalling control in the skin [94]. Up-regulation of miR-99a was correlated with a slow
keratinocyte proliferation and induction of their differentiation through regulation of IGF-1R
[95]. Elevated levels of miR-21 in psoriatic skin have been found by Meisgen et al. [96]. The au‐
thors evidenced that overexpression of this miRNA was related to apoptosis suppression in ac‐
tivated T cells, which contributed to T cell-derived psoriatic skin inflammation [96].

Downregulation of miR-125b has been associated with high TNF-α production [94] and with
the modulation of keratinocyte differentiation and proliferation by targeting FGFR2 (fibro‐
blast growth factor receptor 2) [97].

Other miRNA have been found dysregulated in psoriasis. Zibbert et al. identified 42 upre‐
gulated miRNAs and 5 downregulated miRNAs in psoriasis skin compared with healthy
skin [98]. Out of these, up-regulated miR-21, miR-205, miR-221 and miR-222 were found to
have potential mRNA targets in psoriatic skin such as PDCD4, TPM1, P57, C-KIT, RTN4,
SHIP2, TIMP3, RECK and NFIB, which were likely to be involved in cellular growth, prolif‐
eration, apoptosis and degradation of the extracellular matrix [98].

Down-regulation of miR-424 in the skin [99] and up-regulation of miR-1266 in the serum
[100] of PsA patients have also been demonstrated. Underexpression of miR-124 was re‐
lated  to  increased  levels  of  MEK1 or  cyclin  E1  proteins,  thus  to  enhanced  keratinocyte
proliferation  [99].  Overexpression  of  miR-1266  in  the  PsA serum was  quite  unexpected
being this miRNA a putative regulator of IL-17A, a key cytokine in PsA pathogenesis, so
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the authors hypothesized that miR-1266 could be involved in the pathogenesis of psoria‐
sis by regulating other target molecules [100].

Main miRNA dysregulated in psoriasis are shown in Tab.6.

Up-regulated Down-regulated

-miR-203 (psoriatic skin) [92, 93]
-miR-146a (psoriatic skin) [92]
-miR-99a (psoriatic skin) [95]
-miR-21 (psoriatic skin) [96]
-miR-21, miR-205, miR-221 and miR-222 ( psoriatic
skin)[98]
-miR-1266 (serum) [100]

-miR 125b (psoriatic skin) [92]
-miR-424 (psoriatic skin) [99]

Table 6. Main microRNA dysregulated in Psoriasis

2.4.2. Psoriatic arthritis

In our recent study (Clin Drug Investig, in press), we evaluated global miRNA expression profile
in PBMCs of 13 patients with early active and untreated PsA. In comparison with healthy con‐
trols, the PBMC of PsA group revealed the presence of 9 up-modulated and 7 down-regulated
miRNAs. Within the group of up-regulated, miR-21, miR-34a and miR-125a appeared of par‐
ticular interest considering the extent of their modulation and their emerging role in inflamma‐
tory processes (Clin Drug Investig,  in press)  (Tab.7).  Instead, all  down-regulated miRNAs
belonged to two large adjacent miRNA clusters located on chromosome 14, which makes this
chromosome worthy of further investigation in the field of psoriasis and PsA genetic suscepti‐
bility (Clin Drug investig, in press). Quantitative RT-PCR (RT-qPCR) analysis for specific miR‐
NA (miR-21, miR-34a, miR-125a), performed in the entire series of 13 PsA patients plus 5
additional PsA patients and in healthy controls, confirmed the up-regulation of these three
miRNA (unpublished data). (Figure 1A-C). Moreover, based on its emerging role in immunity
control and the proved involvement in other autoimmune diseases [40, 77, 81, 101, 102] we also
evaluated by RT-qPCR miR-146a levels in the entire group of 18 PsA patients. Also in this case,
real time results were in agreement with microarray and did not show significant differences
between patients and controls (unpublished data) (Figure 1D). The demonstration of a miRNA
signature in PsA could be a novel starting point for understanding pathogenic mechanisms of
this disease. Moreover, altered miRNAs expression in patients with active disease makes them
attractive as potential biomarkers of disease.

Up-regulated Down-regulated

MiR-21, miR-34a and miR-125a (PBMC) (Ciancio et al., Clin
Drug Investig,in press)

Abbreviations: PBMC, peripheral blood mononuclear cells

Table 7. Main microRNA dysregulated in PsA
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Figure 1. Validation of miR-34a (A), miR-21 (B), miR-125a (C) and miR-146a (D) levels by quantitative RT-PCR.
MiRNAs expression in 18 PsA patients and 8 controls was quantified using RT-qPCR. Each expression data was normal‐
ized on endogenous U6 RNA level by 2-∆Ct method. Each sample was analyzed in triplicate. Data are displayed using
vertical scatter plot (GraphPad v.5), bars represent means ± SEM. Two-tailed t-test was used to determine the p-values.

3. Conclusions

MiRNA are fine regulators of gene expression at the post-trascriptional level and it is to‐
day known that they partecipate in the regulation of almost every aspect of cell physiol‐
ogy,  including  the  development  of  immune  cells  and  the  regulation  of  the  immune
response.

MiRNA altered expression has been related to the development of several chronic inflam‐
matory and autoimmune diseases such as systemic lupus erithematosus,  rheumatoid ar‐
thritis,  Sjogren  syndrome,  systemic  sclerosis,  psoriasis  and  psoriatic  arthritis.
Osteoarthritis,  the most common age related disorder,  seems also to be related to an al‐
tered expression of  miRNAs.  Besides their  crucial  role in the pathogenesis  of  rheumatic
diseases,  miRNAs can also be predictive of disease activity and severity,  helpful as bio‐
markers and useful for development of new therapeutic strategies. However, this exciting
field of research is still at an early stage and larger studies are still desirable to define the
specific roles that individual miRNAs may play in rheumatic diseases.
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the authors hypothesized that miR-1266 could be involved in the pathogenesis of psoria‐
sis by regulating other target molecules [100].

Main miRNA dysregulated in psoriasis are shown in Tab.6.

Up-regulated Down-regulated

-miR-203 (psoriatic skin) [92, 93]
-miR-146a (psoriatic skin) [92]
-miR-99a (psoriatic skin) [95]
-miR-21 (psoriatic skin) [96]
-miR-21, miR-205, miR-221 and miR-222 ( psoriatic
skin)[98]
-miR-1266 (serum) [100]

-miR 125b (psoriatic skin) [92]
-miR-424 (psoriatic skin) [99]

Table 6. Main microRNA dysregulated in Psoriasis

2.4.2. Psoriatic arthritis

In our recent study (Clin Drug Investig, in press), we evaluated global miRNA expression profile
in PBMCs of 13 patients with early active and untreated PsA. In comparison with healthy con‐
trols, the PBMC of PsA group revealed the presence of 9 up-modulated and 7 down-regulated
miRNAs. Within the group of up-regulated, miR-21, miR-34a and miR-125a appeared of par‐
ticular interest considering the extent of their modulation and their emerging role in inflamma‐
tory processes (Clin Drug Investig,  in press)  (Tab.7).  Instead, all  down-regulated miRNAs
belonged to two large adjacent miRNA clusters located on chromosome 14, which makes this
chromosome worthy of further investigation in the field of psoriasis and PsA genetic suscepti‐
bility (Clin Drug investig, in press). Quantitative RT-PCR (RT-qPCR) analysis for specific miR‐
NA (miR-21, miR-34a, miR-125a), performed in the entire series of 13 PsA patients plus 5
additional PsA patients and in healthy controls, confirmed the up-regulation of these three
miRNA (unpublished data). (Figure 1A-C). Moreover, based on its emerging role in immunity
control and the proved involvement in other autoimmune diseases [40, 77, 81, 101, 102] we also
evaluated by RT-qPCR miR-146a levels in the entire group of 18 PsA patients. Also in this case,
real time results were in agreement with microarray and did not show significant differences
between patients and controls (unpublished data) (Figure 1D). The demonstration of a miRNA
signature in PsA could be a novel starting point for understanding pathogenic mechanisms of
this disease. Moreover, altered miRNAs expression in patients with active disease makes them
attractive as potential biomarkers of disease.

Up-regulated Down-regulated

MiR-21, miR-34a and miR-125a (PBMC) (Ciancio et al., Clin
Drug Investig,in press)

Abbreviations: PBMC, peripheral blood mononuclear cells

Table 7. Main microRNA dysregulated in PsA
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Figure 1. Validation of miR-34a (A), miR-21 (B), miR-125a (C) and miR-146a (D) levels by quantitative RT-PCR.
MiRNAs expression in 18 PsA patients and 8 controls was quantified using RT-qPCR. Each expression data was normal‐
ized on endogenous U6 RNA level by 2-∆Ct method. Each sample was analyzed in triplicate. Data are displayed using
vertical scatter plot (GraphPad v.5), bars represent means ± SEM. Two-tailed t-test was used to determine the p-values.

3. Conclusions

MiRNA are fine regulators of gene expression at the post-trascriptional level and it is to‐
day known that they partecipate in the regulation of almost every aspect of cell physiol‐
ogy,  including  the  development  of  immune  cells  and  the  regulation  of  the  immune
response.

MiRNA altered expression has been related to the development of several chronic inflam‐
matory and autoimmune diseases such as systemic lupus erithematosus,  rheumatoid ar‐
thritis,  Sjogren  syndrome,  systemic  sclerosis,  psoriasis  and  psoriatic  arthritis.
Osteoarthritis,  the most common age related disorder,  seems also to be related to an al‐
tered expression of  miRNAs.  Besides their  crucial  role in the pathogenesis  of  rheumatic
diseases,  miRNAs can also be predictive of disease activity and severity,  helpful as bio‐
markers and useful for development of new therapeutic strategies. However, this exciting
field of research is still at an early stage and larger studies are still desirable to define the
specific roles that individual miRNAs may play in rheumatic diseases.
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1. Introduction

Sex hormones are implicated in immune response, with estrogens acting as enhancers [10].
Estrogens not only have anti-inflammatory but also pro-inflammatory roles depending
upon different influencing factors [66]. Metabolism of estrogen within the body is a complex
and important subject. Estrone and estradiol are biochemically interconvertable and yield
the same family of estrogen metabolites. The metabolism of estrogen takes place primarily
in the liver through Phase I (hydroxylation) and Phase II (methylation, glucuronidation, and
sulfation) pathways with ultimate excretion in the urine and feces [26].

Cytochrome P-450 enzymes mediate the hydroxylation of estradiol and estrone, which is the
major Phase I metabolic pathway for endogenous estrogens. Several extrahepatic target tis‐
sues or cultured cells from target tissue express estrogen-hydroxylating enzymes activities
[28]. Each cytochrome P-450 favors the hydroxylation of specific carbons, altogether, these
enzymes can hydroxylate virtually all carbons in the molecule, with the exception of the in‐
accessible carbons. Different functional groups produced by the action of P-450 at the specif‐
ic sites of steroid nucleus markedly effects the biological properties of different estrogen
metabolites. For example, different hydroxylation reaction give estrogenic or carcinogenic
metabolites. Functionally, the important reactions catalyzed by cytochrome P-450 are at car‐
bon number 2, 4 and 16.

In this chapter, we venture into the area of the ambiguous relationship between catecholes‐
trogens (CEs) and rheumatoid arthritis (RA). This analysis is focused in a part on the possi‐
ble role of CEs in the pathogenesis of RA and on exploring the mechanism behind the
generation of autoantibodies taken consideration the role of CEs. It also explains a unique
hypothesis, which showed that CEs formed in various tissues undergo oxidative metabo‐
lism (enzymatic or non-enzymatic) to produce reactive oxygen species (ROS), which could

© 2013 Khan and Ali Khan; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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modified DNA and alter it immunogenicity. This would lead to the induction and elevated
levels of RA autoantibodies. In addition, chapter further explain the role of CEs in antigen-
driven induction of RA autoantibodies that may unfold various aspects of RA.

2. Catecholestrogens (CEs)

Catecholestrogens (CEs) are biological active metabolites of estrogen which are synthesized
by estrogen 2- and 4- hydroxylase in the liver, brain and other organ [29]. They are pro‐
duced by the actions of genes encoded by CYP1A1, CYP1A2 and CYP1B1, which is an estro‐
gen 4-hydroxylase (Figure 1).

Figure 1. Pathway of estrogen metabolism including estradiol, estrone and various estrogen metabolites (including CEs).

CEs also yield potent genotoxic molecules implicated in carcinogenesis. 4-Hydroxyestrone/
estradiol was found to be carcinogenic in the male Syrian golden hamster kidney tumor
model,  whereas  2-hydroxylated  metabolites  were  without  activity  [46].  4-Hydroxyestro‐
gen can be oxidized to quinone intermediates that react with purine base of DNA, result‐
ing  in  depurinating  adduct  that  generates  highly  mutagenic  apurinic  sites.  Quinones
derived from 2-hydroxyestrogens produced stable DNA adducts and are presumed to be
less  genotoxic  [67].  As  described elsewhere,  estrogen may be  oxidized by  hepatic  cyto‐
chrome  P-450  enzymes  to  hydroxyl  CEs  and  further  oxidized  to  the  semiquinone  and
quinone form [1]. The quinone formed from oxidation of 4-hydroxyestrogen has half-life
of 12 minutes as compared with the short life of 2-hydroxyestrogen (t1/2  = 47 s) [30].  Es‐
trone  and estradiol  are  oxidized to  lesser  amount  to  2-hydroxycatechols  by  CYP3A4 in
liver and by CYP1A in extrahepatic tissues or to 4-hydroxycatechols by CYP1B1 in extra‐
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hepatic sites, with the 2-hydroxycatechol being formed to a larger extent. Catechol-o-meth‐
yl transferases (COMTs) inactivated 2- and 4-hydroxycatechols to their respective methyl
derivatives [69].  COMT, a phase II  enzyme, catalyses the transfer of methyl group from
S-adenosyl methionine to hydroxyl groups of a number of catechol substrates, including
the catecholestrogens.  CEs under  normal  condition are  o-methylated by COMT to  form
2- and 4-o-methylethers, which are excreted in the urine [56]. Small amount of CEs may
also be converted by peroxidase-catalysed reactions to semiquinones or quinones that are
capable  of  forming  DNA  adducts  or  generating  ROS  via  redox  cycling  that  could  oxi‐
dize DNA bases [69]. Estrogen metabolites have indirect and direct genotoxicity. Hydrox‐
ylation is an important elimination step for estrogen to generate CEs. Microsomal estradiol
hydroxylation in human breast cancer showed significantly higher 4-hydroxy:2-hydroxyes‐
tradiol  ratio  in  tumor  tissue  than  in  adjacent  normal  breast  tissue  [48],  but  the  breast
cancer tissue samples contained fourfold higher levels of 4-hydroxyestradiol (4-OHE2) than
in normal tissue from benign breast biopsies [57].

It has been observed that intra-tissue concentration of estrogens, hydroxyestrogens (16 α-hy‐
droxyestrone, 2-hydroxyestrone, 2-hydroxyestradiol, 4-hydroxyestrone, and 4-hydroxyes‐
tradiol) and methoxyestrogens (2-methoxyestrone, 2-methoxyestradiol, 4-methoxyestrone,
and 4-methoxyestradiol) in normal and malignant breast showed the highest concentration
of 4-hydroxyestradiol in malignant tissue [4]. The concentration, as evaluated by combined
high performance liquid chromatograpy (HPLC) and gas chromatograpy-mass spectrome‐
try (GC-MS) was found to be more than twice as high as that of any other compound. CEs
have been measured in rat brain and various endocrine tissues by sensitive radioenzymatic
assay. The concentration of these CEs in the hypothalamus and pituitary are at least ten
times higher than parent estrogen. CEs have potent endocrine effect i.e. they have an impor‐
tant role in neuroendocrine regulation [54].

In addition, brain is capable of 2-hydroxylation and consequently forms CEs from estrone
and estradiol. Increased availability of estrogen and estradiol for binding and hypothalamic
sites would facilitate formation of CEs. 2-Hydroxylated and 4-hydroxylated estrogen exerts
biologic responses on the cyclic secretion of leutenising hormone (LH) perhaps even on folli‐
cle stimulating hormone (FSH) and prolactin. Catecholestradiol competes with estradiol for
estrogen binding sites in the anterior pituitary gland and hypothalamus and dopamine
binding sites on anterior pituitary membranes [41].

Mitogenicity associated with estrogen receptor (ER)-mediated cellular events was believed
to be the mechanism by which estrogens contributed to carcinogenesis [59]. The role of CEs
as genotoxic chemical procarcinogenesis, independent of ER mediation, has been well recog‐
nized [70]. Although oxidative metabolism of estrogen to CEs is generally thought to termi‐
nate the estrogenic signal, but CEs retain some binding affinity to the ER. Exposure of
MCF-7 cells with 2- and 4-hydroxyestradiol increased the rate of cell proliferation and the
expression of estrogen-inducible gene such as progesterone receptor (PR) gene and pS2.
Compare to estradiol, 2- and 4-hydroxyestradiol increased proliferation rate, level of PR pro‐
tein as well as pS2 mRNA expression to certain fold [62].
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of 12 minutes as compared with the short life of 2-hydroxyestrogen (t1/2  = 47 s) [30].  Es‐
trone  and estradiol  are  oxidized to  lesser  amount  to  2-hydroxycatechols  by  CYP3A4 in
liver and by CYP1A in extrahepatic tissues or to 4-hydroxycatechols by CYP1B1 in extra‐
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hepatic sites, with the 2-hydroxycatechol being formed to a larger extent. Catechol-o-meth‐
yl transferases (COMTs) inactivated 2- and 4-hydroxycatechols to their respective methyl
derivatives [69].  COMT, a phase II  enzyme, catalyses the transfer of methyl group from
S-adenosyl methionine to hydroxyl groups of a number of catechol substrates, including
the catecholestrogens.  CEs under  normal  condition are  o-methylated by COMT to  form
2- and 4-o-methylethers, which are excreted in the urine [56]. Small amount of CEs may
also be converted by peroxidase-catalysed reactions to semiquinones or quinones that are
capable  of  forming  DNA  adducts  or  generating  ROS  via  redox  cycling  that  could  oxi‐
dize DNA bases [69]. Estrogen metabolites have indirect and direct genotoxicity. Hydrox‐
ylation is an important elimination step for estrogen to generate CEs. Microsomal estradiol
hydroxylation in human breast cancer showed significantly higher 4-hydroxy:2-hydroxyes‐
tradiol  ratio  in  tumor  tissue  than  in  adjacent  normal  breast  tissue  [48],  but  the  breast
cancer tissue samples contained fourfold higher levels of 4-hydroxyestradiol (4-OHE2) than
in normal tissue from benign breast biopsies [57].

It has been observed that intra-tissue concentration of estrogens, hydroxyestrogens (16 α-hy‐
droxyestrone, 2-hydroxyestrone, 2-hydroxyestradiol, 4-hydroxyestrone, and 4-hydroxyes‐
tradiol) and methoxyestrogens (2-methoxyestrone, 2-methoxyestradiol, 4-methoxyestrone,
and 4-methoxyestradiol) in normal and malignant breast showed the highest concentration
of 4-hydroxyestradiol in malignant tissue [4]. The concentration, as evaluated by combined
high performance liquid chromatograpy (HPLC) and gas chromatograpy-mass spectrome‐
try (GC-MS) was found to be more than twice as high as that of any other compound. CEs
have been measured in rat brain and various endocrine tissues by sensitive radioenzymatic
assay. The concentration of these CEs in the hypothalamus and pituitary are at least ten
times higher than parent estrogen. CEs have potent endocrine effect i.e. they have an impor‐
tant role in neuroendocrine regulation [54].

In addition, brain is capable of 2-hydroxylation and consequently forms CEs from estrone
and estradiol. Increased availability of estrogen and estradiol for binding and hypothalamic
sites would facilitate formation of CEs. 2-Hydroxylated and 4-hydroxylated estrogen exerts
biologic responses on the cyclic secretion of leutenising hormone (LH) perhaps even on folli‐
cle stimulating hormone (FSH) and prolactin. Catecholestradiol competes with estradiol for
estrogen binding sites in the anterior pituitary gland and hypothalamus and dopamine
binding sites on anterior pituitary membranes [41].

Mitogenicity associated with estrogen receptor (ER)-mediated cellular events was believed
to be the mechanism by which estrogens contributed to carcinogenesis [59]. The role of CEs
as genotoxic chemical procarcinogenesis, independent of ER mediation, has been well recog‐
nized [70]. Although oxidative metabolism of estrogen to CEs is generally thought to termi‐
nate the estrogenic signal, but CEs retain some binding affinity to the ER. Exposure of
MCF-7 cells with 2- and 4-hydroxyestradiol increased the rate of cell proliferation and the
expression of estrogen-inducible gene such as progesterone receptor (PR) gene and pS2.
Compare to estradiol, 2- and 4-hydroxyestradiol increased proliferation rate, level of PR pro‐
tein as well as pS2 mRNA expression to certain fold [62].
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As describe previously, estrogens are metabolized via two pathways i.e. formation of CEs
and to lesser extent, 16 α-hydroxylation. The catechols are formed as 2- and 4-hydroxylated
estrogen. These two CEs can be inactivated by the enzyme COMT through o-methylation
[69]. Other possible mechanism of inactivation includes conjugation of CEs by glucouroni‐
dation and sulphation. High concentration of 4-hydroxylated metabolites caused insufficient
production of methyl, glucouronide or sulphate conjugate which in turn results in CE toxici‐
ty in cell and consequently competitive catalytic oxidation to semiquinone (CE-SQ) and qui‐
none (CE-Q). CE-SQ and CE-Q may conjugate with glutathione (GSH), catalyse by S-
transferase. CE-Q may also react with DNA to form stable and de-purinating adduct if this
inactivating process is incomplete [47].

3. CEs and DNA

Endogenous estrogens can become carcinogenic via formation of catecholestrogen quinones,
which react with DNA to form specific estrogen-DNA adducts. The mutations resulting
from these adducts can cause cell transformation and initiation of breast cancer [58]. The 4-
hydroxyestrogen generates free radicals from reductive-oxidative cycling with the corre‐
sponding CE-SQ/CE-Q forms, thus causing DNA damage extensively. In comparison to 4-
hydroxyestrogen, 2-hydroxyestrogen is not carcinogenic and has potent inhibitory effect on
the growth of tumor cells and on angiogenesis [17]. The DNA adducts generated by 2-hy‐
droxyestrogen and 4-hydroxyestrogen can form stable modifications that remain in the
DNA unless they are removed by repair. On the other hand, the modification bases can be
released from DNA by destabilization of the glycosydic bond and result in the formation of
depurinated or depyrimidinated sites [7].

Earlier studies from our lab showed that CE modified DNA brings about single and dou‐
ble  strand  breaks,  hyperchromicity,  damage  at  the  restriction  sites  and  modification  of
different bases (Table 1) [40, 36, 37, 38]. It has been observed that CE caused more dam‐
age to the DNA in presence of copper in comparison to nitric oxide (NO) as the extent of
base modification was greatest for thymine followed by guanine, adenine and cytosine [40].
We proposed that  CE and NO formed in  different  tissue  may react  with  each other  to
produce CE-Q.

The quinone/semiquinone redox system produces superoxide ions (O2¯ ) which can react
with NO to form peroxynitrite, which could cause DNA damage [38]. Quenching studies of
DNA modified with CEs in presence of C(II) showed that catalase and bathocuproine
strongly (~ 80 %) inhibited the modification by CEs plus Cu(II) indicating the involvement
of H2O2 and Cu(I) during the modification [36, 37]. These results demonstrate that CEs lead
to the production of potent ROS, capable of causing DNA damage, thus playing important
role not only in carcinogenesis [36] but also in systemic lupus erythematosus (SLE) [40, 37,
39] and RA [38].
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Parameter Native DNA CE-modified DNA

Hyperchromicity — 32.2

Absorbance ratio (A260/A280) 1.86 1.52

Melting temperature (Tm) ºC 88 80.5

S1 nuclease action No digestion Digestion

Restriction enzymes

PvuI (CGAT↓CG) Digestion No digestion

PvuII (CAG↓CTG) Digestion No digestion

SspI (AAT↓ATT) Digestion Digestion

Circular dichroism (mdeg) Wavelength (nm)

+274 0.77 0.52

−246 −1.3 −7.60

−210 −0.85 −0.58

Scavengers inhibition of modification

Catalase — 82

Sodium azide — 21

Bathocuproine — 80

Ascorbic acid — 35

Base modification

Adenine — 16.9%

Guanine — 45.5%

Cytosine — 12.6%

Thymine — 47.1%

Table 1. Characterization of Native and CE-modified DNA under identical experimental conditions. (Adapted from
[36]).

Over the last 2 decades, only two studies have been reported that explain the presence of CE
adducts in human breast tissue. First study involves the analysis of CE adducts in the DNA
from malignant breast tumor. DNA sample showed the presence of deoxyguanosine ad‐
ducts of 4-hydroxyestradiol and 4-hydroxyestrone in almost every samples [21]. Other study
showed the presence of CE quinone-derived DNA adduct in two breast samples that were
collected from one women with and one woman without breast cancer [51]. The catechol
quinone-derived adducts identified were 4-hydroxyestradiol-1-N3-adenosine, 4-hydroxyes‐
trone-1-N3-adenosine and 4-hydroxyestradiol-1-N7-guanine. Animal experimentation in‐
volves the injection of 4-hydroxyestradiol (or estradiol-3,4-quinone) into the mammary
glands of female ACI rats which resulted in the formation of the depurinating adducts, 4-
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As describe previously, estrogens are metabolized via two pathways i.e. formation of CEs
and to lesser extent, 16 α-hydroxylation. The catechols are formed as 2- and 4-hydroxylated
estrogen. These two CEs can be inactivated by the enzyme COMT through o-methylation
[69]. Other possible mechanism of inactivation includes conjugation of CEs by glucouroni‐
dation and sulphation. High concentration of 4-hydroxylated metabolites caused insufficient
production of methyl, glucouronide or sulphate conjugate which in turn results in CE toxici‐
ty in cell and consequently competitive catalytic oxidation to semiquinone (CE-SQ) and qui‐
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transferase. CE-Q may also react with DNA to form stable and de-purinating adduct if this
inactivating process is incomplete [47].
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which react with DNA to form specific estrogen-DNA adducts. The mutations resulting
from these adducts can cause cell transformation and initiation of breast cancer [58]. The 4-
hydroxyestrogen generates free radicals from reductive-oxidative cycling with the corre‐
sponding CE-SQ/CE-Q forms, thus causing DNA damage extensively. In comparison to 4-
hydroxyestrogen, 2-hydroxyestrogen is not carcinogenic and has potent inhibitory effect on
the growth of tumor cells and on angiogenesis [17]. The DNA adducts generated by 2-hy‐
droxyestrogen and 4-hydroxyestrogen can form stable modifications that remain in the
DNA unless they are removed by repair. On the other hand, the modification bases can be
released from DNA by destabilization of the glycosydic bond and result in the formation of
depurinated or depyrimidinated sites [7].

Earlier studies from our lab showed that CE modified DNA brings about single and dou‐
ble  strand  breaks,  hyperchromicity,  damage  at  the  restriction  sites  and  modification  of
different bases (Table 1) [40, 36, 37, 38]. It has been observed that CE caused more dam‐
age to the DNA in presence of copper in comparison to nitric oxide (NO) as the extent of
base modification was greatest for thymine followed by guanine, adenine and cytosine [40].
We proposed that  CE and NO formed in  different  tissue  may react  with  each other  to
produce CE-Q.

The quinone/semiquinone redox system produces superoxide ions (O2¯ ) which can react
with NO to form peroxynitrite, which could cause DNA damage [38]. Quenching studies of
DNA modified with CEs in presence of C(II) showed that catalase and bathocuproine
strongly (~ 80 %) inhibited the modification by CEs plus Cu(II) indicating the involvement
of H2O2 and Cu(I) during the modification [36, 37]. These results demonstrate that CEs lead
to the production of potent ROS, capable of causing DNA damage, thus playing important
role not only in carcinogenesis [36] but also in systemic lupus erythematosus (SLE) [40, 37,
39] and RA [38].
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Table 1. Characterization of Native and CE-modified DNA under identical experimental conditions. (Adapted from
[36]).

Over the last 2 decades, only two studies have been reported that explain the presence of CE
adducts in human breast tissue. First study involves the analysis of CE adducts in the DNA
from malignant breast tumor. DNA sample showed the presence of deoxyguanosine ad‐
ducts of 4-hydroxyestradiol and 4-hydroxyestrone in almost every samples [21]. Other study
showed the presence of CE quinone-derived DNA adduct in two breast samples that were
collected from one women with and one woman without breast cancer [51]. The catechol
quinone-derived adducts identified were 4-hydroxyestradiol-1-N3-adenosine, 4-hydroxyes‐
trone-1-N3-adenosine and 4-hydroxyestradiol-1-N7-guanine. Animal experimentation in‐
volves the injection of 4-hydroxyestradiol (or estradiol-3,4-quinone) into the mammary
glands of female ACI rats which resulted in the formation of the depurinating adducts, 4-
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hydroxyestradiol-1-N3-adenosine and 4-hydroxyestradiol-1-N7-guanine. [47]. In addition to
these adducts, 4-hydroxyestradiol-GSH conjugates was also detected. Another study dem‐
onstrates the presence of 4-hydroxy catecholestrogen conjugates with GSH or its hydrolytic
product (cysteine and N-acetylcysteine) both in tumors and hyperplastic mammary tissues
in ERKO/Wnt-1 mice [18]. Estradiol-3,4-quinone reacted rapidly to form 4-hydroxyestra‐
diol-1-N3-adenosine adducts that are considered to be as depurinating adducts.

It has been shown that CEs can induce DNA lesions not only in plasmid DNA [40, 36, 37, 38]
but also in calf thymus DNA [49]. In short, quinone intermediates produced by oxidation of
the CE 4-hydroxyestradiol or 4-hydroxyestrone may react with purine bases of DNA to form
depurinating adducts that generate highly mutagenic apurinic sites. In contrast, quinone of
2-hydroxylated estrogen produce less harmful and stable DNA adducts [7]. The CE metabo‐
lites may also produced potentially mutagenic oxygen radicals by metabolic redox cycling
that can also caused DNA damage. The abasic sites resulting from the spontaneous depuri‐
nation-depyrimidination of the modified bases and the aldehydic base and sugar lesions re‐
sulting from the oxidative damage to deoxyribose moieties in the DNA molecules [49],
disturb the structural integrity of DNA and destabilize the double helix. This would alter it
property and render DNA immunogenic.

4. CEs and Immune Response

Despite a large number of reports that may explain the role of estrogen (or estradiol) in
modulation of immune response [10, 66], the role of CEs in the immune response is lacking.
It has been observed that the conversion from 2-hydroxysetrogens to 4-hydroxyestrogen
might be an additional pro-inflammatory signal because these endogenous metabolites can
be oxidized to 3,4-quinone, which lead to depurination and mutation [49]. The 3,4-semiqui‐
none and quinone produce ROS, which stimulate inflammation, whereas methylation and
sulfation are detoxification pathways, which involve the release of detoxying agents in the
urine [56]. Other pro-inflammatory role of 4- hydroxyestrogen can be explain by the fact that
4-hydroxyestradiol undergoes 2-electron oxidation to quinone via semiquinone and during
this process, ROS can be generated to cause DNA damage and cell death [8]. A similar effect
was observed in our studies that explained extensive DNA damage and base modification
[40, 36, 37, 38, 39]. In contrast to the pro-oxidant activities of 4-hydroxyestradiol, 2-hydrox‐
yestradiol is a antioxidant that show no carcinogenic activities and has potent inhibitory ef‐
fect on the growth of tumor cells and on angiogenesis [17]. Thus, 4-hydroxyestradiol in
comparison to 2-hydroxyestradiol induce carcinogenesis and have pro-inflammatory effects
[20]. But now, we are unaware of the fact that whether pro-inflammatory mediators induce
a shift from 2-hydroxyestrogen to 4- and 16-hydroxylated estrogens. From all these studies
there is a clear evidence that 2-methoxyestradiol is a pro-apoptotic and cytostatic endoge‐
nous compound, which can inhibit not only angiogenesis [17] but also inflammation in ani‐
mal models. In contrast, 4-hydroxylated estrogens might exert pro-inflammatory roles by
inducing ROS and DNA damage. Just like conversion from 2-hydroxyestrogens to 4-hydrox‐
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yestrogens, a shift to 16 α-hydroxylated forms of estrogen can be an important pro-inflam‐
matory and pro-proliferative signal [66].

The direct role of CEs in mediating immune response can be explain in our studies that
demonstrate the production of antibodies to CE-modified plasmid DNA [40, 36, 37, 39, 38].
As reported earlier, CE-modified DNA (CE-DNA) was found to be highly immunogenic (>
1:12800) in animal model [36]. These antibodies were effectively used as probe for detecting
oxidative lesions in human genomic DNA as well as for the estimation of 8-hydroxy-2’-de‐
oxyguanosine (8-OHG) level in the urine of cancer patients [36] and RA patients [38]. Anti‐
bodies evaluated from competition ELISA showed strong specificity for the CE-DNA
(immunogen) causing about 92 % inhibition in anibody binding at 20 μg/ml of the immuno‐
gen (competitor) concentration. Fifty percent inhibition was observed at 3.5 μg/ml of the im‐
munogen. In addition, these antibodies showed a very high degree of binding toward 8-
OHG that may explain the role of ROS in mediating various immune responses including
inflammation. CE-modified form of different bases (adenine, guanine, cytosine, thymine),
human and calf thymus DNA, ROS-DNA, poly nucleotides (dT, dA, dC, dG, dA-dT) were
also recognized by these antibodies. Another evidence that explain the role of CEs in media‐
ting immune responses comes from our previous study that showed that CE-DNA was not
only recognized highly by cancer autoantibodies [36] but also by anti-DNA autoantibodies
in SLE [40, 37] and RA [38]. Results from all these studies demonstrate that CEs somehow
produce some antigenic stimulus that may contribute to the generation of antibodies which
may directly or indirectly affect the immune system.

Dual pro-inflammatory and anti-inflammatory role of estrogens has been described earlier
[66], which depend on the immune stimulus, subsequent antigen-specific immune response,
the cell types involved during different disease phase, the specific microenvironment, tim‐
ing of estrogen administration in relation to the disease course, the concentration of estro‐
gen, the variability in expression of estrogen receptor depending on the microenvironment
and the cell type and intracellular metabolism of estrogen leading to important biologically
active metabolites (CEs) with quite different anti- and pro-inflammatory function. In addi‐
tion, one of the striking property of estrogen is its ability to differentiate T and B cells, in‐
crease immunoglobulin production and increase immune complex-mediated disease such as
SLE [9]. It has been found that women, who are diagnosed with breast cancer, have signifi‐
cantly elevated anti-HMdU autoantibodies [23]. This study is in agreement with our previ‐
ous finding that explains the presence of circulating antibodies against CE-modified DNA in
cancer patients [36]. The modified DNA presents unique epitopes which may be one of the
factors for autoantibody induction in cancer. The presence of high levels of these antibodies
proves to be the pro-oxidant conditions that have led to the oxidation of bases in genomic
DNA and have stimulate an immune response. Since native DNA is a known weak immu‐
nogen, it appear that DNA damage by CE render it immunogenic leading to the induction of
cancer autoantibodies. It has been suggested that the oxidative DNA damage and the immu‐
nologic responses it evokes (autoantibodies) start occurring not only in the carcinogenic
process [36] but also in various autoimmune diseases [40, 36, 37, 39, 38]. Estrogen also mod‐
ulate the function of PMNs (poly morphonuclear leukocytes, neutrophils, granulocytes),
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hydroxyestradiol-1-N3-adenosine and 4-hydroxyestradiol-1-N7-guanine. [47]. In addition to
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onstrates the presence of 4-hydroxy catecholestrogen conjugates with GSH or its hydrolytic
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the CE 4-hydroxyestradiol or 4-hydroxyestrone may react with purine bases of DNA to form
depurinating adducts that generate highly mutagenic apurinic sites. In contrast, quinone of
2-hydroxylated estrogen produce less harmful and stable DNA adducts [7]. The CE metabo‐
lites may also produced potentially mutagenic oxygen radicals by metabolic redox cycling
that can also caused DNA damage. The abasic sites resulting from the spontaneous depuri‐
nation-depyrimidination of the modified bases and the aldehydic base and sugar lesions re‐
sulting from the oxidative damage to deoxyribose moieties in the DNA molecules [49],
disturb the structural integrity of DNA and destabilize the double helix. This would alter it
property and render DNA immunogenic.
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Despite a large number of reports that may explain the role of estrogen (or estradiol) in
modulation of immune response [10, 66], the role of CEs in the immune response is lacking.
It has been observed that the conversion from 2-hydroxysetrogens to 4-hydroxyestrogen
might be an additional pro-inflammatory signal because these endogenous metabolites can
be oxidized to 3,4-quinone, which lead to depurination and mutation [49]. The 3,4-semiqui‐
none and quinone produce ROS, which stimulate inflammation, whereas methylation and
sulfation are detoxification pathways, which involve the release of detoxying agents in the
urine [56]. Other pro-inflammatory role of 4- hydroxyestrogen can be explain by the fact that
4-hydroxyestradiol undergoes 2-electron oxidation to quinone via semiquinone and during
this process, ROS can be generated to cause DNA damage and cell death [8]. A similar effect
was observed in our studies that explained extensive DNA damage and base modification
[40, 36, 37, 38, 39]. In contrast to the pro-oxidant activities of 4-hydroxyestradiol, 2-hydrox‐
yestradiol is a antioxidant that show no carcinogenic activities and has potent inhibitory ef‐
fect on the growth of tumor cells and on angiogenesis [17]. Thus, 4-hydroxyestradiol in
comparison to 2-hydroxyestradiol induce carcinogenesis and have pro-inflammatory effects
[20]. But now, we are unaware of the fact that whether pro-inflammatory mediators induce
a shift from 2-hydroxyestrogen to 4- and 16-hydroxylated estrogens. From all these studies
there is a clear evidence that 2-methoxyestradiol is a pro-apoptotic and cytostatic endoge‐
nous compound, which can inhibit not only angiogenesis [17] but also inflammation in ani‐
mal models. In contrast, 4-hydroxylated estrogens might exert pro-inflammatory roles by
inducing ROS and DNA damage. Just like conversion from 2-hydroxyestrogens to 4-hydrox‐
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oxyguanosine (8-OHG) level in the urine of cancer patients [36] and RA patients [38]. Anti‐
bodies evaluated from competition ELISA showed strong specificity for the CE-DNA
(immunogen) causing about 92 % inhibition in anibody binding at 20 μg/ml of the immuno‐
gen (competitor) concentration. Fifty percent inhibition was observed at 3.5 μg/ml of the im‐
munogen. In addition, these antibodies showed a very high degree of binding toward 8-
OHG that may explain the role of ROS in mediating various immune responses including
inflammation. CE-modified form of different bases (adenine, guanine, cytosine, thymine),
human and calf thymus DNA, ROS-DNA, poly nucleotides (dT, dA, dC, dG, dA-dT) were
also recognized by these antibodies. Another evidence that explain the role of CEs in media‐
ting immune responses comes from our previous study that showed that CE-DNA was not
only recognized highly by cancer autoantibodies [36] but also by anti-DNA autoantibodies
in SLE [40, 37] and RA [38]. Results from all these studies demonstrate that CEs somehow
produce some antigenic stimulus that may contribute to the generation of antibodies which
may directly or indirectly affect the immune system.

Dual pro-inflammatory and anti-inflammatory role of estrogens has been described earlier
[66], which depend on the immune stimulus, subsequent antigen-specific immune response,
the cell types involved during different disease phase, the specific microenvironment, tim‐
ing of estrogen administration in relation to the disease course, the concentration of estro‐
gen, the variability in expression of estrogen receptor depending on the microenvironment
and the cell type and intracellular metabolism of estrogen leading to important biologically
active metabolites (CEs) with quite different anti- and pro-inflammatory function. In addi‐
tion, one of the striking property of estrogen is its ability to differentiate T and B cells, in‐
crease immunoglobulin production and increase immune complex-mediated disease such as
SLE [9]. It has been found that women, who are diagnosed with breast cancer, have signifi‐
cantly elevated anti-HMdU autoantibodies [23]. This study is in agreement with our previ‐
ous finding that explains the presence of circulating antibodies against CE-modified DNA in
cancer patients [36]. The modified DNA presents unique epitopes which may be one of the
factors for autoantibody induction in cancer. The presence of high levels of these antibodies
proves to be the pro-oxidant conditions that have led to the oxidation of bases in genomic
DNA and have stimulate an immune response. Since native DNA is a known weak immu‐
nogen, it appear that DNA damage by CE render it immunogenic leading to the induction of
cancer autoantibodies. It has been suggested that the oxidative DNA damage and the immu‐
nologic responses it evokes (autoantibodies) start occurring not only in the carcinogenic
process [36] but also in various autoimmune diseases [40, 36, 37, 39, 38]. Estrogen also mod‐
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which in turn cause the production of ROS on their stimulation. ROS generated by PMNs
cause DNA modification as well as oxidation of protein and lipid peroxidation. It is interest‐
ing to note that 2-hydroxylated estrogens works as powerful inhibitors of PMNs activity,
which shows one of the protective property of the 2-hydroxylated CEs. Therefore, estrogens
(and estrogen metabolites like CEs) affect immunological responses and in turn, their activi‐
ties are affected by the immunological products. In addition, estrogen in physiological con‐
centration serves to enhance immune response by inducing the production of various types
of cytokines and interleukins.

5. CEs and Cytokines

The sex hormones are likely to directly modulate the function of cells involved in the im‐
mune response [42]. The pro- and anti-inflammatory effects of estrogen and their metabo‐
lites (CEs) on secretion of pro-inflammatory cytokines have been a matter of debate for two
or three decades. In fact, at physiological dose, estradiol induce IL-1α, a cytokine that can
initiate a cascade of other cytokines, chemotactic and growth factors [12]. It is interesting to
note that estradiol also inhibits IL-1α-induced IL-6 production. Therefore, estradiol not only
results in increased human epithelial cell proliferation (a process important in tumor
growth) but also inhibits the activity of natural killer cells, thus allowing tumor growth [52].

Estrogen and their metabolites (such as CEs) stabilized or increased cytokine secretion
whereas testosterone inhibited this secretion [32]. This study explains that down stream es‐
trogen, 2-hydroxyestradiol (2-OHE2), 4-OHE2 and 16-hydroxyestradiol (16-OHE2) did not
stimulate TNF secretion. However, the combination of 16-OHE2 and 2-OHE2 or 4-OHE2

markedly stimulated TNF secretion that was observed in presence of cortisol. Therefore, at
physiological concentration, estradiol and a combination of downstream estrogens (like 2-
OHE2, 4-OHE2 and 16-OHE2) increased (or stabilized) immune stimuli-induced TNF secre‐
tion. In addition, estradiol also caused the production of IL-6, IL-2, IFNγ, IL-4 and IL-10,
caused by the pro-inflammatory influence of applied immune stimuli [32]. The study of Ja‐
nele et al, 2006.] demonstrates that ratio of 16-hydroxylated estrogen in relation to 2-/4-hy‐
droxylated estrogen is important for TNF secretion. It has been found that the ratio of 10:1 of
16-OHE2 in relation to 2-/4- hydroxylated estrogen markedly stimulated TNF secretion in
presence of cortisol (Figure 2).

In addition, in absence of cortisol, the combination of 16-hydroxylated and 2-hydroxylated
estrogens even strongly inhibited TNF secretion. During chronic inflammatic conditions, ad‐
ministration of therapeutic estrogens increased 16-hydroxylated estrogens. In addition, dur‐
ing chronic inflammation in the situation of rheumatic diseases (example RA) the balance is
switch to estrogen and particularly to 16-hydroxylated estrogen. In conclusion, one should
assume that therapeutic administration of estrogen would enhance 16-OHE2 over 2-/4-hy‐
droxylated estrogens, which would support secretion of pro-inflammatory cytokines.
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Figure 2. Effect of estrogen and their catechol metabolites (CEs) on the secretion of pro-inflammatory cytokines in RA.

It has been observed that estradiol increased IgG and IgM production by peripheral blood
mononuclear cells (PBMC) in patients of SLE. This led to elevated levels of polyclonal IgG
(including IgG anti-dsDNA) by enhancing B-cell activity by way of IL-10 [33]. It should be
important to check these results in the presence of 16 α-hydroxyestrone (16-OHE1) and the
naturally occurring 2-hydroxylated CE. Previous study shown that decrease activity in SLE
patients correlated negatively with urinary concentration of 2-hydroxylated estrogens [68].
Interestingly, estradiol increase IL-10 production by monocytes and exogenous IL-10 further
enhances estradiol-induced increase in antibody production by B cells. Therefore, in SLE pa‐
tients, estradiol increases IL-10 production by patient’s monocytes and exogenous IL-10 acts
additively with estradiol to increase antibody production of B cells. It is hypothesized that
estradiol-estradiol receptor complexes may enhance the transcription of IL-10 genes by
binding to estrogen-responsive elements or by binding to some transcription factor that di‐
rectly bind those elements [24].

High doses of estrogen (1500-2000 pg/ml) administration to non-overiectomized mice ame‐
liorated disease systems and significantly decreased the percentage of TNF α or IFNγ pro‐
ducing CNS antigen-specific T Cells in both the CNS and spleen [31]. However, similar
studies in mice lacking IFNγ, IL-4 and IL-10 genes provide evidence that these cytokines
may not be necessary for estradiol-mediated improvement of disease severity, discrediting
the notion that an estrogen-induced shift towards Th 2 cytokine involved [31]. Estrogen also
stimulates secretion of IL-4, -5, -6 and -10 by TH 2 lymphocytes. These cytokines are potent
stimulators of B-cell proliferation, maturation into plasma cells and synthesis of antibody.
Interleukins 4, 5, 6 and 10 are expressed in greater amount in an estrogen-dominant hormo‐
nal milieu [53]. SLE patients have increased level of IL-6 and IL-10, product of TH2 lympho‐
cytes and macrophages, which can be directly correlated with clinical disease severity [53].
Patients with lupus also have an inherent defect in interferon gamma production. Under
normal condition, increased estrogen leads to an increase interferon gamma concentration
but in SLE patients, the estrogen-associated increase in interferon gamma secretion is absent

Catecholestrogens in Rheumatoid Arthritis (RA): Hidden Role
http://dx.doi.org/10.5772/51794

79



which in turn cause the production of ROS on their stimulation. ROS generated by PMNs
cause DNA modification as well as oxidation of protein and lipid peroxidation. It is interest‐
ing to note that 2-hydroxylated estrogens works as powerful inhibitors of PMNs activity,
which shows one of the protective property of the 2-hydroxylated CEs. Therefore, estrogens
(and estrogen metabolites like CEs) affect immunological responses and in turn, their activi‐
ties are affected by the immunological products. In addition, estrogen in physiological con‐
centration serves to enhance immune response by inducing the production of various types
of cytokines and interleukins.

5. CEs and Cytokines

The sex hormones are likely to directly modulate the function of cells involved in the im‐
mune response [42]. The pro- and anti-inflammatory effects of estrogen and their metabo‐
lites (CEs) on secretion of pro-inflammatory cytokines have been a matter of debate for two
or three decades. In fact, at physiological dose, estradiol induce IL-1α, a cytokine that can
initiate a cascade of other cytokines, chemotactic and growth factors [12]. It is interesting to
note that estradiol also inhibits IL-1α-induced IL-6 production. Therefore, estradiol not only
results in increased human epithelial cell proliferation (a process important in tumor
growth) but also inhibits the activity of natural killer cells, thus allowing tumor growth [52].

Estrogen and their metabolites (such as CEs) stabilized or increased cytokine secretion
whereas testosterone inhibited this secretion [32]. This study explains that down stream es‐
trogen, 2-hydroxyestradiol (2-OHE2), 4-OHE2 and 16-hydroxyestradiol (16-OHE2) did not
stimulate TNF secretion. However, the combination of 16-OHE2 and 2-OHE2 or 4-OHE2

markedly stimulated TNF secretion that was observed in presence of cortisol. Therefore, at
physiological concentration, estradiol and a combination of downstream estrogens (like 2-
OHE2, 4-OHE2 and 16-OHE2) increased (or stabilized) immune stimuli-induced TNF secre‐
tion. In addition, estradiol also caused the production of IL-6, IL-2, IFNγ, IL-4 and IL-10,
caused by the pro-inflammatory influence of applied immune stimuli [32]. The study of Ja‐
nele et al, 2006.] demonstrates that ratio of 16-hydroxylated estrogen in relation to 2-/4-hy‐
droxylated estrogen is important for TNF secretion. It has been found that the ratio of 10:1 of
16-OHE2 in relation to 2-/4- hydroxylated estrogen markedly stimulated TNF secretion in
presence of cortisol (Figure 2).

In addition, in absence of cortisol, the combination of 16-hydroxylated and 2-hydroxylated
estrogens even strongly inhibited TNF secretion. During chronic inflammatic conditions, ad‐
ministration of therapeutic estrogens increased 16-hydroxylated estrogens. In addition, dur‐
ing chronic inflammation in the situation of rheumatic diseases (example RA) the balance is
switch to estrogen and particularly to 16-hydroxylated estrogen. In conclusion, one should
assume that therapeutic administration of estrogen would enhance 16-OHE2 over 2-/4-hy‐
droxylated estrogens, which would support secretion of pro-inflammatory cytokines.
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rectly bind those elements [24].

High doses of estrogen (1500-2000 pg/ml) administration to non-overiectomized mice ame‐
liorated disease systems and significantly decreased the percentage of TNF α or IFNγ pro‐
ducing CNS antigen-specific T Cells in both the CNS and spleen [31]. However, similar
studies in mice lacking IFNγ, IL-4 and IL-10 genes provide evidence that these cytokines
may not be necessary for estradiol-mediated improvement of disease severity, discrediting
the notion that an estrogen-induced shift towards Th 2 cytokine involved [31]. Estrogen also
stimulates secretion of IL-4, -5, -6 and -10 by TH 2 lymphocytes. These cytokines are potent
stimulators of B-cell proliferation, maturation into plasma cells and synthesis of antibody.
Interleukins 4, 5, 6 and 10 are expressed in greater amount in an estrogen-dominant hormo‐
nal milieu [53]. SLE patients have increased level of IL-6 and IL-10, product of TH2 lympho‐
cytes and macrophages, which can be directly correlated with clinical disease severity [53].
Patients with lupus also have an inherent defect in interferon gamma production. Under
normal condition, increased estrogen leads to an increase interferon gamma concentration
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[53]. In addition, interesting changes of serum estrogens that correlated with cytokine varia‐
tion have been found during pregnancy in SLE patients [19]. The local effect of sex hor‐
mones in autoimmune rheumatoid disease (RA) seem to consist mainly of altered cell
proliferation (i.e. estrogen enhance) and cytokine production.

6. Reminding the concept of rheumatoid arthritis (RA)

Rheumatoid arthritis (RA) is an autoimmune disease whose aetiology and progression are
multifactorial, including a range of immune, neuroendocrine and psychosocial variable [14].
How these variable interact with one another and how they ultimately influence the disease
process in RA is only partially know. A growing body of evidence showed that the stress
system and its interaction with the immune system, play a vital role in RA [14]. RA is more
prevalent among women than men and 80 % of the total cases occurring between the age of
35 and 50 [34]. The primary presenting symptoms are pain, stiffness and swelling of the joints
resulting in impaired physical function. Synovial inflammation underlines the cardinal man‐
ifestations of this disease, which include pain, swelling and tenderness followed by cartilage
destruction, bone erosion and subsequent joint deformities. In RA, joint involvement is typi‐
cally symmetric, a characteristic usually not found in other forms of arthritis [50]. Early theories
on the pathogenesis of RA focused on autoantibodies and immune complexes, T cell-mediat‐
ed antigen-specific responses, T cell-independent cytokine network and aggressive tumor-
like  behavior  of  synovium have  also  been  implicated  [22].  Recently  the  contribution  of
autoantibodies in RA has come in the front line and specific therapeutic interventions can be
designed to suppress synovial inflammation and join destruction in RA [22].

RFs have been the hallmark autoantibody found in RA [71]. Autoantibodies to the major car‐
tilaginous collagen have been found in the sera of some RA patients. In addition, cross-reac‐
tive natural autoantibodies (IgM) have been described in the sera of RA patients [25]. These
antibodies are predominantly directed against histone moieties or against double-stranded
DNA. Anti-ds DNA has also been reported following treatment of RA with IFNγ. Beside
that, autoantibodies have been found in the sera of RA patients that showed preferentially
high binding of CE-modified DNA [38]. In addition, the antibodies have been shown to rep‐
resent a alternative immunochemical probe to detect oxidative lesions in DNA (genomic) as
well as for the estimation of 8-OHdG level in different body fluid of RA patients [38], which
may be used as marker in the diagnosis of the disease. Many autoantibody system that
could participate in inflammatory joint disease are now recognized in RA, including rheu‐
matoid factor, type II collagen, immunoglobulin heavy gene binding protein, heat shock
proteins and hn RNP-33 [64]. Anti-collagen antibody and rheumatoid factor are produced
by rheumatoid synovial B cells. The ability of ubiquitous antigen (glucose-6-phosphoisomer‐
ase) to induce synovial inflammation is probably related to their adherence to the cartilage
surfaces. The presentation of immobilized antigen-antibody complexes on cartilage provides
an exceptionally good substrate for complement fixation, similar to rheumatoid factor em‐
bedded in rheumatoid cartilage.
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Macrophage-derived cytokines (like tumor necrosis factor alpha, TNF α) know to play an
important role in the induction and perpetuation of the chronic inflammatory processes in
rheumatoid joints as well as in the systemic manifestation of this disease [27]. Over produc‐
tion of this cytokines in the joints of RA patients triggers increase in synoviocyte prolifera‐
tion and a cascade of secondary mediators involved in the recruitment of inflammatory cells
and in the process of joint destruction [3]. It has been found that increase inflammatory
markers are responsible for disease progression and joint destruction in early RA. Infect the
rate of cartilage and joint destruction is correlated with plasma elevation in inflammatory
acute phase reactants (C-reactive protein and vascular endothelial growth factor) and in the
synovial concentration of matrix metalloproteinase, matrix digesting enzymes directly re‐
sponsible for joint damage [2].

In recent years the treatment of RA has undergone somewhat of a revolution, with a strong
consensus emerging in favor of early, aggressive therapy [63]. There is growing evidence
that early treatment of the disease has a beneficial impact on treatment outcome. The goal to
be achieved in managing RA are to explain the underline mechanism behind the generation
of antibodies to cartilaginous collagen as well as other oxidative stress condition generated
in the synovial fluid, which may be used as marker in the early diagnosis of the disease.

7. Role of CEs in the aetiopathogenesis of RA

Estrogen and their CE metabolites know to play an important role in autoimmune rheumat‐
ic diseases [38, 68, 15]. A role for estrogen in the pathogenesis of RA has been review for the
last few years [66, 70, 38, 12, 32, 68, 15] but the exact patho-aetiology remains elusive. The
evidences concerning the possibility of CEs in the development of RA are very limited and
preliminary. It has been observed that the ratio of 16-OHE1/4-OHE2 in synovial fluid (SF) of
RA was found to be significantly higher than control [6]. In addition, SF level of 4-OHE2 was
significantly increased in RA patients compared to controls [5]. Interestingly, urinary con‐
centration of 2-hydroxylated estrogen were 10 times lower in patients with RA than in
healthy individuals but the ratio of 16-OHE1/2-hydroxylated was 20 times in RA patients as
compared to control [68]. These finding suggests that the magnitude of conversion to the mi‐
togenic 16-OHE1 is extremely upregulated in RA which most likely contributes to the main‐
tenance of the disease. Furthermore, peripheral estrogen hydroxylation was found to be
increased in both men and women with SLE and estrogenic metabolites were reported to in‐
crease B cell differentiation and activate T cells [44].

Both RA and SLE are associated with an altered sex hormone balance characterized by lower
amount of immunosuppressive androgens and higher amount of immune enhancing estro‐
gens [15].  Increased estrogen to androgen ratios have been observed in RA patient’s  SF
because of increased aromatase expression by inflammatory macrophages infiltrating syno‐
vial tissue [5]. Increased estrogen concentration in RA SF from patients of both sex likely
results from the pro-inflammatory cytokines TNFα, IL-1β and IL-6,  which accelerate the
metabolic conversion of estrogen from androgen by inducing the synovial tissue aroma‐
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[53]. In addition, interesting changes of serum estrogens that correlated with cytokine varia‐
tion have been found during pregnancy in SLE patients [19]. The local effect of sex hor‐
mones in autoimmune rheumatoid disease (RA) seem to consist mainly of altered cell
proliferation (i.e. estrogen enhance) and cytokine production.
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multifactorial, including a range of immune, neuroendocrine and psychosocial variable [14].
How these variable interact with one another and how they ultimately influence the disease
process in RA is only partially know. A growing body of evidence showed that the stress
system and its interaction with the immune system, play a vital role in RA [14]. RA is more
prevalent among women than men and 80 % of the total cases occurring between the age of
35 and 50 [34]. The primary presenting symptoms are pain, stiffness and swelling of the joints
resulting in impaired physical function. Synovial inflammation underlines the cardinal man‐
ifestations of this disease, which include pain, swelling and tenderness followed by cartilage
destruction, bone erosion and subsequent joint deformities. In RA, joint involvement is typi‐
cally symmetric, a characteristic usually not found in other forms of arthritis [50]. Early theories
on the pathogenesis of RA focused on autoantibodies and immune complexes, T cell-mediat‐
ed antigen-specific responses, T cell-independent cytokine network and aggressive tumor-
like  behavior  of  synovium have  also  been  implicated  [22].  Recently  the  contribution  of
autoantibodies in RA has come in the front line and specific therapeutic interventions can be
designed to suppress synovial inflammation and join destruction in RA [22].

RFs have been the hallmark autoantibody found in RA [71]. Autoantibodies to the major car‐
tilaginous collagen have been found in the sera of some RA patients. In addition, cross-reac‐
tive natural autoantibodies (IgM) have been described in the sera of RA patients [25]. These
antibodies are predominantly directed against histone moieties or against double-stranded
DNA. Anti-ds DNA has also been reported following treatment of RA with IFNγ. Beside
that, autoantibodies have been found in the sera of RA patients that showed preferentially
high binding of CE-modified DNA [38]. In addition, the antibodies have been shown to rep‐
resent a alternative immunochemical probe to detect oxidative lesions in DNA (genomic) as
well as for the estimation of 8-OHdG level in different body fluid of RA patients [38], which
may be used as marker in the diagnosis of the disease. Many autoantibody system that
could participate in inflammatory joint disease are now recognized in RA, including rheu‐
matoid factor, type II collagen, immunoglobulin heavy gene binding protein, heat shock
proteins and hn RNP-33 [64]. Anti-collagen antibody and rheumatoid factor are produced
by rheumatoid synovial B cells. The ability of ubiquitous antigen (glucose-6-phosphoisomer‐
ase) to induce synovial inflammation is probably related to their adherence to the cartilage
surfaces. The presentation of immobilized antigen-antibody complexes on cartilage provides
an exceptionally good substrate for complement fixation, similar to rheumatoid factor em‐
bedded in rheumatoid cartilage.
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Macrophage-derived cytokines (like tumor necrosis factor alpha, TNF α) know to play an
important role in the induction and perpetuation of the chronic inflammatory processes in
rheumatoid joints as well as in the systemic manifestation of this disease [27]. Over produc‐
tion of this cytokines in the joints of RA patients triggers increase in synoviocyte prolifera‐
tion and a cascade of secondary mediators involved in the recruitment of inflammatory cells
and in the process of joint destruction [3]. It has been found that increase inflammatory
markers are responsible for disease progression and joint destruction in early RA. Infect the
rate of cartilage and joint destruction is correlated with plasma elevation in inflammatory
acute phase reactants (C-reactive protein and vascular endothelial growth factor) and in the
synovial concentration of matrix metalloproteinase, matrix digesting enzymes directly re‐
sponsible for joint damage [2].

In recent years the treatment of RA has undergone somewhat of a revolution, with a strong
consensus emerging in favor of early, aggressive therapy [63]. There is growing evidence
that early treatment of the disease has a beneficial impact on treatment outcome. The goal to
be achieved in managing RA are to explain the underline mechanism behind the generation
of antibodies to cartilaginous collagen as well as other oxidative stress condition generated
in the synovial fluid, which may be used as marker in the early diagnosis of the disease.

7. Role of CEs in the aetiopathogenesis of RA

Estrogen and their CE metabolites know to play an important role in autoimmune rheumat‐
ic diseases [38, 68, 15]. A role for estrogen in the pathogenesis of RA has been review for the
last few years [66, 70, 38, 12, 32, 68, 15] but the exact patho-aetiology remains elusive. The
evidences concerning the possibility of CEs in the development of RA are very limited and
preliminary. It has been observed that the ratio of 16-OHE1/4-OHE2 in synovial fluid (SF) of
RA was found to be significantly higher than control [6]. In addition, SF level of 4-OHE2 was
significantly increased in RA patients compared to controls [5]. Interestingly, urinary con‐
centration of 2-hydroxylated estrogen were 10 times lower in patients with RA than in
healthy individuals but the ratio of 16-OHE1/2-hydroxylated was 20 times in RA patients as
compared to control [68]. These finding suggests that the magnitude of conversion to the mi‐
togenic 16-OHE1 is extremely upregulated in RA which most likely contributes to the main‐
tenance of the disease. Furthermore, peripheral estrogen hydroxylation was found to be
increased in both men and women with SLE and estrogenic metabolites were reported to in‐
crease B cell differentiation and activate T cells [44].

Both RA and SLE are associated with an altered sex hormone balance characterized by lower
amount of immunosuppressive androgens and higher amount of immune enhancing estro‐
gens [15].  Increased estrogen to androgen ratios have been observed in RA patient’s  SF
because of increased aromatase expression by inflammatory macrophages infiltrating syno‐
vial tissue [5]. Increased estrogen concentration in RA SF from patients of both sex likely
results from the pro-inflammatory cytokines TNFα, IL-1β and IL-6,  which accelerate the
metabolic conversion of estrogen from androgen by inducing the synovial tissue aroma‐
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tase (Figure 3). As a result, increased estrogen level might exert activating effects on syno‐
vial cell proliferation including macrophages and fibroblast [35]. Interestingly, renal excretion
studies showed that the enhanced estrogen metabolism observed in both RA and SLE pa‐
tients resulted in elevation of pro-inflammatory metabolites derived from estrone or estra‐
diol such as 16-OHE1, which exert mitogenic effects and may induce proliferation of synovial
fibroblast [68, 13]. In addition, RA SF showed reduced amounts of anti-inflammatory estro‐
gens metabolites such as 2-hydroxyestrogen that inhibits the growth promoting effects of
estrogen. In contrast, 16-OHE1 metabolites considered as enhancer of cell proliferation. In
RA synovial tissue, biological effects of estrogen metabolites as a consequence of altered
peripheral  sex  hormone synthesis  mainly  results  in  stimulation of  cell  proliferation and
cytokine production [11].

Figure 3. Immune modulation by estrogen and their metabolites in the synovial tissue of RA patients.

It has been observed that RA synovial cells mainly produce the cell pro-proliferation 16-
OHE1,  which in addition to 16-OHE2,  is  the downstream estrogen metabolites that inter‐
feres with monocyte proliferation. In addition, urinary concentration and total urinary loss
of 2-hydroxyestrogen was found to be 10 times higher in healthy subjects compared to RA
[11]. Peripheral metabolic conversion of androgens to potent metabolites of estrogen that
promote immune cell proliferation and activation may have role in the female predisposi‐
tion to autoimmunity.

Estrogen represent a risk factor for the development of autoimmunity and therefore, their
therapeutic use must be avoided in patients with active immune-mediated diseases specially
RA [16]. In addition to estrogen, various CE metabolites know to increase the risk for the
development of RA disease. The increased estrogen concentration has been observed in RA
SF, where the hydroxylated forms make the major concentration in particular 16-OHE1 and
4-OHE2 whereas, the 2-OHE1 was found to be similar to the controls [6, 5]. As describe early,
16-OHE1 is a mitogenic and proliferative endogenous hormone which is responsible for the
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proliferation of synovial fibroblast [13]. 16-OHE1 is formed from upstream estrone and estra‐
diol, which show biological responses by covalent linkage to the receptor [61]. The other
conversion product of estrone and estradiol are the 2-hydroxylated estrogens such as 2-
OHE2 and 2-OHE1, which would classified as CE. In comparison to 16 hydroxylated estro‐
gens, the 2-hydroxylated forms of estrogen inhibit growth-promoting effects of estradiol
[61]. In one of the previous study, it has been observed that urinary levels of 2-hydroxylated
estrogens were found 10 times lower in RA patients in comparison to normal subjects,
whereas the ratio 16-OHE1/2-hydroxyestrogens was found to be 20 times higher in RA pa‐
tients than in healthy controls [68]. Decreased loss of 2-hydroxylated estrogen in relation to
the mitogenic 16-OHE1 might provide important stimulus to support proliferative state of
the synovial cells in RA. Therefore, concentrated-related conversion to pro- and anti-inflam‐
matory down stream metabolites of estrogen might support dual role of estrogen (pro- or
anti-inflammatory) [13].

Estrogen at physiological concentration serves to enhance immune responses that may act as
important driving force for human humoral immunity [65]. Estradiol increase IL-10 produc‐
tion by monocytes and exogenous IL-10 further enhance estradiol-induced increase in anti‐
body production by B cells. In addition, estradiol enhances IgG and IgM production by
PBMC, which leads to elevated levels of polyclonal IgG, including IgG anti-DNA in PBMC
of SLE patients by enhancing B cell activity via interleukin 10 [33]. These studies are in
agreement with our previous studies that describe the role of CEs in the etiopathogenesis of
SLE, cancer and RA [40, 36, 37, 38, 39]. To have a better insight into the possible role of CEs
in the aetiopathogenesis of RA, we have demonstrated that CE-modified DNA was highly
recognized not only by SLE IgG [40, 37, 39] and cancer IgG [36] but also by RA IgG [38],
pointing out the possible participation of modified DNA in the pathogenesis of various au‐
toimmune diseases including RA, as it has been reported that CE-modified DNA bases
cause DNA strand breakage and adduct formation in vivo and in vitro [7]. CE-modified
DNA showed preferentially high binding with RA sera when compare with nDNA (p <
0.001). These studies clearly indicate that the modified DNA is an effective inhibitor show‐
ing substantial difference in the recognition of CE-modified DNA over the native form [38].
The results also demonstrate the pro-oxidant condition which is generated due to the oxida‐
tive metabolism of estrogen [40, 36]. Non-enzymatic oxidation of CE in the presence of NO
[40] or Cu(II) [37] cause DNA modification and enhanced binding of these modified anti‐
gens to RA autoantibodies. To further confirm the role of CEs in RA, we evaluated the bind‐
ing of autoantibodies by quantitive precipitin titration. The apparent association constant
clearly indicates better recognition of CE-modified DNA over native by RA autoantibodies.
The enhanced recognition of CE-modified DNA by RA IgG indicates possible participation
of modified DNA in RA pathogenesis. The spontaneous production of autoantibodies in RA
might arise as a consequence of antigenic change in DNA. Therefore, it could be possible
that CE-modified bases of DNA might be one of the contributing factors towards the pro‐
duction of autoantibodies. However, the pro-inflammatory role of estrogen cannot be ruled
out [65]. It might be possible that estrogen caused T and B cell differentiation and increase
immunoglobulin production. These autoantibodies might be strongly bound with CE-modi‐
fied DNA than native polymer. Further more, DNA isolated from sera and SF of different
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gens metabolites such as 2-hydroxyestrogen that inhibits the growth promoting effects of
estrogen. In contrast, 16-OHE1 metabolites considered as enhancer of cell proliferation. In
RA synovial tissue, biological effects of estrogen metabolites as a consequence of altered
peripheral  sex  hormone synthesis  mainly  results  in  stimulation of  cell  proliferation and
cytokine production [11].
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It has been observed that RA synovial cells mainly produce the cell pro-proliferation 16-
OHE1,  which in addition to 16-OHE2,  is  the downstream estrogen metabolites that inter‐
feres with monocyte proliferation. In addition, urinary concentration and total urinary loss
of 2-hydroxyestrogen was found to be 10 times higher in healthy subjects compared to RA
[11]. Peripheral metabolic conversion of androgens to potent metabolites of estrogen that
promote immune cell proliferation and activation may have role in the female predisposi‐
tion to autoimmunity.

Estrogen represent a risk factor for the development of autoimmunity and therefore, their
therapeutic use must be avoided in patients with active immune-mediated diseases specially
RA [16]. In addition to estrogen, various CE metabolites know to increase the risk for the
development of RA disease. The increased estrogen concentration has been observed in RA
SF, where the hydroxylated forms make the major concentration in particular 16-OHE1 and
4-OHE2 whereas, the 2-OHE1 was found to be similar to the controls [6, 5]. As describe early,
16-OHE1 is a mitogenic and proliferative endogenous hormone which is responsible for the
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proliferation of synovial fibroblast [13]. 16-OHE1 is formed from upstream estrone and estra‐
diol, which show biological responses by covalent linkage to the receptor [61]. The other
conversion product of estrone and estradiol are the 2-hydroxylated estrogens such as 2-
OHE2 and 2-OHE1, which would classified as CE. In comparison to 16 hydroxylated estro‐
gens, the 2-hydroxylated forms of estrogen inhibit growth-promoting effects of estradiol
[61]. In one of the previous study, it has been observed that urinary levels of 2-hydroxylated
estrogens were found 10 times lower in RA patients in comparison to normal subjects,
whereas the ratio 16-OHE1/2-hydroxyestrogens was found to be 20 times higher in RA pa‐
tients than in healthy controls [68]. Decreased loss of 2-hydroxylated estrogen in relation to
the mitogenic 16-OHE1 might provide important stimulus to support proliferative state of
the synovial cells in RA. Therefore, concentrated-related conversion to pro- and anti-inflam‐
matory down stream metabolites of estrogen might support dual role of estrogen (pro- or
anti-inflammatory) [13].

Estrogen at physiological concentration serves to enhance immune responses that may act as
important driving force for human humoral immunity [65]. Estradiol increase IL-10 produc‐
tion by monocytes and exogenous IL-10 further enhance estradiol-induced increase in anti‐
body production by B cells. In addition, estradiol enhances IgG and IgM production by
PBMC, which leads to elevated levels of polyclonal IgG, including IgG anti-DNA in PBMC
of SLE patients by enhancing B cell activity via interleukin 10 [33]. These studies are in
agreement with our previous studies that describe the role of CEs in the etiopathogenesis of
SLE, cancer and RA [40, 36, 37, 38, 39]. To have a better insight into the possible role of CEs
in the aetiopathogenesis of RA, we have demonstrated that CE-modified DNA was highly
recognized not only by SLE IgG [40, 37, 39] and cancer IgG [36] but also by RA IgG [38],
pointing out the possible participation of modified DNA in the pathogenesis of various au‐
toimmune diseases including RA, as it has been reported that CE-modified DNA bases
cause DNA strand breakage and adduct formation in vivo and in vitro [7]. CE-modified
DNA showed preferentially high binding with RA sera when compare with nDNA (p <
0.001). These studies clearly indicate that the modified DNA is an effective inhibitor show‐
ing substantial difference in the recognition of CE-modified DNA over the native form [38].
The results also demonstrate the pro-oxidant condition which is generated due to the oxida‐
tive metabolism of estrogen [40, 36]. Non-enzymatic oxidation of CE in the presence of NO
[40] or Cu(II) [37] cause DNA modification and enhanced binding of these modified anti‐
gens to RA autoantibodies. To further confirm the role of CEs in RA, we evaluated the bind‐
ing of autoantibodies by quantitive precipitin titration. The apparent association constant
clearly indicates better recognition of CE-modified DNA over native by RA autoantibodies.
The enhanced recognition of CE-modified DNA by RA IgG indicates possible participation
of modified DNA in RA pathogenesis. The spontaneous production of autoantibodies in RA
might arise as a consequence of antigenic change in DNA. Therefore, it could be possible
that CE-modified bases of DNA might be one of the contributing factors towards the pro‐
duction of autoantibodies. However, the pro-inflammatory role of estrogen cannot be ruled
out [65]. It might be possible that estrogen caused T and B cell differentiation and increase
immunoglobulin production. These autoantibodies might be strongly bound with CE-modi‐
fied DNA than native polymer. Further more, DNA isolated from sera and SF of different
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RA patients caused appreciable inhibition in the activity of anti-CE-modified DNA antibod‐
ies clearly showing the presence of oxidatively altered epitopes on the isolated DNA mole‐
cules, which could be directly correlated to estrogen/radical mediated oxidative stress [38].
These studies show that hydroxylated estrogens (specially CEs) might have a role in the ae‐
tiopathogenesis of RA and other autoimmune diseases.

Various CE metabolites (4-OHE2, 4-OHE1, 2-OHE2, 2-OHE1) known to secret various cyto‐
kines from human peripheral blood leukocytes in presence of cortisol [32]. It has been dem‐
onstrated that the ratio of 16-hydroxylated estrogen in relation to 2-/4-hydroxylated
estrogen is important for TNF secretion. The study showed that the ratio of 10:1 of 16-OHE2

in relation to 2-/4-hydroxylated estrogens stimulate TNF secretion in the presence of cortisol
otherwise this effect was not observed in absence of this hormone. Furthermore, absence of
cortisol strongly inhibited TNF secretion if the combination of 16-OHE1 and 2-hydroxylated
estrogens were used in this experiment [32]. In addition, it has been demonstrated that es‐
trogens are able to enhance secretion of matrix metalloproteinase and IL-1β-induced IL-6 se‐
cretion from human fibroblast-like synoviocytes in RA [35]. However, with respect to serum
levels of estrogen in RA patients, they are not changed which is in strict contrast to andro‐
gen levels [13]. High estrogen concentration has been found in particular in SF of RA pa‐
tients. The presence in the RA SF of an altered sex hormone balance resulting in lower
immunosuppressive androgen and higher immunoenhancing estrogens might determine a
favourable condition for the development of the immune-mediated RA synovitis. The ap‐
propriated explanation for high concentration of estrogen (and their CE metabolites) can be
originated from the study that showed that the inflammatory cytokines (TNF-α, IL-1, IL-6)
are particularly increased in RA synovitis and stimulate aromatase activity in peripheral tis‐
sues [55]. Therefore, enzyme complex is responsible for the peripheral conversion of andro‐
gen to estrogen (estrone and estradiol). In addition, a significant correlation was found
between the aromatase activity and IL-6 production and aromatase has also been found sig‐
nificantly in synoviocytes [45]. Therefore, the increased aromatase activity induced by local‐
ly produced inflammatory cytokines (TNF-α, IL-1, IL-6) might explain the altered balance
resulting in lower androgens and higher estrogen in RA SF as well as their effects on synovi‐
al cells [15, 6]. In conclusion, an increase in 16-hydroxyestrogen relative to the sum of all 2-
and 4-hydroxylated estrogens (CE) must be viewed as a pro-inflammatory signal, which is
particularly evident in RA patients.

Elevated serum concentration of 16-OHE1 have been described in patients with SLE [43], in‐
dicating that abnormal pattern of estradiol metabolism may lead to increased estrogenic ac‐
tivity. Interestingly, similar phenomenon was observed in the synovial fluid of RA patients,
where 16-OHE1/4-OHE2 was found to be significantly higher compared with control fluid [6,
5]. 4-Hydroxylated estrogens were found to be mitogenic and thus have pro-inflammatory
effect [66, 68]. Importantly, all 2- and 4-hydroxylated estrogen demonstrated TNF-inhibitory
effect, which was not observed with 16 α-hydroxylated estrogen. Thus the observed prefer‐
ence of 16 α-hydroxylated over 2-/4-hydroxylated estrogens must be considered an impor‐
tant pro-inflammatory signal, which occur particularly in RA patients. This study also
describes methylation of hydroxylated estrogen metabolites (CEs) in addition to hydroxyla‐
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tion of estrone and estradiol. Catechol-o-methyl transferase, the only enzymes responsible
for the methylation of CEs, was also present in primary synovial cells, although it doesn’t
show any preference with either estrone or estradiol-hydroxylated substrate. Similar to the
2- and 4-hydroxylated forms of estrogen, the 2- and 4-methoxy form inhibited TNF secretion
from RA and osteoarthritis (OA) synovial cells [60]. These studies show that hydroxylated
estrogen (especially CEs) might have a role in the aetiopathogenesis of RA and other auto‐
immune diseases.

7. Conclusion

Remarkable progress have been made in understanding the role of estrogen in the etiology
of RA but the role of CEs in RA is lacking. Catechol metabolites known to play an important
role in RA but the exact patho-aetiology remain elusive. The evidence concerning the possi‐
bility of CEs in the development of RA is very limited and preliminary. It has been observed
that oxidative reactions, often catalyzed by isoforms of the cytochrome P-450, can result in
the formation of CEs from parent estrogen and subsequently, semiquinones and quinones
derived from CEs, are capable of forming either stable or depurinating DNA adducts. Oxi‐
dation of CEs also leads to high amount of ROS that can generate extensive DNA damage.
This would probably alter its immunogenicity leading to the induction and elevated levels
of RA autoantibodies (Figure 4). Therefore, it is possible that the CE-modified bases of DNA
might be one of the contributing factors towards production of SLE autoantibodies. In addi‐
tion, estrogen not only induces DNA damage but also modulate immune response and im‐
mune mediated disease. Estrogen was found to increase IgG and IgM from PBMC, which let
to elevated level of polyclonal IgG including IgG anti-ds DNA by enhancing B cell activity
via IL-10. These autoantibodies could be strongly bound to DNA and serve as an immuno‐
logical marker for the diagnosis of diseases. Estrogen is thought to play both pro- and anti-
inflammatory role in chronic inflammatory diseases that were found to be related to low
and high concentration. Increased estrogen to androgen ratio have been observed in RA pa‐
tients SF, perhaps due to increase aromatase expression by inflammatory macrophages infil‐
trating synovial tissues. The discovery of high concentration in SF from RA patients of both
sexes can also be explain by the fact that inflammatory cytokines (i.e. TNFα, IL-1, IL-6) are
increased in RA cynovitis and can markedly stimulate aromatase activity in peripheral tis‐
sue. But renal excretion studies showed that enhanced estrogen metabolism observed in RA
resulted in elevation of pro-inflammatory metabolites derived from estrone and estradiol
such as 16-OHE1 (or 4-OHE2, 4-OHE1) which exert mitogenic effect on different synovial fi‐
broblast. In contrast, RA SF have reduced amount of anti-inflammatory estrogen metabolites
such as 2-hydroxyestrogen that inhibit the growth-promoting effect of estradiol. An unwant‐
ed shift from 2- to 4-hydroxyestrogen might be an additional pro-inflammatory signal be‐
cause these 4-hydroxylated metabolites can be converted to 3,4-quinone, which lead to
depurination and mutation in DNA. In conclusion, an increase in 16-OHE1 relative to the
sum of all 2- and 4-hydroxylated estrogens must be considered as pro-inflammatory signal
which is particularly evident in RA [60].
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bility of CEs in the development of RA is very limited and preliminary. It has been observed
that oxidative reactions, often catalyzed by isoforms of the cytochrome P-450, can result in
the formation of CEs from parent estrogen and subsequently, semiquinones and quinones
derived from CEs, are capable of forming either stable or depurinating DNA adducts. Oxi‐
dation of CEs also leads to high amount of ROS that can generate extensive DNA damage.
This would probably alter its immunogenicity leading to the induction and elevated levels
of RA autoantibodies (Figure 4). Therefore, it is possible that the CE-modified bases of DNA
might be one of the contributing factors towards production of SLE autoantibodies. In addi‐
tion, estrogen not only induces DNA damage but also modulate immune response and im‐
mune mediated disease. Estrogen was found to increase IgG and IgM from PBMC, which let
to elevated level of polyclonal IgG including IgG anti-ds DNA by enhancing B cell activity
via IL-10. These autoantibodies could be strongly bound to DNA and serve as an immuno‐
logical marker for the diagnosis of diseases. Estrogen is thought to play both pro- and anti-
inflammatory role in chronic inflammatory diseases that were found to be related to low
and high concentration. Increased estrogen to androgen ratio have been observed in RA pa‐
tients SF, perhaps due to increase aromatase expression by inflammatory macrophages infil‐
trating synovial tissues. The discovery of high concentration in SF from RA patients of both
sexes can also be explain by the fact that inflammatory cytokines (i.e. TNFα, IL-1, IL-6) are
increased in RA cynovitis and can markedly stimulate aromatase activity in peripheral tis‐
sue. But renal excretion studies showed that enhanced estrogen metabolism observed in RA
resulted in elevation of pro-inflammatory metabolites derived from estrone and estradiol
such as 16-OHE1 (or 4-OHE2, 4-OHE1) which exert mitogenic effect on different synovial fi‐
broblast. In contrast, RA SF have reduced amount of anti-inflammatory estrogen metabolites
such as 2-hydroxyestrogen that inhibit the growth-promoting effect of estradiol. An unwant‐
ed shift from 2- to 4-hydroxyestrogen might be an additional pro-inflammatory signal be‐
cause these 4-hydroxylated metabolites can be converted to 3,4-quinone, which lead to
depurination and mutation in DNA. In conclusion, an increase in 16-OHE1 relative to the
sum of all 2- and 4-hydroxylated estrogens must be considered as pro-inflammatory signal
which is particularly evident in RA [60].
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Figure 4. The proposed mechanism for the production autoantibodies in RA. 4-OHE2 (4-hydroxyestradiol), 2-OHE2 (2-
hydroxyestradiol), (E2)-3,4-SQ (Estradiol-3,4-semiquinone), (E2)-2,3-SQ (Estradiol-2,3-semiquinone), (E2)-3,4-Q (Estra‐
diol-3,4-quinone), (E2)-3,4-Q (Estradiol-2,3-quinone).

In light of these data, the review literature leads to the conclusion that CEs (and other me‐
tabolites) might have a role in the pathogenesis of RA. Based on the preliminary report, it
appears that the production of antibodies in RA involves the generation of IgG against CE-
modified DNA through oxidative induced DNA damage. Results imply that oxidative dam‐
age to DNA alter it immunogenicity leading to the induction and elevated levels of RA
antibodies. RA is a chronic, systemic, inflammatory condition that is characterized by in‐
creased production of inflammatory cytokines as well as alteration in estrogen metabolites
(CEs). Only by understanding the complex interaction between various estrogen metabolites
and mechanism of autoantibodies production, we will able to generate therapeutic interven‐
tions that can be designed to suppress synovial inflammation in RA.
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Chapter 5

Treatment of Rheumatoid Arthritis with
Biological Agents

Hiroaki Matsuno

Additional information is available at the end of the chapter
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1. Introduction

Cytokines and Rheumatoid Arthritis

The term “cytokine” is coined from the combination of “cyto”, a prefix which means cell,
and “kine”, which denotes movement.

Cytokines all have the following features:

1. They are low-molecular-weight glycoproteins that are not hormones.

2. They have an effect at very small concentrations.

3. Different cytokines can have the same function (redundancy).

For example, both tumor necrosis factor (TNF) and interleukin-6 (IL-6) have synovial prolif‐
eration activity and destroy articular cartilage and bone.

4. One cytokine can act on various organs at the same time (pleiotropy).

For example, TNF causes synovial proliferation, destroys articular cartilage, and promotes
fever.

5. Each cytokine has a specific receptor and acts by binding to that receptor.

Inflammatory cytokines play a central role in rheumatoid arthritis. In the treatment of rheu‐
matoid arthritis with biological agents, the effects of cytokines are suppressed by blocking
the cytokine from binding to its specific receptor (Figure 1).

With respect to these cytokines, antibodies and antibody fusion proteins that inhibit the ac‐
tion of IL-1, IL-6, and TNF have already been commercialized, and development of an IL-17
inhibitor is underway (Figure 2,Table 1).

© 2013 Matsuno; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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Antibodies for the treatment of rheumatoid arthritis can be divided into three groups: chi‐
meric antibodies, humanized antibodies, and human antibodies. Experimental monoclonal
antibodies are usually produced by immunizing a mouse with an antigen, and therefore, the
antibody is 100% mouse antibody. When such an antibody is used as a therapeutic agent in
humans, it causes a strong anaphylactic reaction. In an effort to reduce as far as possible the
content of heterologous proteins, various chimeric antibodies, humanized antibodies, and
human antibodies have been developed for the treatment of rheumatoid arthritis.

Figure 1. Mechanisms of infliximab and tocilizumab
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Figure 2. Types of biological agents developed for the treatment of rheumatoid arthritis.

A chimeric antibody is produced first as a mouse monoclonal antibody by immunizing a
mouse with an antigen. Then the antigen binding site is preserved as it is, while the Fc site is
artificially replaced with one of human origin such as IgG1 or IgG4. In chimeric antibodies,
since about 25% mouse protein remains, anaphylactic reactions still occur about 10% of the
time when they are administered. There are also reports of treatment with antibody prepa‐
rations being impaired when antibodies to the chimeric antibody are produced.

A humanized antibody is produced first as a mouse monoclonal antibody, then only the
variable parts of the antigen binding site on the heavy chain and light chain of the antibody
are left as mouse protein, and the rest is replaced with human protein. Since protein which
codes the CDR1, CDR2, and CDR3 regions accounts for about 10% of the total, there is still a
small chance of anaphylactic reaction with multiple administrations, though less than that
with chimeric antibodies.

Human antibodies are fully human antibodies produced by the phage display method. A
typical example is adalimumab. This antibody is produced as follows: An antibody light
chain and antibody heavy chain, each with a strong affinity for TNF-α, are selected, and
then the two are bound together. Therefore, while it is a fully human protein, it is not an
antibody that is physiologically produced in humans. Consequently, it is reported that anti‐
bodies against the antibody are detected in 40% of cases or more, reducing the function of
the antibody preparation. Combined use of an immunosuppressant to prevent antibody
production is recommended.

Another fully humanized antibody on the market is golimumab. This antibody is produced
by a method different from that of adalimumab. First, a humanized transgenic mouse is pro‐
duced, the mouse is immunized with TNF, and the antibodies produced are purified and
commercialized. This method has made it possible to produce an antibody which is closer to
human than adalimumab.

Treatment of Rheumatoid Arthritis with Biological Agents
http://dx.doi.org/10.5772/53321

97



Antibodies for the treatment of rheumatoid arthritis can be divided into three groups: chi‐
meric antibodies, humanized antibodies, and human antibodies. Experimental monoclonal
antibodies are usually produced by immunizing a mouse with an antigen, and therefore, the
antibody is 100% mouse antibody. When such an antibody is used as a therapeutic agent in
humans, it causes a strong anaphylactic reaction. In an effort to reduce as far as possible the
content of heterologous proteins, various chimeric antibodies, humanized antibodies, and
human antibodies have been developed for the treatment of rheumatoid arthritis.

Figure 1. Mechanisms of infliximab and tocilizumab

Innovative Rheumatology96

Figure 2. Types of biological agents developed for the treatment of rheumatoid arthritis.

A chimeric antibody is produced first as a mouse monoclonal antibody by immunizing a
mouse with an antigen. Then the antigen binding site is preserved as it is, while the Fc site is
artificially replaced with one of human origin such as IgG1 or IgG4. In chimeric antibodies,
since about 25% mouse protein remains, anaphylactic reactions still occur about 10% of the
time when they are administered. There are also reports of treatment with antibody prepa‐
rations being impaired when antibodies to the chimeric antibody are produced.

A humanized antibody is produced first as a mouse monoclonal antibody, then only the
variable parts of the antigen binding site on the heavy chain and light chain of the antibody
are left as mouse protein, and the rest is replaced with human protein. Since protein which
codes the CDR1, CDR2, and CDR3 regions accounts for about 10% of the total, there is still a
small chance of anaphylactic reaction with multiple administrations, though less than that
with chimeric antibodies.

Human antibodies are fully human antibodies produced by the phage display method. A
typical example is adalimumab. This antibody is produced as follows: An antibody light
chain and antibody heavy chain, each with a strong affinity for TNF-α, are selected, and
then the two are bound together. Therefore, while it is a fully human protein, it is not an
antibody that is physiologically produced in humans. Consequently, it is reported that anti‐
bodies against the antibody are detected in 40% of cases or more, reducing the function of
the antibody preparation. Combined use of an immunosuppressant to prevent antibody
production is recommended.

Another fully humanized antibody on the market is golimumab. This antibody is produced
by a method different from that of adalimumab. First, a humanized transgenic mouse is pro‐
duced, the mouse is immunized with TNF, and the antibodies produced are purified and
commercialized. This method has made it possible to produce an antibody which is closer to
human than adalimumab.

Treatment of Rheumatoid Arthritis with Biological Agents
http://dx.doi.org/10.5772/53321

97



Target TNF-
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disease

Administration

method
Drip infusion

Subcutaneous

injection

Subcutaneous

injection

Subcutaneous

injection

Subcutaneous

injection

Administration

interval

At wk 0, wk 2, wk 6,

then every 8 wks
Every 1–2 wks Every 2 wks Every 4 wks Every 4 wks

Structure Chimeric antibody
TNFR–IgG1 fusion

protein
Human antibody Human antibody

Pegylated

humanized

antibody

Representative

clinical study
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PREMIER[5]
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FAST4WARD[9]

RAPID2[10]

Target IL-1Rreceptor IL-6Receptor CD80/86 CD20

Product name Kineret
Actemra

(RoActemra)
Orencia Rituxan (MabThera)

Non-proprietary

name
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Innovative Rheumatology98

recombinant

protein

Representative

clinical study
[11, 12]

SAMURAI[13]

OPTION[14]
AIM[15] ATTAIN[16] REFLEX[17] SERENE[18]

Table 1. Characteristics of various biological agents

2. Types of Cytokine Inhibitors (Biological Agents) and their effects on
Rheumatoid Arthritis

Cytokine inhibitors used in the treatment of rheumatoid arthritis are inhibitors of IL-1 (ana‐
kinra), TNF (infliximab, etanercept, adalimumab, golimumab, and certolizumab pegol), and
IL-6 (tocilizumab). In addition, biological agents other than cytokine inhibitors used in the
treatment of rheumatoid arthritis include abatacept, which inhibits the action of T-cell co-
stimulatory molecules CD80 and CD86, and rituximab, which targets CD20.

These drugs each have a stronger effect than methotrexate(MTX), which is considered to be
most effective taken orally, and each has strong action to suppress bone and joint destruc‐
tion (Figure 3, Figure. 4) [19].

Treatment with any biological agent is more effective than MTX monotherapy, and each
suppresses bone and joint destruction.

Figure 3. Improvement of clinical symptoms with biological agents

Figure 4. Suppression of joint destruction with biological agents
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3. Recommendations for the Use of Biological Agents

Opinion is divided on which biological agent should be used to start with when active rheu‐
matoid arthritis is diagnosed. Among typical rankings for the use of biological agents, there
is the 2012 recommendation of the American College of Rheumatology (Figure 5) [20].

According to this recommendation, in the United States the first biological agent (1st Bio)
recommended for treatment of early rheumatoid arthritis with disease duration of less than 6
months is a TNF inhibitor. For treatment of established RA with disease duration of 6 months
or more, a TNF inhibitor and abatacept or rituximab are recommended as the 1st Bio.

Figure 5. American College of Rheumatology 2012 Recommendation
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On the other hand, the British National Institute for Health and Clinical Excellence (NICE)
specifies the following guidance on usage (Figure 6) [21–27]:

Figure 6. *1The annual cost of the biological agent is also specified and does not exceed ₤9,295 a year.*2If certolizu‐
mab pegol is the 1st Bio, there should be a system wherein the manufacturer provides the first 12 weeks for free [23].
*3If golimumab is used as the 1st Bio, compensation from the manufacturer is necessary so that the drug price of 50
mg and 100 mg is the same [24].*4Tocilizumab can be used as the 1st Bio with a discount provided by the manufactur‐
er. Therefore, whichever biological agent is used first, the annual cost of any is ₤9,295 or less [27].NICE guidance on
the treatment of patients with rheumatoid arthritis.

4. Selecting Biological Agents by Efficacy and Safety

Among TNF inhibitors, there are several biological agents to choose from, with no strict
standards for which biological agent to use first in either the United States or the United
Kingdom. Most physicians choose one based on their own experience. Recently however,
data has begun to accumulate suggesting which usage is best.

Regarding efficacy, there is data indicating that etanercept is more effective than infliximab
for active rheumatoid arthritis with high levels of anti-cyclic citrullinated peptide antibod‐
ies  and rheumatoid factor [28].  In addition,  among infliximab,  adalimumab, and etaner‐
cept, it is reported that etanercept shows the highest efficacy in patients with high levels of
anti-SS-A antibody [29].

With respect to adverse reactions, the occurrence of tuberculosis among patients treated with
anti TNF agents has been shown to be low for the fusion protein preparation etanercept and
high for the antibody preparations infliximab and adalimumab. It has been suggested that the
reason for this could be that the antibody preparations, unlike the fusion protein prepara‐
tion etanercept, simultaneously suppress the function of macrophages [30, 31].

Therefore, from the point of view of adverse reactions, etanercept may be the best choice for
rheumatoid arthritis patients with a risk of tuberculosis.

The same could possibly be considered for tocilizumab, an IL-6 inhibitor which does not di‐
rectly suppress macrophage function. A postmarketing survey of tocilizumab as used in a
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real-world clinical setting has shown an incidence of tuberculosis of 0.22% [32], which is
lower than that of TNF inhibitors.

In comparative studies of related biological agents, almost no difference in efficacy was seen
between infliximab and abatacept [33] or between adalimumab and abatacept [34]. Howev‐
er, in a study comparing adalimumab and tocilizumab, tocilizumab was shown to be more
effective than adalimumab [35] (Table 2).

ATTEST Study AMPLE Study ADACTA Study

Agents Abatacept

vs.

Infliximab

Abatacept + MTX

vs.

Adalimumab + MTX

Tocilizumab

vs.

Abatacept

Primary endpoint DAS28(ESR) ACR20 DAS28(ESR)

Study period 1 year 1 year 24 weeks

Result −2.88 vs.−2.25 (n.s) 64.8% vs. 63.4% (n.s) −3.3 vs. −1.8 (p < 0.0001)

Table 2. Comparative study of related biological agents

Considered this way, the non-TNF cytokine inhibitor (IL-6 inhibitor) tocilizumab could be a
biological agent with greater pharmacological effect than TNF inhibitors with fewer adverse
reactions due to tuberculosis if used appropriately. Comparison of TNF and IL-6 shows
mostly the same pharmacological effects due to cytokine redundancy. Examples of this in‐
clude the induction of synovial proliferation, induction of inflammatory cytokines, and ar‐
ticular destruction.

Figure 7. Degree of DAS28 remission with tocilizumab treatment (own data)
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However, a characteristic effect of IL-6, which is stronger than that of TNF, is the induction
of peripheral platelets in bone marrow megakaryocytes. The effect of IL-6 to induce C-reac‐
tive protein in hepatocytes is also thought to be stronger than the effect of TNF.

When the outcomes of cases in which tocilizumab was selected as the 1st Bio were com‐
pared in rheumatoid arthritis patients stratified by pre-treatment platelet levels, improve‐
ment in rheumatoid activity due to tocilizumab was found to be more marked in patients
with high pre-treatment platelet levels (≥400,000 /μL of blood) than in those with normal
platelet levels (Figure 7).

From these results, the effects of IL-6 are stronger than the effects of TNF in patients with
rheumatoid arthritis of high activity and high platelet levels, which might be a good indica‐
tion for the use of tocilizumab. In SCID-Hu-RA experimented mouse, which is implanted
human RA synovium into back of the severe combined immune deficient (SCID) mouse, hu‐
man RA synovium is markedly suppressed by tocilizumab treatment in compared with con‐
trol mouse [36].Tocilizumab not only improves clinical symptoms of rheumatoid arthritis,
but is also effective in improving pathological findings in rheumatoid arthritis (Figure 8).

Figure 8. Typical changes in synovial membrane seen with tocilizumab treatment

Inflammatory cells in synovial membrane are suppressed by tocilizumab and replaced by fi‐
brous tissue or adipose tissue.

5. Problems with Biological Agents

Biological agents are a very useful treatment for active rheumatoid arthritis, but there are
still many problems which must be solved, including their high cost and the problem of ad‐
verse reactions such as infections. As described in the US recommendation and UK guid‐
ance, they should probably be used in patients who do not obtain symptomatic relief
following treatment with DMARDs.
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Perioperative Surgical Site Infections and
Complications in Elective Orthopedic Surgery in
Patients with Rheumatoid Arthritis Treated with Anti-
Tumor Necrosis Factor-Alpha Agents − Discontinue or
Not, Clinical Dilemma
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Additional information is available at the end of the chapter
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1. Introduction

Rheumatoid  arthritis  (RA)  is  characterized  by  the  destruction  of  peripheral  joints  in
which  articular  cartilage  and  subchondral  bone  are  destroyed  by  chronic  proliferative
synovitis.  This  damage  often  leads  to  significant  loss  of  joint  function  and  impairs  the
ADL of patients with RA.

Most patients with RA are in use of traditional disease modifying antirheumatic drugs
(DMARDs) to control disease activity, and among the traditional, non-biological DMARDs
(nbDMARDs), methotrexate (MTX) is a first line and an anchor drug for the treatment of
RA. Currently introduced biologic agents, especially anti-tumor necrosis factor-alpha (TNF-
α) agents, have revolutionized the treatment of RA. TNF-α triggers the inflammatory cas‐
cade and stimulates the production of matrix degradable proteinases such as matrix
metalloproteinases, which well known to play a major role in the proteolytic degradation of
extracellular matrix macromolecules of cartilage and bone, which is a key step in joint de‐
struction in RA. Anti-TNF-α agents are now in routine use for RA patients who have failed
to respond to nbDMARDs, and have been demonstrated to improve the clinical symptoms
and delay joint destruction dramatically. Unfortunately, despite of the administration of
nbDMARDs and/or biologic agents, complete prevention of the destruction of the affected
joints is still not achieved. Over the course of their lifetime, many patients with RA may re‐

© 2013 Komiya and Terada; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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quire orthopaedic surgical interventions, such as total joint arthroplasty (TJA), arthrodeis,
reconstructive surgeries, cervical stabilization, and so on.

For orthopaedic surgeons, post-operative surgical site infections (SSI) and delayed wound
healing are major concerns, especially in TJA. Prosthetic infection is associated with pro‐
longed antibacterial therapy and hospitalization, functional decline, depression, shorter
prosthesis durability, which have great impact on morbidity, mortality and quality of life.
The baseline infection risk is increased 13-fold in individuals with RA when compared with
the general population [1]. In addition, receiving anti-TNF-α agents showed an increased
risk of serious infections. Delayed wound healing or wound dehiscence is also believed to
occur more frequently in patients with RA. Patients with RA are already predisposed to im‐
paired wound healing as a result of reduction in skin thickness above that which is due to
steroid use. Furthermore TNF-α is required for normal wound healing, and in experimental
settings anti-TNF-α has been linked to poor wound healing [2]. Thus careful management of
anti-rheumatic agents and their adverse effects in a perioperative period is essential. Among
nbDMARDs, only MTX has been investigated prospectively and randomized manner, and
demonstrated that continuation of MTX treatment did not increase the risk of either infec‐
tions or surgical complications in elective orthopaedic surgery in patients with RA [3]. As
for biologic anti-TNF-α agents, current national guidelines suggested that treatment with bi‐
ologic agents should be discontinued during the perioperative period. Although discontinu‐
ation of anti-TNF-α agents during the perioperative period may have a positive effect on SSI
and wound healing rates, but this is at the expense of increased risk of RA flare that could
affect postoperative rehabilitation. However, there are no prospective clinical trials and few
studies assessing the use of anti-TNF-α agents during the perioperative periods in RA pa‐
tients undergoing elective orthopaedic surgery. In this chapter, we review the available liter‐
ature related to perioperative complications, especially SSI, delayed wound healing and RA
flare in elective orthopaedic surgery in patients with RA treated with anti-TNF-α agents,
and discuss the perioperative management of anti-TNF-α agents, the clinical dilemma
whether discontinue or not.

2. Risk of septic arthritis (SA) in RA patients

Individuals with RA are at an inherently increased risk of infection [1, 4]. Edwards et al. [1]
reported that the incidence rate for SA was 12.9 times higher in subjects with RA than those
without [95% confidence interval (CI) 10.1-16.5]. Doran et al. [4] performed a retrospective
longitudinal cohort study and reported that the overall rate of infection per 100 person-years
was higher in RA patients (19.64) than in non-RA patients (12.87), and the rate ratio for de‐
veloping infections in patients with RA was 1.53 (95% CI 1.41-1.65). Infection sites that were
associated with the highest rate ratio were the joints (rate ratio for SA 14.89 [95% CI
6.12-73.71]), bone (rate ratio for osteomyelitis 10.63 [95% CI 3.39-126.81]), and skin and soft
tissues (rate ratio 3.28 [95% CI 2.67-4.07]) [4]. SA is a serious and severe condition for pa‐
tients that can lead to irreversible joint destruction, and the incidence of SA in the general
population is around 4-10/100,000/person-years [5, 6]. SA is lethal around 10% of a death
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rate [7]. In fact, infections requiring hospitalization were significantly more frequent in RA
patients (9.57/100 person-years) than in non-RA patients (5.09/100 person-years) with rate
ratio 1.88 (95% CI 1.71-2.07), and SA was also associated with a highest rate ratio of 21.66
(95% CI 7.37-257.61)] [4].

Accumulated data indicate that the risk factors for SA are increasing age, comorbidities (dia‐
betes mellitus, chronic renal failure, chronic cardiac failure), joint prosthesis, skin infection
and pre-existing joint damage [1, 8-10], but whether RA treatment with nbDMARDs, corti‐
costeroids and biologics including anti-TNF-α agents increases the risk of SA is still unclear.
DMARDs and biologics including anti-TNF-α agents are generally believed to be immuno‐
suppressive and likely to increase the incidence of SA in patients with RA. But the data on
these are very limited and sparse. Edwards et al. [1] performed a retrospective study using
the United Kingdom General Practice Research Database to analyze the effect of DMARDs
on developing SA in patients with RA. There was significantly increased risk of SA in indi‐
viduals with RA prescribed DMARDs compared with those not prescribed DMARDs. The
incidence rate ratios (IRR) for developing SA in the patients receiving DMARDs compared
with receiving no DMARDs were different for different medications. Penicillamine (adjust‐
ed IRR 2.51, 95% CI 1.29-4.89, P=0.004), sulfasalazine (adjusted IRR 1.74, 95% CI 1.04-2.91,
P=0.03) and prednisolone (adjusted IRR 2.94, 95% CI 1.93-4.46, P<0.001) were associated with
an increased incidence of SA when compared with receiving no DMARDs [1]. The use of
other DMARDs (including MTX) not showed such effect [1]. There was a number of individ‐
uals with RA developed SA without receiving DMARDs, thus they considered that the im‐
mune dysfunction associated with RA and the coexistent joint damage are more important
risk factors than immunomodulatory therapies with DMARDs [1].

There is very limited information regarding the effect of anti-TNF-α therapy on the risk of
SA. Galloway et al. [11] conducted a prospective observational study to evaluate the risk of
SA in patients with RA treated with anti-TNF-α agents. They reported that incidence rates
for SA were anti-TNF 4.2/1000/patient years (95% CI 3.6-4.8) and nbDMARDs 1.8/1000/ pa‐
tient years (95% CI 1.1-2.7). The adjusted hazard ratio (HR) for SA in the anti-TNF cohort
was 2.3 (95% CI 1.2-4.4). The risk did not differ significantly between the three agents: inflix‐
imab (IFX), etanercept (ETN) and adalimumab (ADA). The hazard for SA in the anti-TNF
cohort was greatest in the early months of therapy, as well as data from other cohorts [12],
and the risk then decreased steadily over the remainder of the follow-up period [11]. One of
the potential explanations for early increased risk is that it may reflect a true reduction in
risk of joint infection in patients who achieve better control of their RA [11].

In summary of this section, patients with RA are at an increased risk of SA irrespective of
therapy. Some DMARDs and corticosteroid increase the risk of SA. Exposure to anti-TNF
therapy is also associated with an increased risk of SA and this risk was greatest in the first
year of treatment. Thus, this increased risk of SA in RA may be due to not only as a conse‐
quence of the disease nature of RA but also treatment with some immunomodulatory
agents. Current evidence does not support any one anti-TNF agent having a safer profile
with regard to SA.
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rate [7]. In fact, infections requiring hospitalization were significantly more frequent in RA
patients (9.57/100 person-years) than in non-RA patients (5.09/100 person-years) with rate
ratio 1.88 (95% CI 1.71-2.07), and SA was also associated with a highest rate ratio of 21.66
(95% CI 7.37-257.61)] [4].
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and pre-existing joint damage [1, 8-10], but whether RA treatment with nbDMARDs, corti‐
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with receiving no DMARDs were different for different medications. Penicillamine (adjust‐
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cohort was greatest in the early months of therapy, as well as data from other cohorts [12],
and the risk then decreased steadily over the remainder of the follow-up period [11]. One of
the potential explanations for early increased risk is that it may reflect a true reduction in
risk of joint infection in patients who achieve better control of their RA [11].

In summary of this section, patients with RA are at an increased risk of SA irrespective of
therapy. Some DMARDs and corticosteroid increase the risk of SA. Exposure to anti-TNF
therapy is also associated with an increased risk of SA and this risk was greatest in the first
year of treatment. Thus, this increased risk of SA in RA may be due to not only as a conse‐
quence of the disease nature of RA but also treatment with some immunomodulatory
agents. Current evidence does not support any one anti-TNF agent having a safer profile
with regard to SA.
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3. Risk of SSI in RA patients undergoing TJA

TJA is a major orthopaedic procedure for destructed joints. In RA, total knee arthroplasty (TKA)
and total hip arthroplasty (THA) are the most common, promised surgical interventions for pa‐
tients to recover from painful joints and impaired activities of daily life. However, prosthetic
joint infection often requires revision of the infected prosthesis and prolonged intravenous anti‐
microbial therapy, and has a mortality rate of 2.7-18% [13]. Patients with RA have been identi‐
fied to have a higher baseline risk of infectious diseases compared with general population. In
addition, the immunosuppressive drugs used in the treatment of RA may further increase the
risk of infection. Whether this increased baseline risk of infections in RA patients might influ‐
ence the risk of deep infection after primary TJA is somewhat conflicting.

Wymenga et al. [14] conducted a multicenter prospective study to investigate the association
between perioperative factors and SA after TKA and THA. At 1-year follow up, 9/362 pa‐
tients (2.5%) after TKA and 17/2651 patients (0.64%) after THA were completed by SA. They
reported that RA was a risk factor for SA for TKA (risk ratio 4.8; 95% CI 1.2-19), but they
could not confirm this in THA. Schrama et al. [15] reported a retrospective study using the
Norwegian Arthroplasty Register to examine the risk of revision arthroplasty due to infec‐
tion in RA (6,629 procedures) compared with OA patients (102,157 procedures). The inci‐
dence of revision due to infection in TKA and THA were 0.7% (176/24,294 procedures) and
0.6% (534/84,492 procedures), respectively. The risk of revision for infection in RA patients
with TKA was 1.6 (95% CI 1.06-2.38) times higher compared to OA patients, but there were
no difference in THA. This discrepancy between TKA and THA were also reported by Wy‐
menga et al. [14], and Schrama et al. mentioned that the vulnerable soft tissue envelope
around the knee joint could make the TKA in RA patients more susceptible to infection,
since the connective tissue disease RA and its potentially immunomodulating medication
are risk factors for skin and soft tissue infections. Jamsen et al. [16] analyzed primary (40,135
procedures) and revision (3,014 procedures) knee arthroplasties in a large series of knee ar‐
throplasties from Finnish Arthroplasty Register. In total, 387 reoperations were performed
for the treatment of infection (0.90%; 95% CI 0.81-0.99). The adjusted HR for reoperation due
to infection in primary and revision TKA in patients with RA were 1.86 (95% CI 1.31-2.63)
and 1.01 (95% CI 0.44-2.34) compared with primary OA, respectively. Robertsson et al. [17]
also reported using another large series of knee arthroplasties, the Swedish Knee Arthro‐
plasty Register that the risk of revision for infection was significantly higher in RA patients
compared to OA patients [risk ratio (RR) 1.4; 95% CI 1.1-1.9]. The data on influences of
nbDMARDs on the risk of prosthetic infection in patients with RA were absent in these
studies [14-17].

Bongartz et al. [13] conducted a retrospective study using the Mayo Clinic Total Joint Regis‐
try to examine the incidence and risk factors of prosthetic joint infection in RA patients (657
procedures; THA or TKA). 23 (3.7%) joint arthroplasties were complicated by infection. The
risk of prosthetic joint infections were increased in RA patients (HR 4.08, 95% CI 1.35-12.33)
compared with a matched cohort of OA patients. Revision arthroplasty (HR 2.99, 95% CI
1.02-8.75), previous prosthetic joint infection of the replaced joint (HR 5.49, 95% CI
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1.87-16.14), and operation time (HR 1.36 per 60-minitue increase, 95% CI 1.02-1.81) were sig‐
nificant predictors of postoperative prosthetic joint infection. Based on the pharmacokinetic
half-life and/or data on the biologic activity of each DMARD, perioperative DMARDs use
was judged as either withheld or maintained. DMARDs were withheld perioperatively in
57% of procedures and stopping DMARDs therapy at the time of surgery lowered the risk of
prosthesis infection (HR 0.65, 95% CI 0.09-4.95), but this was statistically not significant.
There were 3 prosthesis infections in 38 patients who were treated with anti-TNF agents at
the time of surgery as compared with no infection in 12 patients who stopped their anti-TNF
therapy prior to surgery, but this difference was not statistically significant. Perioperative
corticosteroid use was not associated with an increased risk of prosthesis infection.

Besides DMARDs, the risk of perioperative use of corticosteroids for prosthetic infection in
patients with RA is controversial. Berbari et al. [18] conducted a case-control study to deter‐
mine risk factors for the development of prosthetic joint infection. 462 episodes of prosthetic
joint infection in 460 patients were used for analysis. Univariate analysis identified that RA,
steroid therapy as risk factors for joint prosthetic infection with odds ratio (OR) of 2.0 (95%
CI 1.3-3.0) and 2.0 (95% CI 1.3-3.1) respectively. Wilson et al. [19] reported that 67 (1.6%) out
of the 4,171 TKA were complicated by infection. The incidence of infection in RA patients
(2.2%; 45/2076) was significantly higher than in OA (1%; 16/1857) (P<0.0001). Despite the fact
that a higher percentage of patients who had RA and infection had used steroids than had
those who did not have an infection (75% compared with 46%), a history of oral use of ste‐
roids was not a significant risk factor.

While most of papers agreed with increased risk of prosthetic infection in RA patients, da
Cunha et al. [20] conducted a retrospective study to compare the incidence of infections be‐
tween RA and OA patients in THA and TKA, and reported that no significant difference
was observed between the RA and OA groups regarding the rates of prosthesis infections
(TKA 7.1% vs. 0% and THA 2.1% vs. 0%, respectively, both with P>0.1), incisional infections
(TKA 14.3% vs. 3.3% and THA 4.3% vs. 1.3%, respectively, both with P>0.1), and systematic
infections (TKA 7.1% vs. 3.6%, P=0.92 and THA 4.3% vs. 10.7%, P>0.1, respectively). They
concluded that RA was not identified as a risk factor for perioperative infections in THA
and TKA in their case series. The low incidence of infections in both groups may explain
their findings. Although the data on usage and mean dose of DMARDs, biologics and corti‐
costeroids were reported, the association between prosthesis infection and these drugs were
not analyzed in this study.

Whether the use of nbDMARDs constitutes an independent risk factor for SSI remains un‐
clear. Among nbDMARDs, only MTX had been investigated in a prospective and random‐
ized study. Grennan et al. [3] reported that signs of infection or surgical complications
occurred in two of 88 procedures (2%) in the group of MTX continuation, 11 of 72 proce‐
dures (15%) in the group of MTX discontinuation, and 24 of 228 procedures (10.5%) in the
MTX naïve group. Furthermore, accumulated data support the perioperative use of MTX,
and international 3E Initiative stated in the recommendation that MTX can be safely contin‐
ued in the perioperative period in RA patients undergoing elective orthopaedic surgery [21].
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1.87-16.14), and operation time (HR 1.36 per 60-minitue increase, 95% CI 1.02-1.81) were sig‐
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was judged as either withheld or maintained. DMARDs were withheld perioperatively in
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While most of papers agreed with increased risk of prosthetic infection in RA patients, da
Cunha et al. [20] conducted a retrospective study to compare the incidence of infections be‐
tween RA and OA patients in THA and TKA, and reported that no significant difference
was observed between the RA and OA groups regarding the rates of prosthesis infections
(TKA 7.1% vs. 0% and THA 2.1% vs. 0%, respectively, both with P>0.1), incisional infections
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and TKA in their case series. The low incidence of infections in both groups may explain
their findings. Although the data on usage and mean dose of DMARDs, biologics and corti‐
costeroids were reported, the association between prosthesis infection and these drugs were
not analyzed in this study.

Whether the use of nbDMARDs constitutes an independent risk factor for SSI remains un‐
clear. Among nbDMARDs, only MTX had been investigated in a prospective and random‐
ized study. Grennan et al. [3] reported that signs of infection or surgical complications
occurred in two of 88 procedures (2%) in the group of MTX continuation, 11 of 72 proce‐
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In summary of this section, most of studies support the increased prevalence of TJA infec‐
tion in RA patients. Among nbDMARDs, only MTX had been intensively investigated the
influences of the perioperative use on the risk of SSI, and accumulated data support the safe‐
ty of perioperative continuation of MTX undergoing elective orthopaedic surgery. We
should be aware that TJA in RA patients is high-risk in infection and sufficient antibiotic
prophylaxis should be taken with a careful follow-up.

4. Risk of SSI in RA patients treated with anti-TNF-α agents undergoing
orthopaedic surgery

The information about the risk of SSI in RA patients treated with anti-TNF-α agents undergoing
orthopedic surgery is very limited, and to date, there are only 14 studies on this matter.

We at first take up 4 studies those analyzed whether continuation of TNF blockers in perio‐
perative period increases the risk of SSI in patients on anti-TNF therapy.

Talwalker et al. [22] performed a small retrospective study. 16 procedures in 11 patients (RA;
n=10, psoriatic arthritis; n=1) on anti-TNF undergoing elective joint surgery were reviewed.
TNF blockers were continued in group A (4 procedures), while in group B (12 procedures), they
were withheld before surgery and restarted after the procedure. In group A, IFX was used in
one operation, the patient receiving the injection 3 days before surgery while ETN was used in
three patients. In group B, IFX was stopped nearly 4 weeks before surgery, whereas ADA and
ETN was stopped at 2 weeks. The timings for restarting the drug were variable. Postoperative‐
ly, none of the patients in either group developed serious wound and systematic infections, but
one flare up occurred in a patient receiving ETN in group B.

Wendling et al. [23] conducted a retrospective study with a sample size of 50 surgical proce‐
dures (foot and ankle; 13, hand and wrist; 11, TJA; 12, others; 14) in 30 patients with RA
treated with TNF blockers. TNF blockers at the time of surgery was IFX (n=26), ETN (n=13),
ADA (n=11), with a mean exposure of 12.1 months (range 1-42). TNF blockers were with‐
held before surgery in 18/50 patients, and for the rest, surgery was performed between two
TNF blocker injections. Postoperatively, no infections occurred in either group whether TNF
blocker was discontinued or not, but RA flares were observed in 6 cases (12%) and signifi‐
cantly associated with anti-TNF interruption before surgery (5 interruptions/6 cases of flare
vs. 13 interruption/44 surgical procedures without flare; Fisher’s exact value=0.02).

Den Broeder et al. [24] performed a large retrospective study. Two parallel cohorts were de‐
fined: cohort 1 did not use anti-TNF, cohort 2 used anti-TNF but had either stopped (2A) or
continued anti-TNF preoperatively (2B), the cutoff point being set at 4 times the half-life
time of the drug. In total, 1,219 procedures were performed (wrist/hand; 317, ankle/foot; 280,
knee; 195, hip; 172, shoulder; 114, elbow; 102, other; 39). Crude infection risk in cohorts 1,
2A, and 2B were 4.0% (41/1023), 5.8% (6/104), and 8.7% (8/92), respectively. History of prior
SSI or skin infection was found to be the strongest predictor for SSI (OR 13.8, 95% CI
5.2-36.7, P<0.0001), but perioperative use of anti-TNF was not significantly associated with
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an increase in SSI rates (OR 1.5, 95% CI 0.43-5.2, P=0.43). However, wound dehiscence occur‐
red more frequently in patients that continued anti-TNF compared to patients that tempora‐
rily discontinued anti-TNF treatment (OR 11.2, 95% CI 1.4-90).

Bongartz et al. [13] conducted a retrospective, single-center, double cohort study that includ‐
ed all patients with RA who underwent THA or TKA at the Mayo Clinic Rochester between
January 1996 and June 2004. 657 surgeries in 462 patients with RA were identified. There
were 3 prosthesis infections in 38 patients who were treated with anti-TNF agents at the
time of surgery as compared with no infection in 12 patients who stopped their anti-TNF
therapy prior to surgery. However, the result did not reach statistical significance.

Secondary, we take up 7 studies which compare the perioperative risk of infection between
patients on TNF blockers and those on nbDMARDs.

Bibbo et al. [25] reported a 12-month prospective study that compared foot and ankle sur‐
gery in 16 RA patients (mean age 50 years) on TNF blockers (group 1) (IFX; 5, ETN; 11) com‐
pared with 15 controls (mean age 60 years) on nbDMARDs (group 2). Patients on TNF
blockers discontinued treatment prior to surgery (ETN; mean 2.6 days, IFX; mean 20.2 days)
and resumed treatment postoperatively. Infectious complications occurred in two patients:
one case of a superficial infection in a group 1 patient and one case of a deep infection (os‐
teomyelitis) in a group 2 patient. Delayed wound healing occurred in three patients, all oc‐
curred in group 2. Bone healing complications occurred in three patients, all in group 2,
comprised of two nonunions and one delayed union. When considered individually, the oc‐
currence of an infectious or healing complication proved to be statistically similar between
groups 1 and 2. However, when complications summed (infectious and healing complica‐
tions), group 2 demonstrated a statistically higher overall complication rate (P=0.033, Fish‐
er’s exact test). They concluded that the use of TNF blockers may be safely undertaken in the
perioperative period without increasing the risk of infectious or healing complications in the
patients with RA undergoing elective foot and ankle surgery.

Hirano et al. [26] performed retrospective cohort study where adverse events of surgical
wounds were compared between patients treated with TNF blockers (n=39) (IFX; 24, ETN;
15) and those on nbDMARDs (n=74). TKA is the commonest surgery followed by THA. Ad‐
ministration of TNF blockers was stopped prior to surgeries (IFX; mean 29.8 days, ETN;
mean 9.6 days) and restarted after surgical wounds were completely healed. Adverse events
of surgical wounds occurred after two operations in the TNF group (5.1%) and five opera‐
tions in the nbDMARDs group (6.8%), which was not statistically significant difference by
Fisher’s exact test (P=1.0000). OR was 0.7459 (95% CI 0.1380-4.0336). Although most of ad‐
verse events of surgical wounds were wound dehiscence and continuation of discharge,
postoperative infection occurred in one TKA in the TNF group. They concluded that the use
of anti-TNF agents dose dot cause specific adverse events on surgical wounds after elective
orthopedic surgeries in RA patients.

Kawakami et al. [27] performed a retrospective case-control study to identify perioperative
complications associated the use of TNF blockers. RA patients on anti-TNF (64
procedures/49 patients) were compared to those on nbDMARDs (64 procedures/63 patients).
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ADA (n=11), with a mean exposure of 12.1 months (range 1-42). TNF blockers were with‐
held before surgery in 18/50 patients, and for the rest, surgery was performed between two
TNF blocker injections. Postoperatively, no infections occurred in either group whether TNF
blocker was discontinued or not, but RA flares were observed in 6 cases (12%) and signifi‐
cantly associated with anti-TNF interruption before surgery (5 interruptions/6 cases of flare
vs. 13 interruption/44 surgical procedures without flare; Fisher’s exact value=0.02).

Den Broeder et al. [24] performed a large retrospective study. Two parallel cohorts were de‐
fined: cohort 1 did not use anti-TNF, cohort 2 used anti-TNF but had either stopped (2A) or
continued anti-TNF preoperatively (2B), the cutoff point being set at 4 times the half-life
time of the drug. In total, 1,219 procedures were performed (wrist/hand; 317, ankle/foot; 280,
knee; 195, hip; 172, shoulder; 114, elbow; 102, other; 39). Crude infection risk in cohorts 1,
2A, and 2B were 4.0% (41/1023), 5.8% (6/104), and 8.7% (8/92), respectively. History of prior
SSI or skin infection was found to be the strongest predictor for SSI (OR 13.8, 95% CI
5.2-36.7, P<0.0001), but perioperative use of anti-TNF was not significantly associated with
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an increase in SSI rates (OR 1.5, 95% CI 0.43-5.2, P=0.43). However, wound dehiscence occur‐
red more frequently in patients that continued anti-TNF compared to patients that tempora‐
rily discontinued anti-TNF treatment (OR 11.2, 95% CI 1.4-90).

Bongartz et al. [13] conducted a retrospective, single-center, double cohort study that includ‐
ed all patients with RA who underwent THA or TKA at the Mayo Clinic Rochester between
January 1996 and June 2004. 657 surgeries in 462 patients with RA were identified. There
were 3 prosthesis infections in 38 patients who were treated with anti-TNF agents at the
time of surgery as compared with no infection in 12 patients who stopped their anti-TNF
therapy prior to surgery. However, the result did not reach statistical significance.

Secondary, we take up 7 studies which compare the perioperative risk of infection between
patients on TNF blockers and those on nbDMARDs.

Bibbo et al. [25] reported a 12-month prospective study that compared foot and ankle sur‐
gery in 16 RA patients (mean age 50 years) on TNF blockers (group 1) (IFX; 5, ETN; 11) com‐
pared with 15 controls (mean age 60 years) on nbDMARDs (group 2). Patients on TNF
blockers discontinued treatment prior to surgery (ETN; mean 2.6 days, IFX; mean 20.2 days)
and resumed treatment postoperatively. Infectious complications occurred in two patients:
one case of a superficial infection in a group 1 patient and one case of a deep infection (os‐
teomyelitis) in a group 2 patient. Delayed wound healing occurred in three patients, all oc‐
curred in group 2. Bone healing complications occurred in three patients, all in group 2,
comprised of two nonunions and one delayed union. When considered individually, the oc‐
currence of an infectious or healing complication proved to be statistically similar between
groups 1 and 2. However, when complications summed (infectious and healing complica‐
tions), group 2 demonstrated a statistically higher overall complication rate (P=0.033, Fish‐
er’s exact test). They concluded that the use of TNF blockers may be safely undertaken in the
perioperative period without increasing the risk of infectious or healing complications in the
patients with RA undergoing elective foot and ankle surgery.

Hirano et al. [26] performed retrospective cohort study where adverse events of surgical
wounds were compared between patients treated with TNF blockers (n=39) (IFX; 24, ETN;
15) and those on nbDMARDs (n=74). TKA is the commonest surgery followed by THA. Ad‐
ministration of TNF blockers was stopped prior to surgeries (IFX; mean 29.8 days, ETN;
mean 9.6 days) and restarted after surgical wounds were completely healed. Adverse events
of surgical wounds occurred after two operations in the TNF group (5.1%) and five opera‐
tions in the nbDMARDs group (6.8%), which was not statistically significant difference by
Fisher’s exact test (P=1.0000). OR was 0.7459 (95% CI 0.1380-4.0336). Although most of ad‐
verse events of surgical wounds were wound dehiscence and continuation of discharge,
postoperative infection occurred in one TKA in the TNF group. They concluded that the use
of anti-TNF agents dose dot cause specific adverse events on surgical wounds after elective
orthopedic surgeries in RA patients.

Kawakami et al. [27] performed a retrospective case-control study to identify perioperative
complications associated the use of TNF blockers. RA patients on anti-TNF (64
procedures/49 patients) were compared to those on nbDMARDs (64 procedures/63 patients).
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TKA is the commonest surgery followed by THA. TNF blockers (IFX; 35 and ETN; 29) were
withheld 2-4 weeks prior to surgery according to the British Society for Rheumatology and
the Japan College of Rheumatology guidelines (2-4 weeks for ETN, 4 weeks for IFX). Multi‐
variate logistic regression analysis identified the use of TNF blockers (OR 21.80, 95% CI
1.231-386.1, P=0.036), prednisone dosage (OR 1.433, 95% CI 1.007-2.040, P=0.046), and dis‐
ease duration (OR 1.169, 95% CI 1.030-1.326, P=0.015) as a risk factors for SSI. SSIs were de‐
veloped 12.5% (8/64) in the anti-TNF group, whereas 2% (1/64) in the nbDMARDs group
(P=0.016), but there was no delayed wound healing occurred in either groups. RA flare-ups
during the perioperative periods were found in 17.2% (11/64) of anti-TNF group. These
flare-ups were significantly increased in ETN group (31.0%, 9/29) compared with the IFX
group (5.7%, 2/35) (P=0.009). Multivariate logistic regression analysis also revealed that the
use of TNF blockers was the only risk factors for DVT (OR=2.83, 95% CI 1.10-7.25, P=0.03) in
their study. DVT were developed 51% (23/45) in the anti-TNF group, whereas 26% (12/45) in
the nbDMARDs group (P=0.015). They concluded that TNF blockers were likely cause SSI
and DVT in RA patients undergoing elective orthopaedic surgery.

Momohara et al. [28] performed a retrospective study to identify risk factors for acute SSI
after TJA (THA; 81, TKA; 339) in RA patients treated with biologics (48 patients, THA; 11,
TKA; 37) and nbDMARDs (372 patients). In the biologics group, 19 (4.5%) received IFX, 23
(5.5%) received ETN, two (0.5%) received ADA, and four (1.0%) received tocilizumab (TCZ).
Of the patients undergoing THA or TKA, 24 cases (5.7%) developed a superficial incisional
SSI requiring the use of antibiotics and the three cases (0.7%) developed an organ/space SSI
necessitating surgical treatment to remove the artificial joint prosthesis. Multivariate logistic
regression analysis revealed that the use of biologics (OR=5.69; 95% CI 2.07-15.61, P=0.0007)
and longer RA duration (OR=1.09; 95% CI 1.04-1.14, P=0.0003) were the only significant risk
factors for acute SSI. Furthermore, multivariate logistic regression analysis of individual
medication (nbDMARDs and biologics) adjusted for disease duration indicated that TNF
blockers increased the risk of SSI (IFX OR=9.80; 95% CI 2.41-39.82, P=0.001; ETN OR=9.16;
95% CI 2.77-30.25, P=0.0003). They found that the use of biologics (IFX or ETN) and longer
disease duration were associated with an increased risk of acute SSI in RA patients.

The Committee on Arthritis of the Japanese Orthopedic Association [29] investigated the
prevalence of postoperative complications in patients with RA in teaching hospitals in Ja‐
pan. The number of surgical procedures under treatment with biologic agent was 3,468 (IFX;
1,616, ETN; 1686, ADA; 41, TCZ; 102, abatacept; 23) and the prevalence of infection was 1.3%
(46 procedures). For IFX, ETN, and TCZ, the mean times of withdrawal before surgery were
26.4, 14.1, and 19.8 days, respectively. The prevalence of infection was 1.0% (567 procedures)
in 56,339 procedures under treatment with nbDMARDs. There were no significant differen‐
ces between biologics and nbDMARDs groups with respect to the prevalence of infections
(OR 1.32, 95% CI 0.98-1.79, P=0.07). In the joint arthroplasty group, the prevalence of infec‐
tion was 2.1% (34/1,626 procedures) in biologics group and 1.0% (298/29,903 procedures) in
nbDMARDs group. There was a significant difference between biologics and nbDMARDs
groups (OR 2.12, 95% CI 1.48-3.03, P<0.0001). They concluded that the infection risk of joint
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arthroplasty in RA patients on anti-TNF therapy was more than twofold greater compared
with those treated with nbDMARDS.

Kubota et al. [30] performed a retrospective study to analyze the influence of biological
agents on delayed wound healing and the postoperative SSI in RA patients. The patients
were divided into two groups, those treated with biologics (bio group; 276 joints) and not
treated with biologic agents (non-bio group; 278 joints). Biologics administered in the bio
group were IFX (n=14), ETN (n=236), ADA (n=8), and TCZ (n=18), and these agents were
withheld 2-4 weeks before surgery. TKA is the commonest surgery followed by THA. In the
bio group, postoperative superficial and deep infection developed in one and two joints, re‐
spectively. In the non-bio group, superficial infection developed in one joint, and deep infec‐
tion was not observed. The incidence of SSIs did not differ significantly between the two
groups (Mann-Whitney U-test, P=0.31251). Delayed wound healing occurred in 15 joints
(5.4%) in the bio group (all the patients were treated with ETN), and 12 joints (4.3%) in the
non-bio group, but the difference was not statistically significant (Mann-Whitney U-test,
P=0.522). They concluded that the use of biologics may not affect the incidence of postopera‐
tive adverse events related to SSI and wound healing.

Hayata et al. [31] performed a retrospective study to investigate the complications of ortho‐
peadic surgery for RA patients treated with IFX (52 patients). Commonest surgery was ar‐
throscopic synovectomy (n=30), followed by TJA (n=16). The mean timing of surgery after
infusion of IFX was 4 weeks. There were two cases (3.8%) of superficial wound infection
(one case was foot arthroplasty and the other was spine surgery), but there was no deep
wound infection. Furthermore, there is no correlation between infection and clinical factors
including age, disease duration, preoperative CRP, MMP-3, rheumatoid arthritis particle-ag‐
glutination (RAPA) and the period until surgery after IFX infusion. They concluded that IFX
did not increase the risk of either infection or surgical complications occurring in patients
with RA within 1 year of orthopeadic surgery.

Thirdly, we take up 3 studies which compare the patients with postoperative infection and
those without, to identify the association between anti-TNF therapy and the risk of infection.

Gilson et al. [32] carried out a retrospective case-control study using French RATIO registry
to analyze the risk factors for TJA infections in patients receiving TNF blockers. 20 patients
(18 with RA) treated with TNF blockers (IFX; 7, ETN; 5, ADA; 8) and presented with TJA
infections were compared to controls (40 patients) without TJA infections on TNF blockers.
TJA infections concerned principally the knee (n=12, 60%) and the hip (n=5, 25%). 8 cases
(40%) versus 5 controls (13%) had undergone primary or revision TJA for the joint subse‐
quently infected during the previous year (P=0.03). Of these procedures, TNF blockers were
continued in 5 cases compared to 1 in the control group (P=0.08). Multivariate analysis dem‐
onstrated that the predictors of infection were primary TJA or TJA revision for the joint sub‐
sequently infected within the last year (OR 88.3, 95% CI 1.1-7071.6, P=0.04) and increased
daily steroid intake (OR 5.0 per 5 mg/day increase, 95% CI 1.1-21.6, P=0.03). They concluded
that TJA infection was rare but potentially severe in patients receiving TNF blockers. Impor‐
tant risk factors were primary TJA or TJA revision for the joint subsequently infected within
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TKA is the commonest surgery followed by THA. TNF blockers (IFX; 35 and ETN; 29) were
withheld 2-4 weeks prior to surgery according to the British Society for Rheumatology and
the Japan College of Rheumatology guidelines (2-4 weeks for ETN, 4 weeks for IFX). Multi‐
variate logistic regression analysis identified the use of TNF blockers (OR 21.80, 95% CI
1.231-386.1, P=0.036), prednisone dosage (OR 1.433, 95% CI 1.007-2.040, P=0.046), and dis‐
ease duration (OR 1.169, 95% CI 1.030-1.326, P=0.015) as a risk factors for SSI. SSIs were de‐
veloped 12.5% (8/64) in the anti-TNF group, whereas 2% (1/64) in the nbDMARDs group
(P=0.016), but there was no delayed wound healing occurred in either groups. RA flare-ups
during the perioperative periods were found in 17.2% (11/64) of anti-TNF group. These
flare-ups were significantly increased in ETN group (31.0%, 9/29) compared with the IFX
group (5.7%, 2/35) (P=0.009). Multivariate logistic regression analysis also revealed that the
use of TNF blockers was the only risk factors for DVT (OR=2.83, 95% CI 1.10-7.25, P=0.03) in
their study. DVT were developed 51% (23/45) in the anti-TNF group, whereas 26% (12/45) in
the nbDMARDs group (P=0.015). They concluded that TNF blockers were likely cause SSI
and DVT in RA patients undergoing elective orthopaedic surgery.

Momohara et al. [28] performed a retrospective study to identify risk factors for acute SSI
after TJA (THA; 81, TKA; 339) in RA patients treated with biologics (48 patients, THA; 11,
TKA; 37) and nbDMARDs (372 patients). In the biologics group, 19 (4.5%) received IFX, 23
(5.5%) received ETN, two (0.5%) received ADA, and four (1.0%) received tocilizumab (TCZ).
Of the patients undergoing THA or TKA, 24 cases (5.7%) developed a superficial incisional
SSI requiring the use of antibiotics and the three cases (0.7%) developed an organ/space SSI
necessitating surgical treatment to remove the artificial joint prosthesis. Multivariate logistic
regression analysis revealed that the use of biologics (OR=5.69; 95% CI 2.07-15.61, P=0.0007)
and longer RA duration (OR=1.09; 95% CI 1.04-1.14, P=0.0003) were the only significant risk
factors for acute SSI. Furthermore, multivariate logistic regression analysis of individual
medication (nbDMARDs and biologics) adjusted for disease duration indicated that TNF
blockers increased the risk of SSI (IFX OR=9.80; 95% CI 2.41-39.82, P=0.001; ETN OR=9.16;
95% CI 2.77-30.25, P=0.0003). They found that the use of biologics (IFX or ETN) and longer
disease duration were associated with an increased risk of acute SSI in RA patients.

The Committee on Arthritis of the Japanese Orthopedic Association [29] investigated the
prevalence of postoperative complications in patients with RA in teaching hospitals in Ja‐
pan. The number of surgical procedures under treatment with biologic agent was 3,468 (IFX;
1,616, ETN; 1686, ADA; 41, TCZ; 102, abatacept; 23) and the prevalence of infection was 1.3%
(46 procedures). For IFX, ETN, and TCZ, the mean times of withdrawal before surgery were
26.4, 14.1, and 19.8 days, respectively. The prevalence of infection was 1.0% (567 procedures)
in 56,339 procedures under treatment with nbDMARDs. There were no significant differen‐
ces between biologics and nbDMARDs groups with respect to the prevalence of infections
(OR 1.32, 95% CI 0.98-1.79, P=0.07). In the joint arthroplasty group, the prevalence of infec‐
tion was 2.1% (34/1,626 procedures) in biologics group and 1.0% (298/29,903 procedures) in
nbDMARDs group. There was a significant difference between biologics and nbDMARDs
groups (OR 2.12, 95% CI 1.48-3.03, P<0.0001). They concluded that the infection risk of joint
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arthroplasty in RA patients on anti-TNF therapy was more than twofold greater compared
with those treated with nbDMARDS.

Kubota et al. [30] performed a retrospective study to analyze the influence of biological
agents on delayed wound healing and the postoperative SSI in RA patients. The patients
were divided into two groups, those treated with biologics (bio group; 276 joints) and not
treated with biologic agents (non-bio group; 278 joints). Biologics administered in the bio
group were IFX (n=14), ETN (n=236), ADA (n=8), and TCZ (n=18), and these agents were
withheld 2-4 weeks before surgery. TKA is the commonest surgery followed by THA. In the
bio group, postoperative superficial and deep infection developed in one and two joints, re‐
spectively. In the non-bio group, superficial infection developed in one joint, and deep infec‐
tion was not observed. The incidence of SSIs did not differ significantly between the two
groups (Mann-Whitney U-test, P=0.31251). Delayed wound healing occurred in 15 joints
(5.4%) in the bio group (all the patients were treated with ETN), and 12 joints (4.3%) in the
non-bio group, but the difference was not statistically significant (Mann-Whitney U-test,
P=0.522). They concluded that the use of biologics may not affect the incidence of postopera‐
tive adverse events related to SSI and wound healing.

Hayata et al. [31] performed a retrospective study to investigate the complications of ortho‐
peadic surgery for RA patients treated with IFX (52 patients). Commonest surgery was ar‐
throscopic synovectomy (n=30), followed by TJA (n=16). The mean timing of surgery after
infusion of IFX was 4 weeks. There were two cases (3.8%) of superficial wound infection
(one case was foot arthroplasty and the other was spine surgery), but there was no deep
wound infection. Furthermore, there is no correlation between infection and clinical factors
including age, disease duration, preoperative CRP, MMP-3, rheumatoid arthritis particle-ag‐
glutination (RAPA) and the period until surgery after IFX infusion. They concluded that IFX
did not increase the risk of either infection or surgical complications occurring in patients
with RA within 1 year of orthopeadic surgery.

Thirdly, we take up 3 studies which compare the patients with postoperative infection and
those without, to identify the association between anti-TNF therapy and the risk of infection.

Gilson et al. [32] carried out a retrospective case-control study using French RATIO registry
to analyze the risk factors for TJA infections in patients receiving TNF blockers. 20 patients
(18 with RA) treated with TNF blockers (IFX; 7, ETN; 5, ADA; 8) and presented with TJA
infections were compared to controls (40 patients) without TJA infections on TNF blockers.
TJA infections concerned principally the knee (n=12, 60%) and the hip (n=5, 25%). 8 cases
(40%) versus 5 controls (13%) had undergone primary or revision TJA for the joint subse‐
quently infected during the previous year (P=0.03). Of these procedures, TNF blockers were
continued in 5 cases compared to 1 in the control group (P=0.08). Multivariate analysis dem‐
onstrated that the predictors of infection were primary TJA or TJA revision for the joint sub‐
sequently infected within the last year (OR 88.3, 95% CI 1.1-7071.6, P=0.04) and increased
daily steroid intake (OR 5.0 per 5 mg/day increase, 95% CI 1.1-21.6, P=0.03). They concluded
that TJA infection was rare but potentially severe in patients receiving TNF blockers. Impor‐
tant risk factors were primary TJA or TJA revision for the joint subsequently infected within
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the last year, particularly when TNF blockers were not interrupted before surgery, and the
daily steroid intake.

Giles et al. [33] performed a retrospective study to investigate the association between anti-
TNF therapy and the development of serious postoperative infection in RA patients under‐
going orthopaedic surgery. 91 patients were identified as having at least one orthopedic
procedure, and 10 of the 91 patients (11%) developed serious postoperative infection. The
demographic features and RA therapies between infection group (n=10) and no infection
group (n=81) were comparable. But infection group (7/10 patients; 70%) were significantly
more likely treated with TNF-α blocker at the time of surgery compared with no infection
group (28/81 patients; 35%) (P=0.041). Univariate analysis revealed that anti-TNF was signif‐
icantly associated with the development of postoperative infections (OR 4.4, 95% CI
1.10-18.41). This association remained statistically significant after adjustment for age, sex,
and disease duration (OR 4.6, 95% CI 1.1-20.0); prednisone use, diabetes, and serum rheu‐
matoid factor status (OR 5.0, 95% CI 1.1-21.9); and all these 6 variables simultaneously (OR
5.3, 95% CI 1.1-24.9). They concluded that treatment with TNF blockers associated with in‐
creased risk of early infectious complications following orthopaedic surgery in patients with
RA. They suggest that TNF blockers should be withheld prior to orthopaedic surgery.

Ruyssen-Witrand et al. [34] performed a systematic retrospective study to assess the complica‐
tion rates after surgery in rheumatic patients treated with TNF blockers. 127 surgical proce‐
dures (107 orthopaedic procedures, 84.3%) performed in 92 rheumatic patients (71 RA patients,
77.2%) receiving TNF blockers. Orthopaedic procedures had a postoperative complication rate
of 12% (n=13) with 5.6% (n=6) of infections, whereas ‘clean’ orthopedic procedures such as joint
replacement or vertebral surgery had a complication rate of around 10% (n=4) with 7% (n=3) in‐
fections. Among the procedures where TNF blockers were discontinued more than 5 half-lives
before surgery (36 procedures), there were 19.4% (7/36) complications compared to 18.4%
(12/65) for procedures where anti-TNF therapy was interrupted less than 5 half-lives before or
was not interrupted at all (P=0.48). If therapy was discontinued for more than 2 half-lives the
complication rate was 17.6%, versus 30.0% if therapy was discontinued less than 2 half-lives be‐
fore or was not discontinued (P=0.24). Thus, interrupting TNF blockers did not decrease the
postoperative complications. No risk factors, either demographic or for severity, were statisti‐
cally significant in predicting post-surgical complications. Analysis of treatments showed more
complications with ADA (28.6%) than ETN (11.5%), but this was not statistically significant
(P=0.18). The cumulative corticosteroid dose was higher in the group with postoperative com‐
plications, but this was not also statistically significant. The authors concluded that the postop‐
erative complication rate is high in patients treated with TNF blockers, thus discontinuing TNF
therapy before surgery should be considered.

In summary of this section, it is difficult to make definite conclusion on the association be‐
tween anti-TNF therapy and SSI in RA patients undergoing orthopedic surgery due to the
retrospective nature and small sample size of most of reported studies. In 4 studies [13,
22-24], perioperative continuation of anti-TNF therapy did not increase the risk of SSI,
whereas in 3 studies [27-29], the risk of SSI was increased in anti-TNF therapy group, re‐
gardless of discontinuation of the therapy perioperatively. Another point of view, preopera‐
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tive discontinuation of TNF blockers causes the reduction of effects of the agents at the
operation date, thus the results of these studies may not show the accurate influences of
TNF blockers on the risk of SSI. However, in the other four studies [25, 26, 30, 31], appropri‐
ate preoperative discontinuation of TNF blockers did not increase the risk of SSI compared
with group on nbDMARDs. The risk factors for SSI, which most of RA patients undergoing
TJA are considered to have, reported in 17 studies were the use of TNF blockers (OR 21.80
[27], OR 5.69 [28], and OR 4.4 [33]), prednisone dosage (OR 1.433) [27], increased daily ste‐
roid intake (OR 5.0 per 5mg/day increase) [32], longer disease duration (OR 1.169 [27] and
OR 1.09 [28]), history of prior SSI or skin infection (OR 13.8) [24], primary or revision TJA for
the joint subsequently infected within the last year (OR 88.3) [32], and “clean” surgical pro‐
cedure such as TJA (OR 2.12) [29]. Thus, it may be preferable to perform TJA, if needed, be‐
fore the induction of TNF blockers [32]. In cases of prosthetic surgery after induction of TNF
blockers, their withdrawal during the perioperative period is highly recommended and ste‐
roid intake should be reduced as low as possible before surgery [32].

Further larger prospective studies are clearly needed to make clear the association between
perioperative use of TNF blockers and SSI, and in clinical practice until these studies are
done, we should discontinue TNF blockers and take a sufficient antibiotic prophylaxis with
a careful follow-up.

5. Risk of wound healing complications in RA patients treated with anti-
TNF-α agents

Patients with RA are already predisposed to impaired wound healing as a result of reduc‐
tion in skin thickness [2, 35]. Thus, many orthopaedic surgeons consider the risk of wound
healing complication to be high in RA patients, especially treated with TNF blockers [36].
Wound healing is a complex process and TNF-α is required for normal wound healing. An
“acute” wound healing process generally includes haemostasis/inflammation, proliferation
and tissue remodeling stages [37]. On the other hand, in a “chronic” wound, wound healing
is impaired and is characterized by excessive inflammation, enhanced proteolysis, and re‐
duced matrix deposition. Tarnuzzer et al. [38] demonstrated that the levels of TNF-α in fluid
from “chronic” wounds were approximately 100-fold higher than those in fluid from an
“acute” wound (mastectomy incision). However, the experimental data on the role of TNF-α
in wound healing is still controversial. Mooney et al. [2] reported that local application of
TNF-α increased wound disruption strength and eventually promoted wound healing,
whereas Rapala et al. [39] and Salomon et al. [40] reported that local application of TNF-α
down-regulated the synthesis of collagen and was detrimental to wound healing. Some
studies analyzed the effect of blockade of TNF-α on wound healing. Mori et al. [41] reported
that in TNF receptor p55-deficient mice, angiogenesis, collagen accumulation, and reepithe‐
lialization were up-regulated, and wound healing was accelerated eventually. Iglesias et al.
[42] analyzed wound healing in SWISS-OF1 mice and reported that surgical wounds
showed a higher degree of collagenization in ETN-treated versus untreated mice, with no
difference in the time course of wound healing. They concluded that anti-TNF therapy did
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the last year, particularly when TNF blockers were not interrupted before surgery, and the
daily steroid intake.

Giles et al. [33] performed a retrospective study to investigate the association between anti-
TNF therapy and the development of serious postoperative infection in RA patients under‐
going orthopaedic surgery. 91 patients were identified as having at least one orthopedic
procedure, and 10 of the 91 patients (11%) developed serious postoperative infection. The
demographic features and RA therapies between infection group (n=10) and no infection
group (n=81) were comparable. But infection group (7/10 patients; 70%) were significantly
more likely treated with TNF-α blocker at the time of surgery compared with no infection
group (28/81 patients; 35%) (P=0.041). Univariate analysis revealed that anti-TNF was signif‐
icantly associated with the development of postoperative infections (OR 4.4, 95% CI
1.10-18.41). This association remained statistically significant after adjustment for age, sex,
and disease duration (OR 4.6, 95% CI 1.1-20.0); prednisone use, diabetes, and serum rheu‐
matoid factor status (OR 5.0, 95% CI 1.1-21.9); and all these 6 variables simultaneously (OR
5.3, 95% CI 1.1-24.9). They concluded that treatment with TNF blockers associated with in‐
creased risk of early infectious complications following orthopaedic surgery in patients with
RA. They suggest that TNF blockers should be withheld prior to orthopaedic surgery.

Ruyssen-Witrand et al. [34] performed a systematic retrospective study to assess the complica‐
tion rates after surgery in rheumatic patients treated with TNF blockers. 127 surgical proce‐
dures (107 orthopaedic procedures, 84.3%) performed in 92 rheumatic patients (71 RA patients,
77.2%) receiving TNF blockers. Orthopaedic procedures had a postoperative complication rate
of 12% (n=13) with 5.6% (n=6) of infections, whereas ‘clean’ orthopedic procedures such as joint
replacement or vertebral surgery had a complication rate of around 10% (n=4) with 7% (n=3) in‐
fections. Among the procedures where TNF blockers were discontinued more than 5 half-lives
before surgery (36 procedures), there were 19.4% (7/36) complications compared to 18.4%
(12/65) for procedures where anti-TNF therapy was interrupted less than 5 half-lives before or
was not interrupted at all (P=0.48). If therapy was discontinued for more than 2 half-lives the
complication rate was 17.6%, versus 30.0% if therapy was discontinued less than 2 half-lives be‐
fore or was not discontinued (P=0.24). Thus, interrupting TNF blockers did not decrease the
postoperative complications. No risk factors, either demographic or for severity, were statisti‐
cally significant in predicting post-surgical complications. Analysis of treatments showed more
complications with ADA (28.6%) than ETN (11.5%), but this was not statistically significant
(P=0.18). The cumulative corticosteroid dose was higher in the group with postoperative com‐
plications, but this was not also statistically significant. The authors concluded that the postop‐
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retrospective nature and small sample size of most of reported studies. In 4 studies [13,
22-24], perioperative continuation of anti-TNF therapy did not increase the risk of SSI,
whereas in 3 studies [27-29], the risk of SSI was increased in anti-TNF therapy group, re‐
gardless of discontinuation of the therapy perioperatively. Another point of view, preopera‐
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tive discontinuation of TNF blockers causes the reduction of effects of the agents at the
operation date, thus the results of these studies may not show the accurate influences of
TNF blockers on the risk of SSI. However, in the other four studies [25, 26, 30, 31], appropri‐
ate preoperative discontinuation of TNF blockers did not increase the risk of SSI compared
with group on nbDMARDs. The risk factors for SSI, which most of RA patients undergoing
TJA are considered to have, reported in 17 studies were the use of TNF blockers (OR 21.80
[27], OR 5.69 [28], and OR 4.4 [33]), prednisone dosage (OR 1.433) [27], increased daily ste‐
roid intake (OR 5.0 per 5mg/day increase) [32], longer disease duration (OR 1.169 [27] and
OR 1.09 [28]), history of prior SSI or skin infection (OR 13.8) [24], primary or revision TJA for
the joint subsequently infected within the last year (OR 88.3) [32], and “clean” surgical pro‐
cedure such as TJA (OR 2.12) [29]. Thus, it may be preferable to perform TJA, if needed, be‐
fore the induction of TNF blockers [32]. In cases of prosthetic surgery after induction of TNF
blockers, their withdrawal during the perioperative period is highly recommended and ste‐
roid intake should be reduced as low as possible before surgery [32].

Further larger prospective studies are clearly needed to make clear the association between
perioperative use of TNF blockers and SSI, and in clinical practice until these studies are
done, we should discontinue TNF blockers and take a sufficient antibiotic prophylaxis with
a careful follow-up.

5. Risk of wound healing complications in RA patients treated with anti-
TNF-α agents

Patients with RA are already predisposed to impaired wound healing as a result of reduc‐
tion in skin thickness [2, 35]. Thus, many orthopaedic surgeons consider the risk of wound
healing complication to be high in RA patients, especially treated with TNF blockers [36].
Wound healing is a complex process and TNF-α is required for normal wound healing. An
“acute” wound healing process generally includes haemostasis/inflammation, proliferation
and tissue remodeling stages [37]. On the other hand, in a “chronic” wound, wound healing
is impaired and is characterized by excessive inflammation, enhanced proteolysis, and re‐
duced matrix deposition. Tarnuzzer et al. [38] demonstrated that the levels of TNF-α in fluid
from “chronic” wounds were approximately 100-fold higher than those in fluid from an
“acute” wound (mastectomy incision). However, the experimental data on the role of TNF-α
in wound healing is still controversial. Mooney et al. [2] reported that local application of
TNF-α increased wound disruption strength and eventually promoted wound healing,
whereas Rapala et al. [39] and Salomon et al. [40] reported that local application of TNF-α
down-regulated the synthesis of collagen and was detrimental to wound healing. Some
studies analyzed the effect of blockade of TNF-α on wound healing. Mori et al. [41] reported
that in TNF receptor p55-deficient mice, angiogenesis, collagen accumulation, and reepithe‐
lialization were up-regulated, and wound healing was accelerated eventually. Iglesias et al.
[42] analyzed wound healing in SWISS-OF1 mice and reported that surgical wounds
showed a higher degree of collagenization in ETN-treated versus untreated mice, with no
difference in the time course of wound healing. They concluded that anti-TNF therapy did
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not affect wound healing. Streit et al. [37] reported a case series of patients with “chronic”,
therapy-resistant leg ulcers responded well to topical application of IFX. Ashcroft et al. [43]
also reported that inhibiting TNF-α is a critical event in reversing the severely impaired
wound healing.

Surgical wound in elective orthopaedic surgery is basically considered as “acute” wound. In
the 9 of 17 studies taken up in section 4, the association between anti-TNF therapy and
“acute” wound healing complications in RA patients were reported as follows. Den Broeder
et al. [24] reported that wound dehiscence occurred more frequently in patients who contin‐
ued anti-TNF therapy (9/92 cases, 9.8%) compared to those temporarily discontinued anti-
TNF therapy (1/104 cases, 0.9%) (OR 11.2, 95% CI 1.4-90). Wendling et al. [23] reported that
three cases (6%) of delayed wound healing were recorded in patients on TNF blockers (50
surgical procedures). Ruyssen-Witrand et al. [34] reported that postoperative wound heal‐
ing complications occurred in 6 cases (4.7%) in patients treated with TNF blockers (127 sur‐
gical procedures). Kubota et al. [30] reported that delayed wound healing occurred in 15
joints (5.4%) in bio group and 12 joints (4.3%) in non-bio group, but the difference between
two groups was not statistically significant. Hirano et al. [26] reported that adverse events of
surgical wounds occurred after two operations (5.1%) in the TNF group (n=39) and five op‐
erations (6.8%) in the nbDMARDs group (n=74), but the difference between two groups was
not statistically significant. Suzuki et al. [29] reported that delayed wound healing occurred
in 14 cases (IFX; 2, ETN; 9, TCZ; 3) (0.4%) in biologics group (n=3,468). In the remaining 3 of
9 studies by Kawakami et al. [27], Momohara et al. [28], and Bibbo et al. [25], there was no
delayed wound healing in patients with anti-TNF therapy.

In summary of this section, the role of TNF-α in wound healing is still controversial. Anti-
TNF therapy seems to be preferable for improvement in healing of “chronic” wounds where
the level of TNF-α is excessive compared with “acute” wounds. Thus, perioperative discon‐
tinuation of anti-TNF therapy is preferable to decrease the risk of wound healing complica‐
tions, but reported data are controversial and insufficient to make clear conclusion about
this matter.

6. Perioperative discontinuation of anti-TNF-α agents and risk of RA
flare

For orthopaedic surgeons, one of the major concerns is whether perioperative discontinua‐
tion of TNF blockers results in flare up of the disease activity. Because RA flare may com‐
promise postoperative rehabilitation, which strongly affect the result of orthopaedic
surgery. However, the information about perioperative RA flare after discontinuation of an‐
ti-TNF therapy in perioperative period is very limited. Only some comments about the flare
were reported in 3 of 17 studies taken up section 4. Talwalker et al. [22] reported that one
flare up occurred postoperatively in a patient receiving ETN, but the flare up was well con‐
trolled once the drug was restarted. Wendling et al. [23] reported that postoperative RA
flares were observed in 6 cases (12%) and significantly associated with anti-TNF interrup‐
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tion before surgery (5 interruptions/6 cases of flare vs. 13 interruption/44 cases without flare;
Fisher’s exact value=0.02). Kawakami et al. [27] reported that RA flares during the perioper‐
ative periods were found in 17.2% (11/64) of anti-TNF group. These flares were significantly
increased in ETN group (31.0%, 9/29) compared with the IFX group (5.7%, 2/35) (P=0.009).
The reason for increased risk of postoperative RA flare in ETN compared with IFX is un‐
clear, but considered as follows. The half-life of IFX is longer than that of ETN, and in the
IFX group, the surgery was usually performed in the middle of the 8-week treatment of peri‐
od, and there was actually no withholding of anti-TNF therapy. Moreover, the function of
IFX is based on an antigen-antibody reaction, whereas the function of ETN is a reversible
connection response of ETN of TNF [27, 44].

On the other hand, intensive treatment with TNF blockers and MTX leads to clinical remission
in approximately 20-50% of RA patients. This excellent clinical result raised a new problem,
whether the patients with RA on TNF therapy can discontinue their therapy after acquisition of
low disease activity (LDA). In the BeST study [45], 67% of RA patients treated early with combi‐
nation of IFX and MTX were able to stop anti-TNF treatment. Brocq et al. [46] performed a small
prospective cohort study to determine the time to relapse after cessation of TNF antagonist ther‐
apy. The mean disease duration was 11.3 years. Amongst the 20 patients, three quarter (75%) re‐
lapsed within the first 12 months with the mean time to relapse of 15 weeks. Saleem et al. [47]
reported comparative data for patients treated early (n=27) versus late (n=20) with combination
therapy of MTX and anti-TNF. All patients fulfilled the criteria of clinical remission for at least 6
months. Anti-TNF therapy was then discontinued, while remaining on MTX for 24 months. The
primary outcome measure was a flare of the disease determined by an increase in Disease Activ‐
ity Score (DAS). At 24 months, there were significantly more patients in the initial treatment
group that had sustained remission compared with the delayed treatment group (59% vs. 15%,
P=0.003). Shorter disease duration was found for be a predictor of sustained remission follow‐
ing cessation of TNF blockers. Tanaka et al. [48] conducted a multicenter study (remission in‐
duction by Remicade in RA; RRR study) to determine whether IFX might be discontinued after
achievement of LDA in patient with RA and to evaluate progression of articular destruction
during the discontinuation. 114 RA patients with RA who had received IFX treatment, and dis‐
continued the drug after achieving DAS 28<3.2 (LDA) for >24 weeks, were studied. The mean
disease duration of the 114 patients was 5.9 years, mean DAS28 5.5 and modified total Sharp
score (mTSS) 63.3. 12 patients withdrew from the study. Out of the 102 patients, 56 patients
(55%) remained to have DAS 28<3.2 (RRR-achieved group) and 44 patients (43%) reached DAS
28<2.6 at 1 year after discontinuing IFX. On the other hand, 29 patients flared within 1 year
(mean duration 6.4 months) after the discontinuation and in 17 patients DAS28 was >3.2 at 1
year. Thus, the remission induction by IFX was failed in 46 patients (45%) at 1 year after the dis‐
continuation (RRR-failed group). Yearly progression of mTSS (ΔTSS) remained <0.5 (structural
remission) in 67% and 44% of the RRR-achieved and RRR-failed group, respectively. Patients
for whom RRR was achieved were younger (49.5 vs. 56.1 years), their disease duration was
shorter (4.8 vs. 7.8 years) and mTSS was lower (46.9 vs. 97.2) than for those whom RRR failed.
DAS28 at RRR-study entry had the most marked correlation with the maintenance of LDA for 1
year after the discontinuation. They concluded that after attaining LDA by IFX, 55% of the pa‐
tients with RA able to discontinue IFX for >1 year without progression of radiological articular
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“acute” wound healing complications in RA patients were reported as follows. Den Broeder
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In summary of this section, the role of TNF-α in wound healing is still controversial. Anti-
TNF therapy seems to be preferable for improvement in healing of “chronic” wounds where
the level of TNF-α is excessive compared with “acute” wounds. Thus, perioperative discon‐
tinuation of anti-TNF therapy is preferable to decrease the risk of wound healing complica‐
tions, but reported data are controversial and insufficient to make clear conclusion about
this matter.

6. Perioperative discontinuation of anti-TNF-α agents and risk of RA
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For orthopaedic surgeons, one of the major concerns is whether perioperative discontinua‐
tion of TNF blockers results in flare up of the disease activity. Because RA flare may com‐
promise postoperative rehabilitation, which strongly affect the result of orthopaedic
surgery. However, the information about perioperative RA flare after discontinuation of an‐
ti-TNF therapy in perioperative period is very limited. Only some comments about the flare
were reported in 3 of 17 studies taken up section 4. Talwalker et al. [22] reported that one
flare up occurred postoperatively in a patient receiving ETN, but the flare up was well con‐
trolled once the drug was restarted. Wendling et al. [23] reported that postoperative RA
flares were observed in 6 cases (12%) and significantly associated with anti-TNF interrup‐
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tion before surgery (5 interruptions/6 cases of flare vs. 13 interruption/44 cases without flare;
Fisher’s exact value=0.02). Kawakami et al. [27] reported that RA flares during the perioper‐
ative periods were found in 17.2% (11/64) of anti-TNF group. These flares were significantly
increased in ETN group (31.0%, 9/29) compared with the IFX group (5.7%, 2/35) (P=0.009).
The reason for increased risk of postoperative RA flare in ETN compared with IFX is un‐
clear, but considered as follows. The half-life of IFX is longer than that of ETN, and in the
IFX group, the surgery was usually performed in the middle of the 8-week treatment of peri‐
od, and there was actually no withholding of anti-TNF therapy. Moreover, the function of
IFX is based on an antigen-antibody reaction, whereas the function of ETN is a reversible
connection response of ETN of TNF [27, 44].

On the other hand, intensive treatment with TNF blockers and MTX leads to clinical remission
in approximately 20-50% of RA patients. This excellent clinical result raised a new problem,
whether the patients with RA on TNF therapy can discontinue their therapy after acquisition of
low disease activity (LDA). In the BeST study [45], 67% of RA patients treated early with combi‐
nation of IFX and MTX were able to stop anti-TNF treatment. Brocq et al. [46] performed a small
prospective cohort study to determine the time to relapse after cessation of TNF antagonist ther‐
apy. The mean disease duration was 11.3 years. Amongst the 20 patients, three quarter (75%) re‐
lapsed within the first 12 months with the mean time to relapse of 15 weeks. Saleem et al. [47]
reported comparative data for patients treated early (n=27) versus late (n=20) with combination
therapy of MTX and anti-TNF. All patients fulfilled the criteria of clinical remission for at least 6
months. Anti-TNF therapy was then discontinued, while remaining on MTX for 24 months. The
primary outcome measure was a flare of the disease determined by an increase in Disease Activ‐
ity Score (DAS). At 24 months, there were significantly more patients in the initial treatment
group that had sustained remission compared with the delayed treatment group (59% vs. 15%,
P=0.003). Shorter disease duration was found for be a predictor of sustained remission follow‐
ing cessation of TNF blockers. Tanaka et al. [48] conducted a multicenter study (remission in‐
duction by Remicade in RA; RRR study) to determine whether IFX might be discontinued after
achievement of LDA in patient with RA and to evaluate progression of articular destruction
during the discontinuation. 114 RA patients with RA who had received IFX treatment, and dis‐
continued the drug after achieving DAS 28<3.2 (LDA) for >24 weeks, were studied. The mean
disease duration of the 114 patients was 5.9 years, mean DAS28 5.5 and modified total Sharp
score (mTSS) 63.3. 12 patients withdrew from the study. Out of the 102 patients, 56 patients
(55%) remained to have DAS 28<3.2 (RRR-achieved group) and 44 patients (43%) reached DAS
28<2.6 at 1 year after discontinuing IFX. On the other hand, 29 patients flared within 1 year
(mean duration 6.4 months) after the discontinuation and in 17 patients DAS28 was >3.2 at 1
year. Thus, the remission induction by IFX was failed in 46 patients (45%) at 1 year after the dis‐
continuation (RRR-failed group). Yearly progression of mTSS (ΔTSS) remained <0.5 (structural
remission) in 67% and 44% of the RRR-achieved and RRR-failed group, respectively. Patients
for whom RRR was achieved were younger (49.5 vs. 56.1 years), their disease duration was
shorter (4.8 vs. 7.8 years) and mTSS was lower (46.9 vs. 97.2) than for those whom RRR failed.
DAS28 at RRR-study entry had the most marked correlation with the maintenance of LDA for 1
year after the discontinuation. They concluded that after attaining LDA by IFX, 55% of the pa‐
tients with RA able to discontinue IFX for >1 year without progression of radiological articular
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progression. Klarenbeek et al. [49] conducted a study using five-year data of the BeSt study to
determine the relapse rate after discontinuing treatment in patients with RA in sustained clini‐
cal remission, to identify predictors of relapse and evaluate treatment response after restarting
treatment. 508 patients with recent-onset RA were randomized into four dynamic treatment
strategies, aiming at DAS≦2.4. When DAS was <1.6 for≧6months, the last DMARD was ta‐
pered and discontinued. If DAS increased ≧1.6, the last DMARD was immediately reintro‐
duced. 115/508 patients (23%) achieved drug-free remission during a five-year period. Of these
53/115 patients (46%) restarted treatment because the DAS≧1.6 after a median of 5 months,
59/115 patients (51%) remained drug-free remission for median duration of 23 months. To focus
the group of initial combination with IFX (n=128), 36/128 patients (28%) achieved drug-free re‐
mission during a five-year period. Of these 15/36 patients (42%) restarted treatment, 21/36 pa‐
tients (58%) remained drug-free remission. Of the 53 patients who restarted treatment, 39 (74%)
again achieved remission 3-6 months after the restart without showing radiological progres‐
sion during the relapse.

As mentioned above, after maintaining LDA by intensive treatment with TNF blockers, dis‐
continuation of TNF blockers without disease flare, joint damage progression, and function‐
al impairment is possible in some RA patients. Patients with shorter disease duration are
more likely to remain in remission after discontinuing TNF blockers compared to their
counterparts with established disease [45-48]. Furthermore, patients with longstanding dis‐
ease are more likely to have orthopaedic surgical intervention, especially prosthetic surgery,
compared to those with early disease. However, the significance of discontinuation of anti-
TNF therapy in perioperative periods is different from the cessation after achievement of
LDA. Because perioperative discontinuation of anti-TNF therapy is basically temporary, and
the therapy is restarted promptly after confirmation of good wound healing and no evi‐
dence of infection. Therefore, if TNF blockers are withheld prior to surgery, those with lon‐
ger disease duration need to be monitored carefully for features of relapse [36].

In summary of this section, perioperative discontinuation of anti-TNF therapy in elective or‐
thopaedic surgery likely caused postoperative RA flare. The risk of postoperative flare was
increased in ETN which had a shorter half-life compared with IFX, and also increased in the
patients with long disease duration. Shortening the period of withholding anti-TNF therapy
is desirable to prevent the postoperative flare, but shortening the duration of discontinua‐
tion may cause an increase in SSI and wound healing complications. This is the clinical di‐
lemma for orthopaedic surgeons. Data on this matter also insufficient to make definite
conclusion, thus further studies are clearly needed.

7. Recommended perioperative discontinuation period of anti-TNF-α
agents in national guidelines

Although the conclusions about the influences of continuation of anti-TNF therapy in perio‐
perative period on SSI, wound healing and RA flare are somewhat conflicting, but there are
few studies which recommend the perioperative continuation of anti-TNF therapy positive‐
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ly. The national guidelines on each society recommend preoperative discontinuation of TNF
blockers and show the preoperative off-period based on the half-life of each agents (Table 1).

mean half-life 2 half-lives 3 half-lives 5 half-lives

(days) (days) (days) (days)

Infliximab (IFX) 8-10 16-20 24-30 40-50

Etanercept (ETN) 4.3 8.6 12.9 21.5

Adalimumab (ADA) 14 28 42 70

Golimumab (GOL) 12 24 36 60

Certolizumab (CTZ) 14 28 42 70

Table 1. Mean half-lives of TNF blockers

The current American Society of Rheumatology (ACR) guidelines (2008) state that anti-TNF
should not be used during the preoperative period, for at least 1week prior to and 1 week
after surgery. It was recommended this decision should be further tempered by the pharma‐
cokinetic properties of a given biologic agent (e.g., longer periods of time off therapy may be
appropriate when using agents with longer half-lives.), and the type of surgery [50].

The recently updated British Society of Rheumatology (BSR) guidelines (2010) propose as
follows. In RA patients on anti-TNF, the potential benefit of preventing postoperative infec‐
tions by stopping treatment (different surgical procedures pose different risks of infection
and wound healing) should be balanced against the risk of a perioperative flare in RA activi‐
ty. If anti-TNF is to be stopped before surgery, consideration should be given TNF blockers
three to five times the half-life of the relevant drug prior to surgery and should not be re‐
started after surgery until there is good wound healing and no evidence of infection [51].

The Club Rhumatismes et Inflammation (CRI) (French Society of Rheumatology) provides
guidelines that based on drug half-lives and clinical settings. For minor surgery, in a sterile
setting with minor risk infection, IFX, ADA and ETN should be withheld, respectively, at
least 1 month, 3-4 weeks and 1-2 weeks. However, for surgery performed in a septic envi‐
ronment, the respective duration for interruption of IFX, ADA and ETN are 8, 4-6 and 2-3
weeks [52].

Recently updated the Board of Japan College of Rheumatology (JCR) guidelines (2012) cau‐
tion that surgery should be delayed until a sufficient time had elapsed from the last admin‐
istration of TNF-α antagonists (recommend to keep 2-4 weeks for ETN or 4 weeks for IFX
with long half-life), because it is not clear whether or not TNF-α blockade interferes with the
healing of wounds and prevention of postoperative infection. Treatment with TNF-α antag‐
onists could be resumed after complete healing of the surgical wound and in the absence of
any postoperative infection [53].

The Canadian Rheumatology Association (CRA) guidelines state that biologic DMARD
should be held prior to surgical procedures. The timing for withholding biologic DMARD
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thopaedic surgery likely caused postoperative RA flare. The risk of postoperative flare was
increased in ETN which had a shorter half-life compared with IFX, and also increased in the
patients with long disease duration. Shortening the period of withholding anti-TNF therapy
is desirable to prevent the postoperative flare, but shortening the duration of discontinua‐
tion may cause an increase in SSI and wound healing complications. This is the clinical di‐
lemma for orthopaedic surgeons. Data on this matter also insufficient to make definite
conclusion, thus further studies are clearly needed.

7. Recommended perioperative discontinuation period of anti-TNF-α
agents in national guidelines

Although the conclusions about the influences of continuation of anti-TNF therapy in perio‐
perative period on SSI, wound healing and RA flare are somewhat conflicting, but there are
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ly. The national guidelines on each society recommend preoperative discontinuation of TNF
blockers and show the preoperative off-period based on the half-life of each agents (Table 1).
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The current American Society of Rheumatology (ACR) guidelines (2008) state that anti-TNF
should not be used during the preoperative period, for at least 1week prior to and 1 week
after surgery. It was recommended this decision should be further tempered by the pharma‐
cokinetic properties of a given biologic agent (e.g., longer periods of time off therapy may be
appropriate when using agents with longer half-lives.), and the type of surgery [50].

The recently updated British Society of Rheumatology (BSR) guidelines (2010) propose as
follows. In RA patients on anti-TNF, the potential benefit of preventing postoperative infec‐
tions by stopping treatment (different surgical procedures pose different risks of infection
and wound healing) should be balanced against the risk of a perioperative flare in RA activi‐
ty. If anti-TNF is to be stopped before surgery, consideration should be given TNF blockers
three to five times the half-life of the relevant drug prior to surgery and should not be re‐
started after surgery until there is good wound healing and no evidence of infection [51].

The Club Rhumatismes et Inflammation (CRI) (French Society of Rheumatology) provides
guidelines that based on drug half-lives and clinical settings. For minor surgery, in a sterile
setting with minor risk infection, IFX, ADA and ETN should be withheld, respectively, at
least 1 month, 3-4 weeks and 1-2 weeks. However, for surgery performed in a septic envi‐
ronment, the respective duration for interruption of IFX, ADA and ETN are 8, 4-6 and 2-3
weeks [52].

Recently updated the Board of Japan College of Rheumatology (JCR) guidelines (2012) cau‐
tion that surgery should be delayed until a sufficient time had elapsed from the last admin‐
istration of TNF-α antagonists (recommend to keep 2-4 weeks for ETN or 4 weeks for IFX
with long half-life), because it is not clear whether or not TNF-α blockade interferes with the
healing of wounds and prevention of postoperative infection. Treatment with TNF-α antag‐
onists could be resumed after complete healing of the surgical wound and in the absence of
any postoperative infection [53].

The Canadian Rheumatology Association (CRA) guidelines state that biologic DMARD
should be held prior to surgical procedures. The timing for withholding biologic DMARD
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should be based on the individual patient, the nature of the surgery, and the pharmacoki‐
netic properties of the agent. Biologic DMARD may be restarted postoperatively if there is
no evidence of infection and wound healing is satisfactory [54].

In clinical practice, we should follow each one’s national guidelines and medical circum‐
stance of each country. We summarized concisely the recommendations of main national
guidelines in Table 2.

Recommended perioperative management of TNF blockers

American Society of

Rheumatology (ACR)

*Discontinue for at least 1week prior to and 1 week after surgery

(this decision should be further tempered by the pharmacokinetic

properties of a given biologic agent and the type of surgery)

British Society of

Rheumatology (BSR)

*Discontinuation should be balanced against the risk of a

perioperative RA flare (three to five times the half-life of the relevant

drug prior to surgery) *Should not be restarted after surgery until

there is good wound healing and no evidence of infection

Club Rhumatismes et

Inflammation (CRI)

*Minor surgery: discontinue for at least 1 month (infliximab), 3-4

weeks (adalimumab) and 1-2 weeks (etanercept) *Surgery in a

septic environment: discontinue for 8 weeks (infliximab), 4-6 weeks

(adalimumab) and 2-3 weeks(etanercept)

Japan College of

Rheumatology (JCR)

*Discontinue for 2-4 weeks (etanercept) or 4 weeks (infliximab)

*Could be resumed after complete healing of the surgical wound

and in the absence of any postoperative infection

Canadian Rheumatology

Association (CRA)

*Discontinuation should be based on the individual patient, the

nature of the surgery, and the pharmacokinetic properties of the

agent. *Restarted postoperatively if there is no evidence of infection

and wound healing is satisfactory

Table 2. Recommendations for perioperative management of TNF blockers in national guidelines

8. Conclusions

It is difficult to draw definite conclusion on the influence of perioperative use of TNF block‐
ers on the risk of SSI, wound healing and flare of disease activity in RA patients undergoing
orthopaedic surgery, due to the retrospective nature and small sample size of most of past
studies. Although we have a limitation in the review of the perioperative management of
TNF blockers, it is seemed for us that perioperative discontinuation of anti-TNF therapy was
preferable to decrease the risk of SSI and wound healing complication, whereas it likely
caused the increased risk of RA flare. At present, the national guidelines on each society rec‐
ommend preoperative discontinuation of TNF blockers.

Innovative Rheumatology124

The risk  factors  for  SSIs,  which most  of  RA patients  undergoing TJA are  considered to
have,  are  the  use  of  TNF blockers,  increased daily  steroid intake,  older  age and longer
disease  duration,  history  of  prior  SSI  or  skin  infection,  and  “clean”  surgical  procedure
such as TJA, thus it may be preferable to perform TJA, if needed, before the induction of
TNF blockers.  When withholding the anti-TNF therapy, the potential  benefit  of prevent‐
ing SSI (different surgical procedures pose different risks of infection and wound healing)
should be balanced against the risk of RA flare, and we should also take pharmacokinetic
properties  of  the  agents  into  consideration.  Shortening  the  period  of  withholding  anti-
TNF therapy is desirable to prevent the postoperative flare, but it may cause an increase
in SSI and wound healing complications. This is the clinical dilemma for orthopaedic sur‐
geons.  Further larger prospective studies are clearly needed to make definite conclusion
of perioperative management of TNF blockers, and in clinical practice until these studies
are done, we should follow each one’s national guidelines and take a sufficient antibiotic
prophylaxis with a careful follow-up.
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1. Introduction

Rheumatoid arthritis (RA) is a chronic, autoimmune disease, which attacks the joints but
also  may cause  extra-articular  complications.  The  disease  can  present  itself  in  a  variety
of ways. It  depends on many factors,  including the presence of rheumatoid factor,  pres‐
ence and rate  of  anti-CCP,  number of  swollen and painful  joints  (over  20 in the begin‐
ning  of  the  disease),  levels  of  inflammatory  markers  (ESR,  CRP),  patient’s  young  age,
occurrence  of  rheumatoid  nodules.  Patients  who  present  the  above  criteria,  especially
with  early,  polyarticular  onset  of  the  disease,  have  usually  aggressive,  progressive  and
destructive course of the disease manifested by extra-articular manifestations. Proper pri‐
mary treatment  in  the early  stage of  RA may reduce the number of  swollen joints  and
severity  of  inflammation,  slow  the  progression  of  joint  deformations  and  decrease  the
amount  of  erosions.  However,  it  does  not  completely  preserve  the  occurrence  of  extra-
articular  complications.  A  lot  of  these  complications  can  be  observed  in  patients  with
long lasting  RA,  with  recurrent  exacerbations,  undertreated or  non compliant.  Many of
RA symptoms can also be seen in other diseases. That is why the recognition of the dis‐
ease in many times is difficult.

In this paper we provide overview of major extra-articular complications of RA, describing
its incidence and clinical features. To illustrate the complexity, variety of course and most
common diagnostic problems, descriptions of four case studies are also included.
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2. Non joint related complications of rheumatoid arthritis

Because there is no agreed classification of complications accompanying RA, this paper in‐
cludes not only extra articular manifestations but also non-articular complications of RA.

2.1. Rheumatoid anemia

Normocytic or microcytic anemia is a relatively common feature of RA. The development of
anemia is related to the effects of proinflammatory cytokines: tumor necrosis factor alpha
(TNF-α), interferon gamma (IFN-γ), interleukin-1 (IL-1), and interleukin-6 (IL-6) [1].

Anemia in RA is a result of iron deficiency, related to increased hepcidin production, which
is a recognized key factor of this disease. Hepcidin is a peptide hormone produced by the
liver. It inhibits intestinal iron absorption, iron release from macrophages and hepatocytes
and placental iron transport [2]. As a result, these mechanisms decrease iron delivery. The
main mediator of hepcidin increase in inflammation is IL-6 [2]. The IL-6–dependent STAT-3
pathway and the unfolded protein response–associated cyclic AMP response element-bind‐
ing protein-H (CREBH) pathway are responsible for the signal transduction pathways that
regulate hepcidin during inflammation and endoplastic reticulum stress [3].

Another factor regulating hepcidin level during inflammation is IL-1. It has been shown that
hepatocytes can be stimulated directly by the cytokines IL-6, IL-1α, and IL-1β to produce
hepcidin [4]. Moreover, IL-1 induces hypoferremia [5], up-regulates ferritin [6], and plays a
primary role in the anemia of chronic inflammation [7].

It has been shown that increased TNF–α levels correlate with systemic iron deficiency [8].
Levels of TNF-α were found to be significantly higher in anemic compared to non-anemic
patients [9]. TNF–α is a pro-inflammatory cytokine that decreases iron level through mecha‐
nisms that are independent of the induction of hepcidin [10]. Experiments with laboratory
animals shown that treatment with TNF-α down-regulate mucosal transfer of iron [11]. Du‐
odenal ferritin levels are induced in these animals, providing for iron storage during the
acute phase response [12]. This mechanism would prevent dietary iron exsorption across the
mucosa to circulation [13]. Treatment of macrophages with TNF-α, surprisingly is associat‐
ed with a rise in intracellular free or labile iron that is required for activation of the tran‐
scription factor NF-κB [14]. NF-κB is an important regulator of cellular responses to stimuli
such as stress. Reduction of intracellular iron by chelation has an inhibitory effect on NF-κB
induction of TNF-α and other cytokines [15,16]. Further studies of the TNF-α mechanism are
needed to better understand its reciprocal relationship with iron and control of the NF-κB
inflammatory response [13].

It is considered that IFN-γ can also modulate iron status. Recent In vitro studies suggest that
IFN-γ may modulate hepcidin induction by M. tuberculosis infected macrophages [17]. In
vivo studies have shown that a high iron diet will reduce IFN-γ [18], implicating its role in
the deleterious effects that iron-loading can have on the immune response. IFN-γ is a key
modulator of macrophage iron status and immune functions [13]. In vitro studies show that
IFN-γ could induce nitric oxide production–mediated apoptosis process, which might be in‐
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volved in the pathogenesis of anemia in RA patients [19]. There is evidence suggesting that
increased local IFN- γ production in bone marrow may be implicated in the pathogenesis of
anemia seen in up to 50% of patients with RA [20].

The best way of correcting anemia is to control systemic disease by treatment with disease-
modifying antirheumatic drugs (DMARDs). It has been shown that treatment with inflixi‐
mab and methotrexate significantly improves hemoglobin level among anemic RA patients
when compared to treatment with placebo and methotrexate [21]. In trials of tocilizumab in
RA substantial increase of hemoglobin levels was shown in patients with anemia in compar‐
ison to patients without the disease [22]. In patients with persistent anemia, an erythropoie‐
tin therapy may be considered. Erythropoietin therapy might be used if hormone level in
serum is lower than 500 mU/ml [23].

2.2. Rheumatoid nodules

Rheumatoid nodules (RN) are the most common extraskeletal manifestations of RA. RN oc‐
cur in approximately 20-35% of seropositive patients [24]. It does not depend on the severity
of inflammation. Rheumatoid nodules usually appear in patient with long lasting and active
inflammation process in RA (average disease duration of eleven years) [33]. However, 11%
of patients have RN in early stage of the disease, sometimes even earlier than inflammation
process in the joints. RN affects males more than females. Nodules are formed most fre‐
quently in soft tissues, skin colored, painless, movable. However, they can also be painful
and attached to the structure below tendons and bursae. They gain size from 2 mm to a cou‐
ple of centimeters in diameter. They appear in extensor parts of limbs in the proximal area
of interphalangeal and metacarpophalangeal joints, proximal forearm, elbows, foots and an‐
kles [25]. The nodules can occur not only subcutaneous but also internally – in lungs [26]
and other internal organs (heart [27], liver [28], pancreas [29], kidney [30]).

In histopathology, rheumatoid nodules contain massive areas of sharply defined necrobiosis,
specifically eosinophilic necrobiotic granuloma in the centere, surrounded by a palisade of
macrophages and fibroblasts, and a peripheral vascular area containing T lymphocytes and
macrophages. Nodules have collagen degeneration and common fibrosis. Usually there are
inflammatory components (tuberculoid and sarcoid reactions) [31]. Immunohistochemical
studies of a rheumatoid nodules (RN) suggest that it is a Th1 granuloma with focal vasculi‐
tis. According to Hodkinson, patients with rheumatoid nodules have increased level of cir‐
culating Th1 and IL-12, IL-2, and VEGF levels and IL-8, than those without RN [32].

Etiology of RN is unknown, but there are series of studies suggesting that nodules are an
effect of repeated trauma in the local tissue, which induce local vascular damage, and in‐
crease the level of proangiogenesis factors and cause granulation of tissue formations [32].

Nodules are usually asymptomatic but sometimes there is inflammation, ulceration, deeper
nodules can have fistula. In this case a surgical and antibiotic treatment is required. Al‐
though RNs are a cosmetic issue and usually do not need medical treatment. Nodules can
enlarge, recur or persist indefinitely. Sometimes nodules undergo remission after colchicine,
hydroxychloroquine and D-penicillamine [34]. There are two (Ching et al. and Baan et al.)
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and other internal organs (heart [27], liver [28], pancreas [29], kidney [30]).

In histopathology, rheumatoid nodules contain massive areas of sharply defined necrobiosis,
specifically eosinophilic necrobiotic granuloma in the centere, surrounded by a palisade of
macrophages and fibroblasts, and a peripheral vascular area containing T lymphocytes and
macrophages. Nodules have collagen degeneration and common fibrosis. Usually there are
inflammatory components (tuberculoid and sarcoid reactions) [31]. Immunohistochemical
studies of a rheumatoid nodules (RN) suggest that it is a Th1 granuloma with focal vasculi‐
tis. According to Hodkinson, patients with rheumatoid nodules have increased level of cir‐
culating Th1 and IL-12, IL-2, and VEGF levels and IL-8, than those without RN [32].

Etiology of RN is unknown, but there are series of studies suggesting that nodules are an
effect of repeated trauma in the local tissue, which induce local vascular damage, and in‐
crease the level of proangiogenesis factors and cause granulation of tissue formations [32].

Nodules are usually asymptomatic but sometimes there is inflammation, ulceration, deeper
nodules can have fistula. In this case a surgical and antibiotic treatment is required. Al‐
though RNs are a cosmetic issue and usually do not need medical treatment. Nodules can
enlarge, recur or persist indefinitely. Sometimes nodules undergo remission after colchicine,
hydroxychloroquine and D-penicillamine [34]. There are two (Ching et al. and Baan et al.)
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double-blind randomized studies with corticosteroids injections and placebo [35,36]. Ching
et al. injected 24 nodules in 11 patients and concluded that it is a safe and effective way of
treating rheumatoid nodules [36]. Baan et al. has a similar conclusion. Surgical removal of
the nodules may be considered if they limit joint motion [35].

2.3. Thrombocytosis

Thrombocytosis  is  one of  the  most  common extra-articular  manifestations  of  RA and is
often correlated with the disease activity. Thrombocytosis is a manifestation observed in
40% of active patients with rheumatoid arthritis, it usually occurs during the active clini‐
cal stages of RA.

Thrombocytes or platelets are cytoplasmic fragments shed from mature megakaryocytes.
These cells are implicated in the pathophysiology of a number of connective tissue disor‐
ders, including RA. Presence of platelets was documented in synovium [37] and synovial
fluid of RA patients [38]. Activation of platelets in RA was observed in number of studies
[39-42]. Platelet alpha granules contains number of biologically active substances, which re‐
leased in response to activation, may contribute to the inflammatory cascade. Thrombocytes
are a source of a number of substances e.g. P-selectin, platelet-derived growth factor, CTAP-
III, acidic and basic fibroblast growth factor, epidermal growth factor, transforming growth
factor beta, which may influence inflammation [43]. Positive correlation between P-selectine,
platelets number and RA activity was observed [39].

Recent studies indicate that proinflammatory cytokines, playing a role in disease develop‐
ment, may have also megakaryocytopoetic/thrombopoetic properties [43]. Persistent over‐
production of certain thrombocytopoietic factors can induce megakaryocytopoiesis and
thrombocytopoiesis [44]. The megakaryocytopoiesis and inflammatory cascade of RA share
hematopoietic cytokines and respond to a number of colony-stimulating factors. Progenitors
of osteoclasts are important cells during the development of erosion [45]. Megakaryocyto‐
poiesis – is a complex process of development of megakaryocytes from pluripotent stem
cells. The process includes a number of events: cell division, endoreplication, abortive mito‐
sis, and maturation which may result in the biogenesis of platelets [43]. Megakaryocytes and
platelet production are dependent on the interactions of hematopoietic stem/progenitor
cells, the bone marrow stromal microenvironment and intracellular events and are influ‐
enced by certain interleukins, colony-stimulating factors (CSF), and hormones which stimu‐
late proliferation and differentiation at different stages [46]. Each day, approximately two
hundred milliards of platelets are released into the circulation of healthy adults [43].

The  main  proinflammatory  cytokines  of  RA,  TNF-α  and  IL-1β,  could  contribute  to  the
production  of  thrombocytes.  Although  not  primarily  involved  in  the  production  of
thrombocytes in the marrow, TNF-α and IL-1 can influence on thrombocytosis during in‐
flammation  by  inducing  synthesis  and  secretion  of  megakaryocytopoietic  cytokines  (i.e.
stem cell factor, granulocyte colony-stimulating factor, IL-6, IL-11, and leukemia inhibito‐
ry factor) [rewieved by 43]. Interleukin-1 is also a potent inducer of IL-6 megakaryopoie‐
sis stimulatory cytokine [47].
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IL-4 important anti inflammatory cytokine may also play dual regulatory role in thrombo‐
poiesis of RA. It functions as a downregulator of megakaryocytopoiesis [48], but also inter‐
acts with other cytokines, costimulating the growth of hematopoietic precursors [49-51]. It
was shown that IL-4 increases along with IL-1 and IL-6 in patients with active RA complicat‐
ed by thrombocytosis [43, 52 and 53].

Roles of different pleiotropic megakaryocytopoietic cytokines have been investigated in pa‐
tients with thrombocytosis secondary to RA. Among those cytokines, IL-6 predominates in
the stimulation of megakaryopoiesis [54]. Moreover, IL-6 may be responsible for the higher
TPO in inflammatory events [55]. IL-6 and thrombopoietin (TPO) may be responsible for the
development of reactive thrombocytosis in RA [52, 53 and 56]. Thrombopoietin (TPO) is the
main regulator hormone of platelet production. The binding of TPO to its receptor influen‐
ces all stages of megakaryocyte development and thrombocytosis both in vivo and in vitro
[57]. Enhanced megakaryocyte and platelet mass can act as negative feedback to the mega‐
karyocytopoiesis via receptor-mediated uptake and catabolism of the TPO [57]. Therefore,
TPO, proinflammatory cytokines, anti-inflammatory mediators, megakaryocyte mass, and
platelets themselves act in concert to regulate megakaryocytopoiesis of RA. Platelets can al‐
so be activated, and the growth hormones secreted from their alpha granules may actively
contribute to the tissue inflammation associated with RA [39-42].

2.4. Pulmonary involvement

Pulmonary involvement includes pleurisy/ pleural effusion, rheumatoid nodules, interstitial
involvement, pulmonary vasculitis - pulmonary hypertension, airways involvement (oblit‐
erative bronchiolitis), drug-induced lung diseases.

Patients with RA have different prevalence of lung involvement. Estimated prevalence de‐
pends on the method of detection. For example, the incidence of lung involvement based on
X-rays occurs in 1-12% of patients [58]. Next the functional test of lung capacity reveals
5-15% prevalence of restrictive lung disease [59]. However a reduction in the capacity of the
lung to diffuse carbon monoxide was observed in more than 50% of the patients with RA
[60]. The high-resolution computer tomography (HRCT) is the most sensitive detector of
pulmonary changes in RA patients. The prevalence of lung involvement is up to 80% in RA
patients [60].

Pleurisy/pleural effusion are the most common manifestations of the lung disease in RA.
The prevalence is about 5- 20% of patients with rheumatoid arthritis [61]. The occurrence is
significantly higher when considering postmortem studies - 40% - 75% [62]. Pleurisy ap‐
pears in patients with active RA, more frequently in males than females. The amount of
pleural effusion is usually small, and most of the patients do not require pleural puncture.
The fluid is present over a couple of weeks. It resolves usually after corticosteroids therapy
and DMARD’s therapy. Sometimes when the amount of the fluid is high and the patient has
symptoms of pulmonary insufficiency (short of breath, chest pain, cough) the thoracentesis
is needed. Each time any infections and malignancy should be excluded in the first place.
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double-blind randomized studies with corticosteroids injections and placebo [35,36]. Ching
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the nodules may be considered if they limit joint motion [35].
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III, acidic and basic fibroblast growth factor, epidermal growth factor, transforming growth
factor beta, which may influence inflammation [43]. Positive correlation between P-selectine,
platelets number and RA activity was observed [39].

Recent studies indicate that proinflammatory cytokines, playing a role in disease develop‐
ment, may have also megakaryocytopoetic/thrombopoetic properties [43]. Persistent over‐
production of certain thrombocytopoietic factors can induce megakaryocytopoiesis and
thrombocytopoiesis [44]. The megakaryocytopoiesis and inflammatory cascade of RA share
hematopoietic cytokines and respond to a number of colony-stimulating factors. Progenitors
of osteoclasts are important cells during the development of erosion [45]. Megakaryocyto‐
poiesis – is a complex process of development of megakaryocytes from pluripotent stem
cells. The process includes a number of events: cell division, endoreplication, abortive mito‐
sis, and maturation which may result in the biogenesis of platelets [43]. Megakaryocytes and
platelet production are dependent on the interactions of hematopoietic stem/progenitor
cells, the bone marrow stromal microenvironment and intracellular events and are influ‐
enced by certain interleukins, colony-stimulating factors (CSF), and hormones which stimu‐
late proliferation and differentiation at different stages [46]. Each day, approximately two
hundred milliards of platelets are released into the circulation of healthy adults [43].

The  main  proinflammatory  cytokines  of  RA,  TNF-α  and  IL-1β,  could  contribute  to  the
production  of  thrombocytes.  Although  not  primarily  involved  in  the  production  of
thrombocytes in the marrow, TNF-α and IL-1 can influence on thrombocytosis during in‐
flammation  by  inducing  synthesis  and  secretion  of  megakaryocytopoietic  cytokines  (i.e.
stem cell factor, granulocyte colony-stimulating factor, IL-6, IL-11, and leukemia inhibito‐
ry factor) [rewieved by 43]. Interleukin-1 is also a potent inducer of IL-6 megakaryopoie‐
sis stimulatory cytokine [47].
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poiesis of RA. It functions as a downregulator of megakaryocytopoiesis [48], but also inter‐
acts with other cytokines, costimulating the growth of hematopoietic precursors [49-51]. It
was shown that IL-4 increases along with IL-1 and IL-6 in patients with active RA complicat‐
ed by thrombocytosis [43, 52 and 53].

Roles of different pleiotropic megakaryocytopoietic cytokines have been investigated in pa‐
tients with thrombocytosis secondary to RA. Among those cytokines, IL-6 predominates in
the stimulation of megakaryopoiesis [54]. Moreover, IL-6 may be responsible for the higher
TPO in inflammatory events [55]. IL-6 and thrombopoietin (TPO) may be responsible for the
development of reactive thrombocytosis in RA [52, 53 and 56]. Thrombopoietin (TPO) is the
main regulator hormone of platelet production. The binding of TPO to its receptor influen‐
ces all stages of megakaryocyte development and thrombocytosis both in vivo and in vitro
[57]. Enhanced megakaryocyte and platelet mass can act as negative feedback to the mega‐
karyocytopoiesis via receptor-mediated uptake and catabolism of the TPO [57]. Therefore,
TPO, proinflammatory cytokines, anti-inflammatory mediators, megakaryocyte mass, and
platelets themselves act in concert to regulate megakaryocytopoiesis of RA. Platelets can al‐
so be activated, and the growth hormones secreted from their alpha granules may actively
contribute to the tissue inflammation associated with RA [39-42].

2.4. Pulmonary involvement

Pulmonary involvement includes pleurisy/ pleural effusion, rheumatoid nodules, interstitial
involvement, pulmonary vasculitis - pulmonary hypertension, airways involvement (oblit‐
erative bronchiolitis), drug-induced lung diseases.

Patients with RA have different prevalence of lung involvement. Estimated prevalence de‐
pends on the method of detection. For example, the incidence of lung involvement based on
X-rays occurs in 1-12% of patients [58]. Next the functional test of lung capacity reveals
5-15% prevalence of restrictive lung disease [59]. However a reduction in the capacity of the
lung to diffuse carbon monoxide was observed in more than 50% of the patients with RA
[60]. The high-resolution computer tomography (HRCT) is the most sensitive detector of
pulmonary changes in RA patients. The prevalence of lung involvement is up to 80% in RA
patients [60].

Pleurisy/pleural effusion are the most common manifestations of the lung disease in RA.
The prevalence is about 5- 20% of patients with rheumatoid arthritis [61]. The occurrence is
significantly higher when considering postmortem studies - 40% - 75% [62]. Pleurisy ap‐
pears in patients with active RA, more frequently in males than females. The amount of
pleural effusion is usually small, and most of the patients do not require pleural puncture.
The fluid is present over a couple of weeks. It resolves usually after corticosteroids therapy
and DMARD’s therapy. Sometimes when the amount of the fluid is high and the patient has
symptoms of pulmonary insufficiency (short of breath, chest pain, cough) the thoracentesis
is needed. Each time any infections and malignancy should be excluded in the first place.
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Pulmonary rheumatoid nodules are usually coexisting with subcutaneous rheumatoid nod‐
ules and occur in patients with positive rheumatoid factor. Prevalence is different. It de‐
pends on a radiological method. Rheumatoid nodules are detected by X-ray in 0,2% of RA
[63] patients and in 4% by HRCT [64]. Males are affected more often than females. Pulmona‐
ry nodules can be single or multiple, usually are asymptomatic. They appear in periphery
right middle lobe or both upper lobes, gain from a couple of millimeters to a couple of centi‐
meters in diameter [65]. In most cases a patient requires biopsy and malignancy exclusion.
In histological examinations the pulmonary nodules look similar to the subcutaneous nod‐
ules. They are characterized by a central zone of fibrinoid necrosis, surrounded by a layer of
palisading mononuclear cells within an outer zone of vascular granulation tissue, lympho‐
cytes, plasma cells, and fibroblasts [66, 67].

In 1953 Caplan [68] described coexistence of rheumatoid nodules and pneumoconiosis in
chest radiographs of coal miners suffering from RA. X-rays show that the nodules are about
0.5 centimeter up to a couple of centimeters in diameter, and also a massive fibrosis. Nod‐
ules can collapse or calcify [68]. The course of the disease is sudden, it can regress or prog‐
ress. It develops especially in miners working in anthracite coal-mines and in people
exposed to silica and asbestos [69]. Prevalence is higher among patients with silicosis. In Ca‐
plan’s syndrome, a hypergammaglobilinemia with high level of alpha 2- globulin and a hi‐
poalbuminemia may occur [70]. Unge et al. investigated thirteen cases of Caplan's syndrome
by chest X-ray, rheumatic and immunological tests, heart and lung physiology and patho‐
logical-anatomical specimens. No positive correlation was found between exposure time to
silica, radiological findings and the level of rheumatoid factor. There was also no correlation
found between the degree of rheumatic inflammations and pulmonary progress. The hy‐
pothesis that silica acts as an adjuvant was not reflected in rheumatic parameters [71]. Pa‐
tients with Caplan’s syndrome require DMARD’s therapy. In case of a progression in the
lungs, the corticosteroid therapy is needed.

Interstitial  lung  disease  is  one  of  the  lung  manifestations  in  RA patients.  According  to
the recent American Thoracic Society (ATS)/European Respiratory Society consensus clas‐
sification, idiopathic interstitial  pneumonias (IIPs) include seven clinico-radiologic-patho‐
logic entities:

• idiopathic pulmonary fibrosis (IPF),

• usual interstitial pneumonia (UIP),

• nonspecific interstitial pneumonia (NSIP),

• cryptogenic organizing pneumonia,

• acute interstitial pneumonia,

• respiratory bronchiolitis-associated ILD,

• desquamative interstitial pneumonia,

• lymphoid interstitial pneumonia[72]
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Hyun-Kyung Lee et al. performed a retrospective study at Asian Medical Center to investi‐
gate the histopathologic patterns of interstitial lung diseases in patients with RA and their
correlation with clinical features and outcome [73]. UIP was the most common (55.6% in
10/18 patients) of the lung involvement in RA patients. NSIP was second popular (33.3% in
6/18). UIP was determine as fibrosis (fibrotic lesion and honeycombing). NSIP was divided
in 3 histopatholgic subgroups. First group was distinguished with interstitial inflammation,
second group, with both inflammations, and fibrosis, and third group, primarily with fibro‐
sis. The UIP group had worse diagnosis than the NCIS group [73].

Clinical features of pulmonary fibrosis in RA patients are similar to those of idiopathic pul‐
monary fibrosis. 90% of pulmonary fibrosis patients have earlier joints diseases. Males with
seropositive RA are more exposed than females [74]. Patients with pulmonary fibrosis in RA
reveal both lymphocytic alveolitis and neutrophilic inflammation with or without pulmona‐
ry fibrosis in bronchoalveolar lavage (BAL). This study showed increased levels of CD4 and
CD4:CD8 ratio in lymphocytic alveolitis [75].

The pathogensis of pulmonary fibrosis depends on two types of factors – RA-independent
and RA-associated. The RA independent factors are linked with tobacco usage and alpha-1
antitrypsin level. The RA-associated factors combine with genetical predisposition of HLA
gene occurrence and the cytokines level, especially proinflammatory cytokines by alveolar
macrophages, in particular TNF-α [76].

Patients with pulmonary fibrosis have a different course of the disease. Some cases have a
slowly progressing disease, some have stable course, while others show a rapidly deteriorat‐
ing process of the disease. Severe loss of pulmonary functions is rare [77].

Drug induced pulmonary involvement in patients with RA can occur after methotrexate
therapy, gold salts, D-pecicilammine, sufasalzine.

Methotrexate – pneumtonitis (MTX pneumonitis) is not a common complication but a life-
treating one. The data about the prevalence of MTX pneumonitis in RA shows a great varia‐
tion. Several retrospective and prospective studies have reported prevalence rates between
0.3% and 11.6% [78]. The methotrexate complications can occur with a dose of 7.5 mg per
week, as early as 1 month after initiation of therapy, and as late as two years therapy [79].
The clinical presentation of methotrexate – pneumonitis is nonspecific. In general, patients
have a nonproductive cough, dyspnoe, fever, pleuric chest pain. Physical examination often
reveals bilateral inspiratory crackles. Laboratory findings may include mild leukocytosis or
eosinophilia. The X-rays could be normal or could reveal interstitial lung diseases. The high
resolution tomography (HRCT) reveals “ground glass”. The pathology of the methotrexate -
pneumonitis is unknown. However a toxic drug reaction is suggested by the accumulation
of methotrexate in lung tissue. Age, sex, cumulative or weekly dose of methotrexate and the
disease duration, are not associated with the development of MTX-pneumonitis. Recent
studies suggest 5 conditions that induce an increased risk of the development of MTX- com‐
plication: diabetes mellitus, hypoalbuminemia, rheumatoid pleuropulmonary involvement,
previous use of disease-modifying agents (gold, sulfasalazine, or penicillamine), older age
[79]. Patients who are suspected of MTX-induced lung toxicity should cancel methotrexate
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In histological examinations the pulmonary nodules look similar to the subcutaneous nod‐
ules. They are characterized by a central zone of fibrinoid necrosis, surrounded by a layer of
palisading mononuclear cells within an outer zone of vascular granulation tissue, lympho‐
cytes, plasma cells, and fibroblasts [66, 67].

In 1953 Caplan [68] described coexistence of rheumatoid nodules and pneumoconiosis in
chest radiographs of coal miners suffering from RA. X-rays show that the nodules are about
0.5 centimeter up to a couple of centimeters in diameter, and also a massive fibrosis. Nod‐
ules can collapse or calcify [68]. The course of the disease is sudden, it can regress or prog‐
ress. It develops especially in miners working in anthracite coal-mines and in people
exposed to silica and asbestos [69]. Prevalence is higher among patients with silicosis. In Ca‐
plan’s syndrome, a hypergammaglobilinemia with high level of alpha 2- globulin and a hi‐
poalbuminemia may occur [70]. Unge et al. investigated thirteen cases of Caplan's syndrome
by chest X-ray, rheumatic and immunological tests, heart and lung physiology and patho‐
logical-anatomical specimens. No positive correlation was found between exposure time to
silica, radiological findings and the level of rheumatoid factor. There was also no correlation
found between the degree of rheumatic inflammations and pulmonary progress. The hy‐
pothesis that silica acts as an adjuvant was not reflected in rheumatic parameters [71]. Pa‐
tients with Caplan’s syndrome require DMARD’s therapy. In case of a progression in the
lungs, the corticosteroid therapy is needed.

Interstitial  lung  disease  is  one  of  the  lung  manifestations  in  RA patients.  According  to
the recent American Thoracic Society (ATS)/European Respiratory Society consensus clas‐
sification, idiopathic interstitial  pneumonias (IIPs) include seven clinico-radiologic-patho‐
logic entities:
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• usual interstitial pneumonia (UIP),

• nonspecific interstitial pneumonia (NSIP),

• cryptogenic organizing pneumonia,

• acute interstitial pneumonia,

• respiratory bronchiolitis-associated ILD,

• desquamative interstitial pneumonia,

• lymphoid interstitial pneumonia[72]
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10/18 patients) of the lung involvement in RA patients. NSIP was second popular (33.3% in
6/18). UIP was determine as fibrosis (fibrotic lesion and honeycombing). NSIP was divided
in 3 histopatholgic subgroups. First group was distinguished with interstitial inflammation,
second group, with both inflammations, and fibrosis, and third group, primarily with fibro‐
sis. The UIP group had worse diagnosis than the NCIS group [73].

Clinical features of pulmonary fibrosis in RA patients are similar to those of idiopathic pul‐
monary fibrosis. 90% of pulmonary fibrosis patients have earlier joints diseases. Males with
seropositive RA are more exposed than females [74]. Patients with pulmonary fibrosis in RA
reveal both lymphocytic alveolitis and neutrophilic inflammation with or without pulmona‐
ry fibrosis in bronchoalveolar lavage (BAL). This study showed increased levels of CD4 and
CD4:CD8 ratio in lymphocytic alveolitis [75].

The pathogensis of pulmonary fibrosis depends on two types of factors – RA-independent
and RA-associated. The RA independent factors are linked with tobacco usage and alpha-1
antitrypsin level. The RA-associated factors combine with genetical predisposition of HLA
gene occurrence and the cytokines level, especially proinflammatory cytokines by alveolar
macrophages, in particular TNF-α [76].

Patients with pulmonary fibrosis have a different course of the disease. Some cases have a
slowly progressing disease, some have stable course, while others show a rapidly deteriorat‐
ing process of the disease. Severe loss of pulmonary functions is rare [77].

Drug induced pulmonary involvement in patients with RA can occur after methotrexate
therapy, gold salts, D-pecicilammine, sufasalzine.

Methotrexate – pneumtonitis (MTX pneumonitis) is not a common complication but a life-
treating one. The data about the prevalence of MTX pneumonitis in RA shows a great varia‐
tion. Several retrospective and prospective studies have reported prevalence rates between
0.3% and 11.6% [78]. The methotrexate complications can occur with a dose of 7.5 mg per
week, as early as 1 month after initiation of therapy, and as late as two years therapy [79].
The clinical presentation of methotrexate – pneumonitis is nonspecific. In general, patients
have a nonproductive cough, dyspnoe, fever, pleuric chest pain. Physical examination often
reveals bilateral inspiratory crackles. Laboratory findings may include mild leukocytosis or
eosinophilia. The X-rays could be normal or could reveal interstitial lung diseases. The high
resolution tomography (HRCT) reveals “ground glass”. The pathology of the methotrexate -
pneumonitis is unknown. However a toxic drug reaction is suggested by the accumulation
of methotrexate in lung tissue. Age, sex, cumulative or weekly dose of methotrexate and the
disease duration, are not associated with the development of MTX-pneumonitis. Recent
studies suggest 5 conditions that induce an increased risk of the development of MTX- com‐
plication: diabetes mellitus, hypoalbuminemia, rheumatoid pleuropulmonary involvement,
previous use of disease-modifying agents (gold, sulfasalazine, or penicillamine), older age
[79]. Patients who are suspected of MTX-induced lung toxicity should cancel methotrexate
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therapy. Most of the patients improve without any other intervention, but in some cases the
corticosteridotherapy is needed.

The treatment of interstitial fibrosis in RA is variable because of variable course of pulmona‐
ry involvement. Generally, high daily doses of steroids are beneficial in some patients. In
some cases immunosuppressive (azathioprine or cyclophosphamid) agent should be added
to steroid therapy. Raghu et al. reported a prospective double-blind, randomized, placebo-
controlled clinical trial with azathioprine combined with prednisone in the treatment of idi‐
opathic pulmonary fibrosis. This study shows the efficacy of azathioprine associated with
prednisone and both the frequency and risk of side effects are lower than those of cyclo‐
phosphamide [80].

2.5. Amyloidosis

Secondary amyloidosis is potentially a life treatening complication of RA. The prevalence
estimates from 7% to 26% in RA patients [81]. Amyloidosis is worldwide and prevalence de‐
pends on demographic location. For example, a study from Finland of the autopsy records
of 1666 patients with RA revealed a prevalence of amyloidosis of 5.8% [82]. SAA1 gene poly‐
morphism increases frequency of amyloidosis. The frequency of SAA1 genotype is higher
among Japanese, Chinese, and white Australians than in other races. The frequency of SAA1
in Japanese is about 40% [83].

Amyloidosis is characterized by extracellular tissue deposition of fibrils that are composed
of fragments of serum amyloid A (SAA) protein produced by hepatocytes. Secondary amy‐
loidosis occurs during chronic inflammations. In developing countries secondary amyloido‐
sis coexist with chronic, infectious diseases, tuberculosis, leprosy, bronchiectasis, chronic
osteomyelitis, and chronic pyelonephritis. In industrialized countries, noninfectious diseases
such as rheumatoid arthritis (23-51%), juvenile idiopathic arthritis (7-48%) and ankylosing
spondylitis (0-12%) may cause amyloidosis [84, 85]. It occurs in patients with RA, who have
long and very active aggressive course of disease. Amyloidosis is related to the acute phase
of inflammation and elevated serum SAA1 level. SAA synthesis and secretion by hepato‐
cytes is mediated by cytokines, mainly IL-1, TNF-α and IL-6 [86].

The diagnosis of secondary amyloidosis is based on histological examination of tissue from
fat tissue, upper gastro intestinal duct or rectum. The most common presentation in amyloid
is renal. Renal involvement in RA patient with amyloidosis is approximately 90% of all. Al‐
most every patient with renal involvement has proteinuria. In some cases a renal insufficien‐
cy (high level of creatynina and low level of GFR) may appear. Amyloidosis is associated
with the occurrence of nephrotic syndrome (proteinuria> 3.5 g, hypoalbuminaemia, vascular
edema of lower limb). The amyloid can be present in spleen and liver. However, even severe
damage of liver and spleen is usually asymptomatic. Heart involvement occurs in 10% pa‐
tients with RA. This is shown as poor diagnostic factor.

Survival rate of patients diagnosed with amyloidosis in RA is approximately 4-5 years [87].
The clinical risk factors associated with a poor survival are: female gender, older age, re‐
duced serum albumin, and increased serum creatinine concentration [88].

Innovative Rheumatology138

First aim in treatment of amyloidosis in RA is to decrease the level of serum amyloid A,
by  means  of  inflammation  processes  suppression.  The  effective  DMARD’s  therapy  and
biologic  therapy  can  cause  decreased  level  of  inflammation  and  reduce  probability  of
amyloidosis. First drug therapy in amyloidosis is based on immunosupresive agents (cy‐
clophosphamide [89], methotrexate [90], and azathioprine [91]), which improve the prog‐
nosis.  According  to  Nakamura  et  al.  cyclophosphamide  therapy  is  more  effective  than
methotrexate therapy in secondary amyloidosis in RA patients [92]. Biologic agents (anty
TNF-α therapy) and inhibitor IL-6 decrease the level of serum Amyloid A by decreasing
the polymorphism SAA1 gene. T. Nakamura performed a study about efficacy of etaner‐
cept in patients with AA amyloidosis secondary to rheumatoid arthritis.  The conclusion
of this study is that etanercept is safe and effective even in patient on hemodialysis [93].
The latest Nakamura study proved that etanercept treatment was more effective than cy‐
clophsphamide treatment  [94].  Eprodisate  is  a  new class  of  antiamyloid compounds for
treating AA amyloidosis, which results in a significant delay in progression to hemodial‐
ysis or end-stage renal disease in AA amyloidosis [95].

2.6. Sjögren's syndrome

Sjögren’s syndrome (SS) is a chronic autoimmune inflammatory disease that affects lacrimal
and salivary glands causing mucous dryness [96]. The symptoms are related to diminished lac‐
rimal and salivary gland function and frequently present with keratoconjunctivitis sicca, xerop‐
thalmia, xerostomia, sialadenitis, cervical caries and infections. SS can cause also systemic
manifestations. They are subdivided into nonvisceral (skin, arthralgia, myalgia) and visceral
(lung, heart, kidney, gastrointestinal, endocrine, central and peripheral nervous system).

Sjögren’s syndrome is called secondary SS (sSS) when it is associated with other autoim‐
mune disorders such as scleroderma and RA [97]. Sjögren's syndrome definition was devel‐
oped by the team of experts from Europe and America, "European American consensus
group criteria" (EACG) that requires for recognition criteria:

• Subcjective ocular symtoms: symptoms of dry eyes over 3 months, forgein body sensation
in the eyes,

• Subjective oral symtoms: symtoms of dry mouth over 3 months, swollen salivary glands

• Objcective ocular signs: Abnormal Schirmer Test ( tears flow less then 5 mm in 5 minutes)

• Objective oral signs: unstimulated whole salivary flow less then 1.5 ml in 15 minutes, ab‐
normal parotid sialography, abnormal salivary scintigraphy

• Positive histopathological examination of lymphocytic infiltration at salivary glands, at
least one focus score,

• Positive antibody titers antiSSA/SSB.

The SS diagnosis requires a presence of one subcjective symptom plus 2 of the 3 objective
criteria [98].
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therapy. Most of the patients improve without any other intervention, but in some cases the
corticosteridotherapy is needed.

The treatment of interstitial fibrosis in RA is variable because of variable course of pulmona‐
ry involvement. Generally, high daily doses of steroids are beneficial in some patients. In
some cases immunosuppressive (azathioprine or cyclophosphamid) agent should be added
to steroid therapy. Raghu et al. reported a prospective double-blind, randomized, placebo-
controlled clinical trial with azathioprine combined with prednisone in the treatment of idi‐
opathic pulmonary fibrosis. This study shows the efficacy of azathioprine associated with
prednisone and both the frequency and risk of side effects are lower than those of cyclo‐
phosphamide [80].
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Amyloidosis is characterized by extracellular tissue deposition of fibrils that are composed
of fragments of serum amyloid A (SAA) protein produced by hepatocytes. Secondary amy‐
loidosis occurs during chronic inflammations. In developing countries secondary amyloido‐
sis coexist with chronic, infectious diseases, tuberculosis, leprosy, bronchiectasis, chronic
osteomyelitis, and chronic pyelonephritis. In industrialized countries, noninfectious diseases
such as rheumatoid arthritis (23-51%), juvenile idiopathic arthritis (7-48%) and ankylosing
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of inflammation and elevated serum SAA1 level. SAA synthesis and secretion by hepato‐
cytes is mediated by cytokines, mainly IL-1, TNF-α and IL-6 [86].

The diagnosis of secondary amyloidosis is based on histological examination of tissue from
fat tissue, upper gastro intestinal duct or rectum. The most common presentation in amyloid
is renal. Renal involvement in RA patient with amyloidosis is approximately 90% of all. Al‐
most every patient with renal involvement has proteinuria. In some cases a renal insufficien‐
cy (high level of creatynina and low level of GFR) may appear. Amyloidosis is associated
with the occurrence of nephrotic syndrome (proteinuria> 3.5 g, hypoalbuminaemia, vascular
edema of lower limb). The amyloid can be present in spleen and liver. However, even severe
damage of liver and spleen is usually asymptomatic. Heart involvement occurs in 10% pa‐
tients with RA. This is shown as poor diagnostic factor.

Survival rate of patients diagnosed with amyloidosis in RA is approximately 4-5 years [87].
The clinical risk factors associated with a poor survival are: female gender, older age, re‐
duced serum albumin, and increased serum creatinine concentration [88].
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and salivary glands causing mucous dryness [96]. The symptoms are related to diminished lac‐
rimal and salivary gland function and frequently present with keratoconjunctivitis sicca, xerop‐
thalmia, xerostomia, sialadenitis, cervical caries and infections. SS can cause also systemic
manifestations. They are subdivided into nonvisceral (skin, arthralgia, myalgia) and visceral
(lung, heart, kidney, gastrointestinal, endocrine, central and peripheral nervous system).

Sjögren’s syndrome is called secondary SS (sSS) when it is associated with other autoim‐
mune disorders such as scleroderma and RA [97]. Sjögren's syndrome definition was devel‐
oped by the team of experts from Europe and America, "European American consensus
group criteria" (EACG) that requires for recognition criteria:

• Subcjective ocular symtoms: symptoms of dry eyes over 3 months, forgein body sensation
in the eyes,

• Subjective oral symtoms: symtoms of dry mouth over 3 months, swollen salivary glands

• Objcective ocular signs: Abnormal Schirmer Test ( tears flow less then 5 mm in 5 minutes)

• Objective oral signs: unstimulated whole salivary flow less then 1.5 ml in 15 minutes, ab‐
normal parotid sialography, abnormal salivary scintigraphy

• Positive histopathological examination of lymphocytic infiltration at salivary glands, at
least one focus score,

• Positive antibody titers antiSSA/SSB.

The SS diagnosis requires a presence of one subcjective symptom plus 2 of the 3 objective
criteria [98].
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The development of SS secondary to RA occurs on a different genetic background (HLA
DR4). A distinct set of therapeutic responses suggest different pathogenetic processes [99,
100]. SS secondary to RA seems to be a complication of this disorder: the sicca syndrome is
less serious, Ab to Ro/SSA and La/SSB are present less frequently and the evolution of SS is
closely linked to that of RA. SS secondary to RA usually is subclinical and requires specific
tests for its diagnosis [99, 101].

As the physiopathology of these two diseases is distinctive, it is possible to suggest that pa‐
tients with RA and secondary SS have two different diseases [96]. In primary SS there is an
important role of B cells and type I interferon [97,102] in contrast to the predominance of
Th17 cytokines in RA [103]. It was suggested that decreased expression of TGF-α1 observed
in patients with SS secondary to RA might promote joint destruction [101]. The concentra‐
tion of TGF-α1 was significantly higher in patients with RA than in those with SS accompa‐
nying RA and in control group. The highest serum TGF-α1 concentrations were found in
patients with most severe joint damage, as evidenced by Steinbrocker stage. TGF-α1 is cyto‐
kine that prevents inappropriate autoimmune responses [101].

The exact prevalence of sSS in RA varies considerably, depending on the definition of sSS,
disease duration of RA and geographic region [102]. It has been demonstrated in Spain that
patients with RA duration up to 10 years have had a prevalence of secondary SS of 17% and
after 30 years it was as high as 25% [103]. Another study of early arthritis in the UK con‐
firmed the dependence of the prevalence of sSS on disease duration [104], but this relation‐
ship was not confirmed in the study from Norway [105]. However, significant correlation
was found between reduced salivary production and RA disease activity [105]. Geographi‐
cal variation was shown in a comparative study between Greek and British RA patients, sSS
was demonstrated in 43% and 17%, respectively [106]. The prevalence of sSS may reflect
geographical factors, but could also be due to the range of anti-TNF therapy [101].

The high prevalence of dry eyes in RA patients without fulfilling the diagnostic criteria for
secondary SS has been noticed by Fujita et al. [107] who found it in 90% of non-SS RA pa‐
tients. In his study only 10% of patients had Secondary SS. The correlation between secon‐
dary SS and disease activity was also studied. It was found that RA activity had no
significant correlation with the presence of dry eyes. However there was some correlation to
patients diagnosed with secondary SS [106]. Antero et al. could not find a higher RA activity
measured by DAS-28 in patients with secondary SS when compared to the ones without it
during the studies of Brazilian population. Neither secondary SS occurrence, nor eye sicca
subjective and objective findings have any relation to the disease duration [101]. The pres‐
ence of sicca symptoms was high in the studied population, although only 24% of patients
met the criteria of secondary SS [101]. Ocular symptoms of dryness were more common
than oral ones in RA patients [101]. The impact of sSS on RA is illustrated by a twofold in‐
creased risk of non-Hodgin’s lymphoma compared to RA patients without sSS [108], and
there is a tendency of increased mortality in RA patients with sSS compared to RA patients
without sSS [109,110].

A therapy for the Secondary Sjögren’s syndrome with RA can be divided into four separate
aeras. First is to manage the dryness in the eyes and mouth as well as the skin and other
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mucosal surface. Next is to treat non-visceral manifestations such as arthralgia and myalgia,
chronic fatigue syndrome. These symptoms are generally treated with salicylates, nonsteroi‐
dal agents, and hydroxychloroquine [111]. Patients with SS have a low tolerance of NSAIDs
resulting from dysphagia, secondary to decreased saliva flow and increased frequency of
gastro-oesophageal reflux disease. Usually patients with RA and SS use low doses of ste‐
roids and hydroxychloroquine to reduce arthaligia and myalgia. For visceral involvement,
including vasculitic skin lesions, pneumonitis, neuropathy, and nephritis, corticosteroids are
used with the dosage of 0.5 mg per one kilogram body mass. Drugs such as hydroxychloro‐
quine, azathioprine, and methotrexate are used to help the corticosteroids [112]. Methotrex‐
ate seems to be more useful than azathioprine in Seconadry Sjögren’s syndrome with RA
[113]. The biological agent used in SS is rituximab. The recent studies show a significant de‐
crease in fatigue, however no significant changes in secondary endpoints assessing glandu‐
lar manifestations (unstimulated salivary flow rate and Shirmer's test results) [114, 115]. For
life-threatening complications the cyclophosphamide therapy is needed. Lymphocytic ag‐
gressive manifestations, including lymphoma in SS with RA, require interdisciplinary help -
hematologists.

2.7. Vasculitis

Rheumatoid vasculitis is a rare but most serious systemic complication of rheumatoid arthri‐
tis. It typically affects small and medium-size vessels. It occurs almost exclusively in patients
with seropositive nodular RA who suffer from RA for at least 10 years and is associated
with poor prognosis [116-118]. 40% of patients die within 5 years as well as significant mor‐
tality due to both organ damage from vasculities and consequences of the treatment
[119-121]. Althought diagnostic criteria for systemic rheumatoid vasculitis were originally
described in 1984 by Scott et al. [122], no validated definition of vasculities exist. Recent
studies suggest that rheumatoid factor, anti-cyclic citrullinated polypeptide (CCP) positivi‐
ty, male gender, tobacco use, rheumatoid nodules, and older onset or long disease duration
confer added risk of vasculities [116]. Patients with the Felty`s syndrome are also prone to
vasculitis [121].

There appears to be a genetic predisposition toward developing rheumatoid vasculitis. RA
studies focused mainly on the third hypervariable region of HLA-DRB1 called the shared
epitope. Recent studies suggest a relationship between rheumatoid vasculitis and three spe‐
cific genotypes of the HLA-DRB1 shared epitope: *0401/*0401, *0401/*0404, and *0101/*0401
[118]. Research performed by the Mayo Clinic described a new correlation of HLA-C3 with
rheumatoid vasculitis [123]. Strong correlation of smoking with the development of rheuma‐
toid vasculitis was also discovered [123]. Other studies have also supported this relation, not
only in rheumatoid vasculitis but also in other extra-articular manifestations [124]. Higher
levels of anti-cyclic citrullinated polypeptide (CCP) antibodies levels were observed in pa‐
tients with RA, who have systemic vasculities [125]. The presence of anti-CCP antibodies in
patients with RA is linked to a progressive joint damage and severe extra-articular manifes‐
tations [121, 125]. During the studies of evaluating anti-CCP and RA vasculitis, antibodies
were detected in 93% of patients with systemic RA vasculitis and only in 7% of patients with
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nying RA and in control group. The highest serum TGF-α1 concentrations were found in
patients with most severe joint damage, as evidenced by Steinbrocker stage. TGF-α1 is cyto‐
kine that prevents inappropriate autoimmune responses [101].
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firmed the dependence of the prevalence of sSS on disease duration [104], but this relation‐
ship was not confirmed in the study from Norway [105]. However, significant correlation
was found between reduced salivary production and RA disease activity [105]. Geographi‐
cal variation was shown in a comparative study between Greek and British RA patients, sSS
was demonstrated in 43% and 17%, respectively [106]. The prevalence of sSS may reflect
geographical factors, but could also be due to the range of anti-TNF therapy [101].

The high prevalence of dry eyes in RA patients without fulfilling the diagnostic criteria for
secondary SS has been noticed by Fujita et al. [107] who found it in 90% of non-SS RA pa‐
tients. In his study only 10% of patients had Secondary SS. The correlation between secon‐
dary SS and disease activity was also studied. It was found that RA activity had no
significant correlation with the presence of dry eyes. However there was some correlation to
patients diagnosed with secondary SS [106]. Antero et al. could not find a higher RA activity
measured by DAS-28 in patients with secondary SS when compared to the ones without it
during the studies of Brazilian population. Neither secondary SS occurrence, nor eye sicca
subjective and objective findings have any relation to the disease duration [101]. The pres‐
ence of sicca symptoms was high in the studied population, although only 24% of patients
met the criteria of secondary SS [101]. Ocular symptoms of dryness were more common
than oral ones in RA patients [101]. The impact of sSS on RA is illustrated by a twofold in‐
creased risk of non-Hodgin’s lymphoma compared to RA patients without sSS [108], and
there is a tendency of increased mortality in RA patients with sSS compared to RA patients
without sSS [109,110].

A therapy for the Secondary Sjögren’s syndrome with RA can be divided into four separate
aeras. First is to manage the dryness in the eyes and mouth as well as the skin and other
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mucosal surface. Next is to treat non-visceral manifestations such as arthralgia and myalgia,
chronic fatigue syndrome. These symptoms are generally treated with salicylates, nonsteroi‐
dal agents, and hydroxychloroquine [111]. Patients with SS have a low tolerance of NSAIDs
resulting from dysphagia, secondary to decreased saliva flow and increased frequency of
gastro-oesophageal reflux disease. Usually patients with RA and SS use low doses of ste‐
roids and hydroxychloroquine to reduce arthaligia and myalgia. For visceral involvement,
including vasculitic skin lesions, pneumonitis, neuropathy, and nephritis, corticosteroids are
used with the dosage of 0.5 mg per one kilogram body mass. Drugs such as hydroxychloro‐
quine, azathioprine, and methotrexate are used to help the corticosteroids [112]. Methotrex‐
ate seems to be more useful than azathioprine in Seconadry Sjögren’s syndrome with RA
[113]. The biological agent used in SS is rituximab. The recent studies show a significant de‐
crease in fatigue, however no significant changes in secondary endpoints assessing glandu‐
lar manifestations (unstimulated salivary flow rate and Shirmer's test results) [114, 115]. For
life-threatening complications the cyclophosphamide therapy is needed. Lymphocytic ag‐
gressive manifestations, including lymphoma in SS with RA, require interdisciplinary help -
hematologists.

2.7. Vasculitis

Rheumatoid vasculitis is a rare but most serious systemic complication of rheumatoid arthri‐
tis. It typically affects small and medium-size vessels. It occurs almost exclusively in patients
with seropositive nodular RA who suffer from RA for at least 10 years and is associated
with poor prognosis [116-118]. 40% of patients die within 5 years as well as significant mor‐
tality due to both organ damage from vasculities and consequences of the treatment
[119-121]. Althought diagnostic criteria for systemic rheumatoid vasculitis were originally
described in 1984 by Scott et al. [122], no validated definition of vasculities exist. Recent
studies suggest that rheumatoid factor, anti-cyclic citrullinated polypeptide (CCP) positivi‐
ty, male gender, tobacco use, rheumatoid nodules, and older onset or long disease duration
confer added risk of vasculities [116]. Patients with the Felty`s syndrome are also prone to
vasculitis [121].

There appears to be a genetic predisposition toward developing rheumatoid vasculitis. RA
studies focused mainly on the third hypervariable region of HLA-DRB1 called the shared
epitope. Recent studies suggest a relationship between rheumatoid vasculitis and three spe‐
cific genotypes of the HLA-DRB1 shared epitope: *0401/*0401, *0401/*0404, and *0101/*0401
[118]. Research performed by the Mayo Clinic described a new correlation of HLA-C3 with
rheumatoid vasculitis [123]. Strong correlation of smoking with the development of rheuma‐
toid vasculitis was also discovered [123]. Other studies have also supported this relation, not
only in rheumatoid vasculitis but also in other extra-articular manifestations [124]. Higher
levels of anti-cyclic citrullinated polypeptide (CCP) antibodies levels were observed in pa‐
tients with RA, who have systemic vasculities [125]. The presence of anti-CCP antibodies in
patients with RA is linked to a progressive joint damage and severe extra-articular manifes‐
tations [121, 125]. During the studies of evaluating anti-CCP and RA vasculitis, antibodies
were detected in 93% of patients with systemic RA vasculitis and only in 7% of patients with
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primary systemic small vessel vasculitis [121, 125]. However many patients with RA who
have circulating or tissue-deposited immune complexes and high levels of autoantibodies
do not develop vasculitis [124]. Systemic inflammation accompanying the development of
RA promotes early and aggressive atherosclerotic vascular disease which may present simi‐
lar to vasculitis manifestations. In such case, histopathologic confirmation of vasculitis is re‐
quired [124]. Characteristic histopathology confirmation of vasculitis is generally necessary
for a diagnosis of rheumatoid vasculitis. Other clinical and laboratory features are often sup‐
portive and may be used to assist a follow-up [124].

Pathologic features of rheumatoid vasculitis include mononuclear cells or neutrophilic infil‐
tration of the vessel wall of small and medium vessels. Features of vessel wall destruction
are often found, including necrosis, leukocytoclasis, and disruption of the internal and exter‐
nal elastic lamina. An important observation is that inflammation of more than three cell
layers of the vessel is a significant feature to distinguish rheumatoid vasculitis from RA
without vasculitis [124,126]. RA vasculitis may involve a number of body organs. Manifesta‐
tions differ depending on involved part of the body. The most common sites of involvement
are the skin and peripheral nerves. Cutaneous manifestations of rheumatoid vasculitis in‐
clude palpable purpura, focal digital lesions, nodules, ulcers, digital necrosis and pyoderma.
Peripheral nervous system involvement may be represented by distal sensory or motor neu‐
ropathy, mononeuritis multiplex. Central nervous system involvement may result in transi‐
ent ischemic attack, stroke, or seizure. Vasculitis development in the eye manifestates in
corneal ulceration and scleromalacia. Pulmonary involvement includes fibrosing alveolitis
and alveolar hemorrhage. Vasculitis in major organs is much less common but can lead to
significant morbidity and mortality, including myocardial infarction, bowel ischemia, and
renal failure [124].

High incidence of cardiovascular-related deaths is observed in patients with RA. Dawson et
al. noted that 31 % of the RA patients had an estimated pulmonary artery systolic pressure
of 30 mmHg or more, and 21% of all the RA patients had pulmonary hypertension [127]. Se‐
vere pulmonary hypertension in patients with RA is not common and usually is associated
with other collagen-vascular diseases such as progressive systemic sclerosis, syndrome of
calcinosis, Raynaud's phenomenon, esophageal dysfunction, sclerodactyly and telangiecta‐
sia [128]. Pulmonary hypertension might be considered as primary or secondary. Primary
pulmonary hypertension is often clinically silent until well advanced. It has a very poor
prognosis and a median survival of only 2–3 years [129]. Secondary pulmonary hyperten‐
sion progresses slower than the primary form. Treatment of pulmonary hypertension initial‐
ly needs to be directed at the underlying cause. In RA, the pulmonary hypertension is
usually a result of RA-associated lung disease and implies a poor prognosis.

A number of structural abnormalities have been reported in RA patients population. Aortic
root enlargement, pericardial effusion, mitral valve abnormalities and impaired left ventric‐
ular function are more common in patients with RA than in control groups [127]. It has been
noted that RA patients have an increased number of abnormalities related to the function of
the left ventricle [130]. Impairment of left ventricular function may cause elevation of pres‐
sure on the left atrium which results in raises of the pulmonary artery pressure. Mild to
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moderate primary pulmonary hypertension is a common case in the RA population. Daw‐
son et al. identified that 31% of hospital RA patients have pulmonary hypertension on echo‐
cardiography. In these patients no significant symptoms, signs, ECG or structural
echocardiographic changes were apparent, probably because of early stage of disease [127].
Shortness of breath as a result of cartiorespiratory disesase in RA may appear because of
constraints arising from RA. It was suggested that number of deaths that have been previ‐
ously linked to ischaemic heart disease, may really have had been due to primary pulmona‐
ry hypertension [127].

A treatment of vasculitis depends on the degree of organ system involvement. Mild rheuma‐
toid  vasculitis  involving  the  skin  or  peripheral  nerves  can  be  treated  with  prednisone
(30-200mg/day) and methotrexate (10-25 mg/week) or azathioprine (50-150 mg/day). More seri‐
ous organ system involvement may require treatment with higher-dose steroids and cyclophos‐
phamide or biologic agents [124]. Management of patients with RA vasculitis should take into
account the increased risk of comorbidities in particular from cardiovascular disease [121].

2.8. Pericarditis and myocarditis

Pericarditis is one of the most common extraskeletal manifestations in RA. It occurs in
30-50% of the patients [131]. The highest occurrence of the disease is observed in male pa‐
tients with destructive and nodular RA [132]. It occurs seldom, require echocardiographic
diagnostics which may show asymptomatic pericardial involvement. Symptoms can also in‐
clude chest pains and pericardial effusion. Prognosis of RA patients with pericarditis de‐
pends on age, cardiac status. The prognosis is best when diagnosed in the first year [133].
Majority of patients develop pericarditis after arthritis begins, however pericarditis may also
manifest before diagnosis of RA. Early diagnosis of RA is then relevant, and effective treat‐
ment improves the outcome of patients with RA [134]. Treatment with non-steroidal anti-
inflammatory drugs, corticosteroids and/or other immunosuppressive drugs seems
appropriate in the majority of patients with a definite diagnosis of RA-associated pericardi‐
tis, and in severe cases, pericardiectomy is required [135].

Patients with RA have a two to five times increased risk of developing severe and prema‐
ture cardiocascular disease [136]. Relationship between cardiocascular risk and inflamma‐
tion has been suggested. Endothelial dysfunction, reduced arterial elasticy and
compressibility and increased atherosclerotic burden observed in RA support this theory
[137-139]. Diffused necrotizing or granulomatous myocarditis may be a cause of cardiomy‐
opathy. Postmortem histological studies showed cardiomyopathy in 3-30% of RA parients
[131]. Pathogenesis includes myocyte injury, local and systemic cytokine-mediated immune
responses, cell activation with cellular infiltration, oedema and necrosis [130]. It was hy‐
pothesized that elevated proinflammatory cytokines such as TNF-α, IL-1, IL-6 observed in
RA may be associated with concomitant myocardial tissue injury [141]. These mechanisms
occur to involve simultaneous activation of collagenolytic enzymes, MMPs [142]. Increased
T2-ER observed in RA patients reflects ongoing inflammatory injury and persistence of tis‐
sue oedema in RA myocardium [141].
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primary systemic small vessel vasculitis [121, 125]. However many patients with RA who
have circulating or tissue-deposited immune complexes and high levels of autoantibodies
do not develop vasculitis [124]. Systemic inflammation accompanying the development of
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quired [124]. Characteristic histopathology confirmation of vasculitis is generally necessary
for a diagnosis of rheumatoid vasculitis. Other clinical and laboratory features are often sup‐
portive and may be used to assist a follow-up [124].

Pathologic features of rheumatoid vasculitis include mononuclear cells or neutrophilic infil‐
tration of the vessel wall of small and medium vessels. Features of vessel wall destruction
are often found, including necrosis, leukocytoclasis, and disruption of the internal and exter‐
nal elastic lamina. An important observation is that inflammation of more than three cell
layers of the vessel is a significant feature to distinguish rheumatoid vasculitis from RA
without vasculitis [124,126]. RA vasculitis may involve a number of body organs. Manifesta‐
tions differ depending on involved part of the body. The most common sites of involvement
are the skin and peripheral nerves. Cutaneous manifestations of rheumatoid vasculitis in‐
clude palpable purpura, focal digital lesions, nodules, ulcers, digital necrosis and pyoderma.
Peripheral nervous system involvement may be represented by distal sensory or motor neu‐
ropathy, mononeuritis multiplex. Central nervous system involvement may result in transi‐
ent ischemic attack, stroke, or seizure. Vasculitis development in the eye manifestates in
corneal ulceration and scleromalacia. Pulmonary involvement includes fibrosing alveolitis
and alveolar hemorrhage. Vasculitis in major organs is much less common but can lead to
significant morbidity and mortality, including myocardial infarction, bowel ischemia, and
renal failure [124].

High incidence of cardiovascular-related deaths is observed in patients with RA. Dawson et
al. noted that 31 % of the RA patients had an estimated pulmonary artery systolic pressure
of 30 mmHg or more, and 21% of all the RA patients had pulmonary hypertension [127]. Se‐
vere pulmonary hypertension in patients with RA is not common and usually is associated
with other collagen-vascular diseases such as progressive systemic sclerosis, syndrome of
calcinosis, Raynaud's phenomenon, esophageal dysfunction, sclerodactyly and telangiecta‐
sia [128]. Pulmonary hypertension might be considered as primary or secondary. Primary
pulmonary hypertension is often clinically silent until well advanced. It has a very poor
prognosis and a median survival of only 2–3 years [129]. Secondary pulmonary hyperten‐
sion progresses slower than the primary form. Treatment of pulmonary hypertension initial‐
ly needs to be directed at the underlying cause. In RA, the pulmonary hypertension is
usually a result of RA-associated lung disease and implies a poor prognosis.

A number of structural abnormalities have been reported in RA patients population. Aortic
root enlargement, pericardial effusion, mitral valve abnormalities and impaired left ventric‐
ular function are more common in patients with RA than in control groups [127]. It has been
noted that RA patients have an increased number of abnormalities related to the function of
the left ventricle [130]. Impairment of left ventricular function may cause elevation of pres‐
sure on the left atrium which results in raises of the pulmonary artery pressure. Mild to
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moderate primary pulmonary hypertension is a common case in the RA population. Daw‐
son et al. identified that 31% of hospital RA patients have pulmonary hypertension on echo‐
cardiography. In these patients no significant symptoms, signs, ECG or structural
echocardiographic changes were apparent, probably because of early stage of disease [127].
Shortness of breath as a result of cartiorespiratory disesase in RA may appear because of
constraints arising from RA. It was suggested that number of deaths that have been previ‐
ously linked to ischaemic heart disease, may really have had been due to primary pulmona‐
ry hypertension [127].

A treatment of vasculitis depends on the degree of organ system involvement. Mild rheuma‐
toid  vasculitis  involving  the  skin  or  peripheral  nerves  can  be  treated  with  prednisone
(30-200mg/day) and methotrexate (10-25 mg/week) or azathioprine (50-150 mg/day). More seri‐
ous organ system involvement may require treatment with higher-dose steroids and cyclophos‐
phamide or biologic agents [124]. Management of patients with RA vasculitis should take into
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clude chest pains and pericardial effusion. Prognosis of RA patients with pericarditis de‐
pends on age, cardiac status. The prognosis is best when diagnosed in the first year [133].
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manifest before diagnosis of RA. Early diagnosis of RA is then relevant, and effective treat‐
ment improves the outcome of patients with RA [134]. Treatment with non-steroidal anti-
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appropriate in the majority of patients with a definite diagnosis of RA-associated pericardi‐
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Patients with RA have a two to five times increased risk of developing severe and prema‐
ture cardiocascular disease [136]. Relationship between cardiocascular risk and inflamma‐
tion has been suggested. Endothelial dysfunction, reduced arterial elasticy and
compressibility and increased atherosclerotic burden observed in RA support this theory
[137-139]. Diffused necrotizing or granulomatous myocarditis may be a cause of cardiomy‐
opathy. Postmortem histological studies showed cardiomyopathy in 3-30% of RA parients
[131]. Pathogenesis includes myocyte injury, local and systemic cytokine-mediated immune
responses, cell activation with cellular infiltration, oedema and necrosis [130]. It was hy‐
pothesized that elevated proinflammatory cytokines such as TNF-α, IL-1, IL-6 observed in
RA may be associated with concomitant myocardial tissue injury [141]. These mechanisms
occur to involve simultaneous activation of collagenolytic enzymes, MMPs [142]. Increased
T2-ER observed in RA patients reflects ongoing inflammatory injury and persistence of tis‐
sue oedema in RA myocardium [141].
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3. Case reports

These cases are included to illustrate the complexity, variety of course, complications and
most common diagnostical problems with the rheumatoid arthritis.

3.1. Case nr. 1

A 26 years old female with 14 years history of seropositive rheumatoid arthritis. She has very ag‐
gressive course of disease. While diagnosed rheumatoid arthritis she had elevated rheumatoid
factor – 1030 IU/ml, highly positive level of anti-citrullinated protein/peptide antibodies (AC‐
PA) – 1137 U/ml, elevated level of inflammations factors - CRP, ESR. Furthermore she had objec‐
tive factors of inflammations in the joints - overgrowth of synovium and infiltrations in joints
cavity detected in ultrasound. The aggressive course of the disease correlates with progress in
radiological changes in the joints. Radiogram of the hands shows Fourth Degree in Larsen Scale
- it means that in the joints space there are severe erosions, with no joint space left and the origi‐
nal bone outlines are partly presented [143]. Radiograms of the legs show Second Degree in
Larsen Scale - it means that in the joints space there are only one or several small erosions and di‐
ameter of the joints space is more than 1mm [143]. Therefore the patient required many surgi‐
cal procedures. She underwent linear osteotomy of metatarsal bones of right foot in 2007 and
had stabilizations of the left and right wrist with reconstruction of extensor palmaris of the sec‐
ond and third finger in the left hand in 2007. Then she received endoprosthesis of MCP II-III
bones of the right hand in 2010. .

Physical examination showed symetric polyarthritis involving arms, wrists, metacarpopha‐
langeal joints, proximal interphalangeal joints, knees, ankles and feet, 18- tender joints, 12–
swollen joints, morning stiffness >120min, Disease Activity Score 28 (DAS28)- 6,67

She was treated with a variety of disease modifying antirheumatic drugs (DMARD’s) over the
years –sulfasalazine - in 2003 - 2007, chloroquine – in 2003-2007, cyclosporine – in 02.2009-
04.2009 - with not good clinical response. After that she was treated with methotrexate. At first
she was taking 7,5 mg i.m/week between 13.06.2007 - 18.09.2007. She showed intolerance to the
drug – leucopenia. Next trial with methotrexate was in 17.03.2008 – 16.09.2008. She was treated
with the dose of 10 mg -15 per os. She presented intolerance to the drug again- high level of liv‐
er enzymes, nausea. Methotrexate therapy was discontinued definitely. Next she received leflu‐
nomide – 20 mg/day from 04.02.2009 to 06.04.2009, also showing bad tolerance - leucopenia,
high level of liver enzymes. After the DMARD’s therapy failed, she was treated with anti TNF-α
- etanercept 50mg sc/week for almost 2 years. In the end the patient did not show enough clini‐
cal response (difference between courses DAS28 < 1,2) and the therapy was canceled. Then she
took tocilizumab - 480mg i.v./month – monotherapy - 6 courses, good response. Her Disease Ac‐
tivity Score 28 (DAS28) went near remission 2,98.

This case shows the patient in early age with very aggressive course of disease. She had high
level of rheumatoid factor and anti-CCP antibody. She developed high level of radiological
changes in joints and required surgical procedures. Her other risk factor of aggressive rheu‐
matoid arthritis is poor response to disease modifying antirheumatic drugs and anti TNF-α.
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This is a classical example of patient who has statistically high level of risk factor to develop
destructive course of rheumatoid arthritis.

The most important thing in diagnostic process is to recognize a patient with high risk of
aggressive course of the disease. Next the patient should receive appropriate treatment that
includes combined therapy of at least two different DMARD’s (disease modifying antirheu‐
matic drugs ) and in case of ineffectiveness of this therapy – also biologic agents. In case of
seropositive RA with methotrexate intolerance patient should receive anti-TNF-α therapy in
monotherapy (etanercept or adalibumab). If this therapy is not successful patient should be
receiving inhibitor IL-6 – tocilizumab or fusion protein bind CTLA-4 - abatacept. This treat‐
ment can slow down or even stop the progression of the disease [144].

Figure 1. Case nr.1. A 26-year old woman with 14 years of rheumatoid arthritis. She underwent linear osteotomy of
metatarsal bones of right foot in 2007 and had stabilizations of the left and right wrist with reconstruction of extensor
palmaris of the second and third finger in the left hand in 2007. Then she received endoprosthesis of MCP II-III bones
of the right hand in 2010.

Radiological changes are the visual outcome of the progressive rheumatoid arthritis. Thus,
developed erosions in the joints in early stage of the disease prove joints destruction and
probability of functional disability. There are predictive factors of long-term radiographic
outcomes in early rheumatoid arthritis. N. Courvoisier performed a long-term study of 10
years to investigate predictive factors of radiographic outcome in RA and found the best in‐
dependent predictive factor of the 10-year radiographic score to be baseline erosion score
[145]. According to N. Courvoisier high level of erythrocyte sedimentation rate (ESR), pres‐
ence and level of IgA rheumatoid factor, presence of an anti-citrullinated protein antibody
(ACPA), serum level of matrix metalloproteinase-3 and radiographic score at baseline are
the most important factors to predict which patients will develop severe form of rheumatoid
arthritis. Interesting conclusion from this research work was that several demographic and
clinical parameters, such as sex, age and number of tender or swollen joints, have not been
shown to be independent prognostic factors [145].
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3.2. Case nr. 2

A 48-year old female diagnosed with seropositive rheumatoid arthritis in 2004. Since 2004
the patient was treated with prednisolone, at the highest dose of 15mg/day. She has also re‐
ceived nonsteroidal anti-inflammatory drugs (NSAIDs) - paracetamol, ibuprofen, naproxen,
diclofenac, recently ketoprofen. Since 2005 she has not taken any disease modifying anti‐
rheumatic drugs (DMARD’s), although methotrexate and sulfasalazine were prescribed. The
patient on her own decided to stop the treatment and did not cooperate with physicians.

In the spring of 2012 patient was admitted to the Department of Systemic Connective Tissue Dis‐
eases in Institute of Rheumatology with big flare-ups. Assessed Disease Activity Score 28 (DAS
28) was 7.22 (22 painful joints, 13 swollen joints, VAS-80, ESR-34mm/h). She has elevated rheu‐
matoid factor - 681IU/ml, highly positive level of anti-citrullinated protein/peptide antibodies
(ACPA) – 263,5U/ml. Physical examination revealed numerous rheumatoid nodules, with di‐
ameter range from 2 to 3 cm. The nodules were located on the extensor parts of the proximal in‐
terphalangeal and metacarpophalangeal joints and around wrists and ankles and elbows. The
radiographs showed advanced changes from rheumatoid arthritis, ankylosis, joints subluxa‐
tions, the highest degree of radiological V, according to Larsen - it means mutilating changes,
where the original bony outlines have been destroyed [143].

In therapy the patient received the reference dose of methotrexate (25mg per week), the
dose of glucocorticosteroids was reduced to 7,5mg/ day, and the dose of ketoprofen was re‐
duced to 100mg per day. Patient was admitted to the Department one month after the start
of the therapy. Disease Activity Score 28 went down to 3,3 (2 painful joints, 1 swollen joint,
VAS- 55.) Inflammatory parameters were reduced ( ESR-8mm/h, CRP- 3 mg/dl).

The purpose of the presentation of this case is to show a patient with aggressive natural
course of disease, advanced articular changes and extra-articular complications - rheuma‐
toid nodules. Rheumatoid nodules are benign structures, that relate to positive rheumatoid
factor in 90%. Although there is no correlation between nodules, rheumatoid arthritis pro‐
gression and severity of this disease, patients with rheumatoid nodules are recommended to
take more aggressive treatment. Rheumatoid nodules are a cosmetic issue and do not re‐
quire treatment, however complications can occur. There is high probability of infection, ul‐
ceration or even gangrene. Sometimes the internal nodules cause fistula. In this case there is
a need for the surgical procedure. When nodules are painful, limit the motion or damage the
underling structures, the injection of corticosteroids can reduce these symptoms. Conven‐
tional treatment (DMARD’s) usually reduce or even completely resolve rheumatoid nod‐
ules. There are however published cases of accelerated rheumatoid nodules, that respond
differently to the conventional treatment. In 1986 Kremer and Lee described the occurrence
of such nodules during a study of a long-term methotrexate therapy [146]. Three patients
had an increasing number of nodules during a therapy of methotrexate. Since then there has
been a lot more descriptions of complications of methotrexate therapy. Usually patients
complain of small, painful nodules on the hands – metacarpophalangeal and proximal inter‐
phalangeal joints, feet and ears. These observations were confirmed by Ahmed and cowork‐
ers. They arranged double blind study with methotrexate and azathioprine with patient
with rheumatoid arthritis. Study showed an 8% incidence of methotrexate–induce accelerat‐
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ed rheumatoid nodules with arthritis improved and none of azathioprine [147]. Combined
therapy- methotrexate and one of the following drugs: hydroxychloroquine [148], D-penicil‐
amine [149], colchicine [150] or sulfasalazine [151] reduce probability of incidence of acceler‐
ated rheumatoid nodules. There are also case reports of another drug which have been
implicated in occurrence of accelerated rheumatoid nodules. Anti-TNF-α therapy with eta‐
nercept can cause appearance of rheumatoid nodules.

Figure 2. Case nr.2. A 48-year old female diagnosed with seropositive rheumatoid arthritis. She has numerous rheu‐
matoid nodules.

The case report described above shows a patient with numerous rheumatoid nodules. This
case is not related to the complications of methotrexate therapy, this is a typical case, where
methotrexate decreased the size of nodules. However, there is an example of patient with
very advanced clinical stage of rheumatoid arthritis (anykylosis in the hands during 7 years
natural course of the RA). In the era of disease modifying antirheumatic drugs and biologi‐
cal treatment such case should never have happened. Patients who are quickly diagnosed
with RA, should receive appropriate treatment within three months from the diagnosis.
First step is DMARD’s therapy. After three months of combined therapy (two different
DMARD’s including methotrexate 25mg/week [152]), patients require anti–TNF-α therapy
combined with methotrexate. If this treatment fails, patients with seropositive RA should
undergo an anti CD20 therapy – rituximab [153]. If the patients are seronegative RA, they
should receive another biological agent (inhibitor IL-6, or anti IL-1 or fusion protein bind
CTLA-4) [144]. Only this way patients with RA are able to significantly reduce the chance of
disease progression.
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3.3. Case nr. 3

A 68 year old patient, diagnosed with seropositive rheumatoid arthritis in 1978. In 2007 the pa‐
tient was diagnosed with kidney failure based on the functional parameters of kidney: (creati‐
nine 2.1 mg/dl, urea 150mg/dl, GFR-60) - renal insufficiency, (proteinuria over 3.5 grams/day,
hypoalbuminemia, edema of lower limbs) - nephritic syndrome. Biopsy obtained from adipose
tissue showed amyloidosis associated with RA. The patient has been hospitalized at the Insti‐
tute of Rheumatology since 2008. She was admitted from Nefrology Department with severe
microcytic anemia (Hb-7,6 g/dl, MCV- 83fL) after blood transfusion. She received 4 units of
blood and she was qualified to erytropoietin treatment. She has also big exacerbation of rheuma‐
toid inflammations (ESR- 107mm/h, CRP-86mg/l), Diseases Activity Score 28 (DAS28)- 6,69 ( 9-
swollen joins, 9-painful joins, VAS-64). The patient was diagnosed with secondary Sjogren’s
syndrome based on dry mouth and eyes, positive Schirmer test - keratocjuctivitis sicca and his‐
topathological examination - focus score of 2. The radiographs show advanced changes of rheu‐
matoid arthritis with presence of erosions and joint subluxations -  the highest degree of
radiological V, according to Larsen- it means mutilating changes, where the original bony out‐
lines have been destroyed [143]. She was treated with small doses of glucocorticosteroids and
cyclophosphamid. The patient tolerated well the first 2 grams of cyclophosphamid treatment.
Further therapy went with complications. After the patient fell down on the left shin, she has
had abscess. Staphyloccocus aureus grew in bacteriological sowing. Patient received antibioti‐
cotherapy, cytostatic treatment was stopped. After one month of antibiotic therapy, the Staphy‐
loccocus was still present in the sowing from endoprosthetic knee. She took antibiotics for over
six months. In 2010 the patient received cytostatic treatment one more time. There was no bacte‐
ria present anymore. After administering the second gram of cyclofosfamid there was an in‐
crease of renal insufficiency, therefore the cyclostatic treatment was terminated. Over a 34-year
period of time, the patient received various disease modifying antirheumatic drugs (DMARD’s)
- sulfasalazine, hydroxychloroquinee, cyclosporine, gold salts - with no therapeutic effect. Pa‐
tient does not tolerate methotrexate, azathioprine and cyclophosphamid. Currently patient is
treated with anti-TNF-α monotherapy with good tolerance, low inflammatory parameters and
stabilization of kidney functions.

The description of this case is to show an aggressive course of disease with multiple exacer‐
bations. The patient was treated with different drugs, which were ineffective or had side ef‐
fects and in the end showed multiple organ damage. The most dangerous is renal failure
caused by amyloidosis. In secondary amyloidosis AA renal involvement is observed in ap‐
proximately 90% of all cases. Serum amyloid A (SSA) is responsible for amyloid deposits in
involved organ. Concentration of amyloid A is proportional to inflammations process. Amy‐
loidosis is diagnosed after about 17 years (4-40) of active rheumatoid arthritis [154]. Amy‐
loid deposits concentrate in the renal capsule, particularly in mezangium, in the Bowman’s
capsule, but also in the renal pelvis, perynchema and in renal vessels. 95% of patients with
secondary amyloidosis have proteinuria [155], nephritic syndrome or a different kind of kid‐
ney failure (hematuria, defect of renal pelvis or urinal infections). Main aim of the therapy in
systemic amyloidosis is reducing and eliminating existing protein production or prohibiting
further deposition of amyloid fibrils in organs.

Innovative Rheumatology148

The easiest way to reduce serum amyloid A is to reduce inflammations process by reducing
CRP level by use DMARD’s therapy [156] or anti -TNF-α therapy [157]. TNF-α inhibitor ach‐
ieved therapeutic success by reducing level of serum IL-6 [158,159]. Low level of serum IL-6
stops the synthesis of acute-phase proteins, systemic inflammation is suppressed, and SAA
levels are lowered by decreasing polimorphism SAA1 gene. This supresses hepatocytes
leading to reduction of amyloid deposits. New alternative is inhibitor IL-6- tociluzumab, a
drug that directly inhibits polimorphism SAA1 gene [160,161].

Another way to stop amyloidosis is to reduce amyloidogenesis by stabilizing amyloid de‐
posits in tissues. This aim can be achieved by interactions between amyloidogenic proteins
and glycosaminoglycans promote fibril. There is a drug – eprodisate - which stops binding
of SAA protein to precursor, next prohibiting polymerization of amyloid fibrils and deposi‐
tion of the fibrils in tissues [162]. In 2007, Dember and coworkers published a multicenter,
randomized, double blind, placebo-controlled trial to evaluate the efficacy and safety of
eprodisate in patients with AA amyloidosis and kidney involvement. Eprodisate slow pro‐
gression in the renal, stabilize renal functions and stop progression of amyloid deposits [95].

Figure 3. Case nr 3. A 68 year old patient, diagnosed with seropositive rheumatoid arthritis, secondary amylosidosis.
Advanced changes in joins, the highest degree of radiological V, according to Larsen

The patient described above received the appropriate treatment. Rheumatoid arthritis and
secondary amyloidosis required first classic treatment - DMARD’s therapy (first drug in this
case is cyclophosphamid) with glucocorticosteroids, next in case of this treatment’s failure -
anti-TNF-α therapy or inhibitors IL-6.

3.4. Case nr. 4

A 45 year old female was diagnosed with seropositive rheumatoid arthritis in 2000. She was
treated with sulfasalazine, hydroxychlorochine and low dose of prednisolone.
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cotherapy, cytostatic treatment was stopped. After one month of antibiotic therapy, the Staphy‐
loccocus was still present in the sowing from endoprosthetic knee. She took antibiotics for over
six months. In 2010 the patient received cytostatic treatment one more time. There was no bacte‐
ria present anymore. After administering the second gram of cyclofosfamid there was an in‐
crease of renal insufficiency, therefore the cyclostatic treatment was terminated. Over a 34-year
period of time, the patient received various disease modifying antirheumatic drugs (DMARD’s)
- sulfasalazine, hydroxychloroquinee, cyclosporine, gold salts - with no therapeutic effect. Pa‐
tient does not tolerate methotrexate, azathioprine and cyclophosphamid. Currently patient is
treated with anti-TNF-α monotherapy with good tolerance, low inflammatory parameters and
stabilization of kidney functions.

The description of this case is to show an aggressive course of disease with multiple exacer‐
bations. The patient was treated with different drugs, which were ineffective or had side ef‐
fects and in the end showed multiple organ damage. The most dangerous is renal failure
caused by amyloidosis. In secondary amyloidosis AA renal involvement is observed in ap‐
proximately 90% of all cases. Serum amyloid A (SSA) is responsible for amyloid deposits in
involved organ. Concentration of amyloid A is proportional to inflammations process. Amy‐
loidosis is diagnosed after about 17 years (4-40) of active rheumatoid arthritis [154]. Amy‐
loid deposits concentrate in the renal capsule, particularly in mezangium, in the Bowman’s
capsule, but also in the renal pelvis, perynchema and in renal vessels. 95% of patients with
secondary amyloidosis have proteinuria [155], nephritic syndrome or a different kind of kid‐
ney failure (hematuria, defect of renal pelvis or urinal infections). Main aim of the therapy in
systemic amyloidosis is reducing and eliminating existing protein production or prohibiting
further deposition of amyloid fibrils in organs.
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The easiest way to reduce serum amyloid A is to reduce inflammations process by reducing
CRP level by use DMARD’s therapy [156] or anti -TNF-α therapy [157]. TNF-α inhibitor ach‐
ieved therapeutic success by reducing level of serum IL-6 [158,159]. Low level of serum IL-6
stops the synthesis of acute-phase proteins, systemic inflammation is suppressed, and SAA
levels are lowered by decreasing polimorphism SAA1 gene. This supresses hepatocytes
leading to reduction of amyloid deposits. New alternative is inhibitor IL-6- tociluzumab, a
drug that directly inhibits polimorphism SAA1 gene [160,161].

Another way to stop amyloidosis is to reduce amyloidogenesis by stabilizing amyloid de‐
posits in tissues. This aim can be achieved by interactions between amyloidogenic proteins
and glycosaminoglycans promote fibril. There is a drug – eprodisate - which stops binding
of SAA protein to precursor, next prohibiting polymerization of amyloid fibrils and deposi‐
tion of the fibrils in tissues [162]. In 2007, Dember and coworkers published a multicenter,
randomized, double blind, placebo-controlled trial to evaluate the efficacy and safety of
eprodisate in patients with AA amyloidosis and kidney involvement. Eprodisate slow pro‐
gression in the renal, stabilize renal functions and stop progression of amyloid deposits [95].

Figure 3. Case nr 3. A 68 year old patient, diagnosed with seropositive rheumatoid arthritis, secondary amylosidosis.
Advanced changes in joins, the highest degree of radiological V, according to Larsen

The patient described above received the appropriate treatment. Rheumatoid arthritis and
secondary amyloidosis required first classic treatment - DMARD’s therapy (first drug in this
case is cyclophosphamid) with glucocorticosteroids, next in case of this treatment’s failure -
anti-TNF-α therapy or inhibitors IL-6.

3.4. Case nr. 4

A 45 year old female was diagnosed with seropositive rheumatoid arthritis in 2000. She was
treated with sulfasalazine, hydroxychlorochine and low dose of prednisolone.
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On the December of 2006 the patient was admitted to the Department of Pulmonology with
dyspnea and chest pain. Pleuritis with pleural effusion and degraded mass in the right lung
were revealed based on chest X-ray. Bronchoscopy with cytology was taken. The result ex‐
cluded bacterial infections and tuberculosis (cultures, PCR). Patient did not consent to pleu‐
ral puncture. Tuberculostatic treatment was induced without influence on described lung
changes. After 6 months pleural puncture was performed aspirating 1100ml of effusion flu‐
id. The fluid had 46% of lymphocyte, very low level of glucose and highly positive rheuma‐
toid factor, suggesting inflammation associated with RA exacerbation. Further
investigations excluded heart failure and lung cancer. CT scan showed pleural effusion and
mass (1,8 centimeters) suggested rheumatoid nodule in the third segment of right lung. The
biopsy confirmed the diagnosis.

Patient was admitted to the Department of Rheumatology. Physical examination showed ex‐
acerbation of RA: 13 swollen joints, 11 painful, VAS - 68, ESR - 15mm/h and DAS28 - 5.8.
Laboratory test revealed positive rheumatoid factor. Radiograms showed third degree in
Larsen Scale (marked erosions in the joint surfaces). Other connective tissue diseases were
excluded. The patient received 40mg/ day of methylprednisolone and methotrexate. The
treatment was ineffective. Although the patient felt better, there were decreased swollen and
painful joins with the same amount of fluid effusion. The treatment was switched to sulfa‐
salzine, hydroxychloroquine and mehotrexate. It turned out that the patient does not toler‐
ate methotrexate. On April of 2008 the patient was started on leflunamid treatment with
good tolerance. The disease activity decreased to medium-low (DAS28 = 3.04). The inflam‐
mation in the lungs stabilized with a tendency to decrease in the amount of fluid in the pleu‐
ral cavity.

This case shows that the image of RA can vary. A patient with rheumatoid arthritis requires
an interdisciplinary care and multi-diagnosis. Therapies should be directed not only toward
the treatment of arthritis, but also treatment of exacerbation of respiratory failure.

Pleural involvement is the most common manifestation of lung disease in rheumatoid ar‐
thritis. The prevalence is estimated to 5-20% patients with rheumatoid arthritis [61]. Other
lung manifestations in rheumatoid arthritis are: rheumatoid nodules, interstitial lung diseas‐
es (heterogeneous group of disease depending of damage to the lung by inflammation or
fibrosis), pulmonary hypertension, methotrexate induced lung diseases.

Traditional treatment of lung involvement in rheumatoid arthritis is corticosteroids. When
there is pleural involvement, the treatment includes drainage of recurrent symptomatic effu‐
sion and oral corticosteroids, and treatment for the underlying rheumatoid arthritis. Next al‐
ternative treatment, especially for lung fibrosis, are cyclophosphamide [163], cyclosporine,
azathioprine [163], and hydroxychloroquine [80]. Some case studies by Antoniou KM et al.
suggest that infliximab may have an effect on interstitial lung diseases associated with rheu‐
matoid arthritis. This study showed that infliximab can lead to stabilization or improvement
of symptoms, lung function and lung image in X-rays [164].
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Figure 4. Case nr 4. A 45 year old female was diagnosed with seropositive rheumatoid arthritis, and lung involvement.
X-rays showed right pleural effusion and in upper-middle side of right lung there was 1.6 centimetres mass looked like
rheumatoid nodule.

4. Conclusion

Rheumatoid arthritis’ course may vary. The occurrence of extraskeletal manifestations re‐
quires different diagnostic procedures and treatment. Many of extrasceletal manifestations
are associated with more active or aggressive course of RA. Currently there are no predic‐
tors for extrasceletal manifestations which may suggest their presence in course of disease,
although they are associated with risk factors like smoking, age, sex, level if inflammatory
mediators, presence of rheumatoid factor, antinuclear antibodies and genetic factors. Extra‐
skelatal features of RA are common and generally linked with aggressive course of disease.
They need to be recognized early and treated in proper way.
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1. Introduction

Small molecule disease-modifying antirheumatic drugs (DMARDs) played a central role in
drug therapy for rheumatoid arthritis (RA) before biological preparations (biologics) came
into extensive use for the treatment of this disease. Unlike non-steroidal anti-inflammatory
drugs (NSAIDs) and steroids, which primarily alleviate the symptoms of RA such as pain
and inflammation, DMARDs are known to suppress the progression of RA through their ac‐
tion against immunological abnormalities.

To review the history of the clinical positioning of DMARD therapy, until the beginning of
the 1990s, DMARDs were used only in patients showing signs of disease progression (e.g.,
bone erosion) after NSAIDs or steroid treatment within the framework of pyramid therapy
[1]. During the 1990s through the 2000s, the strategy and goals of RA therapy have under‐
gone marked changes following the introduction of methotrexate (MTX) as another treat‐
ment option, the expansion of MTX as an anchor drug [2,3,4], endorsement of the usefulness
of combined drug therapy involving DMARDs [5], the introduction of biologics into RA
treatment [6,7,8], and other advances. In 2002, the American College of Rheumatology
(ACR) released its Guidelines on RA Management, clearly indicating DMARDs as first-line
drugs for the treatment of RA. As a result, NSAIDs and steroids came to be positioned as
auxiliary means of treating RA [9].

The small molecule DMARDs that have been used frequently in Western countries are MTX,
sulphasalazine (SASP), hydroxychloroquine (HCQ), leflunomide (LFN), and minocycline
(MIN). In Japan, where the repertoire of drugs clinically available differs from that in West‐
ern countries, HCQ and MIN are not indicated for RA under the national health policy, and
bucillamine (BUC) has been a more popular small molecule DMARD than these 2 drugs.
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The use of biologics such as TNF inhibitors began to spread around the world within several
years of their clinical introduction as drugs that exert rapid action and are expected to im‐
prove long-term prognosis and to allow patients with RA to maintain physical function [10].
During the 2000s, revisions of the guidelines on RA treatment and criteria for diagnosis of
RA were accelerated in various countries, with the goal of treatment shifting from symptom
control (anti-inflammatory analgesia) and delayed disease progression to achievement of
disease remission and suppression of disease progression. As an accumulation of clinical tri‐
al data became available revealing from a long-term perspective the advantageous effects of
biologics not found in small molecule DMARDs, including suppression of progression of
bone destruction and physical dysfunction [11,12], biologics began to replace small molecule
DMARDs, primarily in patients anticipated to have a poor prognosis and those with rapidly
advancing disease. In addition, introduction of biologics into therapy at an early stage of ac‐
tive RA has been recommended in some guidelines because of the benefits expected from
this kind of drug for maintaining long-term quality of life in many patients [13].

Nonetheless, there are still several open issues involved in the use of biologics, including:

1. presence of a considerable percentage of patients who fail to respond to treatment with
biologics[14],

2. heavy economic burdens for individuals and the community due to high drug prices
[15],

3. risk of serious adverse reactions (e.g., infection) in some patients [16,17], and so on.

These issues represent obstacles to the establishment of biologics as a predominant means of
treatment for RA. In recent years, several reports have been published in the United States
and Europe providing data intended to serve as evidence for the view that treatment with a
combination of 3 small molecule DMARDs is expected to improve long-term prognosis of
RA to an extent comparable with biologics. Following these reports, in Western countries,
the guidelines/guidance on RA treatment have been further reviewed, resulting in restate‐
ment of the position that small molecule DMARDs are first-line drugs, and a clear statement
that combination therapy with small molecule DMARDs should be tried before the therapy
with biologics [18]. This chapter will describe the popular small molecule DMARDs current‐
ly used for treatment of RA and present a discussion regarding the current position of small
molecule DMARDs in RA treatment guidelines/guidance, as well as its background. In addi‐
tion, 2 new small molecule DMARDs, tofacitinib and iguratimod, are discussed.

 

2. Popular small molecule DMARDs

DMARDs is the collective term for a set of drugs known to suppress the progression of RA
via action against immunological abnormalities. These drugs do not exhibit the rapid action
on symptoms, i.e., inflammation and pain, exerted by NSAIDs and steroids.
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DMARDs are additionally capable of delaying the progression of bone destruction, but it is
rare that remission of RA can be achieved by DMARD mono-therapy in patients with estab‐
lished RA. DMARDs are generally slow in action, taking 1 to 3 months until manifestation
of their effects. The response to these drugs varies greatly among individuals, and a number
of patients fail to respond to treatment with DMARDs. Furthermore, patients whose disease
activity is initially controlled by DMARDs sometimes cease to respond to the drugs (relapse)
during prolonged use. Another characteristic of DMARDs is a high incidence of adverse re‐
actions, with the incidence of adverse events with each DMARD being between 20% and
50%. If adverse reactions are mild, treatment with DAMARDs can be often continued by
means of dose reduction or symptomatic treatment, but the risk that patients will develop
life-threatening serious adverse reactions, including hematological disorders, renal disorder,
and interstitial pneumonia, is common.

Some DMARDs are immune suppressors that are also used for control of host rejection of
grafts and treatment of cancer, including MTX, LFN, tacrolimus (TAC), cyclosporine, aza‐
thioprine, and cyclophosphamide. The class also includes immune modulating agents, such
as SASP, BUC, d-penicillamine, gold compound, and others, as well as HCQ, an anti-malar‐
ia agent, and MIN, an antibiotic (Table1).

Here, the popular DMARDs used clinically are described. BUC is approved as a DMARD
for treatment of RA only in Japan and Korea, and currently, the use of BUC is almost exclu‐
sively confined to Japan, where this drug is still used in quantities as large as SASP, second
to MTX among the approved DMARDs.

 

3. Methotrexate (MTX)

MTX is a folic acid antagonist. The drug has been reported to exert immunosuppressive ac‐
tivity through its action (suppression of proliferation) on immune competent cells by means
of DNA synthesis inhibition, and to exert anti-inflammatory activity by inducing pooling of
adenosine [19]. Details are unknown about the mechanism of its antirheumatic activity, but
the drug has shown excellent efficacy and long duration, and it is the most frequently used
small molecule DMARD in the world as an anchor drug for RA treatment [3,4]. The most
recent guidelines recommend early initiation of treatment with MTX as a first-line drug in
patients with factors associated with poor prognosis such as positive ACPA, bone erosion,
extra-articular symptoms, or restricted physical function [18]. Among the antirheumatic
drugs, MTX tends to exert its effects relatively early (within 1 to 2 months) and these effects
include suppression of joint destruction [20,21].
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Table 1 summary of small molecule DMARDs

Adverse reactions to MTX include infection, stomatitis, glossitis, nausea, hepatic dysfunc‐
tion [22], and others. It is known that these adverse reactions are more likely to appear in
patients with compromised renal function and in elderly patients, and that they can be re‐
duced by concomitant use of folic acid or leucovorin [23,24,25]. Interstitial pneumonia and
bone marrow suppression are known as serious adverse reactions. Interstitial pneumonia
can develop suddenly and is sometimes intractable [26]. Marrow suppression involves im‐
paired hematopoiesis. Both of these reactions are serious and require hospitalization. As a
rule, MTX is administered once weekly via an oral or parenteral route at an initial dose level
of 7.5 to 15 mg, with the dose being gradually increased up to 25 mg/week if responses are
insufficient. In Japan, MTX is only administered orally, at an initial dose level of 6 mg/week.
The dose is gradually increased up to 16 mg if responses are insufficient. The weekly dose
level may be divided into 1 to 3 doses in 1 or 2 days. It is known that the effects of MTX are
strengthened by concomitant use of biologics [27].

4. Sulphasalazine (SASP)

This drug exerts action relatively rapidly (in 1 to 2 months) among the DMARDs. Like MTX,
SASP has been reported to exert anti-inflammatory activity by inducing pooling of adeno‐
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sine [28], and to have immunomodulating effects as well, e.g., suppression of antibody pro‐
duction [29]. The antirheumatic activity of SASP has not been sufficiently clarified, but
because it suppresses joint destruction [20], it is considered as an option for treatment of RA
with MTX. As compared to other DMARDs, SASP can be characterized by low nephrotoxici‐
ty, and the risk for teratogenicity in pregnant women is also considered to be lower with
SASP than with other DMARDs. Adverse reactions to SASP include liver disorder, drug
eruption, bone marrow disorders, and others. Because the incidence of gastrointestinal dis‐
orders as an adverse reaction is high with the bulk form of SASP, it is usually administered
in the form of an enteric-coated tablet for the treatment of RA. In Western countries, this
drug is usually recommended for treatment at a dose level of 2 to 3 mg/day, while in Japan,
the upper limit of the dose level is set at 1 mg/day.

5. Leflunomide (LFN)

LFN is a metabolic antagonist capable of suppressing the proliferation of T lymphocytes
through pyrimidine synthesis inhibition [20]. This drug has been reported to suppress joint
destruction. It is characterized by the long half-life of its active form. Adverse reactions to
LFN include infection, diarrhea, bone marrow disorders, hypertension, liver disorder, nau‐
sea, alopecia, and others. Interstitial pneumonia is an adverse reaction that requires utmost
caution and is potentially fatal. LFN has been reported to be teratogenic [30,31]. For a couple
planning pregnancy, it is necessary for both partners to take cholestyramine to eliminate the
active metabolites of LFN completely. Because of the long the half-life of the active metabo‐
lite in vivo, the drug is administered at a loading dose level (100 mg) for the first 3 days, fol‐
lowed by administration at a constant dose level (20 mg/day).

6. Hydroxychloroquine (HCQ)

HCQ was used as an anti-malaria agent before it was used as an antirheumatic drug [32].
The anti-malaria activity of HCQ is considered to have no relationship to its antirheumatic
activity. HCQ is believed to suppress antigen presentation by elevating the pH of the cyto‐
plasmic compartment of antigen-presenting macrophages [33]. More recently, it was report‐
ed that HCQ acts on the toll-like receptor to manifest effects on the immune system [34]. The
efficacy of HCQ is less than that of MTX, but HCQ has an excellent safety profile. For this
reason, HCQ is used for the treatment of mild RA [35]. Uncombined HCQ treatment does
not suppress the progression of bone destruction. Although the tolerability is high, adverse
reactions such as nausea and dizziness occasionally appear. Furthermore, the drug has a
high affinity for the retina and thus exerts high ocular toxicity. This is the reason that use of
the drug is not approved in some countries. Although retinal disorders induced by HCQ are
irreversible and if severe can lead to blindness, recovery from retinal disorders is sometimes
possible if they are detected early. HCQ is also used occasionally for treatment of articular
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irreversible and if severe can lead to blindness, recovery from retinal disorders is sometimes
possible if they are detected early. HCQ is also used occasionally for treatment of articular

Small Molecule DMARD Therapy and Its Position in RA Treatment
http://dx.doi.org/10.5772/53320

169



and skin symptoms of SLE. For the treatment of RA, the drug is administered at a dose of
400 mg/day.

7. Minocycline (MIN)

The US Food and Drug Administration (FDA) has not approved MIN for treatment of RA.
However, a slow efficacy of this drug against RA has been shown in some double-blind tri‐
als [36,37,38,39]. Although the usefulness of this drug as a means of treatment for RA is low,
it has evidenced effects at early stages of RA. Compounds of the tetracycline family are
known to suppress matrix metalloproteinase [40], and this action is believed to suppress
narrowing of the joint space in patients with RA. The activity of MIN as an antibiotic is con‐
sidered to have no relationship to its antirheumatic activity.

8. Bucillamine (BUC)

BUC has been approved as a means of RA treatment in only Japan and Korea. As noted, at
present, its use is almost exclusively confined to Japan. BUC is used as frequently as SASP in
Japan, and this frequency of use is second to MTX. Its antirheumatic activity is slightly
stronger, that is comparable to or higher than, that of SASP [41,42]. For this reason, BUC is
used for treatment of mild to moderate RA. The pharmacologic actions that have been re‐
ported as likely to be involved in the drug's antirheumatic effects include suppression of cy‐
tokine production in the synoviocytes [43], suppression of antibody production from B-
lymphocytes [44,45], and suppression of osteoclast differentiation [46]. According to a recent
report, the effect of this drug in inhibiting Akt signals is involved in the suppression of anti‐
body production from B-lymphocytes and the suppression of cytokine production by the
synoviocytes [47,48]. Numerous adverse reactions including renal disorders and skin disor‐
ders are known, with serious adverse reactions including interstitial pneumonia and hema‐
tological disorders, and therefore patients must be watched closely. When used for the
treatment of RA, BUC is administered at an initial dose of 100 mg/day, with a gradual in‐
crease up to 300 mg/day if efficacies are insufficient.

9. Tacrolimus (TAC)

TAC was initially sold as a drug for suppression host rejection of grafts. In 2005, its indica‐
tion was expanded to encompass treatment of RA. The known effects of TAC include inhibi‐
tion of the proliferation and differentiation of T lymphocytes involved in persistence of RA-
associated inflammation and suppression of inflammatory cytokine production. The effect
of this drug on RA is not strong when used as mono-therapy. It shows excellent efficacy
when used as an additional drug in combination therapy for patients who have insufficient
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response to MTX alone [49]. In Western countries, this drug is not used frequently because
the results of clinical trials of mono-therapy have been unsatisfactory, and the ACR has not
advocated the use of TAC as a means of treating RA because of its insufficient efficacy [18].
Adverse reactions to TAC include headache, renal disorders, hyperglycemia, hyperurice‐
mia, hypertension, and others. Since TAC is less likely to affect the respiratory system, it is
occasionally used in patients who have respiratory complications. When used for the treat‐
ment of RA, this drug is usually administered at a dose of 3 mg/day, and at 1.5 mg/day in
elderly patients.

10. Gold Compound

Two formulations of gold compound (injection and oral-dose preparations) are available.
The efficacy and safety profiles partially differ between these 2 forms. Injection is performed
intramuscularly once weekly at an initial dose of 50 mg/week, followed by maintenance
dosing (once every 2 to 4 weeks). The response rate is relatively high, but effects are usually
not evident until after 3 to 6 months. The frequency of discontinuation of treatment due to
adverse reactions is high, with skin and mucosal disorders being the most frequent causes
for discontinuation. Adequate monitoring for proteinuria and renal dysfunction is necessa‐
ry, and care is also needed regarding hematological disorders, since leukopenia, thrombocy‐
topenia, and hypoplastic anemia can develop following treatment with this drug. The oral-
dose preparation is administered twice daily at a dose of 3 mg/dose. The efficacy of the oral-
dose preparation is less than that of the injection and takes up to 9 months to appear.
Adverse reactions to the oral-dose preparation are akin to those of the injection, although
the incidence of renal and hematological disorders is slightly lower with the oral prepara‐
tion.

11. Azathioprine

This drug is a purine analog and is shown to exert immunosuppressive effects by antimitot‐
ic action induced by inhibiting the synthesis of DNA and proteins. The efficacy of this drug
against RA is comparable to that of other slow-acting drugs. Adverse reactions to azathio‐
prine include gastrointestinal disorders, liver disease, leukopenia, and others.

12. Cyclosporine

Cyclosporine is an immune suppressor that is generally used as means of suppressing host
rejection of grafts. This drug suppresses the production and physiological actions of interleu‐
kin-2 and lymphocyte growth factor, taking 6 to 12 weeks before manifestation of its efficacy
against RA. Frequently observed adverse reactions to this drug include renal disorders, hyper‐
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tension, gingival thickening, increased body hair, and others. Cyclosporine is recommended
only for treatment of severe and advanced RA that has failed to respond to other drugs.

13. Cyclophosphamide

Cyclophosphamide is an alkylating agent with nonspecific cytotoxic activity. It suppresses
the immune system by disturbing lymphocytes in a nonspecific manner. This dug has been
positioned to play an important role in the treatment of SLE and vasculitis. It is rarely used
for patients with RA because of strong adverse effects.

14. Changes in the position of small molecule DMARDs in the treatment
of RA

According to the pyramid therapy [1] model that had been established by the beginning of
the 1990s, RA treatment focused on alleviation of symptoms (pain, inflammation, etc.) with
the use of NSAIDs and steroids at sufficiently high doses. Use of antirheumatic drugs was
confined to cases with marked progression of bone erosion and other severe manifestations.
It was noted that in cases requiring treatment by NSAIDs and steroids inflammation ap‐
peared to subside gradually by means of burnout over time. However, the RA itself re‐
mained unchanged and bone destruction continued to advance, accompanied by
progression of joint dysfunction [50]. The primary drug therapy in those days played only
the role of suppressing symptoms (i.e., pain and swelling), and it could not prevent progres‐
sion of bone destruction, joint dysfunction, and other morbidity.

This situation changed dramatically during the period from the latter half of the 1990s to the
2000s. MTX had become clinically available for use in the treatment of RA in the 1980s to
1990s, and subsequently began to be used extensively as an anchor drug for the treatment of
RA [2,3,4]. The term anchor drug refers to any drug used as a “protagonist” in the treatment
of RA. In the management of RA, MTX was positioned as a drug whose necessity would be
determined on the basis of the severity of the disease, and which would become indispensa‐
ble in cases where the disease severity exceeded a certain level. After the mid-1990s, a series
of data were published that provided new evidence of the efficacy of combined DMARD
therapy (2 or 3 DMARDs) as compared to DMARD mono-therapy, stimulating active adop‐
tion of DMARD combination therapy. During this time, MTX also came to be positioned as a
key drug in combination therapy, and to date, the prominence MTX as an anchor drug has
not changed [5]. From the late 1990s to the 2000s, biologics, primarily TNF inhibitors, began
to be introduced clinically as drugs expected to improve long-term prognosis and to main‐
tain physical function [6,7,8], and by the 2000s, these events had led to an acceleration in
some countries to revise existing treatment guidelines and diagnostic criteria for RA, which
was accompanied by a shift of the focus of treatment from anti-inflammatory analgesia and
delay of disease progression to achievement of disease remission and prevention of progres‐
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sion. The RA management guidelines that were published by the ACR in 2002 positioned
DMARDs as first-line drugs for RA treatment, which were to be started within 3 months af‐
ter disease onset, while positioning NSAIDs and steroids as auxiliary drugs for symptoms
such as pain and inflammation [9]. These guidelines additionally recommended switching
patients to different DMARDs if the initially prescribed DMARDs failed to exert sufficient
efficacy within 3 months of the initiation of treatment. This guideline clearly positioned
MTX as an anchor drug, allowing clinicians to acknowledge that a current framework of RA
treatment had been decided at that time. It was also recommended by this guideline that bi‐
ologics should be used in cases that were failing to respond well to treatment with
DMARDs, including MTX. We may infer that in their early days, the clinical use of biologics
was confined to intractable cases because this class of drug had not yet been evaluated in a
sufficient number of cases (Figure 1).

During the period from the late 1990s to 2000s, as a series of new biologics were introduced
and the clinical trial data on these drugs accumulated, it was suggested by some of these
data that active use of biologics beginning soon after disease onset might be advantageous
in some patients in terms of efficacy of long-term RA management, notably when focusing
on the effects of biologics in suppressing progression of bone destruction and physical dys‐
function, which were not seen with small molecule DMARDs [11,12]. In some patients, pri‐
marily those anticipated to have poor prognoses and those with rapidly progressive RA,
biologics began to replace small molecule DMARDs. In 2008, noting this trend, the ACR
made public a new recommendation on RA treatment that stated that the use of TNF inhibi‐
tors should be recommended as an option for first-line

Figure 1. Guidelines for the management of rheumatoid arthritis: 2002 Update
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medication for patients with high disease activity at 3 months to less than 6 months after
disease onset, and patients with high disease activity and factors associated with poor prog‐
nosis at less than 3 months after disease onset [18] (Figure 2). Campaigns promoting a better
long-term prognosis by earlier start of treatment with biologics based on these develop‐
ments and bolstered by financial programs that assisted patients with out-of-pocket pay‐
ments for biologics created stiff competition over biologics among manufacturers, and has
reportedly promoted an increase in the quantity of biologics used for RA treatment. Howev‐
er, there are still many open issues surrounding biologics, including the high percentage of
patients who fail to respond to biologics [14], the high price that causes large burdens on
individuals and society [15], and the risk of serious adverse reactions such as infection
[16,17]. The use of DMARDs, primarily in combination therapy, has also fallen under re‐
newed scrutiny following publication of new studies. These events may stimulate further re‐
vision of the current guidelines/guidance on RA treatment.

Restriction of the use of biological preparations due to the necessity of out-of-pocket pay‐
ment of their cost

Figure 3 illustrates the sales of 3 biological TNF antagonists per 100,000 populations in each
country. It shows that biologics are used a lot in European countries such as Norway and
Sweden. In these countries, patients are usually required to pay no money or only very small
amounts (less than 1,000 yen) as out-of-pocket payment during each visit to a medical facili‐
ty [10,51]. The consumption tax rate is high (about 20 to 30%) in these countries, and a large
portion of the consumption tax collected is spent for social welfare, including medical ex‐
pense. This is the reason why the out-of-pocket payment is small for patients in these countries.

Figure 2. American College of Rheumatology 2008 recommendations on indications for the use of biologic Disease-
modifying antirheumatic drugs in patients with RS <6 months

The United States, on the other hand, is the only developed country having no universal
public health insurance. Excluding Medicare and Medicaid for elderly people, physically
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handicapped citizens and low-income families, healthcare in the United States depends on
private sector insurance not mandatory for individual citizens. The premium for private
health insurance is high, and a high percentage of uninsured people is often highlighted as a
social problem in this country. For individuals covered by health insurance, the out-of pock‐
et payment is not very large, although it varies depending on the insurance plan selected by
individuals. Furthermore, unique campaigns by pharmaceutical companies are available in
the United States, promoting the treatment with biologics. Under such campaigns, a majori‐
ty of individual patient drug cost will be borne by the manufacturer to take over if the pa‐
tients agree to treatment with specific drugs for a certain period of time and are registered
with the treatment programs (RemiStart, Enbrel Support, My Humira, etc).

In Japan, however, annual out-of-pocket payment amounting to about 400,000 to 500,000
yen (about 5000 to 6500 dollars) is needed for many patients receiving treatment with bio‐
logics, excluding some patients covered by social welfare programs for reduction of out-of-
pocket payment of healthcare expenses (specific physically handicapped individuals,
individuals covered by poverty program, and so on). (Japan and Korea are the only coun‐
tries belonging to the OECD where individuals covered by health insurance are required to
make out-of-pocket payment to bear 30 % of health care costs.) This amount of out-of-pocket
payment is about 25 times as large as the out-of-pocket payment needed for conventional
DMARDs. There are patients who give up receiving treatment with biologics because they
cannot afford to pay the expense [51].

Figure 3. Sales of three biologics TNF antagonists per 100,000 population (A) and Price index and the percentage of
patients using biologics TNF antagonist in the world in 2006 (B)
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15. Current standard of care for RA

It has been shown that intervention with biologics at early stages of RA is expected to con‐
trol the disease activity and suppress subsequent joint destruction, thus facilitating remis‐
sion of RA, biologics free and cure [52]. However, according to the Best study [53], the long-
term outcome of treatment differs little among different treatment strategies. It has thus
been suggested to be more important to practice tight control through adjusting treatment
flexibly depending on the disease activity in individual cases, instead of selecting biologics
from the beginning (Figure 4).

In 2012, the ACR published the "2012 Update of the 2008 American College of Rheumatolo‐
gy Recommendations for the Use of Disease-Modifying Antirheumatic Drugs and Biologic
Agents in the Treatment of Rheumatoid Arthritis," and recommended separate methods of
treatment for patients at early stages of RA (less than 6 months after onset) and patients with
established RA (6 months or more after onset) [18]. According to the revised guidelines, in‐
tervention with biologics is recommended for cases of established RA if the RA cannot be
adequately controlled with recommended DMARD therapies (Figure 5). The guidelines also
state that use of TNF inhibitors deserves to be considered even in patients with early stage
RA if factors associated with poor prognosis are present and the disease activity is high, al‐
though it seems to be accepted that biologics have become a mode of treatment that is con‐
sidered, as a rule, only in cases where the activity of RA cannot be controlled sufficiently by
adequate treatment with small molecule DMARDs, including MTX.

Figure 4. Seven year Results of DAS steered treatment in the BeSt Study: clinical and radiological outcome
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Under the National Health Service (NHS) in the United Kingdom, in which prescription
payments for individual patients are borne by the government, RA treatment is guided by
the recommendations of the National Institute for Health and Clinical Excellence (NICE)
[54]. The procedure for treatment under this system is more concrete than the ACR recom‐
mendations, and permits moving to therapy with biologics (anti-TNF preparations) or tocili‐
zumab in cases that are poorly controlled despite attempts of treatment with DMARD
combination therapy including MTX, even at the highest possible dose levels (Figure 6).
However, permission for the use of these biologics under the British system requires that the
manufactures bear any individual drug costs exceeding £9296 per year.

16. Comparison between small molecule DMARDs combination therapy
and biologics plus MTX combination therapy

Regarding drug therapy at early stages of RA, the two-year data were recently reported on
multicenter comparative clinical studies of three small molecule DMARDs combination
therapy (MTX + SASP + HCQ) and biologics plus MTX combination therapy in the United
States (TEAR study) [55] and Sweden (Swefot trial) [56]. In the TEAR study, the outcome as
to DAS28-ESR did not differ between the oral triple therapy and the etanercept plus MTX
combination therapy (first endpoint), and ACR20 and 50 was observed no difference be‐
tween the two groups. The only significant difference was between two groups for ACR70
(Figure 7). In the

Figure 5. update of the 2008 American College of Rheumatology recommendations for the use of disease-modifying
antirheumatic drugs and biologic agents in the treatment of rheumatoid arthritis.
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sidered, as a rule, only in cases where the activity of RA cannot be controlled sufficiently by
adequate treatment with small molecule DMARDs, including MTX.

Figure 4. Seven year Results of DAS steered treatment in the BeSt Study: clinical and radiological outcome
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Under the National Health Service (NHS) in the United Kingdom, in which prescription
payments for individual patients are borne by the government, RA treatment is guided by
the recommendations of the National Institute for Health and Clinical Excellence (NICE)
[54]. The procedure for treatment under this system is more concrete than the ACR recom‐
mendations, and permits moving to therapy with biologics (anti-TNF preparations) or tocili‐
zumab in cases that are poorly controlled despite attempts of treatment with DMARD
combination therapy including MTX, even at the highest possible dose levels (Figure 6).
However, permission for the use of these biologics under the British system requires that the
manufactures bear any individual drug costs exceeding £9296 per year.

16. Comparison between small molecule DMARDs combination therapy
and biologics plus MTX combination therapy

Regarding drug therapy at early stages of RA, the two-year data were recently reported on
multicenter comparative clinical studies of three small molecule DMARDs combination
therapy (MTX + SASP + HCQ) and biologics plus MTX combination therapy in the United
States (TEAR study) [55] and Sweden (Swefot trial) [56]. In the TEAR study, the outcome as
to DAS28-ESR did not differ between the oral triple therapy and the etanercept plus MTX
combination therapy (first endpoint), and ACR20 and 50 was observed no difference be‐
tween the two groups. The only significant difference was between two groups for ACR70
(Figure 7). In the

Figure 5. update of the 2008 American College of Rheumatology recommendations for the use of disease-modifying
antirheumatic drugs and biologic agents in the treatment of rheumatoid arthritis.
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Figure 6. Summary of the management of rheumatoid arthritis in National Institute for Healt and Clinical Exellence
guideline for rheumatoid arthritis

Swefot trial, there was no difference between the three small molecule DMARDs combina‐
tion therapy group and the infliximab plus MTX combination therapy group in terms of
ACR 20, 50 or 70 or EULAR good/moderate response. The TEAR study revealed no differ‐
ence between the oral triple therapy group and the biologics plus MTX combination therapy
group from the 12th month on after the start of treatment, while the Swefot trial disclosed
higher efficacy of biologics plus MTX combination therapy during the first 6-12 months of
treatment, followed by gradual disappearance of the inter-group difference during the two-
year follow-up period. Also according to the long-term data from Best study conducted in
the Netherlands [53], there was no significant difference in clinical improvement or the de‐
gree of bone/joint destruction on radiographic examination between Group 3 (treatment
started with 3 drugs, MTX + SASP + steroid) and Group 4 (treatment started with biological
preparations).

Regarding the degree of bone/joint destruction on radiographic examination, both TEAR
study and Swefot trial demonstrated significant reduction in the biologics plus MTX combi‐
nation therapy group, with the inter-group difference being 1-2 in terms of total Sharp
Heijde score (full point: 448) of the mean progression of destruction per year relative to the
baseline at the start of treatment. It might be thought that it is questionable to use the expen‐
sive biologics as the initial means of intervention into RA if only such slight suppression of
bone/joint destruction on X-ray can be achieved.
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Figure 7. Results from the TEAR trial: oral triple Therapy vs. etanercept plus methotrexate in early RA (A): Observed
DAS28-ESR,(B): Percentage of participants in TEAR achieving ACR20, 50, and 70 criteria at time of step-up at 6 months
and at the 2 year conclusion of the study.

17. Three small molecule DMARD combination therapy in Japan
(JaSTAR study)
The ACR recommendation and the NICE (U.K.) guidance state that the three DMARDs com‐
bination therapy should be applied before treatment with biologics [18,54]. In Japan, HCQ
has not been approved for use in the treatment of RA because of adverse reactions. The
three drug combined therapy (MRX + SASP + HCQ) is therefore not practically possible in
Japan. We thus started a multicenter comparative clinical study on treatment of early stage
RA with three small molecule DMARD combination therapy and biological TNF antagonists
plus MTX combination therapy, involving nationwide 32 facilities of rheumatologist in Ja‐
pan (JaSTAR study: Japan Strategic Treatment of Aggressive RA) [57].

The DMARDs used in the JaSTAR study were MTX, SASP and Bucillamine (Buc). Buc was
used instead of HCQ for the following reasons:

1. Buc is a DMARD used frequently in Japan; and

2. this combination of three drugs with Recommendation Level “A” according to the
Guidelines of the Ministry of Health, Labour and Welfare seemed to be appropriate for
this study [41].

To date, case registration has been completed, achieving the targeting number (160 cases),
and each patient enrolled to the study is now under follow-up. Interim analysis of the data
during the first 6 months revealed a similar DAS28 remission rate between the three
DMARDs combination therapy group and the biological TNF antagonists plus MTX combi‐
nation therapy group (Figure 8). The treatment continuation rate among the 33 cases where
one-year data have been analyzed was superior over the anti-TNF therapy continuation rate
previously reported from the DANBIO registry [68] (Figure 9). We are looking forward to
the results from final data analysis.
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Figure 8. Distribution of disease activity of patients before and after treatment for 6 monts in JaSTAR Study

Figure 9. Cumulative continuation rate of triple DMARDs combination therapy in JaSTAR Stady, Cumulative continua‐
tion rate of TNF inhibitors in DANBIO study was superimposed.

18. Introduction of new small molecule DMARDs for RA treatment

It is known that among the drugs currently used for treatment of RA, those targeted at cyto‐
kines, all of which fall under the category of biologics, have yielded particularly favorable
outcomes. However, unless the open issues mentioned above are resolved, it is unlikely that
biologics will play a central role in the treatment of RA. In 2012 and 2013, there were 2 new
DMARDs scheduled for introduction for RA treatment. One of them, tofacitinib, has been
developed with attention focused on the role of cytokines in RA. If tofacitinib is shown in
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clinical practice to be a means of RA treatment possessing both the advantages of biologics
and the advantages of small molecule DMARDs, it is expected that another paradigm shift
will occur in RA management. The 2 new DMARDs are described in further detail below.

19. Tofacitinib

Tofacitinib has been developed as a drug for treatment of RA. It is shown to be an inhibitor
of Janus kinase 3 (JAK3), an enzyme reported to be involved in cytokine receptor signal
transduction. To date, tofacitinib has been experimentally shown to suppress all JAKs (1
through 3), rather than manifesting selective action against any particular JAK. Tofacitinib
suppresses cytokines through inhibition of JAK-stat signals. In May 2012, the US FDA is‐
sued an approval recommendation for the use of this drug in adults with moderate or se‐
vere RA. According to the results of clinical trials, treatment with tofacitinib for 3 months
achieved a semi-favorable (about 50%) ACR20 in patients who were responding poorly to
TNF inhibitor treatment, with a placebo group achieving about 25%. Clinical trials have also
been conducted for tofacitinib as a first-line drug, and in patients responding poorly to
MTX, each yielding favorable outcomes. This drug is therefore reported to be promising not
only as an additional option during biologic therapy but also as a first-line drug. Adverse
reactions that require caution are elevations in blood cholesterol levels and neutrophilia.

20. Iguratimod

Iguratimod was formulated as a COX2 inhibitor and was later found to have immune mod‐
ulating activity. It was thus developed as a DMARD. Iguratimod has been shown to be use‐
ful in combination with other drugs in patients failing to respond well to MTX. Elevation in
liver enzymes is known as an adverse reaction.

21. Conclusion

As detailed herein, small molecule DMARDs have played a central role in treatment of RA
since before the introduction of biologics, and it has been shown that modification of
DMARD regimens (e.g., consideration of combination therapy beginning soon after disease
onset) can improve the long-term prognosis, allowing small molecule DMARDs to serve as
valid alternatives for biologics in RA treatment. While it is also known that treatment with
biologics is useful in cases of high activity RA, even in these cases, there may be patients for
whom combination therapy using existing DMARDs should be considered before introduc‐
tion of biologics. Further changes in the paradigm of RA treatment are expected pending re‐
sults of clinical use of new oral-dose small molecule DMARDs that have shown effects
similar to both biologics and small molecule DMARDs.
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1. Introduction

The significant number of rheumatoid arthritis (RA) patients do not respond to the typi‐
cal  treatment.  To  develop  new  anti-inflammatory  therapies,  studies  on  identification  of
new pathways involved in modulation of inflammation are still conducted. Inflammation
is a local,  protective response to injury and pathogen invasion. Following tissue damage
manifests clinically by swelling, pain, redness and heat.  Relations between the processes
which enhance or  suppress the inflammatory response are subject  of  precise regulation.
Disorders  of  this  delicate  balance  between  proinflammatory  and  anti-inflammatory
agents may even lead to necrosis or tissue damage. Too weak response to the agent that
causes inflammation and may effect in immunodeficiency and on the other hand, too in‐
tense  inflammatory  response,  causes  the  tissue  damage  such  as  occurs  for  example  in
RA.  Regulation  of  inflammation  by  anti-inflammatory  processes  is  an  important  condi‐
tion for maintaining health and homeostasis [1,2].

The acute inflammatory process lasts from minutes to days. Its development depends on he‐
modynamic alterations, mechanisms of specific leukocyte-endothelial adhesive interactions,
chemotaxis, and leukocyte activation and phagocytosis. These steps are regulated on hu‐
moral way by variety of soluble inflammatory mediators (eg. cytokines, histamine, NO,
prostaglandins etc.) produced both by stationary cells (eg. fibroblasts, mast cells etc.) and
circulating cells (lymphocytes, neutrophils etc.). Inflammatory reaction can be also regulated
by neural signaling. In contrast to humoral regulation neural control is short-lived: after a
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brief refractory period, responding cells can resume function as required in the absence of
further neural input. Recovery of immune function after transient inhibition enables neces‐
sary local inflammatory responses to be mobilized during persisting threat or infection [1,2].
Neural regulation of discrete, distributed, localized inflammatory sites provides a mecha‐
nism for integrating responses in real time. In RA patients imbalance between an overly ac‐
tive adrenergic nervous system (ANS) and reduced cholinergic neural system (CHNS)
activity is observed [3]. ANS stimulation results in bringing the body to a state of raised ac‐
tivity and attention, usually called the fight or flight response. In contrast, stimulation of the
cholinergic nervous system (CHNS) can be summarized as the rest and digest response, as
this returns the body functions back to normal. Idea of manipulation of the autonomic nerv‐
ous system (adrenergic and cholinergic) could be interesting approach in RA treatment [4].

2. Cholinergic neural system

The CHNS consists mainly (75%) of the vagus nerve, which is the largest nerve and owes its
name because of the wandering course along the body [5]. CHNS, through the vagus nerve,
plays an important role in regulation of inflammation. Main neurotransmitter of CHNS is
acetylocholine (ACh). ACh acts through two, widely expressed types of receptors - the mus‐
carinic (mAChR) and the nicotinic (nAChR) receptors. The ACh receptors are found not on‐
ly on neurons, but also are widely expressed on other non-neural cells such as endothelial
cells (EC), monocytes, macrophages, T and B lymphocytes, dendritic cells and neutrophils,
which can act in an autocrine ⁄ paracrine way, modifying immune responses [1,2]. There is
no neuroanatomical evidence for parasympathetic or vagal nerve innervations of any im‐
mune organs but ACh can be also locally expressed and released from splenic immune cells
[6]. ACh is detectable in blood of several animal species [7]. In humans, the mean concentra‐
tion of ACh in plasma is approximately 3 nmol L-1 (or 456 pg mL-1, range 151–1312 pg
mL-1). Sixty per cent of the total ACh in human blood is contained in mononuclear leuko‐
cytes and the rest is found in plasma [8]. The nonneuronal cells that can produce ACh are
for example: epithelial, endothelial, mesothelial, muscle cells and immune cells. Release of
ACh from these sources is regarded as nerve-independent, which raises the possibility of
immune cell-derived cholinergic activity that can modulate inflammation. These cells pos‐
sess also all functional components of the cholinergic system and the cholinergic signaling in
these cells is comparable to regular neurotransmission, this could be relevant in inflammato‐
ry conditions occurring with decreased activity of the vagus nerve [1,2,4].

3. Cholinergic anti-inflammatory pathway

Identification of ‘cholinergic anti-inflammatory pathway’ which is neural mechanism that
deactivates macrophages through parasympathetic outflow changed our understanding of
the mechanisms that regulate inflammation. It was shown that experimental activation of
the cholinergic anti-inflammatory pathway by direct electrical stimulation of the efferent va‐
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gus nerve inhibits the synthesis of TNF in liver, spleen and heart, and attenuates serum con‐
centrations of TNF during endotoxaemia [9,10]. Vagotomy significantly exacerbates TNF
responses to inflammatory stimuli and sensitizes animals to the lethal effects of endotoxin.
This connection between the nervous and immune systems functions as an anti-inflammato‐
ry mechanism and is observed also in other models of inflammation [1].

Human macrophages exposed to ACh inhibit release of TNF-α, IL-1β, IL-6, primarily
through nAChRs; contrary to that, production of the anti-inflammatory cytokine IL-10 was
unaffected [4]. It was observed that exposure of human macrophages, but not peripheral
blood monocytes, to nicotine or ACh inhibits the release of TNF, IL-1 and IL-18 but not anti
inflammatory IL-10, in response to endotoxin. Because tissue macrophages are responsible
for production of most of the TNF that appears during an excessive inflammatory response,
it may be concluded that a nicotinic, α-bungarotoxin sensitive macrophage ACh receptor is
responsible for connection between the cholinergic nervous system and the innate immune
system [11]. Because ACh is produced also by nonneural cells such as epithelial cells, T lym‐
phocytes and EC, inflammatory response can be modulated by these cells [1,2,4].

4. Reflex inhibition of inflammation

The presence of pathogens in the body activates inflammatory response. Innate immune
cells release number of cytokines regulating development of the process. Inflammatory
process activates sensory fibres that ascend in the vagus nerve to synapse in the nucleus
tractus solitaries [1]. Increased efferent signals in the vagus nerve suppress peripheral cyto‐
kine release through macrophage nicotinic receptors and the cholinergic anti-inflammatory
pathway[1,2]. The inflammation-sensing and inflammation-suppressing functions provide
the principal components of the inflammatory reflex. The ‘inflammatory reflex’ is described
as localized, rapid and discrete response. It can also induce systemic humoral anti-inflam‐
matory responses. This occurs because vagus nerve activity can be relayed to the medullary
reticular formation, to the locus ceruleus and to the hypothalamus, leading to increased re‐
lease of corticotrophin from the anterior pituitary gland [2,4].

Increased cytokine production in tissues causes pain, providing another mechanism for
transferring information from the immune system[1]. Neural regulation of discrete, distrib‐
uted, localized inflammatory sites provides a mechanism for integrating responses in real
time, moreover, Tracey suggest that the cholinergic anti-inflammatory pathway might also
modulate processing events that promote neural memory of the peri-inflammatory events
(that is, the ‘hissing snake’ or ‘charging lion’ that caused the wound and/or infection) [1].

5. Dysregulation of autonomic nervous system in rheumatoid arthritis

Both ANS and CHNS are important actors in maintaining immune homeostasis. Inflamma‐
tory mediators signal to the brain via the circulation or via afferent fibers of the vagus nerve.
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Result of this action is activation of the ANS and/or CHNS. Tracey suggested that the tonic
activity of the vagus nerve is crutial to maintain immune homeostasis [2]. Efferent ANS and
vagal nerve fibers induce local catecholamine and ACh production by neurons or nonneuro‐
nal cells. Impairment of this activity could lead to unrestrained cytokine responses and dam‐
age to the host [4].

The way in which autonomic nervous synthesis is dysregulated is still unknown. It seems
likely that it may by result of increase in ANS activity (for example, stress). Pain and stress
can activate the flight-or-fight responses. Because of resultant increase of adrenaline and
noradrenaline, macrophages activation is inhibited and synthesis of TNF and other proin‐
flammatory cytokines decreases [12]. Result of this response is also increased release of
IL-10, which is an important anti-inflammatory cytokine from monocytes [13]. Flight-or-
fight activation of sympathetic responses also stimulates increased vagus nerve output. The
combined action of these neural systems is significantly anti-inflammatory through both lo‐
cal (neural) and systemic (humoral) anti-inflammatory mechanisms [1].

Usually actions of  the sympathetic  and parasympathetic  nervous systems are in opposi‐
tion. But in some situations the two systems function synergistically. For example, simul‐
taneous stimulation of both sympathetic and vagus nerves produces a higher increase in
cardiac output than does isolated stimulation of either nerve alone [14]. Similar situation
is  observed  in  RA  -  autonomic  dysfunction  in  RA  patients  is  characterized  by  an  in‐
creased overall  sympathetic tone and decreased activity of the vagus nerve [4].  It  seems
probable  that  the  autonomic  imbalance  observed  in  experimental  arthritis  and  RA  pa‐
tients  is  at  least  partially  responsible  for  sustaining  the  inflammatory  status  [4].  Imbal‐
ance  between  ANS  and  CHNS  observed  in  RA  may  effect  in  induction  and/or
persistence of the inflammation [3,15,16]. Low tone of the vagus nerve means low activi‐
ty of the cholinergic anti-inflammatory pathway, which results in higher cytokine levels,
thereby contributing to this proinflammatory status [4].

6. Cytokine disease theory

For nearly 1,500 years, the dominant medical doctrine of the occurrence of disease was the
humoral theory of disease, whose founder was Galen. The theory assumed that disease was
due to an imbalance of bodily fluids (called "humors"). Produced by internal organs, humors
maintain health, until their level are properly regulated and balanced [17].

Contemporary cytokine theory of disease, similarly to humoral theory of disease assumes
that cytokines produced by the immune system are somehow the equivalent of "humors,"
and may themselves cause not only symptoms of disease, but also the damage characteristic
to diseases. For example, the presence of a single cytokine, TNF which is completely suffi‐
cient to cause lethal septic shock analogous to a serious infection caused by Gram-negative
bacteria. Administration of TNF to healthy mammals makes exactly the same changes in
metabolism, such as immune response or pathological manifestations of the disease, as in
the case of bacterial infection [17]. It has been suggested that some diseases can be devel‐

Innovative Rheumatology192

oped as a simple result of the presence of abnormal amounts of cytokines. This discovery
opened a new field of research on the physiological control mechanisms that maintain
health by restraining or counterregulating cytokine release. As was shown by Kokkonen [18]
blood samples obtained from individuals before the onset of symptoms of RA have elevated
concentrations of proinflammatory cytokines, cytokine-related factors, and chemokines, in‐
dicating activation of the immune system. Observed in this study activation, occurred before
any symptoms of joint involvement. These findings present an opportunity for better pre‐
dicting the risk of developing RA and, therefore, possibly preventing disease progression
[18]. In the case of RA, the typical symptoms may be caused merely by exposure to TNF or
IL-1. The success of drug therapy specifically blocking TNF in patients with RA clearly show
the fundamental role of this cytokine in the course of inflammation, validateing fundamen‐
tal premise of the cytokine theory of disease. Anti-TNF and anti–IL-1–based therapeutics are
currently widely used in doses that reduce cytokine activity to levels compatible with health
without causing significant immunosuppression. Today, it seems that ancient Greek con‐
cepts were not far off, since our modern theories about disease causation implicate an imbal‐
anced production of body substances [17].

7. Ancient medical concepts and modern clinical problem

The balance between the activity of the vagus nerve, and the cholinergic anti-inflammatory
pathway in modulating the activity of the inflammatory response seems to be the guarantor
of the proper course of inflammation. It is possible that a permanent dysfunction of the va‐
gus nerve, and thus distortion of the inflammatory reflex may contribute to the emergence
of diseases characterized by chronic inflammation such as RA. The therapeutic approach
based on direct stimulation of the vagus nerve has already been used to treat epilepsy. Also,
hypnosis or meditation can significantly affect the transmission of stimuli through the vagus
nerve and inhibit immediate and delayed type hypersensitivity [19]. It should now be possi‐
ble to determine clinically whether these or other approaches activate the cholinergic anti-
inflammatory pathway [1,2,4].

Early clinical observations suggested that cigarette smoking might be beneficial to patients
with ulcerative colitis. Randomized clinical trials of nicotine administration demonstrated
significant benefit in a subset of patients [20]. Nicotine inhibits cytokine production via an
nAChR-dependent mechanism makes it plausible to consider whether this pathway is acti‐
vated in the subset of patients that derive benefit from nicotine. Cigarette smoking confers
some increased risk of the development of RA but is protective against osteoarthritis [21].
Cholinergic deficiency and decreased vagus nerve activity characterize Alzheimer disease
and other brain degenerative disorders. Peripheral immune responses can be modulated by
cholinergic agonists used in treatment of Alzheimer disease through activation of the choli‐
nergic anti-inflammatory pathway [1,17].

Physical exercises reduces synthesis of TNF and other cytokines. It is widely known that
physical activity reduces risk of cardiovascular disease, type 2 diabetes and atherosclerosis
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[22]. This observation is at least partially connected with increased vagus nerve activity and
increased in cholinergic anti-inflammatory pathway activity. Obesity, on the other hand, is
characterized by diminished vagus nerve output and elevated cytokine levels, which have
been implicated in mediating insulin resistance and atherosclerosis [22]. Since weight loss
and exercise are each associated with increasing vagus nerve activity. One can consider
whether enhanced activity in the cholinergic anti-inflammatory pathway might decrease cy‐
tokine production and reduce the damage and metabolic derangements mediated by chron‐
ic, low-grade systemic inflammation that is characteristic of the metabolic syndrome [1].

Figure 1. The therapeutic approach based on direct stimulation of the vagus nerve. A) At health cytokine production
is balanced: low levels are required to maintain homeostasis. B) Overproduction of some cytokines causes diseases for
example arthritis. Humoral and neural regulatory pathways regulate the magnitude of the inflammatory response. Cy‐
tokines released at the inflammatory site activate afferent fibres of the vagus nerve and reach the nucleus tractus soli‐
tarius in the brain stem. Compensatory signals are conveyed by the efferent vagus nerve and reach the site of
inflammation where neurotransmitters act upon macrophages and other cells of the immune system to attenuate the
inflammatory response. Hypnosis, meditation, acupuncture, electroacupncture or laser stimulation can affect the
transmission of stimuli through the vagus nerve and inhibit immediate and delayed type hypersensitivity. Complex in‐
teractions between vagus nerve modulation, acupuncture, cholinergic neurotransmitters, “biological gases” and re‐
dox status of inflammatory cells, involved in joint tissue damage, might be useful for the development of novel
therapeutic strategies for RA.

One of the fundamental premises of the ancient Greeks was that dietary manipulation control‐
led humoral balances. This concept is now, at least in principle, supported by new evidence of a
direct link between dietary composition and the regulation of cytokines by the cholinergic anti-
inflammatory pathway [1]. In the folk medicine we see examples of diet, modulating the im‐
mune system functioning. For example, a diet rich in fats derived from fish may increase
parasympathetic activity affecting the inhibition of synthesis of proinflammatory cytokines
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such as TNF-α, IL-1β, IL-2, IL-6 and IL-18. At the same time increased production of antiinflam‐
matory IL-10 is observed. It has long been suspected that the presence of large amounts of fatty
acids derived from fish may explain the reduced incidence of heart disease in Eskimos and Jap‐
anese [23]. Now, we understand that this is due to the increased activity of the cholinergic sys‐
tem. Suggested mechanisms for this cardio-protective effect focused on the effects of n-3 fatty
acids on eicosanoid metabolism or inflammation, beta oxidation; but, none of these mecha‐
nisms could adequately explain the beneficial actions of n-3 fatty acids [23].

Contemporary clinical studies recognize the validity of dietary supplementation with fish
fats, oil or soy oil. These particular oils cause an increase in vagal activity and reduce se‐
verity of inflammation in chronic inflammatory bowel disease or RA [21,22]. These clini‐
cal  antiinflammatory  responses  may  be  linked  to  the  fat-induced  stimulation  of  the
cholinergic  anti-inflammatory  pathway,  as  observed  in  rats  [24].  Main  source  of  TNF
which is  a  major  factor  determining the  course  of  inflammatory pathway is  the  spleen,
the source of Galen’s black bile. As Tracey said, jokingly: "One can not help but wonder:
How did the ancient Greeks know?” [17].

The physiology of the cholinergic anti-inflammatory pathway can also be used to consider
the design of clinical experiments for anti-inflammatory therapies that were previously diffi‐
cult to reconcile with classical mechanisms. Hypnosis and meditation can significantly affect
the transmission of stimuli through the vagus nerve and inhibit immediate and delayed
type hypersensitivity [1]. Acupuncture is used to modulate the activity of the vagus nerve to
change the course of inflammatory bowel function and heart rate [1,17]. Modulation of auto‐
nomic nervous system, especially the vagus nerve, by various means (including acupunc‐
ture) may be a breakthrough in the treatment of inflammatory diseases [1]. Because
measurable increases in vagus nerve activity after acupuncture treatement was observed, it
is theoretically possible that acupuncture can modulate the cytokine response via the choli‐
nergic anti-inflammatory pathway [1]. High concentrations of neurotransmitters and hor‐
mones, including ACh and Norepinephrine were found within the boundary of most
acupuncture points and meridian lines [25].

8. Acupuncture – Integrative functions of connective tissue

The ancient Chinese believed that there are two forces the Yang and the Yin. They are not
two independent forces, as it is sometimes called, but they represent two extreme and oppo‐
site varieties of Chi energy, and thus - two opposing properties of the body, nature and the
universe. Yang and Yin are defined opposites in nature, the cosmos and in man. As two op‐
posite poles, Yin and Yang are represented in any substance at the same time, however, can‐
not exist alone, cannot be separated, exist in mutual relationship, in a constant balance and
harmony. Imbalance between them leads to a disequilibrium in the world of phenomena,
processes of change in charge of the life and phenomena of nature (homeostasis). Balance
between Yin and Yang is basis of traditional Chinese medicine, which was created over 2500
years ago [26,27]. This concept is very similar to the pneuma of ancient Greek medicine. The
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[22]. This observation is at least partially connected with increased vagus nerve activity and
increased in cholinergic anti-inflammatory pathway activity. Obesity, on the other hand, is
characterized by diminished vagus nerve output and elevated cytokine levels, which have
been implicated in mediating insulin resistance and atherosclerosis [22]. Since weight loss
and exercise are each associated with increasing vagus nerve activity. One can consider
whether enhanced activity in the cholinergic anti-inflammatory pathway might decrease cy‐
tokine production and reduce the damage and metabolic derangements mediated by chron‐
ic, low-grade systemic inflammation that is characteristic of the metabolic syndrome [1].

Figure 1. The therapeutic approach based on direct stimulation of the vagus nerve. A) At health cytokine production
is balanced: low levels are required to maintain homeostasis. B) Overproduction of some cytokines causes diseases for
example arthritis. Humoral and neural regulatory pathways regulate the magnitude of the inflammatory response. Cy‐
tokines released at the inflammatory site activate afferent fibres of the vagus nerve and reach the nucleus tractus soli‐
tarius in the brain stem. Compensatory signals are conveyed by the efferent vagus nerve and reach the site of
inflammation where neurotransmitters act upon macrophages and other cells of the immune system to attenuate the
inflammatory response. Hypnosis, meditation, acupuncture, electroacupncture or laser stimulation can affect the
transmission of stimuli through the vagus nerve and inhibit immediate and delayed type hypersensitivity. Complex in‐
teractions between vagus nerve modulation, acupuncture, cholinergic neurotransmitters, “biological gases” and re‐
dox status of inflammatory cells, involved in joint tissue damage, might be useful for the development of novel
therapeutic strategies for RA.
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direct link between dietary composition and the regulation of cytokines by the cholinergic anti-
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great historian and biochemist Joseph Needham suggested that both Qi and pneuma are
rarefied form of energy [28].

Acupuncture is an unconventional technique for treatment that came from the East but it
seems that similar techniques were used in ancient Europe and America - ancient mummies
(stone aged) that have tattoo lines partly overlapping meridians were discovered in Europe
(“Ice Man”) [29].

Acupuncture is used to reduce pain and maintain or restore the body's Qi energy balance,
which is the condition for its effective functioning. The technique involves piercing the body
with silver or gold needles in appropriate points, corresponding to the highest activity of in‐
ternal organs. These points are located along the so-called meridians [30].

According to traditional Chinese medicine, the human body has designated pathways
(meridians), which circulates in the Qi. The harmonious, stable and smooth flow of Qi
through the meridians is health. While the symptoms appear when the energy flow stops
(which does not mean that less and less Qi, only that it does not participate in the circula‐
tion) or is impaired. Each meridian is connected with region of cerebral cortex of specific in‐
ternal organ [25]. It is believed that needling acupuncture point is the way to influence on
flow of Qi and regulate homeostasis of the body. Significant correlation between the distri‐
bution of connective tissue and the meridians has been shown. Distribution of acupuncture
points is consistent with the distribution of connective tissue, whats more acupuncture
points are places with the largest grouping of connective tissue [30,31]. It was found an 80%
correspondence between the sites of acupuncture points and the location of intermuscular or
intramuscular connective tissue planes in postmortem tissue sections. Langevin et al. [30]
hypothesized that the network of acupuncture points and meridians can be viewed as a rep‐
resentation of the network formed by interstitial connective tissue. Transmission of stimuli
(mechanical, bioelectrical and biochemical) through connective tissue may have a powerful
potential for integration across physiological systems (connective tissue surrounds all the or‐
gans, nerves, blood vessels and lymphatic) and between different parts of the body [31].

It was suggested by Fung [27] that the anatomical structure of meridian channels and acu‐
points are related not only to the connective tissues but also the connective tissue interstitial
fluid (CTIF) system. This hypothesis, called CFMDD (Connective Fluid, Mechanotransduc‐
tion, and Degranulation Durotaxis cells), postulated to be valid not only the connective tis‐
sue (hard part), but also liquids (soft part) is an integrated network to maintain the integrity
of body shape against gravity [27]. Connective tissue consists of cells and extracellular mate‐
rial secreted by some of those cells. Ground substance consists largely of proteoglycans, hya‐
luronic acid, collagen fibers, proteins such as elastin, fibronectin, laminin. Various cell types
were found in connective tissue interstitial fluid: macrophages, lymphocytes, T- and NK
cells, eosinophils, adipocytes, plasma cells, fibroblasts, chondroblasts, osteoblasts, stem cells
and mast cells [27]. Moreover, the CTIF system embeds a large numbers of nerve endings
which contain receptors that are near mast cell migration tracks would have much better
chances of interaction with the mast cells, leading to the degranulation of these cells. There
is evidence that acupuncture could also cause degranulation of mast calls directly through
mechanical stress [32].
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Mast cells have a circular or oval shape (size ~10–20 μm) are produced in bone marrow BM
arising from myeloid precursors (probably the same as basophils), to the final settlement
they reach the bloodstream. Mast cells are important actors in inflammatory reaction. Their
granules are rich in histamine and heparin. In addition, activated secrete prostaglandins and
cytokines (eg IL-4 and TNF-α). They also contain proteases (eg tryptase and chymase). On
the surface there is a receptor FcεRI IgE antibody binding. Mast cells are believed to interact
with connective tissue matrix components through integrins. The interaction between mast
cells and nerve cells would cause degranulation of the former leading to the release of said
biomolecules as physiological or pathophysiological responses. In fact, the mast cell densi‐
ties were found to be high around acupoints [33] and these cells could be mediators of the
effector functions of acupuncture action. Fung [27] suggested that the solid substrate tissues
can serve as the tracks of migration for the cells for physiological functions. He hypothe‐
sized that there are special migration tracks for fibroblasts and mast cells. The anatomical
findings suggest that the densities of the collagen fibers plus some proteins are higher along
certain tracks correlating with the Chinese medicine meridian channels. Mechanical proper‐
ties of extracellular matrix not only affect the cell structure, but also cell locomotion. It was
demonstrated that when cells are cultured on substrates of different rigidities (but with the
same chemical properties), the morphology and motility rates of cells are different [27].

Manipulation  of  acupuncture  needle  may  result  in  modification  of  extracellular  matrix
surrounding needle. Mechanical stimulus of the meridian can be transduced into bioelec‐
trical  and/or  biochemical  signals  and can lead to  downstream effects,  including cellular
actin  polymerization,  signaling  pathway activation,  changes  in  gene  expression,  protein
synthesis,  and extracellular  matrix  modification [30].  Actin polymerization in connective
tissue  fibroblasts  may cause  further  pulling of  collagen fibers  and a  “wave” of  connec‐
tive  tissue  contraction  and  cell  activation  spreading  through  connective  tissue  during
acupuncture treatment [31].

Acupuncture meridians for more than 2500 years were believed to form a network through‐
out the body, connecting “via” connective tissue all internal tissues and organs. A form of
signaling (biochemical, bioelectrical, or mechanical) transmitted through tissues or organs,
therefore may have integrative functions. It is commonly known that connective tissue per‐
meates all organs and surrounds all nerves, blood vessels, and lymphatics. Langevin et al.
[30] propose that connective tissue plays a key role in the integration of several physiologi‐
cal functions with ambient levels of mechanical stress. Finally, as was concluded by E.S.
Yang: “the ancient model appears to have withstood the test of time surprisingly well con‐
firming the popular axiom that the old wine is better than the new” [26].

9. Intercellular communication or energetic modulation –
Gasotransmitters as Qi equivalent?

As was suggested by Ralt [34] the transmission of Qi along the meridians is based on small
molecules that travel via connective tissue. Acupuncture at specific points enhances the flow
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of these small signaling molecules. In this hypothesis the nitric oxide (NO) is a prime candi‐
date to be a signaling molecule in the meridian system. The tight relations between NO and
acupoint manipulation was observed [35]. NO has been shown to play a role in mediating
the cardiovascular responses to electroacupuncture at point 36ST [35], moreover it was dem‐
onstrated that acupuncture increased the level of iNOS mRNA in macrophages [36]. It was
also shown that NO contents and nNOS expression were consistently higher in the skin acu‐
points/ meridians associated with low electric resistance [36]. These data clearly show that
NO is associated with the functions of acupoint/meridian including their low electric resist‐
ance. It is described that NO contents of peripheral blood increases significantly after acu‐
puncture/moxibustion at point 36ST. Manipulating a distant point on the meridian and
measure NO in another part of the body, demonstrate the meridian net via the NO biochem‐
istry and the essentiality of NO in the control mechanisms of Chinese medicine. The similar
results were obtained by blocking NO in one part of the body and measure inhibition of a
distant meridian manipulation [36].

The three gases; CO, NO, and H2S, are generated endogenously [37-39]. Cytochrome oxi‐
dase  (COX),  the  terminal  enzyme of  mitochondrial  complex is  a  mediator  of  mitochon‐
drial respiration not only through its natural ligand, O2, but also through the binding of
CO, NO, and H2S [37]. At physiological concentrations, all three gases act as anti-inflam‐
matory  and  cytoprotective  agents  [37-39].  The  inhibition  of  COX by  CO,  NO,  and  H2S
suppresses  oxidative  phosphorylation reduces  energy production and decrease  intensity
of  energy  metabolism.  Simultaneously,  this  down  regulation  of  this  phosphorylation
changes  the  redox  state  of  the  electron  transport  chain  and  produces  reactive  oxygen
species  (ROS).  In  many cases,  ROS function  as  signaling  molecules,  thereby  controlling
cell  and  tissue  functions.  This  process  is  known  as  ‘‘mitochondrial  redox  signaling
(MRS)”. It is noting that near 1% of the O2 consumed is used for this reaction. The pro‐
duction  of  NO,  H2S,  and  CO is  determined by  stimulated  NO synthase  (eNOS),  cysta‐
thionine  γ-lyase,  and heme oxygenase,  respectively.  All  these  enzymes are  activated by
Ca2+-calmodulin,  via  stimulation  of  ACh receptors  on  EC.  NO and CO diffuse  into  the
adjacent  smooth  muscle  cells  and  activate  soluble  guanylyl  cyclase  to  produce  cyclic
GMP, being a functional part of cholinergic system. H2S also diffuses into smooth muscle
cells,  where it  likely activates K+  channels,  part  of  cholinergic system. These three gaso‐
transmitters are known to inhibit  O2 consumption by inhibiting cytochrome oxidase, the
terminal and crucial enzyme of the electron transport chain in mitochondria. In result, all
these enzymes finally reduce energy production.

NO, similarly to CO and H2S is known to inhibit O2 consumption by inhibiting COX, the ter‐
minal electron acceptor of the electron transport chain. NO binds COX both reversibly and
irreversibly. The tissue levels of NO is in a range between 10 and 450 nM, and NO can bind
to COX in vivo. It was suggested that the effect of NO inhibition of COX may be the induc‐
tion of MRS, which secondarily regulates many cellular responses, including, O2 redistribu‐
tion, and regulation of energy metabolism [37]. NO also has a vasodilatory effect through
the GMP pathway, which can increase the blood flow to the tissue. Thus, both the classic
cGMP pathway and the MRS pathway seem to cooperate [37].
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The tissue CO concentrations are in the micromolar range, and it may be assumed that CO
inhibits COX in cells and tissues. CO is known to produce antiinflammatory and antiapop‐
totic effects, what seems to be regulated at the level of COX blocking and mediated by MRS.
Furthermore, CO upregulates superoxide dismutase 2 (SOD) expression and because SOD
converts O2 to the signaling molecule H2O2, this effect may also enhance the MRS [37,38].

H2S is an additional competitive inhibitor of COX [37], in a range of H2S tissue concentration
between 1 to 10mM. H2S can also induce this phenomenon of “suspended animation” which
is a physiologic response to anoxia in which all life processes reversibly arrest the most of
physiological functions. This phenomenon completely returns to normal without any dam‐
age when animals are released from stress. In experiments of Blackstone et al. [40] inhalation
of a nontoxic level (80 ppm) of H2S in awake self-breathing mice could reversibly reduce the
metabolic rate to as low as 10% of the normal state. Similar results were obtained in experi‐
ments with CO and NO. It seems, although these gases may have different pathways to in‐
duce the suspended phenomenon, COX inhibition is the common characteristic [40].

O2 stimulation metabolism factor, may be recognized as yang (hot, light), contrary to CO,
NO, and H2S, inhibiting metabolism factors, which may be recognized as yin (cold, dark). It
was also proposed that yin-yang balance may be an antioxidation-oxidation balance with
yin representing antioxidation and yang as oxidation. These hypothesis opens an avenue to
systematicall study the yin-yang balance and its health implications with the use of modern
biochemical tools [41].

10. Qi as a modulator of redox imbalance?

In modern western medicine, the balance between antioxidation and oxidation is believed to
be a critical concept for maintaining health. Very similar concept of balance called yin-yang
has existed in Traditional Chinese medicine for more than 2000 years. As was suggested by
Ou [41] the yin-yang balance may be compared to the antioxidation-oxidation balance with
yin representing antioxidation and yang as oxidation. This hypothesis is supported by the
fact that the “yin-tonic” traditional Chinese herbs have high efficiency in detoxification of
ROS. They show about six times more antioxidant activity and polyphenolic contents than
the “yang-tonic” herbs [41].

ROS are produced during normal aerobic cell metabolism, mainly during oxidative phos‐
phorylation and by activated phagocytic cells during oxidative burst. Many studies have
demonstrated a role of ROS and oxidative stress in the pathogenesis of RA. Oxidative stress
is defined as an imbalance between oxidants and anti-oxidants in favour of the oxidants,
leading to a disruption of redox signalling and control and/or molecular damage [42]. The
living cells possess antioxidant molecules, including thiols- mainly glutathione (GSH) for
defense. The major barrier against oxidative stress is the redox equilibrium of sulfhydryl/
disulfides [43]. It is commonly accepted that ROS and the resulting redox imbalance play an
important role in chronic inflammatory states like RA [43].
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cells,  where it  likely activates K+  channels,  part  of  cholinergic system. These three gaso‐
transmitters are known to inhibit  O2 consumption by inhibiting cytochrome oxidase, the
terminal and crucial enzyme of the electron transport chain in mitochondria. In result, all
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minal electron acceptor of the electron transport chain. NO binds COX both reversibly and
irreversibly. The tissue levels of NO is in a range between 10 and 450 nM, and NO can bind
to COX in vivo. It was suggested that the effect of NO inhibition of COX may be the induc‐
tion of MRS, which secondarily regulates many cellular responses, including, O2 redistribu‐
tion, and regulation of energy metabolism [37]. NO also has a vasodilatory effect through
the GMP pathway, which can increase the blood flow to the tissue. Thus, both the classic
cGMP pathway and the MRS pathway seem to cooperate [37].
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The tissue CO concentrations are in the micromolar range, and it may be assumed that CO
inhibits COX in cells and tissues. CO is known to produce antiinflammatory and antiapop‐
totic effects, what seems to be regulated at the level of COX blocking and mediated by MRS.
Furthermore, CO upregulates superoxide dismutase 2 (SOD) expression and because SOD
converts O2 to the signaling molecule H2O2, this effect may also enhance the MRS [37,38].

H2S is an additional competitive inhibitor of COX [37], in a range of H2S tissue concentration
between 1 to 10mM. H2S can also induce this phenomenon of “suspended animation” which
is a physiologic response to anoxia in which all life processes reversibly arrest the most of
physiological functions. This phenomenon completely returns to normal without any dam‐
age when animals are released from stress. In experiments of Blackstone et al. [40] inhalation
of a nontoxic level (80 ppm) of H2S in awake self-breathing mice could reversibly reduce the
metabolic rate to as low as 10% of the normal state. Similar results were obtained in experi‐
ments with CO and NO. It seems, although these gases may have different pathways to in‐
duce the suspended phenomenon, COX inhibition is the common characteristic [40].

O2 stimulation metabolism factor, may be recognized as yang (hot, light), contrary to CO,
NO, and H2S, inhibiting metabolism factors, which may be recognized as yin (cold, dark). It
was also proposed that yin-yang balance may be an antioxidation-oxidation balance with
yin representing antioxidation and yang as oxidation. These hypothesis opens an avenue to
systematicall study the yin-yang balance and its health implications with the use of modern
biochemical tools [41].

10. Qi as a modulator of redox imbalance?

In modern western medicine, the balance between antioxidation and oxidation is believed to
be a critical concept for maintaining health. Very similar concept of balance called yin-yang
has existed in Traditional Chinese medicine for more than 2000 years. As was suggested by
Ou [41] the yin-yang balance may be compared to the antioxidation-oxidation balance with
yin representing antioxidation and yang as oxidation. This hypothesis is supported by the
fact that the “yin-tonic” traditional Chinese herbs have high efficiency in detoxification of
ROS. They show about six times more antioxidant activity and polyphenolic contents than
the “yang-tonic” herbs [41].

ROS are produced during normal aerobic cell metabolism, mainly during oxidative phos‐
phorylation and by activated phagocytic cells during oxidative burst. Many studies have
demonstrated a role of ROS and oxidative stress in the pathogenesis of RA. Oxidative stress
is defined as an imbalance between oxidants and anti-oxidants in favour of the oxidants,
leading to a disruption of redox signalling and control and/or molecular damage [42]. The
living cells possess antioxidant molecules, including thiols- mainly glutathione (GSH) for
defense. The major barrier against oxidative stress is the redox equilibrium of sulfhydryl/
disulfides [43]. It is commonly accepted that ROS and the resulting redox imbalance play an
important role in chronic inflammatory states like RA [43].

Gas-Therapy in Rheumatoid Arthritis Treatment: When West Meets East – Actual Medical Concepts with...
http://dx.doi.org/10.5772/54506

199



As was shown by Crapo [44] this stress may be a potent initiator of cytokine release. The
redox conditions may be important factor in determining the reactivity of the innate im‐
mune cells. In the tissues an extremely high level of extracellular antioxidants activity to
maintain extracellular spaces in a highly reduced state to keep the tissue and extracellular
fluids in a highly reduced state is necessary to normal physiological functions was observed
[44]. Immune system activation is regulated by oxidation and reduction balance and thus
the responsiveness of the immune system is influenced by the general tissue redox state,
moreover, it was suggested that the imbalance in redox equilibrium may be associated with
hyperresponsiveness of innate immune system [44].

11. Redox regulation of endothelial progenitor cells

The pathogenesis of RA is critically dependent on neovascularization of the synovium. It is
important to note, that this microvascular expansion is occurring before clinical symptoms
appear. Synovial neovascularization creates a direct conduit for the entry into the joint of
circulating leukocytes that exacerbate inflammation, and provides nutrients to the hyper-
proliferative synovium [45].

The discovery of endothelial progenitor cells (EPC) indicated the contribution of circulat‐
ing bone marrow-derived (BM) progenitor cells to new blood vessel formation, rather than
migration and replication of local adult EC. Recently it was shown that EPC are not only
restricted to the BM, but could also be detected in the peripheral circulation of adults. It
was indicated the inverse correlation of circulating EPC numbers with cardiovascular risk
factor. Moreover that conditions, which reduce the cardiovascular risk increase the levels
of EPC [46].

It was observed by Paleolog [47] that the EPC cells were generated at a higher rate from BM
samples taken from RA patients compared with normal subjects. The capacity of BM-de‐
rived EPC from RA patients to progress into mature EC positively correlates with the syno‐
vial microvessel density [47]. It was also shown that, in patients with active RA, EPC levels
in peripheral blood, contrary to BM, were significantly lower than in healthy control. The
presence of EPC in RA synovium could result from their enhanced recruitment from periph‐
eral blood. This might then lead to increased RA synovial blood vessel formation in pannus,
perpetuating chronic inflammatory disease [47]. In collagen induced arthritis Silverman et
al. [45] observed EPC cells in the inflammatory infiltrate of arthritis joins, whereas they did
not detect these cells in the joint lining form control animals. This correlates well with obser‐
vations that the number of EPC in human RA synovial tissue samples was elevated 25-fold
over the number of EPCs localized in normal synovial tissue [45]. Regulation of EPC func‐
tion may have to important clinical beneficient effects. In RA the inhibition of neovaculariza‐
tion and in consequence inhibition of expansion of invasive tissue of pannus may be very
positive clinically effect [45].

Actually it is commonly accepted that blood vessels in adult can arise not only during an‐
giogenesis  (formation  of  new capillaries  from preexisting  vessels),  but  also  be  result  of
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vasculogenesis (de novo new vessel formation from BM-derived progenitor cells after re‐
cruitment of a progenitor subpopulation into blood vessels) [45]. Dernbach et al [48] exam‐
ined  whether  EPCs  are  equipped  with  an  antioxidative  defence  to  provide  resistance
against oxidative stress occurring in chronic inflamed joints. It was shown that the expres‐
sion of the intracellular antioxidative enzymes catalase, and superoxidase dismutase was
significantly  higher  in  EPCs  than  EC.  They  are  excellently  equipped  to  be  protected
against  redox  imbalance,  consistent  with  their  progenitor  cell  character  in  chronic  in‐
flamed environment [48].

It is known that many progenitor cells functions are under redox regulation [49]. Factors
promoting self-renewal cause the reduction of the redox state, whereas molecules promot‐
ing differentiation lead to excess oxidation in neural progenitor cells [50]. ROS, in non-tox‐
ic amounts, seem to be involved in the balance between self-renewal and differentiation of
progenitor cells. ROS are involved in normal progenitor cells functions, such as prolifera‐
tion,  differentiation,  apoptosis  and survival.  Although excess amounts of  ROS are toxic,
they are balanced by ROS-generating and antioxidant enzymes [50]. The stem cells are em‐
bedded in a local BM environment (so-called stem cells “niche”) and are maintained to be
quiescent with low oxygen and ROS level. The increased ROS in BM facilitates stem cells
to exit from the quiescent state, thereby stimulating proliferation and differentiation [50].

ROS at low levels function as signaling molecules to mediate cell proliferation, migration,
differentiation, and survival. ROS regulated both angiogenic gene expression in ECs and
vasculogenic gene expression in EPC [51]. Understanding these mechanisms may provide
insight into NADPH oxidase and its mediators as potential therapeutic targets for chronic
inflammatory disease.

It was suggest that essential attribute of the “stemness” is high resistance to stress. It was
observed that the ROS levels in EPC are lower than those in mature ECs. Moreover, the
higher  expression  of  antioxidant  enzymes  (SOD,  CAT,  GPx)  in  EPC  than  in  EC  was
shown.  It  seems that  this  is  required for  preserving stemness,  such as  undifferentiated,
self-renewal state [49]. It seems that oxidative stress increases circulating cytokine levels,
thereby stimulating NADPH oxidase dependent ROS production in BM, which may pro‐
mote reparative mobilization of EPC from BM and the resulting revascularization of syno‐
vial tissue [50,51].

In  summary,  the  ROS  are  involved  in  BM  stem  cells  proliferation,  differentiation,  and
migration,  moreover,  the NADPH oxidase-dependent ROS play an important role in re‐
dox signaling involved in the mobilization of BM progenitor cells [49]. Moreover there is
strong evidence that EPC express eNOS- enzyme generating NO. The activity of this en‐
zyme is regulated under inflamed conditions [51]. Compounds or molecules that increase
eNOS expression improve EPC function, contrary to that the eNOS inhibitory substances
have deleterious effects on EPC activity. Besides overexpression of eNOS, carbon monox‐
ide  (CO)  also  enhanced EPC proliferation  [52].  Since  NO serves  as  an  important  factor
for mobilization of EPC use of organic nitrates, which are powerful NO donators, should
enhance the number and function of circulating EPC. In general, low levels of ROS may
activate  EPC,  whereas  higher  ROS levels  significantly  impair  EPC function.  In  diseases,
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presence of EPC in RA synovium could result from their enhanced recruitment from periph‐
eral blood. This might then lead to increased RA synovial blood vessel formation in pannus,
perpetuating chronic inflammatory disease [47]. In collagen induced arthritis Silverman et
al. [45] observed EPC cells in the inflammatory infiltrate of arthritis joins, whereas they did
not detect these cells in the joint lining form control animals. This correlates well with obser‐
vations that the number of EPC in human RA synovial tissue samples was elevated 25-fold
over the number of EPCs localized in normal synovial tissue [45]. Regulation of EPC func‐
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vasculogenesis (de novo new vessel formation from BM-derived progenitor cells after re‐
cruitment of a progenitor subpopulation into blood vessels) [45]. Dernbach et al [48] exam‐
ined  whether  EPCs  are  equipped  with  an  antioxidative  defence  to  provide  resistance
against oxidative stress occurring in chronic inflamed joints. It was shown that the expres‐
sion of the intracellular antioxidative enzymes catalase, and superoxidase dismutase was
significantly  higher  in  EPCs  than  EC.  They  are  excellently  equipped  to  be  protected
against  redox  imbalance,  consistent  with  their  progenitor  cell  character  in  chronic  in‐
flamed environment [48].

It is known that many progenitor cells functions are under redox regulation [49]. Factors
promoting self-renewal cause the reduction of the redox state, whereas molecules promot‐
ing differentiation lead to excess oxidation in neural progenitor cells [50]. ROS, in non-tox‐
ic amounts, seem to be involved in the balance between self-renewal and differentiation of
progenitor cells. ROS are involved in normal progenitor cells functions, such as prolifera‐
tion,  differentiation,  apoptosis  and survival.  Although excess amounts of  ROS are toxic,
they are balanced by ROS-generating and antioxidant enzymes [50]. The stem cells are em‐
bedded in a local BM environment (so-called stem cells “niche”) and are maintained to be
quiescent with low oxygen and ROS level. The increased ROS in BM facilitates stem cells
to exit from the quiescent state, thereby stimulating proliferation and differentiation [50].

ROS at low levels function as signaling molecules to mediate cell proliferation, migration,
differentiation, and survival. ROS regulated both angiogenic gene expression in ECs and
vasculogenic gene expression in EPC [51]. Understanding these mechanisms may provide
insight into NADPH oxidase and its mediators as potential therapeutic targets for chronic
inflammatory disease.

It was suggest that essential attribute of the “stemness” is high resistance to stress. It was
observed that the ROS levels in EPC are lower than those in mature ECs. Moreover, the
higher  expression  of  antioxidant  enzymes  (SOD,  CAT,  GPx)  in  EPC  than  in  EC  was
shown.  It  seems that  this  is  required for  preserving stemness,  such as  undifferentiated,
self-renewal state [49]. It seems that oxidative stress increases circulating cytokine levels,
thereby stimulating NADPH oxidase dependent ROS production in BM, which may pro‐
mote reparative mobilization of EPC from BM and the resulting revascularization of syno‐
vial tissue [50,51].

In  summary,  the  ROS  are  involved  in  BM  stem  cells  proliferation,  differentiation,  and
migration,  moreover,  the NADPH oxidase-dependent ROS play an important role in re‐
dox signaling involved in the mobilization of BM progenitor cells [49]. Moreover there is
strong evidence that EPC express eNOS- enzyme generating NO. The activity of this en‐
zyme is regulated under inflamed conditions [51]. Compounds or molecules that increase
eNOS expression improve EPC function, contrary to that the eNOS inhibitory substances
have deleterious effects on EPC activity. Besides overexpression of eNOS, carbon monox‐
ide  (CO)  also  enhanced EPC proliferation  [52].  Since  NO serves  as  an  important  factor
for mobilization of EPC use of organic nitrates, which are powerful NO donators, should
enhance the number and function of circulating EPC. In general, low levels of ROS may
activate  EPC,  whereas  higher  ROS levels  significantly  impair  EPC function.  In  diseases,
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which  result  in  increased  ROS  levels  such  as  RA,  EPC  numbers  and  function  may  be
modificated be redox potential in environment [52].

12. Regulation of endothelial progenitor cells by low density
granulocytes

The presence of low density granulocytes (LDGs) in mononuclear cell fractions from pa‐
tients with lupus or RA was observed by Denny [53]. It was shown that mature neutrophils
are capable of producing many factors in response to certain stimuli, including the proin‐
flammatory cytokines TNF-α and IL-1β or IFN-γ. Inhibition of neutrophil-derived cytokines
is viewed as a potentially useful strategy for therapeutic in chronic diseases as was suggest‐
ed by Denny [53]. LDGs induce significant EC cytotoxicity and synthesize sufficient levels of
type I IFNs to disrupt the capacity of EPC to differentiate into mature EC. Moreover LDG
depletion restores the functional capacity of EPC. As was concluded by Denny [53] LDGs
may play an important dual role by simultaneously mediating enhanced vascular damage
while inhibiting vascular repair. Patients with systemic lupus erythematosus SLE and RA
have a strikingly higher risk of developing cardiovascular complications when compared to
age- and gender-matched controls. It was proposed that this is due to a strong imbalance
between vascular damage (EC apoptosis) and repair (by EPCs,) [53].

Further, IFN-α is cytotoxic to EPCs. This suggests that this neutrophil subset may play an
important role in the induction of premature vascular damage in SLE and RA. Therefore, fu‐
ture strategies aimed at characterizing the origin of these cells and therapeutic mechanisms
to deplete them or replenish are warranted [53].

13. Redox regulation of circulating inflammatory cells

The functioning of cells infiltrating inflamed joints is markedly influenced by alterations in
the intracellular redox balance. The study of Biagioni et al. [54] clearly demonstrated a
markedly decreased GSH/GSSG ratio index of an increased redox imbalance in neutrophils
from patients with chronic inflammation.

Neutrophils from synovial fluid (SF) of patients with RA undergo transdifferentiation to
cells with dendritic-like characteristics [55] and start to express MHC class II molecules [56].
Because MHC class II positive PMN activate T cells, the activation of neutrophils and T cells
might contribute to the perpetuation of the local inflammatory process, and consequently to
the enhanced of destructive process in RA [55]. Transdifferentiated into dendritic like cells
neutrophils might be responsible for controlling migration and activation of lymphocytes

In T lymphocytes, intracellular GSH/GSSG levels seem to be a critical for their functions.
However T lymphocytes require exogenous thiols for activation and function, therefore to
sustain lymphocytes activation exogenous thiols can be generated in the microenvironment
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of an immune response. Angelini et al. [57] have shown that human dendritic cells (DCs)
release cysteine in the extracellular space thus providing a reducing microenvironment that
facilitates immune response. On the other hand, the migration of monocytes in inflamed
joint is depended upon neutrophils activity. The two subpopulations of monocytes “resi‐
dent” monocytes and “inflammatory” monocytes have been identified [58]. Extravasation of
inflammatory monocytes, but not resident monocytes, may be enhanced by local treatment
with secretion of activated neutrophils. Lysates of neutrophils were shown to exert chemo‐
tactic activity on monocytes suggesting an important role for the neutrophils-monocyte axis
in the physiology of the onset, intensity and resolution of inflammatory process. Compo‐
nents of the neutrophils secretion were found to directly activate inflammatory monocytes
and further enhanced of redox imbalance [58]. The hyporesponsiveness state observed in SF
T lymphocytes from patients with RA strictly correlates with markers of oxidative stress and
redox imbalance. Decreased of intracellular levels of antioxidant GSH and increased of
GSSG in circulating cells was observed [59]. The redox balance alterations play a critical role
in the abrogation of the cellular activation of the SF T lymphocytes from patients with RA
[59]. Similar conclusion was performed by Cemersky et al. [60]. Oxidative stress and redox
potential imbalance plays an important role in the induction of T lymphocyte hyporespon‐
siveness observed in RA.

The results obtained by Remans [61] show that chronic oxidative stress observed in synovial
T lymphocytes is not secondary to exposure to extracellular ROS, but originates from intra‐
cellularly produced ROS. Chronic redox imbalance in SF T lymphocytes inhibits T cell re‐
ceptor-dependent activation of signaling molecules required for efficient T cell proliferation,
thus contributing to severe hyporesponsiveness of these cells to antigenic stimulation [61].

It seems that modification of the inflammatory environment by neutrophils and their gran‐
ule proteins creates a milieu favoring further extravasation of inflammatory subtypes of
monocytes. The targeting neutrophils without causing serious side effects seems futile, it
may be more very promising to aim at interfering with subsequent neutrophils-driven
proinflammatory events [58]. On the other hand, accumulating evidence suggests that intra‐
cellular redox status regulates many cellular function in macrophages [66].

Two classes of macrophages, ie. reductive macrophages (RMF), with a high intracellular
content of glutathione, and oxidative macrophages (OMF) with a reducent content of gluta‐
thione were described by Murata et al.[66]. Moreover, it was observed that the Th1/Th2 bal‐
ance is regulated by the balance between RMF and OMF. Type 1 helper T cells (Th1) are
characterized by the production of pro-inflammatory cytokines like IFN-γ, IL-2, and TNF-β.
These cells are involved in cell-mediated immunity. RA have been described as Th1 domi‐
nant disease. Type 2 helper T cells (Th2) are characterized by the production of IL-4, IL-5,
IL-9, IL-10, and IL-13, and these cells are thought to play a role in humoral-mediated im‐
munity. The balance Th1/Th2 was due to the disparate production of Il-12 vs IL-6 and 10.
The OMF showed an elevated IL-6 and IL-10 production, and reduced NO and IL-12 pro‐
duction. Contrary to that RMF elicited a elevated IL-12 and NO production and reduced
IL-6 and IL-10 production [66].
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Figure 2. The role of neutrophils and importance of cholinergic anti-inflammatory pathway in interactions netrophils-
cells in RA. 1. Stimulation of ACh receptors on EC cells results in release of gases which may regulate function of neu‐
trophils and EPC. 2. EPC have ability to differentiate into EC. 3. Acetylcholine by its receptor on EPC improves the
functional activity of EPC [62]. 4. The low density granulocytes (LDGs) partially disrupt the capacity of EPC to differenti‐
ate into mature EC. 5. Increased vasculature of ST in RA is a result of intensified processes of angiogenesis and neovas‐
cularisation. 6. Raised neutrophil migration into the articular cavity in RA patients is observed. 7. Decreased activity of
the vagus nerve results in inhibited production of biologic gases. 8. In RA tissue in which cholinergic innervation is not
proven to exist is supplied with ACh via production in non-neural cells within the tissue. Fibroblast-like cells and mono‐
nuclear-like cells may produce ACh [63]. 9. Reactive Oxygen Species released by neutrophils cause toxic effects. 10.The
neutrophils are capable to transdifferentiate into dendritic like cells (DC). 11. DC expresss the muscarinic receptors and
enzymes for production of ACh. ACh modulates the function of DC through autocrine/paracrine loop [64]. 12. DC are
responsible for controlling migration and activation of lymphocytes. 13. The neutrophils activate inflammatory mono‐
cytes. 14. Monocytes transform to macrophages. 15. There are two classes of macrophages- reductive macrophages
(RMF) and oxidative macrophages (OMF) with a reducent content of glutathione. 16. The Th1/Th2 balance is regulat‐
ed by the balance between RMF and OMF. 17. The neutrophils are capable of generating NO in the inflamed synovi‐
um. 18. The NO regulate T cell functions under physiological conditions, but overproduction of NO may contribute to
T lymphocyte dysfunction [65]. 19. The NO profoundly alters T cell activation and Th1/Th2 balance. 20. Chronic redox
imbalance in SF contribute T lymphocytes hyporesponsiveness to antigenic stimulation.

The cytokines propensities of OMF and RMF were intercoverted to each other. Taken to‐
gether RMF induction may generate the amplification loop of a RMF/Th1 circuit and OMF
that of OMF/Th2. The findings implicate that the alteration in MF functions because altered
intracellular glutathione may play a relevant role in the pathological progression of inflam‐
mation, as was suggested [66]. IL-12 is secreted physiologically by MF and plays a pivotal
role in regulating cell-mediated immunity. Moreover, IL-12 also plays an important role in
maintaining the in vivo balance between TH1 and Th2 responses. The development of Th1
cells from TH0 cells requires IL-12 and is prevent by prostaglandin E2 and IL-10. The differ‐
entiation TH0 into TH2 cells requires IL-4 and IL-6. It was proven that the Th1/Th2 balance
is certainly regulated by the balance between RMF and OMF [66]. Moreover, the lympho‐

Innovative Rheumatology204

cytes functions may be regulated by biological gases, it is commonly accepted that NO regu‐
late T cell functions under physiological conditions, but overproduction of NO may
contribute to T lymphocyte dysfunction [65].

Several  different  cell  types are capable of  generating NO in the inflamed synovium, in‐
cluding neutrophils  and other circulating and stationary cells  [67].  NO-dependent tissue
injury has been implicated in RA. It was shown that NO serves as a potent immune-reg‐
ulatory factor by influenceing the cytoplasmic redox balance and may inhibit cytochrome
c oxidase, leading to cell  death through ATP depletion. It  seems that T cell  activation is
associated  with  NO production  [13].  Several  studies  have  documented  evidence  for  in‐
creased endogenous NO synthesis, suggesting that overproduction of NO may be impor‐
tant in the pathogenesis of RA [67].

It seems that the NO profoundly alters T cell activation and Th1/Th2 balance. Because NO
may plays an important role in the pathogenesis of RA, it seems reasonably that “biologic
gases” may represent a novel therapeutic approach in the treatment of chronic autoimmune
diseases like RA.

14. Conclusions – Proposed therapies

The parasympathetic nervous system, through the vagus nerve down-regulate inflamma‐
tion. The vagus nerve exert anti-inflammatory effect via a ACh, primary on the nicotinic
receptor  on  macrophages.  As  was  shown  by  Maanen  et  al.[68],  experimental  arthritis
may be ameliorated by cholinergic agonist, nicotine. Bruchfeld et al. [69] showed that ad‐
dition of nicotine to the blood cultures,  from patients with RA, significantly suppressed
cytokine production. These experiments showed that it  is possible to therapeutically tar‐
get  the  ACh  receptors  dependent  control  of  cytokine  release  in  RA  patients  with  sup‐
pressed vagus nerve activity.

Strong expression of nicotinic receptor in the synovium of RA patients was detected by
Das [70]. Both peripheral macrophages and synovial fibroblasts respond to specific choli‐
nergic stimulation with potent inhibition of proinflammatory cytokines.  It  was proposed
by Das [70]  that  vagal  nerve stimulation,  or  nicotinic  agonists  may augment the forma‐
tion  of  anti-inflammatory  lipid  molecules:  lipoxins,  resolvins,  protectins  and  maresins.
This implies that new therapies focused on directed regulation of the cholinergic mediat‐
ed mechanisms and enhancing the formation of lipoxins, resolvins, protectins and mare‐
sins  may  halt  and/or  ameliorate  RA  [70].  It  is  very  important  to  note,  that  electrical
stimulation of the vagus nerve, ie. activating antiinflamatory pathway, attenuates inflam‐
matory  injury  without  unwanted secondary  effects  on  organ and tissue  functions,  such
as heart rate or gut motility [11].

It is commonly accepted that, similarly to vagus nerve stimulation, acupuncture may acti‐
vate the cholinergic anti-inflammatory pathway in treatment of inflammatory diseases [12].
Moreover, stimulation of auricular afferents excites vagal efferents [14], and may modulate
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Figure 2. The role of neutrophils and importance of cholinergic anti-inflammatory pathway in interactions netrophils-
cells in RA. 1. Stimulation of ACh receptors on EC cells results in release of gases which may regulate function of neu‐
trophils and EPC. 2. EPC have ability to differentiate into EC. 3. Acetylcholine by its receptor on EPC improves the
functional activity of EPC [62]. 4. The low density granulocytes (LDGs) partially disrupt the capacity of EPC to differenti‐
ate into mature EC. 5. Increased vasculature of ST in RA is a result of intensified processes of angiogenesis and neovas‐
cularisation. 6. Raised neutrophil migration into the articular cavity in RA patients is observed. 7. Decreased activity of
the vagus nerve results in inhibited production of biologic gases. 8. In RA tissue in which cholinergic innervation is not
proven to exist is supplied with ACh via production in non-neural cells within the tissue. Fibroblast-like cells and mono‐
nuclear-like cells may produce ACh [63]. 9. Reactive Oxygen Species released by neutrophils cause toxic effects. 10.The
neutrophils are capable to transdifferentiate into dendritic like cells (DC). 11. DC expresss the muscarinic receptors and
enzymes for production of ACh. ACh modulates the function of DC through autocrine/paracrine loop [64]. 12. DC are
responsible for controlling migration and activation of lymphocytes. 13. The neutrophils activate inflammatory mono‐
cytes. 14. Monocytes transform to macrophages. 15. There are two classes of macrophages- reductive macrophages
(RMF) and oxidative macrophages (OMF) with a reducent content of glutathione. 16. The Th1/Th2 balance is regulat‐
ed by the balance between RMF and OMF. 17. The neutrophils are capable of generating NO in the inflamed synovi‐
um. 18. The NO regulate T cell functions under physiological conditions, but overproduction of NO may contribute to
T lymphocyte dysfunction [65]. 19. The NO profoundly alters T cell activation and Th1/Th2 balance. 20. Chronic redox
imbalance in SF contribute T lymphocytes hyporesponsiveness to antigenic stimulation.

The cytokines propensities of OMF and RMF were intercoverted to each other. Taken to‐
gether RMF induction may generate the amplification loop of a RMF/Th1 circuit and OMF
that of OMF/Th2. The findings implicate that the alteration in MF functions because altered
intracellular glutathione may play a relevant role in the pathological progression of inflam‐
mation, as was suggested [66]. IL-12 is secreted physiologically by MF and plays a pivotal
role in regulating cell-mediated immunity. Moreover, IL-12 also plays an important role in
maintaining the in vivo balance between TH1 and Th2 responses. The development of Th1
cells from TH0 cells requires IL-12 and is prevent by prostaglandin E2 and IL-10. The differ‐
entiation TH0 into TH2 cells requires IL-4 and IL-6. It was proven that the Th1/Th2 balance
is certainly regulated by the balance between RMF and OMF [66]. Moreover, the lympho‐
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cytes functions may be regulated by biological gases, it is commonly accepted that NO regu‐
late T cell functions under physiological conditions, but overproduction of NO may
contribute to T lymphocyte dysfunction [65].

Several  different  cell  types are capable of  generating NO in the inflamed synovium, in‐
cluding neutrophils  and other circulating and stationary cells  [67].  NO-dependent tissue
injury has been implicated in RA. It was shown that NO serves as a potent immune-reg‐
ulatory factor by influenceing the cytoplasmic redox balance and may inhibit cytochrome
c oxidase, leading to cell  death through ATP depletion. It  seems that T cell  activation is
associated  with  NO production  [13].  Several  studies  have  documented  evidence  for  in‐
creased endogenous NO synthesis, suggesting that overproduction of NO may be impor‐
tant in the pathogenesis of RA [67].

It seems that the NO profoundly alters T cell activation and Th1/Th2 balance. Because NO
may plays an important role in the pathogenesis of RA, it seems reasonably that “biologic
gases” may represent a novel therapeutic approach in the treatment of chronic autoimmune
diseases like RA.

14. Conclusions – Proposed therapies

The parasympathetic nervous system, through the vagus nerve down-regulate inflamma‐
tion. The vagus nerve exert anti-inflammatory effect via a ACh, primary on the nicotinic
receptor  on  macrophages.  As  was  shown  by  Maanen  et  al.[68],  experimental  arthritis
may be ameliorated by cholinergic agonist, nicotine. Bruchfeld et al. [69] showed that ad‐
dition of nicotine to the blood cultures,  from patients with RA, significantly suppressed
cytokine production. These experiments showed that it  is possible to therapeutically tar‐
get  the  ACh  receptors  dependent  control  of  cytokine  release  in  RA  patients  with  sup‐
pressed vagus nerve activity.

Strong expression of nicotinic receptor in the synovium of RA patients was detected by
Das [70]. Both peripheral macrophages and synovial fibroblasts respond to specific choli‐
nergic stimulation with potent inhibition of proinflammatory cytokines.  It  was proposed
by Das [70]  that  vagal  nerve stimulation,  or  nicotinic  agonists  may augment the forma‐
tion  of  anti-inflammatory  lipid  molecules:  lipoxins,  resolvins,  protectins  and  maresins.
This implies that new therapies focused on directed regulation of the cholinergic mediat‐
ed mechanisms and enhancing the formation of lipoxins, resolvins, protectins and mare‐
sins  may  halt  and/or  ameliorate  RA  [70].  It  is  very  important  to  note,  that  electrical
stimulation of the vagus nerve, ie. activating antiinflamatory pathway, attenuates inflam‐
matory  injury  without  unwanted secondary  effects  on  organ and tissue  functions,  such
as heart rate or gut motility [11].

It is commonly accepted that, similarly to vagus nerve stimulation, acupuncture may acti‐
vate the cholinergic anti-inflammatory pathway in treatment of inflammatory diseases [12].
Moreover, stimulation of auricular afferents excites vagal efferents [14], and may modulate

Gas-Therapy in Rheumatoid Arthritis Treatment: When West Meets East – Actual Medical Concepts with...
http://dx.doi.org/10.5772/54506

205



the cholinergic anti-inflammatory pathway activity [71]. Aricular acupuncture (AA) has
been used for a wide varieties of pain conditions but unlike body acupuncture, the mecha‐
nism of AA remains largely uninvestigated. Since the auricle is innervated by a mix of V,
VII, IX and X cranial sensory nerves and has central connections distinct from those of body
acupoints, the physiological responses produced by AA may be substantially different from
those produced by body acupuncture.

AA is a method based on normalizing the body’s dysfunction through stimulation of some
definite points on the ears [72]. AA, a distinct form of acupuncture. It is based on a somato‐
topic relation of the external ear to other body regions. It as was shown that ear acupressure
is effective in increasing oxygen uptake and lowering lactic acid following exercise. Lin et al.
[72] shown that AA enhance the physiological abilities by lowering athletes’ heart rates at
rest, decreasing oxygen intake, and expediting excretion of post-exercise blood lactic acids.
Electroacupunture, another form of acupuncture increases the cannabinoid receptor expres‐
sion not only on “stationary” keratinocytes but also on “circulating” infiltrating inflammato‐
ry cells, like macrophages or T-lymphocytes [73].

Acupressure or physical exercise has been also proposed to be a physiological way to modu‐
late immunity and inflammation. These processes are controlled mainly by alterations in
ROS level and redox balanced [74]. Moreover it was observed that acute severe exercise
(ASE) usually impedes immunity, contrary to chronic moderate exercise (CME) which im‐
proves it [74]. It was shown that ASE stimulates the secretion of many pro-inflammatory cy‐
tokines, such as TNF-α, IL-6, and IL-1β. Nevertheless, CME potently elevates the an anti-
inflammatory cytokine like IL-10. Since ASE and CME have opposite effects on
inflammatory cytokines, they differentially regulate ROS level as well as redox balance [74].

A number of drugs or drug candidates (in clinical trials) exert their effects via donation of
“biological gases”, on redox balance, such as NO, CO and H2S [39,75]. Szabo [39] suggested
that the endogenous generated molecules may have a distinct advantage when applied as
therapeutics, because the body ‘already knows’ how to ‘deal with them’. Moreover, the cel‐
lular responses are predictable, and specific elimination pathways are present. It seems that
gaseotransmitter therapy may be viewed as ‘hormone replacement therapy’ [38]. Many ther‐
apeutic approaches (in clinical or preclinical stages) are based on various aspects of gaseo‐
transmitter pharmacology, for example as the therapeutic administration of these gases in
inhaled gaseous form [39].

The main anti-inflammatory effects of NO, CO and H2S involve multiple more complex
pathways, but at high local concentrations, the cytotoxic effects of NO, CO and H2S cause a
direct inhibition of mitochondrial respiration [76]. It was demonstrated that the inhibition of
cytochrome c oxidase (followed by inhibition of mitochondrial respiration, and generation
of ROS) is responsible for both the toxic effects of this gases and for the therapeutic modula‐
tion of anti- inflammatory phenomenon [76]. It may be assumed that the direction of the net
biological effect (protection or toxicity) is a function of the degree of cytochrome c inhibition
by “biological gases”, and in consequence modulation of redox homeostasis. Since NO, CO
and H2S are produced in human body, there are basal levels of these gases in many cells and
tissues. Szabo postulated that endogenous levels of all three gaseotransmitters may increase
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or decrease in various disease conditions, moreover, it may be interesting for diagnostic pur‐
poses [77]. The beneficial anti-inflammatory effects of these gases typically occur at low
(near-physiological) concentrations, while at higher concentrations the effects diminish, and
toxicity may ensue, according to Paracelsus (1493-1541) definition that “all drugs are poi‐
sons; the benefit depends on the dosage”.

Taken together, understanding of the complex interactions between vagus nerve modula‐
tion,  acupuncture,  cholinergic  neurotransmitters,  “biological  gases”  and  redox  status  of
inflammatory cells, involved in joint tissue damage, might be useful for the development
of novel therapeutic strategies for RA. The significant number of RA patients do not re‐
spond to the typical treatment. To develop new anti-inflammatory treatments, studies on
identification of new pathways involved in modulation of inflammation are still conduct‐
ed. One of interesting approaches could be idea of manipulation of the autonomic nerv‐
ous  system.  In  conclusion,  it  may  be  posited  that  the  combined  medical  knowledge  of
the East and the West, the ancient and the actual concepts may offer new possibilities to
the modern medicine.
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the cholinergic anti-inflammatory pathway activity [71]. Aricular acupuncture (AA) has
been used for a wide varieties of pain conditions but unlike body acupuncture, the mecha‐
nism of AA remains largely uninvestigated. Since the auricle is innervated by a mix of V,
VII, IX and X cranial sensory nerves and has central connections distinct from those of body
acupoints, the physiological responses produced by AA may be substantially different from
those produced by body acupuncture.

AA is a method based on normalizing the body’s dysfunction through stimulation of some
definite points on the ears [72]. AA, a distinct form of acupuncture. It is based on a somato‐
topic relation of the external ear to other body regions. It as was shown that ear acupressure
is effective in increasing oxygen uptake and lowering lactic acid following exercise. Lin et al.
[72] shown that AA enhance the physiological abilities by lowering athletes’ heart rates at
rest, decreasing oxygen intake, and expediting excretion of post-exercise blood lactic acids.
Electroacupunture, another form of acupuncture increases the cannabinoid receptor expres‐
sion not only on “stationary” keratinocytes but also on “circulating” infiltrating inflammato‐
ry cells, like macrophages or T-lymphocytes [73].

Acupressure or physical exercise has been also proposed to be a physiological way to modu‐
late immunity and inflammation. These processes are controlled mainly by alterations in
ROS level and redox balanced [74]. Moreover it was observed that acute severe exercise
(ASE) usually impedes immunity, contrary to chronic moderate exercise (CME) which im‐
proves it [74]. It was shown that ASE stimulates the secretion of many pro-inflammatory cy‐
tokines, such as TNF-α, IL-6, and IL-1β. Nevertheless, CME potently elevates the an anti-
inflammatory cytokine like IL-10. Since ASE and CME have opposite effects on
inflammatory cytokines, they differentially regulate ROS level as well as redox balance [74].

A number of drugs or drug candidates (in clinical trials) exert their effects via donation of
“biological gases”, on redox balance, such as NO, CO and H2S [39,75]. Szabo [39] suggested
that the endogenous generated molecules may have a distinct advantage when applied as
therapeutics, because the body ‘already knows’ how to ‘deal with them’. Moreover, the cel‐
lular responses are predictable, and specific elimination pathways are present. It seems that
gaseotransmitter therapy may be viewed as ‘hormone replacement therapy’ [38]. Many ther‐
apeutic approaches (in clinical or preclinical stages) are based on various aspects of gaseo‐
transmitter pharmacology, for example as the therapeutic administration of these gases in
inhaled gaseous form [39].

The main anti-inflammatory effects of NO, CO and H2S involve multiple more complex
pathways, but at high local concentrations, the cytotoxic effects of NO, CO and H2S cause a
direct inhibition of mitochondrial respiration [76]. It was demonstrated that the inhibition of
cytochrome c oxidase (followed by inhibition of mitochondrial respiration, and generation
of ROS) is responsible for both the toxic effects of this gases and for the therapeutic modula‐
tion of anti- inflammatory phenomenon [76]. It may be assumed that the direction of the net
biological effect (protection or toxicity) is a function of the degree of cytochrome c inhibition
by “biological gases”, and in consequence modulation of redox homeostasis. Since NO, CO
and H2S are produced in human body, there are basal levels of these gases in many cells and
tissues. Szabo postulated that endogenous levels of all three gaseotransmitters may increase
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or decrease in various disease conditions, moreover, it may be interesting for diagnostic pur‐
poses [77]. The beneficial anti-inflammatory effects of these gases typically occur at low
(near-physiological) concentrations, while at higher concentrations the effects diminish, and
toxicity may ensue, according to Paracelsus (1493-1541) definition that “all drugs are poi‐
sons; the benefit depends on the dosage”.

Taken together, understanding of the complex interactions between vagus nerve modula‐
tion,  acupuncture,  cholinergic  neurotransmitters,  “biological  gases”  and  redox  status  of
inflammatory cells, involved in joint tissue damage, might be useful for the development
of novel therapeutic strategies for RA. The significant number of RA patients do not re‐
spond to the typical treatment. To develop new anti-inflammatory treatments, studies on
identification of new pathways involved in modulation of inflammation are still conduct‐
ed. One of interesting approaches could be idea of manipulation of the autonomic nerv‐
ous  system.  In  conclusion,  it  may  be  posited  that  the  combined  medical  knowledge  of
the East and the West, the ancient and the actual concepts may offer new possibilities to
the modern medicine.
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Laryngeal Manifestations of Rheumatoid Arthritis
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Additional information is available at the end of the chapter
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1. Introduction

Rheumatoid arthritis is the most common inflammatory disease of joints. It is described as
symmetric, persistent and destructive polyarthritis which is often followed by positive rheu‐
matoid factor and/or positive results on anticyclic citrulined peptide immunoglobulins. The
larynx is rarely considered affected, and the patients come at terminal phase of rheumatoid
arthritis when the changes are so progressive and irreversible and the treatment is very dif‐
ficult. The larynx is a part of upper respiratory system and an aerodigestive crossroads and
is, therefore, often affected by pathological changes specific for rheumatoid arthritis. Dam‐
age of its anatomical structures and physiological functions happens in the early phases of
rheumatoid arthritis, as many authors have written about it (Hart, 1966), which is manifest‐
ed by different pathoanatomical and pathophysiological changes. Sequence and intensity of
the symptoms’ appearance depend on the size, localization, spread and duration of patho‐
logical changes in rheumatoid arthritis. Clinical picture of laryngeal manifestations of rheu‐
matoid arthritis is characterized by numerous and various symptoms.Because of the
perplexity and length of the symptoms’ manifestations of this disease on other localizations
of a human body, it is rarely thought about the laryngeal symptoms and signs when they
are in the initial phase and of weak intensity. Patients with progressive symptoms and signs
of rheumatoid arthritis in the larynx do not get routine examination by otorhinolaryngolo‐
gists, but this disease is usually diagnosed only when breathing and/or swallowing are very
compromised.One patient with rheumatoid arthritis in its terminal phase was treated at the
ORL Clinic of the Clinical Center in Kragujevac. The disease was diagnosed by techniques of
indirect laryngoscopy, microlaryngoscopy with the use of laryngoscopic claws, computered
endovideostroboscopy and multislice scanner larynx examination. Previously, the patient
underwent surgical tracheotomy because of asphyxia and very reduced breathing space.
Modern diagnostics recommended by other authors include electromyography of the larynx
with the aim of differential diagnostics of cricoarytenoid joint immobility because of the pa‐

© 2013 Stojanović and Belić; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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of a human body, it is rarely thought about the laryngeal symptoms and signs when they
are in the initial phase and of weak intensity. Patients with progressive symptoms and signs
of rheumatoid arthritis in the larynx do not get routine examination by otorhinolaryngolo‐
gists, but this disease is usually diagnosed only when breathing and/or swallowing are very
compromised.One patient with rheumatoid arthritis in its terminal phase was treated at the
ORL Clinic of the Clinical Center in Kragujevac. The disease was diagnosed by techniques of
indirect laryngoscopy, microlaryngoscopy with the use of laryngoscopic claws, computered
endovideostroboscopy and multislice scanner larynx examination. Previously, the patient
underwent surgical tracheotomy because of asphyxia and very reduced breathing space.
Modern diagnostics recommended by other authors include electromyography of the larynx
with the aim of differential diagnostics of cricoarytenoid joint immobility because of the pa‐
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ralysis of nervus reccurens of other etiology.With the aim of timely diagnostics of pathologi‐
cal changes in the larynx in the patients with the rheumatoid arthritis, a routine indirect
laryngoscopy is necessary to be carried out. When otorhinolaryngologists notice reduced
mobility of one half of the larynx, laryngomicroscopy, electromyography of the larynx, mul‐
tislice scanner neck examination are recommended in these patients. In diagnosed laryngeal
changes, the therapy of intra-articular injection of corticosteroids in every affected cricoary‐
tenoid joint should be considered as a possibility.

2. Larynx and rheumatoid arthritis

Rheumatoid arthritis is a generalized disease, but because of anatomical, physiological and
pathoanatomial characteristics of the larynx, this disease has its manifestations in the larynx.
Clinical picture, diagnostics and therapy of rheumatoid changes in the larynx have their
characteristics to which every clinician must pay attention when treating clinical manifesta‐
tions of this disease on other localizations and organs. In RA, the larynx is affected in 25% of
the patients (Dockery, 1991). Symptoms and signs of rheumatoid arthritis in the larynx must
be noticed and treated adequately in its earliest phase. This is necessary for preventing the
progress of the disease and manifestation of the symptoms and signs that are life threaten‐
ing, while the ultimate effect would be bringing back the quality of life to a satisfying level.

2.1. Anatomy and embryology of the larynx

The larynx or voice box is located in the median line of the anterior neck. It is placed at the
aerodigestive crossroads and is the beginning of lower respiratory system. It is a fibroelastic
tube between the hyoid bone and trachea, whose external layer is made of cartilage and
muscles, and internal layer is mucous. The larynx is tied by ligaments and muscles to the
hyoid bone and, therefore, it follows its movements. The larynx extends from the third to
the fourth cervical vertebrae. From its aperture on the front wall of the inferior pharynx, the
larynx comes down through the anterior neck and continues its way through the trachea.
Upper larynx border is presented by a free edge of epiglottis and aryepiglottic plicae. Lower
edge of the cricoid cartilage makes the lower larynx border, Figure 1.

Topographically, hypopharynx with very mobile musculature is between the larynx and ver‐
tebral column at the back, while at the front, there is a gland thyroid on both sides of the larynx.
Its anterior is covered with thin infrahyoid muscles.Voice box is tied and strained to scull base
and lower jaw indirectly over the hyoid bone, suprahyoid muscles and fibroelastic connec‐
tions. It follows the head and neck movements and it rises and descends while swallowing. Its
angular prominence on the anterior neck is known as Adam’s apple in men, and is more prom‐
inent than in women. Structure of the larynx is such that firm part is made of cartilages con‐
nected mutually as well as with other organs by fibrillar connections-membranes and joints-
ligaments. Muscles move cartilages one to another. Submucous layer is made of fibroelastic
membrane and the interior is encased by mucosa with blood vessels and nerves. Epiglottis
bends backwards and closes the opening of the larynx while swallowing. Cavity of the larynx
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or cavum laryngis at its frontal section reminds of a sandglass or two vertical funnels connect‐
ed with their narrow ends, Figure 2. Upper floor or vestibule of the larynx is vestibulum lar‐
yngis that extends from the larynx aperture to upper plicae, so called false vocal cords – plicae
vestibulares s. plicae vocales spuriae. Inferior mucous plicae or true vocal cords or plicae s.
chordae vocales close the vocal gap or rima glottidis and it presents the entrance into the lower,
subglottic floor of the larynx called cavum infraglotticum. Vocal cord is in its anterior, longer
part, membranous and that part is called pars intermembranacea s. ligamentum vocale and in
its posterior, shorter part it is cartilagenous and that part is called pars intercartilaginea s. proc‐
essus vocalis. Rima glottidis or just glottis consists of vocal cords and vocal extention of aryte‐
noid cartilage. The median floor consists of a mucous recessus or invagination which arises
between the true and false vocal cords and it is larynx ventricle or sinus s. ventriculus laryngis
Morgagni. That recessus between the plicae ventricularis and vocal cords has a role of resona‐
tor and its length is approximately 20mm in men and 15mm in women. Mucosa of the larynx
ventricle external wall is full of glands or glandulae laryngis.

Figure 1. Anterior view of larynx.

Laryngeal Manifestations of Rheumatoid Arthritis
http://dx.doi.org/10.5772/51730

217



ralysis of nervus reccurens of other etiology.With the aim of timely diagnostics of pathologi‐
cal changes in the larynx in the patients with the rheumatoid arthritis, a routine indirect
laryngoscopy is necessary to be carried out. When otorhinolaryngologists notice reduced
mobility of one half of the larynx, laryngomicroscopy, electromyography of the larynx, mul‐
tislice scanner neck examination are recommended in these patients. In diagnosed laryngeal
changes, the therapy of intra-articular injection of corticosteroids in every affected cricoary‐
tenoid joint should be considered as a possibility.

2. Larynx and rheumatoid arthritis

Rheumatoid arthritis is a generalized disease, but because of anatomical, physiological and
pathoanatomial characteristics of the larynx, this disease has its manifestations in the larynx.
Clinical picture, diagnostics and therapy of rheumatoid changes in the larynx have their
characteristics to which every clinician must pay attention when treating clinical manifesta‐
tions of this disease on other localizations and organs. In RA, the larynx is affected in 25% of
the patients (Dockery, 1991). Symptoms and signs of rheumatoid arthritis in the larynx must
be noticed and treated adequately in its earliest phase. This is necessary for preventing the
progress of the disease and manifestation of the symptoms and signs that are life threaten‐
ing, while the ultimate effect would be bringing back the quality of life to a satisfying level.

2.1. Anatomy and embryology of the larynx

The larynx or voice box is located in the median line of the anterior neck. It is placed at the
aerodigestive crossroads and is the beginning of lower respiratory system. It is a fibroelastic
tube between the hyoid bone and trachea, whose external layer is made of cartilage and
muscles, and internal layer is mucous. The larynx is tied by ligaments and muscles to the
hyoid bone and, therefore, it follows its movements. The larynx extends from the third to
the fourth cervical vertebrae. From its aperture on the front wall of the inferior pharynx, the
larynx comes down through the anterior neck and continues its way through the trachea.
Upper larynx border is presented by a free edge of epiglottis and aryepiglottic plicae. Lower
edge of the cricoid cartilage makes the lower larynx border, Figure 1.

Topographically, hypopharynx with very mobile musculature is between the larynx and ver‐
tebral column at the back, while at the front, there is a gland thyroid on both sides of the larynx.
Its anterior is covered with thin infrahyoid muscles.Voice box is tied and strained to scull base
and lower jaw indirectly over the hyoid bone, suprahyoid muscles and fibroelastic connec‐
tions. It follows the head and neck movements and it rises and descends while swallowing. Its
angular prominence on the anterior neck is known as Adam’s apple in men, and is more prom‐
inent than in women. Structure of the larynx is such that firm part is made of cartilages con‐
nected mutually as well as with other organs by fibrillar connections-membranes and joints-
ligaments. Muscles move cartilages one to another. Submucous layer is made of fibroelastic
membrane and the interior is encased by mucosa with blood vessels and nerves. Epiglottis
bends backwards and closes the opening of the larynx while swallowing. Cavity of the larynx

Innovative Rheumatology216

or cavum laryngis at its frontal section reminds of a sandglass or two vertical funnels connect‐
ed with their narrow ends, Figure 2. Upper floor or vestibule of the larynx is vestibulum lar‐
yngis that extends from the larynx aperture to upper plicae, so called false vocal cords – plicae
vestibulares s. plicae vocales spuriae. Inferior mucous plicae or true vocal cords or plicae s.
chordae vocales close the vocal gap or rima glottidis and it presents the entrance into the lower,
subglottic floor of the larynx called cavum infraglotticum. Vocal cord is in its anterior, longer
part, membranous and that part is called pars intermembranacea s. ligamentum vocale and in
its posterior, shorter part it is cartilagenous and that part is called pars intercartilaginea s. proc‐
essus vocalis. Rima glottidis or just glottis consists of vocal cords and vocal extention of aryte‐
noid cartilage. The median floor consists of a mucous recessus or invagination which arises
between the true and false vocal cords and it is larynx ventricle or sinus s. ventriculus laryngis
Morgagni. That recessus between the plicae ventricularis and vocal cords has a role of resona‐
tor and its length is approximately 20mm in men and 15mm in women. Mucosa of the larynx
ventricle external wall is full of glands or glandulae laryngis.

Figure 1. Anterior view of larynx.

Laryngeal Manifestations of Rheumatoid Arthritis
http://dx.doi.org/10.5772/51730

217



Figure 2. Coronal section of larynx.

2.1.1. Epiglottis, plicae ventricularis and glottis

The anterior side of epiglottis or pars lingulais is free and covered with weakly adhered mu‐
cosa, which allows easy stretchening around edema. Its posterior side called pars laryngis
completely belongs to the larynx and is bent above the larynx aperture. Pedicle of epiglottis
or petiolus is tied along the posterior side of the thyroid angle. Petiolus makes a bump on its
mucosa, which covers the anterior commissure and, therefore, it can hardly be seen by indi‐
rect laryngoscopy. Mucosa of the epiglottic laryngeal side is tightly connected with its base.
Vocal cords stretch from the back side of the thyroid angle and backwards to the vocal end‐
ing of the arytenoid cartilage, Figure 3.

Figure 3. Internal view of larynx.
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They present triangular prismatic plicae. Their upper side is turned upwards and outside
and continues its way laterally on the base of the ventriculus Morgagni, while their inferior
side is turned downwards and inside and continues its way slopingly into the subglottic
space. When seen microscopically, they are whitish with vertical capillaries. Vocal ligament
makes elastic skeleton of the vocal cord. Length of the vocal cord is changeable and it de‐
pends on its position and tighteness. When calm, it is about 30mm in men and 20mm in
women. Subglottic space extends from the vocal cords down to the inferior edge of the cri‐
coid cartilage and it has a conical shape. Its mucosa is tightly connected to the cartilage and
they are separated only by elastic membrane.

2.1.2. Laryngeal cartilages

Skeleton of the larynx consists of 16 cartilages: 6 paired and 4 unpaired. There are four large
cartilages: thyroid or cartilago thyreoidea, cricoid or anular or cartilago cricoidea, paired ar‐
ytenoid or cartilago arytenoidea and epiglottic or cartilago epiglottica. The first three are
hyaline and the fourth one is fibrocartilagenous. The thyroid cartilage is the gratest cartilage
of the larynx. It has a shape of a shield or a shape of a book opened backwards, Figure 4.

Figure 4. Lateral view of laryngeal cartilages.

Two thyroid quandrangle plates (lamine s. alae) are connected in their anterior middle part
under the right angle in men and under 120 degrees in women. Plates become ossified
around the age of 25 and the process ends around the age of 65. Its posterior edge extends
upwards with the greater horn or cornu superior towards the hyoid bone and downwards
with its interior side, little horn or cornu inferior is joined with the cricoid cartilage. The epi‐
glottic cartilage is located in the anterior wall of the larynx and has a shape of a rose leaf. Its
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superior, wider part is the larynx lid, and lower narrower part is pedicle or petiolus. There
are many concaves on the epiglottic cartilage that are filled with lymph tissue. The epiglottic
cartilage is elastic and never ossifies in contrast to others that are hyaline and therefore start
to ossify right after the puberty. Cricoid or anular cartilage is placed in the inferior part of
the larynx. It has a shape of a ring which is narrow in front and wider in the back. Ossifying
of this cartilage begins around the age of 65. There are two small smooth surfaces for joining
with arytenoid cartilages on both sides on the superior edges of cricoid lamina. The anterior
cartilage is made of an arch or arcus. There are round surfaces for joining with inferior horns
of the thyroid cartilage on the joining of the arch and lamina. Arytenoid cartilages are paired
and they are placed in the posterior wall of the larynx. They have a shape of a triangular
pyramid. The base of the pyramid is turned downwards and is located on the superior edge
of the anular cartilage plate. On the inferior part, near the base of this cartilage, there are two
extensions and one of them is turned medially or processus vocalis and the other one is
turned laterally or processus muscularis. Musculus vocalis (m. thyroarytenoideus) attaches
on vocal extension. Glottis adductors and abductors attach on the muscular extension. The
main extension of the arytenoid cartilage extends with an elastic connection (ligamentum
vocale) which extends forward and ends on the interior side of the thyroid cartilage under
its superior incesure. Right above the anterior joint of this connection, another connection or
ligamentum vestibulare begins, and it continues backwards and ends on the anterior edge of
the arytenoid cartilage on one small protuberance or colliculus.

2.1.3. Joints of the larynx

There are two important joints on every side. They are synovial and enforced by a capsule.
Articulatio cricothyreoidea is located between cornu inferior of the thyroid cartilage and cri‐
coid cartilage on the joint of the arcus and lamina.

Figure 5. Joints of the larynx.
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Movements  in  this  joint  are  rotation  around the  horizontal  arytenoid  axis  and very  re‐
stricted movements of sliding. Articulatio crycoarytenoidea is located between the aryte‐
noid base and joint surfaces on superior edge of the cricoid cartilage. Movements in the
joint are rotation around the vertical arytenoid axis and movements of sliding when ary‐
tenoids adduct or abduct, Figure 5.

2.1.4. Fibrous links of the larynx – membranes and ligaments

Membranes and ligaments of the larynx are divided into three groups. The first group con‐
sists of ligaments of joints’ capsules, cricothyroid and cricoarytenoid. The second group con‐
sists of interior fibrous tissue made of memrane elastica laryngis. Superior membrane
supports aryepiglottic and plicae ventricularis, while inferior membrane or conus elasticus
goes between the superior edge of the cricoid and inferior edge of the thyroid cartilage up to
behind the vocal extension. Ligamentum vocale presents superior, free edge of conus elasti‐
cus. The anterior part of the conus elasticus is tightly thickened in the middle and it makes
ligamentum thyreoepiglotticum, which links epiglottis and thyroid cartilage. The third
group consists of: membrane thyrohyoidea with the aperture for upper laryngeal artery and
vein and internal branch of superior laryngeal nerve, cricotrachealis membrane lies between
the inferior edge of the cricoid cartilage and the first tracheal ring and ligamentum hyoepi‐
glotticum, which attaches epiglottis to hyoid bone, Figure 6.

Figure 6. Membranes and ligaments of the larynx.
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2.1.5. Muscles of the larynx

Muscles of the larynx are divided into A. internal and B. external. A. Internal muscles (Fig‐
ure 7) are placed between some of the cartilages and are divided into 1. abductors, 2. adduc‐
tors, 3. tensors and 4. covers of the larynx lumen. 1. Laryngeal abductors are two muscles on
each side of the larynx, m. cricoarytenoideus posterior s. posticus. Its function is to abduct
vocal cords from the middle line and thus to open glottis. 2. Adductors adduct vocal cords
to the middle line and close glottis. These are: a) m. cricoarytenoideus lateralis s. lateralis b)
m. interarytenoideus s. transversus c) m. thyroarytenoideus or pars externa s. externus. 3.
Laryngeal tensors are: a) m. cricothyreoideus s. anterior is external laryngeal tensor. It ad‐
ducts the thyroid cartilage to the cricoid cartilage from the anterior side, and thus tights the
vocal cords intermediately. b) m. thyroarytenoideus or pars interna s. internus s. vocalis is
known as internal larynx tensor and forms a vocal cord. 4) covers of the larynx lumen: a) m.
interarytenoideus – pars obliqua has a role of glottic sphincter, b) m. aryepiglotticus repre‐
sents an extension of pars transversa muscles interarytenoidus into aryepiglottic plicae and
has a function of a supraglottic sphincter. B. External laryngeal muscles: a) m. sternothyroi‐
deus is pulling the larynx downwards, b) m. thyrohyoideus is raising the larynx if hyoid is
fixed, in other words, lowering hyoid bone if the larynx is fixed.

Figure 7. Internal laryngeal muscles.
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2.1.6. Laryngeal mucosa

Laryngeal mucosa encases the whole of its cavity. It is separated from cartilage and muscles by
submucosa and elastic membrane. On the superior larynx aperture, mucosa continues its way
forward across the superior edge and anterior side of epiglottis into the mucosa of the root of
the tongue, laterally and backwards into the pharynx mucosa, then it encases the external sur‐
face of the anterior wall of the larynx and it continues downwards into the trachea. Laryngeal
mucosa is tightened very loosely to submucosa and elastic aperture, except at the front on the
epiglottic cartilage and at the back on Santorini cartilages and superior ends of the arytenoid
cartilages. There are many tubuloalveolar glands of serous or seromucous nature. Apart from
tiny glands that can be found almost everywhere in laryngeal mucosa, three main groups of
glands are placed :a) on the top of laryngeal epiglottic side and in the root of the lingual side, b)
in the wall of ventriculus Morgagni and c) in the plicae ventricularis. Otherwise, there aren’t
mucous glands on the free edges of the vocal cords. Larynx mucosa epithelium can be: 1) pla‐
coid-layered; 2) cylindrical-ciliary, respiratory type and 3) transitory pseudo-layered cylindri‐
cal epithelium (transitory type). Placoid-layered epithelium encases the vocal cords, superior
larynx aperture and it goes downwards into the vestibulum, free epiglottic edge, epiglottic pli‐
cae, internal side of the arytenoid and interarytenoid space. This epithelium covers the whole
glottis from the anterior commissure at the front and back to processus vocalis and interior side
of arytenoid. It goes under the free edge of glottis and laterally towards the plicae ventricularis
for 6 to 8mm. There are 20 to 30 rows of cells in that region. Under normal conditions, the isles
of placoid epithelium can be found scattered in the zones of cylindrical-ciliary epithelium and
in the larynx vestibulum. The passage between placoid-layered and ciliar epithelium in the
level of the vocal cords and free edges of the larynx is manifested as transformation of superfi‐
cial planocells into cylindrical cells. And opposite, in the level of placoid cells isle, these varia‐
tions can continue one to another without the passage. The most important of all the layers is
the superficial layer which is made of more planocells that desquamate but don’t keratinize.
Under the ifluence of toxins, chronic irritation and inflammation, this epithelium can show
similar characteristics as horny layer and epithelium extensions go into the derm so that papil‐
lae become higher. Cylindrical-ciliary epithelium of respiratory type covers the remaining,
largest part of the larynx surface.

In 20 % of the cases, the anterior ends of the vocal cords are characterized by a narrow band
of epithelium of transitory type. This epithelium is sometimes present in subglottis. Mucosa
of the vocal cords has one macroscopic characteristic of a special importance like Reink
spaces which goes along the whole length of the vocal cords between mucosa and vocal liga‐
ment. Macroscopically, there isn’t a point of joining mucosa with a vocal ligament.

2.1.7. Blood vessels, nerves and lymph vessels of the larynx

Arterial vascularization of the larynx comes from: a) a. thyreoidea superior (branch a. carotis
externa) via its branches aa. thyreoidea superior et media. These arteries go into the larynx
on the posterior part of the thyrohyoid membrane, b) a. thyreoidea inferior (branch arteria
subclavia) that follows n. recurrens on its way into the larynx. Veins of the larynx follow ar‐
teries of the same name. The larynx is innervated by the branch n. vagus: 1) n. laryngeus
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Figure 7. Internal laryngeal muscles.
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2.1.6. Laryngeal mucosa

Laryngeal mucosa encases the whole of its cavity. It is separated from cartilage and muscles by
submucosa and elastic membrane. On the superior larynx aperture, mucosa continues its way
forward across the superior edge and anterior side of epiglottis into the mucosa of the root of
the tongue, laterally and backwards into the pharynx mucosa, then it encases the external sur‐
face of the anterior wall of the larynx and it continues downwards into the trachea. Laryngeal
mucosa is tightened very loosely to submucosa and elastic aperture, except at the front on the
epiglottic cartilage and at the back on Santorini cartilages and superior ends of the arytenoid
cartilages. There are many tubuloalveolar glands of serous or seromucous nature. Apart from
tiny glands that can be found almost everywhere in laryngeal mucosa, three main groups of
glands are placed :a) on the top of laryngeal epiglottic side and in the root of the lingual side, b)
in the wall of ventriculus Morgagni and c) in the plicae ventricularis. Otherwise, there aren’t
mucous glands on the free edges of the vocal cords. Larynx mucosa epithelium can be: 1) pla‐
coid-layered; 2) cylindrical-ciliary, respiratory type and 3) transitory pseudo-layered cylindri‐
cal epithelium (transitory type). Placoid-layered epithelium encases the vocal cords, superior
larynx aperture and it goes downwards into the vestibulum, free epiglottic edge, epiglottic pli‐
cae, internal side of the arytenoid and interarytenoid space. This epithelium covers the whole
glottis from the anterior commissure at the front and back to processus vocalis and interior side
of arytenoid. It goes under the free edge of glottis and laterally towards the plicae ventricularis
for 6 to 8mm. There are 20 to 30 rows of cells in that region. Under normal conditions, the isles
of placoid epithelium can be found scattered in the zones of cylindrical-ciliary epithelium and
in the larynx vestibulum. The passage between placoid-layered and ciliar epithelium in the
level of the vocal cords and free edges of the larynx is manifested as transformation of superfi‐
cial planocells into cylindrical cells. And opposite, in the level of placoid cells isle, these varia‐
tions can continue one to another without the passage. The most important of all the layers is
the superficial layer which is made of more planocells that desquamate but don’t keratinize.
Under the ifluence of toxins, chronic irritation and inflammation, this epithelium can show
similar characteristics as horny layer and epithelium extensions go into the derm so that papil‐
lae become higher. Cylindrical-ciliary epithelium of respiratory type covers the remaining,
largest part of the larynx surface.

In 20 % of the cases, the anterior ends of the vocal cords are characterized by a narrow band
of epithelium of transitory type. This epithelium is sometimes present in subglottis. Mucosa
of the vocal cords has one macroscopic characteristic of a special importance like Reink
spaces which goes along the whole length of the vocal cords between mucosa and vocal liga‐
ment. Macroscopically, there isn’t a point of joining mucosa with a vocal ligament.

2.1.7. Blood vessels, nerves and lymph vessels of the larynx

Arterial vascularization of the larynx comes from: a) a. thyreoidea superior (branch a. carotis
externa) via its branches aa. thyreoidea superior et media. These arteries go into the larynx
on the posterior part of the thyrohyoid membrane, b) a. thyreoidea inferior (branch arteria
subclavia) that follows n. recurrens on its way into the larynx. Veins of the larynx follow ar‐
teries of the same name. The larynx is innervated by the branch n. vagus: 1) n. laryngeus
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superior which has two laryngeal branches, internal and external (Figure 8). The internal
branch is often sensitive and gives sensory innervation for the whole larynx lumen till the
vocal cords height. It goes through the thyrohyoid membrane with superior laryngeal artery
and vein. The external branch is motor and innervates the anterior cricothyroid muscle and
goes along the inferior edge of superior pharynx constrictor; 2) n. laryngeus inferior s. recur‐
rens which is on the left side much longer than on the right side. Left recurrens goes round
the aortic arch and the right recurrens goes round the artery subclavia and then goes up‐
wards in the gutter between the trachea and esophagus. It enters the larynx right behind the
lower cricothyroid muscle and then divides into two branches: motor or anaetreolateral
branch which innervates all internal muscles of the larynx, except the front cricothyroid
muscle; and sensitive or postmedial branch for subglottic space. Nerve fibres n. recurrens
that are on one side don’t go on the opposite side. Lymph vessels of the larynx are divided
into two parts, superior that are above the vocal cords or supraglottic and inferior, below the
vocal cords or subglottic. Lymph vessels of the superior part flow into preepiglottic lymph
nodes and superior deep neck lymph nodes. Lymph vessels of the inferior part flow into
prelaryngeal lymph nodes and inferior deep neck lymph nodes. The vocal cords practically
don’t have their lymph vessels.

Figure 8. Blood vessels, nerves and lymph vessels of the larynx.
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2.2. Physiology of the larynx

Functions of the larynx can be primary and secondary. Primary functions are phylogeneti‐
cally the oldest and they contain the following functions: respirations, protection of airways,
swallowing, thorax fixation. Secondary functions are adapted to breathing and swallowing
organs, ant the most important of them is phonation.

2.2.1. Respiratory function of the larynx

Glottis opens one second before the air comes into it by lowering diaphragm. This opening
is a consequence of cricoarytenoid muscle contraction which is innervated by nerve recur‐
rens and it begins right before the motor activity of n. frenicus. It is led across the respiratory
centre as the activity of n. frenicus, it increases with hypercapnia and ventilatory obstruc‐
tion, and it decreases with artery hyperoxygenation and hyperventilation. This activity is
deleted by tracheotomy, as a result of lowered ventilation resistence. Hemoreceptor corpus‐
culs are identified in supraglottic mucosa, so their stimulation during hypercapnia decreases
laryngeal resistence during the inspiration and expiration. Inspiratory dilation of the larynx
isn’t distributed to glottis and it doesn’t depend on muscle activity. With inspiratory lower‐
ing of the larynx from hyoid downwards, true and false vocal cords contract, arytenoid car‐
tilages go laterally and glottis opens. Passive opening of the larynx is still intensified also by
the inspiratory phase, in other words activity of external laryngeal muscles. The result of
glottis opening size variation during respiration allows the larynx to contribute significantly
to internal air resistance during the respiration time, so abduction of the vocal cords produ‐
ces glottis dilatation and reduction of opening during the inspiration time, and adduction of
the vocal cords with glottis constriction produces greater resistence to expiratory air, which
influences the depth and level of respiration. These reflex changes are a consequence of reac‐
tion on presoreceptors in lungs and subglottic part of the trachea and can help in mixing the
air in the lungs. After vagus deafferention, neither inflation nor deflation influence respira‐
tory activity in posterior cricoarytenoid. Corrections of glottis opening compensate changes
in total air resistance which increased in the nose and bronchi.

2.2.2. Circulatory function of the larynx

Normal respiration, in other words normal air circulation through the larynx, allows normal
functioning of the circulatory system, heart and blood vessels. Arrhytmia, bradycardia and
periodical cardiac arrest, can result in stimulation of the larynx. The mechanism is connected
to the nerve fibres stimulation that comes from aortal baroreceptors and goes to the central
nervous system across n. laryngeus recurrens, ramus communicans and n. laryngeus superi‐
or. These fibres go through the larynx into the deep tissue near thyroid plates and they are
stimulated when the larynx is dilated.

2.2.3. Protective function of the larynx

Almost at the same time with respiration, mechanism of protection of the inferior airways
developed, protecting them from entering foreign bodies, and this protection is guided by
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tion on presoreceptors in lungs and subglottic part of the trachea and can help in mixing the
air in the lungs. After vagus deafferention, neither inflation nor deflation influence respira‐
tory activity in posterior cricoarytenoid. Corrections of glottis opening compensate changes
in total air resistance which increased in the nose and bronchi.

2.2.2. Circulatory function of the larynx

Normal respiration, in other words normal air circulation through the larynx, allows normal
functioning of the circulatory system, heart and blood vessels. Arrhytmia, bradycardia and
periodical cardiac arrest, can result in stimulation of the larynx. The mechanism is connected
to the nerve fibres stimulation that comes from aortal baroreceptors and goes to the central
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or. These fibres go through the larynx into the deep tissue near thyroid plates and they are
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developed, protecting them from entering foreign bodies, and this protection is guided by
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following mechanisms: 1. Sphincter mechanism. There are three sphincters in the larynx and
they are the vocal cords, ventriculous and aryepiglottic plicae so it comes to: adduction of
the true vocal cords one to another, closing of the false vocal cords one to another and to the
base of epiglottis, posterior commissure of the vocal cords is closed by rotation and adduc‐
tion of the arytenoid cartilages, constriction of the false vocal cords by activity of internal
laryngeal muscles, lifting and moving the larynx to the front, moving the base of epiglottis
backwards and covering aditus, moving tyreoepiglottic ligamentum to the front. The previ‐
ous movements, first of all the tongue base and aryepiglottic plicae, lead to direction of food
bolus to peripheral sinus and thus allows the function of the larynx while swallowing; 2. Re‐
flex inhibition mechanism of respiration starts when food bolus touches the posterior wall of
the pharynx and because of that, breathing stops immediately. Respiration ceases while
swallowing. This is a reflex which results from stimuli coming from the pharynx when food
enters, and they transfer via n. glossopharyngeus and n. vagus. Receptors are the richest in
mucosa of the laryngeal side of epiglottis, aryepiglottic and plicae ventricularis and interary‐
tenoid area; 3. Cough reflex is weak or it doesn’t exist in newborn children. Reflex centre is
in medulla oblongata, and n. vagus is both afferent and efferent part of the reflex arch. Clos‐
ing of the false vocal cords is an important moment for this reflex, because adduction of the
true vocal cords one to another can bring by itself to preventing the air to come out of the
lungs. When high subglottic pressure is reached, sphincter mechanism suddenly relaxes and
the air under the accumulated pressure comes out. In this way, matters that initiated this re‐
flex also go out. 4. Phonatory function is secondary adapted to respiratory and swallowing
organs. It developed later in phylogenetic development thanks to high differentiation of the
central nervous system. For proper accomplishment of all the activities that the larynx car‐
ries out, there has to be full coordination of both synergistic and antagonistic groups of mus‐
cles. During phonation, the vocal cords are in adduction near medial line by the action of
cricothyroid muscles that present the vocal cords tensors. More subtle changes are a conse‐
quence of thyroarytenoid muscles action. Medial movement of the vocal cords towards the
false ones are caused by: a) tension in the vocal cords, b) lowering of subglottic air pressure
with every vibrating aperture of glottis and c) aspirating the air that ran away which is
known as Bernuli phenomenon. The result of such repeated cycles of glottis opening and
closing is freeing of small clouds from subglottic air column which forms sound waves.

2.2.4. Function of thorax fixation

When the larynx is closed, thorax is fixed and serves as adminiculum when some activities
connected to the effort are held out: climbing, lifting burden, defaecation, delivery.

2.2.5. Function of emotions

Different mental conditions are expressed over the voice or they cause disorder in it.

2.2.6. Phonation function

This function of the larynx is philogenetically the youngest function which was adapted to
breathing and swallowing organs and it developed thanks to high diferentiation of the cen‐
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tral nervous system. Production of voice is a very complex process and it depends on com‐
pliance in the body. It presents integral function in which peripheral and central phonatory
organs take part in. Peripheral organs are: voice activator (lungs, diaphragm), voice genera‐
tor (larynx) and resonator (pharynx, mouth, nose and paranasal cavities). Central organs for
voice and speech are located in the central nervous system (cortex, lower centres, reticular
substance, cerebellum and others). Voice and speech of the humans are under the influence
of psyche, neurovegetative system and endocrine system. One of the most important pre‐
conditions for normal development of speech is preserved hearing. A system called ’’feed
back’’ participates in forming and maintaining voice and speech. Besides hearing, its main
elements are eyesight and sensibility, and main activities in the sense of creating voice and
speech happen in the central nervous system. Three-dimensional analysis of movements in
cricoarytenoid joint shows that vocal ligaments, cricothyroid ligament and conus elasticus
are the most important in the control of abduction, while posterior cricoarytenoid muscle
and conus elasticus take part in restriction of adduction. Vocal ligament makes moving of
the vocal arytenoid cartilage extension backwards impossible, while cricoarytenoid and pos‐
terior capsular ligament restrict movement of vocal extension forward. Anterior capsular
ligament restricts slanting of the arytenoid cartilage posteriorly and moving of the arytenoid
cartilage laterally across joint surface of the cricoid cartilage (Wang, 1998).

2.3. Etiology of rheumatoid arthritis and laryngeal rheumatoid arthritis

Rheumatoid arthritis (RA) is an inflammatory chronic systemic disease of unknown cause that
affects peripheral joints symmetrically and permanently and is often connected to positive
rheumatoid factor and/or positive results on anticyclic citrulined peptide immunoglobulins..
Annual incidence of RA in the world is 3 patients out of 1000 people, and the prevalence is from
0,5 – 5%. The disease is mainly present in some groups of population like North American na‐
tives, while it is less present in some other groups like black people in Carribean region. When
gender is taken into consideration, the disease is three times more frequent in women than
men. It can start at any age but its greatest frequency is in the fourth and fifth decade and it
grows in the old age so it is the highest in people at the age of 25 to 50. Arthritis rate is from 5-6%
in the Americans from Asian/Pacific islands, to 12% in Afro-Americans to 16% in white people.
Etiology of rheumatoid arthritis includes more assumed theories. One of them says that obesi‐
ty, weakness and morning rigidity are important in appearing of this disease. Apart from
joints, RA can also have extra-articular localizations such as skin, heart, lungs and eyes. Anoth‐
er etiological theory implies presence of infectious cause of rheumatoid arthritis (Mycoplasma,
Epstein-Bar virus, parvovirus, rubella) but none of the mentioned micro-organisms has been
proved. Some of the medications from the group of medications that modify the disease also
have antimicrobical activity and they are gold salts, antimalarial medications and minocyclin.
In the joints of rheumatoid arthritis patients, bacterial DNA is found, which is also an indirect
proof of the bacterial etiology. Autoimmune processes, as one more theory out of the assumed
etiological theories, are tightly connected to RA but it isn’t known if they appear as a primary
or secondary process. In the RA patients, autoantibodies aren’t directed towards one immuno‐
globulin G but also towards other different antigens, such as nuclear antigens (RA 33, EBNA),
citrulined proteins (anti-CCP antibodies), collagen and glucose-6-isomarase phosphate. RA
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has an important genetic predisposition and that is one more theory about RA. About 60% of
patients in the USA has a common epitope HLA-DR4 claster which consists of peptide con‐
nected place of the adequate HLA-DR molecule and it is joined with RA. As women suffer
from RA about three times more often than men, sexual hormones explain one more etiological
theory of RA. Complaints almost completely disappear during pregnancy, but in the postme‐
nopause period, recurrences of the disease appear. RA rarely appears in women who use oral
contraceptives. It is also described that hyperprolactinemia can be a risk factor for RA. Hyper‐
plasia of synovial cells and activation of endothelial cells are early occurences in the pathologi‐
cal process that lead to uncontrolable inflammatory process and consequent cartilage and bone
damage. Pathological production and regulation of both pro-inflammatory and anti-inflam‐
matory cytokines are found in RA. In tissue immunity, the most important are Th1 CD4 cells,
mononuclear phagocytes, fibroblasts, osteoclasts and neutrophils. B lymphocytes can serve as
an antigen of the presenting cell and they create autoantibodies (for example rheumatoid fac‐
tor – RF). One of the therapeutic possibilities is, therefore, the elimination of B lymphocytes
population by mononuclear antibodies (for example rituximabR which is often used in combi‐
nation with methrotrexate). In RA patients, many other changed cells are found, such as nu‐
merous cytokines, hemokines. Other mediators of inflammation are also described: tumor
necrosis factor-alpha, interleucins 1 and 6, transforming growth factor – beta, interleucin 8, fi‐
broblast growth factor, growth factor received from thrombocytes. Finally, inflammation and
uncontrolable  synovial  proliferation lead to damage of  certain tissues,  mostly cartilages,
bones, strings, ligaments and blood vessels. Other predisposing factors are psychological
stress and smoking. The so far known risk factors in RA are: female gender, positive family his‐
tory, older age, exposure to silicates and smoking (Kuder, 2002). Drinking more than two cups
of coffee a day, high intake of vitamin D, consuming of tea and oral contraceptives reduce risk
for RA (Mikuls, 2002; Merlino, 2004).

2.4. Pathoanatomy of rheumatoid arthritis and laryngeal rheumatoid arthritis

Damage of joints in RA is caused by proliferation of synovial macrophages and fibroblasts,
probably as a response to possible autoimmune and infectious triggers. Therefore, it comes to
lymphocyte proliferation of perivascular region and proliferation of endothelial cells which
cause new blood vessels to multiply and ingrow. In damaged joints, blood vessels become
clogged by small clots or inflammatory cells. Furthermore, the progress of process leads to ir‐
regular growth (Firestein, 2005; Goldring, 2000). RA in the larynx can manifest in the following
forms: 1) Arthritis of cricothyroid and/or cricoarytenoid joint (Ferdynus-Chromy, 1977; Gotze,
1973; Kubiak-Socha, 1973; Woldorf, 1971; De Gandt, 1969; Copeman, 1968), 2) Rheumatoid
nodules (Bridger, 1980; Bonner, 1977; Abadir, 1974), 3) Laryngeal myositis, 4) Neuropathy of
laryngeal nervus recurrens and 5) Postcricoid granulomas (Bienenstock H, 1963). Histological
examinations of cricoarytenoid joints in RA have shown synovitis as the earliest change that
leads to synovial proliferation, fibrinous deposit, forming of pannus on joint surfaces, erosion
of the joint cartilage and finally obliteration and ankylosis of joints. Cricoid necrosis as the last
phase of pathological changes on the cricoid cartilage can cause serious pathophysiological
disturbances (Gatland, 1988). Neural atrophy of laryngeal muscles and degenerative changes
in laryngeal nerves caused by vasculitis, can follow the degree of affection of cricoarytenoid
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joint (Voulgari PV, 2005; Lofgren RH, 1962). Rheumatoid nodules of different size in the larynx
are mainly found with seropositive RA. Methotrexate can raise the development of nodules
(Kerstens, 1992). Microtrauma, especially a repeated one, can create predisposition for RA. In
the largest number of cases, nodules are found subcutaneously. A few small nodules can be no‐
ticed microscopically in submucous layer, and each of them consists of fibrinous necrosis focus
surrounded by histiocytes arranged like palisades. There is a progressive proliferation of en‐
dothelial cells and fibroblasts as well as the infiltration of plasma cells and lymphocytes in fi‐
brous supporting tissue that surrounds nodules (Webb J, 1972).

2.5. Pathophysiology of rheumathoid arthritis and laryngeal rheumatoid arthritis

Factors joined with RA include the possibility of infectious trigger, genetic predispositions
and autoimmune response. CD4+T cells lead to immunological cascade reaction which caus‐
es secretion of cytokines such as tumor necrosis alpha and interleucin 1. Increased formation
and expression of TNF-alpha cause inflammation of synovial membranes and joint destruc‐
tion. Inflammation, proliferation and degeneration are typical for affected synovial mem‐
branes. Joint deformations and working inability happen because of erosion and destroying
of synovial membranes and joint surfaces. Acute obstruction of the superior airways leads to
inspiratory stridor, the use of subsidiary respiratory musculature which is manifested by en‐
trainment in jugulum, intercostal spaces, supraclavicular pits and in epigastrium, respirato‐
ry weaknesses, peripheral cyanosis, state of shock and coma (Lehmann, 1997). Chronic
obstruction of the superior airways can lead to hypoxia, hypercapnia and respiratory acido‐
sis which cause pulmonary hypertension and cor pulmonale (McGeehan, 1989).

2.6. Clinical picture of rheumatoid arthritis and laryngeal rheumatoid arthritis

Clinical picture of RA can be divided into several groups of clinical manifestations of the
disease, depending on the affected organs/systems: 1) Pulmonary, 2) Cardiovascular, 3)
Constitutional, 4) Manifestations from rheumatoid nodules, 5) Eye manifestations, 6) Neuro‐
logical, 7) Cutaneous, 8) Hematological, 9) Renal and 10) Hepatic manifestations. 1) Pulmo‐
nary manifestations of RA are pleuritic effusion, pulmonary nodules, interstitial fibrosis,
pneumonitis and arteritis. 2) Cardiovascular manifestations are coronary disease, inflamma‐
tory pericarditis and pericarditis with effusion, myocarditis, mitral valves disease, disorder
in conducting. 3) Constitutional manifestations of RA can be high body temperature, asthe‐
nia, weight loss, exhaustion and loss of appetite. 4) Rheumatoid nodules can manifest sub‐
cutaneously or in pulmonary parenchyma. 5) Eye manifestations are kretoconjuctivitis,
episcleritis, scleritis and conjuctivitis. 6) Neurological manifestations of RA can be neuropa‐
thies such as carpal tunnel syndrome, multiple mononeuritis, cervical myelopathy, central
nervous system diseases (stroke, hemorrhage, encephalopathy, meningitis). 7) Cutaneous
manifestations in RA can appear as ulcus cruris, palmar erythema and skin vasculitis. 8)
Hematological manifestations of RA appear as anemia, thrombocytosis, granulocytopenia,
eosinophilia, cryglobunemia and hypertreaclines. 9) Renal manifestations can appear as glo‐
merulonephritis, vasculitis and secondary amyloidosis. 10) Hepatic manifestations of RA are
characterized by high level of liver enzymes. American association of rheumatologists has
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has an important genetic predisposition and that is one more theory about RA. About 60% of
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broblast growth factor, growth factor received from thrombocytes. Finally, inflammation and
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lymphocyte proliferation of perivascular region and proliferation of endothelial cells which
cause new blood vessels to multiply and ingrow. In damaged joints, blood vessels become
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regular growth (Firestein, 2005; Goldring, 2000). RA in the larynx can manifest in the following
forms: 1) Arthritis of cricothyroid and/or cricoarytenoid joint (Ferdynus-Chromy, 1977; Gotze,
1973; Kubiak-Socha, 1973; Woldorf, 1971; De Gandt, 1969; Copeman, 1968), 2) Rheumatoid
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leads to synovial proliferation, fibrinous deposit, forming of pannus on joint surfaces, erosion
of the joint cartilage and finally obliteration and ankylosis of joints. Cricoid necrosis as the last
phase of pathological changes on the cricoid cartilage can cause serious pathophysiological
disturbances (Gatland, 1988). Neural atrophy of laryngeal muscles and degenerative changes
in laryngeal nerves caused by vasculitis, can follow the degree of affection of cricoarytenoid
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joint (Voulgari PV, 2005; Lofgren RH, 1962). Rheumatoid nodules of different size in the larynx
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Factors joined with RA include the possibility of infectious trigger, genetic predispositions
and autoimmune response. CD4+T cells lead to immunological cascade reaction which caus‐
es secretion of cytokines such as tumor necrosis alpha and interleucin 1. Increased formation
and expression of TNF-alpha cause inflammation of synovial membranes and joint destruc‐
tion. Inflammation, proliferation and degeneration are typical for affected synovial mem‐
branes. Joint deformations and working inability happen because of erosion and destroying
of synovial membranes and joint surfaces. Acute obstruction of the superior airways leads to
inspiratory stridor, the use of subsidiary respiratory musculature which is manifested by en‐
trainment in jugulum, intercostal spaces, supraclavicular pits and in epigastrium, respirato‐
ry weaknesses, peripheral cyanosis, state of shock and coma (Lehmann, 1997). Chronic
obstruction of the superior airways can lead to hypoxia, hypercapnia and respiratory acido‐
sis which cause pulmonary hypertension and cor pulmonale (McGeehan, 1989).

2.6. Clinical picture of rheumatoid arthritis and laryngeal rheumatoid arthritis

Clinical picture of RA can be divided into several groups of clinical manifestations of the
disease, depending on the affected organs/systems: 1) Pulmonary, 2) Cardiovascular, 3)
Constitutional, 4) Manifestations from rheumatoid nodules, 5) Eye manifestations, 6) Neuro‐
logical, 7) Cutaneous, 8) Hematological, 9) Renal and 10) Hepatic manifestations. 1) Pulmo‐
nary manifestations of RA are pleuritic effusion, pulmonary nodules, interstitial fibrosis,
pneumonitis and arteritis. 2) Cardiovascular manifestations are coronary disease, inflamma‐
tory pericarditis and pericarditis with effusion, myocarditis, mitral valves disease, disorder
in conducting. 3) Constitutional manifestations of RA can be high body temperature, asthe‐
nia, weight loss, exhaustion and loss of appetite. 4) Rheumatoid nodules can manifest sub‐
cutaneously or in pulmonary parenchyma. 5) Eye manifestations are kretoconjuctivitis,
episcleritis, scleritis and conjuctivitis. 6) Neurological manifestations of RA can be neuropa‐
thies such as carpal tunnel syndrome, multiple mononeuritis, cervical myelopathy, central
nervous system diseases (stroke, hemorrhage, encephalopathy, meningitis). 7) Cutaneous
manifestations in RA can appear as ulcus cruris, palmar erythema and skin vasculitis. 8)
Hematological manifestations of RA appear as anemia, thrombocytosis, granulocytopenia,
eosinophilia, cryglobunemia and hypertreaclines. 9) Renal manifestations can appear as glo‐
merulonephritis, vasculitis and secondary amyloidosis. 10) Hepatic manifestations of RA are
characterized by high level of liver enzymes. American association of rheumatologists has
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set up the following criteria for RA clasification: 1. Rigidity in and around joints that lasts at
least one hour before maximum improvement in the morning hours. 2. Arthritis of three or
more joint regions. At least three joint regions have soft tissue swellings or liquid which was
diagnosed by a clinician. Fourteen possible regions include left and right superior interpha‐
langeal (GIF) joint, metacarpophalangeal (MCF) joint, wrist joint, elbow joint, knee joint, an‐
kle and metatarsophalangeal (MTF) joints; 3. Arthritis of wrist joints; at least one region of
carpus, GIF and MCF are swollen; 4. Symmetric arthritis, in other words simultaneous affec‐
tion of the same joint region on both sides of the body. Mutual affection of GIF, MCF and
MTF without absolute proportion is also accepted; 5. Rheumatoid nodules are subcutaneous
nodules that are present above the osseus bumps or extensory surfaces or surfaces around
the regions that are close to joints; 6. Serum RF; 7. Radiographic changes typical for RA on
postero-anterior radiographies of hand and carpus, that have to enclose erosions or dispro‐
portional decalcification of bones localized in or on the rims of the most common affected
joints. Independent osteoarthritic changes are not a criterion for RA. Presence of four out of
seven criteria are enough for diagnosis. Criteria from 1 to 4 have to be present at least 6
weeks, and the physician has to establish criteria from 2 to 5. RA is often manifested with
constitutional symptoms such as myelalgia, weight loss, high body temperature, weight loss
and exhaustion. Patients can have difficulties with every day activities (dressing up, getting
up, walking, personal hygiene, the use of arms). In most of the patients, RA has a perfidious
start. It can start with systemic manifestations such as high body temperature, exhaustion,
arthralgia and weakness before the appearance of swelling joints and inflammation. In the
lower percentage, the patients have abrupt start with acute development of synovitis and
extra-articular manifestations. Laryngeal manifestations of rheumatoid arthritis were descri‐
bed for the first time in 1880. by Mackenzie M. and later, 1894. Mackenzie GH. (Mackenzie,
1880; Mackenzie, 1894). Cricoarytenoid arthritis can be divided into two phases, acute and
chronic, and it appears in 27-78% of RA patients (Tarnowska, 2004), and according to some
authors in 17-70% when the research is done laryngoscopically, by computered larynx to‐
mography and histopathological cadaveric examinations (Voulgari, 2005). In 55% of pa‐
tients, cricoarytenoid arthritis is asymptomatic (Jurik, 1984). At the beginning of the disease,
symptoms are mild but usually subclinical. Acute cricoarytenoid arthritis is manifested by
feeling of a foreign body in the throat or a feeling of tension in neck or even feeling of burn‐
ing , hoarseness, odynophonia, voice weakness, changes in voice tone, odynophagia or dys‐
phagia, pain or the feeling of hardness that becomes worse while speaking, spreading of
pain to ear, feeling of suffocating, coughing, dyspnea or the feeling of rigidity. In the chronic
phase of cricoarytenoid arthritis, patients often complain of hoarse speech, stridor that ap‐
pears while making an effort, dyspnea, pain while speaking, neck swelling, hoarseness and
these symptoms appear during an infection or during a dream (Braverman, 2007). Laryngeal
symptoms during RA vary in their manifestations from 31-75%, while histopathological
changes in the larynx are presented postmortem in 90% (Pearson, 1957; Copeman, 1957). Ac‐
cording to some authors, stridor appears during exercising in 75% of the cases (Charlin,
1985) and can be the result of inflammation and swelling of arytenoid and posterior com‐
missure during an acute affection of joint or because of joint ankylosis in the chronic RA
phase. The most frequent symptoms are the feeling of a foreign body in the throat (51%),
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hoarseness (47%) and voice weakness (29%) (Amernik, 2007). Hoarseness appears only in
5% of RA patients (Fisher, 2008), while some other researches have shown that it appears in
30% of RA patients (Segebarth, 2007). Hard RA can be manifested by laryngeal obstruction
and can lead to heart, pulmonary and fatal complications. Rheumatoid nodules of the larynx
are often manifested by hoarseness and coughing.

2.7. Diagnosis of rheumatoid arthritis and laryngeal rheumatoid arthritis

Thorough anamnesis, careful examination of joints and periarticular soft tissue structures,
as well as laboratory and imaging results are necessary for right diagnosis of RA. None
laboratory test is specific for RA, so its diagnosis is primary clinical. A clinical examina‐
tion can establish that mostly small wrists and ankles are affected relatively symmetrical‐
ly.  The most  frequently affected joints,  with decreasing frequency,  are MCF, wrist  joint,
GIF,  knee  joint,  MTF,  shoulder  joint,  ankle,  cervical  spine,  hip  and temporomandibular
joints. The patient whom we treated, had prominent changes on the wrists which can be
clearly seen in the Figure 9.

Figure 9. Hand changes of reumatoid arthritis.

Joints show inflammation with swelling, painfulness, locally high temperature and restricted
movement. Atrophy of interosseus muscles of hands is a typical early sign. Joints and chordae
damage can lead to deformities such as ulnar deviation, hammer like fingers and occasionally
joint rigidity. Other muscle-skeletal manifestations that are usually found during the examina‐
tion are tendosynovitis and joined chordae rupture during the ligament and chordae affection,
the most often affected are chordae of the fourth and fifth finger extensor, periarticular osteo‐
porosis during the localized inflammation, generalized osteoporosis during systemic chronic
inflammation, changes connected to immobilization, or corticosteroid therapy and syndrom of
carpal tunnel. Cutaneous changes in RA appear like subcutaneous nodules, often along the
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set up the following criteria for RA clasification: 1. Rigidity in and around joints that lasts at
least one hour before maximum improvement in the morning hours. 2. Arthritis of three or
more joint regions. At least three joint regions have soft tissue swellings or liquid which was
diagnosed by a clinician. Fourteen possible regions include left and right superior interpha‐
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kle and metatarsophalangeal (MTF) joints; 3. Arthritis of wrist joints; at least one region of
carpus, GIF and MCF are swollen; 4. Symmetric arthritis, in other words simultaneous affec‐
tion of the same joint region on both sides of the body. Mutual affection of GIF, MCF and
MTF without absolute proportion is also accepted; 5. Rheumatoid nodules are subcutaneous
nodules that are present above the osseus bumps or extensory surfaces or surfaces around
the regions that are close to joints; 6. Serum RF; 7. Radiographic changes typical for RA on
postero-anterior radiographies of hand and carpus, that have to enclose erosions or dispro‐
portional decalcification of bones localized in or on the rims of the most common affected
joints. Independent osteoarthritic changes are not a criterion for RA. Presence of four out of
seven criteria are enough for diagnosis. Criteria from 1 to 4 have to be present at least 6
weeks, and the physician has to establish criteria from 2 to 5. RA is often manifested with
constitutional symptoms such as myelalgia, weight loss, high body temperature, weight loss
and exhaustion. Patients can have difficulties with every day activities (dressing up, getting
up, walking, personal hygiene, the use of arms). In most of the patients, RA has a perfidious
start. It can start with systemic manifestations such as high body temperature, exhaustion,
arthralgia and weakness before the appearance of swelling joints and inflammation. In the
lower percentage, the patients have abrupt start with acute development of synovitis and
extra-articular manifestations. Laryngeal manifestations of rheumatoid arthritis were descri‐
bed for the first time in 1880. by Mackenzie M. and later, 1894. Mackenzie GH. (Mackenzie,
1880; Mackenzie, 1894). Cricoarytenoid arthritis can be divided into two phases, acute and
chronic, and it appears in 27-78% of RA patients (Tarnowska, 2004), and according to some
authors in 17-70% when the research is done laryngoscopically, by computered larynx to‐
mography and histopathological cadaveric examinations (Voulgari, 2005). In 55% of pa‐
tients, cricoarytenoid arthritis is asymptomatic (Jurik, 1984). At the beginning of the disease,
symptoms are mild but usually subclinical. Acute cricoarytenoid arthritis is manifested by
feeling of a foreign body in the throat or a feeling of tension in neck or even feeling of burn‐
ing , hoarseness, odynophonia, voice weakness, changes in voice tone, odynophagia or dys‐
phagia, pain or the feeling of hardness that becomes worse while speaking, spreading of
pain to ear, feeling of suffocating, coughing, dyspnea or the feeling of rigidity. In the chronic
phase of cricoarytenoid arthritis, patients often complain of hoarse speech, stridor that ap‐
pears while making an effort, dyspnea, pain while speaking, neck swelling, hoarseness and
these symptoms appear during an infection or during a dream (Braverman, 2007). Laryngeal
symptoms during RA vary in their manifestations from 31-75%, while histopathological
changes in the larynx are presented postmortem in 90% (Pearson, 1957; Copeman, 1957). Ac‐
cording to some authors, stridor appears during exercising in 75% of the cases (Charlin,
1985) and can be the result of inflammation and swelling of arytenoid and posterior com‐
missure during an acute affection of joint or because of joint ankylosis in the chronic RA
phase. The most frequent symptoms are the feeling of a foreign body in the throat (51%),
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hoarseness (47%) and voice weakness (29%) (Amernik, 2007). Hoarseness appears only in
5% of RA patients (Fisher, 2008), while some other researches have shown that it appears in
30% of RA patients (Segebarth, 2007). Hard RA can be manifested by laryngeal obstruction
and can lead to heart, pulmonary and fatal complications. Rheumatoid nodules of the larynx
are often manifested by hoarseness and coughing.

2.7. Diagnosis of rheumatoid arthritis and laryngeal rheumatoid arthritis

Thorough anamnesis, careful examination of joints and periarticular soft tissue structures,
as well as laboratory and imaging results are necessary for right diagnosis of RA. None
laboratory test is specific for RA, so its diagnosis is primary clinical. A clinical examina‐
tion can establish that mostly small wrists and ankles are affected relatively symmetrical‐
ly.  The most  frequently affected joints,  with decreasing frequency,  are MCF, wrist  joint,
GIF,  knee  joint,  MTF,  shoulder  joint,  ankle,  cervical  spine,  hip  and temporomandibular
joints. The patient whom we treated, had prominent changes on the wrists which can be
clearly seen in the Figure 9.

Figure 9. Hand changes of reumatoid arthritis.

Joints show inflammation with swelling, painfulness, locally high temperature and restricted
movement. Atrophy of interosseus muscles of hands is a typical early sign. Joints and chordae
damage can lead to deformities such as ulnar deviation, hammer like fingers and occasionally
joint rigidity. Other muscle-skeletal manifestations that are usually found during the examina‐
tion are tendosynovitis and joined chordae rupture during the ligament and chordae affection,
the most often affected are chordae of the fourth and fifth finger extensor, periarticular osteo‐
porosis during the localized inflammation, generalized osteoporosis during systemic chronic
inflammation, changes connected to immobilization, or corticosteroid therapy and syndrom of
carpal tunnel. Cutaneous changes in RA appear like subcutaneous nodules, often along the
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pressure points (for example olecranon), ulceration of feet cutis, rashes in vasculitis, palmar er‐
ythema, gangrenous pyodermia. Vascular lesions of cutis can be manifested as palpable pur‐
pura or cutis ulceration. Cardial changes in RA lead to increased cardiovascular morbidity and
mortality. Myocardial infarction, myocardial disfunction and constrictive pericarditis are rare.
Affection of lungs in RA can have several forms like pleural effusion, interstitial fibrosis, nod‐
ules (Caplan syndrom) and bronchiolitis obliterans, in other words ogranized pneumonia. In
gastrointestinal tract, the affection of intestines is a side effect of medication action, inflamma‐
tion and other diseases. Kidneys are usually intact by direct action of RA. Secondary kidney
damage  often  happens  during  medicamentous  therapy  (nonsteroidal  anti-inflammatory
drugs, gold salt, cyclosporin), inflammation (amyloidosis) and joined diseases (Sjögren syn‐
drom with kidney tubular disorders). Vascular lesions can affect any organ, but are often
found on cutis where they can be manifested as palpable purpura, cutis ulcerations or digital
infarcts. Hematological disorders are often manifested by secondary anemia which is normo‐
chromic-normocytic type, thrombocytosis and eosinophilia. Affection of nerves is often as in
nervus medianus syndrom in the carpal tunnel. Vascular lesions, mononeuritis multiplex and
cervical myelopathy can cause serious neurological prolapses. RA is manifested on eyes like
keratoconjuctivitis sicca, as well as episcleritis, uveitis and nodular scleritis which can lead to
scleromalacia. American college for rheumatology has determined criteria for progression, re‐
mission and functional  state of  RA patient.  A) RA progression (clinical  and radiological
stages): Stage 1 (early RA) is characterized by: a) absence of destructive changes during the
roentgenography examinations and b) possible radiography presence of osteoporosis; Stage 2
(advanced progression): a) radiography evidence of periarticular osteoporosis with or without
light subchondral destruction of bones, b) possible light destruction of cartilage, c) possible re‐
striction of joint movements, without joint deformities, d) joined myatrophy, e) possible soft
tissue extra-articular lesions (for example nodules, tenosynovitis). Stage 3 (very advanced pro‐
gression): a) radiographic evidence of cartilage and bone destruction followed by periarticular
osteoporosis, b) joint deformities (for example subluxation, ulnar deviation, hyperextension)
without fibrous or osseus ankylosis, c) massive myatrophy, d) possible extra-articular lesions
of soft tissue (for example nodules, tenosynovitis); Stage 4: a) fibrous or osseus ankylosis and b)
criteria for stage 3. B) RA remission ( ≥ 5 below induced states that last at least two months con‐
stantly): a) morning rigidity that doesn’t stop for 15 minutes, b) without weakness, c) without
pain in joints, d) without cracking in joints or pain while moving, e) without soft tissue swel‐
ling in joints or chorda wraping, f) erythrocyte sedimentation lower than 30 mm/h in women or
lower than 20mm/h in men. C) Functional status of RA patients: a) Category I – completely able
to fullfil everyday activities, b) Category II – able to fullfil regular personal hygiene and activi‐
ties connected to their profession but limited in other activities, c) Category III – able to fullfil
the activities of regular personal hygiene but limited in activities connected to their proffession
and other activities that aren’t connected to their profession, d) Category IV – limited to fulfill
regular activities for personal hygiene, profession and activities that aren’t connected to their
profession. American College of Rheumatologists (ACR) and European League Against Rheu‐
matism (EULAR) have regulated new criteria for classification of early RA, which include joint
affection, autoantibodies status, answer to acute phase and symptoms duration (Aletaha,
2010). ACR/EULAR 2010 criteria: A) Joint affection (0-5): one median to large joint (0), two to
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ten median to large joints (1), one to three small joints (large joints aren’t included) (2), four to
ten small joints (small joints aren’t included) (3), more than ten joints (at least one small joint)
(5); B) Serology (0-3): negative RF and negative cell-Purkinje antibodies (APCA) (0), Light posi‐
tive RF or light positive APCA (2), high positive RF or high positive APCA (3); C) Reactants of
acute phase (0-1); normal CRP and normal percentage of erythrocyte sedimentation (ESR) (0),
Abnormal CRP or abnormal ESR (1); D) Symptoms duration: a) shorter than 6 weeks (0), 6
weeks and more (1). Cut point for RA is 6 weeks or more. RA can be diagnosed in patients if
they have: a) atypical erosions or b) long lasting disease which fullfils the previous classifica‐
tion criteria. Large joints are defined as: shoulder joints, elbow joints, hip joints, knee joints and
ankles. Small joints are defined as: MCF, PIF, from the second to fifth MTF and interphalangeal
thumb joints and carpus joints. Course of disease can be short and limited or progressive and
hard. The following laboratory tests are necessary to be carried out: complete blood count with
differential count, rheumatoid factor, erythrocyte sedimentation, C-reactive proteins, fibrino‐
gen, haptoglobin, alpha-1-acid glycoprotein, alpha-1-trypsin, S-amyloid-A protein and hema‐
tocrit  (Guerra,  1992).  Erythrocyte  sedimentation  and  C-reactive  protein  give  the  best
information about the presence of acute phase of RA, but thrombocytosis, low level of iron in
the serum and low values of hemoglobin also point to active disease (Crassi, 1998). It is also im‐
portant to examine the function of liver and kidneys because of further choice of medicaments,
which shows that it is necessary to carry out a complete biochemical blood analysis. Diagnosis
of rheumatoid changes in the larynx includes anamnesis, clinical examination, videolaryngo‐
scopy, computered tomography and electromyography (Amernik, 2007). Indirect laryngosco‐
py shows changes in the larynx in 32% of RA patients, unlike computered tomography where
the changes are found in 54%, so indirect laryngoscopy reveals mucous and great pathoana‐
tomical changes, and computered larynx tomography reveals structural lesions (Lawry, 1984).
Cricoarytenoid arthritis can be asymptomatic because many RA patients have pathological
changes in cricoarytenoid joint, proved by computered tomography, but they don’t have lar‐
yngeal difficulties (Brazeau-Lamontagne, 1986). Laryngoscopy in acute cricoarytenoid arthri‐
tis  shows  light  red  medially  expressed  swellings  in  the  region  of  arytenoid,  epiglottis,
cricoarytenoid arthritis and vocal cords nodules that can look normal or very edematous. In
chronic cricoarytenoid arthritis, we can find thickened mucosa in the region of arytenoid, in‐
terarytenoid pachydermia, uneven rima glottidis, called “bamboo nodules” because of their
appearance that reminds of knots on the bamboo branch. During laryngoscopy of bamboo
nodules, subepithelial sallow mass on upper surface of glottis is noticed, often mushroomlike
shape and directed by its longer axis transversely to the vocal cords, and they are usually sur‐
rounded by hyperemic mucosa (Immerman, 2007; Hilgert, 2008). Direct fiber laryngoscopy can
establish pathological changes in the larynx in 75% of RA patients (Brazeau-Lamontagne,
2005). The most frequent rheumatoid changes in the larynx are hyperemia of the mucosa in ar‐
ytenoid subregion in 41% of the patients and edema of the same region in 28% of the patients
(Amernik, 2007). Safe diagnosis of laryngeal RA is set in direct laryngoscopy by arytenoid pal‐
pation when mechanical  restriction of  movements  in  cricoarytenoid joint  can be proved
(Woods, 2007). Computered endovideostroboscopy allows examination of the way mucosa vi‐
brates on the affected side, determination of lesion depth in mucous layer, confirming the
unique characteristics of these lesions. In this way, we can diagnose disorders of adduction and
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pressure points (for example olecranon), ulceration of feet cutis, rashes in vasculitis, palmar er‐
ythema, gangrenous pyodermia. Vascular lesions of cutis can be manifested as palpable pur‐
pura or cutis ulceration. Cardial changes in RA lead to increased cardiovascular morbidity and
mortality. Myocardial infarction, myocardial disfunction and constrictive pericarditis are rare.
Affection of lungs in RA can have several forms like pleural effusion, interstitial fibrosis, nod‐
ules (Caplan syndrom) and bronchiolitis obliterans, in other words ogranized pneumonia. In
gastrointestinal tract, the affection of intestines is a side effect of medication action, inflamma‐
tion and other diseases. Kidneys are usually intact by direct action of RA. Secondary kidney
damage  often  happens  during  medicamentous  therapy  (nonsteroidal  anti-inflammatory
drugs, gold salt, cyclosporin), inflammation (amyloidosis) and joined diseases (Sjögren syn‐
drom with kidney tubular disorders). Vascular lesions can affect any organ, but are often
found on cutis where they can be manifested as palpable purpura, cutis ulcerations or digital
infarcts. Hematological disorders are often manifested by secondary anemia which is normo‐
chromic-normocytic type, thrombocytosis and eosinophilia. Affection of nerves is often as in
nervus medianus syndrom in the carpal tunnel. Vascular lesions, mononeuritis multiplex and
cervical myelopathy can cause serious neurological prolapses. RA is manifested on eyes like
keratoconjuctivitis sicca, as well as episcleritis, uveitis and nodular scleritis which can lead to
scleromalacia. American college for rheumatology has determined criteria for progression, re‐
mission and functional  state of  RA patient.  A) RA progression (clinical  and radiological
stages): Stage 1 (early RA) is characterized by: a) absence of destructive changes during the
roentgenography examinations and b) possible radiography presence of osteoporosis; Stage 2
(advanced progression): a) radiography evidence of periarticular osteoporosis with or without
light subchondral destruction of bones, b) possible light destruction of cartilage, c) possible re‐
striction of joint movements, without joint deformities, d) joined myatrophy, e) possible soft
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and other activities that aren’t connected to their profession, d) Category IV – limited to fulfill
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profession. American College of Rheumatologists (ACR) and European League Against Rheu‐
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affection, autoantibodies status, answer to acute phase and symptoms duration (Aletaha,
2010). ACR/EULAR 2010 criteria: A) Joint affection (0-5): one median to large joint (0), two to
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ten median to large joints (1), one to three small joints (large joints aren’t included) (2), four to
ten small joints (small joints aren’t included) (3), more than ten joints (at least one small joint)
(5); B) Serology (0-3): negative RF and negative cell-Purkinje antibodies (APCA) (0), Light posi‐
tive RF or light positive APCA (2), high positive RF or high positive APCA (3); C) Reactants of
acute phase (0-1); normal CRP and normal percentage of erythrocyte sedimentation (ESR) (0),
Abnormal CRP or abnormal ESR (1); D) Symptoms duration: a) shorter than 6 weeks (0), 6
weeks and more (1). Cut point for RA is 6 weeks or more. RA can be diagnosed in patients if
they have: a) atypical erosions or b) long lasting disease which fullfils the previous classifica‐
tion criteria. Large joints are defined as: shoulder joints, elbow joints, hip joints, knee joints and
ankles. Small joints are defined as: MCF, PIF, from the second to fifth MTF and interphalangeal
thumb joints and carpus joints. Course of disease can be short and limited or progressive and
hard. The following laboratory tests are necessary to be carried out: complete blood count with
differential count, rheumatoid factor, erythrocyte sedimentation, C-reactive proteins, fibrino‐
gen, haptoglobin, alpha-1-acid glycoprotein, alpha-1-trypsin, S-amyloid-A protein and hema‐
tocrit  (Guerra,  1992).  Erythrocyte  sedimentation  and  C-reactive  protein  give  the  best
information about the presence of acute phase of RA, but thrombocytosis, low level of iron in
the serum and low values of hemoglobin also point to active disease (Crassi, 1998). It is also im‐
portant to examine the function of liver and kidneys because of further choice of medicaments,
which shows that it is necessary to carry out a complete biochemical blood analysis. Diagnosis
of rheumatoid changes in the larynx includes anamnesis, clinical examination, videolaryngo‐
scopy, computered tomography and electromyography (Amernik, 2007). Indirect laryngosco‐
py shows changes in the larynx in 32% of RA patients, unlike computered tomography where
the changes are found in 54%, so indirect laryngoscopy reveals mucous and great pathoana‐
tomical changes, and computered larynx tomography reveals structural lesions (Lawry, 1984).
Cricoarytenoid arthritis can be asymptomatic because many RA patients have pathological
changes in cricoarytenoid joint, proved by computered tomography, but they don’t have lar‐
yngeal difficulties (Brazeau-Lamontagne, 1986). Laryngoscopy in acute cricoarytenoid arthri‐
tis  shows  light  red  medially  expressed  swellings  in  the  region  of  arytenoid,  epiglottis,
cricoarytenoid arthritis and vocal cords nodules that can look normal or very edematous. In
chronic cricoarytenoid arthritis, we can find thickened mucosa in the region of arytenoid, in‐
terarytenoid pachydermia, uneven rima glottidis, called “bamboo nodules” because of their
appearance that reminds of knots on the bamboo branch. During laryngoscopy of bamboo
nodules, subepithelial sallow mass on upper surface of glottis is noticed, often mushroomlike
shape and directed by its longer axis transversely to the vocal cords, and they are usually sur‐
rounded by hyperemic mucosa (Immerman, 2007; Hilgert, 2008). Direct fiber laryngoscopy can
establish pathological changes in the larynx in 75% of RA patients (Brazeau-Lamontagne,
2005). The most frequent rheumatoid changes in the larynx are hyperemia of the mucosa in ar‐
ytenoid subregion in 41% of the patients and edema of the same region in 28% of the patients
(Amernik, 2007). Safe diagnosis of laryngeal RA is set in direct laryngoscopy by arytenoid pal‐
pation when mechanical  restriction of  movements  in  cricoarytenoid joint  can be proved
(Woods, 2007). Computered endovideostroboscopy allows examination of the way mucosa vi‐
brates on the affected side, determination of lesion depth in mucous layer, confirming the
unique characteristics of these lesions. In this way, we can diagnose disorders of adduction and
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lateral torsion of the vocal cords when they are present. During the palpation of these lesions in
general anesthesia, we can find tough fibroid masses tightened on the deep vocal cords struc‐
tures. Radiographic manifestations of the disease on wrists are characterised by swelling and
mild juxta-articular osteoporosis. Radiographic indicators of cricoarytenoid joint affection are
cricoarytenoid prominention (46%), changes in thickness and volume of joint (46%), as well as
cricoarytenoid subluxation (39,9%). Radiographic signs of erosive arthritis of cricoarytenoid
joint are present in 45% of patients (Jurik 1984). Computered tomography of the larynx is a
method of choice in diagnosing cricoarytenoid thickness, erosions, arytenoid subluxations,
glottic or aryepiglottic nodules asymmetry and by using this method, changes are found in
72% of RA patients (Brazeau-Lamontagne, 2005). Deviation of the larynx in three surfaces is a
characteristic finding for RA in the advanced stage and it includes: 1) moving of the larynx an‐
terio-laterally, 2) rotation of the vocal cords clockwise and 3) slantedness of the larynx forward
while its front aspect is lowered caudally in relation to its front part (Keenan, 1983). Similar
changes on multislice scanner larynx examination in the woman patient treated at our clinic
and triploid deviation of the larynx can clearly be seen in Figure 10.

Figure 10. Sclerosis of the right arytenoid due the cricoarythenoid rheumatoid involvement. Also triplanar laryng‐
eal deviation.

Nuclear magnetic resonance, computered tomography and scintigraphy can give useful in‐
formation about pathological changes and their extension in RA. Ultrasonography is accept‐
ed for examination of joints, chordae and bursa affection in RA and it can advance early
clinical diagnosis and following of patients, showing details such as synovial thicknesses in
finger joints (Grassi W, 1998). In RA patients, electromyographic examinations of internal
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thyroarytenoid muscles show mutually normal bioelectric stimulation of thyroarytenoid
muscles during phonation, while at rest there is no denervation activity (Tarnowska, 2004).

2.8. Complications of laryngeal rheumatoid arthritis

Complications of RA can begin to develop within several months since the appearance of clini‐
cal symptoms, so timely refering to a rheumatologist or his consultation are necessary for the
beginning of treatment with DMARD (disease-modifying antireumatic drugs). A great num‐
ber of acute respiratory insufficiency cases caused by rheumatoid arthritis in the larynx have
been described (Chalmers, 1979; McGeehan, 1989). Acute respiratory insufficiency in RA pa‐
tients can be provoked by bacterial infections of the larynx, mechanical larynx lesions or acute
exacerbation of cricoarytenoid arthritis (Bolten, 1991; Geterud, 1986). Laryngeal obstruction
required surgical tracheotomy of RA patients (Takakura, 2005; Jol, 1997; Daver, 1994; Ten Hol‐
ter, 1988; Peters, 2011; Bossingham, 1996; Funk, 1975). Tracheotomy is necessary in 10-25% of
patients with chronic cricoarytenoiditis (Tarnowska, 2004). Acute obstruction of airways is of‐
ten connected to cervical spine ankylosis and impossibility of its extension (Miller, 1994). Cer‐
vical spine ankylosis was also present with the patient that we treated, it can easily be seen in
Figure 6. and it can threaten surgical tracheotomy (Yonemoto, 2005).

Figure 11. Atalantoccipital joint ankylosis. Arrow indicates patological process of cervical spine.

Vertical penetration of cerebral vertebra cusp was the most important manifestation of cer‐
vical spine disease, and one of the laryngeal deviation causes is the scoliotic trachea and the
larynx deformation because of neck shortening as a consequence of the second cervical ver‐
tebra cusp penetration. Another machanism is rotational deformity of cervical vertebra
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caused by asymmetric osseous erosions (Keenan, 1983). Besides cricoarytenoid and cervical
vertebra ankylosis, treatment of RA patients is also difficult because of temporomandibular
joint ankylosis (Okuda, 1992; McGeehan, 1989). These pathological changes of RA patients
can make endotracheal intubation very difficult and dangerous, especially if there is a trip‐
loid deviation of the larynx on computered tomography (Bamshad, 1989). Rheumatoid cri‐
coarytenoid arthritis was complicated by ulcerous necrosis of cricoid esophagostenosis and
therefore the patient underwent total laryngectomy (Montgomery, 1980).

2.9. Differential diagnosis of rheumatoid arthritis and laryngeal rheumatoid arthritis

Differential diagnosis is directed to artropathies caused by infection, seronegative spondy‐
loartropathies and other connective tissue diseases such as systemic lupus eritematodes
(Harris, 2005; Akil, 1995; Nanke, 2001).

RA should be distinguished from a wide range of diseases that are characterized by clinical‐
ly prominent synovitis, such as viral, reactive and psoriatic arthritis as well as enteroarthritis
and we can come to differential diagnosis by eliminating, because there isn’t a specific test
for RA (Grassi, 1998). Arthritis of cricoarytenoid joint is also caused by gout, mumps, tuber‐
culosis, syphilis, gonorrhea, Tietz syndrom, lupus eritematodes and injuries (Fried, 1991).
Rheumatoid nodules of the larynx as initial signs of systemic lupus eritematodes are descri‐
bed in the literature (Schwartz, 1980). Rheumatoid nodules of the larynx can be differential‐
ly diagnostic problem if they are mixed up with vascular lesions (Friedman, 1975). It is often
important to distinguish by differential diagnosis asthma and psychoneurosis from cricoary‐
tenoid joint arthritis which is rarely manifested by acute laryngeal obstruction and colapse
(Leicht 1987; Absalom 1998). Secondary amyloidosis during rheumatoid arthritis or secon‐
dary Sjögren syndrom are rarely causes for laryngeal symptoms (Bayar, 2003). The case of
RA and systemic sclerosis union is also described, which led to mutual immobility of the vo‐
cal cords and was manifested by dysphonia and dyspnea as main symptoms and treatment
by sphygmic doses of methylprednisolone led to slow improvement (Ingegnoli, 2007). With
other autoimmune diseases, transversal, white-yellow, striped lesions can be found, in the
median part of membranous link of the vocal cords, mostly bilateral, but they aren’t sym‐
metrical (Ylitalo, 2003). Rheumatoid cricoarytenoid arthritis should be distinguished from
neurogenic disorders, traumatic changes, infections, neoplastic processes and psychosomat‐
ic illnesses (Bolten, 1991; Chen, 2005). The most difficult differential diagnosis is in cricoary‐
tenoid ankylosis and bilateral paresis/paralysis of recurrent laryngeal nerves. Mutual
immobility of cricoarytenoid joint and Hashimoto thyroiditis are next differentially diagnos‐
tic problem which requires multidiscipline approach (Stojanovic, 2010). Then normal elec‐
tromyogram of vocal muscles and fixation of cricoarytenoid joints during laryngoscopy set
by application of laryngoscopic claws, confirm the diagnosis of ankylosis. Differential diag‐
nosis of these two conditions is possible by using electromyography and laryngoscopy, and
mutual fixation of the arytenoid cartilages is confirmed with long-term endotracheal intuba‐
tion (in 68,8% of patients), short-term endotracheal intubation (in 9,4%), Wegener granulo‐
matosis (in 9,4%) of rheumatoid arthritis (in 6,3%) of previous surgery in the larynx (in
3,1%) and caustic ingestion (in 3,1%) (Eckel, 2003).
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2.10. Treatment of rheumatoid arthritis and laryngeal rheumatoid arthritis

The aims of early prevention and early treatment of RA are to reduce pain, inflammation
and inability, to prevent radiologically found damages and progression and to reduce the
development of comorbidity. Joint damage in rheumatoid arthritis begins a few weeks since
the begining of the disease symptoms and that’s why the early treatment reduces the disease
progression rate (Emery, 2002). Pharmacotherapy generally includes several groups of med‐
ications: nonsteroidal anti-inflammatory drugs (NSAID) for pain control, oral or intra-artic‐
ular glucocorticoids in low doses and start with DMARD. “Reverse pyramid” approach is
required in RA treatment today, when DMARD are started immediately in order to slow
down the disease progression as soon as possible (Rindfleisch, 2005). This approach is ac‐
cepted on the basis of several facts: joint damages start in the early phase of the disease
(Emery, 2002), DMARD have a significant use when they are used in the early phase of the
disease, the uses of DMARD can be helped when the medications are used in the combina‐
tion (Pincus, 1999; Lipsky, 2000; Weinblatt, 2004), a great number of medications from this
group with positive evidence of useful effects are accessible. RA patients of medium stage
and normal radiographic results should start the treatment with hydroxychloroquine, sul‐
phasalazine or minocycline, although methotrexate is also a possibility. Patients with heavi‐
er stage of disease or radiographic changes should start treatment with methotrexate. If the
disease symptoms aren’t controlled well by mentioned medications, leflunomid or com‐
bined therapy should be taken into consideration (methotrexate together with one medica‐
tion of newer generation). For initial RA treatment for reducing pain and joint swelling
together with the combination of the mentioned medications, NSAID, salicylate or ciclooxy‐
genease-2 inhibitors should be used. These medications can’t be used independently be‐
cause they don’t change clinical course of RA. Glucocorticoids, usually in the dose that is
equivalent to 10 mg of prednisone a day are highly important for freeing from RA symp‐
toms and they can slow down joint damage (Kirwan, 1995). Their dosing should be kept at
minimum because of a great risk of unwanted effects, which include osteoporosis, cataract,
hyperadrenocorticism and altered glycemia levels. American college for rheumatology has
recommended the intake of 1500mg of calcium and 400-800 IU of vitamin D a day. The most
often used medications for RA treatment are methotrexate, hydroxychloroquine, sulphasala‐
zine, leflunomide, infliximab and etanercept. Newer DMARD are leflunomide, antagonists
tumor necrosis factor (TNF) and anakinra. Pharmacotherapeutic approaches for RA are very
different depending on certain studies. One of such approaches is a combination of these
two medications from the DMARD group, mainly methotrexate and sulphasalazine or me‐
thotrexate and cyclosporine (Dougados, 1999; Tugwell, 1995). Combination of methotrexate,
sulphasalazine and high doses of corticosteroids has brought up to prolonged effects on ra‐
diographic progression in comparison to monotherapy by sulphasalazine (Landewe, 2002).
In the two-year study, 197 RA patients were chosen by coincidence to take therapeutic pro‐
tocol with four medications, methotrexate, sulphasalazine, hydroxychloroquine and predni‐
solone (5mg/a day) or individual medication from DMARD where it has been noticed that
greater number of patients in remission got combined therapy, while fewer number of pa‐
tients in remission were in the group of monotherapy by some other medication from
DMARD group (Korpela, 2004). In some studies, cricoarytenoid arthritis treatment in a 65-
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year-old male patient and 56-year-old female patient was carried out by local, intra-articular
injections of triamcinolone combined with prednisolone (Jol, 1997; Simpson, 1980; Habib,
1977). Systemic application of corticosteroids brought up to significant mobility of the aryte‐
noid cartilages in a 63-year-old patient (Jurik, 1985). Beclomethasone diproprionat in the
treatment of rheumatoid changes in the larynx was useful (Sladek, 1983). Surgical approach
to immobility of the vocal cords from paramedial position, in other words rheumatoid anky‐
losis of cricoarytenoid joints implies mobilizational and laterofixational techniques (Ejnell,
1985). Arytenoid adduction surgery was carried out successfully in a 57-year-old female pa‐
tient who didn’t have dyspnea year and a half after the surgery (Kumai, 2007). Endoscopic
arytenoidectomy is usually a surgery of choice (Koufman, 2003).

3. Conclusion

Rheumatoid arthritis is a disease of unknown cause with several assumed etiological theo‐
ries, but pathoanatomical and pathophysiological changes are mostly familiar. It is manifest‐
ed on different organs and tissues and about 25% of all patients have clinical manifestations
in the larynx. Patients with RA manifested on more than one joint, must be sent to and ex‐
amined by a rheumatologist 6 weeks since the beginning of the disease symptoms. Joint and
bones swelling points to early arthritis especially if at least two joints are involved and/or
morning rigidity lasts longer than 30 minutes and/or if there is an affection of metacarpo‐
phalangeal and/or metatarsophalangeal joints (Emery, 2002). Following the disease course
includes counting of painful and swollen joints, complete cooperation between the patient
and the physician, determining erythrocyte sedimentation and C - reactive protein. Disease
activities should be followed in the intervals from 1 to 3 months until the remission period is
reached. Structural damages must be followed rardiographically every 6 to 12 months dur‐
ing the first several years. Family doctor must think about the structural damage of the lar‐
ynx in the patients with advanced arthritis and he must send these patients to periodical
otorhinolaryngological examinations every 1 to 3 months. At that time, it is necessary to car‐
ry out indirect laryngoscopy and graphic flow/volume which is enough for the initial
screening. Forced inspiratory/expiratory relationship between the flow and volume provide
a simple non-invasive test for revealing stenosis in upper airways. Pathological results of
screening cause additional examinations by fiberoptical laryngoscopy, laryngomicroscopy
with the examination of the arytenoid cartilages fixation, helped by multislice scanner lar‐
ynx examination every six months to a year, computered stroboscopy and electromyogra‐
phy of the larynx. This is important because laryngoscopy provides better view of the
mucous and functional integrity preservation, and multislice scanner larynx examination of‐
fers more precise visualisation of the structural changes. Periodical otorhinolaryngological
examinations should be routine when treating patients with rheumatoid arthritis and they
are always undertaken when family doctor and/or the rheumatologist of the clinic find the
smallest disease progression on laryngeal and/or extralaryngeal localizations. Then, together
with basic rheumatological therapy, intra-articular application of corticosteroid medications
needs to be applied into every sick cricoarytenoid joint. When conservative treatment fails,
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after providing airways by tracheostomy, it is indicated to carry out endoscopic arytenoidec‐
tomy which presents a surgery of choice. For patients of extremely bad state to bear laryng‐
eal surgery, or with those patients where surgical procedures failed to provide adequate
airway, permanent tracheostomy is the final therapeutic possibility. In RA patients where a
surgery in general endotracheal anesthesia is indicated, the otorhinolaryngologists inform
the anesthesiologist after every examination about every laryngeal disorder. Anesthesiologi‐
cal risk is always present in the patients with rheumatoid arthritis in the larynx during en‐
dotracheal intubation and immediately after the extubation (Segebarth, 2007). In these
patients, a careful search for cricoarytenoid arthritis is the basic thing, especially in those
with laryngeal stridor which can be inforced after general anesthesia.
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1. Introduction

Andrographis paniculata, (Burm. f.) Wall. ex Nees, a herbaceous plant belonging to the Family
Acanthaceae, is one of the most commonly used medicinal plants in the traditional systems of
Unani and Ayurvedic medicines. It grows in hedge rows throughout the plains of India and is
also cultivated in gardens. It also grows in many other Asian countries and is used as a tradition‐
al herbal medicine in China, Hong Kong, the Philippines, Malaysia, Indonesia, and Thailand. It
is an annual plant of 1-3 ft high, also known as the “king of bitters”, being the aerial parts most
commonly used. A. paniculata have shown a broad range of pharmacological effects such as in‐
hibition of replication of the HIV virus, prevention of common cold, and antimalarial, antidiar‐
rheal,  antibacterial,  antihyperglycemic  effects,  suppression  of  various  cancer  cells,  and
principally anti-inflammatory properties. Andrographolide is the major labdane diterpenoid
isolated from A. paniculata and exhibits anti-inflammatory and anticancer activities, either in vi‐
tro or in vivo experimental models of inflammation and cancer. Several immunomodulatory re‐
sponses of andrographolide have been observed in in vitro studies, such as reduction of iNOS,
COX-2, NO, PGE2, TNF-alpha and IL-12 in macrophages and microglia. In neutrophils is able to
reduce the radical oxygen species production, and Mac-1, IL-8 and COX-2 expression. In T cells,
andrographolide inhibits the expression of IL-2, IFNγ and IL-6, reducing the humoral and cellu‐
lar adaptive immune response. Andrographolide was able to reduce the dendritic cells matura‐
tion and their ability to present antigens to T cells. Andrographolide administered in rodents
reduced the Th2 cytokine IL-4, IL-5, IL-13 and serum immunoglobulin in an ovalbumin in‐
duced asthma model. A reduction of T cells response also has been observed in experimental au‐
toimmune encephalomyelitis and systemic lupus erythematosus mouse model. Several of
immunomodulatory responses have been associated to the inhibition of Nuclear Factor-κB

© 2013 Hidalgo et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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functions. It has been demonstrated that andrographolide inhibits the nuclear translocation of
the p65 subunit of NF-κB and interferes with the NF-κB binding to the DNA. Also andrographo‐
lide can reduce NFAT function in T cells and reduce the phosphorylation of signal transducer
and activator of transcription-3 (STAT3) in macrophages.

We propose the potential use of andrographolide in Rheumatoid Arthritis and other autoim‐
mune diseases. This is supported by the fact that andrographolide exerts anti-growth and pro-
apoptotic effects on human rheumatoid arthritis fibroblast- like synoviocytes, the main cellular
constituent of pannus, that combined with a massive infiltration of lymphocytes and macro‐
phages, invades and destroys the local articular structure. Recently, a prospective randomized
placebo-controlled trial has suggested that A. paniculata, a standardized extract containing NLT
30% of andrographolide was effective for symptom relief in patients with Rheumatoid
Arthritis. The use of andrographolide alone or a patented A. paniculata standardized extract in
clinical trials shows mild and few side effects, and has the potential to be developed into a new
alternative drug for Rheumatoid Arthritis treatment in the long term.

2. Andrographis paniculata and labdane diterpenoids

The main and most interesting biological constituent of A. paniculata herb (aerial part) is a
group of diterpene lactones belonging to the ent-labdane class, present in both free and
glycosidic forms, and named andrographolides [1, 2].

Andrographolide is the bitter principle, a colourless, neutral crystalline substance, was first
isolated by Boorsma from different parts of Andrographis paniculata [2]. In 1911 Gorter proved
that it is structurally a lactone and named it andrographolide (in the Chinese literature it is
sometimes cited as andrographis B). The bitter principle has been subjected to a number of
chemical investigations. The properties of the compound and its diterpenoid lactone nature,
as well as its stereochemistry, conformation and crystal structure were cleared by means of
infrared, x, mass spectrometry and NMR analysis. Its chemical formula corresponds to the
3,14,15,18-tetrahydroxy-5,9 H,10-labda-8(20),12-dien-16-oic acid-lactone (Figure 1). Most
recently, various epimers, geometric isomers, and rearrangement products of andrographolide
have been isolated and structurally characterized [3, 4]. Andrographolide, as the other
diterpene lactones of A. paniculata, are generally extracted with CHCl3/EtOH or acetone, and
several methods are described in the literature to determinate its content in the plant, in
commercial formulation, i.e. standardized extract and in biological samples: titration with
alkalis, TLC/UV spectrophotometry and HPLC methods. The maximum content of androgra‐
pholide and related diterpenoids is in the mature leaves. It has been described that the stem
contained 0.2±0.02%, seeds 0.13±0.01%; root 0.44±0.01%; and leaves 2.39±0.008% of androgra‐
pholide [5]. Regional variation in the andrographolide content was also observed. The content
of andrographolide varies with the harvest season. The leaves contain more than 2% androg‐
rapholide before the plant blossoms; afterward the contents decreases to less than 0.5% [2].
The pH modifies the stability of andrographolide, and hydrolysis is extremely slow below pH
7, but considerably faster on the alkaline side, producing some structural changes. Androgra‐
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pholide is sparingly soluble in water; soluble in acetone, methanol, chloroform and ether. As
a water soluble andrographolide derivative, the sodium bisulfite adduct has been synthesized
for medical use as an antipyretic agent.

Preclinical properties include anti-retroviral [6, 7], antiproliferative and pro-apoptotic [8, 9], an‐
ti-diabetic [10, 11], anti-angiogenic [12], anti-thrombotic [13], anti-urothelial [14], anti-leishma‐
niasis [15], hepatoprotective [16, 17], protective activity against alcohol-induced hepatic and
renal toxicity [18], and cardioprotective [19] and anti-inflammatory [20-25] properties.

O

HO O

H
CH2OH
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H

Figure 1. Chemical structure of andrographolide

2.1. Neoandrographolide

The second diterpene isolated from A. paniculata was the minor non-bitter constituent neoan‐
drographolide, which was first described by Kleipool in 1952. The structure of neoandrogra‐
pholide (Figure 2) was described as a diterpene glucoside and its amount in the plant is around
0.5-1%. The main preclinical effects are anti-inflammatory [23, 26, 27], chemosensitizer [28],
anti-herpes-simplex virus [7] and antioxidant [29].

2.2. Minor labdane diterpenes

Afterwards, more than 20 other diterpene lactones, both glycosylated and not, have been
described. The most important among them, characterized by Balmain and Connolly in 1973,
are: 14-deoxy-11,12- didehydroandrographolide, withan average content in the leaf of 0.1%,
14-deoxyandrographolide (0.02%), 14-deoxy-11-oxoandrographolide (0.12%) (Figure 2) [3]. In
other hand has been described that 14-deoxy-11,12- didehydroandrographolide possess
vasorelaxant and antihypertensive [30, 31], anti-herpes [7], antioxidant and hepatoprotective
[32], antithrombotic [33], antiretroviral [6], and antidiabetic properties [34]. Meanwhile 14-
deoxyandrographolide exert hepatoprotective [35], uterine smooth muscle relaxant [36],
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functions. It has been demonstrated that andrographolide inhibits the nuclear translocation of
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pholide is sparingly soluble in water; soluble in acetone, methanol, chloroform and ether. As
a water soluble andrographolide derivative, the sodium bisulfite adduct has been synthesized
for medical use as an antipyretic agent.

Preclinical properties include anti-retroviral [6, 7], antiproliferative and pro-apoptotic [8, 9], an‐
ti-diabetic [10, 11], anti-angiogenic [12], anti-thrombotic [13], anti-urothelial [14], anti-leishma‐
niasis [15], hepatoprotective [16, 17], protective activity against alcohol-induced hepatic and
renal toxicity [18], and cardioprotective [19] and anti-inflammatory [20-25] properties.
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Figure 1. Chemical structure of andrographolide
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immunomodulator [37], platelet activating factor antagonist [38], and vasorelaxant and
antihypertensive [39] effects. In addition, 14-deoxy-11-oxoandrographolide only has been
reported antileishmaniasis effect [40].

Andrographiside, the 19-glucoside of andrographolide, was isolated in 1981, and only a
hepatoprotective effect has been described [41].

A. paniculata contains also minor andrographolide-like compounds such as andropanoside (19-
glucoside of 14-deoxy-andrographolide), or andrograpanin (3,14-dideoxy-andrographolide),
which are mostly all 14-deoxy- and/or 3-deoxy-derivatives. These compounds show anti-
inflammatory properties in preclinical studies [42, 43].

Isoandrographolide is present in the whole plants and has been described as a cellular
differentiation inducer [3], antiproliferative [44], and cytotoxic [45] effects.

Also three salts of labdanic acids, named as magnesium andrographate, disodium androgra‐
phate and dipotassium andrographate 19-O-D-glucoside have been isolated hydrophylic
extract from the leaf.

Since the total synthesis of andrographolide and analogues, many libraries of new derivatives
have been created using andrographolide as a template with the purpose to obtain compounds
with improved pharmacological profiles. Andrographolide is also a starting point for the
semisynthesis of other labdane diterpenes [46-48].

Neoandrographolide 14-deoxy-11,12- didehydroandrographolide 14-deoxyandrographolide
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Figure 2. Chemical structure of minor labdane diterpenes isolated from Andrographis paniculata.

3. Anti-inflammatory and immunomodulatory effects of andrographolide
in vitro and in vivo

Different preparations of A. paniculata administered orally reduced the pyrexia within or after
5 hrs of administration of yeast in rats [49]. On the other hand, administration of A. panicula‐
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ta (20 mg/100 g b.w.) one hour before the injection of carrageenin, reduced the edema in 65.3%
in rats. The effect was comparable to oxyphenilbutazone 76.5% [2]

3.1. In vitro studies

Andrographolide, shows anti-inflammatory and anticancer activities in both in vitro and in
vivo. The effects of andrographolide on two cells types that play an important role in the
inflammatory processes, e.g. leukocyte (neutrophils, macrophages and T-cells) and endothelial
cells, demonstrates the ability of this compound to reduce the expression and production of
pro-inflammatory mediators.

Several in vitro  studies show that andrographolide reduces the production of the oxygen
radical superoxide anion and hydrogen peroxide, as well as the adhesion induced by che‐
moattractant in isolated neutrophils [50, 51]. Other antecedents describe a reduction of the
expression of cyclooxygenase-2 (COX-2), inducible enzyme producing prostaglandins, in a
human model of neutrophils [21]. In mouse peritoneal macrophages, andrographolide re‐
duces the production stimulated by lipopolysaccharide (LPS) of two important cytokines
that participate in the amplification and activation of the inflammatory process, the cyto‐
kines tumoral necrosis factor TNFα and granulocyte macrophage colony-stimulating fac‐
tor  (GM-CSF).  The  inhibition  of  the  release  of  these  cytokines  by  andrographolide  was
compared  to  the  synthetic  glucocorticoid  dexamethasone,  showing  andrographolide  to
have a similar effect  as dexamethasone,  but with a lower potency [24,  52].  Also,  the ef‐
fect of andrographolide on the cellular chemotaxis, a response that allows the movement
of  inflammatory cells  to  the injured tissue,  show that  it  reduces  the chemotactic  migra‐
tion of macrophage induced by C5a, which may contribute to its anti-inflammatory activ‐
ity  [53].  In  local  or  systemic  inflammatory  disorders  there  is  an  enhanced formation of
nitric oxide (NO) following the expression of inducible nitric oxide synthase (iNOS). The
inhibition of  NO formation may have therapeutic  benefit  in  patients  with inflammatory
diseases  as  Rheumatoid  Arthritis  [54].  Thus,  andrographolide  reduces  the  LPS-induced
iNOS and COX-2 expression in RAW264.7 macrophages [55, 56]. Additionally, androgra‐
pholide  may  have  an  effect  on  inflammation-mediated  neurodegeneration,  since  it  re‐
duces the production of reactive oxygen species (ROS), TNFα, NO and prostaglandin E2
in microglia, the counterpart of macrophages in the brain [25]. Andrographolide reduces
the  in  vitro  activation  of  human  and  murine  T-cells,  T-cells  proliferation,  interleukin-2
(IL-2) and IFNγ production [57-60].

Interaction of leukocyte-endothelium plays a key role in the initiation and maintenance of
inflammation, being the adhesion molecule ICAM-1 important in mediating leukocyte
adhesion, arrest and transmigration to the inflammatory site. In this respect, certain antece‐
dents show that andrographolide reduces the adhesion of HL-60 cells onto human vein
endothelial cells (HUVEC) and the expression of TNFα-induced ICAM-1[61, 62]. In addition,
andrographolide reduces the endothelial cell proliferation, migration and invasion, suggesting
a role in angiogenesis [63]. Moreover, andrographolide reduces the growth factor deprivation-
induced apoptosis in endothelial cells [64].
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in vitro and in vivo
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5 hrs of administration of yeast in rats [49]. On the other hand, administration of A. panicula‐
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compared  to  the  synthetic  glucocorticoid  dexamethasone,  showing  andrographolide  to
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fect of andrographolide on the cellular chemotaxis, a response that allows the movement
of  inflammatory cells  to  the injured tissue,  show that  it  reduces  the chemotactic  migra‐
tion of macrophage induced by C5a, which may contribute to its anti-inflammatory activ‐
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nitric oxide (NO) following the expression of inducible nitric oxide synthase (iNOS). The
inhibition of  NO formation may have therapeutic  benefit  in  patients  with inflammatory
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iNOS and COX-2 expression in RAW264.7 macrophages [55, 56]. Additionally, androgra‐
pholide  may  have  an  effect  on  inflammation-mediated  neurodegeneration,  since  it  re‐
duces the production of reactive oxygen species (ROS), TNFα, NO and prostaglandin E2
in microglia, the counterpart of macrophages in the brain [25]. Andrographolide reduces
the  in  vitro  activation  of  human  and  murine  T-cells,  T-cells  proliferation,  interleukin-2
(IL-2) and IFNγ production [57-60].

Interaction of leukocyte-endothelium plays a key role in the initiation and maintenance of
inflammation, being the adhesion molecule ICAM-1 important in mediating leukocyte
adhesion, arrest and transmigration to the inflammatory site. In this respect, certain antece‐
dents show that andrographolide reduces the adhesion of HL-60 cells onto human vein
endothelial cells (HUVEC) and the expression of TNFα-induced ICAM-1[61, 62]. In addition,
andrographolide reduces the endothelial cell proliferation, migration and invasion, suggesting
a role in angiogenesis [63]. Moreover, andrographolide reduces the growth factor deprivation-
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The therapeutic potential of andrographolide for the treatment of rheumatoid arthritis has
been suggested by using of human rheumatoid arthritis fibroblast-like synoviocytes (RAFLSs)
as a cellular model. Andrographolide exerts anti-proliferative and pro-apoptotic effects in
RAFLSs, with G0/G1 cell cycle arrest, increases the expression of cell-cycle inhibitors p21 and
p27 and reduces cyclin-dependent kinase 4 [65].

3.2. In vivo studies

The anti-inflammatory activity of andrographolide has been studied in diverse in vivo
inflammatory diseases models.

Earlier studies with andrographolide show that it inhibited carrageenin, kaolin and nistatin-
induced paw oedema. Moreover, andrographolide p.o. significantly inhibited the weight of
granuloma induced by cotton pellets, and decreased the edema in adjuvant-induced arthritis
(0.1-0.4% dead Mycobacterium tuberculosis suspension). Andrographolide (300 mg/kg) also
inhibited dye leakage in acetic acid-induced vascular permeability. It was devoided of any
ulcerogenic effect on the stomach in acute and chronic studies in rats. These effects were dose
dependent, but inferior to phenylbutazone. Other diterpenic lactones, have shown to possess
antipyretic effect in rabbits and rats with fever induced by 2-4-dinitrophenol. The potency was:
14-deoxy-11,12-didehydroandrographolide > deoxyandrographolide, and neoandrographo‐
lide > andrographolide [66].

In a model of ovalbumin-induced asthma in mice the intra-peritoneal administration of 30 mg/
kg andrographolide reduces the levels of TNFα and GM-CSF (92 and 65 %, respectively) in
bronchoalveolar fluid, and the accumulation of lymphocytes and eosinophils, supporting a
potential use in asthma. Andrographolide also reduced the Th2 cytokine IL-4, IL-5, IL-13 and
serum immunoglobulin [20, 52].

Andrographolide also is helpfulness in the reduction of the symptoms of a mice experimental
autoimmune encephalomyelitis (EAE), an animal model of human Multiple Sclerosis, by
inhibiting T-cell and antibody responses directed to myelin antigens [59]. Similarly, in another
model of autoimmune disease, the administration of andrographlide reduces the susceptibil‐
ity, prevents the symptoms and reduces anti-nuclear antibodies and kidney damage of
systemic lupus erythematous [67, 68].

The potential effect of andrographolide on rheumatoid arthritis could involve angiogenesis
inhibition. In fact, the development of new vessels, is important process that might facilitate
the incoming of inflammatory cells into the synovium and, therefore, stimulate the pannus
formation. [69]. In a model of induction of angiogenesis in C57BL/6 mice, andrographolide
reduced the serum levels of cytokines of IL-1β, IL-6, TNFα and GM-CSF, the angiogenic factor
VEGF and the NO production. Additionally, it is observable an increase of the levels of anti-
angiogenic factors TIMP-1 and IL-2 [12]. Andrographolide also suppresses breast tumor
growth, which correlates with the inhibition of the pro-angiogenic molecules OPN and VEGF,
in the NOD/SCID mice model [70].
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4. Anti-inflammatory molecular mechanisms of andrographolide

All immunomodulatory effects of andrographolide have been attributed to modulation of
different  intracellular  mediators,  however three main mechanisms are commonly descri‐
bed. A first anti-inflammatory mechanism involved in the reduction of COX-2 expression
by andrographolide in neutrophils comprises the modulation of the NF-κB pathway. The
NF-κB is a family of transcription factors that regulate the expression of a large number
of  pro-inflammatory  genes,  such  as  COX-2,  iNOS,  TNF-alpha,  IL-8  or  IL-1,  that  are  in‐
volved in the pathogenesis of Rheumatoid Arthritis. The activation of NF-κB compromis‐
es  two  main  routes:  the  canonical  and  alternative  pathways.  The  canonical  NF-κB
signaling pathway is the most important one. Inflammatory receptor activation results in
IκB kinase (IKK) activation, and the IKK complex phosphorylate the IκB protein, leading
to its polyubiquitination. The ubiquitinated IκB is degraded via 26S proteasome, thereby
exposing the nuclear localization signal on NF-κB dimer and inducing nuclear transloca‐
tion. The alternative NF-κB pathway has been implicated in lymphoid organogenesis and
B cell development, and is based in the processing of p100 NF-κB by IKKα, resulting in
release of the p52 NF-κB bound to RelB [71].

Andrographolide reduces the luciferase activity controlled by NF-κB and inhibits the DNA
binding of NF-κB induced by chemoattractants, however not affecting IκB degradation [21].
The detailed mechanism of DNA binding inhibition indicates that andrographolide form a
covalent adduct with reduced cysteine 62 of p50 subunit NF-κB, which block the binding of
NF-κB to DNA [72]. The NF-κB pathway inhibition by andrographolide has been described in
different cells involving in inflammatory processes such as endothelial cells [62], monocytes
[73], bronchial epithelial cells [20], and dendritic cells [58].

A second mechanism describes an inhibitory effect of andrographolide on iNOS and COX-2
expression in macrophages, attributable to the modulation of transcription factors AP-1 and
STAT3. AP-1 and STAT3, which are important for the production of pro-inflammatory
cytokines such as IL-1β, IL-6 and IL-10, plays a major role in Rheumatoid Arthritis. It has been
reported an overexpression of activated STAT3 and high DNA binding activity of AP-1 in
synovial tissue from patients with Rheumatoid Arthritis [74, 75]. In fact, andrographolide
reduced the LPS-induced AP-1 DNA-binding activities, and also decreased the STAT3
phosphorylation, which is crucial for nuclear translocation and DNA binding [56]. Thus,
andrographolide may also be contributing to reduce the inflammatory process in rheumatoid
arthritis via AP-1 and/or STAT3 modulation.

A third mechanism involves the interference of the transcription factor Nuclear Factor of
Activated T cells (NFAT) induced by andrographolide in T-cells. The interference of NFAT
activation by andrographolide is related to the increase of andrographolide-induced JNK
phosphorylation, which controls the export of NFAT from nucleus [57].

In addition to the immunomodulatory andrographolide mechanism described above, there
are several cellular pathways, such as PI3K/Akt and ERK1/2 pathways, involved in the anti-
inflammatory effect of andrographolide and in the pathogenesis of the Rheumatoid Arthritis
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phosphorylation, which controls the export of NFAT from nucleus [57].

In addition to the immunomodulatory andrographolide mechanism described above, there
are several cellular pathways, such as PI3K/Akt and ERK1/2 pathways, involved in the anti-
inflammatory effect of andrographolide and in the pathogenesis of the Rheumatoid Arthritis
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[76]. The PI3 kinase pathway, is activated by TNF-α and IL-1, within fibroblastic synovial cells,
and can activate the transcription factors NF-κB and AP-1 [77]. Also, the participation of the
ERK1/2 MAPK in the initiation and progression of rheumatoid arthritis suggest that ERK
inhibitors may emerge as a new therapeutic tool. The use of an ERK inhibitor in the animal
model of collagen-induced arthritis suppressed the antigen-specific activation of T cells [78].
In vitro, andrographolide reduced the Akt phosphorylation in macrophages, HUVEC and
microglia, and decreased the ERK1/2 phosphorylation in macrophages, suggesting that the
signaling pathways PI3K/Akt and ERk1/2 may be associated to its anti-inflammatory effect [24,
61, 79]. Additionally, andrographolide also have the ability to reduce ERK1 and ERK5
phosphorylation [57].

In the following figure we propose the main anti-inflammatory effects of andrographolide that
include the inhibition of several intracellular signaling pathways (Figure 3).

Figure 3. Proposed molecular mechanism of andrographolide in inflammation. Andrographolide shows inhibitory effect
(x) on the PI3K/Akt pathway, ERK1/2 MAPK, NF-κB, NFAT, AP-1 and STAT3, and increases the JNK phosphorylation.
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5. Effect of andrographolide on rheumatoid arthritis

5.1. Efficacy of an Andrographis paniculata composition (Paractin®) for the relief of
rheumatoid arthritis symptoms: A prospective randomized placebo-controlled trial

In a prospective, double blind against placebo controlled clinical trial with chronic active
Rheumatoid arthritis, the effect of a standardized patented A. paniculata extract (Paractin®)
administration to 60 patients during 14 weeks in the reduction of symptoms and signs was
studied. Each patient received either a tablet containing 30 mg of andrographolide or a placebo
3 times a day. The demographic characteristic of the patients is shown in table 2.

Treatment groups

Placebo Active drug

Number of patients 28 30

Age (mean years) (min-max) 44.82 (13-63) 47.1 (20-70)

Years with diagnosed (min-max) 6.5 (0.7-22.3) 6.7 (0.7-44.5)

BMI (Kg/m2) (min-max) 30.0 (19.7-41.4) 29.2 (18.3-44.5)

Height (m) (min-max) 1.52 (1.30-1.75) 1.51 (1.38-1.69)

Weight (kg) (min-max) 69.9 (43.0-106.0) 67.2 (39.5-100.0)

Intake of NSAIDs, n (%) 17 (60.7%) 18 (60.0%)

Table 1. Demographic characteristics of Rheumatoid Arthritis patients included in the double blind study of A.
paniculata standardized extract (modified from Burgos et al., 2009).

The results of the study show a significant reduction at the end of the treatment in tender joint,
number of swollen joints, total grade of swollen joint, number of tender joints, total grade of
swollen joints, total grade of tender joints HAQ 0.52 and SF36 (two health questionnaires)
within the group treated with the active drug when comparing day 0 against week 14 (figure
4). The effect was associated to a reduction of rheumatoid factor, IgA, and C4. The study
concludes that the drug was significantly effective in reducing symptoms and serological
parameters of the disease and therefore useful as natural complement in the treatment of
Rheumatoid Arthritis [80].

The clinical efficacy of A. paniculata could be explained by the anti-inflammatory properties of
andrographolide. Andrographolide present in the extract is a potent inhibitors of NF-κB [21],
a transcription factor linked to pro-inflammatory expression of several proteins such as COX-2,
iNOS, and TNF-α, IL-6. Since NF-κB is involved in the pathogenesis of Rheumatoid Arthritis
and other rheumatoid conditions [81], we hypothesized that A. paniculata extract tablets
(Paractin®) can reduce inflammatory symptoms, signs, serological parameters in these
patients. In fact, the clinical findings suggest that the A. paniculata formulation may have an
additional therapeutical effect over Prednisone and MTX in reducing pain and inflammatory
clinical symptoms during treatment period. The beneficial effect in reducing pain and other
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inflammatory symptoms with the A. paniculata formulation could be associated to the high
standardization of total andrographolides (NLT 30%) in the extract considering. This is closely
associated with the inhibition of COX-2 [21] and the reduction of PGE2 production [25], one
of the main mechanisms for the control of inflammation and pain in Rheumatoid Arthritis by
NSAIDs [82]. The dose of Andrographolide used in the present study was around 1.2 mg per
kg. It has been reported that 1mg/kg reaches a steady state plasma concentration of 1.9 μM [83],
a concentration able to reduce the PGE2 production [25]. Moreover, in patients treated with
A. paniculata extract a decrease of rheumatoid factor (RF), creatine kinase, hemoglobin, IgA
and IgM were observed. A correlation between RF titers and clinical disease activity has been
reported widely [84]. RF titers decrease with methotrexate, suggesting an indirect link with
disease activity [85]. Andrographolide can reduce the TNFα production in macrophages, an
effect that could be associated with the reduction of auto-antibodies. It is known that a
reduction of TNFα can diminish significantly the RF levels [86]. The ability of andrographolide
to reduce antibody titer has also been demonstrated in other autoimmune diseases such as
experimental autoimmune encephalomyelitis and lupus (see above). A reduction of immuno‐
globulin, such as IgM and IgA, could also be beneficial in long-term treatment because there
is a positive correlation between the grade of cartilage damage in active Rheumatoid Arthritis
[87] and decrease of RF. Moreover, treatment with DMARDs reduces the level of IgM and IgA

Figure 4. Effect of A. paniculata extract (Paractin®) on tender joints, total grade of tender joints and rheumatoid factor [80].
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in patients affected with Rheumatoid Arthritis [85]. We propose that A. paniculata could be
useful in decreasing the radiological progression in long-term treatments of Rheumatoid
Arthritis patients. In support of this, andrographolide reduces NFAT activity, a transcription
factor linked with bone erosion [88]. In MC3T3, a murine osteoblast cell line, we observed that
andrographolide is able to induce differentiation and calcium mineralization, via expression
of COX2 (Burgos et al., data unpublished).

On the other hand, no side effects were observed, indicating that A. paniculata treatment was
safe, non-toxic, and well tolerated. In the literature, side effects associated with A. paniculata
or andrographolide, administered in higher doses (4-6mg/kg), have caused isolated cases of
allergic reactions, tiredness, headache, pruritus/rash, diarrhea, nausea, metallic taste, bitter
taste, dry tongue, eyes sensitive to light, decreased short- term memory, dizziness, heartburn,
tender lymph nodes, and lymphadenopathy [89]. None of these effects were observed in
Rheumatoid Arthritis patients after 14 weeks of treatment [80].

Despite, the fact that was no difference between A. paniculata and placebo treatment after 14
weeks, the intragroup analysis showed a significant decrease of clinical symptoms and
serological parameters in the A. paniculata group. This effect could become more evident in a
long term administration of the drug and follow up Rheumatoid Arthritis patients for several
years.

5.2. Monotherapy with an Andrographis paniculata standardized extract (Paractin®) for the
symptomatic relief of different chronic rheumatoid conditions: A prospective case report
and long term follow up

5.2.1. Background

Presently, there is no specific or etiological cure for Rheumatoid Arthritis and these other
rheumatoid conditions as well, and treatment aims to limit joint damage, prevent loss of
function, and decrease pain. Therapies used for these purposes include nonsteroidal anti-
inflammatory drugs, disease-modifying anti-rheumatic drugs (DMARDs), and corticoste‐
roids. The American College of Rheumatology (ACR) Guidelines recommends the
administration of DMARD within 3 months of diagnosis and methotrexate (MTX) as the
standard treatment in monotherapy or in combination with other DMARDs [90]. MTX, as a
standard therapy, induces significant improvement in the number of tender and swollen joints,
pain, and functional status, in addition to physician and patient global assessment. The onset
of MTX- induced improvement is generally within 3 months in the majority of patients who
will eventually respond, and a plateau in the response is often reached after 6 to 12 months.
However, as an anti-metabolic agent, MTX may cause adverse events such as cytopenia,
serious infections, liver damage and muco-cutaneous problems. The long term use of MTX, is
associated with prevalence of significant liver enzymes in aprox. 13% of the patients and 3.7%
of the patients discontinue MTX permanently for liver toxicity [91]

Considering that  in the clinical  study in patients  with Rheumatoid arthritis  there was a
significant decrease in the group with A. paniculata  in the symptoms over time (after 14
weeks) on the progression of the diseases, it was proposed that long term treatment could
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demonstrate a mayor therapeutic response similar to other DMARs treatment. We report
six case reports, with different rheumatoid arthritis conditions, that support the fact that
A. paniculata  standardized extract  reduces  symptoms of  chronic  joint  pain,  stiffness  and
serological inflammatory parameters in a prospective individual case controlled follow up
study over a period of 42 months.

5.2.2. Intervention

The drug of botanical origin used for the treatment of these cases is a patented (US patent
8084495) standardized extract of A. paniculata known as Paractin®, manufactured and
distributed by Herbal Powers (USA). Paractin® contains andrograpolide NLT 30%, neoan‐
drographolide NLT 0.2% and deoxyandrographolide NLT 3%. Paractin® was supplied
directly for this study and stored according to the instructions of the manufacturer. The batch
number for the A. paniculata extract used in this study was PAR-070801-2. A secondary and
identical batch was retained (No 20050520) and kept at Herbal Powers. Each tablet contained
150 mg of the extract. During all duration of this treatment, two tablets were given before meals
three times a day. This dosage regimen was determined in previous preclinical and clinical
trials with the pure compound and other commercially available A. paniculata extracts [80,
83]. The content of these compounds was evaluated by HPLC using reference standards as
described elsewhere [92].

5.2.3. Patients and method

The group consisted of 6 (five adults and one pediatric) patients, 3 male and 3 female, all with
a long history of active diseases as shown in Table 2.

Patient Sex Age at

Diagnosis

Year. “0”

Diagnosis Prevalence of

Disease

(Years)

Duration of

Treatment

(Months)

1 Female 51 Rheumatoid Arthritis 6 50

2 Male 36 Rheumatoid Spondylitis 7 50

3 Female 15 Rheumatoid Arthritis/Vasculitis 3 48

4 Female 39 Psoriatic Arthritis 15 60

5 Male 67 Rheumatoid Arthritis/ Serositis 8 38

6 Male 34 Psoriatic Arthritis/ Erythroderma 4 40

Table 2. Antecedents of patients treated with Andrographis paniculata standardized extract (Paractin®)

All patients were individually recruited and controlled by their treating physician from the
Hospital Regional de Valdivia, Unit of Rheumatology in the city of Valdivia, Chile and
complying confirmed diagnosis of Rheumatoid Arthritis conditions before they were enrolled.
They all signed a written informed consent, including the one pediatric case that was given
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consent by their parents. Advice and indications to test Paractin® was done by the rheuma‐
tologist, who requested the approval of each individual pharmacological protocol and supply
of the product. The rationale and main objective was that Paractin® could reduce long term
clinical symptoms and serological parameters of inflammation in these patients. Inclusion
criteria were confirmed by clinical and laboratory diagnosis, that included active clinical and
serological parameters of inflammation, no underlying standard treatment, poor or no
response to standard treatment, or important side effects of Methotrexate and Prednisone, like
in the female pediatric patient. From day 0, two tablets of Paractin® orally containing 150 mg
of standardized A. paniculata extract (90 mg andrographolide per day) was administered
during 48 month. Total withdrawal of the standard therapy was commonly decided by the
treating physician and patient upon improvement observed with Paractin® treatment and
informed to the investigators. All patients were controlled monthly during the first six months,
then every three months thereafter at their respective place of residence and coordinated by
their rheumatologist. After 24 months the treatment with Paractin® tablets, administered
orally to patients with Rheumatoid Arthritis, Psoriatic Arthritis and Ankylosing spondylitis,
reduced symptoms. In a similar fashion the serum immunological parameters of inflammation
were reduced progressively during 48 month of Paractin® treatment.

When Paractin® was given alone; no side effects and good tolerability were observed during
the complete period of administration. Only two cases reported a temporary and early and

Figure 5. Erythrocyte sedimentation rate (ESR) in patients with chronic Rheumatoid Arthritis compared with ESR value
at beginning of treatment. Continuous observation during 48 month. Each point represents the mean and range
(maximum-minimum value). In dashed line the normal value.
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mild gastric discomfort with the tablets. Plasma biochemical parameters showed normal
hematological, liver, kidney and metabolic functions. Interestingly, a moderate reactivation of
joint pain and stiffness in two of the Rheumatoid arthritis patients and the one Ankylosing
spondylitis patient was observed, due to an interruption of the treatment during 15, 11 and 22
days, respectively. Interestingly, these withdrawal and continuity incidents suggest that after
peak and steady efficacy is reached and according to clinical and serological parameters follow
up, a residual activity of the product is maintained between two and three weeks, disappearing
at week four, and then recovered back again to previous status after four weeks. Also, we have
so far not observed any loss of efficacy, or the need to increase dosages of the product, proving
that no adaptation or refractoriness has yet been developed in this treated group. After one to
five years follow up of these six rheumatologic patients, given a daily monotherapy of three
Paractin® – tablets per day, we can conclude this product is well tolerated, safe and efficacious
for the symptomatic relief and serological control of underlying inflammation related to their
disease activity.

Figure 6. C Reactive protein (CRP) in patients with chronic rheumatoid disease compared with the CRP value at the
beginning of treatment with Paractin®. Continuous observation during 48 months. Each point represents the mean
and range (maximum-minimum value). In dashed line the normal value.
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Figure 7. Rheumatoid Factor (RF) in patients with chronic rheumatoid disease treated with Paractin® during 48
month. Each point represents the mean and range (maximum-minimum value). In dashed line the normal value.

Figure 8. Variation on Rheumatologic stiffness in patients with chronic Rheumatoid Arthritis, treated with Paractin®
during 24 month. Each point represents the mean and range (maximum-minimum value).
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Figure 9. Effect of Paractin® on Fatigue in patients with chronic Rheumatoid Arthritis, treated during 24 month. Each
point represents the mean and range (maximum-minimum value).

Figure 10. Effect of Paractin® on pain in patients with chronic Rheumatoid Arthritis, treated during 24 month. Each
point represents the mean and range (maximum-minimum value).
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6. Conclusion

Several studies describe a potent anti-inflammatory action of Andrographis paniculata and
andrographolide. Andrographolide shows a reduction of the production of pro-inflammatory
mediators, such as COX-2, iNOS and cytokines. The molecular mechanism of andrographolide
implies the reduction of the activation of transcription factors as NF-κB, AP-1, STAT3 and
NFAT and the inhibition of intracellular signaling pathways. A. paniculata standardized extract
(30% andrographolide) in clinical trials showed effectiveness for symptom relief and reduce
serological parameters in patients with Rheumatoid Arthritis, and the data support a long term
treatment similar to other DMARDs.
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1. Introduction

Rheumatoid cachexia, a consequence of chronic inflammation, is a common feature of rheu‐
matoid arthritis (RA) [1]. It is characterised by reduced muscle mass and increased, predom‐
inantly truncal, adiposity, which in turn both contribute to physical weakness and disability
[2,3]. Additionally, as in other catabolic conditions, these adverse changes in body compo‐
sition exacerbate risk of falls and fracturing, contribute to impaired physical disability and
reduced quality of life, and increase morbidity and mortality [e.g. 4-6]. In RA, again as in
other chronic conditions, these outcomes are most marked in severe forms of cachexia where
there is frank weight loss with reductions in both lean and fat mass. This overt wasting has
been estimated to occur in up to 10% of RA patients and is associated with a three-fold
higher mortality [7].

There is evidence that rheumatoid cachexia is established early in the course of the disease
[8], and that it is resistant to antirheumatic drug treatment. This non-responsiveness to
standard treatment is highlighted by the high prevalence of significant muscle wasting (ap‐
proximately 67%) and the even higher incidence of obesity (approximately 80%) observed in
patients with stable, controlled disease [9-13]. Despite the fact that TNF-α is considered to be
a major factor driving rheumatoid cachexia, even anti-TNF treatment fails to reverse or at‐
tenuate these perturbations to body composition [8,14,15]. In fact, evidence is emerging that
anti-TNF therapy increases fat mass, particularly trunk adiposity, relative to standard
DMARDs [14,15]. Consequently, specific potential anabolic interventions need to be as‐

© 2013 Lemmey et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
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1. Introduction

Rheumatoid cachexia, a consequence of chronic inflammation, is a common feature of rheu‐
matoid arthritis (RA) [1]. It is characterised by reduced muscle mass and increased, predom‐
inantly truncal, adiposity, which in turn both contribute to physical weakness and disability
[2,3]. Additionally, as in other catabolic conditions, these adverse changes in body compo‐
sition exacerbate risk of falls and fracturing, contribute to impaired physical disability and
reduced quality of life, and increase morbidity and mortality [e.g. 4-6]. In RA, again as in
other chronic conditions, these outcomes are most marked in severe forms of cachexia where
there is frank weight loss with reductions in both lean and fat mass. This overt wasting has
been estimated to occur in up to 10% of RA patients and is associated with a three-fold
higher mortality [7].

There is evidence that rheumatoid cachexia is established early in the course of the disease
[8], and that it is resistant to antirheumatic drug treatment. This non-responsiveness to
standard treatment is highlighted by the high prevalence of significant muscle wasting (ap‐
proximately 67%) and the even higher incidence of obesity (approximately 80%) observed in
patients with stable, controlled disease [9-13]. Despite the fact that TNF-α is considered to be
a major factor driving rheumatoid cachexia, even anti-TNF treatment fails to reverse or at‐
tenuate these perturbations to body composition [8,14,15]. In fact, evidence is emerging that
anti-TNF therapy increases fat mass, particularly trunk adiposity, relative to standard
DMARDs [14,15]. Consequently, specific potential anabolic interventions need to be as‐
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sessed as adjuncts to antirheumatic drug therapy. The most efficacious means of improving
body composition and physical function in RA patients is regular, high-intensity exercise
[9,10,16,17]. However, uptake of this mode of therapy is extremely low amongst RA patients
[e.g. 18] as it is for the general population.

During recent years there has been a dramatic increase in the clinical use of testosterone and
its synthetic derivatives, anabolic-androgenic steroids (AAS), to improve body composition;
in particular, for treatment of muscle loss due to age-related sarcopenia, HIV-related muscle
wasting, and hypogonadism in men [19-21]. In support of this treatment strategy, studies
utilising either replacement or supraphysiologic doses of testosterone or AAS have been
shown to elicit significant increases in lean/muscle mass and reductions in fat mass in
healthy, young, middle-aged and old androgen-deficient men [20,21,22-29], frail elderly men
[30], glucocorticoid-treated men [31], and men with heart failure [32], HIV [33-38], chronic
renal failure [39-41], and COPD [42]. Surprisingly, given the profound positive effects on
body composition, the effects of testosterone or AAS therapy on physical function are mod‐
erate at best [20], with many of the studies cited above failing to detect improvements in ob‐
jectively or subjectively assessed function [26,28,29,37-39,41,42].

In the past, trials of testosterone or AAS in RA have mainly focused on improving bone min‐
eral density and general wellbeing [43-45], rather than effects on body composition. Al‐
though in one controlled study [43] in which postmenopausal women with RA received
50mg nandrolone decanoate (ND) every 3 weeks for 2 years, whilst there was no effect of
treatment on bone density (the primary outcome measure of the investigation), it was inci‐
dentally reported that there were significant increases in total body nitrogen and total body
potassium, two proxy measures of muscle mass. However, other aspects of body composi‐
tion, such as adiposity, were not assessed. Nor were the consequences of increased muscle
mass on physical function investigated.

Given its anabolic effects, and its relatively reduced androgenic effects compared to testos‐
terone (testosterone has an anabolic:androgenic ratio of 1, whereas the ratio for ND is 10
[19]), ND, an esterified form of the minimally aromatizable testosterone analog, nandrolone,
would appear to be a suitable potential anabolic intervention for RA. A reduction in andro‐
genic effects is a vital consideration when proposing potential therapies for RA as the inci‐
dence of this disease is three times higher in women than in men [46].

Thus, in the present pilot study we assessed the efficacy of 24 weeks of ND (100mg/week)
administration in reversing muscle loss and decreasing fat mass in male patients with estab‐
lished RA. As secondary outcomes, we assessed safety and the effects on physical function
of ND treatment.
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2. Methods

2.1. Subject recruitment and eligibility

This was a randomised, placebo-controlled, double-blind trial, approved by the North West
Wales NHS Research Ethics  Committee.  Sample size was determined by power calcula‐
tions for the principal outcome variable: appendicular lean mass (ALM). This calculation
was based on the results of a study conducted by our group investigating the efficacy of
ND (@ 100mg/week) in increasing ALM in male haemodialysis patients [41]. Thus, we used
a mean change in ALM of 1.40kg (SD = 0.46kg), assumed normal distribution, two groups,
equal variance, no change in the control group, α = 0.05, and power = 0.80. Calculations
resulted in the requirement of 5 participants per group to identify a significant change in
ALM. To account for potential dropouts, we aimed to recruit 12 participants per group (i.e.
a total of 24 participants).

Accordingly, 24 consenting adult males with established rheumatoid arthritis from the
Gwynedd Hospital Rheumatology Department were recruited into the study and random‐
ized for treatment with either ND or placebo [41]. Eligibility criteria for subjects were: a di‐
agnosis of RA according to the American Rheumatism Association 1987 revised criteria [47];
aged 18 years or older; functional class I or II; and stable antirheumatic drug therapy for at
least 3 months. Patients were excluded if they: were cognitively impaired; had other reasons
for cachexia; were taking drugs or nutritional supplements known to affect muscle mass;
were engaged in regular, high intensity exercise; or had a contraindication to receiving ana‐
bolic steroids. The intervention was either 200mg nandrolone decanoate (Deca-Durabolin,
Organon Laboratories Ltd., Cambridge, UK) or matched placebo (vehicle only) given by
deep intramuscular injection every two weeks for 24 weeks.

2.2. Outcome measures

All study outcome measures were assessed at baseline and at 24 weeks. To monitor treat‐
ment safety, an additional blood sample was taken at 12 weeks. For each assessment, sub‐
jects presented at approximately the same time of day, fasted, and having refrained from
strenuous exercise for 24 hours.

2.2.1. Body composition

Body composition was assessed by whole-body pencil-beam dual x-ray absorptiometry
(DXA; Hologic, QDR1500, software version V5.72). This measurement provides estimates of
total and regional lean, fat and bone masses. Subsequently, appendicular lean mass (ALM;
i.e. total arms + legs soft-lean mass), a proxy measure of total body skeletal muscle mass
[48], was determined [49]; relative skeletal muscle index (RSMI) was calculated (ALM (kg)/
height (m)2) [50]; and percent body fat (%BF) estimated. RSMI and %BF were then used to
determine whether patients were “cachectic”, “obese”, and if both, “cachectic-obese”, ac‐
cording to the definitions of Baumgartner et al. [50].
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Immediately following DXA scanning, bioelectrical impedance spectroscopy (BIS; Hydra
ECF/ICF 4200, Xitron Technologies, San Diego, Calif., USA) was used to estimate extracellu‐
lar water (ECW), intracellular water (ICW), and total body water (TBW). Checking these is
necessary since ND treatment has been associated with oedema which impairs interpreta‐
tion of DXA measures of body composition.

2.2.2. Muscle strength and physical function

Maximal voluntary isometric knee extensor strength (at a fixed joint angle of 900) was meas‐
ured by a Kin-com isokinetic dynamometer (Chattanooga, Tennessee, USA). Physical func‐
tion was additionally measured by objective tests from the “Senior Fitness Test” [51]: 30-
seconds sit-to-stand chair stand, the 30-seconds arm curl, and 50-foot walk. Subjective
patient reported physical disability was assessed with the multidimensional Health Assess‐
ment Questionnaire [52].

2.2.3. Disease Activity and inflammation

Disease activity was evaluated by the Disease Activity Score in 28 joints (DAS28-ESR) [53],
and systemic inflammation by erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP) level.

2.2.4. Harms

Guidelines for reporting harms where taken from the extended CONSORT statement [54].
Proformas (templates with information completed by the lead researcher following a set pat‐
tern) were completed detailing expected adverse ND effects including androgenic effects,
sodium/fluid retention, alterations to dry weight causing cramps/hypotension, haematoma
at injection site, blood data including liver function tests (alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase (Alk Phos)), lipid profiles (total cho‐
lesterol, LDL cholesterol, HDL cholesterol, triglycerides), haemoglobin (Hb), hematocrit
(Hct), and prostate specific antigen (PSA). Unexpected (not reported on medication informa‐
tion sheets) and serious (fatal, life threatening, or resulted in hospitalization) adverse events
were collected passively as they occurred during the trial period. Decisions about whether
events should be attributed to the intervention were made unblinded by the lead clinician.
Decisions about whether to withdraw patients from the trial following harms were made
following discussion between the patient and the lead clinician. Adverse events with ambig‐
uous definitions were defined as follows: hypotension (fainting and concomitant low blood
pressure); fluid retention (clinical signs including oedema, breathlessness, high blood pres‐
sure, and increased hydration of the lean body mass); carpal tunnel syndrome (tingling/
numbness associated with medial nerve and positive Phalen’s test); fitting (seizures or con‐
vulsions); heart attack (myocardial infarction), and acne and hair loss (self-reported and de‐
fined by patients). Potential drug-related adverse events such as fluid retention were
monitored clinically each month of the intervention, and blood analyses i.e. liver function
tests, serum lipid profile, Hb, Hct and PSA were assessed every 12 weeks. All blood analy‐
ses were performed in hospital laboratories by automated analysers using routine methods.

Innovative Rheumatology274

2.3. Statistical Analysis

Baseline differences between the groups were examined using multiple independent t-tests.
When no difference was confirmed, treatment effects were assessed by multiple, 2-way (2x2;
treatment by time (baseline and at 24 weeks)) ANOVAs. When baseline differences were
revealed, the effects of ND were determined by ANCOVAs. Assumptions of sphericity were
verified by Mauchly’s Test, and the between subjects effect size for group was calculated as
eta squared (η2),  with thresholds for small,  moderate, large and very large effects set at.
01,.08,.26 and.50 respectively. Data were analysed using SPSS version 14 (Chicago, IL), and
are presented as mean±SD. P values <0.05 were considered statistically significant, whilst p
values from 0.05-0.10 were considered a trend.

3. Results

Of the 24 participants who were randomised, there were three dropouts in the ND group.
Logistical failure meant two did not receive their injections and one developed fast atrial
fibrillation after the first ND injection; the latter was thought to be unrelated to the treat‐
ment but resulted in withdrawal from treatment. The remainder (9 on ND, 12 on placebo)
completed the study and provided the data used for the analysis. As shown in Table 1, there
were no significant differences between the two groups at baseline in age, disease duration,
functional class, DAS 28, ESR and CRP, and serum testosterone levels, and for both groups,
there were no significant changes in DAS28, ESR and CRP at follow-up (data not shown). At
baseline, 7 of the 9 ND subjects and 9 of the 12 placebo subjects had low serum testosterone
(T) levels as defined by being below the 50th percentile for healthy males aged 60-80 years (i.e.
<13.7 mmol/L) [26]. As anticipated, at 24 weeks serum concentrations of T, luteinizing hor‐
mone (LH), and follicle-stimulating hormone (FSH) were significantly reduced (p’s=0.002,
0.005, 0.041, respectively) in subjects receiving ND treatment, and unchanged in those receiv‐
ing placebo (data not shown). There were also no differences in serum sex hormone binding
globulin (SHBG) levels between the groups at baseline (p=0.522), but in contrast to T, LH and
FSH, SHBG levels were unaffected by treatment and remained similar for both groups at 24
weeks (p=0.943) (data not shown).

Variable Nandrolone

(n = 9)

Placebo

(n = 12)

p value

Age 56.9 ± 12.4 64.4 ± 8.5 0.100
Disease duration (years) 9.7 ± 8.0 15.8 ± 11.4 0.270
Functional class 1.60 ± 0.52 1.70 ± 0.89 0.360
HAQ (0-3) 0.85 ± 0.64 1.18 ± 0.93 0.390
DAS 28 score 3.50 ± 1.54 5.29 ± 3.48 0.167
ESR (mm/hr) 22.11 ± 27.59 28.91 ± 26.40 0.573
CRP (mg/l)

Testosterone (mmol/L)

24.33 ± 27.32

11.70 ± 6.04

13.50 ± 6.31

11.82 ± 6.20

0.197

0.967

Table 1. Baseline characteristics of study participants. Data are presented as means ± SD.
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The effects of ND on body composition are summarised in Table 2. At baseline there were
no significant differences in body composition variables, and a similar proportion of subjects
in the ND (6 of 9) and placebo (9 of 12) groups were initially classified as cachectic (RSMI
≤7.26kg/ m2) and/or obese (7 of 9, and 10 of 12, respectively; %BF ≥27% for males [50]). In the
ND group, there were substantial mean increases in both total lean mass (TLM) and ALM (a
surrogate measure of muscle mass) at 24 weeks (4.24kg and 2.39kg, respectively; i.e. 8.4%
and 12.1% increases versus baseline, respectively), whereas these remained stable in the con‐
trols. ND also induced large reductions in total fat mass (FM) (mean of 2.16kg; -8.6% versus
baseline) and in truncal FM (mean of 0.97kg; -7.1% versus baseline). By contrast, both mean
total and truncal FM increased in the control group (by 1.93kg and 0.90kg, respectively).
Thus, post intervention, percent body fat was significantly different between the two
groups. Body mass increased slightly in both groups following the intervention period, but
remained similar as increased muscle mass in the ND group corresponded with increased
FM in the controls. As a consequence of the respective treatment effects, at 24 weeks there
were reductions in the number of subjects classified as either cachectic or obese in the ND
group (6 of 9 to 4/9, and 7/9 to 4/9, respectively), but not the placebo group (9/12 to 9/12, and
10/12 to 11/12, respectively).

There was no significant change in bone density for either group (data not shown).

Variable Nandrolone

(n = 9)

Placebo

(n = 12)

p value

Body mass (kg)

Baseline

Post-intervention

78.45 ± 16.21

81.13 ± 15.05

77.32 ± 11.59

79.14 ± 12.33

0.650

Total lean mass (kg)

Baseline

Post-intervention

Appendicular lean mass (kg)

Baseline

Post-intervention

50.39 ± 7.39

54.63 ± 7.99

19.71 ± 3.64

22.10 ± 4.28

48.65 ± 6.44

48.37 ± 6.88

18.54 ± 3.03

18.48 ± 3.10

0.001

0.002

Total fat mass (kg)

Baseline

Post-intervention

25.47 ± 11.02

23.29 ± 10.26

26.88 ± 8.50

28.81 ± 8.06

0.005

Trunk fat mass (kg)

Baseline

Post-intervention

13.58 ± 6.06

12.61 ± 6.02

15.13 ± 5.78

16.03 ± 4.94

0.074

% Body fat

Baseline

Post-intervention

31.33 ± 8.41

28.20 ± 7.72

34.44 ± 7.03

36.22 ± 6.26

0.001

Table 2. Effects of 24 weeks of nandrolone (200mg every two weeks) or placebo on body composition in male
patients with rheumatoid arthritis
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As a consequence of randomization, mean objectively assessed physical function at baseline
was generally significantly lower for the placebo group than for the ND group (e.g. knee ex‐
tensor strength, p=0.010; chair stand test, p=0.005; arm curls, p<0.001). As expected, physical
function of both groups was reduced relative to that of age- and sex-matched, sedentary,
healthy individuals (i.e. mean performances in the objective measures were 31-32% less for
the ND group and 47-51% less in the placebo group than the 50th percentile levels for
healthy 60-64 year old males [51]). Increased muscle mass and reduced fat mass following
ND treatment, however, was not accompanied by significant improvements, by ANCOVA,
in knee extensor strength or performance in the 30sec chair stand or 50 foot walk tests. In
contrast, a significant improvement in the arm curl test was observed in the ND group fol‐
lowing 24 weeks treatment, albeit the effect size was only moderate (Table 3).

Variable Nandrolone

(n = 9)

Placebo

(n = 12)

p value ή2

Knee extensor strength

(newtons)

Baseline

Post-intervention

Adjusted

403.50 ± 113.99

420.21 ± 155.61

360.55 ± 31.53

287.96 ± 76.01

293.45 ± 81.78

338.19 ± 26.65

0.012

0.622 0.014

30 sec chair stand test (reps)

Baseline

Post-intervention

Adjusted

11.11 ± 1.96

12.77 ± 3.23

10.86 ± 0.78

7.83 ± 2.55

9.25 ± 2.99

10.68 ± 0.65

0.005

0.873 0.001

30 sec arm curl test (reps)

Baseline

Post-intervention

Adjusted

14.89 ± 1.90

16.56 ± 2.65

15.27 ± 1.00

10.08 ± 2.57

10.83 ± 2.41

11.80 ± 0.82

0.001

0.034 0.227

50 foot walk (secs)

Baseline

Post-intervention

Adjusted

9.50 ± 2.24

8.22 ± 1.92

9.02 ± 0.72

12.34 ± 3.97

11.27 ± 2.98

10.67 ± 0.62

0.070

0.112 0.134

Table 3. Effects of 24 weeks of nandrolone (200mg every two weeks) or placebo on objective strength and physical
function in male patients with rheumatoid arthritis. Differences between groups at baseline were tested by paired t
tests. Pretest and posttest scores are presented as means ± SD. Adjusted scores (posttest scores adjusted for pretest
scores) are presented in italics as means ± SEM. Differences between groups in the adjusted scores were tested by
ANCOVA. Thresholds for small, moderate, large and very large effects (ή2) were set at 0.01, 0.08, 0.26 and 0.50,
respectively.

ND taken fortnightly for 24 weeks at a dose of 200mg was generally well tolerated. One par‐
ticipant complained of mood swings which were attributed to the intervention. An increase
in ECW (mean of 0.99kg; p=0.003) was associated with ND treatment but there was no
change in the ECW:ICW ratio between groups following treatment (ANOVA interaction
p=0.791; data not shown). Supporting this finding, no clinical indication of fluid overload
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The effects of ND on body composition are summarised in Table 2. At baseline there were
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10/12 to 11/12, respectively).

There was no significant change in bone density for either group (data not shown).

Variable Nandrolone

(n = 9)

Placebo

(n = 12)

p value

Body mass (kg)

Baseline

Post-intervention

78.45 ± 16.21

81.13 ± 15.05

77.32 ± 11.59

79.14 ± 12.33

0.650

Total lean mass (kg)

Baseline

Post-intervention

Appendicular lean mass (kg)

Baseline

Post-intervention

50.39 ± 7.39

54.63 ± 7.99

19.71 ± 3.64

22.10 ± 4.28

48.65 ± 6.44

48.37 ± 6.88

18.54 ± 3.03

18.48 ± 3.10

0.001

0.002

Total fat mass (kg)

Baseline

Post-intervention

25.47 ± 11.02

23.29 ± 10.26

26.88 ± 8.50

28.81 ± 8.06

0.005

Trunk fat mass (kg)

Baseline

Post-intervention

13.58 ± 6.06

12.61 ± 6.02

15.13 ± 5.78

16.03 ± 4.94

0.074

% Body fat

Baseline

Post-intervention

31.33 ± 8.41

28.20 ± 7.72

34.44 ± 7.03

36.22 ± 6.26

0.001

Table 2. Effects of 24 weeks of nandrolone (200mg every two weeks) or placebo on body composition in male
patients with rheumatoid arthritis
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ANCOVA. Thresholds for small, moderate, large and very large effects (ή2) were set at 0.01, 0.08, 0.26 and 0.50,
respectively.

ND taken fortnightly for 24 weeks at a dose of 200mg was generally well tolerated. One par‐
ticipant complained of mood swings which were attributed to the intervention. An increase
in ECW (mean of 0.99kg; p=0.003) was associated with ND treatment but there was no
change in the ECW:ICW ratio between groups following treatment (ANOVA interaction
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was evident in the ND treated subjects. As anticipated, ND treatment elicited a significant
increase in Hb (pre- vs post-treatment: 13.9 ±1.8 vs 15.9±1.4, respectively; p=0.004) and Hct
(41.7 ± 5.4 vs 48.0 ± 4.2, respectively; p<0.001). ND treatment also resulted in increased levels
of transaminases (p=0.002), but these remained within the normal range except in three par‐
ticipants in whom there was a minimal elevation of AST above normal (less than 1 SD in
each case). Serum levels of total, LDL and HDL cholesterol, triglycerides and PSA remained
unchanged throughout the treatment period (data not shown). No serious adverse events
occurred, and no other adverse events were reported, in either group.

4. Discussion

The main finding in this randomised control trial was that 24 weeks of 100mg/week nandro‐
lone decanoate improved body composition; with mean increases in TLM and ALM (≈4.2kg
and 2.4kg, respectively, or gains of 8.4% and 12.1%, respectively, relative to baseline) accom‐
panied by reductions in fat mass (≈2.2kg; -8.6% versus baseline) including truncal adiposity
(≈1.0kg; -7.1% versus baseline). This was not unexpected since dose responsiveness of body
composition to ND has been well established in healthy young and older adults and in pa‐
tients with a variety of catabolic conditions [31,35,38-42,55]. The mechanism for testosterone
and its synthetic analogs’ effects on body composition is thought to be via enhanced differ‐
entiation of multipotent mesenchymal stem cells into the myogenic lineage and concomitant
inhibition into the adipogenic lineage [56]. Such preferential differentiation results in hyper‐
trophy of both type I and type II muscle fibres and an increase in myonuclear number [57].
This anabolic effect could potentially reduce morbidity and mortality, particularly in ex‐
treme cases of cachexia. Indeed, anabolic steroids have been used therapeutically in catabo‐
lic states such as HIV/AIDS and severe age-related sarcopenia.

However, despite the significant improvement in muscle mass in particular, there were no
obvious corresponding improvements in physical function at 24 weeks. A similar observa‐
tion has been made in numerous trials of ND and testosterone [26,28,29,31,37-42]. Even in
healthy individuals, the dose-response relationship between anabolic steroid administration
and physical functioning is not as clear as that with increased muscle mass. Indeed, in re‐
ported studies, the correlations between the increment in muscle mass and measures of
strength are not particularly strong [e.g. 20,22]. It has been suggested by Sattler et al. [27]
that threshold increments of 1.5kg in LBM and 0.8kg in ALM need to be achieved if im‐
provements in physical function following testosterone treatment are to be realized. Howev‐
er, in our study, 7 of the 9 ND subjects exceeded both these threshold increases, yet all failed
to achieve consistent improvements in function. Additionally, there was no correlation be‐
tween increases in either LBM or ALM and gains in function.

Perhaps the results of our study reflect a physiological delay in adaptation following muscle
hypertrophy, although it is clear that factors other than muscle size influence strength and
physical function. To illustrate this, we observed substantial improvements in the same ob‐
jectively assessed measures of physical function used in the current study (17-30% relative

Innovative Rheumatology278

to baseline; p’s = 0.027-0.001) in RA patients following 24 weeks of high intensity progres‐
sive resistance training (PRT; i.e. strength training), despite the increases in LBM and ALM
(1.54kg and 1.21kg, respectively, relative to baseline) being substantially less than those ob‐
served following 24 weeks ND treatment [9]. Interestingly, in the PRT study, increases in
LBM correlated significantly with gains in function – and this relationship is characteristic of
anabolic exercise interventions [58]. All of which suggests that, in addition to muscle hyper‐
trophy, neural, circulatory, endocrine and biochemical adaptations, as observed following
exercise training, are prerequisites for improving strength, power and endurance. There is
also evidence from both experimental animal studies and treating people with chronic ca‐
tabolic disorders that physical activity is an important adjunct to anabolic steroids in im‐
proving physical functioning. Thus, the dose-response effects of ND appeared to be
attenuated in inactive rat models [59], and combining ND therapy with resistance exercise
training in CKD patients on haemodialysis resulted in improvements in both muscle mass
and physical function [40], whereas ND alone only increased muscle mass in these patients.
We would predict the same effects in people with RA.

Although our conclusions regarding the effects of ND (and testosterone therapy generally)
on function are compromised by our study’s lack of power, it is clear that the dose effect of
testosterone and AAS on physical function is considerably less evident than that on body
composition, and that the correlation between changes in muscle mass and function follow‐
ing treatment with either testosterone or AAS is at best moderate [20,22]. It is also notable
that numerous studies which feature much larger subject numbers (i.e. up to n=120 in the
treatment group) [26,28,29,37,38,42], higher doses of testosterone or ND (i.e. up to 1120 mg
testosterone undecanoate/week) [26,37], and longer treatment periods (i.e. up to 3 years)
[28,29,31] failed to demonstrate improved function. Interestingly, Ottenbacher et al [20] in
their meta-analysis, having concluded that the effects of androgen therapy on strength in
elderly men are mixed and inconclusive, also noted that reported effect sizes were smaller in
trials rated as high quality than in those designated as being of lower quality.

As reported by others [26,43], ND had a negligible effect on total bone density in the current
study. There was, however, a significant increase in haemoglobin, probably due largely to
direct androgen stimulation of erythropoiesis. This is a well reported consequence of andro‐
gen therapy [32,60,61], and could be an additional benefit should ND be used in rheumatoid
cachexia, since anaemia is a common accompaniment of this condition. ND at a dose of
200mg every two weeks for twenty four weeks appeared to be well tolerated. Mood changes
in one participant were attributed to the anabolic steroid but, apart from a clinically insignif‐
icant elevation of serum transaminases, there were no serious or non-serious observed side
effects. An increase in extracellular water with ND treatment was demonstrated by BIS, but
there were no clinical manifestations associated with this. As previously reported [38,42,62],
ND treatment reduced serum T, LH and FSH levels in our subjects. However, this effect is
transient and reversible with cessation of androgenic therapy [62]. These apparently benign
treatment effects are consistent with those reported by systematic reviews and meta-analy‐
ses on testosterone and AAS therapy [19,32,60,61].
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er, in our study, 7 of the 9 ND subjects exceeded both these threshold increases, yet all failed
to achieve consistent improvements in function. Additionally, there was no correlation be‐
tween increases in either LBM or ALM and gains in function.
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hypertrophy, although it is clear that factors other than muscle size influence strength and
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Although our conclusions regarding the effects of ND (and testosterone therapy generally)
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their meta-analysis, having concluded that the effects of androgen therapy on strength in
elderly men are mixed and inconclusive, also noted that reported effect sizes were smaller in
trials rated as high quality than in those designated as being of lower quality.

As reported by others [26,43], ND had a negligible effect on total bone density in the current
study. There was, however, a significant increase in haemoglobin, probably due largely to
direct androgen stimulation of erythropoiesis. This is a well reported consequence of andro‐
gen therapy [32,60,61], and could be an additional benefit should ND be used in rheumatoid
cachexia, since anaemia is a common accompaniment of this condition. ND at a dose of
200mg every two weeks for twenty four weeks appeared to be well tolerated. Mood changes
in one participant were attributed to the anabolic steroid but, apart from a clinically insignif‐
icant elevation of serum transaminases, there were no serious or non-serious observed side
effects. An increase in extracellular water with ND treatment was demonstrated by BIS, but
there were no clinical manifestations associated with this. As previously reported [38,42,62],
ND treatment reduced serum T, LH and FSH levels in our subjects. However, this effect is
transient and reversible with cessation of androgenic therapy [62]. These apparently benign
treatment effects are consistent with those reported by systematic reviews and meta-analy‐
ses on testosterone and AAS therapy [19,32,60,61].
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We restricted recruitment of participants to males with RA to avoid the potential virilising
effects of ND. However, we have observed in our studies of CKD [41] that in women in or‐
der to produce significant muscle mass increase without virilising effects, the nandrolone
dose should not exceed 50mg/week.

In conclusion, we have demonstrated that male patients with established RA respond to
100mg/week ND for 24 weeks with a considerable increase in muscle mass and decrease in
fat mass. However, these improvements in body composition were not accompanied by
general improvements in strength or physical function, which probably requires an addi‐
tional intervention such as exercise. This treatment was well tolerated and might be appro‐
priate for extreme cases of rheumatoid cachexia.
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We restricted recruitment of participants to males with RA to avoid the potential virilising
effects of ND. However, we have observed in our studies of CKD [41] that in women in or‐
der to produce significant muscle mass increase without virilising effects, the nandrolone
dose should not exceed 50mg/week.

In conclusion, we have demonstrated that male patients with established RA respond to
100mg/week ND for 24 weeks with a considerable increase in muscle mass and decrease in
fat mass. However, these improvements in body composition were not accompanied by
general improvements in strength or physical function, which probably requires an addi‐
tional intervention such as exercise. This treatment was well tolerated and might be appro‐
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1. Introduction

Destruction of bone and articular cartilage during pathogenesis of rheumatoid arthritis (RA)
is caused by increased activity of a huge panel of proteases, which are secreted by several
cell types of arthritic joint. Besides matrix metalloproteases (MMPs), the papain-like cysteine
proteases (clan CA, family C1) have been identified as proteases potentially involved in car‐
tilage and bone destruction as well as in immune response during inflammatory arthritis.
Several clinical studies demonstrated that expression and activity of different cysteine cathe‐
psins have been increased frequently in synovial membranes and fluids from RA patients.
However, the exact roles of papain-like cysteine proteases have not been fully understood
yet. Therefore, their contribution to joint inflammation and destruction has been investigat‐
ed by in vivo and in vitro experiments in the last decades of arthritis research. This chapter
focuses on cysteine cathepsins K, B, L, and S - the best-studied members of the papain-like
protease family in arthritic diseases - in order to understand better their impact on inflam‐
matory arthritis in respect to their collagenolytic activities as well as to their contributions to
immune response. Latest results about the impact of cysteine cathepsins in different animal
models for RA are discussed comprehensively. Furthermore, a short excursion to cathepsin
V (= cathepsin L2) - an exclusively human cathepsin L-like cysteine cathepsin - and its im‐
pact on autoimmune disease progression is included in this review. The chapter clarifies
that cathepsins K and S are attractive targets for the development of new highly specific an‐
ti-arthritis drugs.
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Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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2. Cysteine cathepsins

Cathepsins are a heterogeneous group of proteases. Originally, the name cathepsin was
used for proteases with the highest activity in a slightly acidic environment as found in the
lysosomes. The name cathepsin originates from greek “kathepsein” (= to digest). Today, the
cathepsin family consists of at least 15 members and can be subdivided by their catalytic
mechanism into three distinct groups: serine proteases (cathepsin A and G), aspartat pro‐
teases (cathepsin D and E), and cysteine proteases (cathepsins B, C, F, H, K, L, O, S, V, W,
and X). Most cathepsins reside in endosomal/lysosomal compartment and are thus termed
lysosomal cathepsins (except cathepsins E and G). Caused by this localization, cathepsins
were initially considered as intracellularly active enzymes responsible for the non-specific
bulk proteolysis in the acidic environment of the endosomal/lysosomal compartment, where
they degrade intracellular and endocytosed extracellular proteins. However, this view has
changed rapidly in the last years and there is a strong experimental evidence that cathepsins
have huge panel of highly specialized functions [1, 2]. The cysteine cathepsins are character‐
ized by the presence of a cysteine residue at their active site and are highly homologue to
papain - a cysteine protease isolated originally from papaya fruit (Carica papaya). Therefore
they are termed papain-like cysteine proteases and together with the parent protease papain
they are classified in clan CA family C1 in “MEROPS – the peptidase database” [3]. Cysteine
cathepsins are expressed by viruses, plants, primitive parasites, invertebrates, and verte‐
brates [4]. They play pivotal roles in chronic diseases (e.g. RA, cancer) as well as in infec‐
tious diseases (e.g. malaria, leishmaniasis) [2, 4, 5, 6]. Cysteine cathepsins are transported to
the lysosomes via a specific mannose-6-phosphate receptor pathway, which explains the pri‐
mary lysosomal localization [7]. Mature proteolytically active cathepsins are released after
activation by removal of the N-terminal propeptide at the low pH of the lysosomes. The pa‐
pain-like cysteine protease family contains both enzymes with endo- and exopeptidase ac‐
tivities. Cathepsin B is an endo- and an exopeptidase [3, 8]. It also acts as a peptidyl-
dipeptidase [9]. Cysteine cathepsins K, L (= L1), S, and V (= L2) are endopeptidases [3]. The
stability and activity of papain-like cysteine cathepsins depend on the acidic pH prevailing
in lysosomes [2]. The functions of these enzymes may be altered with changes in pH and
their cellular localization [2].

3. Cell types and tissues in arthritic joints

RA is an autoimmune disease with unknown etiology. The immune system of RA patients
produces autoantibodies against components of their own extracellular matrix (ECM) in dia‐
rthrodial synovial joints (e.g. against collagens) [10]. This effectively leads the immune sys‐
tem to attack and finally to destroy - together with synovium-/pannus-associated cells - the
articular cartilage and the bone in arthritic joints during disease progression. The diarthro‐
dial synovial joint consists of highly specialized connective tissues (bone, hyaline cartilage,
synovial tissue etc.) and a fibrous capsule (Figure 1). Bone is composed approximately to
70% of inorganic, mainly mineral compound called hydroxyapatite, 20% of organic material,
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mainly type I collagen, and 10% water [11]. Morphologically two types of bone can be dis‐
tinguished: porous trabecular bone, also known as spongy bone, and dense cortical bone, al‐
so known as compact bone. Osteoclasts are bone-demineralizing and -degrading cells,
which are also responsible for bone resorption and type I collagen degradation during nor‐
mal physiological bone turnover (Figure 1). They are large multinucleated cells that express
tartrate-resistant phosphatase (TRAP), calcitonin receptors, and cathepsin K [12]. Osteoclasts
are able to acidify an isolated area between the cell and bone matrix, which is named resorp‐
tion lacuna. Active acidification of bone by osteoclasts results in demineralization of bone,
solubilization of mineral components, and finally an uncovering/liberalization of matrix col‐
lagens. In addition, it provides an acidic environment for secreted cathepsin K for optimal
proteolytic activity. Bone resorption occurs at the contact site between the osteoclast and the
bone, the so called ruffled border. Minerals of bone are solubilized due to the secretion of
acids, which depends on the activity of carbonic anhydrase and proton pumps of osteo‐
clasts. The degradation of organic matrix of bone (mainly type I collagens) occurs probably
due to the activity of lysosomal cysteine proteases, other lysosomal hydrolases, and collage‐
nases of MMP family secreted by osteoclasts. So far cathepsins B, K, and L could also be de‐
tected in osteoclasts [13, 14, 15, 16, 17, 18]. Articular cartilage (= hyaline cartilage) covers
articulating bone surfaces in diarthrodial joints. Cartilage is composed of water (65 - 85%)
and a solid phase, consisting of 15 - 20% type II collagen, 3 - 10% large aggregating mole‐
cules of proteoglycan, which are called aggrecans, and various other types of collagen [19].
The synovial membrane (or synovium) is the soft tissue between the articular capsule and
the joint cavity of diarthrodial synovial joints. The word “synovium” is related to the word
“synovial” (= synovial fluid), which is the clear, viscid, lubricating fluid secreted by synovial
fibroblasts of synovial membrane (Figure 1). Continuous inflammation of synovium during
RA pathogenesis leads to membrane expansion by hyperproliferation of activated synovial
fibroblasts. Such arthritic synovial fibroblasts are infiltrated by mononuclear cells (e.g. T
helper (Th) cells, B cells, macrophages) and form finally, together with these infiltrates, the
so called invasive pannus tissue, which is characterized by an increased protease expression.

In advanced RA, arthritic synovial fibroblasts are the main source of destructive proteinases
(e.g. MMPs and cathepsins) mediating pannus invasion of bone and articular cartilage. Ad‐
ditionally pannus-infiltrating macrophages contribute after their activation to joint degrada‐
tion by increased cytokine and protease expression. Expression of cathepsins B, K, L, and S
by different cell types of synovium of RA patients was detected [20, 21, 22]. Professional an‐
tigen presenting cells (APC) in arthritic joints are dendritic cells, B cells, and macrophages.
Cathepsins B, L, and S contribute to antigen presentation in APCs [23]. Furthermore, B cells
are responsible for producing autoantibodies. Studies of Th cell-secreted cytokine spectrum
led to the classification of RA as a Th1-like disease [24]. This cell population, predominantly
producing gamma interferon (IFNγ) and interleukin-2 (IL-2), stimulates protease overex‐
pression in synovial fibroblasts and macrophages in pannus tissue. In contrast, Th2 cells,
predominantly producing IL-4 and IL-10, are rarely found in arthritic joints. Anyway, both
Th1 and Th2 cells can stimulate MMP expression in arthritic synovial fibroblasts by secre‐
tion of macrophage migration inhibitory factor [25]. Tumor necrosis factor alpha (TNFα) is
considered as the main proinflammatory cytokine in the pathogenesis of RA [26]. It is pro‐
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duced by Th1 cells, synovial monocytes/macrophages, synovial fibroblasts, lymphocytes,
and osteoblasts. TNFα can stimulate osteoclast formation in pannus tissue. Furthermore,
TNFα appears to influence the distribution of osteoclast precursor cells in the body by in‐
creasing their influx from the bone marrow into synovium. TNFα also had a stimulating ef‐
fect on secretion of procathepsin B by human arthritic synovial fibroblasts [27].

Figure 1. Organization of a diarthrodial synovial joint

4. Type I and type II collagens

One hallmark of human RA is the proteolytic degradation of collagens in ECM of affected
joints. The ECM is the material between the cells in tissues of multicellular organisms. It
provides structural framework of bone and articular cartilage of joints and is responsible for
their resistance to pressure, torsion, and tension. Articular cartilage and bone contain speci‐
alized ECM components (collagens, elastin, proteoglycans etc.), which give diarthrodial
joints strength and structural qualities. Collagens - the structural main components in joints
- are extracellular matrix molecules used by cells for structural integrity and with a variety
of other functions. About 28 different collagens have been identified in mammals and hu‐
mans [28]. The typical mature collagen molecule consists of three single collagen polypep‐
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tide chains, so called alpha (α) chains, which coil into a helical molecule [28]. The different
types of collagen are formed from a combination of more than 45 distinct collagen α poly‐
peptide chains [28]. In the triple helical regions of collagens, termed Col domains, every
third animo acid is glycine (gly) organized in as repeating peptide triplets of gly-X-Y [28]. In
this triplet, X often is proline, and Y frequently is 4-hydroxyproline [28]. Col domains of
each α chain are flanked by non-helical (non-gly-X-Y) regions, termed NC domains [28, 29].
In contrast, the telopeptides - the NC domains - of collagens have not the repeating gly-X-Y
structure and do not adopt triple helical conformation. Telopeptides account for 2% of the
collagen α chain and are essential for fibril formation [29]. Triple helical molecules aggregate
spontaneously and form covalent cross-links among themselves to form collagen fibrils [29].
Both, the Col and the NC domains of collagen molecules are immunogenic [30]. Bone organ‐
ic matrix contains predominantly type I collagen (90%). Type II collagen is the molecular
principal compound of mammalian and human articular collagen, but additionally colla‐
gens III, VI, IX, X, XI, XII, and XIV contribute to composition of ECM of cartilage [31]. Type I
and type II collagens, together with the other extracellular matrix molecules, are degraded
during physiological processes (e.g. morphogenesis, growth, wound healing, physiological
bone turnover) but also during pathological processes (e.g. cancer, RA).

5. Collagenolytic activities of papain-like cysteine proteases

Native collagens are highly resistant to proteolytic degradation due to their rigid and com‐
pact structure. However, hydrolysis of non-helical collagen telopeptides by proteases leads
to depolymerization of the fibrillar collagen network, whereas cleavage within the triple he‐
lix results in depolymerization and denaturation of native triple helical collagen molecule.
Only few proteases with collagenase activity have the capacity to initiate the cleavage of na‐
tive triple helical collagens. Collagenases are enzymes that catalyze the hydrolysis of pep‐
tide bonds in triple helical regions of collagen. In contrast, denatured collagens (= gelatin)
lost the triple helical structure and they are readily degraded by multiple proteinases (= ge‐
latinases). Gelatinases are proteolytic enzymes hydrolyzing denatured collagen (= gelatin).

The exact mechanisms of collagen degradation have been not completely understood yet.
Historically, MMPs have been considered as the main players of ECM degradation. This
was justified by their membrane association or extracellular localization, their neutral pH
optimum, and their ability to degrade structural extracellular proteins such as collagens,
elastin, and proteoglycans. MMPs are members of a subfamily of proteases, which includes
collagenases (MMP-1, -8, -13, and -18), stromelysins (MMP-3, -7, -10, -11, and -12), gelatinas‐
es (MMP-2 and -9), and membrane type MMPs (MT-MMPs: MMP-14, -15, -16, and -17). The
collagenases among the MMPs are able to initiate degradation of native triple helical colla‐
gens. However, results of various studies have suggested that also other proteases must de‐
grade ECM components. Especially, the papain-like cysteine cathepsins were supposed to
contribute to collagen cleavage that occurs at acidic pH, in particular in collagen cleavage
mediated by osteoclasts.
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gens. However, results of various studies have suggested that also other proteases must de‐
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The investigation of tissue-degrading enzyme expression in synovial membrane, synovial
fluid, and serum of RA patients is of particular interest in arthritis research, because eleva‐
tions of analysed protease imply an impact on RA pathogenesis. The contribution of papain-
like cysteine proteases to bone and cartilage destruction in RA was supposed, because
several clinical studies showed that cysteine cathepsins were increasingly expressed and
highly active in clinical samples from RA patients. Elevated levels of cysteine cathepsins B,
L, S were detected in synovial fluids and in different cell types from patients with RA [32,
33, 34, 35]. Furthermore, it was shown, that cathepsins B and L were expressed in the syno‐
vial membrane shortly after symptom onset what implies that the potential for joint destruc‐
tion exists at a very early stage in the course of the disease [36]. An enhanced transcription
of cathepsin B in synovial cells from RA patients was detected [37]. Cathepsin B and L activ‐
ities were detected in synovial membranes of RA patients [38]. Macrophages abundant in
chronic RA subchondral bone lesions were characterized by high cathepsin L expression
and an involvement of this protease in bone and cartilage destruction was supposed [39].
Furthermore, it was suggested that cathepsins B and L expressed by chondrocytes are in‐
volved in cartilage destruction during arthritis [40]. Cathepsin K was elevated in the serum
of RA patients [41].

However, first direct experimental evidence supporting the role of papain-like cysteine pro‐
teases in bone resorption was provided by showing that specific inhibitors for different cys‐
teine cathepsins and broad spectrum cysteine cathepsin inhibitors decreased bone
resorption by osteoclasts [14, 16, 42, 43, 44]. The inhibition of lysosomes with cathepsin K-
specific inhibitors led to an accumulation of undigested material within the endosomal/lyso‐
somal compartment of osteoclasts [45]. Additionally, invasiveness of synovial fibroblasts
from RA patients into cartilage both in vitro and in vivo in the SCID mouse coimplantation
model was reduced after treatment with ribozymes cleaving specifically cathepsin L mRNA
and therefore decreasing the synthesis of this cysteine protease [46].

Finally, in vitro analyses of collagenolytic activities helped to clarify the contribution of these
individual cysteine cathepsins to physiological and pathological cartilage and bone degrada‐
tion. Cleavage of soluble type I and type II collagen in vitro has been reported for cathepsins
B, K, L, S, and V [47, 48, 49, 51, 59, 63] (Table 1). However, it is notable that latter proteases
have only gelatinolytic activities and additionally contribute to unspecific cleavage of telo‐
peptides of collagens [50]. Native triple helical type I and type II collagens are resistant to
proteolysis by cathepsins B, L, S, and V. Although these cathepsins have not the capacity to
cleave triple helical collagen, they attack their telopeptides, which are involved in intra- and
intermolecular links [29]. This attack by cysteine cathepsin - similar to MMP-9 highly ex‐
pressed in osteoclast - may destabilize the fibril collagen helices and therefore may contrib‐
ute to joint destruction. Cathepsin L is the cysteine protease hitherto considered to have the
highest telopeptidase and gelatinase activity among the papain-like cysteine proteases. De‐
spite its own limited proteolytic activity, cathepsin B is able to proteolytically activate colla‐
genase that mediates triple helical collagen cleavage [64].
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Protease

Proteolytic activities Cartilage- and bone-related

phenotypes of protease-

deficient mice

Investigation of protease-

deficient mice in animal

models for RA
Collagenase

activity

Gelatinase

activity

Cathepsin B No Yes [47, 48, 49] No phenotypes reported

Antigen-induced arthritis:
[personal communication by author]

No differences to arthritic

wild-type mice

Cathepsin K Yes [50] Yes [51]

Osteopetrotic phenotype in long

bones, trabelular and cortical

bone mass is increased, higher

brittleness of bone [52, 53, 54, 55, 56]

hTNFtg mice: [57]

Reduction of osteoclast-

dependent cartilage and

bone destruction

Adjuvant arthritis: [58]

Reduction in pro-

inflammatory Th17 cells

number by suppression of

toll-like receptor 9 signaling

in dendritic cells is

responsible for attenuated

arthritis

Cathepsin L No Yes [47, 48, 49, 51, 59]
Decrease in trabecular bone

volume [60]

Antigen-induced arthritis: [61]

Impairment of Th cell

response, reconstitution by

expression of human

cathepsin V in thymus

Cathepsin S No Yes [47] No phenotypes reported

Collagen-induced arthritis:
[62]

Milder arthritis by

impairment of antigen-

presentation

Cathepsin V No Yes [63] Not expressed in mice

Table 1. Summary of proteolytic activities of individual cysteine cathepsins, the resulting phenotypes of protease-
deficient mice, and the clinical outcome of these mice in animal models for human RA

However, only cathepsin K is able to cleave native type I collagen within the triple helical
domain [50] (Table 1). This unique proteolytic activity is caused by the formation of an oli‐
gomeric complex between cathepsin K molecules and extracellular matrix-resident glycosa‐
minoglycans [65]. However, in the absence of this complex, monomeric cathepsin K exhibits
only the telopeptide cleavage capability and lacks this collagenase activity like the other pa‐
pain-like cysteine cathepsins [50, 66]. To control the collagenase activity of cathepsin K by
disruption of the glycosaminoglycan/cathepsin K complex or by prevention of its formation
may open possibilities to develop new drugs to reduce bone destruction in RA. Cathepsin K
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domain [50] (Table 1). This unique proteolytic activity is caused by the formation of an oli‐
gomeric complex between cathepsin K molecules and extracellular matrix-resident glycosa‐
minoglycans [65]. However, in the absence of this complex, monomeric cathepsin K exhibits
only the telopeptide cleavage capability and lacks this collagenase activity like the other pa‐
pain-like cysteine cathepsins [50, 66]. To control the collagenase activity of cathepsin K by
disruption of the glycosaminoglycan/cathepsin K complex or by prevention of its formation
may open possibilities to develop new drugs to reduce bone destruction in RA. Cathepsin K
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was originally identified as an osteoclast-specific lysosomal protease. It is highly expressed
and active in osteoclasts associated with bone surface and is secreted in resorption lacuna
[15, 67]. The importance of cathepsin K for bone resorption has been demonstrated by cathe‐
psin K inhibition studies with cathepsin K antisense oligodeoxynucleotides [68]. It has been
shown that cathepsin K is capable to cleave type II collagen within the helical region of N-
terminus, a unique capacity of this protease among papain-like cysteine proteases [69].
Therefore, inhibition of cathepsin K has been suggested to also play a pivotal role in protec‐
tion of cartilage degradation during RA. Furthermore, cathepsin K is a critical protease in
synovial fibroblast-mediated collagen degradation [70]. In contrast to MMPs with neutral or
near-neutral pH optimum, cathepsin K is able to degrade the organic matrix in an acidic mi‐
croenviroment. This acidic “collagenase” cleaves both triple-helical type I and type I colla‐
gen, the major structural components of the extracellular matrix of articular cartilage and
bone. In contrast to collagenases (MMPs -1, -8, -13, -18), which cleave collagen creating typi‐
cal ¼ C-terminal and ¾ N-terminal fragment, cathepsin K can cleave triple helical type I col‐
lagen at multiple sites resulting in a more complex degradation pattern [50, 69].

6. Phenotypes of cysteine cathepsin-deficient mice

Phenotyping is one of the first analytical steps after generation of gene knock out mice. Car‐
tilage and bone phenotypes would be expected in cysteine cathepsin-deficient mice, if these
proteases would contribute to physiological cartilage and bone turnover. Mice deficient in
cysteine cathepsins B, K, L, and S were generated in the last years [52, 53, 54, 55, 62, 71, 72].
Cathepsin V is expressed exclusively in humans. No phenotypes of the bone or articular car‐
tilage have been reported so far for cathepsin B-, and S-deficient mice (Table 1). In contrast,
the bone phenotype in cathepsin K-deficient mice is very strong [52, 53, 54, 55, 56] (Table 1).
Therefore, cathepsin K is possibly the most important proteolytic enzyme of osteoclasts in
the papain-like cysteine protease family. Cathepsin K-deficient mice partially reflect the
phenotype of pycnodysostosis, a human hereditary disease [52, 73]. The name "pycnodysos‐
tosis" appropriately describes this disease as formation of abnormally dense (greek: pykno)
bone. The late 19th century French poster artist Henri de Toulouse-Lautrec (1864 - 1901) was
the most prominent pycnodysostosis patient [74]. Therefore, this disease is sometimes refer‐
red as Toulouse-Lautrec syndrome. Cathepsin K mutations in patients with pycnodysostosis
result in a total loss or inactivity of cathepsin K, which causes abnormal degradation of bone
matrix proteins such as type I collagen [75]. Pycnodysostosis is characterized by a variable
clinical appearance that includes short stature, open fontanelles, partial or total aplasia of
the terminal phalanges, a predisposition to bone fractures, osteopetrosis, and an increased
roentgenographic density of the entire skeleton [73, 74, 76, 77]. Cathepsin K-deficient mice
are phenotypically characterized by an osteopetrotic phenotype in long bones - especially in
distal femur - and lumbar vertebrae [52, 53, 54, 55, 56]. The trabecular and cortical bone
mass is increased in cathepsin K-deficient mice compared with their wild-type littermates
[55]. The bones of cathepsin K-deficient mice show a higher brittleness [53]. However, the
osteopetrosis of pycnodysostosis patients seems to be more severe than that of cathepsin K-
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deficient mice and some of the skeletal changes seen in pycnodysostosis patients, such as re‐
tardation, phalangeal deformities, or delayed suture closure in the skull, have not been
reported in cathepsin K-deficient mice [52, 53, 54, 55]. However, other clinical symptoms of
pycnodysostosis as for instance the accumulation of undigested collagen fibrils in lysosomes
of osteoclasts and fibroblasts are described for cathepsin K-deficient mice [45, 70, 73]. The
lack of cathepsin K decreases the rate of osteoclast-mediated bone resorption but does not
completely inhibit this process [52, 55]. The number of osteoclasts was significantly in‐
creased in trabecular bone of cathepsin K-deficient mice compared to wild-type controls,
probably to compensate the inefficient bone degradation [54]. A cartilage phenotype of cath‐
epsin K-deficient mice has not been reported. Furthermore, and in strong contrast to cathe‐
psin K-deficient mice, cathepsin L knock out mice revealed a decrease in trabecular bone
volume [60] (Table 1). This reduction in bone mass may suggest that cathepsin L is involved
in endochondral ossification [60]. This effect was reduced after ostrogen withdrawal by
ovariectomy [60].

7. Animal models of RA

The use of animal models allows in vivo investigation of single aspects, as for instance in‐
flammation, antigen presentation, and joint destruction during the complex pathogenesis of
inflammatory arthritis. Additionally, animal models have been applied to evaluate potential
anti-arthritis drugs for clinical use. RA models are relatively easy to use, produce reproduci‐
ble results, and are of short duration [78, 79, 80, 81]. They feature many of the clinical symp‐
toms of the human disease. The most important difference between animal models of RA
and human RA is the disease progression rate. It is much faster in animal models of RA than
in the human disease. Therefore, animal models of inflammatory arthritis are characterized
primarily by an acute inflammatory response and only a weak chronification of disease.
Anyway, investigation of inflammatory arthritis with test animals is important for the un‐
derstanding of specific aspects in pathogenesis of human RA. Especially the investigation of
cysteine cathepsin-deficient or -transgenic mice in such models as well as the application of
specific inhibitors in arthritic animals enables the understanding of the contribution of indi‐
vidual proteases to the disease outcome. Animal models for human RA can be classified into
induced and spontaneous models [82]. It is important to select the right animal model for
RA to address a specific scientific question. The repertory of animal models of RA includes
among others adjuvant arthritis, antigen-induced arthritis (AIA), collagen-induced arthritis
(CIA), and human TNF-transgenic (hTNFtg) mice [78, 80, 81, 82]. Each of these animal mod‐
els only reflects a few of the clinical aspects of the human disease. Therefore, the exact
knowledge of all clinical aspects, disease progression rate, and the contribution of individu‐
al cell types to inflamed joints to disease outcome is fundamental to understand the in vivo
functions of investigated proteases or the in vivo effects of applied cysteine cathepsin-specif‐
ic drugs. The latter is especially important because papain-like cysteine proteases not only
directly contribute to ECM degradation in arthritic joints but also to local and systemic im‐
mune response. Several cysteine cathepsins are involved in antigen presentation and inflam‐
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matory pathways [23, 58]. First experimental results in animal models for RA with cysteine
cathepsin-deficient and -transgenic mice have been helpful to understand the impact of
these proteases on joint inflammation and destruction in vivo.

TNFα plays a central role in pathophysiology of RA [26, 83]. This was confirmed by the de‐
velopment of transgenic mice that overexpress human TNFα [81, 84]. The phenotype of
hTNFtg mice validated the theory that TNFα is the apex of pro-inflammatory cascade in RA.
In this simple mouse model for RA the investigators utilized a targeting vector that con‐
tained a genomic fragment encoding the entire human TNFα gene in which the ARE-con‐
taining 3`UTR was replaced with the 3`UTR from β-globin gene [81, 84]. This mutation
resulted in a chronic overexpression of TNFα mRNA. hTNFtg mice develop spontaneously
an erosive symmetrical polyarthritis with histopathological features of inflammation and
bone destruction similar to human RA [81, 84]. Early symptoms of disease in hTNFtg mice
after spontaneous onset are infiltration with polymorphonuclear cells, lymphocytes, and
synovial hyperplasia [81]. Pannus formation, destruction of fibrous tissue, as well as mas‐
sive articular cartilage and subchondral bone destruction are additional hallmarks of the late
stage of arthritis in hTNFtg mice [81, 84]. The bone surface of hTNFtg mice is covered by
multinucleated TRAP+ osteoclasts, interposed between the bone surface and the “erosive”
front of the synovium [81, 84]. The process of bone destruction is mediated exclusively by
osteoclasts because c fos-deficient hTNFtg mice completely lacking osteoclasts were fully
protected against bone destruction [85]. This absence of osteoclasts alters TNF-mediated ar‐
thritis from a destructive to a nondestructive arthritis [85]. Taken together, the hTNFtg
mouse model is especially interesting to investigate the impact of an individual protease to
osteoclast-dependent bone resorption during inflammatory arthritis. The investigation of
cathepsin K-deficient hTNFtg mice for instance confirmed that cathepsin K is a protease se‐
creted by osteoclasts that has a very high impact to bone destruction [57] (Table 1). Unex‐
pectedly it was also demonstrated that cathepsin K is important but not essential for
osteoclast-dependent bone resorption in hTNFtg mouse model for RA [57]. The bone de‐
struction in cathepsin K-deficient hTNFtg mice was only reduced about 50% [57]. Therefore,
other proteases, especially MMPs might contribute to subchondral bone destruction process.
The MMP activity detected in cathepsin K-deficient osteoclasts might be a compensatory
mechanism [57]. Consequently, strategies to prevent arthritic osteoclast-dependent bone de‐
struction cannot be restricted to a selective inhibiton of cathepsin K activity. The detected
impairment of synovium-derived osteoclast formation might be partially responsible for the
significant reduction in the area of bone erosion in cathepsin K-deficient hTNFtg mice [57].
A clinical case of the onset of an erosive psoriatic arthritis in a “cathepsin K activity-defi‐
cient” pycnodysostosis patient was recently reported [86]. This “experiment of nature” sup‐
ported the idea that cathepsin K in humans is also not essential for osteoclast-mediated bone
degradation during inflammatory arthritis [86]. Nevertheless, cathepsin K plays a pivotal
role in arthritis. Transgenic mice, overexpressing cathepsin K, become spontaneously sus‐
ceptible to inflammatory arthritis characterized by synovitis, synovial hyperplasia, fibrosis,
and subsequently in degradation of articular cartilage and bone [87].
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Rat adjuvant arthritis is an experimental model of polyarthritis that has been widely used
for preclinical drug testing. In rats it is induced by a single dosis of Freund`s adjuvant, con‐
taining Mycobacterium tuberculosis [79, 80]. Arthritis develops in around 10 - 45 days after in‐
duction and generally subsides after one month [80]. The hallmarks of this model are a
reliable onset of robust polyarticular inflammation with infiltration of joints with mono- and
polymorphonuclear cells, pannus formation, and marked bone resorption [79, 80]. The carti‐
lage destruction is relatively mild in comparison to the observed inflammation and bone de‐
struction [79]. The mechanism of arthritis development after immunization with complete
Freund`s adjuvant is unknown. Activation of APCs was supposed to contribute to arthritis
onset. The enzymatic activity of cathepsin B correlated positively with the severity of joint
destruction and inflammation in rat adjuvant-induced arthritis [88]. Oral administration of a
vinyl sulfone cysteine cathepsin-specific inhibitor reduced the signs of inflammation and tis‐
sue destruction in this animal model probably by direct local effects and attenuation of
MHC-dependent antigen-presentation [88]. Oral administration of fluoromethyl ketones in
rats with adjuvant-induced arthritis inhibited at least cysteine cathepsins B and L, and re‐
sulted in a reduction of articular cartilage and bone destruction [89]. Adjuvant arthritis can
also be investigated in mice. Induction of adjuvant arthritis in cathepsin K-deficient mice
demonstrated clearly that cathepsin K plays, besides its role in osteoclast-mediated bone de‐
struction, a critical role in toll-like receptor 9 signaling in dendritic cells [58]. The suppres‐
sion of this signal pathway by cathepsin K deficiency resulted in attenuated induction of
pro-inflammatory Th17 cells, without affecting the antigen-presenting ability of dendritic
cells [58] (Table 1). In addition, pharmacological inhibition using cathepsin K-specific inhibi‐
tors resulted in the reduction of inflammation in joints [58]. Furthermore, cathepsin B and L
activities were strongly increased in chondrocytes and cells of the inflamed synovium of
rats, which developed an arthritis induced by the synthetic adjuvant CP20961 [90].

Collagen-induced arthritis (CIA) is an experimental autoimmune disease that can be elicited
in susceptible strains of rodents (rat und mouse) and non-human primates by immunization
with type II collagen of several species the major constituent of articular cartilage [78, 80].
Susceptibility to CIA is restricted to mouse strains with MHC class II types I-Aq and I-Ar [78,
80]. The immune response to type II collagen is characterized by the stimulation of collagen-
specific T cells and the production of high titers of collagen-specific antibody [78]. Hall‐
marks of polyarthritic CIA are synovitis, infiltration of joint with polymorphonuclear and
mononuclear cells, pannus formation, erosion of cartilage and bone, and fibrosis [78, 80]. In
mice, immunization with bovine, chick or rat type II collagens usually leads to a relatively
acute form of arthritis [80]. Papain-like cysteine proteases contribute to disease progression
in the CIA arthritis model. Cathepsin K expression is upregulated in murine CIA [91]. Phar‐
macological inhibition of the proteolytic activity of cathepsin K in murine CIA reduced the
destruction of bone and cartilage within arthritic joints [92]. Additionally, the severity of
CIA in DBA/1 mice was decreased by fluoroketone inhibitors, which inhibit specifically
cathepsin B and L [89]. Cathepsin S-deficient mice develop a diminished CIA probably
caused by influences of cathepsin S to late stages of Li degradation in APCs and influencing
the peptide repertoire displayed by MHC class II molecules [62] (Table 1). Therapeutic ap‐
plications of a highly selective and oral available cathepsin S inhibitor reduced significantly
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matory pathways [23, 58]. First experimental results in animal models for RA with cysteine
cathepsin-deficient and -transgenic mice have been helpful to understand the impact of
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ceptible to inflammatory arthritis characterized by synovitis, synovial hyperplasia, fibrosis,
and subsequently in degradation of articular cartilage and bone [87].
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Rat adjuvant arthritis is an experimental model of polyarthritis that has been widely used
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specific T cells and the production of high titers of collagen-specific antibody [78]. Hall‐
marks of polyarthritic CIA are synovitis, infiltration of joint with polymorphonuclear and
mononuclear cells, pannus formation, erosion of cartilage and bone, and fibrosis [78, 80]. In
mice, immunization with bovine, chick or rat type II collagens usually leads to a relatively
acute form of arthritis [80]. Papain-like cysteine proteases contribute to disease progression
in the CIA arthritis model. Cathepsin K expression is upregulated in murine CIA [91]. Phar‐
macological inhibition of the proteolytic activity of cathepsin K in murine CIA reduced the
destruction of bone and cartilage within arthritic joints [92]. Additionally, the severity of
CIA in DBA/1 mice was decreased by fluoroketone inhibitors, which inhibit specifically
cathepsin B and L [89]. Cathepsin S-deficient mice develop a diminished CIA probably
caused by influences of cathepsin S to late stages of Li degradation in APCs and influencing
the peptide repertoire displayed by MHC class II molecules [62] (Table 1). Therapeutic ap‐
plications of a highly selective and oral available cathepsin S inhibitor reduced significantly
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the disease score in arthritic CIA mice [93]. The development of further new cathepsin S-
specific inhibitors may be useful in treatment of human RA and other autoimmune diseases.
Interestingly, the development of highly selective activity-based probes to monitor cathe‐
psin S activity and their successful application in murine zymosam-induced arthritis was re‐
ported [94]. These active site probes open the possibility to investigate the in vivo roles of
cathepsin S in CIA and other RA models more precisely and to monitor the bioavailability of
cathepsin S-specific inhibitors in therapeutical trials with arthritic animals.

The antigen-induced arthritis (AIA) can be induced in mice, rats, and rabbits following intra-ar‐
ticular injection of a protein antigen (e.g. methylated bovine serum albumin) into the knee joint
of animals that have been previously immunized with the same antigen [80]. The histopatho‐
logical appearance of AIA has similarities to human RA, including synovial lining layer hyper‐
plasia, perivascular infiltration with lymphocytes and plasma cells, lymphoid follicles, pannus
formation, and cartilage erosion [80]. Bone erosion in this arthritis model is relatively week [61,
95]. The AIA is strict Th cell-dependent as shown with depletion experiments with anti CD4 an‐
tibodies [96]. Depletion of CD25+ regulatory T cell resulted in an increase of disease severity
[95]. In contrast to RA, the AIA is a monoarticular disease that affects only treated joints [80].
Anyway, susceptibility to AIA is not MHC class II-restricted and this makes this model useful
for studies with transgenic and gene-deficient mice on different genetic backgrounds [80]. So
far the investigated cysteine cathepsins play no or unexpected roles in this RA model. At least
the contribution of these proteases to antigen presentation and therefore an alteration in disease
outcome was expected because Th1/Th2 balance was influenced by cathepsin L- and B-specific
inhibitors applied in Leishmania-infected and ovalbumine-immunized mice [43, 97, 98, 99].
However, cathepsin B-deficient mice did not show any difference in disease outcome com‐
pared to wild-type mice (unpublished data by author) (Table 1). In addition, no significant up‐
regulation at mRNA level of cathepsin B was detected during time course of AIA [100]. The
severity of AIA was decreased in cathepsin L-deficient mice [61]. Clinical outcome in this mice
was characterized by decreased inflammation, reduction in cartilage and bone destruction, as
well as diminished cellular and humoral immune responsiveness [61] (Tabel 1). Both, Th1 and
Th2 cell responses were impaired in arthritic cathepsin L-deficient mice [61]. Interestingly this
effect was not caused by local activity of cathepsin L in the arthritic joint, which correlated with
only slight local upregulation of cathepsin L in arthritic knee joints in the acute phase and no in‐
crease in expression during chronic phase of AIA [100]. In fact the attenuation of AIA in cathe‐
psin L-deficient mice was caused by an impaired positive selection of conventional disease
promoting CD4+ Th cells in thymus and a unchanged development of the protective CD25+/
FOXP3+ regulatory T cells compartment [61, 101]. Experimentally it could be further clearly
demonstrated that transgenic expression of human cathepsin L-like protease cathepsin V in
thymic epithelium of cathepsin L-deficient mice reconstituted all parameters by normalization
of the ratio of regulatory to conventional T cells [61, 101] (Tabel 1). Therefore, human cathepsin
V - the syntenic orthologous proteases of mouse cathepsin L - is clearly involved in Th cell posi‐
tive selection in the thymus. This influence of cathepsin V on Th cell compartment development
might further explain that genetic polymorphisms of cathepsin V are associated with human
autoimmune diseases such as diabetes type 1 and myasthenia gravis [102]. In future studies it
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would be highly attractive to investigate whether cathepsin V polymorphisms are associated
with the incidence and clinical outcomes in patients with RA.

As described above cysteine cathepsin-specific inhibitors were applied successfully in several
animal models of human RA [58, 88, 89, 92, 93]. The reduction of disease severity was observed.
The proteolytic activities of cysteine cathepsins, which contribute directly to joint destruction
by collagen degradation as well as indirectly by modulation of the immune response, were in‐
hibited. However, the exact understanding of the contribution of cysteine cathepsins to im‐
mune  response  will  be  very  critically  to  avoid  severe  side  effects  in  patients.  Potential
consequences of systemic application of cathepsin S- and K-specific inhibitors for the outcome
of other human chronic and infectious diseases must be critically discussed. Cell type-specific
delivery of inhibitors should become a key aspect in arthritis research in future. Osteoclast-spe‐
cific delivery of cathepsin K-specific inhibitors for instance could be an interesting strategy to
avoid joint destruction by inhibition of the collagenolytic activities without interfering with
systemic immune response.

8. Summary

Several papain-like cysteine cathepsins are able to cleave type I and type II collagen and
therefore contribute to direct joint destruction. Additionally, they play roles in antigen pre‐
sentation and development of Th cell compartment. Especially cathepsin K with its unique
collagenase activity has a great impact to bone degradation in inflammatory arthritis and
plays a crucial role in inflammatory processes. In addition, cathepsin S is a key player in an‐
tigen-presentation during arthritis. At least cathepsin K and S are attractive targets for the
development of new anti-arthritic drugs.
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cathepsin S in CIA and other RA models more precisely and to monitor the bioavailability of
cathepsin S-specific inhibitors in therapeutical trials with arthritic animals.
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ticular injection of a protein antigen (e.g. methylated bovine serum albumin) into the knee joint
of animals that have been previously immunized with the same antigen [80]. The histopatho‐
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pared to wild-type mice (unpublished data by author) (Table 1). In addition, no significant up‐
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Th2 cell responses were impaired in arthritic cathepsin L-deficient mice [61]. Interestingly this
effect was not caused by local activity of cathepsin L in the arthritic joint, which correlated with
only slight local upregulation of cathepsin L in arthritic knee joints in the acute phase and no in‐
crease in expression during chronic phase of AIA [100]. In fact the attenuation of AIA in cathe‐
psin L-deficient mice was caused by an impaired positive selection of conventional disease
promoting CD4+ Th cells in thymus and a unchanged development of the protective CD25+/
FOXP3+ regulatory T cells compartment [61, 101]. Experimentally it could be further clearly
demonstrated that transgenic expression of human cathepsin L-like protease cathepsin V in
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tive selection in the thymus. This influence of cathepsin V on Th cell compartment development
might further explain that genetic polymorphisms of cathepsin V are associated with human
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