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More than 130 years have passed since the first description of sarcoid lesions by 
Sir Jonathan Hutchinson, but the cause of this systemic granulomatous disease is 
still unknown. Sarcoidosis remains a somewhat mysterious disease because many 

patients may enter spontaneous remission but some patients are chronically affected 
or relapse after intervention. Advances in recent sarcoidosis researches have added 

new insights to our understanding of complexity of sarcoidosis as introduced in this 
textbook, which includes a new concept of etiology as an endogenous infection caused 
by hypersensitivity to indigenous bacteria, updated immunopathogenesis and genetic 
factors, new directions in therapy, and new diagnostic approaches with EBUS-TBNA 
and FDG-PET. I believe this textbook is useful not only in practice but also for future 

researches of sarcoidosis.
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Chapter 1

Propionibacterium acnes as a Cause of Sarcoidosis

Yoshinobu  Eishi

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55073

1. Introduction

Sarcoidosis is one of the best-known systemic granulomatous diseases. Despite intensive
investigation, however, the etiology of sarcoidosis has remained unresolved for more than 100
years [1]. Sarcoidosis seems to result from the exposure of a genetically susceptible subject to
an environmental agent, and microbial etiologies of sarcoidosis have long been considered
based on the clinical similarities to infectious granulomatous diseases [2]. Several epidemio‐
logic mechanisms may underlie the association of an infective agent or agents with the etiology
of sarcoidosis, including spatial, seasonal, and occupational clustering [3]. The results of the
ACCESS (A Case Control Etiologic Study of Sarcoidosis) study support an association between
selected microbially-rich environments and sarcoidosis [4].

Mycobacterial and propionibacterial organisms are the most commonly implicated etiologic
agents based on studies indicating the detection by polymerase chain reaction (PCR) of
microbial DNA from these organisms in tissues from sarcoid patients around the world [5-7].
Different studies have produced considerably varying results, however, with microbial DNA
detected in 0% to 80% of sarcoidosis tissues and in 0% to more than 30% of control tissues [8,
9]. The failure to detect microbial DNA from these organisms in samples from some sarcoid
patients suggests other causes of sarcoidosis in those patients, whereas detection of the
microbial DNA in some control samples suggests latent infection of the bacterium.

Immune responses against microbial antigens from these organisms, such as ESAT-6 and KatG
peptides from Mycobacterium tuberculosis and a recombinant trigger-factor protein from
Propionibacterium acnes, have been examined in sarcoid patients and control subjects [10, 11].
Immune responses are frequently detected in sarcoid patients as well as in some non-sarcoid
patients and healthy subjects. Latent infection by these organisms complicates the interpreta‐
tion of the results of these immunologic studies. Unless microbial antigens that cause a specific
immune response found only in sarcoid patients can be used to stimulate an immune response,

© 2013 Eishi; 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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immunologic approaches will not be sufficient to unequivocally confirm that these organisms
are causative.

Granuloma formation results from the persistence of a nondegradable product or a hypersen‐
sitivity response [12]. The two mechanisms overlap in most infectious diseases because
microorganisms act as both foreign bodies and antigens to induce immunologic responses.
Granulomas serve as protective mechanism to sequester and degrade the invading agent. The
pathologic hallmark of sarcoidosis is an epithelioid cell granuloma, thus some etiologic agent
of sarcoidosis must be present or have been present within the sarcoid granuloma. Histopa‐
thologic studies are therefore essential to demonstrate mycobacterial or propionibacterial
organisms or antigens within sarcoid granulomas to demonstrate an etiologic link between
sarcoidosis and these organisms.

P. acnes is so far the only microorganism isolated from sarcoid lesions by bacterial culture [13,
14]. P. acnes is an anaerobic, non-spore-forming, gram-positive rod bacterium indigenous to
the skin and mucosal surfaces. A series of Japanese studies has provided accumulating
evidence for a role of P. acnes in sarcoidosis. In this review, we propose mechanisms of
granuloma formation in response to this indigenous bacterium in subjects with sarcoidosis
based on our results obtained using histopathological and experimental approaches, and
introduce a new concept of infectious disease in which endogenous infection is caused by
indigenous bacteria.

2. Bacterial culture

The lung and its draining lymph nodes are the organs most commonly affected by sarcoidosis.
As the lung constantly encounters airborne substances, including pathogens, many researchers
have considered infection to trigger sarcoidosis and have thus tried to identify possible
causative transmissible agents and their contribution to the mechanism of sarcoid granuloma
formation [15, 16].

2.1. Bacterial culture from tissue samples affected by sarcoidosis

In the late 1970s, a large Japanese research project conducted by many clinicians and micro‐
biologists with support by a grant from Japanese Ministry of Health was organized to seek the
pathogens responsible for sarcoidosis. Extensive trials were performed to isolate microorgan‐
isms, including bacteria, viruses, and fungi, from tissue samples (especially biopsied lymph
nodes) affected by sarcoidosis. Only P. acnes, and no other microorganism, was isolated from
the large number of samples [13]. P. acnes was isolated in culture from biopsy samples of 31
(78%) of 40 lymph nodes from 40 patients with sarcoidosis [14], whereas this indigenous
bacterium was also cultured from 20% of 141 control lymph nodes from patients with diseases
other than sarcoidosis. The study was repeated twice to confirm that the initial samples had
not been contaminated by cutaneous P. acnes during biopsy, and the results of both studies
were the same.

Sarcoidosis4

2.2. Bacterial culture from tissue samples without sarcoidosis

Ishige et al cultured peripheral lung tissue and various lymph nodes obtained from patients
with diseases other than sarcoidosis [17]. P. acnes was isolated from 24 of 43 lungs and 8 of 11
mediastinal lymph nodes, mostly in pure culture. P. acnes was isolated from 10 of 20 gastric
and 3 of 12 intestinal lymph nodes; intestinal bacteria were also numerous. P. acnes was
generally the only species isolated from these tissues. The number of P. acnes cells isolated was
usually no more than 500 colony forming units (CFU)/g in the lungs and lymph nodes. Of 43
lungs from patients without sarcoidosis, only 4 (9%) had exceptionally high numbers of P.
acnes cells. Random amplified polymorphic DNA analysis was used to compare the DNA of
45 isolates of P. acnes from these patients, 39 isolates from sarcoid lymph nodes, and 67 isolates
from normal skin, conjunctiva, and intestine. The P. acnes strains in the lung and mediastinal
lymph nodes differed genetically from those in the skin. Therefore, contamination from the
skin during operative or culture procedures seems unlikely. These findings suggest that P.
acnes normally resides in peripheral lung tissue and mediastinal lymph nodes.

2.3. Cell invasiveness of P. acnes

Studies of cell-invading P. acnes are essential for linking this indigenous bacterium to the cause
of sarcoidosis because infectious granulomas are commonly caused by intracellular pathogens.
Furukawa et al examined the cell invasiveness and serotype of P. acnes isolates from lymph
nodes affected by sarcoidosis, together with isolates from non-sarcoid tissue obtained from
the lymph nodes, lungs, prostate, skin, conjunctiva, and intestine [18]. The invasiveness of
these P. acnes isolates into HEK293T cells was examined by cell-invasion assay according to
the method described by Cue and Cleary [19] and intracellular localization of the invasive
isolates was confirmed by electron microscopy (Figure 1). Cell invasiveness was found in 14
(40%) of 35 sarcoid isolates and 65 (51%) of 127 non-sarcoid isolates. The proportion of invasive
isolates did not differ between isolates from sarcoid and non-sarcoid tissues. The whole-
bacterium enzyme-linked immunosorbent assays with serotype-specific antibodies discrimi‐
nated the serotype of all 162 isolates (112 strains of serotype I and 50 strains of serotype II).
The proportion of the two serotypes did not differ between sarcoid and non-sarcoid tissues.
Cell invasiveness was found in 79 (71%) of 112 serotype I isolates and in none of 50 serotype
II isolates.

3. Polymerase chain reaction

Some investigators in Europe using PCR assays detected mycobacterial DNA in samples of
affected tissue from patients with sarcoidosis [20-22], but others did not [23-25]. Quantification
of the bacterial genomes detected in sarcoid lesions is essential for clarifying the etiologic
correlation between lesions and bacteria detected therein because a tiny volume of bacteria or
bacterial DNA can be detected even in conditions of latent infection or contamination with no
etiologic correlation.
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3.1. Quantitative PCR for propionibacterial and mycobacterial DNA

Ishige et al used quantitative PCR to search for bacterial genomes of P. acnes, P. granulosum,
and M. tuberculosis in histologic sections of lymph nodes from patients with sarcoidosis,
tuberculosis, or gastric cancer [26]. They examined lymph node biopsy samples from 15
patients with sarcoidosis and 15 patients with tuberculosis lymphadenitis. As controls, they
examined 15 lymph nodes without metastasis from 15 patients with gastric cancer undergoing
surgery (Figure 2). Genomes of M. tuberculosis were found in samples from all 15 patients with
tuberculosis, 3 patients with sarcoidosis, and 1 control sample. Genomes of P. acnes were found
in 12 of 15 patients with sarcoidosis, 2 tuberculosis patients, and 3 controls. The difference in
the estimated number of P. acnes genomes between individuals with and without sarcoidosis
was similar to that in the number of M. tuberculosis between people with and without tuber‐
culosis. Biopsy samples from the three patients with sarcoidosis but without P. acnes all
contained many P. granulosum DNA. These findings suggest that propionibacteria resided in
or proliferated ectopically in the sarcoid lesions, whether or not there was a connection with
the disease. Propionibacteria are more likely than mycobacteria to cause sarcoidosis.

3.2. International collaborative study with quantitative real-time PCR

The international collaborative study evaluated the possible etiologic link between sarcoidosis
and the suspected bacterial species [8]. Formalin-fixed and paraffin-embedded sections of
biopsy samples of lymph nodes, 1 from each of 108 patients with sarcoidosis and 65 patients
with tuberculosis, together with 86 control samples, were collected from 2 institutes in Japan
and 3 institutes in Italy, Germany, and England (Figure 3). Genomes of P. acnes, P. granulo‐
sum, M. tuberculosis, M. avium subsp. paratuberculosis, and Escherichia coli (as the control) were
estimated by quantitative real-time PCR. Either P. acnes or P. granulosum was found in all but

Figure 1. Invasiveness of P. acnes into epithelial cells. HEK293T cells infected with one of the serotype 1 P. acnes strains
isolated from sarcoid lymph nodes were Giemsa-stained (left) and further examined by electron microscopy (right).
The electron micrographs of the cells infected with an invasive isolate show intracellular localization of the bacterium
(indicated by the red arrows).

Sarcoidosis6

two of the sarcoid samples. M. avium subsp. paratuberculosis was not found in any sarcoid
sample. M. tuberculosis was found in only 0% to 9% of the sarcoid samples, but in 65% to 100%
of the tuberculosis samples. In sarcoid lymph nodes, the total numbers of genomes of P.
acnes or P. granulosum far exceeded those of M. tuberculosis. P. acnes or P. granulosum was found
in 0% to 60% of the tuberculosis and control samples, but the total numbers of genomes of P.
acnes or P. granulosum in these samples were lower than those found in sarcoid samples.
Propionibacteria spp. are more likely than Mycobacteria spp. to be involved in the etiology of
sarcoidosis, not only in Japanese but also in European patients with sarcoidosis.

4. In situ hybridization

In situ localization of P. acnes genomes in sarcoid lymph nodes may help to elucidate an
etiologic link between sarcoidosis and this indigenous bacterium. Formalin-fixed and paraffin-
embedded biopsy samples of lymph nodes from nine patients with sarcoidosis, nine patients
with tuberculosis, and nine patients with nonspecific lymphadenitis as controls were examined
by quantitative real-time PCR (QPCR) for P. acnes and by in situ hybridization (ISH) using
catalyzed reporter deposition (CARD) for signal amplification with digoxigenin-labeled
oligonucleotide probes that complemented 16S rRNA of P. acnes [27]. The signals per 250
µm2 of tissue sections from inside and outside sarcoidosis and tuberculosis granulomas and
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surgery (Figure 2). Genomes of M. tuberculosis were found in samples from all 15 patients with
tuberculosis, 3 patients with sarcoidosis, and 1 control sample. Genomes of P. acnes were found
in 12 of 15 patients with sarcoidosis, 2 tuberculosis patients, and 3 controls. The difference in
the estimated number of P. acnes genomes between individuals with and without sarcoidosis
was similar to that in the number of M. tuberculosis between people with and without tuber‐
culosis. Biopsy samples from the three patients with sarcoidosis but without P. acnes all
contained many P. granulosum DNA. These findings suggest that propionibacteria resided in
or proliferated ectopically in the sarcoid lesions, whether or not there was a connection with
the disease. Propionibacteria are more likely than mycobacteria to cause sarcoidosis.

3.2. International collaborative study with quantitative real-time PCR

The international collaborative study evaluated the possible etiologic link between sarcoidosis
and the suspected bacterial species [8]. Formalin-fixed and paraffin-embedded sections of
biopsy samples of lymph nodes, 1 from each of 108 patients with sarcoidosis and 65 patients
with tuberculosis, together with 86 control samples, were collected from 2 institutes in Japan
and 3 institutes in Italy, Germany, and England (Figure 3). Genomes of P. acnes, P. granulo‐
sum, M. tuberculosis, M. avium subsp. paratuberculosis, and Escherichia coli (as the control) were
estimated by quantitative real-time PCR. Either P. acnes or P. granulosum was found in all but

Figure 1. Invasiveness of P. acnes into epithelial cells. HEK293T cells infected with one of the serotype 1 P. acnes strains
isolated from sarcoid lymph nodes were Giemsa-stained (left) and further examined by electron microscopy (right).
The electron micrographs of the cells infected with an invasive isolate show intracellular localization of the bacterium
(indicated by the red arrows).
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two of the sarcoid samples. M. avium subsp. paratuberculosis was not found in any sarcoid
sample. M. tuberculosis was found in only 0% to 9% of the sarcoid samples, but in 65% to 100%
of the tuberculosis samples. In sarcoid lymph nodes, the total numbers of genomes of P.
acnes or P. granulosum far exceeded those of M. tuberculosis. P. acnes or P. granulosum was found
in 0% to 60% of the tuberculosis and control samples, but the total numbers of genomes of P.
acnes or P. granulosum in these samples were lower than those found in sarcoid samples.
Propionibacteria spp. are more likely than Mycobacteria spp. to be involved in the etiology of
sarcoidosis, not only in Japanese but also in European patients with sarcoidosis.

4. In situ hybridization

In situ localization of P. acnes genomes in sarcoid lymph nodes may help to elucidate an
etiologic link between sarcoidosis and this indigenous bacterium. Formalin-fixed and paraffin-
embedded biopsy samples of lymph nodes from nine patients with sarcoidosis, nine patients
with tuberculosis, and nine patients with nonspecific lymphadenitis as controls were examined
by quantitative real-time PCR (QPCR) for P. acnes and by in situ hybridization (ISH) using
catalyzed reporter deposition (CARD) for signal amplification with digoxigenin-labeled
oligonucleotide probes that complemented 16S rRNA of P. acnes [27]. The signals per 250
µm2 of tissue sections from inside and outside sarcoidosis and tuberculosis granulomas and
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Figure 2. Quantitative PCR of bacterial DNA in lymph nodes from patients with sarcoidosis, tuberculosis, and gastric
cancer. The horizontal dotted lines show the detection threshold and samples with results under this line were consid‐
ered negative.
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from control lymph nodes were counted. The number of genomes determined by QPCR was
examined for correlation with the mean signal count by ISH with CARD. In sarcoid samples,
one or several signals were detected in the cytoplasm of some epithelioid cells in granulomas
(Figure 4). The mean signal counts were higher in granulomatous areas than in other areas of
sarcoid lymph nodes. The correlation between the QPCR and ISH with CARD results was
significant (r = 0.86, p < 0.001). The accumulation of P. acnes genomes in and around sarcoid
granulomas suggests that this indigenous bacterium is related to the cause of granulomatous
inflammation in sarcoidosis.

5. Immunohistochemistry

Granulomatous reactions are basically a defense mechanism that the body uses to fight off
poorly degradable antigens. Granulomas begin as a small collection of lymphocytes and
macrophages surrounding poorly degradable antigens. The aggregating macrophages, called
an early focus of granuloma, then change to epithelioid cells and become organized into a
cluster of cells, called an immature granuloma. Further progression results in ball-like clusters
of cells and fusion of macrophages into giant cells, called a mature granuloma. The questions
that must be asked in searching for the cause of sarcoidosis, therefore, are: “What is the antigen
that the granulomas are fighting?” and “How is the antigen localized within the sarcoid
lesion?” To evaluate the pathogenic role of P. acnes, Negi et al screened for this indigenous
bacterium in sarcoid and non-sarcoid tissues using immunohistochemical methods with novel
P. acnes-specific monoclonal antibodies that react with cell-membrane-bound lipoteichoic acid
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Figure 3. Quantitative real-time PCR of bacterial DNA in lymph node samples from Japanese and European patients
with sarcoidosis. The horizontal red lines show the detection threshold and samples with results under this line were
considered negative.
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(PAB antibody) and ribosome-bound trigger factor protein (TIG antibody). They examined
formalin-fixed and paraffin-embedded samples of lungs and lymph nodes from 196 patients
with sarcoidosis, and corresponding control samples from 275 patients with non-sarcoidosis
diseases. The samples were mostly from Japanese patients, with 64 lymph node samples from
German patients [28].

5.1. Intracellular P. acnes detected within sarcoid granuloma

Immunohistochemistry with the PAB antibody revealed small round bodies within sarcoid
granulomas in 20/27 (74%) video-assisted thoracic surgery lung samples, 24/50 (48%) trans‐
bronchial lung biopsy samples, 71/81 (88%) Japanese lymph node samples, and 34/38 (89%)
German lymph node samples. The PAB antibody did not react with non-sarcoid granulomas
in any of the 45 tuberculosis samples or the 34 samples with sarcoid reaction. The appearance
of the small round bodies detected by the PAB antibody within sarcoid granulomas did not
differ between lungs and lymph nodes. In sarcoid granulomas with many small round bodies,
the cytoplasm of some granuloma cells was filled with small round bodies, consistent with the
intracellular proliferation of the bacterium (Figure 5). In many sarcoid granulomas, a few small
round bodies with occasional degraded or large-sized features were scattered among the
granuloma cells. The amount of these small round bodies varied from each granuloma in
identical sarcoid samples as well as from each sarcoid tissue sample (Figure 6). The appearance
of the small round bodies detected by the PAB antibody within sarcoid granulomas did not
differ between lungs and lymph nodes (Figure 7, 8).

Figure 4. In situ hybridization using catalyzed reporter deposition for signal amplification with digoxigenin-labeled
oligonucleotide probes that complemented 16S rRNA of P. acnes. Many signals were detected in the cytoplasm of sar‐
coid granuloma cells.
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considered negative.
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(PAB antibody) and ribosome-bound trigger factor protein (TIG antibody). They examined
formalin-fixed and paraffin-embedded samples of lungs and lymph nodes from 196 patients
with sarcoidosis, and corresponding control samples from 275 patients with non-sarcoidosis
diseases. The samples were mostly from Japanese patients, with 64 lymph node samples from
German patients [28].

5.1. Intracellular P. acnes detected within sarcoid granuloma

Immunohistochemistry with the PAB antibody revealed small round bodies within sarcoid
granulomas in 20/27 (74%) video-assisted thoracic surgery lung samples, 24/50 (48%) trans‐
bronchial lung biopsy samples, 71/81 (88%) Japanese lymph node samples, and 34/38 (89%)
German lymph node samples. The PAB antibody did not react with non-sarcoid granulomas
in any of the 45 tuberculosis samples or the 34 samples with sarcoid reaction. The appearance
of the small round bodies detected by the PAB antibody within sarcoid granulomas did not
differ between lungs and lymph nodes. In sarcoid granulomas with many small round bodies,
the cytoplasm of some granuloma cells was filled with small round bodies, consistent with the
intracellular proliferation of the bacterium (Figure 5). In many sarcoid granulomas, a few small
round bodies with occasional degraded or large-sized features were scattered among the
granuloma cells. The amount of these small round bodies varied from each granuloma in
identical sarcoid samples as well as from each sarcoid tissue sample (Figure 6). The appearance
of the small round bodies detected by the PAB antibody within sarcoid granulomas did not
differ between lungs and lymph nodes (Figure 7, 8).

Figure 4. In situ hybridization using catalyzed reporter deposition for signal amplification with digoxigenin-labeled
oligonucleotide probes that complemented 16S rRNA of P. acnes. Many signals were detected in the cytoplasm of sar‐
coid granuloma cells.
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Figure 5. Immunohistochemistry with a P. acnes-specific monoclonal antibody (PAB antibody) that reacts with cell-
membrane-bound lipoteichoic acid of the bacterium. Many small round bodies are shown within a non-caseating epi‐
thelioid cell granuloma of sarcoid lymph node.

Figure 6. Many small round bodies detected by the PAB antibody are shown intermingled with many lymphocytes in
one immature granuloma (right), but only a few are observed in the mature granuloma (left) of the sarcoid lymph
node. Most of the P. acnes are present within the granuloma, but some are present outside of the granuloma (as indi‐
cated by the arrow).

Sarcoidosis10

Figure 7. In the lung sarcoid granuloma lesion surrounded by prominent inflammatory cell infiltration, small round
bodies are detected by the PAB antibody not only in the granuloma cells but also in some of the inflammatory cells.
The arrow indicates the magnified region shown in Fig. 8.

Figure 8. Higher magnification of the area indicated by the arrow in Figure 7. Some swollen macrophages of the im‐
mature granuloma are filled with many small round bodies detected by the PAB antibody.
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5.2. Intracellular P. acnes in non-granulomatous areas

In non-granulomatous areas, small round bodies detected by the PAB antibody were found in
alveolar macrophages of lungs and paracortical macrophages of lymph nodes from many
sarcoid and some non-sarcoid patients. In the lymph nodes, paracortical macrophages with
many small round bodies detected by the PAB antibody (Figure 9) were observed in 26 (22%)
of 119 sarcoid samples and 18 (11%) of 165 non-sarcoid samples. The frequency was signifi‐
cantly higher in the sarcoid samples. Such small round bodies were observed in lymphatic
endothelial cells in a few samples of sarcoid lymph nodes (Figure 10). In the lungs, alveolar
macrophages with many small round bodies detected by the PAB antibody were found in 28
(36%) of 77 sarcoid samples and 18 (16%) of 110 non-sarcoid samples. The frequency was
significantly higher in sarcoid samples. Such alveolar macrophages occasionally contained one
or a few large spheroidal bodies detected by the PAB antibody that were acid-fast with Fite
staining and also reacted with the TIG antibody.

Figure 9. A cluster of some swollen macrophages filled with many small round bodies detected by the PAB antibody is
occasionally found in paracortical areas of sarcoid lymph nodes. The arrow indicates a large-spheroidal body similar to
Hamazaki-Wesenberg bodies.

5.3. Hamazaki-Wesenberg bodies

Hamazaki-Wesenberg (HW) bodies frequently appear in sarcoid lymph nodes although these
bodies are not specific to sarcoidosis [29-31]. The large-spheroidal acid-fast bodies, HW bodies,
which were found in 50% of sarcoid and 15% of non-sarcoid lymph node samples, reacted with
both PAB and TIG antibodies. Electron microscopy revealed that these HW bodies had a single
bacterial structure and lacked a cell wall with occasional protrusions from the body (Figure
11). Immunoelectron microscopy revealed that the immunoreactive products of the PAB

Sarcoidosis12

antibody and TIG antibody were differentially distributed in the outer and inner areas of the
HW bodies, respectively (Figure 12). The localization of cell-membrane-bound lipoteichoic
acid detected by the PAB antibody and ribosome-bound trigger factor detected by the TIG
antibody suggests that HW might not be phagolysosomally-degraded products of P. acnes, but
rather intact forms of intracellular bacteria because the original distribution pattern (plasma‐
lemmal and protoplasmic localization, respectively) of these bacterial components was
preserved in terms of the morphologic structure of the bacterium. Furthermore, conventional
electron microscopy revealed that these bodies lack a cell-wall structure and occasionally
exhibit protrusions from the body that appear to be yeast-like proliferating features (not
mitotic, but sprouting or branching), characteristic of cell-wall-deficient (L-form) bacteria
(Figure 9). HW bodies may be cell-wall-deficient P. acnes.

5.4. Intracellular proliferation of P. acnes

Histopathologic analysis with the PAB antibody led us to formulate a hypothesis for the
mechanism of granuloma formation in sarcoidosis (Figure 13). P. acnes causes latent infection
and persists in macrophages. HW bodies are dormant and cell-wall-deficient P. acnes. This
dormant form of P. acnes can be activated endogenously under certain environmental condi‐
tions and proliferate in cells at the sites of latent infection. Small round bodies proliferating in
macrophages are infective forms of P. acnes. When these bodies spread out of macrophages,
they infect other cells or organs via the lymph and blood streams. Sarcoid granulomas are
formed as a host defense mechanism at the sites of activated bacteria proliferating intracellu‐
larly in patients with hypersensitive immune responses to P. acnes to prevent the spread of the
infectious agent.

Figure 10. Some of the small round bodies detected by the PAB antibody (green arrows) were observed in lymphatic
endothelial cells adjacent to sarcoid granulomas of the lymph node.
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Figure 10. Some of the small round bodies detected by the PAB antibody (green arrows) were observed in lymphatic endothelial cells adjacent to 
sarcoid granulomas of the lymph node. 
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Figure 13. Hypothesized mechanism of sarcoid granuloma formation caused by P. acnes. Intracellular proliferation of
P. acnes in macrophages triggers granuloma formation in patients with hypersensitivity to this indigenous bacterium.

5.5. Histopathological diagnosis of sarcoidosis by the PAB antibody

The PAB antibody seems to be appropriate for detecting cell-wall-deficient P. acnes because an
epitope of lipoteichoic acid detected by this antibody is more exposed in cell-wall-deficient
forms than in conventional forms of the bacterium. The high frequency and specificity of P.
acnes detected by the PAB antibody within sarcoid granulomas suggests an etiologic link
between sarcoidosis and this indigenous bacterium. The PAB antibody may be useful for
diagnosing sarcoidosis caused by P. acnes, when the reactivity is detected in idiopathic
granulomas (Figures 14, 15). The TIG antibody seems to be appropriate for detecting latent
forms of P. acnes because increased expression of the trigger-factor protein is found only in the
HW bodies. The trigger-factor protein is a molecular chaperone, like some heat-shock proteins,
and either overproduction or depletion of the trigger-factor protein causes filamentation
indicative of cell division defects. Increased expression of the trigger-factor protein in HW
bodies might be necessary to sustain the latent phase of intracellular persistent bacterium.

6. Host factor

Host factors may be more critical than agent factors in the etiology of sarcoidosis, as suggested
by the Kveim test phenomenon [32], in which an intracutaneously injected suspension of
sarcoid tissue causes sarcoid granulomas in patients with sarcoidosis but not in healthy people
or patients with other diseases. The inflammatory response in sarcoidosis involves many
activated T cells and macrophages [33], with a pattern of cytokine production in the lungs

Propionibacterium acnes as a Cause of Sarcoidosis
http://dx.doi.org/10.5772/55073

15



Figure 10. Some of the small round bodies detected by the PAB antibody (green arrows) were observed in lymphatic endothelial cells adjacent to 
sarcoid granulomas of the lymph node. 

5.3. Hamazaki-Wesenberg bodies 

Hamazaki-Wesenberg (HW) bodies frequently appear in sarcoid lymph nodes although these bodies are not specific to sarcoidosis 
[29-31]. The large-spheroidal acid-fast bodies, HW bodies, which were found in 50% of sarcoid and 15% of non-sarcoid lymph node 
samples, reacted with both PAB and TIG antibodies. Electron microscopy revealed that these HW bodies had a single bacterial 
structure and lacked a cell wall with occasional protrusions from the body (Figure 11). Immunoelectron microscopy revealed that 
the immunoreactive products of the PAB antibody and TIG antibody were differentially distributed in the outer and inner areas of 
the HW bodies, respectively (Figure 12). The localization of cell-membrane-bound lipoteichoic acid detected by the PAB antibody 
and ribosome-bound trigger factor detected by the TIG antibody suggests that HW might not be phagolysosomally-degraded 
products of P. acnes, but rather intact forms of intracellular bacteria because the original distribution pattern (plasmalemmal and 
protoplasmic localization, respectively) of these bacterial components was preserved in terms of the morphologic structure of the 
bacterium. Furthermore, conventional electron microscopy revealed that these bodies lack a cell-wall structure and occasionally 
exhibit protrusions from the body that appear to be yeast-like proliferating features (not mitotic, but sprouting or branching), 
characteristic of cell-wall-deficient (L-form) bacteria (Figure 9). HW bodies may be cell-wall-deficient P. acnes. 

 

Figure 11. Hamazaki-Wesenberg (HW) bodies in sarcoid lymph nodes. HW bodies are large and spheroidal in shape with a yellow-brown color, as 
indicated by the green arrow, with hematoxylin and eosin staining (a). These bodies are strongly acid-fast with Fite staining (b). HW bodies with 
one-by-one protrusions (c), as indicated by black arrows, are rarely found in sinus macrophages of sarcoid lymph nodes. 

 

Figure 12. Immuno-electron-microscopic analysis with PAB and TIG antibodies suggests HW bodies may be cell-wall-deficient P. acnes. 

5.4. Intracellular proliferation of P. acnes  

Histopathologic analysis with the PAB antibody led us to formulate a hypothesis for the mechanism of granuloma formation in 
sarcoidosis (Figure 13). P. acnes causes latent infection and persists in macrophages. HW bodies are dormant and cell-wall-deficient 

Figure 11. Hamazaki-Wesenberg (HW) bodies in sarcoid lymph nodes. HW bodies are large and spheroidal in shape
with a yellow-brown color, as indicated by the green arrow, with hematoxylin and eosin staining (a). These bodies are
strongly acid-fast with Fite staining (b). HW bodies with one-by-one protrusions (c), as indicated by black arrows, are
rarely found in sinus macrophages of sarcoid lymph nodes.

5μm

5μm

cell-membrane-bound lipoteichoic acid

ribosome-bound trigger factor protein

PAB antibody

TIG antibody

L-form structure HW bodies

Figure 12. Immuno-electron-microscopic analysis with PAB and TIG antibodies suggests HW bodies may be cell-wall-
deficient P. acnes.

Sarcoidosis14

Dormant (latent)

activation Th1 response

Environmental factor Host factorHW body

Infective (activated)

small round bodies   

Granuloma formation

Figure 13. Hypothesized mechanism of sarcoid granuloma formation caused by P. acnes. Intracellular proliferation of
P. acnes in macrophages triggers granuloma formation in patients with hypersensitivity to this indigenous bacterium.

5.5. Histopathological diagnosis of sarcoidosis by the PAB antibody

The PAB antibody seems to be appropriate for detecting cell-wall-deficient P. acnes because an
epitope of lipoteichoic acid detected by this antibody is more exposed in cell-wall-deficient
forms than in conventional forms of the bacterium. The high frequency and specificity of P.
acnes detected by the PAB antibody within sarcoid granulomas suggests an etiologic link
between sarcoidosis and this indigenous bacterium. The PAB antibody may be useful for
diagnosing sarcoidosis caused by P. acnes, when the reactivity is detected in idiopathic
granulomas (Figures 14, 15). The TIG antibody seems to be appropriate for detecting latent
forms of P. acnes because increased expression of the trigger-factor protein is found only in the
HW bodies. The trigger-factor protein is a molecular chaperone, like some heat-shock proteins,
and either overproduction or depletion of the trigger-factor protein causes filamentation
indicative of cell division defects. Increased expression of the trigger-factor protein in HW
bodies might be necessary to sustain the latent phase of intracellular persistent bacterium.

6. Host factor

Host factors may be more critical than agent factors in the etiology of sarcoidosis, as suggested
by the Kveim test phenomenon [32], in which an intracutaneously injected suspension of
sarcoid tissue causes sarcoid granulomas in patients with sarcoidosis but not in healthy people
or patients with other diseases. The inflammatory response in sarcoidosis involves many
activated T cells and macrophages [33], with a pattern of cytokine production in the lungs
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Figure 14. A lung sample with many epithelioid cell granulomas with central eosinophilic necrosis. This case required
differential diagnosis from tuberculosis although the specimen contained no acid-fast bacilli and the clinical data of
the patient suggested sarcoidosis.

Figure 15. Immunohistochemistry with the PAB antibody for the specimen shown in Figure 14 revealed positive reac‐
tion products (green arrows) within granulomas accompanied by central eosinophilic necrosis.
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consistent with a helper T-cell type 1 (Th1) immune response triggered by undefined antigen(s)
[34]. If a propionibacterium caused a particular case of sarcoidosis, it is likely that an antigen
arising from the bacterium gave rise to a Th1 immune response in the subject.

6.1. Hypersensitivity to P. acnes antigens

Ebe and colleagues searched for propionibacterial  antigens that evoked cellular immune
responses only in patients with sarcoidosis [11]. For this purpose, a λgt11 genomic DNA library
of P. acnes was screened with sera from patients with sarcoidosis, because high levels of serum
antibodies against the antigen usually accompany such an immune response. Of 180,000 plaques
screened, 2 clones coded for an identical recombinant protein, RP35, recognized by sera. RP35,
a recombinant protein of 256 amino acid residues with a calculated molecular mass of 28,133 Da,
is a fragment (the C-terminal region) of the P. acnes trigger factor, which has 529 amino acid
residues and a calculated molecular mass of 57,614 Da. The C-terminal sequence (Asp-463 to
Lys-529) seems to be unique to P. acnes, with no similarity to sequences of other bacterial proteins
deposited in the Swiss-Prot database. Conformational analysis of the Ser-491 to Lys-529 region
at the C terminus revealed it to be highly antigenic. RP35 caused sarcoidosis-specific prolifera‐
tion of peripheral blood mononuclear cells (PBMCs) from 9 (18%) of 50 patients with sarcoido‐
sis (Figure 16). The same study established that serum levels of IgG and IgA antibodies to RP35
are high in patients with sarcoidosis and other lung diseases. In bronchoalveolar lavage (BAL)
fluid, IgG and IgA antibody levels were high in 7 (18%) and 15 (39%), respectively, of 38 patients
with sarcoidosis, and in 2 (3%) and 2 (3%), respectively, of 63 patients with other lung diseas‐
es. The results of the study suggested that this antigen from P. acnes is responsible for the formation
or maintenance of granulomas in some patients with sarcoidosis.
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of the 32 control samples.
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Recently, Furusawa et al [35] reported that interleukin-2 secretion from PBMCs after stimula‐
tion with viable P. acnes is higher in patients with sarcoidosis than in control subjects. Inter‐
leukin-2 and interleukin-12 mRNA expression of PBMCs after stimulation with P. acnes is also
higher in patients with sarcoidosis than in control subjects. In contrast, interleukin-17 mRNA
expression of PBMCs is lower in patients with sarcoidosis than in control subjects. The
responses of the two groups to stimulation with M. tuberculosis antigens such as Bacille de
Calmette et Guérin (BCG) or ESAT-6 recombinant protein were not significantly different.
Sarcoidosis may arise from an imbalance of Th1/Th17 immune responses to viable P. acnes.

Additional evidence of the hypersensitivity of sarcoid patients to P. acnes was obtained in
studies of BAL cells. When stimulated with a crude extract of P. acnes with pyridine, BAL cells
from patients with sarcoidosis proliferated more than BAL cells from healthy subjects or from
patients with lung cancer [36]. Interleukin-2 production and interleukin-2 receptor expression
of BAL cells stimulated by the P. acnes antigen was greater in sarcoidosis patients than in
healthy subjects or patients with other lung diseases [37]. P. acnes DNA was detected in BAL
cells from 21 (70%) of 30 sarcoid patients and 7 (23%) of 30 control patients with other lung
diseases [38]. In situ signals of P. acnes DNA were detected in the cytoplasm of a few alveolar
macrophages among the BAL cells from sarcoid patients, but from no other kinds of BAL cells,
including alveolar lymphocytes and neutrophils. Gallium-67 uptake by lung parenchyma was
found in about half of the 30 sarcoid patients with P. acnes DNA, but in none of the other sarcoid
patients [38].

6.2. NOD1 gene polymorphism

Mutations in the related NOD2 gene predispose patients to granulomatous diseases, including
Crohn’s disease [39], Blau syndrome [40], and early-onset sarcoidosis [41]. Although Blau
syndrome and early-onset sarcoidosis are reported to share identical NOD2 mutations, no
association has been reported between NOD2 and sarcoidosis [42]. NOD1 shares many
structural and functional similarities with NOD2. Tanabe et al found that intracellular P.
acnes activates NF-κB in both an NOD1- and NOD2-dependent manner [43]. A systematic
search for NOD1 gene polymorphisms in Japanese sarcoidosis patients identified two alleles,
796G-haplotype (156C, 483C, 796G, 1722G) and 796A-haplotype (156G, 483T, 796A, 1722A).
Allelic discrimination of 73 sarcoidosis patients and 215 healthy individuals showed that the
frequency of the 796A-type allele is significantly higher in sarcoidosis patients and the odds
ratios (ORs) are significantly elevated in NOD1-796G/A and 796A/A genotypes (OR [95% CI]
= 2.250 [1.084, 4.670] and 3.243 [1.402, 7.502], respectively) as compared to the G/G genotype,
showing an increasing trend across the 3 genotypes (P = 0.006 for trend). Functional studies
indicated that the NOD1 796A-allele is associated with reduced expression leading to dimin‐
ished NF-κB activation in response to intracellular P. acnes (Figure 17).

P. acnes has been studied for its role in immunomodulation with the conclusion that Toll-like
receptor 2 (TLR2), TLR4, and TLR9 mediate the effects of P. acnes infection [44, 45]. These
studies, however, only investigated non-invasive P. acnes. TLRs are likely to serve as first-line
receptors for P. acnes, but NOD proteins might play a major role in a subsequent phase of
intracellular infection. NOD1 was recently reported to be a critical regulator of beta-defensin-2

Sarcoidosis18

during Helicobacter pylori infection [46]. It is possible that impaired expression of beta-defen‐
sin-2 through 796-A NOD1 due to a reduced ability to induce NF-κB enables P. acnes to survive
and persist intracellularly, leading to the pathogenesis of sarcoidosis.

7. Experimental models

In experimental animals, granulomatous lesions can be induced by P. acnes. A single intrave‐
nous injection of P. acnes into mice leads to the development of many granulomas in the liver
[47-49], but not in the lungs. Pulmonary granulomas can be induced, however, by an intrave‐
nous injection of P. acnes into sensitized rats [50] and rabbits [51]. In these two studies of
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Figure 17. Functional studies (lower panel) revealed that intracellular P. acnes activates NF-κB in a NOD1-dependent
manner and the NOD1 796A-allele predominant in sarcoidosis patients causes diminished NF-κB activation in re‐
sponse to intracellular P. acnes. Western blot analysis (upper panel) shows reduced expression of the NOD1 796A-al‐
lele.
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experimental pulmonary granulomas, heat-killed P. acnes was used as a sensitizer, and a
challenge by a single intravenous injection of the bacterium was essential for granulomas to
form in the lungs.

7.1. Pulmonary granulomatosis caused by sensitization with P. acnes antigens

P. acnes trigger factor protein (RP35) or heat-killed P. acnes causes pulmonary granulomas in
some (25%-57%) mice sensitized with the protein and complete Freund’s adjuvant (CFA) [52].
An intravenous injection of P. acnes as a challenge was not essential for granulomas to form in
the lungs. Granulomas were scattered throughout the lungs, especially in subpleural areas
(Figure 18). The granulomas were composed of a core of epithelioid cells intermingled with a
few and surrounded by many mononuclear cells. The detection frequency of pulmonary
granulomas did not differ significantly between mice sensitized with the RP35 or heat-killed
P. acnes.

Figure 18. A non-caseating epithelioid cell granuloma observed in a mouse with experimental pulmonary granuloma‐
tosis induced by sensitization with P. acnes trigger factor protein and adjuvant.

This experimental protocol may provide a satisfactory model of sarcoidosis. First, hypersen‐
sitivity to P. acnes trigger factor, such as has been experimentally induced, has been reported
in some patients with sarcoidosis. Second, situations resembling intravenous challenge with
P. acnes are rare in humans, and sarcoidosis can start in asymptomatic persons without
evidence of septicemia.

Experimental models of allergic diseases, such as encephalomyelitis [53], thyroiditis [54], and
orchitis [55] have been produced by immunizing animals with self-antigens (myelin basic
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protein, thyroglobulin, and testicular homogenate, respectively) emulsified in CFA, which is
essential for the experiment. Autoimmune inflammatory lesions are induced in this way only
in the organs from which the self-antigens used for the sensitization originated. In the animal
model of sarcoidosis, sensitization of mice with P. acnes trigger factor protein or heat-killed P.
acnes in CFA induces granulomatous inflammation confined to the lungs. This finding suggests
that such antigens from P. acnes exist in the lungs of mice even before the experiment.

Similar to the results obtained by bacterial culture of human samples from lung and lymph
nodes, P. acnes was cultured from the lungs, liver, and lymph nodes from some of the untreated
normal mice, and culture was most often successful with the lungs. There was an unexpected
concordance in the rate (33%) of culture from normal lungs and the frequency of detection of
pulmonary granulomas in mice sensitized with the trigger factor protein. The concordance
suggests that mice without granulomas may have been free from P. acnes in the normal
indigenous flora of their lungs before and during the experiment.

Using the same experimental protocol with rabbits bred in a conventional environment, rabbits
sensitized with the P. acnes trigger factor antigen developed more severe and diffuse pulmo‐
nary granulomatosis than did sensitized mice. In fact, the severe granulomatous inflammation
that developed could even be identified macroscopically (Figure 19, 20). Th1 immune response
to the P. acnes trigger factor protein might have caused pulmonary granulomas at the sites of
P. acnes infection. Indeed, the administration of antibiotics (azithromycin in mice and mino‐
cycline in rabbits) before and during the experiments prevented granuloma formation in these
experimental models (Figure 21).

Figure 19. Cut sections of the lungs from a rabbit with experimental pulmonary granulomatosis induced by sensitiza‐
tion with P. acnes trigger factor protein and adjuvant. Whitish lesions are distributed throughout and are especially
prominent in the subpleural and interlobular areas.
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Figure 20. Histologic features of experimental pulmonary granulomatosis of the rabbit shown in Figure 19. Multiple
non-caseating epithelioid cell granulomas are accompanied by surrounding lymphoid cell infiltration with alveolitis.
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Figure 21. Prevention of pulmonary granulomatosis in mice and rabbits sensitized with P. acnes trigger factor (TIG)
antigen by administration of antibiotics before and during the experiments.

7.2. Mechanism of granuloma formation in the experimental models

Nishiwaki et al further examined the mechanism of pulmonary granulomatosis caused by
sensitization of heat-killed P. acnes [56], using a similar experimental protocol as used in a
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previous study [52]. In the study, P. acnes was identified in normal murine alveolar cells by
immunostaining with a P. acnes-specific monoclonal antibody (PAB antibody). P. acnes was
taken up by lung cells, and the P. acnes-bearing cells expressed F4/80 rather than CD11c or
DEC205, consistent with the ability of macrophages to phagocytose and deliver antigens to
dendritic cells in the lung. As far away as the end of the airway, airborne organisms are
impacted and eliminated by mechanical defenses, including mucocilliary clearance and
coughing. Nevertheless, a small number of P. acnes might escape this system and reside on the
alveolar surface. P. acnes genomes were detected in normal pulmonary lymph nodes as well
as the lungs, and lymphocytes from lymph nodes showed P. acnes-specific proliferation,
suggesting that these cells had already been exposed to P. acnes by lung-derived antigen-
presenting-cells and had established a memory response. Additionally, these results indicate
that P. acnes were continuously transported to pulmonary regional lymph nodes in the steady
state. Because of this constant delivery of antigens to the pulmonary lymph nodes for a long
period, the small number of indigenous P. acnes in the normal lung would be enough to
produce a specific immune response, but not for the formation of a steady-state granuloma.
Although mycobacterial, atypical mycobacterial, and other propionibacterial antigens are
potential candidate endogenous microorganisms that trigger pulmonary granuloma forma‐
tion, genomic analyses revealed an absence of these organisms in the lungs of specific-
pathogen-free C57BL/6 mice.

The  adoptive  transfer  of  P.  acnes-sensitized  lymph  node  CD4+  T  cells  into  naïve  mice
resulted in granulomatous changes in the lung, indicating that extrapulmonary lymph node
CD4+  T  cells  primed  with  P.  acnes  can  interact  with  pulmonary  resident  cells  via  the
circulation and induce granuloma formation in the normal lung. It was therefore hypothe‐
sized that a continuous supply of P. acnes-sensitized T cells should lead to chronic pulmo‐
nary granuloma formation, and consequently we performed continuous remote sensitization
of  normal  mice  with  P.  acnes.  These  mice  exhibited  distinct  pulmonary  granulomas,
distributed in lymph-rich spaces such as  the subpleural,  peribronchial,  and perivascular
areas,  and had typical  cellular  components  of  granuloma and preferential  Th1 cytokine
expression. These features are similar to those of pulmonary sarcoidosis. In addition, the
ratio of CD4 to CD8 BAL lymphocytes was elevated in the group immunized twice, and
serum calcium levels were also increased. Thus, the characteristics of this P. acnes-immuni‐
zation model, without any direct exposure of antigen to the lung, showed several similari‐
ties to those of sarcoid patients.

That study also examined whether changes in the number of pre-existing P. acnes cells in the
lung affected pulmonary granuloma formation. As expected, preloading of P. acnes exacer‐
bated pulmonary disorders, whereas reduction of the P. acnes population by antimicrobial
treatment reduced the pulmonary lesions. These findings suggest a pivotal role of normally
localized P. acnes in the formation of pulmonary granuloma by extrapulmonary P. acnes
sensitization, as well as the potential clinical usefulness of antimicrobial eradication targeting
lung-indigenous P. acnes for the treatment of pulmonary granulomatosis induced by similar
pathogenesis.
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Figure 20. Histologic features of experimental pulmonary granulomatosis of the rabbit shown in Figure 19. Multiple
non-caseating epithelioid cell granulomas are accompanied by surrounding lymphoid cell infiltration with alveolitis.
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Figure 21. Prevention of pulmonary granulomatosis in mice and rabbits sensitized with P. acnes trigger factor (TIG)
antigen by administration of antibiotics before and during the experiments.

7.2. Mechanism of granuloma formation in the experimental models

Nishiwaki et al further examined the mechanism of pulmonary granulomatosis caused by
sensitization of heat-killed P. acnes [56], using a similar experimental protocol as used in a
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8. Etiology of sarcoidosis

In the past, once the germ theory of disease was accepted, microbes were considered to be
pathogens if they met the stipulations of Koch’s postulates. Although there are many microbes,
however, most human infections are caused by only a few. Some microbes have been classified
as pathogens although they do not cause disease in every host. In addition, some microbes
have been classified as nonpathogenic although they cause disease in certain hosts. For these
reasons, in a redefinition of the concepts of virulence and pathogenicity of microbes, Casade‐
vall and Pirofski suggested a classification system for pathogens based on their ability to cause
damage as a function of the host’s immune response [57]. Koch’s postulates for exogenous
infection cannot be applied to diseases caused by endogenous bacteria. Endogenous infection
is a disease caused by indigenous microorganisms. According to the classification system
suggested by Casadevall and Pirofski, endogenous infection, which does not cause any lesions
under normal immune conditions, can be classified into three major categories (Figure 22).
Opportunistic infections, such as pneumocystis carinii pneumonia, are well known to be
associated with immunodeficiency in AIDS patients. Combination type infections, such as
Candida and Aspergillus, not only cause opportunistic infections, but may also cause hyper‐
sensitivity pneumonitis. The hypersensitivity type of endogenous infection does not cause any
tissue damage until the hypersensitive immune response is triggered. P. acnes as a cause of
sarcoidosis can therefore be classified within the group of endogenous diseases that results
from hypersensitivity.

: Normal range of immune response in healthy subjects
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Figure 22. Three major categories of endogenous infection in the classification system of diseases caused by indige‐
nous microorganisms.

8.1. Commensalism of P. acnes in the lungs and lymph nodes

P. acnes is the most common commensal bacterium in the lungs and lymph nodes from subjects
without sarcoidosis [17]. Some P. acnes is found in 20% of non-sarcoid lymph nodes by bacterial
culture [17], 15% of non-sarcoid lymph nodes by PCR [26], and 18% of non-sarcoid lung
samples, and 22% of non-sarcoid lymph node samples by immunohistochemistry [28].
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Occasional detection of intracellular P. acnes in non-granulomatous areas of the lungs and
lymph nodes from non-sarcoid patients suggests that latent infection and endogenous
reactivation of this indigenous bacterium occurs in these organs, even in patients without
sarcoidosis. Sarcoidosis involves many organs, and the lungs and mediastinal lymph nodes
are involved at the highest frequency [58]. Commensalism of P. acnes in these organs may
explain why they are frequently involved in sarcoidosis.

8.2. Mechanism of granuloma formation in sarcoidosis

P. acnes, indigenous low-virulence bacterium, can cause latent infection in the lungs and lymph
nodes and persist in a cell-wall-deficient form. This dormant form of P. acnes can be activated
endogenously under certain environmental conditions and then proliferate in cells at the site
of the latent infection. In patients hypersensitive to this endogenous bacterium, granulomatous
inflammation is triggered by intracellular proliferation of the bacterium. Some proliferating
bacteria may escape from isolation by the granuloma and spread to other organs via the lymph
and blood streams. The spread of infective P. acnes might cause a new latent infection in
systemic organs, such as eyes, skin, and heart. Latent infection established in certain systemic
organs will be reactivated simultaneously by the next triggering event, resulting in the onset
of systemic sarcoidosis (Figure 23).
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Figure 23. Hypothesized mechanism of systemic sarcoid granuloma formation caused by P. acnes.

Intracellular proliferation of P. acnes triggered by endogenous activation of latent infection might
lead to the spread of the infectious P. acnes, giving rise to a new latent infection even within the
same organ. As long as such latent infection is inadequately eradicated by the host defense
mechanism of granuloma formation, the process will be repeated anytime reactivation occurs
under the requisite environmental conditions. Relapsing sarcoidosis causes repetitive acute
inflammation and post-inflammatory scars in the affected organs, which results in the progres‐
sion of sarcoidosis through tissue damage and functional disorder in the affected organ.
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Sarcoidosis is most likely the result of a complex interaction between infection, immunity, and
allergic reaction (Figure 24). There are three conditions essential to the development of
sarcoidosis caused by P. acnes: 1) latent infection with cell-wall-deficient P. acnes, 2) endoge‐
nous activation of dormant P. acnes triggered by certain environmental factors, and 3) a
hypersensitive Th1 immune response towards the intracellular proliferation of P. acnes. The
formation of sarcoid granulomas might be induced by a Th1 immune response to one or more
antigens of P. acnes proliferating in the affected organ or tissue in an individual with a
hereditary or acquired abnormality of the immune system.
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Figure 24. Sarcoidosis caused by P. acnes with a complex interaction of latent infection, endogenous activation, and
host hypersensitivity.

8.3. Pathogenesis shared by sarcoidosis and tuberculosis

Tuberculosis shares many common features with sarcoidosis, not only their histopathologic
features, but also aspects of their pathogenesis. Many tuberculosis cases arise from the
endogenous activation of latent tuberculosis infection. Primary M. tuberculosis infection
usually occurs in childhood and produces lesions termed the “primary complex”, which is a
combination of lesions in the lung and lung hilar lymph nodes. Around 90% of subjects with
primary infection by M. tuberculosis exhibit a so-called “unapparent infection”, i.e., they are
asymptomatic. Latent infection by this pathogen is characterized by healed lesions comprising
consolidated scar tissue or necrotic lesions that often becomes calcified. The persistent
mycobacteria in this dormant phase are thought to be cell-wall-deficient. Active tuberculosis
occurs when the latent mycobacterial infection is endogenously activated under certain
environmental conditions, especially in older people. The risk for activation is also significantly
increased by immunosuppressive triggers, such as HIV infection and diabetes. Recent
immunologic data provide evidence of latent tuberculosis in about one-third of the global
population, which corresponds to more than 2 billion individuals [59].

Endogenous reactivation of latent bacteria is well known to occur in tuberculosis, which shares
many common features with sarcoidosis, not only the histopathologic features, but also the
pathogenic features. Many cases of adult tuberculosis are caused by endogenous activation of
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latent tuberculosis infection [59, 60]. Tuberculosis and sarcoidosis are side effects of the anti-
tumor necrosis factor-α drugs administered to patients with rheumatoid arthritis [61, 62]. Anti-
tumor necrosis factor-α treatment is thought to reactivate latent tuberculosis infection [63]. In
the same manner, latent P. acnes might be reactivated by anti- tumor necrosis factor-α treat‐
ment, resulting in sarcoidosis in certain susceptible subjects among these patients.

9. Treatment of sarcoidosis

Immunosuppressive, mainly corticosteroidal, therapy has been used for sarcoidosis for more
than 50 years, but the long-term effects of steroidal treatment in chronic sarcoidosis are still
disputed [3], Further, the high relapse rate after treatment and the side effects of long-term use
are often a clinical challenge [64]. Steroids suppress the allergic reaction, thereby providing
therapeutic effects. Interference of the inflammatory process by these immunosuppressive
drugs, however, may impede the formation of granulomas, which function to curtail the
spread of P. acnes infection.

9.1. Strategy for treating sarcoidosis caused by P. acnes

Antibiotics not only kill the bacteria proliferating in cells, but also prevent the endogenous
activation of latent bacteria. Long-term administration of antibiotics may therefore be effective
for patients with progressive sarcoidosis by preventing inflammatory relapses caused by
reactivation of the latent bacteria (Figure 25). If latent bacterial infection persisting in organs
can be eradicated by treatment with antibiotics, complete remission of sarcoidosis may be
achieved. Complete eradication of latent bacteria might be difficult to achieve through the
conventional use of antibiotics, however, as in the case of pulmonary tuberculosis.
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Figure 25. Strategy for treating sarcoidosis caused by P. acnes.
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for patients with progressive sarcoidosis by preventing inflammatory relapses caused by
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achieved. Complete eradication of latent bacteria might be difficult to achieve through the
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Figure 25. Strategy for treating sarcoidosis caused by P. acnes.
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Another approach for treating sarcoidosis is specific suppression of the hypersensitivity to P.
acnes antigens responsible for granuloma formation, such as the trigger factor protein. Recent
advances in the modulation of epitope-specific immune responses by synthetic peptides might
help to improve the treatment of sarcoidosis.

9.2. Tetracyclines for treating sarcoidosis

Minocycline is the first-choice antibiotic for patients with acne vulgaris caused by P. acnes. In
an observational study, Bachelez and colleagues [65] reported the possible benefits of tetra‐
cyclines, to which P. acnes is sensitive, for the treatment of chronic forms of cutaneous
sarcoidosis. The authors treated 12 patients with biopsy-proven cutaneous sarcoidosis with
200 mg daily minocycline over a median 12-month period. With a median follow-up of 26
months, the authors noted complete and partial responses to treatment in 8 and 2 patients,
respectively. The mean time to reach a maximal response was 3.2 months. Of the 8 patients
who had a complete response, minocycline could be withdrawn in 7 patients, 3 of whom
experienced recurrent lesions and received further treatment with 200 mg daily doxycycline.
Complete remission was maintained for a mean of 15.3 months. Regression of pulmonary
infiltrates and mediastinal lymphadenopathy was noted in the 2 patients with concurrent
pulmonary involvement.

The results of a nationwide questionnaire survey, performed by a Japanese research group in
2005 (reported in Japanese), indicated that antibiotic therapy was effective in 43% of 87 patients
with sarcoidosis treated with many kinds of antibiotics, including minocycline, doxycycline,
and clarithromycin. Baba and colleagues [66] used minocycline and clarithromycin for therapy
against worsening of multiple endobronchial mass lesions, given the possible roles of P.
acnes in the pathophysiology of sarcoidosis and the uncertainty of the long-term effects of
corticosteroids. The lesions were worsening before the antibiotic therapy was initiated, so the
improvements appeared to be due to the therapy. Park and colleagues [67] reported the first
case of ocular and ocular adnexal sarcoidosis treated with minocycline. The patient in this
report demonstrated a complete and recurrence-free response of lacrimal gland and choroidal
lesions as well as parotid granulomas and pulmonary infiltrates after 3 months of minocycline
therapy. Miyazaki and colleagues [68] reported the regression of nodular lesions of muscular
sarcoidosis during minocycline treatment with decreased levels of angiotensin-converting
enzyme, lysozyme, and soluble interleukin-2 receptor. The effectiveness of minocycline for
muscular sarcoidosis in this case was confirmed when a prompt response to the minocycline
therapy was repeatedly observed.

Based on the studies described in this section, the antimicrobial properties of tetracyclines are
effective for treating sarcoidosis. Many researchers, have questioned the antimicrobial role of
tetracyclines because tetracyclines also have anti-inflammatory properties, which were
demonstrated by in vitro studies and corroborated by clinical trials. Tetracycline suppresses
neutrophil migration and chemotaxis [69], and minocycline inhibits T-lymphocyte activation
and proliferation [70]. Both minocycline and doxycycline obviate granuloma formation in vitro
[71]. Although it remains controversial whether these antibiotics kill microbes or have only an
anti-inflammatory effect, the mechanisms of sarcoid granuloma formation caused by P.
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acnes proposed in this chapter suggest that these antibiotics have many roles in the process of
granuloma formation, including the events triggering granuloma formation caused by
intracellular proliferation of the bacterium.

9.3. Marshall protocol

The Marshall protocol [72] is an eradication therapy for intracellular bacteria established by
Dr. Trevor Marshall. This therapeutic protocol is a combination of minocycline plus azithro‐
mycin or clindamycin, supported by the use of an angiotensin receptor blocker to prevent
Herxheimer reactions. According to the results published by the Autoimmunity Research
Foundation in 2006, this therapy is effective in 62% of patients with sarcoidosis. Information
about the treatment can be found at the study site, marshallprotocol.com and also at autoim‐
munityresearch.org.
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200 mg daily minocycline over a median 12-month period. With a median follow-up of 26
months, the authors noted complete and partial responses to treatment in 8 and 2 patients,
respectively. The mean time to reach a maximal response was 3.2 months. Of the 8 patients
who had a complete response, minocycline could be withdrawn in 7 patients, 3 of whom
experienced recurrent lesions and received further treatment with 200 mg daily doxycycline.
Complete remission was maintained for a mean of 15.3 months. Regression of pulmonary
infiltrates and mediastinal lymphadenopathy was noted in the 2 patients with concurrent
pulmonary involvement.

The results of a nationwide questionnaire survey, performed by a Japanese research group in
2005 (reported in Japanese), indicated that antibiotic therapy was effective in 43% of 87 patients
with sarcoidosis treated with many kinds of antibiotics, including minocycline, doxycycline,
and clarithromycin. Baba and colleagues [66] used minocycline and clarithromycin for therapy
against worsening of multiple endobronchial mass lesions, given the possible roles of P.
acnes in the pathophysiology of sarcoidosis and the uncertainty of the long-term effects of
corticosteroids. The lesions were worsening before the antibiotic therapy was initiated, so the
improvements appeared to be due to the therapy. Park and colleagues [67] reported the first
case of ocular and ocular adnexal sarcoidosis treated with minocycline. The patient in this
report demonstrated a complete and recurrence-free response of lacrimal gland and choroidal
lesions as well as parotid granulomas and pulmonary infiltrates after 3 months of minocycline
therapy. Miyazaki and colleagues [68] reported the regression of nodular lesions of muscular
sarcoidosis during minocycline treatment with decreased levels of angiotensin-converting
enzyme, lysozyme, and soluble interleukin-2 receptor. The effectiveness of minocycline for
muscular sarcoidosis in this case was confirmed when a prompt response to the minocycline
therapy was repeatedly observed.

Based on the studies described in this section, the antimicrobial properties of tetracyclines are
effective for treating sarcoidosis. Many researchers, have questioned the antimicrobial role of
tetracyclines because tetracyclines also have anti-inflammatory properties, which were
demonstrated by in vitro studies and corroborated by clinical trials. Tetracycline suppresses
neutrophil migration and chemotaxis [69], and minocycline inhibits T-lymphocyte activation
and proliferation [70]. Both minocycline and doxycycline obviate granuloma formation in vitro
[71]. Although it remains controversial whether these antibiotics kill microbes or have only an
anti-inflammatory effect, the mechanisms of sarcoid granuloma formation caused by P.
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acnes proposed in this chapter suggest that these antibiotics have many roles in the process of
granuloma formation, including the events triggering granuloma formation caused by
intracellular proliferation of the bacterium.

9.3. Marshall protocol

The Marshall protocol [72] is an eradication therapy for intracellular bacteria established by
Dr. Trevor Marshall. This therapeutic protocol is a combination of minocycline plus azithro‐
mycin or clindamycin, supported by the use of an angiotensin receptor blocker to prevent
Herxheimer reactions. According to the results published by the Autoimmunity Research
Foundation in 2006, this therapy is effective in 62% of patients with sarcoidosis. Information
about the treatment can be found at the study site, marshallprotocol.com and also at autoim‐
munityresearch.org.
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1. Introduction

Sarcoidosis is a chronic systemic disorder of an unknown etiology and it is characterized by
the presence of noncaseating granulomas in multiple organs. The granulomatous leison
affected by sarcoidosis is marked by the accumulation and activation of CD4+ helper T (Th)
cells with the Th1 phenotype and monocytes/macrophages, which suggest that a Th1-type
immune response plays a dominant role in the disease pathogenesis [1]. For example, the
important roles for IFN-γ and IL-12 were found in sarcoid lung [2], and a genome-wide gene
expression analysis of sarcoid lund tissues identified signal transducer and activator of
transcription-1 gene (STAT1) as one of the dominant network genes most highly expressed in
the sarcoidosis group [3].

IFN-α is known to be a potent stimulator of Th1 immune response, and increased type I IFN
signaling has been implicated in a number of autoimmune diseases such as systemic lupus
erythematosus (SLE) [4]. On the other hand, type I IFN has been used to treat a variety of
diseases, including chronic hepatitis C (HCV) infection. However, due to its immunomedu‐
latory effects, it has also been reported to induce several autoimmune and/or inflammatory
disorders [5]. Notably, an increasing number of sarcoidosis has been reported in chronic HCV
patients who received type I IFN therapy [6, 7]. In some cases, the sarcoid lesions improved
following dose reduction or cessation of the therapy, suggesting the importance of type I IFN
in the disease development. Moreover, from a genetic standpoint, we recently showed an
association between polymorphisms in the IFNA gene and susceptibility to sarcoidosis [8].
Another recent study found that in an European-American population, serum type I IFN
activity was higher in sarcodosis cases as compared to matched controls [9]. In addition,
besides IFN-induced sarcoidosis, a dozen case reports of sarcidosis have also been reported in
patients treated with tumor necrosis factor (TNF) antagonists [10]. A cross-regulation between
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type I IFN and TNF-α pathways has been proposed recently. This review focuses on a potential
role of these cytokines, type I IFN and TNF-α, in the pathogenesis of sarcoidosis.

2. Cross-regulation between type I IFN and TNF-α

TNF is a pivotal pro-inflammatory cytokine produced by macrophages, activated T cells,
natural killer cells and mast cells, it can also be produced by other non-immune cells such as
endothelial cells or stromal cells [11]. Type I IFNs (IFN-α and IFN-β) can be produced by almost
every cell type, including leukocytes, fibroblasts and endothelial cells and exert antiviral and
multiple immunomodulatory activities [12].

It  is  well  accepted that  TNF plays  a  critical  role  in  the  pathogenesis  of  certain  autoim‐
mune diseases such as rheumatoid arthritis (RA), whereas there is growing evidence that
IFN-α plays a pivotal role in another set of autoimmune diseases such as SLE [13].  The
elevated levels of type I IFN activity in SLE patient sera has been confirmed in the 1980s
[14, 15], and it was subsequently shown that overexpression of type I IFN-induced genes,
called IFN signature, was a common dominant pattern in human SLE [16]. The role of type
I IFN in SLE was further confirmed in the studies demonstrating induction of lupus-like
disease during IFN therapy [17].

Recently, anti-TNF agents are found to be associated with the development of drug-induced
lupus (DIL) as well. Indeed, a titer of anti-dsDNA antibodies has been found up to 15% of RA
patients on anti-TNF therapy [18]. Postmarketing studies on the three anti-TNF drugs have
suggested an estimated incidence of DIL of 0.1-0.4% (about 0.2%) [19, 20]. Another intriguing
side effect of TNF blockade is the induction of psoriasis-like disease in 3 to 5% of arthritis
patients without pre-existing psoriasis, which was also unexpected and paradoxical adverse
effect considering the excellent clinical response of psoriasis to TNF blockade [21]. This side
effect and the lupus-like syndrome observed in a part of patients undergoing therapy with
TNF antagonists led to us hypothesize that TNF might actually act as an antagonist of the type
I IFN pathway, further proposing cross-regulation between TNF-α and type I IFN [13].

What is the mechanism of cross-regulation between IFN-α and TNF-α pathways? Recent study
demonstrated that TNF regulates IFN-α production either by inhibiting the generation of
plasmacytoid dendritic cells (pDCs), a major producer of type I IFN, from CD34+ hematopoietic
progenitors in vitro or by inhibiting virus-induced IFN-α release by PBMCs. In addition,
neutralization of endogenous TNF sustained IFN-α secretion by pDCs [13]. Also, TNF can
induce the differentiation of the potent IFN-α-secreting immature pDCs to become mature
pDCs [22], which may cause downregulation of IFN-α production [23, 24]. These might explain
why a deficiency in TNF related to treatment with anti-TNF inhibitors can trigger a syndrome
that shares a number of features with SLE.

The relative balance between IFN-α and TNF-α has been also studied genetically and ethni‐
cally. In the study showing serum levels of TNF-α and IFN-α in sarocoidosis, significant
differences in cytokine levels were found between sarcoidosis patients of different ancestral

Sarcoidosis36

backgrounds [9]. In this study, African-Americans had higher TNF-α levels than European-
American patients or matched controls, and patients with neurologic disease had significantly
higher TNF-α than patients lacking this manifestation. In a European-American population,
serum type I IFN activity was higher in sarcoidosis cases as compared to matched controls,
and patients with extra-pulmonary disease represented a high serum IFN group [9]. This study
demonstrated ancestral and subphenotype correlations with serum cytokine levels in patients
with sarcoidosis. On the other hand, however, in patients with SLE, serum TNF-α levels were
high in many SLE patients, and the high serum TNF-α levels were positively correlated with
high serum IFN-α levels across different ancestral backgrounds [25]. A genetic association
study demonstrated that the PTPN polymorphism was associated with skewing of cytokine
profiles toward higher IFN-α activity and lower TNF-α levels in vivo in patients with SLE.
Moreover, in untreated patients with juvenile dermatomyositis (JDM), serum IFN-α levels was
shown to be associated with the TNF-α G-308A promoter polymorphism [26]. In sarcoidosis,
the presence of a TNF-α -308A variant allele was also reported to be associated with the
susceptibility to and risk of sarcoidosis [27, 28].

While some studies suggest cross-regulation between IFN-α and TNF-α, not all studies of
autoimmune diseases fit this model. As in the example above, a positive correlation between
serum IFN-α and TNF-α in SLE was observed [25]. In JDM, the TNF-α -308A allele that has
been linked to higher TNF-α production [29] was associated with increased serum IFN-α levels
[26, 30]. In addition, besides known up-regulation of TNF-α in RA synovium, the increased
expression of type I IFN has been also reported in the synovium of patients with RA [31].
Therefore, it is likely that cross-regulation of IFN-α and TNF-α in humans may be more
complex.

In clinical settings, systemic juvenile arthritis treated with TNF antagonists display increased
transcription of IFN-α-regulated genes in their blood leukocytes compared with untreated
patients [13]. Further analysis revealed that infliximab (IFX) treatment induced an upregula‐
tion of the type I IFN genes in RA compared with untreated patients, whereas type I IFN
response genes were not affected in patients with a good response to TNF-α blockade [32]. In
addition, TNF-α blockade with etanercept (ETN), but not IFX, induced a persistent upregula‐
tion of type I IFN serum activity from 4 to 12 weeks of treatment in spondyloarthritis [33].
Similarly, in patients with Sjögren’s syndrome, a significant increase in IFN-α activity was
detected after treatment with ETN [34]. Meanwhile, in patients with inflammatory myopathies,
there was a significant increase in the type I IFN serum activity after IFX treatment without
any clinical improvement [35]. However, the relationship between type I IFN and TNF-α
appears to be complex and may be influenced by timing and disease progression.

Collectively, although there may exist the trend of a reciprocal regulation between type I IFN
and TNF-α in human autoimmunity, these studies as well as the cellular studies and experi‐
mental data indicate that the effect of TNF-α blockade on type I IFN is not universal and may
depend on the disease, the type of TNF-α blocker, as well as the clinical response to treatment
[11]. There are several hypothesis regarding cross-regulation between type I IFN and TNF-α.
The original hypothesis proposes that both cytokines can be regarded as opposite vectors and
both vectors are normally in balance. A shift towards the one arm may create a permissive
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environment for TNF-mediated inflammation (RA) or IFN-driven autoimmunity (SLE) [11].
Alternatively, type I IFN and IFN-α are influencing each other but the balance will be lost in
a pathological condition. In addition, an alternative hypothesis proposes that type I IFN plays
an important role in the initiation of autoimmunity, while the role of TNF-α increases during
the secondary effector phase of the disease [11].

3. Interferon-induced sarcoidosis

A cardinal feature of sarcoidosis is the presence of CD4+ T cells that interact with antigen-
presenting cells to initiate the formation and maintenance of glanulomas [36]. Activated
CD4+ cells differentiate into Th1-like cells and secrete predominantly IL-2 and IFN-γ. Such
cytokines maintain the activation of antigen-presenting cells such as macrophages and amplify
the local cellular immune response, establishing a vicious cycle that ultimately leads to the
formation of granulomas.

The first case of interferon-induced sarcoidosis (IIS) was reported in a patient treated with IFN-
β for advanced renal cell carcinoma in 1987 [37]. Since then, there has been an increasing
number of reports that supports a possible association between IFN therapy and the devel‐
opment or recurrence of sarcoidosis. Although the incidence of IIS is not known, the prevalence
of sarcoidosis in IFN-treated HCV patients has been reported to be rare range from 0.09% to
0.44% [38, 39]. The precise prevalence of IIS, however, may be underestimated and difficult to
assess because its clinical presentation mimics the constitutional IFN-related adverse effects
[6]. Actually, Hoffman et al. found a 5% incidence of sarcoidosis in a cohort of 60 patients who
participated in a randomized trial of IFN-α therapy for chronic HCV [40]

Basically the clinical presentation of IIS resembles that of its idiopathic counterpart. The most
commonly affected sites of involvement in IIS are skin and lungs, though many other organ
systems have also been involved such as liver, joints and heart. The lungs are the most frequent
organ affected in IIS (70%), similar but not as high as the incidence reported in typical
sarcoidosis (90%). The most frequent symptoms are dry cough and dyspnea. The second major
organ is the skin. The incidence of skin involvement appears to be much higher that reported
in natural sarcoidosis (60% versus 25%) [6, 38, 41]. The most common skin manifestation is
subcutaneous nodules, whereas erythema nodosum, reported to be the most common
cutaneous manifestation in typical sarcoidosis, is less frequently observed in IIS. On the basis
of the reported cases, IIS with cutaneous involvement can be expected to resolve within
approximately 6 months of treatment discontinuation. Its onset may vary from 2 weeks to 3
years after beginning of treatment. Men and women are equally affected [42, 43], and the mean
age of patients was approximately 50 years [39]. The majority (roughly two-thirds) of cases of
IIS arise during the first 6 months of IFN therapy, but clinical manifestations may also appear
after discontinuation of the antiviral treatment [38].

The pathophysiology of IIS is still unclear, but enhancement of Th1 immune response by type
I IFNs may play a crucial role. IFN-α has been shown to promote overexpression of MHC class
II antigens as well as upregulation of pro-inflammatory cytokines release by APCs and to
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stimulate monocytes to release IL-12. Furthermore, IFN-α, together with IL-12, can induce the
expression of the IL-12 receptor (IL-12R) β2 chain after antigen triggering [44]. In contrast to
asthma, T cells in bronchoalveolar lavage fluid in sarcoid lungs express a functional IL-12
receptor composed of both the β1 and β2 subunits [45], suggesting a role of IFN-α in sarcoid
pathogenesis. So, type I IFN stimulates the differentiation of Th1-type lymphocytes and
reduction of the activation of Th2 lymphocytes, favoring the formation of granuloma in
susceptible patients. However, among IIS, when compared to IFN-α therapy, IFN-β-accosiated
sarcoidosis is relatively rare [46].

The causal link between type I IFN and sarcoidosis is strengthened by the temporal relation‐
ship between IFN therapy and appearance of sarcoidosis, by the remission with therapy
cessation, and by the recurrence of symptoms on rechallenge with IFN. The occurrence of
sarcoidosis during monotherapy for diseases other than chronic hepatitis also supports this
relationship. Another recent study found that in an European American population, serum
IFN-α activity was higher in sarcoidosis cases as compared to matched controls [9].

Of patients with IIS, the majority of individuals (approximately 80%) received therapy for
chronic HCV infection, while sarcoidosis has also developed in association with the manage‐
ment of hepatitis B infection, multiple sclerosis, hematological and other malignant diseases.
To date, more than 80 patients cases of sarcoidosis that occurred in association with IFN-α
therapy for chronic HCV have been reported [47]. Similar to other species of viruses and
bacteria implicated in the etiology of sarcoidosis [48], some reports have suggested a potential
role for the HCV itself in the development of sarcoidosis [38, 49-51]. As chronic HCV infection
is associated with induction/stimulation of type 1 cellular immune response causing chronic
liver damage [52] as well as various immunological diseases [53-56], it is possible that the
antigenicity and viral persistence can serve as a trigger factor for the development of clinical
sarcoidosis in susceptible individuals [6]. IFN-α may act as an exacerbationg factor in this
situation.

Peginterferon (plus ribavirin) has recently been used to treat HCV infection. Pegylated IFN-
α is the result of adding a polyethylene glycol (Peg) moiety to the standard IFN-α molecule.
This modification reduces the clearance rate of the protein from the blood and extends the half-
time of IFN-α, providing a constant viral suppression which entails a more sustained virolog‐
ical response [57]. Ribavirin, a synthetic guanosine analogue, has been successfully used in
conjunction with peginterferon in the treatment of chronic HCV infection due to its ability to
inhibit RNA viral replication [58]. Although no cases of sarcoidosis that occurred with ribavirin
monotherapy have been reported, ribavirin might be a contributory factor in the development
of sarcoidosis via inhibiting Th2 cytokine response, and preserving or enhancing the Th1
immune reaction [59, 60]. This may explain why combination therapy with IFN-α and ribavirin
is more efficacious in treating HCV and, conversely, why it also may further predispose
patients to immunological disorders such as sarcoidosis [42]. Thus, enhanced clinical efficacy
of peginterferon plus ribavirin possibly results from the skewing Th1 response, favoring the
appearance of IIS with a greater likelihood than with conventional IFN-α (61).

Most patients with IIS had resolution of their disease without immunosuppressive treatment.
Half of the cases in the literature report spontaneous remission, over the course of a few
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organ is the skin. The incidence of skin involvement appears to be much higher that reported
in natural sarcoidosis (60% versus 25%) [6, 38, 41]. The most common skin manifestation is
subcutaneous nodules, whereas erythema nodosum, reported to be the most common
cutaneous manifestation in typical sarcoidosis, is less frequently observed in IIS. On the basis
of the reported cases, IIS with cutaneous involvement can be expected to resolve within
approximately 6 months of treatment discontinuation. Its onset may vary from 2 weeks to 3
years after beginning of treatment. Men and women are equally affected [42, 43], and the mean
age of patients was approximately 50 years [39]. The majority (roughly two-thirds) of cases of
IIS arise during the first 6 months of IFN therapy, but clinical manifestations may also appear
after discontinuation of the antiviral treatment [38].

The pathophysiology of IIS is still unclear, but enhancement of Th1 immune response by type
I IFNs may play a crucial role. IFN-α has been shown to promote overexpression of MHC class
II antigens as well as upregulation of pro-inflammatory cytokines release by APCs and to
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stimulate monocytes to release IL-12. Furthermore, IFN-α, together with IL-12, can induce the
expression of the IL-12 receptor (IL-12R) β2 chain after antigen triggering [44]. In contrast to
asthma, T cells in bronchoalveolar lavage fluid in sarcoid lungs express a functional IL-12
receptor composed of both the β1 and β2 subunits [45], suggesting a role of IFN-α in sarcoid
pathogenesis. So, type I IFN stimulates the differentiation of Th1-type lymphocytes and
reduction of the activation of Th2 lymphocytes, favoring the formation of granuloma in
susceptible patients. However, among IIS, when compared to IFN-α therapy, IFN-β-accosiated
sarcoidosis is relatively rare [46].

The causal link between type I IFN and sarcoidosis is strengthened by the temporal relation‐
ship between IFN therapy and appearance of sarcoidosis, by the remission with therapy
cessation, and by the recurrence of symptoms on rechallenge with IFN. The occurrence of
sarcoidosis during monotherapy for diseases other than chronic hepatitis also supports this
relationship. Another recent study found that in an European American population, serum
IFN-α activity was higher in sarcoidosis cases as compared to matched controls [9].
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ment of hepatitis B infection, multiple sclerosis, hematological and other malignant diseases.
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therapy for chronic HCV have been reported [47]. Similar to other species of viruses and
bacteria implicated in the etiology of sarcoidosis [48], some reports have suggested a potential
role for the HCV itself in the development of sarcoidosis [38, 49-51]. As chronic HCV infection
is associated with induction/stimulation of type 1 cellular immune response causing chronic
liver damage [52] as well as various immunological diseases [53-56], it is possible that the
antigenicity and viral persistence can serve as a trigger factor for the development of clinical
sarcoidosis in susceptible individuals [6]. IFN-α may act as an exacerbationg factor in this
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Peginterferon (plus ribavirin) has recently been used to treat HCV infection. Pegylated IFN-
α is the result of adding a polyethylene glycol (Peg) moiety to the standard IFN-α molecule.
This modification reduces the clearance rate of the protein from the blood and extends the half-
time of IFN-α, providing a constant viral suppression which entails a more sustained virolog‐
ical response [57]. Ribavirin, a synthetic guanosine analogue, has been successfully used in
conjunction with peginterferon in the treatment of chronic HCV infection due to its ability to
inhibit RNA viral replication [58]. Although no cases of sarcoidosis that occurred with ribavirin
monotherapy have been reported, ribavirin might be a contributory factor in the development
of sarcoidosis via inhibiting Th2 cytokine response, and preserving or enhancing the Th1
immune reaction [59, 60]. This may explain why combination therapy with IFN-α and ribavirin
is more efficacious in treating HCV and, conversely, why it also may further predispose
patients to immunological disorders such as sarcoidosis [42]. Thus, enhanced clinical efficacy
of peginterferon plus ribavirin possibly results from the skewing Th1 response, favoring the
appearance of IIS with a greater likelihood than with conventional IFN-α (61).

Most patients with IIS had resolution of their disease without immunosuppressive treatment.
Half of the cases in the literature report spontaneous remission, over the course of a few
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months, after stopping IFN without further therapy. There are even some reports of remission
despite continuing IFN therapy. There was, however, a report showing that approximately
11% of cases, usually those with extracutaneous involvement, can have a chronic course and
6% may even reactivate after an initial improvement [38].

From a genetic stand of view, we previously showed an association between a polymorphism
in the IFN-α gene (IFNA), namely IFNA17, and susceptibility to sarcoidosis in the Japanese
population [8]. Then, we identified 2 major haplotype of the IFN-α gene and found that an
IFNA allele, overrepresented in patients with sarcoidosis, was subsequently associated with
increased IFN-α and IL-12 production in vitro [8]. Moreover, in a recent reported case of IIS,
HLA typing was performed and revealed that the patient was positive for HLA-DRB1*03 and
HLA-DQB1*02 [62], which have a correlation with the disease course or prognosis in sarcoi‐
dosis [63-65]. The authors hypothesized that this HLA profile predisposed the patient to IIS
development [62].

In summary, the immunopathogenesis of sarcoidosis is not fully understood, but it is likely
that the T cell response is biased toward a Th1 phenotype. To date, many cases of IIS have been
reported, suggesting a relationship between sarcoidosis and IFN therapy in patients with a
variety of diseases, especially chronic HCV infection. In addition to this, many lines of evidence
support the idea that IFN-α appears to play a role in the pathogenesis of sarcoidosis by
promoting Th1 immune response.

4. Anti-TNF-associated sarcoidosis

In the recent decades, TNF-α antagonists have made significant therapeutic milestones in the
treatment of various inflammatory diseases such as RA, psoriasis, and inflammatory bowel
disease. It has been suggested that CD4+ T-helper 1 cells and alveolar macrophages, which
secrete IFN-γ and TNF-α, play a pivotal role in the induction and maintenance of sarcoid
granuloma [66, 67]. Because of this, it has been postulated that TNF antagonists could be useful
for the treatment of granulomatous diseases like sarcoidosis. Indeed, in a multicenter random‐
ized double-blind placebo controlled study of IFX in 138 patients with chronic sarcoidosis, the
efficacy of IFX was confirmed [68]. Moreover, case series with a total of 50 patients reported a
positive treatment outcome with IFX in different type of sarcoidosis [69]. In contrast, the
soluble TNF receptor ETN failed to show therapeutic efficacy in both an open-label trial in
progressive pulmonary sarcoidosis and a double-blind randomized trial in refractory chronic
ocular sarcoidosis [69-71].

On  the  other  hand,  there  are  increasing  cases  of  acute  sarcoidosis  and  sarcoid-like
granulomatosis in patients treated with anti-TNF blocking agents have been reported. The
frequency of this adverse effect was roughly estimated to be at least 0.04% (1/2800] [72],
and this complication has been described in all three major anti-TNF blocking agents (IFX,
ETN, and adalibumab), which suggests a class effect [10]. However, while ETN account‐
ed for 27% of patient years of exposure to all three anti-TNF agents as of 2009, it represent‐
ed  61%  of  case  reports  of  anti-TNF-induced  sarcoidosis  at  that  time,  suggesting  some
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predilection for granuloma formation with this  drug [73].  Other studies also suggest  an
increased risk of sarcoidosis in patients treated with ETN compared to the other two agents
[74,  75].  Therefore,  it  is  intriguing that  ETN appeared to be more commonly associated
with this complication than other anti-TNF drugs and, meanwhile, to be less efficacious in
sarcoidosis treatment [70, 71].

The underlying diseases in cases of anti-TNF-associated sarcoidosis include RA, psoriasis/
psoriatic arthritis, juvenile idiopathic arthritis, ankylosing spondylitis, and Crohn’s disease
[19, 76]. The time between initiation of therapy and the onset of signs and symptoms of
sarcoidosis in highly variable, with a median duration of approximately 21 months, a range <
1 month to 4 years [76]. Like IIS cases, the clinical picture of this type of sarcoidosis included
predominantly pulmonary and cutaneous features. Pulmonary involvement was found in 74%
patients, and cutaneous involvement in 29% [76].

The prognosis of sarcoidosis occurring during TNF blockade is generally favorable since
almost all patients showed clinical recovery after anti-TNF discontinuation with or without
corticosteroid therapy [75, 76]. Therapy with TNF antagonist was discontinued, resulting
in  spontaneous  resolution  in  some  patients,  whereas  symptoms  persisted  in  others,
necessitating corticosteroid treatment (40-50%) [74, 75]. While in some patients recurrence
or  exacerbations  of  sarcoidosis  after  switching to  a  different  TNF antagonist  have  been
reported, other patients were able to switch to a different TNF inhibitor without experienc‐
ing recurrences or exacerbations [72, 76].

The pathogenic mechanisms involved in the appearance of sarcoid granulomatosis in patients
treated with TNF antagonists are unclear. In addition, there could be notable differences
regarding risk of this complication among anti-TNF drugs. Although all the anti-TNF drugs
exert their action through blocking TNF-α, they have important differences in their structure
and pharmacokinetics, which could explain, in part, the differences that can be observed in
clinical efficacy as well as adverse effects, including the risk of granulomatous infections [77].
IFX and adalimumab (ADA) are monoclonal TNF-α antibodies whereas ETN is a TNF-α p75
soluble receptor. ETN binds mainly to soluble TNF-α molecules and interacts with transmem‐
brane TNF with reduced avidity compared with IFX, which binds both transmembrane and
soluble TNF. Clearance of ETN is 13 times greater than that of IFX and ADA. Therefore,
suppression of TNF-α is greater and more prolonged with IFX and ADA. IFX, therefore,
completely neutralizes TNF bioactivity, whereas freely diffusing ETN might be considered to
redistribute bioavailable TNF from sites of production to other sites of lower concentration
[77]. Also ETN, unlike IFX, does not produce cell lysis, therefore the inhibition of TNF would
not be enough to preserve the formation of the granuloma.

Furthermore, a recent study suggested that regulatory T (T reg) cells isolated from patients
with active RA were functionally defective in their ability to suppress cytokine production as
well as to convey suppressive phenotype to CD4+ effector T cells [78]. Another study showed
that sarcoidosis T reg cells, which is globally amplified in circulationg blood and BALF of
patients, completely inhibit IL-2 production of CD4+CD25- cells, but not that of IFN-γ or TNF-
α, suggesting the insufficient ability of sarcoid T reg cells to control local inflammation [79].
Treatment with IFX can restore the number and function of T reg cells [78]. Thus, treatment
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HLA-DQB1*02 [62], which have a correlation with the disease course or prognosis in sarcoi‐
dosis [63-65]. The authors hypothesized that this HLA profile predisposed the patient to IIS
development [62].
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variety of diseases, especially chronic HCV infection. In addition to this, many lines of evidence
support the idea that IFN-α appears to play a role in the pathogenesis of sarcoidosis by
promoting Th1 immune response.

4. Anti-TNF-associated sarcoidosis
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treatment of various inflammatory diseases such as RA, psoriasis, and inflammatory bowel
disease. It has been suggested that CD4+ T-helper 1 cells and alveolar macrophages, which
secrete IFN-γ and TNF-α, play a pivotal role in the induction and maintenance of sarcoid
granuloma [66, 67]. Because of this, it has been postulated that TNF antagonists could be useful
for the treatment of granulomatous diseases like sarcoidosis. Indeed, in a multicenter random‐
ized double-blind placebo controlled study of IFX in 138 patients with chronic sarcoidosis, the
efficacy of IFX was confirmed [68]. Moreover, case series with a total of 50 patients reported a
positive treatment outcome with IFX in different type of sarcoidosis [69]. In contrast, the
soluble TNF receptor ETN failed to show therapeutic efficacy in both an open-label trial in
progressive pulmonary sarcoidosis and a double-blind randomized trial in refractory chronic
ocular sarcoidosis [69-71].

On  the  other  hand,  there  are  increasing  cases  of  acute  sarcoidosis  and  sarcoid-like
granulomatosis in patients treated with anti-TNF blocking agents have been reported. The
frequency of this adverse effect was roughly estimated to be at least 0.04% (1/2800] [72],
and this complication has been described in all three major anti-TNF blocking agents (IFX,
ETN, and adalibumab), which suggests a class effect [10]. However, while ETN account‐
ed for 27% of patient years of exposure to all three anti-TNF agents as of 2009, it represent‐
ed  61%  of  case  reports  of  anti-TNF-induced  sarcoidosis  at  that  time,  suggesting  some
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predilection for granuloma formation with this  drug [73].  Other studies also suggest  an
increased risk of sarcoidosis in patients treated with ETN compared to the other two agents
[74,  75].  Therefore,  it  is  intriguing that  ETN appeared to be more commonly associated
with this complication than other anti-TNF drugs and, meanwhile, to be less efficacious in
sarcoidosis treatment [70, 71].

The underlying diseases in cases of anti-TNF-associated sarcoidosis include RA, psoriasis/
psoriatic arthritis, juvenile idiopathic arthritis, ankylosing spondylitis, and Crohn’s disease
[19, 76]. The time between initiation of therapy and the onset of signs and symptoms of
sarcoidosis in highly variable, with a median duration of approximately 21 months, a range <
1 month to 4 years [76]. Like IIS cases, the clinical picture of this type of sarcoidosis included
predominantly pulmonary and cutaneous features. Pulmonary involvement was found in 74%
patients, and cutaneous involvement in 29% [76].

The prognosis of sarcoidosis occurring during TNF blockade is generally favorable since
almost all patients showed clinical recovery after anti-TNF discontinuation with or without
corticosteroid therapy [75, 76]. Therapy with TNF antagonist was discontinued, resulting
in  spontaneous  resolution  in  some  patients,  whereas  symptoms  persisted  in  others,
necessitating corticosteroid treatment (40-50%) [74, 75]. While in some patients recurrence
or  exacerbations  of  sarcoidosis  after  switching to  a  different  TNF antagonist  have  been
reported, other patients were able to switch to a different TNF inhibitor without experienc‐
ing recurrences or exacerbations [72, 76].

The pathogenic mechanisms involved in the appearance of sarcoid granulomatosis in patients
treated with TNF antagonists are unclear. In addition, there could be notable differences
regarding risk of this complication among anti-TNF drugs. Although all the anti-TNF drugs
exert their action through blocking TNF-α, they have important differences in their structure
and pharmacokinetics, which could explain, in part, the differences that can be observed in
clinical efficacy as well as adverse effects, including the risk of granulomatous infections [77].
IFX and adalimumab (ADA) are monoclonal TNF-α antibodies whereas ETN is a TNF-α p75
soluble receptor. ETN binds mainly to soluble TNF-α molecules and interacts with transmem‐
brane TNF with reduced avidity compared with IFX, which binds both transmembrane and
soluble TNF. Clearance of ETN is 13 times greater than that of IFX and ADA. Therefore,
suppression of TNF-α is greater and more prolonged with IFX and ADA. IFX, therefore,
completely neutralizes TNF bioactivity, whereas freely diffusing ETN might be considered to
redistribute bioavailable TNF from sites of production to other sites of lower concentration
[77]. Also ETN, unlike IFX, does not produce cell lysis, therefore the inhibition of TNF would
not be enough to preserve the formation of the granuloma.

Furthermore, a recent study suggested that regulatory T (T reg) cells isolated from patients
with active RA were functionally defective in their ability to suppress cytokine production as
well as to convey suppressive phenotype to CD4+ effector T cells [78]. Another study showed
that sarcoidosis T reg cells, which is globally amplified in circulationg blood and BALF of
patients, completely inhibit IL-2 production of CD4+CD25- cells, but not that of IFN-γ or TNF-
α, suggesting the insufficient ability of sarcoid T reg cells to control local inflammation [79].
Treatment with IFX can restore the number and function of T reg cells [78]. Thus, treatment
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with IFX strongly inhibits TNF-α activity, leading to a restoration of T reg cell-mediated
inflammatory suppression. In contrast, low levels of TNF-α can persist after treatment with
ETN, hence T reg cells may remain down-regulated to some extent and can lead to an sustained
Th1 response. Moreover, enhanced IL-17A expression in sarcoid granulomas and in circulating
memory T cells from sarcoidosis patients was recently reported [80]. There is a report showing
that Th17 responses were inhibited by T reg cells from RA patients responding to the anti-TNF
antibody ADA, whereas there was no alteration in T reg number, function or phnotype in ETN
treated patients [81].

As previously noted, physiological crosstalk between TNF-α and IFN-α pathways has been
reported. There are some indications that type I IFN activity is upregulated during treatment
with TNF antagonists in some patients with inflammatory or autoimmune disease [13, 34].
IFN-α can enhance the production of IFN-γ and IL-2, expression levels of both cytokines are
elevated in sarcoid T cells [67]. As IFN-γ along with TNF-α is strongly implicated in granuloma
formation, the increased production of IFN-γ seen in some patients undergoing anti-TNF
therapy [76, 82, 83] may contribute to the development of sarcoid-like granulomatosis.
Actually, monoclonal anti-TNF-α antibodies can raise the Th1/Th2 ratio in the peripheral blood
[83, 84]. Thus, anti-TNF therapies can modulate the cytokine environment and may restore a
Th1 response. IFX and ADA inhibit T cell activation and IFN-γ production, whereas ETN does
not [85]. ETN even can enhance T cell production of IFN-γ [84, 86]. This fact could partially
explain the greater incidence of sarcoidosis with ETN compared with monoclonal antibody.

It is interesting to note that sarcoid-like granulaoma preferentially developed in the skin and
lungs, which are in direct contact with exogenous antigen. Several lines of evidence support
the idea that sarcoidosis results from exposures to possible environmental agents such as
Mycobacterium tuberculosis (M. tuberculosis) and Propionibacterium acnes (P. acnes) [87-89]. M.
tuberculosis or P. acnes associated with anti-TNF treatment was also reported [90, 91]. Anti-TNF
drugs are known to decrease antigenic clearance and increase infections. Then, mechanisms
involved in granulomatosis development during anti-TNF therapy could include increased
susceptibility to infection and modification of the cytokine environment and cellular recruit‐
ment within the tissues [72]. Among ant-TNF drugs, several studies indicate that infection with
granulomatous pathogens such as M. tuberculosis, histoplasmosis, and coccidioidomycosis
occur with 2-10-fold greater frequencies in patients treated with IFX than in those treated with
ETN [85, 92-94]. Additionally, in most cases of Listeria monocytogenes infection during treatment
with anti-TNF agent, IFX or ETN, patients had received IFX [95]. Both IFN-γ and TNF-α are
essential for protection against tuberculosis. The higher risk of such intracellular granuloma‐
tous pathogens that IFX poses than does ETN is therefore possibly due to the simultaneous
suppression of TNF-α and IFN-γ, and may as well explain why IFX, but not ETN, is effective
in treatment of sarcoidosis, where the presense of both IFN-γ and TNF-α is necessary.

Together, the development of sarcoid-like granulomatosis during therapy with TNF antago‐
nist is paradoxical in view of the central role of TNF-α in the formation and maintenance of
granulomas. There seems to be significant differences between the 2 classes of TNF antagonists
in the risk of this complication with the greater incidence of a soluble TNF receptor ETN-
associated sarcoidosis. Anti-TNF monoclonal antibody IFX or ADA can suppress TNF-α as
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well as IFN-γ and inhibit Th1 (and Th17) response partially through restoring the number and
function of T reg cells. IFX and ADA may also eliminate activated T cells and monocyte/
macrophage directly either by cell lysis or by inducing apoptosis [96]. On the contrary, ETN
therapy may result in an insufficient inhibition of TNF bioactivity and may enhance Th1
response with IFN-γ production causing the formation of the granuloma.

5. Conclusion

Type I IFN and TNF-α are cytokines with important roles in coordinating immune reactions
and potentially appear to contribute to the local and systemic inflammatory processes
underlying sarcoidosis pathogenesis. The increasing case reports of interferon-induced and
TNF-associated sarcoidosis support this idea. A cross-regulation between type I IFN and TNF-
α has been proposed in some autoimmune or inflammatory disorders. However, the studies
in patients with sarcoidosis show that there is not necessarily a direct balance between the
levels of type I IFN and TNF-α, and that the type of clinical manifestations, the disease phase,
and patient heterogeneity may contribute to create a complex picture. Ancestral background
as well as genetic polymorphisms may influence each cytokine level and clinical manifesta‐
tions, which can cause heterogeneous phenotype of the disease. Further work regarding
sarcoidosis induced by the cytokine/anti-cytokine therapy as well as clinical and in vitro studies
in sarcoidosis will help evaluate and treat these patients properly depend on the disease
phenotype and disease activity in the future.
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function of T reg cells. IFX and ADA may also eliminate activated T cells and monocyte/
macrophage directly either by cell lysis or by inducing apoptosis [96]. On the contrary, ETN
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1. Introduction

Sarcoidosis is an immune mediated disease thought to be caused by complex interaction
between genetic and environmental factors. Involvement of genetic factors in sarcoidosis is
supported by familial clustering, increased concordance in monozygotic twins and varying
incidence and disease presentation among different ethnic groups. Studies have revealed
several human leukocyte antigen (HLA) and non-HLA alleles consistently associated with
sarcoidosis susceptibility. Two genome scans have been reported in sarcoidosis: one in African
Americans reporting linkage to chromosome 5 and the other in German families reporting
linkage to chromosome 6. Follow-up studies on chromosome 6 identified the BTNL2 gene, a
B7 family costimulatory molecule to be associated with sarcoidosis. Recent genome-wide
association studies have found annexin A11 and RAB23 genes associated with sarcoidosis. The
ongoing refinement of genetic marker maps, genotyping technology, and statistical analyses
makes genomic exploration for sarcoidosis genes appealing.

2. Evidence for genetic predisposition to sarcoidosis

Familial sarcoidosis was first noted in Germany in 1923 by Martenstein, who reported two
affected sisters [1]. After that several familial cases were reported across Europe and USA.
Worldwide surveys revealed that familial sarcoidosis occurred in 10.3% cases from the
Netherlands [2], 7.5% from Germany [3], 5.9% from the United Kingdom [4], 4.7% from Finland
[5], 4.3% from Japan [5], 9.6% from Ireland[6] and 6.9 % from Sweden[7]. A family history
survey of Detroit clinic–based population in USA showed that 17% of African Americans and
3.8% of white American reported a family history in first- and second degree relatives[8]. In
African Americans, the sibling recurrence risk ratio, which compares disease risk among

© 2013 Sah and Iannuzzi; 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 3

Genetic Factors Involved in Sarcoidosis

Birendra P. Sah and Michael C. Iannuzzi

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55116

1. Introduction

Sarcoidosis is an immune mediated disease thought to be caused by complex interaction
between genetic and environmental factors. Involvement of genetic factors in sarcoidosis is
supported by familial clustering, increased concordance in monozygotic twins and varying
incidence and disease presentation among different ethnic groups. Studies have revealed
several human leukocyte antigen (HLA) and non-HLA alleles consistently associated with
sarcoidosis susceptibility. Two genome scans have been reported in sarcoidosis: one in African
Americans reporting linkage to chromosome 5 and the other in German families reporting
linkage to chromosome 6. Follow-up studies on chromosome 6 identified the BTNL2 gene, a
B7 family costimulatory molecule to be associated with sarcoidosis. Recent genome-wide
association studies have found annexin A11 and RAB23 genes associated with sarcoidosis. The
ongoing refinement of genetic marker maps, genotyping technology, and statistical analyses
makes genomic exploration for sarcoidosis genes appealing.

2. Evidence for genetic predisposition to sarcoidosis

Familial sarcoidosis was first noted in Germany in 1923 by Martenstein, who reported two
affected sisters [1]. After that several familial cases were reported across Europe and USA.
Worldwide surveys revealed that familial sarcoidosis occurred in 10.3% cases from the
Netherlands [2], 7.5% from Germany [3], 5.9% from the United Kingdom [4], 4.7% from Finland
[5], 4.3% from Japan [5], 9.6% from Ireland[6] and 6.9 % from Sweden[7]. A family history
survey of Detroit clinic–based population in USA showed that 17% of African Americans and
3.8% of white American reported a family history in first- and second degree relatives[8]. In
African Americans, the sibling recurrence risk ratio, which compares disease risk among

© 2013 Sah and Iannuzzi; 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.



siblings with the disease prevalence in the general population, is about 2.2 (95% confidence
interval [CI], 1.03–3.68) [9].

The main limitation of these familial reports is the lack of a comparison group, and therefore
it was unclear whether variation in familial sarcoidosis is due to variation in familial aggre‐
gation of disease risk, disease prevalence, or both. This question was addressed in the
multicenter Case-Control Etiologic Study of Sarcoidosis (ACCESS) which evaluated 706 cases
and matched controls [10]. It showed that the siblings of the affected patients had the highest
relative risk (odds ratio =5.8 and 95% confidence interval=2.1–15.9). The odds ratio for the
parents was 3.8 (95% CI=1.2–11.3) [10]. White cases had a markedly higher familial relative
risk compared with African-American cases (18.0 versus 2.8; p=0.098).

A registry-based twin study in the Danish and the Finnish population showed an 80-fold
increased risk of developing sarcoidosis in monozygotic co-twins and 7-fold increased risk in
dizygotic twins [11].

Differences in disease incidence among different ethnic and racial groups exist worldwide. In
the United States, African Americans have about a threefold higher age-adjusted annual
incidence; 35.5 per 100,000 compared with Caucasians, 10.9 per 100,000. African American
females aged 30 to 39 years were found at greatest risk at 107/100,000.The lifetime risk was
calculated to be 2.4% for African Americans and 0.85% for Caucasian Americans [12]. In the
United Kingdom, prevalence of sarcoidosis was found to be three times higher in the Irish
living in London than in native Londoners [14]. It was eight time more common in natives of
Martinique living in France than in the indigenous French populations [14]. In London the
annual incidence of sarcoidosis has been reported as 1.5 per 100, 000 for Caucasians, 16.8 per
100, 000 for Asians and 19.8 per 100, 000 for Africans [15]. A study of a Swedish urban
population reported a lifetime risk of 1.0% and 1.3% for men and women, respectively [16]. In
addition to differences in the incidence, the clinical presentation of sarcoidosis also shows
characteristic variability between ethnic groups. In both Blacks and Asians the disease has been
reported to be more common, more severe and more extensive than in Caucasians [13, 15].

3. Genetics of other granulomatous disease

Blau syndrome and Crohn’s disease

Among the granulomatous diseases with a putative genetic component, perhaps the most
intriguing are Blau syndrome and Crohn’s disease. Blau syndrome is an autosomal dominant
granulomatous disease which is characterized by an early onset (before age 20) and involve‐
ment of skin, eye, and joints, similar to sarcoidosis. The factors that distinguish Blau syndrome
from sarcoidosis are a lack of pulmonary involvement and absence of Kveim reactivity [17].
Crohn’s disease is a familial granulomatous inflammatory bowel disease which, like sarcoi‐
dosis, may present with uveitis, arthritis and skin rash. Crohn’s disease may involve the lung
however the pattern of lung involvement differs from sarcoidosis.

Sarcoidosis54

Mutation in CARD (caspase activating recruitment domain) 15 gene, located on chromosome
16, is responsible for Blau syndrome [17, 18] and Crohn’s disease [19]. Nucleotide oligomeri‐
zation domain protein-2 (NOD2), encoded by CARD15, recognizes peptidoglycan, a compo‐
nent of bacterial cell walls, and is expressed mainly by antigen-presenting cells and epithelial
cells [20]. Activation of NOD2 leads to nuclear factor (NF)-кB activation [20]. Rybicki and
colleagues tested 35 African American affected sib pairs by using exclusion mapping and
showed that the Blau syndrome/IBD1 locus did not confer risk for sarcoidosis [21]. Schurmann
and coworkers [22] evaluated four main coding CARD15 polymorphisms associated with
increased risk of Crohn’s disease in both case–control and family-based sarcoidosis samples
and concluded that CARD15 mutations play no role in sarcoidosis. Kanazawa and colleagues
using a small sample analyzed 10 patients with early-onset sarcoidosis who had disease onset
ranging from 6 months to 4 year of age and found that 9 of the 10 cases had heterozygous
missense mutations in the CARD15 gene [23]. In conclusion, while an attractive candidate, no
firm evidence exists to support a role for CARD 15 in sarcoidosis risk.

Chronic beryllium disease

Chronic beryllium disease (CBD), a chronic granulomatous lung disease caused by exposure
to beryllium, shares similar histological and clinical findings with sarcoidsois. Glu69, carried
by allele HLADPB1* 0201, was found not to be associated with sarcoidosis [24, 25]. In a study
of 33 cases and 44 exposed persons without CBD (controls), Richeldi and colleagues found
Glu69 in 97% of cases and in 30% of control subjects [26]. This HLA-DPB1 Glu69 association
in beryllium disease has been widely supported [27] but is not associated with sarcoidosis.

Tuberculosis and leprosy

Polymorphic variants of the natural resistance–associated macrophage protein-1 gene
(NRAMP1), now named SLC11A1, have been found to be associated with tuberculosis and
leprosy susceptibility in endemic areas of disease [28, 29]. SLC11A1 is expressed primarily in
macrophages and polymorphonuclear leukocytes and immunolocalization studies demon‐
strate the presence of NRAMP1 in lysosomes [30]. SLC11A1, an attractive candidate, was found
not to increase the risk of sarcoidosis among African Americans [31], although a more recent
article has noted an association in Polish patients (OR, 1.68; 95% CI, 1.01–2.81) [32].

4. Genetic associatiation studies in sarcoidosis

Genetic studies in sarcoidosis have gone through three phases – candidate gene studies,
genome scanning using affected sib pair (ASP) linkage analysis and most recently, genome
wide association studies (GWAS).

4.1. Candidate gene approach

The search for sarcoidosis susceptibility genes has generally relied on the candidate gene
approach [33]. Investigators have selected genes for study that fit into the prevailing disease
model. Sarcoidosis is thought to be a dysregulated response to an inhaled antigen that involves
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antigen-presenting cells, T cells (primarily a helper T-cell type 1 polar response), and cytokine
and chemokine release resulting in cell recruitment and the formation of granulomas in
involved organs.

4.1.1. Association with Human Leukocyte Antigens (HLA)

HLA genes have been the best studied candidate genes in sarcoidosis. HLA genes are involved
in presenting antigen to T cells and are grouped into three classes: class I, II and III. HLA
association studies in sarcoidosis began over thirty years ago. A summary of the most
consistent HLA associations in sarcoidosis is shown in Table 1. In 1977 Brewerton and
colleague [34] first revealed an association of acute sarcoidosis with the HLA class I antigen
HLA-B8 which was later confirmed by other groups [35, 36]. Hedfors and co-workers [35] also
noted that HLA-B8/DR3 genes were inherited as a sarcoidosis risk haplotype in whites. In
white HLA-B8/DR3 haplotype is associated with wide variety of autoimmune diseases [37].
These earlier studies of class I HLA antigens directed to the studies focused on HLA class II.
A recent report by Grunewald and colleagues [38] suggests that HLA class I and II genes work
together in sarcoidosis pathophysiology.

HLA gene HLA class Chromosome

location

Risk Alleles Putative Functional Significance

HLA-A Class I 30,018, 309-

30, 021, 041 bp

A*1 Susceptibility

HLA-B Class I 31, 431, 922-

31, 432, 914 bp

B*8 Susceptibility in several populations

HLA-DQB1 Class II 32, 735, 918-

32, 742, 420 bp

*0201

*0602

Protection, Lofgren’s syndrome, mild disease in

several populations

Susceptibility/disease progression in several

groups

HLA-DRB1 Class II 32, 654, 526-

32, 665, 559 bp

*0301

*01, *04

*1101

Acute onset/good prognosis in several groups

Protection in several populations

Susceptibility in whites and African Americans.

Stage II/III chest X-ray

HLA-DRB3 Class II 32, 654, 526-

32, 665, 540 bp

*1501

*0101

Associated with Lofgren’s syndrome

Susceptibility/disease progression in whites

BTNL2 Class II 32, 470, 490-

32, 482, 878 bp

rs2076530 BTNL2 rs2076530 G → A is associated with

sarcoidosis risk in white patients but not in

black patients.

Table 1. Summary of the most consistent HLA association studies in Sarcoidosis.
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Among  the  HLA  class  II  antigens,  HLA-DRB1  have  been  the  most  studied  antigen
associated with sarcoidosis. The variation in the HLA-DRB1 gene affects both susceptibili‐
ty and prognosis in sarcoidosis [39, 40]. In the ACCESS study, the HLA-DRB1* 1101 allele
was associated with sarcoidosis both in blacks and whites (p<0.01) and had a population
attributable risk of 16% in blacks and 9% in whites [41]. In addition susceptibility mark‐
ers,  the ACCESS study also found that HLA class II alleles might be markers for differ‐
ent phenotypes of sarcoidosis such as RB1*0401 for eye involvement in blacks and whites,
DRB3 for bone marrow involvement in blacks, and DPB1*0101 for hypercalcemia in whites
[41].  Another  consistent  finding across  populations  has  been the  HLA-DQB1*0201 allele
association with decreased risk and lack of disease progression [42]. Other reports strongly
support  the  notion  that  several  different  HLA class  II  genes  acting  either  in  concert  or
independently predispose to sarcoidosis  [42-44].  Linkage disequilibrium (LD) within the
major histocompatibility complex (MHC) region limits the ability to precisely identify the
involved HLA genes. LD exists when alleles at two distinctive loci occur in gametes more
frequently  than  expected.  Grunewald  and  colleagues  showed  that  the  HLA-DRB1*03
associated with resolved disease and HLA-DRB1*15 with persistent disease were synony‐
mous with HLA-DQB1*0201 with resolved disease and HLA DQB1*0602 with persistent
disease [38]. Consequently, determining the effects of HLA-DQB1 on sarcoidosis risk apart
from DRB1 or dissecting out other gene effects from closely linked haplotypes in the MHC
region may be an intractable problem in whites. In African Americans, HLA-DRB1/DQB1
LD may not be as strong as in Caucasians [45].

HLA alleles have been consistently associated with disease course which suggests that HLA
may play greater role in determining phenotype. Furthermore, the discrepant findings in HLA
association among susceptibility studies could be explained by the phenotype variation in
composition of the sarcoidosis patient groups studied.

4.1.2. Association with Non-HLA candidate genes

Genes that influence antigen processing, antigen presentation, macrophage and T-cell
activation, and cell recruitment and injury repair may be considered sarcoidosis candidate
genes. A summary of non-HLA candidate genes reported to date is shown in Table 2.

Angiotensin-Converting Enzyme

Angiotensin-converting enzyme (ACE) is produced by sarcoidal granulomas and its serum
level can be elevated in sarcoidosis.  Serum ACE levels are thought to reflect granuloma
burden. The ACE gene insertion (I)/deletion (D) polymorphism partially accounts for the
serum ACE level variation, and investigators have proposed that this genotype should be
used to adjust serum ACE reference values [46]. Studies to support a role for ACE gene
polymorphisms in susceptibility or severity have been inconsistent. While only a few case
control studies have suggested that ACE gene polymorphism is associated with sarcoido‐
sis susceptibility and disease severity [47, 48],  most of the studies does not support that
findings [50-53].
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antigen-presenting cells, T cells (primarily a helper T-cell type 1 polar response), and cytokine
and chemokine release resulting in cell recruitment and the formation of granulomas in
involved organs.

4.1.1. Association with Human Leukocyte Antigens (HLA)

HLA genes have been the best studied candidate genes in sarcoidosis. HLA genes are involved
in presenting antigen to T cells and are grouped into three classes: class I, II and III. HLA
association studies in sarcoidosis began over thirty years ago. A summary of the most
consistent HLA associations in sarcoidosis is shown in Table 1. In 1977 Brewerton and
colleague [34] first revealed an association of acute sarcoidosis with the HLA class I antigen
HLA-B8 which was later confirmed by other groups [35, 36]. Hedfors and co-workers [35] also
noted that HLA-B8/DR3 genes were inherited as a sarcoidosis risk haplotype in whites. In
white HLA-B8/DR3 haplotype is associated with wide variety of autoimmune diseases [37].
These earlier studies of class I HLA antigens directed to the studies focused on HLA class II.
A recent report by Grunewald and colleagues [38] suggests that HLA class I and II genes work
together in sarcoidosis pathophysiology.

HLA gene HLA class Chromosome

location

Risk Alleles Putative Functional Significance

HLA-A Class I 30,018, 309-

30, 021, 041 bp

A*1 Susceptibility

HLA-B Class I 31, 431, 922-

31, 432, 914 bp

B*8 Susceptibility in several populations

HLA-DQB1 Class II 32, 735, 918-

32, 742, 420 bp

*0201

*0602

Protection, Lofgren’s syndrome, mild disease in

several populations

Susceptibility/disease progression in several

groups

HLA-DRB1 Class II 32, 654, 526-

32, 665, 559 bp

*0301

*01, *04

*1101

Acute onset/good prognosis in several groups
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Stage II/III chest X-ray

HLA-DRB3 Class II 32, 654, 526-

32, 665, 540 bp

*1501

*0101

Associated with Lofgren’s syndrome

Susceptibility/disease progression in whites

BTNL2 Class II 32, 470, 490-

32, 482, 878 bp

rs2076530 BTNL2 rs2076530 G → A is associated with

sarcoidosis risk in white patients but not in

black patients.

Table 1. Summary of the most consistent HLA association studies in Sarcoidosis.
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associated with sarcoidosis. The variation in the HLA-DRB1 gene affects both susceptibili‐
ty and prognosis in sarcoidosis [39, 40]. In the ACCESS study, the HLA-DRB1* 1101 allele
was associated with sarcoidosis both in blacks and whites (p<0.01) and had a population
attributable risk of 16% in blacks and 9% in whites [41]. In addition susceptibility mark‐
ers,  the ACCESS study also found that HLA class II alleles might be markers for differ‐
ent phenotypes of sarcoidosis such as RB1*0401 for eye involvement in blacks and whites,
DRB3 for bone marrow involvement in blacks, and DPB1*0101 for hypercalcemia in whites
[41].  Another  consistent  finding across  populations  has  been the  HLA-DQB1*0201 allele
association with decreased risk and lack of disease progression [42]. Other reports strongly
support  the  notion  that  several  different  HLA class  II  genes  acting  either  in  concert  or
independently predispose to sarcoidosis  [42-44].  Linkage disequilibrium (LD) within the
major histocompatibility complex (MHC) region limits the ability to precisely identify the
involved HLA genes. LD exists when alleles at two distinctive loci occur in gametes more
frequently  than  expected.  Grunewald  and  colleagues  showed  that  the  HLA-DRB1*03
associated with resolved disease and HLA-DRB1*15 with persistent disease were synony‐
mous with HLA-DQB1*0201 with resolved disease and HLA DQB1*0602 with persistent
disease [38]. Consequently, determining the effects of HLA-DQB1 on sarcoidosis risk apart
from DRB1 or dissecting out other gene effects from closely linked haplotypes in the MHC
region may be an intractable problem in whites. In African Americans, HLA-DRB1/DQB1
LD may not be as strong as in Caucasians [45].

HLA alleles have been consistently associated with disease course which suggests that HLA
may play greater role in determining phenotype. Furthermore, the discrepant findings in HLA
association among susceptibility studies could be explained by the phenotype variation in
composition of the sarcoidosis patient groups studied.

4.1.2. Association with Non-HLA candidate genes

Genes that influence antigen processing, antigen presentation, macrophage and T-cell
activation, and cell recruitment and injury repair may be considered sarcoidosis candidate
genes. A summary of non-HLA candidate genes reported to date is shown in Table 2.

Angiotensin-Converting Enzyme

Angiotensin-converting enzyme (ACE) is produced by sarcoidal granulomas and its serum
level can be elevated in sarcoidosis.  Serum ACE levels are thought to reflect granuloma
burden. The ACE gene insertion (I)/deletion (D) polymorphism partially accounts for the
serum ACE level variation, and investigators have proposed that this genotype should be
used to adjust serum ACE reference values [46]. Studies to support a role for ACE gene
polymorphisms in susceptibility or severity have been inconsistent. While only a few case
control studies have suggested that ACE gene polymorphism is associated with sarcoido‐
sis susceptibility and disease severity [47, 48],  most of the studies does not support that
findings [50-53].
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Candidate Gene
Chromosome

Location
Association*† Putative Functional Significance

Angiotensin-converting

enzyme (ACE) 17q23 C

Increased risk for ID and DD genotypes.

Moderate association between II genotype and radiographic

progression.

C-C chemokine receptor 2 3p21.3 C+/- Protection/Lofgren’s syndrome association

C-C chemokine receptor 5

3p21.3 C-

Association of CCR5Delta32 allele more common in patients

needing corticosteroid therapy.

Refuted with haplotype analysis and larger sample.

Clara cell 10 kD protein
11q 12-13 C

An allele associated with sarcoidosis and with progressive

disease at 3 year follow-up.

Complement receptor 1

1q32 A

The GG genotype for the Pro1827Arg

(C (5,507) G) polymorphism was significantly associated with

sarcoidosis.

Cystic fibrosis trans-

membrane regulator
7q31.2 A+/-

R75Q increases risk.

HSPA1L heat shock protein

70 1 like
6p21.3 c

HSP(+2437)CC associated with susceptibility and LS

Inhibitor kβ-α
14q13 C

Association with -297T allele. Association of haplotype GTT at

-881, -826, and -297, respectively. Allele -827T in Stage II.

Interleukin -1α 2q14 A The IL-1α -889 1.1 genotype increased risk.

Interleukin -4 receptor 16p11.2 No association detected in 241 members of 62 families

Interleukin -18
11q22 A+/-

Genotype -607CA increased risk over AA.

No association with organ involvement.

Interferon-γ
9p22 A

IFNA17 polymorphism (551T→G) and IFNA10

(60A) IFN-α 17 (551G) haplotype increased risk.

Toll-like receptor (TLR) 4

TLR10-TLR1-TLR6 cluster 9q32

4
B

Asp299Gly and Thre399Ile mutations associated with chronic

disease

Genetic variation in this cluster is associated with increased risk

of chronic disease

Transforming growth factor

(TGF)
19q13.2 B

TGF-β2 59941 allele, TGF-β3 4875 A and 17369 C alleles were

associated with chest X-ray detection of fibrosis.

Tumor necrosis factor

(TNF-α) 6p21.3 C+/-

Genotype -307A allele associated with Lofgren’s syndrome and

erythema nodosum and -857T allele with sarcoidosis. -307A not

associated in African Americans.

Vascular endothelial

growth factor(VEGF)
6p12 C

Protective effect of +813 CT and TT genotypes.

Lower FEV1/FVC ratio observed with -627 GG genotype.

Vitamin D receptor 12q12-14 A- B allele elevated in sarcoidosis patients

* Type of association: A = susceptibility; B = disease course; C = both.

† Association replicated (+); association refuted (-)

Table 2. A summary of Non-HLA candidate gene associated with Sarcoidosis
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CC-Chemokine Receptor 2 (CCR2]

CCR 2, a receptor for monocyte chemoattractant protein, plays an important role in recruiting
monocytes, T-cells, natural killer cells and dendritic cells [54]. CCR2 knockout mice die rapidly
when challenged with mycobacteria [55] and display decreased IFN-γ production when
challenged with Leishmania donovani or Cryptococcus neoformans [56, 57]. A single nucleotide
polymorphism (SNP) in CCR2 gene (G190A, Val64Ile) is associated with protection in Japanese
patients [58]. Evaluation of eight SNPs in the CCR2 gene in 304 Dutch patients showed that
haplotype 2 was associated with Lofgren’s syndrome [59]. Underrepresentation of the Val64Ile
variant was observed in 65 Czech patients and in 80 control subjects but did not achieve
statistical significance [60]. Despite using case control–based and family-based study designs
and a sample much larger than the previous three studies, Valentonyte and colleagues could
not replicate the CCR2 association [61].

C-C chemokine Receptor 5 (CCR5)

CCR5 serves as a receptor for CCL3 (macrophage inflammatory protein 1-α), CCL4 (macro‐
phage inflammatory protein 1-β), CCL5 (RANTES [regulated upon activation, T-cell expressed
and secreted]), and CCL8 (monocyte chemotactic protein 2) [62, 63]. A 32 bp deletion in the
CCR5 gene results in a non-functional receptor unable to bind its ligands [64]. Petrek and
colleagues reported that 32-bp deletion in CCR5 gene was significantly increased in Czech
patients [60], whereas Spagnolo and colleagues, using haplotype analysis, found no association
in evaluating 106 white British patients and 142 control subjects and 112 Dutch patients and
169 control subjects [65].

Clara cell 10 kD protein gene

Clara cells act as stem cells in bronchial epithelial repair, provides xenobiotic metabolism, and
counter regulates inflammation [66]. Clara cell 10-kD protein (CC10) has been shown to inhibit
IFN-γ, tumor necrosis factor (TNF)-α, and interleukin (IL)-1β. Murine and human CC10 gene
promoter regions contain sites where inflammatory mediators, such as TNF-αand INF-α, -β,
and –γ, alter transcriptional activity [67]. Increased level of CC10 in serum and BAL has been
found in sarcoidosis patients whose disease had resolved compared with those whose disease
had progressed [68]. The CC10 gene consists of three short exons separated by a long first and
short second intron. An adenine to guanine substitution at position 38 (A38G) downstream
from the transcription initiation site within the noncoding region of exon 1 has been the most
studied CC10 polymorphism. The A/A genotype is believed to result in decreased CC10 levels
[69]. The CC10A allele was found to be associated with sarcoidosis by Ohchi and colleague
[70]. However association with the CC10 A38G polymorphism was not replicated in Dutch
population or in Japanese subjects by Janssen and colleagues [71].

Complement receptor 1

Complement receptor 1 (CR1; CD35) is present on polymorphonuclear leukocytes, macro‐
phages, B lymphocytes, some T lymphocytes, dendritic cells, and erythrocytes [71]. Immune
complexes bound to CR1 are transferred to phagocytes as erythrocytes traverse the liver and
spleen [72]. Immune complex clearance rates correlate with CR1 density. Low expression of
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Candidate Gene
Chromosome

Location
Association*† Putative Functional Significance

Angiotensin-converting

enzyme (ACE) 17q23 C

Increased risk for ID and DD genotypes.

Moderate association between II genotype and radiographic

progression.

C-C chemokine receptor 2 3p21.3 C+/- Protection/Lofgren’s syndrome association

C-C chemokine receptor 5

3p21.3 C-

Association of CCR5Delta32 allele more common in patients

needing corticosteroid therapy.

Refuted with haplotype analysis and larger sample.

Clara cell 10 kD protein
11q 12-13 C

An allele associated with sarcoidosis and with progressive

disease at 3 year follow-up.

Complement receptor 1

1q32 A

The GG genotype for the Pro1827Arg

(C (5,507) G) polymorphism was significantly associated with

sarcoidosis.

Cystic fibrosis trans-

membrane regulator
7q31.2 A+/-

R75Q increases risk.

HSPA1L heat shock protein

70 1 like
6p21.3 c

HSP(+2437)CC associated with susceptibility and LS

Inhibitor kβ-α
14q13 C

Association with -297T allele. Association of haplotype GTT at

-881, -826, and -297, respectively. Allele -827T in Stage II.

Interleukin -1α 2q14 A The IL-1α -889 1.1 genotype increased risk.

Interleukin -4 receptor 16p11.2 No association detected in 241 members of 62 families

Interleukin -18
11q22 A+/-

Genotype -607CA increased risk over AA.

No association with organ involvement.

Interferon-γ
9p22 A

IFNA17 polymorphism (551T→G) and IFNA10

(60A) IFN-α 17 (551G) haplotype increased risk.

Toll-like receptor (TLR) 4

TLR10-TLR1-TLR6 cluster 9q32

4
B

Asp299Gly and Thre399Ile mutations associated with chronic

disease

Genetic variation in this cluster is associated with increased risk

of chronic disease

Transforming growth factor

(TGF)
19q13.2 B

TGF-β2 59941 allele, TGF-β3 4875 A and 17369 C alleles were

associated with chest X-ray detection of fibrosis.

Tumor necrosis factor

(TNF-α) 6p21.3 C+/-

Genotype -307A allele associated with Lofgren’s syndrome and

erythema nodosum and -857T allele with sarcoidosis. -307A not

associated in African Americans.

Vascular endothelial

growth factor(VEGF)
6p12 C

Protective effect of +813 CT and TT genotypes.

Lower FEV1/FVC ratio observed with -627 GG genotype.

Vitamin D receptor 12q12-14 A- B allele elevated in sarcoidosis patients

* Type of association: A = susceptibility; B = disease course; C = both.

† Association replicated (+); association refuted (-)

Table 2. A summary of Non-HLA candidate gene associated with Sarcoidosis
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CC-Chemokine Receptor 2 (CCR2]

CCR 2, a receptor for monocyte chemoattractant protein, plays an important role in recruiting
monocytes, T-cells, natural killer cells and dendritic cells [54]. CCR2 knockout mice die rapidly
when challenged with mycobacteria [55] and display decreased IFN-γ production when
challenged with Leishmania donovani or Cryptococcus neoformans [56, 57]. A single nucleotide
polymorphism (SNP) in CCR2 gene (G190A, Val64Ile) is associated with protection in Japanese
patients [58]. Evaluation of eight SNPs in the CCR2 gene in 304 Dutch patients showed that
haplotype 2 was associated with Lofgren’s syndrome [59]. Underrepresentation of the Val64Ile
variant was observed in 65 Czech patients and in 80 control subjects but did not achieve
statistical significance [60]. Despite using case control–based and family-based study designs
and a sample much larger than the previous three studies, Valentonyte and colleagues could
not replicate the CCR2 association [61].

C-C chemokine Receptor 5 (CCR5)

CCR5 serves as a receptor for CCL3 (macrophage inflammatory protein 1-α), CCL4 (macro‐
phage inflammatory protein 1-β), CCL5 (RANTES [regulated upon activation, T-cell expressed
and secreted]), and CCL8 (monocyte chemotactic protein 2) [62, 63]. A 32 bp deletion in the
CCR5 gene results in a non-functional receptor unable to bind its ligands [64]. Petrek and
colleagues reported that 32-bp deletion in CCR5 gene was significantly increased in Czech
patients [60], whereas Spagnolo and colleagues, using haplotype analysis, found no association
in evaluating 106 white British patients and 142 control subjects and 112 Dutch patients and
169 control subjects [65].

Clara cell 10 kD protein gene

Clara cells act as stem cells in bronchial epithelial repair, provides xenobiotic metabolism, and
counter regulates inflammation [66]. Clara cell 10-kD protein (CC10) has been shown to inhibit
IFN-γ, tumor necrosis factor (TNF)-α, and interleukin (IL)-1β. Murine and human CC10 gene
promoter regions contain sites where inflammatory mediators, such as TNF-αand INF-α, -β,
and –γ, alter transcriptional activity [67]. Increased level of CC10 in serum and BAL has been
found in sarcoidosis patients whose disease had resolved compared with those whose disease
had progressed [68]. The CC10 gene consists of three short exons separated by a long first and
short second intron. An adenine to guanine substitution at position 38 (A38G) downstream
from the transcription initiation site within the noncoding region of exon 1 has been the most
studied CC10 polymorphism. The A/A genotype is believed to result in decreased CC10 levels
[69]. The CC10A allele was found to be associated with sarcoidosis by Ohchi and colleague
[70]. However association with the CC10 A38G polymorphism was not replicated in Dutch
population or in Japanese subjects by Janssen and colleagues [71].

Complement receptor 1

Complement receptor 1 (CR1; CD35) is present on polymorphonuclear leukocytes, macro‐
phages, B lymphocytes, some T lymphocytes, dendritic cells, and erythrocytes [71]. Immune
complexes bound to CR1 are transferred to phagocytes as erythrocytes traverse the liver and
spleen [72]. Immune complex clearance rates correlate with CR1 density. Low expression of
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erythrocyte  CR1 is  associated with impaired immune complex clearance and deposition
outside  the  reticuloendothelial  system [73].  These  extrareticuloendothelial  immune com‐
plex deposits incite local inflammatory responses and presumably granuloma formation.
That immune complexes may be involved in sarcoidosis was suggested in the early 1970s.
In a series involving 3,676 patients from 11 cities around the world, James and coworkers
[74] reported elevated serum γ-globulin levels above 3.5 g/100 ml in 23 to 96% of patients,
with IgG being the most consistently and persistently elevated [75]. The different sensitivi‐
ties of the techniques used explain in part the wide range in γ-globulin levels. It is general‐
ly accepted that immune complexes are always present in sarcoidosis depending on when
and how they are detected. Zorzetto and colleagues have been the only group to report a
CR1 gene association with sarcoidosis [76]. The GG genotype for the Pro1827Arg (C507G)
polymorphism was associated with sarcoidosis versus healthy control subjects (odds ratio
[OR), 3.13; 95% CI, 1.49–6.69) and versus control subjects with chronic obstructive pulmona‐
ry disease (OR, 2.82; 95% CI, 1.27–6.39).  The GG genotype was most strongly associated
with disease in female patients (OR, 7.05; 95% CI, 3.10–1.61) versus healthy control sub‐
jects. No relationship with clinical variables was found.

Cystic fibrosis transmembrane conductance regulator

The R75Q mutation in the cystic fibrosis transmembrane conductance regulator (CFTR) occurs
in high frequency in patients with atypical mild cystic fibrosis [77], bronchiectasis, and allergic
bronchopulmonary aspergillosis [78]. Bombieri and colleagues reported a R75Q association
with sarcoidosis [79], but in followup using complete cystic fibrosis gene mutation screening
they could not replicate their findings [80]. Schurmann and colleagues could not demonstrate
a CFTR association with sarcoidosis [81].

Heat shock protein A1L

Heat shock proteins (HSPs) comprise a conserved group of proteins with an average weight
of 70 kD. Intracellular HSPs serve as molecular chaperones [82], whereas extracellular HSPs
induce  cellular  immune responses  [83].  HSPs  may also  act  as  carrier  molecules  for  the
immunogenic peptides presented on antigen-presenting cells  [84].  Polymorphisms in the
HSPA1L (alias HSP70-hom) have been associated with susceptibility to rheumatoid arthritis
[85]. Antibodies to HSP70 in sarcoidosis have been reported [86, 87]. To further evaluate the
role  of  HSPs  in  sarcoidosis,  the  HSP70  +2437  C  allele  was  evaluated  and  found  to  be
associated with sarcoidosis  and Lo°  fgren’s  syndrome in  Polish patients  [88]  but  not  in
Japanese patients [89].

Inhibitor κB-α

Inhibitor κB (IκB) masks the nuclear factor (NF)- κB nuclear localization sequence, thus
retaining NF-κB in the cytoplasm and preventing DNA binding. On phosphorylation, IκB
degrades, allowing NF-kB’s nuclear localization and initiation of transcription [90]. Terminat‐
ing the NF-κB response requires IκB-α. IκB-α knockout mice die 7 to 10 days after birth with
increased levels of TNF-α mRNA in the skin and severe dermatitis [91]. NF-κB–dependent
signaling in alveolar macrophage makes NF-κB and thus IκB central to sarcoid pathophysiol‐
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ogy [92]. Abdallah and colleagues found the promoter -297T allele associated with sarcoidosis
[93]. No other IκB studies in sarcoidosis have been reported.

Interlukin-1(IL-1)

IL-1β produced mainly by macrophages maintains T-cell alveolitis and granuloma formation.
Hunninghake and colleagues also demonstrated higher IL-1β activity in the BALF of patients
with sarcoidosis compared with normal subjects [94]. Mikuniya and colleagues suggested that
the ratio of IL-1 receptor antagonist to IL-1β in sarcoidal alveolar macrophage culture super‐
natants could predict disease chronicity [95]. The IL-1α 5’ flanking –889 C allele was found
nearly two times more commonly among Czech patients with sarcoidosis compared with
control subjects [96].

Interleukin Receptor- 4 (IL-4R)

The inflammatory response in sarcoidosis is primarily Th1 mediated. IL-4 drives Th2 differ‐
entiation [97]. To test whether variation in the IL-4R gene confers susceptibility to sarcoidosis,
Bohnert and colleagues typed 241 members of 62 families with 136 affected siblings and 304
healthy control subjects for three functional SNPs within the IL-4R gene and found no evidence
for linkage or association, thus excluding a significant role for IL-4R [98].

Interlukin-18 (IL-18)

IL-18 produced by monocytes/macrophages induces IFN-γ and drives the Th1 response. BALF
and serum IL-18 levels are increased in sarcoidosis [99]. An association between IL-18607 (A/
C) polymorphism and sarcoidosis has been reported and refuted in Japanese [100, 101] and
white subjects [102, 103].

Interferon–α (IFN-α)

The increasing number of reported cases of IFN-α–induced sarcoidosis supports that IFN-α is
important in sarcoidosis [104]. Akahoshi and colleagues found an IFN-α T551G (Ile184Arg)
polymorphism associated with sarcoidosis susceptibility (OR, 3.27; 95% CI, 1.44–7.46; p=0.004)
[105]. This allele is also associated with high IFN-α production and subsequent strong Th1
polarization.

Transforming Growth Factor-β (TGF-β)

Polymorphisms for all three isoforms of transforming growth factor (TGF) – β (TGF- β1, TGF-
β2, and TGF-β3) have been associated with protein expression variation or functionality
changes [106]. TGF-β1 levels are increased in patients with sarcoidosis who have impaired
pulmonary function [107]. Kruit and colleagues reported that the TGF-β2 59941Gallele and the
TGF-β3 4875 A and 17369 C alleles were associated with chest X-ray evidence of pulmonary
fibrosis [85]. The TFG-β3 15101 G allele was lower in patients with fibrosis [108].

Toll-like receptor 4 (TLR4) and TLR10-TLR1-TLR6 cluster

Toll-like receptor 4 (TLR4), the first and best described of the many TLRs, plays a crucial role
in detecting infection and inducing inflammatory and adaptive immune responses [109]. Pabst
and colleagues examined 141 white German patients and control subjects for the TLR4
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erythrocyte  CR1 is  associated with impaired immune complex clearance and deposition
outside  the  reticuloendothelial  system [73].  These  extrareticuloendothelial  immune com‐
plex deposits incite local inflammatory responses and presumably granuloma formation.
That immune complexes may be involved in sarcoidosis was suggested in the early 1970s.
In a series involving 3,676 patients from 11 cities around the world, James and coworkers
[74] reported elevated serum γ-globulin levels above 3.5 g/100 ml in 23 to 96% of patients,
with IgG being the most consistently and persistently elevated [75]. The different sensitivi‐
ties of the techniques used explain in part the wide range in γ-globulin levels. It is general‐
ly accepted that immune complexes are always present in sarcoidosis depending on when
and how they are detected. Zorzetto and colleagues have been the only group to report a
CR1 gene association with sarcoidosis [76]. The GG genotype for the Pro1827Arg (C507G)
polymorphism was associated with sarcoidosis versus healthy control subjects (odds ratio
[OR), 3.13; 95% CI, 1.49–6.69) and versus control subjects with chronic obstructive pulmona‐
ry disease (OR, 2.82; 95% CI, 1.27–6.39).  The GG genotype was most strongly associated
with disease in female patients (OR, 7.05; 95% CI, 3.10–1.61) versus healthy control sub‐
jects. No relationship with clinical variables was found.

Cystic fibrosis transmembrane conductance regulator

The R75Q mutation in the cystic fibrosis transmembrane conductance regulator (CFTR) occurs
in high frequency in patients with atypical mild cystic fibrosis [77], bronchiectasis, and allergic
bronchopulmonary aspergillosis [78]. Bombieri and colleagues reported a R75Q association
with sarcoidosis [79], but in followup using complete cystic fibrosis gene mutation screening
they could not replicate their findings [80]. Schurmann and colleagues could not demonstrate
a CFTR association with sarcoidosis [81].

Heat shock protein A1L

Heat shock proteins (HSPs) comprise a conserved group of proteins with an average weight
of 70 kD. Intracellular HSPs serve as molecular chaperones [82], whereas extracellular HSPs
induce  cellular  immune responses  [83].  HSPs  may also  act  as  carrier  molecules  for  the
immunogenic peptides presented on antigen-presenting cells  [84].  Polymorphisms in the
HSPA1L (alias HSP70-hom) have been associated with susceptibility to rheumatoid arthritis
[85]. Antibodies to HSP70 in sarcoidosis have been reported [86, 87]. To further evaluate the
role  of  HSPs  in  sarcoidosis,  the  HSP70  +2437  C  allele  was  evaluated  and  found  to  be
associated with sarcoidosis  and Lo°  fgren’s  syndrome in  Polish patients  [88]  but  not  in
Japanese patients [89].

Inhibitor κB-α

Inhibitor κB (IκB) masks the nuclear factor (NF)- κB nuclear localization sequence, thus
retaining NF-κB in the cytoplasm and preventing DNA binding. On phosphorylation, IκB
degrades, allowing NF-kB’s nuclear localization and initiation of transcription [90]. Terminat‐
ing the NF-κB response requires IκB-α. IκB-α knockout mice die 7 to 10 days after birth with
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ogy [92]. Abdallah and colleagues found the promoter -297T allele associated with sarcoidosis
[93]. No other IκB studies in sarcoidosis have been reported.
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β2, and TGF-β3) have been associated with protein expression variation or functionality
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Toll-like receptor 4 (TLR4) and TLR10-TLR1-TLR6 cluster

Toll-like receptor 4 (TLR4), the first and best described of the many TLRs, plays a crucial role
in detecting infection and inducing inflammatory and adaptive immune responses [109]. Pabst
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polymorphisms Asp299Gly and Thre399Ile and found no association with disease presence
but did find a significant correlation with chronic disease [110].

Recently Veltcamp and colleague found that genetic variation in TLR10-TLR1-TLR6 cluster is
associated with increased risk of chronic disease [111].

Tumor Necrosis Factor–α (TNF-α)

TNF-α has a broad range of inflammatory and immunostimulatory actions, including
orchestrating granuloma formation. TNF-α stimulates cytokine production, enhances expres‐
sion of adhesion molecules, and acts as a costimulator of T-cell activation. Alveolar macro‐
phages from patients with active sarcoidosis secrete more TNF-α than those with inactive
disease [112]. TNF-α has been considered a target for therapy in sarcoidosis [113].

Although it  is  unclear whether TNF-α promoter polymorphisms are functionally signifi‐
cant,  studies suggest that a small  but significant effect of the TNF-α promoter -307 A/G
polymorphism may exist, with the A allele being associated with slightly greater levels of
TNF-α transcription [114, 115]. A higher frequency of TNF-307A allele has been found in
patients presenting with Lofgren’s syndrome and erythema nodosum [116–118]. In evaluat‐
ing five promoter polymorphisms, Grutters and colleagues found a significant increase in
TNF -857T allele in white British and Dutch patients and confirmed the TNF -307A allele
association  with  Lo°  fgren’s  syndrome  [119].  In  these  studies,  it  is  not  clear  whether
TNF-307A confers independent risk from HLA-DRB1 because TNF is in tight LD with HLA-
DRBI  [120].  Using  a  family-based  approach,  TNF-α  was  not  found  to  be  significantly
associated with sarcoidosis [49].

Vascular endothelial growth factor

Dysregulated vascular endothelial growth factor (VEGF) expression has been implicated in
several inflammatory diseases, such as rheumatoid arthritis and inflammatory bowel diseases
[121, 122]. VEGF modulates angiogenesis, enhances monocyte migration, a key event in
granuloma formation [123]. Tolnay and colleagues reported increased VEGF transcription and
protein production in activated alveolar macrophages in epithelioid cells and multinuclear
giant cells of pulmonary sarcoidal granulomas [124]. Several polymorphisms have been
associated with VEGF protein production [125, 126]. Morohashi and colleagues found that the
VEGF+813T allele was underrepresented (associated with decreased risk) in patients with
sarcoidosis. The +813 site is predicted to lie within a potential transcription factor binding site
and could potentially reduce VEGF expression [126].

Vitamin D receptors

The active form of vitamin D, 1,25-dihydroxy vitamin D3, modulates the immune response
through control of cytokine expression, including IFN-γ and IL-2 [127]. Increased expression
of vitamin D receptors (VDRs) on sarcoidal BAL T cells and alveolar macrophage production
of 1,25-dihydroxy vitamin D3 have been reported [128, 129]. Niimi and colleagues reported a
VDR Bsm1 restriction site polymorphism in intron 8 to be associated with sarcoidosis [130].
Guleva and Seitzer examined a VDR Taq1 polymorphism in linkage disequilibrium with the
BsmI polymorphism in 85 patients and 80 control subjects and could not confirm Niimi and
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colleagues’ findings [131]. Rybicki and colleagues also could not confirm VDRs as candidate
genes in sarcoidosis [49].

CD80 and CD86

The B7 family of costimulatory molecules (CD80 and CD86) regulate T-cell activation. T-cell
activation requires two signals: one mediated by T-cell receptor interaction with specific
antigen in association with HLA molecules and an antigen-independent costimulatory signal
provided by interaction between CD28 on T-cell surface and its ligands CD80 (B7-1) and CD86
(B7-2) on the antigen-presenting cells [146]. Handa and colleagues investigated CD80 and
CD86 SNPs for sarcoidosis susceptibility in 146 Japanese patients and found no significant
difference compared with 157 control subjects [147].

Unfortunately none of candidate gene chosen based on its likely function in sarcoidosis
pathophysiology has been confirmed using the family-based study design. Limitation to many
of these studies likely resides in the case-control study design’s susceptibility to a form of
confounding known as population stratification which can be overcome by using a family-
based design that involves recruiting patients ‘siblings and parents if available. In this design,
parental alleles not transmitted to affected offspring are used as the control alleles and thus
control for genetic background. The transmission disequilibrium test, one of the statistical
methods used, counts the number of parental gene variants transmitted to affected offspring.
Deviation from expected transmission supports a predisposing effect of the more frequently
transmitted allele.

4.2. Genome scanning: Affected sib pair linkage analysis

Sarcoidosis genome scan in Germans

The first genome scan study related to sarcoidosis was conducted by Schurmann and collea‐
gues, in which they used 225 microsatellite markers spanning the genome in 63 German
families to identify a linkage signal (D6S1666) on chromosome 6p21 [132]. This group then
used a three-stage single-nucleotide polymorphism (SNP) scan of the 16-MB region surround‐
ing D6S1666 [133] and identified a single SNP, rs2076530, in the BTNL2 gene associated with
sarcoidosis. This SNP (G/A) was found at the 3’ boundary of the exon 5 coding region. The A
allele at this position has been proposed to introduce an alternative splice site at the exon 5–3’
intron boundary of the BTNL2 transcript that results in a premature truncation of the protein.

BTNL2, also known as “butyrophilin-like 2” and “BTL-2,” is a butyrophilin gene that belongs
to the immunoglobulin gene superfamily related to the B7 family [134, 135]. Butyrophilin was
initially cloned from cattle mammary epithelial cells [136]. This gene was localized to the MHC
class II region in humans. To determine the consistency of the BTNL2 gene as a sarcoidosis
risk factor across different populations, Rybicki and colleagues characterized variation in the
BTNL2 exon/intron 5 region in an African-American family sample that consisted of 219
nuclear families (686 individuals) and in 2 case–control samples (295 African-American
matched pairs and 366 white American matched pairs) [137].They confirmed that BTNL2
somewhat was less associated with sarcoidosis in African Americans compared with whites.
BTNL2 appears to have moderate influence on individual disease risk (odds ratio of 1.6 in
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heterozygotes and 2.8 in homozygotes). The population attributable risk of 23% for heterozy‐
gotes and homozygotes indicates a significant contribution at the population level.

Whether BTNL2 as a sarcoidosis risk factor is independent of HLA-DRB risk alleles or not,
still  remains  a  question.  HLADRB  and  BTNL2  are  in  linkage  disequilibrium.  Linkage
disequilibrium is the nonrandom association of alleles physically closes on a chromosome.
HLA-DRB lies  about  180  kb  centromeric  to  BTNL2.  On the  basis  of  regression  models,
BTNL2 appears to be an independent risk factor [133, 137]. In the case of blacks, in whom
the BTNL2-conferred sarcoidosis risk is less significant than for whites, a negative interac‐
tion  with  HLA-DR  appears  to  exist  [137].  In  one  study,  BTNL2  was  found  not  to  be
associated with Wegener’s granulomatosis [138].

Most recently Hofmann and colleagues [139] conducted a Genome-Wide Linkage Analysis in
181 German sarcoidosis families using clustered biallelic markers. This study revealed one
region of suggestive linkage on chromosome 12p13.31 at 20 cM (LOD= 2.53; local P value =.
0003) and another linkage on 9q33.1 at 134 cM (LOD =2.12; local P value =.0009). It is proposed
that these regions might harbor yet-unidentified, possibly subphenotype-specific risk factors
for the disease (e.g. immune-related functions like the tumor necrosis factor receptor 1).

Sarcoidosis genome scan in African Americans

Eleven centers joined together in an NHLBI-sponsored effort (Sarcoidosis Genetic Analy‐
sis Consortium [SAGA]) to perform a genome scan in African American siblings. This group
performed  a  380-microsatellite  genomewide  scan  across  22  autosomes  in  519  African
American sib pairs. The significant findings included 15 markers with p values < 0.05 with
the  strongest  linkage  signal  on  chromosome  5  [140].  Fine  mapping  studies  indicated  a
sarcoidosis  susceptibility  gene  on  chromosome  5q11.2  and  a  gene  protective  effect  for
sarcoidosis on 5p15.2 [141].

The reason why African Americans were chosen to uncover sarcoidosis susceptibility genes
was that African Americans are more commonly and severely affected and have affected
family members more often than whites. But the disadvantage of doing so is that African
Americans are admixed with white and other populations to varying degrees with possible
admixture among their participating centers ranging from 12% in South Carolina to 20% in
New York [142]. To address the possibility that admixed subpopulations existed in the SAGA
sample and affected the power to detect linkage, the sample was stratified by genetically
determined ancestry using the data from the 380 microsatellite markers genotyped in the
genome scan. The African-American families were clustered into subpopulations based on
ancestry similarity. Evidence of two genetically distinct groups was found: Stratified linkage
results suggest that one subpopulation of families contributed to previously identified linkage
signals at 1p22, 3p21-14, 11p15, and 17q21 and that a second subpopulation of families
contributed to those found at 5p15-13 and 20q13 [143]. These findings support the presence of
sarcoidosis susceptibility genes in regions previously identified but indicate that these genes
are likely to be specific to ancestral groups that have combined to form modern-day African
Americans.

Sarcoidosis64

4.3. Genome-Wide Association Studies (GWAS)

In  genome-wide  association  study  high  throughput  genotyping  methods  are  used  to
genotype a dense set of SNPs across the genome. A significant advantage of this approach
is  that  association studies  are  more  powerful  than affected sib  pair  methods of  linkage
analysis. Hofmann and colleagues [144] conducted a genomewide association study of 499
German patients with sarcoidosis and 490 control subjects. The strongest signal mapped to
the  annexin  A11  gene  on  chromosome  10q22.3.  Validation  in  an  independent  sample
confirmed the association. Annexin A11 has regulatory functions in calcium signaling, cell
division, vesicle trafficking, and apoptosis. Depletion or dysfunction of annexin A11 may
affect the apoptosis pathway in sarcoidosis. Later the same group [145] reported another
associated locus 6p12.1 that comprises several genes, a likely candidate being RAB23. RAB23
is proposed to be involved in antibacterial defense processes and regulation of the sonic
hedgehog signaling pathway.

5. Counseling and screening

In the context of genetic family counseling, this generally is perceived as a small risk by the
clients and should lead to enhanced awareness but does not justify specific medical investi‐
gations in the absence of complaints.

6. Genetic testing

Genetic testing at present does not play a role in the diagnosis and treatment of sarcoidosis.

7. Future directions

The cause of sarcoidosis remains unknown. It is thought to be caused by interaction between
environmental and genetic factors. Genetic studies have revealed the HLA and other candidate
genes associated with sarcoidosis susceptibility. Association studies have been motivated by
the hopes that identifying alleles that affect risk and phenotype will help in understanding
disease etiology. Unfortunately, many of the reported associations have not been replicated.
Two genome scans have been reported and one has yielded a likely candidate gene, BTNL2
that has been replicated in large studies. Emerging technologies and advances in genomics
and proteomics will help find the causes sarcoidosis, better understanding of pathogenesis of
sarcoidosis and to test new therapy. Gene expression profiling in BALF and blood carried out
at the time of presentation will likely help to better predict disease resolution or progression.
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1. Introduction

Sarcoidosis  is  a  multi-system,  T-helper  1  (Th1)  cell  biased granulomatous  disorder.  The
current hypothesis is that sarcoidosis develops in a genetically predisposed individual who
is  exposed  to  a  yet  unknown  environmental  trigger(s)  [1].  Antigen  presentation  in  the
context  of  major  histocompatibility  complex  II  (MHC-II)  activates  Th1  cells  with  subse‐
quent production of various cytokines and chemokines including but not limited to IFN-
γ, TNF-α, TGF-β, IL-2,  IL-12 and others leading to further immune cell  recruitment and
activation [2]. The immune response ultimately leads to the formation of granulomas which
consist of a central core of mononuclear cells surrounded by CD4+ cells and a small number
of CD8+ and B-cells [2]. A role for regulatory T-cells has been proposed but their exact role
in sarcoidosis is yet unknown [3].

The disparity in prevalence and variability of organ involvement between ethnic groups
[1] and the familial clustering of sarcoidosis strongly support a genetic basis for sarcoido‐
sis  [4].  Several  genome  wide  associations  studies  (GWAS)  have  identified  potential
association between specific  genetic  loci  and sarcoidosis  [5-11]  and several  studies  have
also associated various human leukocyte antigen (HLA) markers and gene-specific single
nucleotide polymorphisms (SNP) with the risk, disease course and organ involvement with
sarcoidosis indicating that sarcoidosis is  a polygenic disease.  Adding to this complexity,
certain genetic markers have shown an association based on ethnicity and gender and some
have shown differential associations based on gender and ethnicity [34]. Genetic polymor‐
phisms that are functional can potentially influence the immune system’s recognition of an
antigen  and  the  subsequent  immune  response  to  the  antigen  thus  dictating  disease
phenotype (Figure 1).
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Figure 1. Functional genetic polymorphisms dictate immune response and disease phenotype

Genetic studies have played an important role in revealing new pathways and mechanisms
involved in the pathogenesis of immune mediated diseases such as rheumatoid arthritis,
inflammatory bowel disease, psoriasis, systemic lupus erythematosus, type 1 diabetes and
others [12]. Genome-wide association studies investigate the potential association of a disease
with genetic markers across the entire genome without a mechanistic hypothesis [13]. Thou‐
sands of representative SNPs (tagging SNPs) that span the whole genome are assayed for
potential association with a specific disease. In contrast, a candidate-gene approach is hypoth‐
esis driven and investigates the potential association of disease with polymorphisms in a
specific gene(s) that encode molecule(s) (receptor, cytokine, signal transduction…) that are
involved in the pathogenesis of a disease [13]. Familial-genetic studies investigate the associ‐
ation of genetic markers with a rare disease. Family members of an affected individual are
studied for genetic markers that are present in affected members but absent in others [13].

Several environmental and infectious agents have been proposed to be associated with
sarcoidosis but none proven yet. The ACCESS (A Case Controlled Etiological Study in
Sarcoidosis) study group identified 5 occupations and 5 exposures that were more prevalent
in sarcoidosis patients [14]. These exposures included agricultural employment, physicians,
jobs raising birds, jobs in automotive manufacturing and middle/secondary school teachers,
insecticides, employment in pesticide-using industries, occupational exposure to mold and
mildew, occupational exposure to musty odors and use of home central air-conditioning [14].
In contrast, smoking appears to be protective against sarcoidosis [14, 15]. Infectious agents,
particularly Mycobateria, are re-emerging as a potential antigen in sarcoidosis with studies
detecting Mycobacteria proteins in tissues from sarcoidosis patients and T-cells from sarcoi‐
dosis patients responding to stimulation by Mycobacterial antigens [16-23]. Recent studies
have also demonstrated an interaction between genetic markers and in vitro immune respons‐
es to Mycobacterial antigens further supporting the gene-environment interaction theory. [22]
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In this review, we will attempt to summarize the current literature on the association of genetic
markers with sarcoidosis from a functional perspective and highlight differences that might
exist between different racial groups.

Genetic markers and risk of disease (Table 1):

Gene Polymorphism Population OR CI p Ref

Lofgren's

Syndrome

HLA DRB1*03 White UK/Dutch 7.97 4.16-15.26 <0.0001 [26]

DRB1*0301 White Spanish 3.52 1.83-6.79 0.0004 [27]

DRB1*0301 White Swedish 7.71 4.63-12.84 <0.0001 [27]

DRB1*03 White Swedish 6.71 NR <0.0001 [28]

DRB1*03-DQB1*0201 White Dutch 12.5 5.69-27.52 <0.0001 [29]

DRB1*0301 Finnish 2.46 1.11-5.45 0.044 [33]

DRB1*1501 Finnish 2.16 1.06-4.41 0.037 [33]

MHC2TA rs3087456G White Swedish 1.31† 1.04-1.65† .019 [31]

rs11074932C White Swedish 1.27† 1.02-1.58† .026 [31]

BTNL2 rs3117099T White UK/Dutch 3.05 2.01-4.62 <0.0001 [26]

CCR2 Haplotype 2* White Dutch 4.4 1.9-9.7 <0.0001 [41]

Haplotype 2* Spanish 2.03 1.11-3.73 0.041 [27]

Haplotype 2* Swedish 3.02 1.65-5.52 0.0027 [27]

CCR5 rs2040388A German/Female 1.93 1.35-2.77 0.0003 [53]

rs2856757C German/Female 1.65 1.17-2.33 0.004 [53]

TNF# TNF-α 308AA rs1800629 US White 8.182 2.45-27.34 0.027 [73]

TNF-α 308A rs1800629 Polish 2.3 1.23-4.32 <0.01 [77]

TNF-α 308A UK/Dutch 3.1† 1.33-7.20† 0.006 [78]

TNF-α 308A German NR NR 0.0078 [79]

LTA-252G rs909253 Polish 2.98 1.67-5.29 <0.001 [77]

LTA-252GG rs909253 US White females 11.33 3.18-40.37 0.027 [73]

ANXA11 rs1049550TT Czech 0.31 0.11-0.84 0.02 [95]

Increased risk of

non-Lofgren’s

HLA DQB1*0602-DRB1*15 White Dutch 2.27 1.46-3.54† 0.0032 [32]

DRB1*12 White UK/Dutch 2.5 1.26-4.96 0.003 [26]

DRB1*12 UK 3.7 1.73-7.94 0.001 [29]

DRB1*12 Japanese 2.5 1.17-5.21 0.03 [29]

DRB1*1201 US White/AA 2.13 1.14-4.12 0.015 [34]

DRB1*10 White UK/Dutch 2.4 1.00-5.88 0.01 [26]

DRB1*14 White UK/Dutch 3.1 1.7-5.57 0.0003 [26]

DRB1*14 White Swedish 1.79 NR 0.017 [28]

DRB1*1401 US White/AA 2.29 1.21-4.34 0.011 [34]
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Gene Polymorphism Population OR CI p Ref

DRB1*14 UK 2.54 1.47-4.41 0.001 [29]

DQB1*0503/4 Dutch 2.4 1.11-5.18 0.04 [29]

DRB1*15 Finnish 1.67 1.12-2.5 0.011 [33]

DRB1*1501 US White/AA 1.7 1.18-2.46 0.003 [34]

DRB1*1101 US White/AA 1.98 1.37-2.9 <0.001 [34]

DRB3*0101 US White/AA 1.6 1.16-2.2 0.004 [34]

DRB1*1201 US AA 2.67 1.2-6.52 0.014 [34]

DPB1*0101 US AA 1.72 1.14-2.62 0.008 [34]

DRB1*0402 US white 2.57 1.02-7.28 0.043 [34]

DRB1*1501 US White 2.08 1.39-3.15 <0.001 [34]

DRB1*13 Czech 2.4 1.43-4.03 <0.02 [74]

BTNL-2 rs2076530A German 2.31 1.27-4.23 <0.006 [37]

rs2076530A White UK/Dutch 1.49 1.20-1.86 0.002 [26]

rs2076530A White Dutch 1.85 1.19-2.88 0.007 [38]

rs2076530A White US 2.03 1.32-3.12 NR [39]

rs2294878C White UK/Dutch 1.54 1.24-1.92 0.001 [26]

TNF LTA-252G rs909253 Czech 2.63 1.63-4.25 <0.00001 [74]

TNF-α 308A rs1800629 Polish 2.167 1.17-4.01 <0.05 [77]

TNF-α -857T UK/Dutch NR NR 0.002 [78]

TLR

TLR-10 rs1109695C Dutch NR NR 0.002 [68]

rs7658893A Dutch NR NR 0.001 [68]

TLR-1 rs5743604G Dutch NR NR 0.003 [68]

rs5743594G Dutch NR NR 0.049 [68]

SLC11A1

Allele 2£ US AA 0.48 0.28-0.81 0.014 [69]

Allele 3¥ Polish 1.68 1.01-2.81 0.04 [71]

Allele 3¥ Turkish 2.69 1.61-4.47 <0.001 [70]

Allele 3¥ Greek 1.52 1.08-4.52 0.015 [72]

INT4 Turkish 2.75 1.68-4.52 <0.001 [70]

ANXA11 rs1049550C German 1.54 1.23-1.92 0.00014 [94]

rs1049550T Czech 0.77 NR 0.04 [95]

rs2573346C German 1.55 1.24-1.92 0.00008 [94]

Decreased risk

HLA DRB1*01 White Swedish 0.61 NR 0.003 [28]

DRB1*01 White UK/Dutch 0.5 0.35-0.82 0.001 [26]

DRB1*01 UK 0.5 0.34-0.76 0.001 [29]

DRB1*01 Dutch 0.4 0.23-0.76 0.006 [29]

DRB1*01 Japanese 0.12 0.03-0.52 0.001 [29]

DRB1*01 Finnish 0.43 0.26-0.72 0.001 [109]

DRB1*04 White UK/Dutch 0.6 0.46-0.92 0.02 [26]
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Gene Polymorphism Population OR CI p Ref

DRB1*0401 US White/AA 0.48 0.28-0.8 0.003 [34]

DRB1*04 UK 0.54 0.35-0.84 0.008 [29]

DQB1*0301 UK 0.69 0.51-0.94 0.02 [29]

DQB1*0603 US Males 0.5 NR NR [34]

DRB1*1503 US AA 0.56 0.3-0.99 0.44 [34]

DRB1*0401 Us white 0.44 0.25-0.77 0.003 [34]

DRB1*07 Czech 0.40† 0.21-0.76† 0.0031 [74]

CCR2

CCR2-64I Japanese 0.37 0.21-0.67 0.0007 [43]

US: United States of America

UK: United Kingdom

AA: African American.

HLA: Human Leukocyte Antigen.

TLR: Toll-like receptor

NR: Not reported.

£Allele 2: T(GT)5AC(GT)5AC(GT)10

¥Allele 3: T(GT)5AC(GT)5AC(GT)9

*haplotype 2: (A at -6752,A at 3000, T at 3547 and T at 4385)

#TNF association with erythema nodosum

† Values calculated by authors from raw data provided in original manuscript.

Table 1. Association of genetic markers with risk of developing sarcoidosis.

Numerous studies  have been published investigating the association of  genetic  markers
with the risk of developing sarcoidosis or the risk of disease severity,  disease course or
specific  organ  involvement  [5-11].  Genetic  polymorphisms,  that  are  functional,  can
influence  the  immune  system’s  response  or  function  leading  to  active,  progressive  dis‐
ease or self-resolving, limited disease. Although it is yet unknown if,  and how, many of
the genetic polymorphisms detected can influence the immune response, they do provide
new insight on pathways that are potentially involved in the pathogenesis of sarcoidosis
and provide new potential therapeutic targets.

2. Receptors

2.1. HLA region

The HLA system plays an important role in the immune response and has been associated
with various autoimmune diseases [24]. The HLA genes are encoded on chromosome 6 and
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Gene Polymorphism Population OR CI p Ref
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consist of over 200 genes [25]. HLA class I molecules, HLA-A, B and C, are expressed by most
somatic cells and are important in the immune response [25]. They are composed of an α
polypeptide chain, which is coded by the class I genes, and a β chain which is coded by the
β2-microglobulin gene on chromosome 15 [25]. The HLA class II genes code for the α and β
polypeptides of the class II molecule [25]. The HLA class II molecules are designated by 3
letters, the first (D) represents the class, the second (M,O,P,Q or R) represent the family and
the third (A or B) represent the α or β chains [25]. The numbers that precedes the asterisk
indicates the gene and the numbers following the asterisk represent the allelic variant of that
gene [25]. HLA class II molecules are primarily expressed on immune cells. The HLA class II
molecules play an important role in the immune response presenting antigens to the effector
cells and induce activation of the immune cells [25].

Sarcoidosis can present insidiously (non-Lofgren’s syndrome) or present acutely with systemic
symptoms, acute arthritis, erythema nodosum and bilateral hilar lymphadenopathy, more
commonly known as Lofgren’s syndrome (LS) [1]. Several HLA alleles have been associated
with LS. HLA-DRB1 is the most common and has been reported in a white Dutch and UK
cohorts [26], Spanish and Swedish cohorts (HLA-DRB1*0301) [27], a Scandinavian cohort
(HLA-DRB1*03) [28] and a Dutch cohort (HLA-DRB1*03-DQB1*0201) [29]. In addition, HLA-
DQB1*0201 has been reported In White UK and Dutch cohorts [30]. HLA-DRB1*03 and HLA-
DQB1*02 are in strong LD [30]. In addition, 2 SNPs (rs3087456 and rs11074932) in the major
histocompatibility complex class II transactivator (MHC2TA) gene, which acts as a master
regulator for the expression of MHC class II molecules, were found to be associated with LS
independent of HLA-DRB1*03 [31].

Several HLA alleles have also been associated with increased risk of developing non-LS
sarcoidosis. HLA-DQB1*0602 has been associated with increased risk of non-LS sarcoidosis in
a Dutch cohort [32]. HLA-DRB1*14, *12 and *10 have been associated with increased risk of
sarcoidosis in a white Dutch and British cohort [26], and HLA-DRB1*12 and DRB1*14 in cohorts
from the UK, Netherlands and Japan [29] whereas HLA-DRB1*1501 was associated with risk
of sarcoidosis in a Finnish cohort [33]. HLA-DRB1*1201, *1401, *1501, *1101 and HLA-
DRB3*0101 were associated with sarcoidosis in the ACCESS cohort in the USA [34].

In contrast, HLA alleles that have been associated with decreased risk (protective) for sarcoi‐
dosis included HLA-DRB1*01 and *04 in white Dutch and UK cohorts [26] and HLA-DRB1*01
in cohorts from the UK, Netherlands and Japan [29] and HLA-DRB1*0101 was protective in a
Finnish cohort [33]. In the ACCESS cohort, HLA-DRB1*0401 was protective for the overall
cohort (African Americans and Caucasians) [34].

Some HLA markers are gender or ethnic specific in their association with sarcoidosis. In the
ACCESS cohort, HLA-DRB1*1101 was associated with increased risk more in males than
females whereas HLA-DRB1*0401 was associated with decreased risk more in males than
females, [34] HLA-DQB1*0603 was a risk factor for females but a protective factor for males.
[34] For blacks in the ACCESS cohort, HLA-DRB1*1201 and HLA-DPB1*1503 were associated
with increased risk of sarcoidosis and HLA-DRB1*1503 was associated with decreased risk of
sarcoidosis [34] whereas in whites, HLA-DRB1*0402 and DRB1*1501 were associated with
increased risk whereas HLA-DRB1*0401 was protective against sarcoidosis [34].

Sarcoidosis84

Overall, HLA-DRB1 molecules appear to play an important role in the pathogenesis of
sarcoidosis either by recognizing specific antigen(s) or mounting different immune responses
to different antigen(s). A better understanding of the role of HLA molecules in the pathogenesis
of sarcoidosis could move us a step closer to potentially identifying the antigen(s) that trigger
sarcoidosis [35].

2.2. BTNL2

The butyrophilin like 2 gene (BTNL2) belongs to the immunoglobulin gene superfamily and
is related to the CD80 and CD86 co-stimulatory receptors. [7] In a mouse model, it was shown
that BTNL2 binds to activated T-cells and inhibits their proliferation. [36] BTNL-2 was first
linked to sarcoidosis when a GWAS in 63 German families with sarcoidosis identified a linkage
to chromosome 6p21. [5] Further investigation found an association between SNP rs2076530A
in the BTNL2 gene and sarcoidosis. [7] rs2076530A produces an alternative splice site that
results in an early stop codon and a truncated, non-functional protein as a final product. [7]
These findings were replicated in another German sarcoidosis cohort [37]. In a white British
and Dutch cohorts, the SNPs rs2076530A and rs2294878C both showed an association with
increased risk of sarcoidosis whereas haplotype 4 (which included rs2076530G and
rs2294878A) had a protective association [26]. The SNP rs2076530A was associated with non-
Lofgren’s sarcoidosis and a gene dose effect was detected (AG vs GG OR 1.98, AA vs GG OR
2.63) [26]. There was strong linkage disequilibrium (LD) between BTNL2 haplotype 2 and
HLA-DRB1*03 and between BTNL2 haplotype 4 and HLA-DRB1*01. [26] When the association
of rs2076530A with the risk of sarcoidosis was analyzed in the context of HLA-DRB1, the
rs2076530A association no longer held whereas the association of HLA-DRB1*12 and *14 with
the risk of sarcoidosis persisted. [26] In a Dutch cohort, BTNL2 rs2076530A was associated
with increased risk of sarcoidosis and a strong LD was found with HLA-DRB1*15. [38]
rs2076530A was also associated with an increased risk of sarcoidosis in an American Caucasian
cohort whereas in an African American cohort, the BTNL2 gene risk and the HLA-DRB1 gene
risk negated each other. [39] In the same cohort, BTNL2 rs3117099T was associated with
Lofgren’s syndrome, similar but stronger association was also detected for haplotype 2 which
contains rs3117099T. [26] The association of both haplotype 2 and HLA-DRB1*03 with
Lofgren’s syndrome remained significant after adjusting for each other and was stronger when
both were present and protective against sarcoidosis when both were absent [26].

2.3. CCR2

CCR2 is a receptor for the chemokines CCL5, CCL2 and CCL3 that play an important role in
recruiting monocytes, T-cells and other inflammatory cells. [40, 41] The association of 8 SNPs
in the CCR2 gene with sarcoidosis was investigated in a white Dutch sarcoidosis population,
a haplotype that consisted of 4 unique alleles (A at -6752,A at 3000, T at 3547 and T at 4385)
was associated with LS, this association remained significant after adjustment for HLA-
DRB1*0301-DQB1*0201 and female gender (both of which have been associated with LS). [41]
No difference was seen between non-LS and controls. [41] This association and independence
from HLA-DRB1 was confirmed in Swedish and Spanish sarcoidosis cohorts. [27] Similar
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Overall, HLA-DRB1 molecules appear to play an important role in the pathogenesis of
sarcoidosis either by recognizing specific antigen(s) or mounting different immune responses
to different antigen(s). A better understanding of the role of HLA molecules in the pathogenesis
of sarcoidosis could move us a step closer to potentially identifying the antigen(s) that trigger
sarcoidosis [35].
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was associated with LS, this association remained significant after adjustment for HLA-
DRB1*0301-DQB1*0201 and female gender (both of which have been associated with LS). [41]
No difference was seen between non-LS and controls. [41] This association and independence
from HLA-DRB1 was confirmed in Swedish and Spanish sarcoidosis cohorts. [27] Similar
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findings were found in a Czech cohort although the difference did not reach statistical
significance. [40] No association was detected between 3 SNPs in CCR2 and sarcoidosis in a
German cohort. [42] CCR2-64I mutation (A substitution mutation where isoleucine replaces
valine in the transmembrane region) was found it to be protective against sarcoidosis in a
Japanese cohort. [43]

2.4. CCR5

The CCR5 gene is located on the short arm of chromosome 3 [44] and codes for a receptor for
several chemokines including CCL3, CCL4, CCL5 and CCL8. [45] These chemokines play an
important role in lymphocyte and monocyte recruitment and activation in sarcoidosis. [46,
47] In Sarcoidosis, CCR5 expression is up-regulated in Bronchoalveolar lavage (BAL) macro‐
phages and lymphocytes [48, 49] and levels of the CCR5 ligands, CCL3 and CCL5, correlate
with risk of disease progression. [50-52] The CCR5Δ32 null allele results a 32bp deletion in the
CCR5 gene and produces a non-functional receptor that is unable to bind to its ligand [53]. The
A allele at position -5663 (rs2040388) and the C allele at position -3900 (rs2856757), both of
which are part of the HHC haplotype, were associated with LS in a German cohort, particularly
in females [53]. No association between 8 SNPs in the CCR5 gene and risk of sarcoidosis was
detected in a white Dutch and UK cohorts but an association was noted with severity of lung
disease. [54]

2.5. CARD15

CARD15/NOD2 is an intracellular molecule that is part of the innate immunity which recog‐
nizes muramyl dipeptide, a component of gram-positive and gram-negative bacteria cell wall
[55]. It was first identified in association with the risk of Crohn’s disease. [55] No significant
association was detected between CARD15 polymorphisms and risk of sarcoidosis in German
[56, 57], Japanese [58], Danish [59, 60] cohorts. In contrast, an association was noted with risk
of disease in a Greek cohort [61].

2.6. Toll-Like receptors

Toll-like receptors (TLR) are transmembrane proteins that are critical in the innate immune
system. [62] They are also known as pattern recognition receptors as they recognize specific
microbial structures. [62] So far, 11 TLRs have been recognized. [62] Several studies in German
and Dutch cohorts have investigated the potential association of polymorphisms in the TLR4,
TLR2 and TLR9 genes with sarcoidosis but found no association with the risk of sarcoidosis.
[63-67] One study in a German cohort suggested an association with chronic sarcoidosis. [63]
In a Dutch cohort, SNPs rs1109695 and rs7658893 in the TLR-10 gene and rs57436004 and
rs5743594 in the TLR-1 gene were associated with the risk of sarcoidosis. [68] None of the 4
SNPs were significantly different between remitting and chronic disease but they did differ
significantly between healthy controls and sarcoidosis patients with chronic/progressive
disease. [68]
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2.7. SLC11A1 (NRAMP1, Natural Resistance-Associated Macrophage Protein Gene)

The SLC11A1 gene encodes a macrophage-specific, membrane protein whose function
involves transport and appears to be important in the early stages of macrophage activation.
[69] In US African Americans, a repeat polymorphism in 5’ region (allele 2) of the gene was
protective against sarcoidosis. [69] This finding was replicated in Polish, Turkish and Greek
cohorts where the opposite polymorphism (allele 3) was associated with increased risk of
sarcoidosis. [70-72] In the Turkish cohort, polymorphism in INT4 was also associated with
increased risk of sarcoidosis but this association was not noted in the other cohorts. [70]

3. Cytokines/Chemokines

3.1. TNF-α and lymphotoxin-A (LTA, TNF-β)

TNF-α and LTA genes are located within the MHC class III region on chromosome 6p21.3
[73-75]. TNF-α plays a pivotal role in sarcoidosis [76]. It is produced by alveolar macrophages
and high levels of spontaneous and stimulated release of TNF-α by macrophages from
sarcoidosis patients correlates with disease severity. [76] Several Loci in the TNF-α gene have
been studied including -307 (previously mislabeled as -308), -857, -863.

LTA-252G (rs909253)  allele  was associated with sarcoidosis  in Czech and Polish cohorts
[77] and TNF-α-308A (rs1800629) allele was associated with sarcoidosis in Polish and Czech
sarcoidosis cohorts [77]. There was a strong LD between the TNF-α 308A, LTA252G alleles
and HLA-DRB1*03 which has been associated with LS [74]. An association between TNF-
α 308A (rs1800629) allele and LS and between TNF-α -857T allele and non-LS sarcoidosis
was  also  found  in  a  British  and  Dutch  cohort  [78]  and  German  cohorts  [79-81].  An
association was found between the TNF-α -308 (rs1800629) and LTA252G(rs909253) SNPs
and erythema nodosum in  US white  women [73]  but  no  association  between polymor‐
phisms in the TNF-α gene and sarcoidosis in African Americans was detected. [82] There
was also an increased frequency of the -857T allele in British and Dutch sarcoidosis patients
compared to controls. [78]

The relationship between serum TNF-α levels and genotypes is unclear, one study found an
increased serum TNF-α levels with the TNF-α-307(8)G and the TNF-α -238A alleles in a
sarcoidosis population but not normal controls, [83] whereas another study did not detect any
association in the spontaneous or stimulated release of TNF-α from BAL and PBMC cells with
the TNF-α 308 and TNF-β (intron 1) genotypes. [84]

The  TNF-α-863  position  lies  further  upstream in  the  promoter  region.  It  influences  the
binding of NF-kB p50-p50 to the promoter region and inhibiting TNF-α production. The
A  allele  variant  inhibits  the  binding  of  NF-kB  p50-p50  and  thus  leading  to  a  higher
production of TNF-α. [85] There was a marginal association of the allele TNF-1031A with
the  risk  of  sarcoidosis  and an  association  of  TNF-1031A and TNF-α-863A with  chronic
disease in an Indian cohort. [83]
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SNPs were significantly different between remitting and chronic disease but they did differ
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3.2. TGF-β

TGF-β is a growth factor with 3 isoforms: TGF-β1, TGF-β2 and TGF-β3. They have nearly
identical biological properties but the functional properties are usually attributed to TGF-β1.
[86] TGF-β induces the synthesis of extracellular matrix and decreases matrix degradation, has
immunomodulatory properties acting as a mediator regulating chemotaxis and fibroblasts and
has been implicated in pulmonary fibrosis. [86, 87] The variant allele C of -509T/C and C of
codon 10 are associated with higher TGF-β1 protein levels in the serum and the codon 10
variant is associated with increased mRNA levels in PBMC. [88, 89] TGF-β1 levels in the BAL
and alveolar macrophage supernatant are higher in patients with active sarcoidosis and
especially in those with pulmonary function changes, [90] there was also a positive correlation
with BAL lymphocytosis. [90]

No association was found between sarcoidosis and 2 polymorphisms (codon 10, T869C) in the
TGF-β1 gene in a Japanese sarcoidosis cohort and no relationship with Scadding chest x-ray
stage was found either. [91] Codon 10 was also not associated with sarcoidosis in a German
cohort [92]. No association between polymorphisms in the TGF-β1, TGF-β2 and TGF-β3 genes
and sarcoidosis was detected in a white Dutch cohort. [93]

4. Signaling molecules

4.1. Annexin A11

The ANXA11 gene plays a role in the apoptosis pathway and depletion or dysfunction of the
Annexin A11 protein may impair cell apoptosis and the down-regulation of the immune
response [8]. A GWAS analysis in a German sarcoidosis cohort found a strong association
between several SNPs in the annexin A11 (ANXA11) gene on chromosome 10 (10q22.3) and
the risk of sarcoidosis. [8] This association was confirmed in a separate German cohort were
the C allele of both rs1049550 and rs2573346 were associated with the development of sarcoi‐
dosis. [94] The association of rs1049550 with risk of sarcoidosis was also confirmed in a Czech
cohort [95].

5. Others

5.1. Angiotensin Converting Enzyme (ACE)

Serum ACE is one of the biochemical markers that reflect disease activity in sarcoidosis. [1]
Serum ACE levels do correlate with ACE genotype, with genotype D/D having the highest
levels and I/I the lowest. [96-100] Several studies have investigated the association of ACE
genotypes with sarcoidosis. In an African American cohort, the DD genotype was associated
with increased risk of sarcoidosis, but not extent or severity, and the association was stronger
when a family history of sarcoidosis was taken into account. [101] This association was not
noted in a later study in African Americans. [82] In a Japanese cohort, the DD genotype was
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associated with increased risk of sarcoidosis in their female patients. [96] No association was
detected in a US Caucasian cohort [101]. Otherwise, no association between polymorphisms
in the ACE gene and risk of sarcoidosis was detected in German, Dutch, Italian, British, Finnish
and Czech sarcoidosis cohorts. [97-100, 102, 103]

The angiotensin II receptor 1 genotype AA and CC potentially increase the risk of sarcoidosis
in males in a German cohort but these findings were not replicated in a Dutch cohort. [97, 98]
No association existed between the angiotension II receptor 1 and 2 genotypes and sarcoidosis
in a Japanese cohort. [104]

5.2. IL-10 and CD40

No association between polymorphisms in the IL-10 or the CD40 gene and risk of sarcoidosis
in Japanese cohorts was detected. [105, 106]

Genetic markers and disease course / organ involvement (Table 2):

Gene Polymorphism Population OR CI p Ref

Progressive Pulmonary

disease

HLA DQB1*0602 AA NR NR 0.032 [107]

DRB1*07 Scandinavian 0.44 NR 0.009 [28]

DRB1*14 Scandinavian 2.14 NR 0.005 [28]

DRB1*15 Scandinavian 1.55 NR 0.011 [28]

DRB1*01 Scandinavian 0.41 NR <0.001 [28]

DRB1*03 Scandinavian 5.42 NR <0.001 [28]

DRB1*03 Finnish 2.22 1.20-4.1 0.011 [33]

BTNL 2 rs2076530 Dutch 1.84 1.06-3.21 0.03 [38]

CCR5 HHC haplotype British 6.8* 2.5-18.0 0.0045 [54]

HHC haplotype Dutch 9* 3.5-23.1 0.0009 [54]

CARD15/NOD2 rs2066844T British 4.1 1.0-15.5 0.04 [110]

IL23 Rs11209026A German 0.63 0.5-0.79 <0.001 [117]

TNF

TNF-α 308A Dutch 0.43 0.31-0.61 <0.001 [75]
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TNF

TNF-α 308A Dutch 0.43 0.31-0.61 <0.001 [75]

Genetics of Sarcoidosis
http://dx.doi.org/10.5772/55332

89



Gene Polymorphism Population OR CI p Ref

TNF-α 308T Italian 3.53 1.66-7.5 <0.001 [77]

TGF- β

TGF-β1 rs1800469 US white 2.5 1.3-4.5 0.005 [118]

TGF- β3 rs3917165A US White 7.9 2.1-30.9 P=0.01 [118]

TGF- β3 rs3917200C US White 5.1 1.6-17.7 P=0.05 [118]

GREM1 rs1919364CC Dutch 6.37 2.89-14.1 <0.001 [120]

ANXA11 rs1049550T Czech 0.61 0.41-0.89 0.01 [95]

Ophthalmic

HLA DRB1*0401 AA/White 3.49 1.62-7.54 <0.0008 [34]

DRB1*0401-DQB10301 UK 3.4 1.64-7.08 0.001 [29]

DRB1*03-DQB1*0201 UK 0.21 0.08-0.54 <0.0001 [29]

Hypercalcemia PBB1-0101 US white 4.28 1.45-12.6 0.005 [34]

* OR at 4 years

HLA : Human Leukocyte Antigen

Table 2. Association of genetic markers with sarcoidosis disease course, severity and/or organ invovlement.

6. Receptors

6.1. HLA region

HLA genetic markers were also investigated for their association with sarcoidosis disease
course, severity and/or organ involvement. HLA-DQB1*0602 was associated with radiograph‐
ic progression in an African American cohort [107], advanced pulmonary disease and uveitis
in Dutch cohorts [30, 108] whereas in a Scandinavian cohort, HLA-DRB1*07,*14 and *15 were
associated with progressive pulmonary disease whereas *01 and *03 were associated with non-
progressive disease [28]. In a Finnish cohort, HLA-DRB1*03 was associated with resolving
disease [109].

6.2. BTNL-2

In a Dutch cohort, BTNL2 16071A variant was associated with increased risk of progressive or
persistent pulmonary sarcoidosis [38].
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6.3. CCR5

CCR5Δ32 null  allele  was associated with the need for  immunosuppressive therapy in a
Czech cohort  [40].  The haplotype HHC (-5663A, -3900C, -3458T, -2459G, -2135T, -2086G,
-1835C, Δ32 wt) was strongly associated with the presence of parenchymal disease in British
and Dutch cohorts at presentation, 2 and 4 years of follow up [54]. The haplotype HHC
was also associated with lower forced expiratory volume in the first second (FEV1), forced
vital  capacity  (FVC),  bronchoalveolar  lavage  neutrophilia  (>4%)  but  not  other  organ
involvement with Sarcoidosis [54].

6.4. CARD15/NOD2

In a British cohort, there was an association between allele T at loci 2104 (rs2066844) and the
risk of radiographic Scadding stage IV at year 4 of follow up and an association between the
allele G at loci 1761 with better lung function, defined by DLCO, at presentation, 2 and 4 years
of follow up. [110] Interestingly, in a study in Crohn’s disease patients, variants in loci 2104,
2722 and 3020 were associated with decreased number of T-regulatory cells in the lamina
propria. [111] T-regulatory cells have been implicated to have a role in the immune pathogen‐
esis of sarcoidosis but their exact role is yet unknown. [3, 112, 113]

7. Cytokines/Chemokines

7.1. TNF-α 308, LTA252 (TNF-β)

A higher representation of the TNF-α308A allele was found in a Dutch cohort with non-
persistent disease compared to persistent disease. [75] In a Polish cohort, TNF-α308 A/A was
associated with disease remission. [77]

7.2. TGFβ

In a white Dutch cohort, there was an increased frequency of the A allele in rs3917165 in the
TGF-β3 gene in the fibrotic group compared to the acute/chronic groups [93], in addition, the
C allele in rs3917200 was more frequent in the fibrotic group compared to the acute/chronic
groups. [93] In another study, white American sarcoidosis patients who had CC homozygosity
at position -509 (rs1800469) were more likely to have parenchymal disease [118].

7.3. IL-23

IL-23 is a pro-inflammatory cytokine that stimulate Th-17 cells to produce IL-17 and other
cytokines and has a role in a number of autoimmune diseases [114, 115]. Polymorphisms in
rs11209026 can affect serum IL-17A levels in rheumatoid arthritis patients [116]. In a German
cohort, rs11209026A was protective against chronic sarcoidosis [117].
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8. Signaling

8.1. GREM1

Gremlin, encoded by GREM1, is a secreted glycoprotein and antagonizes bone morphogenetic
protein (BMP) by forming heterodimers with BMP-2, BMP-4 and BMP-7 preventing BMP from
interacting with its ligand and subsequent downstream signaling. [119] Dutch sarcoidosis
patients with the CC genotype for rs1919364 in GREM1 had a 6 fold increased risk of devel‐
oping fibrotic lung disease. [120]

8.2. Annexin A11

In a Czech cohort, rs1049550 T-allele was protective against parenchymal disease (Scadding
stages II-IV) [95].

9. Other

9.1. COX2

In a Spanish cohort, there was an association between the CC genotype of the COX2.8473
polymorphism and increased risk of sarcoidosis [121] and an association of the C-allele of the
COX2.3050 with systemic sarcoidosis versus non-systemic sarcoidosis [122].

9.2. IL-10 and CD40

There were no associations between polymorphisms in the IL-10 and CD40 gene in Japanese
cohorts and the risk of sarcoidosis. [105, 106]

10. Organ involvement

A few genetic markers have also been associated with organ involvement in sarcoidosis. In the
ACCESS study, HLA-DRB3 was associated with bone marrow involvement in blacks, HLA-
DPB1*0101 with hypercalcemia in whites, HLA-DRB1*0401 with parotid and salivary gland
involvement in blacks and HLA-DRB1*0401 was found to have possible association with eye
involvement [34]. In a cohort from the UK, HLA-DRB1*0401-DQB1*0301 was associated with
increased risk of uveitis whereas HLA-DRB1*03 and DQB1*0201 were protective for uveitis.
[29] In a Japanese cohort, HLA-DRB1*15 and DQB1*0602 were associated with skin disease
and HLA-DRB1*0803 with neurosarcoidosis. [29] In a Japanese cohort, polymorphisms in the
CTLA-4 gene were associated with BAL lymphocytosis, ocular involvement and multi-organ
involvement. [123, 124]
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11. Conclusions

Sarcoidosis is a complex disease with variable presentations, course and organ involvement,
as such, it is no surprise that research into the genetic basis of the disease yields complex and
variable results. This is supported by the variability in presentation, course and organ
involvement between various ethnic groups. To add to this complexity, linkage disequilibrium
(LD) occurs when alleles at two loci are not independent of each other. As such, when one
genetic marker is identified as associated with a disease or trait, then any allele in strong LD
with that marker could be the actual link to the disease. For example, BTNL-2 has been
associated with increased risk of sarcoidosis [5, 7, 8, 26, 37] but has also been shown to be in
strong LD with HLA markers [26].

HLA molecules play an important role in antigen presentation and immune stimulation [24,
25]. The association of HLA markers with increased risk of sarcoidosis or specific organ
involvement could potentially lead to identification of a causative agent(s), as seen in chronic
beryllium disease [125], and a recent study has shown an interaction between genetics and
immune response to certain environmental antigens [22]. Chronic beryllium disease, a
granulomatous disorder that is caused by exposure to beryllium and resembles sarcoidosis,
has been associated with HLA-DP-βGLu69 as a genetic risk factor [126]. Studies have shown
that HLA-DP-βGlu69 interacts with beryllium with subsequent stimulation of the immune
response [125]. In addition, the identification of genetic markers that are associated with
sarcoidosis might uncover novel pathways not previously identified or suspected as contrib‐
utors to disease pathogenesis, which could subsequently lead to identification of new thera‐
peutic targets.

Further research is still needed to clarify the associations of the various genetic markers with
risk and prognosis of disease and large validation studies will be needed to confirm these
associations. Proper phenotyping of cases and stratification according to ethnicity and gender
when analyzing genetic studies is extremely important. Several studies have shown opposite
associations between gender and/or ethnicity and genetic markers when the analysis was
stratified by gender and/or ethnicity [53]. In addition, the interaction between two or more
distinct SNPs or haplotypes in sarcoidosis has yet to be studied [127].

So what role does genetic testing have in the clinical care of sarcoidosis patients? At this stage,
genetic testing has no identifiable role in the clinical arena. The odds of a first or second degree
relative of a sarcoidosis patient also having sarcoidosis are 4.6 and the familial relative risk
was larger in sibs than in parents and higher in Whites than African Americans [4]. This said,
the absolute risk and attributable risk for a sib or parent of a sarcoidosis patients is approxi‐
mately 1% and as such, screening family members, clinically or genetically, is not recom‐
mended [4].

Potential future applications of genetic testing in the clinical arena include prognostication on
disease course which will aid in determining intensity of follow up, prognostication on
potential organ involvement which will influence frequency and intensity of screening for
sarcoidosis involvement, and potentially a role for pharmacogenetics in guiding immunomo‐
dulatory therapy.
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1. Introduction

Sarcoidosis is a systemic granulomatous disease of unknown etiology that is characterized
from the point of view of pathology of the presence of noncaseating granulomas in affected
organs. Typically affects young adults and is often present initially with one or more of the
following conditions: 1) bilateral hilar lymphadenopathy, 2) pulmonary reticular pattern, 3)
Involvement of the skin, joints and / or eyes.

In  this  chapter  we  are  going  to  review  and  update  the  clinical  features  and  sign  of
sarcoidosis.

2. Airway involvement

Patients with pulmonary sarcoidosis may have impaired upper and/or lower airway, and
could be impossible or difficult to detect with routine imaging, but are recognized by alterna‐
tive diagnostic tests (eg, bronchoscopy) [1]. Endobronchial disease exists in approximately 40%
of patients with stage I disease, and approximately 70% of patients with stage II or III. Airway
stenosis clinically significant is rare but can be unwieldy when severe [2, 3]. Table 1 summarize
the airway involvement in sarcoidosis.

In the fibrotic stage of the disease can be observed thinning of the mucosa, pallor, and scarring
can lead to a decrease in the light of the airways and the stenosis [4-6].
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Type of involvement Comments

Mucosal erythema and edema Nonspecific finding*
Granular mucosa Nonspecific*
Cobblestone mucosa More common in lobar and segmental bronchi*
Mucosal plaques (yellowish) Also occurs in other disorders*
Mucosal nodules (waxy
yellow)

Characteristic feature*; may occlude bronchi

Bronchial stenosis Lobar and segmental bronchi affected more frequently than central airways;
mucosal biopsy may or may not show granulomas

Airway distortion More likely in advanced parenchymal disease
Bronchiectasis Traction bronchiectasis associated with advanced parenchymal disease; usually

asymptomatic
Bronchiolitis Uncommon; CT scan may suggest diagnosis*
Extrinsic compression Uncommon; may occur with significant thoracic lymphadenopathy
Airway hyperreactivity Occurs in up to 20% of sarcoid patients; endobronchial involvement increases the

risk
Airflow limitation
(FEV1/FVC ratio < 80)

Occurs in 60% of sarcoid patients; seen in any stage

Hemoptysis Uncommon from airway involvement
Obstructive sleep apnea Due to laryngeal involvement; more common in patients with lupus pernio
Supraglottic structures Oral, nasal, and pharyngeal mucosal changes as noted above, hoarseness,

dysphagia, laryngeal paralysis, and airway obstruction

*A biopsy required to document the presence of a noncaseous granuloma; in other types of involvement, a biopsy
specimen may or may not demonstrate noncaseous granulomas.

Modified from Ref. 1

Table 1. Airway involvement in sarcoidosis

2.1. Supraglottic airways

Nasal passages, oropharynx, supraglottic structures, and the larynx develop sarcoid granulo‐
mas in approximately 6% of patients with sarcoidosis [7-10]. Debería sospecharse en todos los
pacientes con sarcoidosis sistémica y síntomas de vía aérea superior [4, 5, 8, 11-12]. Sarcoid
lesions can occur in nasal and oral mucosa, occasionally with ulceration; anosmia improves
after steroid therapy [13]. A nasal examination may reveal granulomatous mass, yellow-white
mucosal papules, and adhesions and crusting of septal and turbinate mucosa. Nodular
sarcoidosis of supraglottic and glottic structures can lead to dyspnea, stridor, dysphonia,
irritating cough with pharyngolaryngeal discomfort, dysphagia, retronasal obstruction,
and/or hyponasal speech. Rhinopharyngolaryngeal endoscopy may reveal reddish or yellow
granulomatous lesions (2-4 mm in diameter) [14]. Laryngoscopy may show epiglottic thick‐
ening and granularity, granulomatous mass and infiltrative sarcoid nodules of epiglottis,
aryepiglottic folds, and false cords. These may cause respiratory distress, requiring tracheos‐
tomy [15]. Flow-volume curves and laryngeal examination are helpful in the diagnosis and
management [16]. Obstructing polypoid sarcoid lesions have been managed with laryngo‐
scopic resection, tracheostomy, or local injection of a corticosteroid [17].
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Obstructive sleep apnea, which occurs in about 5% of the general population, seems to occur
with increased frequency in patients with sarcoidosis, especially in patients with lupus pernio
[18]. Sarcoidosis of the upper airways has been suggested as one of the possible mechanisms
for sleep apnea in patients with sarcoidosis and lupus pernio, although the overwhelming
majority of obstructive sleep apnea in sarcoidosis is most probably related to obesity from
corticosteroids. Sarcoidosis of the supraglottic airways in children is rare [19].

2.2. Larynx

Laryngeal sarcoidosis often occurs as an isolated phenomenon and is usually attributed to
asthma [20]. Occasionally, laryngeal sarcoid can lead to progressive life-threatening airway
obstruction [15]. Laryngeal sarcoidosis is uncommon [21]. The incidence of laryngeal sarcoi‐
dosis is estimated to be about 1.2%. Laryngeal sarcoidosis could be treated with systemic and
intralesional injections of a corticosteroid, surgical intervention, carbon dioxide laser ablation,
and external beam radiation [22, 23].

Paralysis of the left vocal cord and hoarseness can occur from compression of the left recurrent
laryngeal nerve by enlarged lymph nodes [24, 25]. Systemic corticosteroid therapy has resulted
in resolution of the hoarseness [24].

2.3. Central airways

The trachea and main bronchi are less frequently affected than the lobar, segmental, subseg‐
mental, and distal airways. Sarcoid granulomas of trachea, main carina, and major bronchi by
themselves seldom produce significant obstructive symptoms or airway dysfunction [26, 27].
Cough is the main symptom. Symptoms, clinical examination, flow-volume curves, and
bronchoscopy help in assessing the severity of the central airway stenosis [28].

Mainstem bronchial stenoses as well as segmental stenosis have been described in patients
with sarcoidosis [29]. Disabling inspiratory and expiratory airflow limitation mimicking fixed
upper airway obstruction has been reported [27]. Bronchoscopy may demonstrate other
changes as: mucosal erythema, edema, friability, granularity, fine cobblestoning, and sarcoid
nodules. The characteristic yellow waxy nodules typical of sarcoidosis are less likely to occur
in the trachea and main bronchi, but when seen in these areas, they tend to be sparsely
distributed.

Extrinsic compression of the central airways by the enlarged mediastinal and hilar lymph
nodes is uncommon. Right middle lobe syndrome caused by extrinsic compression and
intraluminal sarcoidosis has been described [30].

2.4. Distal airways

Sarcoidosis could affect lobar, segmental, subsegmental, and more distal bronchi as well as
bronchioles, which is manifested as mucosal inflammation, endobronchial granulomas,
stenosis, extrinsic compression, distortion, bronchiectasis, bronchiolitis, airway hyperreactiv‐
ity, and streaky hemoptysis.
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These can lead to airway dysfunction and respiratory symptoms. Sarcoid granulomas tend to
develop along the bronchovascular bundle or in the vicinity of the airways. All of these changes
are more likely to affect the airways in upper and mid-lung regions.

The various types of airway abnormalities encountered in patients with sarcoidosis are
described in the following paragraphs.

a. Endobronchial Granulomas

The definitive diagnosis of endobronchial granulomata requires a biopsy of the airway mucosa
because a normal-appearing airway mucosa does not exclude the presence of granulomas [31].
The mucosal abnormalities can be diffuse or patchy. These findings are nonspecific and may
be seen in other disorders. Therefore, biopsies of the mucosa and submucosa are essential for
making a histologic diagnosis. Segmental and lobar bronchial lumen can be compromised by
extrinsic compression by an enlarged adjacent lymph node. Endobronchial characteristics of
sarcoid granulomas are well documented [32]. The classic endobronchial sarcoidosis is
characterized by mucosal islands of waxy yellow mucosal nodules, measuring 2 to 4 mm in
diameter. These nodules appear dull gray or waxy yellow. The mucosal lesions tend to be
diffuse but more profuse in the lobar and segmental bronchi. Bronchial luminal occlusion by
sarcoid granulomas can mimic an obstructing malignant mass. Endobronchial granulomas
produce cough, wheezing, and dyspnea. The mucosal nodules seldom ulcerate or bleed.

b. Bronchial Stenosis

Bronchial stenosis is reported to occur in up to 14% of patients with sarcoidosis [33]. Bron‐
choscopy is helpful in evaluating the location, types, and severity of bronchial stenosis. The
stenoses can be solitary or multiple, lobar or segmental bronchial stenoses, with or without
atelectasis, and they may occur at any stage of respiratory sarcoidosis [33-35]. Extensive and
multiple stenotic lesions of larger bronchi may cause or contribute to pulmonary symptoms.

c. Bronchiolitis

Bronchiolar involvement from sarcoidosis can also occur in early sarcoidosis without pulmo‐
nary parenchymal involvement [36, 37]. Bronchiolitis obliterans organizing pneumonia,
bronchiolar narrowing and occlusion, and sarcoidosis coexisting with asthma have been
described [38, 39]. Airtrapping is a common feature in sarcoidosis and correlates with evidence
of small airways disease on pulmonary function testing.

d. Airway Distortion

Airway distortion is common in later stages of sarcoidosis and is caused by granulomatous
changes in and around the airways and the secondary traction bronchiectasis associated with
pulmonary parenchymal fibrosis [40, 41].

e. Bronchiectasis

Traction bronchiectasis becomes evident as the parenchymal disease progresses [40]. Traction
bronchiectasis has been reported in up to 40% of patients with fibrotic stages of sarcoid [41].
Localized bronchiectasis of the right middle lobe caused by obstructing sarcoid granuloma has
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been described [42]. Traction bronchiectasis and bronchial distortion, as described earlier,
seldom cause bronchiectatic symptoms [43].

f. Hemoptysis

Hemoptysis in patients with sarcoidosis is usually the result of a complication such as the
development of an aspergilloma in advanced fibrotic and cavitary sarcoid [44-46]. Large
pulmonary cystic lesions occur in advanced stages of sarcoidosis, and these could potentially
become infected with Aspergillus and aspergilloma could develop. Fatal massive hemoptysis
has been described in such patients [46]. Traction bronchiectasis is observed in patients with
advanced sarcoidosis and endobronchial sarcoidosis rarely causes hemoptysis.

g. Airway Hyperreactivity

Airway hyperreactivity has been reported in up to 20% of patients with sarcoidosis, and, as a
result, cough and wheezing may prompt patients to seek medical help [47, 48]. The airway
hyperreactivity is also responsible for the cough, wheezing, and dyspnea and is independent
of the airway involvement. Airway hyperreactivity in patients with sarcoidosis remains a
difficult entity to define because of the airway involvement by sarcoidosis. The smaller baseline
diameter of the diseased airway can potentially increase airway resistance and lead to a false-
positive bronchoprovocation test result.

2.5. Bronchoscopy

Bronchoscopy plays a significant role in the diagnosis and management of airway sarcoidosis.
The role of the technique in the retrieval of immune effector cells and infectious organisms by
analyzing bronchoalveolar lavage (BAL) fluid, biopsy specimens of pulmonary parenchymal
sarcoid, and needle aspiration/biopsy samples of enlarged lymph nodes in the mediastinum
and hilar regions is well known [49]. These bronchoscopic techniques have an important role
in the diagnosis of infectious diseases in sarcoid patients in whom complications such as
aspergilloma and other infections develop. Bronchoscopy also helps in excluding disorders
that may resemble sarcoidosis.

Bronchoscopic abnormalities have been observed in up to 60% of patients with sarcoidosis [48].
These include “retinalization” of mucosa from increased mucosal vascularity, mucosal
coarseness, pallor, flat yellow mucosal plaques, wartlike excrescences, “bleb-like” formations,
irregular mucosal thickening, ulceration, and atrophic mucosa. The three common findings
were bronchial mucosal hyperemia or edema, distortion of the bronchial anatomy, and
bronchial narrowing. The classic endobronchial sarcoidosis is mucosal islands of waxy yellow
mucosal nodules, 2 to 4 mm in diameter. Bronchoscopy may reveal endobronchial occlusion
by sarcoid granulomas in the submucosa or an endobronchial polyp caused by sarcoid
granulomas [35].

Bronchoscopic biopsy of endobronchial lesions confirms the diagnosis of endobronchial
sarcoidosis in up to 70% patients with the disease [48, 50, 51]. Patients with abnormal-
appearing airways are much more likely to have positive results, with a diagnostic yield of
75% [48]. Even when the airway mucosa appears normal, mucosal biopsy specimens may
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demonstrate mucosal or submucosal noncaseous granulomas in up to 50% of patients with
sarcoidosis [48]. In typical cases, the identification of noncaseous granulomas on frozen section
analysis may render lung biopsy unnecessary.

3. Lung disease

Sarcoidosis occurs in patients aged between 10-40 years in 70-90% of cases. In about half the
cases the disease is detected incidentally by alterations in the chest radiograph. The organ most
frequently affected is the lung. The most common symptoms are cough, dyspnea and chest
pain. In patients in the eighth decade of life is more common than systemic symptoms such as
fatigue and anorexia, although dyspnea is often present at the same time [52].

A pulmonary auscultation crackles or roncus uncommon to hear, but wheezing may be
present.

3.1. Pulmonary imaging

Pulmonary involvement occurs in 90% of patients with sarcoidosis [10]. The typical chest
radiograph shows bilateral hilar lymphadenopathy. This finding, however, may be absent, or
if present may occur in combination with opacities in the parenchyma. Parenchymal opacities
may be interstitial, alveolar or both. Pleural involvement is uncommon (<5%), but may occur
as lymphocytic exudate in the pleural effusion, chylothorax, hemothorax, or pneumothorax
[54-56].

a. Chest x-ray:

Stage of lung involvement is established based on chest radiography. Although the chest
radiograph provides an anatomical guide of lung disease can not measure disease activity or
functional damage assessment. The sarcoid nodule is defined as pulmonary nodules, bilateral
and multiple in the chest radiograph, which may mimic metastatic disease. When viewed
through the computerized tomography (CT) revealed a nodular consolidation with well
defined borders [56]. Radiological stages are (Figure 1):

• Stage I: is defined as the presence of bilateral hilar lymphadenopathy, which are often
accompanied with an increase in right paratracheal adenopathy. 50% of patients initially
present as bilateral hilar lymphadenopathy. In 75% of cases, hilar lymphadenopathy return
within the first through third year, while 10% will persist for 10 years or more.

• Stage II: Defined as bilateral hilar lymphadenopathy and reticular opacities (the latter occurs
more often in the upper lobes). These findings are initially in 25% of patients. In two thirds
of these cases the lesions regress spontaneously, while the rest can be progression of the
disease or remain unchanged over time. Normally the stage II patients have mild or
moderate. The most common symptoms are usually: cough, dyspnea, fever, and/or fatigue.

• Stage III: This is defined as reticular opacities without hilar lymphadenopathy. Reticular
opacities are distributed predominantly in the upper lobes.
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• Stage IV: Is characterized by reticular opacities with evidence of volume loss, chiefly
distributed in the upper lobes. Can also be observed: adenopathic clusters with marked
traction bronchiectasis, or extensive calcification, cavitation or cyst formation [57].

Figure 1. Staging of sarcoidosis on basis of chest radiographs

b. Computerized Axial Tomography (CT) scan:

Sarcoidosis patient can show a variety of abnormalities [58, 59]: Hilar and mediastinal
lymphadenopathy, beaded or irregular thickening of the bronchovascular bundles, nodules
along bronchi, vessels, and subpleural regions, bronchial wall thickening, ground glass
opacification, parenchymal masses or consolidation, parenchymal bands, cysts, traction
bronchiectasis, fibrosis with distortion of the lung architecture.

High-resolution CT has proved superior to conventional CT for assessing subtle parenchymal
details and discriminating between inflammation and fibrosis in patients with pulmonary

Clinical Manifestations of Sarcoidosis
http://dx.doi.org/10.5772/55556

115



demonstrate mucosal or submucosal noncaseous granulomas in up to 50% of patients with
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within the first through third year, while 10% will persist for 10 years or more.

• Stage II: Defined as bilateral hilar lymphadenopathy and reticular opacities (the latter occurs
more often in the upper lobes). These findings are initially in 25% of patients. In two thirds
of these cases the lesions regress spontaneously, while the rest can be progression of the
disease or remain unchanged over time. Normally the stage II patients have mild or
moderate. The most common symptoms are usually: cough, dyspnea, fever, and/or fatigue.
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distributed in the upper lobes. Can also be observed: adenopathic clusters with marked
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Figure 1. Staging of sarcoidosis on basis of chest radiographs
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sarcoidosis [58, 60]. The thin-section collimation (1- to 1.5- mm section thickness) and high-
spatial-frequency reconstruction algorithms that are used to generate high-resolution CT
images allow improved detection of nodular and reticular opacities, thickened interlobular
septa, and faint ground-glass opacities, making the technique especially useful for identifying
and managing sarcoidosis.

High-resolution CT may be particularly helpful for distinguishing active inflammation from
irreversible fibrosis in selected patients with stage 2 or 3 sarcoidosis. Nodules, ground-glass
opacities, and alveolar opacities are suggestive of granulomatous inflammation that may be
reversed with therapy [61]. By contrast, honeycomb-like cysts, bullae, broad and coarse septal
bands, architectural distortion, volume loss, and traction bronchiectasis are indicative of
irreversible fibrosis [62]. High-resolution CT may be useful also for verifying specific diagnoses
in patients with atypical clinical manifestations or unusual radiographic features [63].

In the appropriate clinical context, the observation of typical imaging features of sarcoidosis
(eg, bilateral hilar lymph node enlargement with a perilymphatic micronodular pattern) and
the anatomic distribution of those abnormalities (eg, upper lobe predominance) may point to
a highly specific diagnosis. However, atypical manifestations may necessitate a broader
differential diagnosis that includes tuberculosis and other granulomatous infections, silicosis,
malignancies, and pneumoconiosis.

We are going to explain some typical patterns of sarcoidosis. Criado et al. [64] published and
extensive review about typical and typical patterns of sarcoidosis. Table 2 shows typical and
atypical features of pulmonary sarcoidosis at high-resolution CT.

Typical features Atypical features

Lymphadenopathy: hilar, mediastinal (right

paratracheal), bilateral, symmetric, and well defined

Lymphadenopathy: unilateral, isolated, anterior and

posterior mediastinal

Nodules: micronodules (2–4 mm in diameter; well

defined, bilateral); macronodules (≥5 mm in diameter,

coalescing)

Airspace consolidation: masslike opacities,

conglomerate masses, solitary pulmonary nodules,

confluent alveolar opacities (alveolar sarcoid pattern)

Lymphangitic spread: peribronchovascular, subpleural,

interlobular septal

Linear opacities: interlobular septal thickening,

intralobular linear opacities

Fibrotic changes: reticular opacities, architectural

distortion, traction bronchiectasis, bronchio-lectasis,

volume loss

Fibrocystic changes: cysts, bullae, blebs, emphysema,

honeycomb-like opacities with upper- and middle-zone

predominance

Bilateral perihilar opacities Ground-glass opacities

Predominant upper- and middle-zone locations of

parenchymal abnormalities

Miliary opacities

Airway involvement: mosaic attenuation pattern,

tracheobronchial abnormalities, atelectasis

Pleural disease: effusion, chylothorax, hemothorax,

pneumothorax, pleural thickening, calcification

Mycetoma, aspergilloma

Table 2. Typical and Atypical Features of Pulmonary Sarcoidosis at High-Resolution CT. Modified from ref. 64.

Sarcoidosis116

• Typical Patterns of Lymphadenopathy

The most common pattern is well-defined, bilateral, symmetric hilar and right paratracheal
lymph node enlargement. Bilateral hilar lymph node enlargement, alone or in combination
with mediastinal lymph node enlargement, occurs in an estimated 95% of patients affected
with sarcoidosis [65, 66]. Middle mediastinal nodes (at the left paratracheal level, subcarinal
level, and level of the aortopulmonary window), prevascular nodes, or both are involved in
approximately 50% of patients [60].

Bilateral hilar lymph node enlargement may be a feature of infection (particularly fungal or
mycobacterial infection) or malignancy (eg, lymphoma). However, in the absence of specific
symptoms or signs, sarcoidosis is the most common cause of bilateral lymph node enlarge‐
ment. Histologic confirmation is not required for a diagnosis of sarcoidosis in these patients.
However, a biopsy should be performed if the chest radiographic findings worsen or specific
signs and symptoms develop [67].

• Typical Parenchymal Manifestations

1. Micronodules with a Perilymphatic Distribution

A perilymphatic distribution of micronodular lesions is the most common parenchymal disease
pattern seen in patients with pulmonary sarcoidosis (75%–90% of cases). High-resolution CT
shows sharply defined, small (2–4 mm in diameter), rounded nodules, usually with a bilateral
and symmetric distribution, predominantly but not invariably in the upper and middle zones.
The nodules are found most often in the subpleural peribronchovascular interstitium and less
often in the interlobular septa. Although sarcoid granulomas arise as micronodular lesions, they
may coalesce over time, forming larger lesions (macronodules) [56, 58, 63].

Sarcoid granulomas frequently cause nodular or irregular thickening of the peribronchovas‐
cular interstitium. Extensive peribronchovascular nodularity on high-resolution CT images is
strongly suggestive of sarcoidosis. However, interstitial thickening is not extensive in most
patients with sarcoidosis.

2. Fibrotic Changes

In most patients, sarcoid granulomas resolve with time. However, in an estimated 20% of
patients, fibrosis becomes more prominent over time, producing CT and radiographic findings
of linear opacities, traction bronchiectasis, and architectural distortion (displacement of
fissures and bronchovascular bundles). Fibrosis is seen predominantly in the upper and
middle zones, in a patchy distribution [41].

Extensive interstitial fibrosis can cause pulmonary arterial hypertension and resultant right
heart failure. Imaging findings that may be predictive of such an event include a prominent
main pulmonary artery, enlarged right and left pulmonary arteries, right ventricular enlarge‐
ment, and attenuation of peripheral vessels.

3. Bilateral Perihilar Opacities

Confluent nodular opacities that appear on high-resolution CT images as bilateral areas of
lung consolidation with irregular edges and blurred margins, radiating from the hilum toward
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septa, and faint ground-glass opacities, making the technique especially useful for identifying
and managing sarcoidosis.

High-resolution CT may be particularly helpful for distinguishing active inflammation from
irreversible fibrosis in selected patients with stage 2 or 3 sarcoidosis. Nodules, ground-glass
opacities, and alveolar opacities are suggestive of granulomatous inflammation that may be
reversed with therapy [61]. By contrast, honeycomb-like cysts, bullae, broad and coarse septal
bands, architectural distortion, volume loss, and traction bronchiectasis are indicative of
irreversible fibrosis [62]. High-resolution CT may be useful also for verifying specific diagnoses
in patients with atypical clinical manifestations or unusual radiographic features [63].

In the appropriate clinical context, the observation of typical imaging features of sarcoidosis
(eg, bilateral hilar lymph node enlargement with a perilymphatic micronodular pattern) and
the anatomic distribution of those abnormalities (eg, upper lobe predominance) may point to
a highly specific diagnosis. However, atypical manifestations may necessitate a broader
differential diagnosis that includes tuberculosis and other granulomatous infections, silicosis,
malignancies, and pneumoconiosis.

We are going to explain some typical patterns of sarcoidosis. Criado et al. [64] published and
extensive review about typical and typical patterns of sarcoidosis. Table 2 shows typical and
atypical features of pulmonary sarcoidosis at high-resolution CT.

Typical features Atypical features

Lymphadenopathy: hilar, mediastinal (right

paratracheal), bilateral, symmetric, and well defined

Lymphadenopathy: unilateral, isolated, anterior and

posterior mediastinal

Nodules: micronodules (2–4 mm in diameter; well

defined, bilateral); macronodules (≥5 mm in diameter,

coalescing)

Airspace consolidation: masslike opacities,

conglomerate masses, solitary pulmonary nodules,

confluent alveolar opacities (alveolar sarcoid pattern)

Lymphangitic spread: peribronchovascular, subpleural,

interlobular septal

Linear opacities: interlobular septal thickening,

intralobular linear opacities

Fibrotic changes: reticular opacities, architectural

distortion, traction bronchiectasis, bronchio-lectasis,

volume loss

Fibrocystic changes: cysts, bullae, blebs, emphysema,

honeycomb-like opacities with upper- and middle-zone

predominance

Bilateral perihilar opacities Ground-glass opacities

Predominant upper- and middle-zone locations of

parenchymal abnormalities

Miliary opacities

Airway involvement: mosaic attenuation pattern,

tracheobronchial abnormalities, atelectasis

Pleural disease: effusion, chylothorax, hemothorax,

pneumothorax, pleural thickening, calcification

Mycetoma, aspergilloma

Table 2. Typical and Atypical Features of Pulmonary Sarcoidosis at High-Resolution CT. Modified from ref. 64.
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• Typical Patterns of Lymphadenopathy

The most common pattern is well-defined, bilateral, symmetric hilar and right paratracheal
lymph node enlargement. Bilateral hilar lymph node enlargement, alone or in combination
with mediastinal lymph node enlargement, occurs in an estimated 95% of patients affected
with sarcoidosis [65, 66]. Middle mediastinal nodes (at the left paratracheal level, subcarinal
level, and level of the aortopulmonary window), prevascular nodes, or both are involved in
approximately 50% of patients [60].

Bilateral hilar lymph node enlargement may be a feature of infection (particularly fungal or
mycobacterial infection) or malignancy (eg, lymphoma). However, in the absence of specific
symptoms or signs, sarcoidosis is the most common cause of bilateral lymph node enlarge‐
ment. Histologic confirmation is not required for a diagnosis of sarcoidosis in these patients.
However, a biopsy should be performed if the chest radiographic findings worsen or specific
signs and symptoms develop [67].

• Typical Parenchymal Manifestations

1. Micronodules with a Perilymphatic Distribution

A perilymphatic distribution of micronodular lesions is the most common parenchymal disease
pattern seen in patients with pulmonary sarcoidosis (75%–90% of cases). High-resolution CT
shows sharply defined, small (2–4 mm in diameter), rounded nodules, usually with a bilateral
and symmetric distribution, predominantly but not invariably in the upper and middle zones.
The nodules are found most often in the subpleural peribronchovascular interstitium and less
often in the interlobular septa. Although sarcoid granulomas arise as micronodular lesions, they
may coalesce over time, forming larger lesions (macronodules) [56, 58, 63].

Sarcoid granulomas frequently cause nodular or irregular thickening of the peribronchovas‐
cular interstitium. Extensive peribronchovascular nodularity on high-resolution CT images is
strongly suggestive of sarcoidosis. However, interstitial thickening is not extensive in most
patients with sarcoidosis.

2. Fibrotic Changes

In most patients, sarcoid granulomas resolve with time. However, in an estimated 20% of
patients, fibrosis becomes more prominent over time, producing CT and radiographic findings
of linear opacities, traction bronchiectasis, and architectural distortion (displacement of
fissures and bronchovascular bundles). Fibrosis is seen predominantly in the upper and
middle zones, in a patchy distribution [41].

Extensive interstitial fibrosis can cause pulmonary arterial hypertension and resultant right
heart failure. Imaging findings that may be predictive of such an event include a prominent
main pulmonary artery, enlarged right and left pulmonary arteries, right ventricular enlarge‐
ment, and attenuation of peripheral vessels.

3. Bilateral Perihilar Opacities

Confluent nodular opacities that appear on high-resolution CT images as bilateral areas of
lung consolidation with irregular edges and blurred margins, radiating from the hilum toward
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the periphery, are often seen with or without air bronchograms. These areas of consolidation
are less homogeneous peripherally and are usually accompanied by micronodules [41, 60].

c. Positron emission tomography (PET):

A PET fluorine-18-fluorodeoxyglucose (18F-FDG) can help identify occult lesions and poten‐
tially reversible granulomatous disease [69, 70]. This test does not differentiate sarcoidosis
from malignant lesions, as 18F-FDG PET can be positive in both processes. However, in a small
study of 24 sarcoidosis and 17 lung cancer, the combination of 18F-FDG and 18F-FMT (L-
[3-18F]-methyltyrosine) PET scanning was able to differentiate sarcoidosis cancer. Sarcoid
lesions were positive in 18 F-FDG PET but negative on 18 F-FMT PET, and both were positive
for cancer patients [71]. More studies are needed to confirm these findings. Besides the latter
tracer may not be available in all centers.

d. Radiotracer scanning - Gallium-67 lung scanning:

Is a noninvasive test for staging the "alveolitis" found in interstitial lung diseases. This
compound located the site of inflammation of the lung [72-74]. The role of gallium-67 scanning
in the diagnosis and management of sarcoidosis is currently controversial [75]. It has been
suggested that there is a direct relationship between a visual index of gallium-67 uptake in the
lung and the number of inflammatory cells (particularly macrophages) obtained from
bronchoalveolar lavage in patients with sarcoidosis (and idiopathic pulmonary fibrosis). As a
result the uptake of gallium-67 may be useful to determine the degree of alveolar inflammation,
which will focus more lower alveolar macrophages and neutrophils [72-74].

Unfortunately there has not been adequate study to make any correlation of the gallium-67
level with the stage of swelling or how the level of radionuclide uptake may correspond to the
stage of disease. Furthermore, studies in normal subjects demonstrate that there may be a small
but significant uptake of gallium-67 in alveolar macrophages obtained by bronchoalveolar
lavage despite negative imaging test [76].

As a result, actually is not recommended for routine evaluation with gallium-67 lung scanning
in these patients because of the difficulty of interpretation, since it is not specific, and that a
negative test does not exclude the disease.

Other types of radiotracer-based scanning may help in future diagnosis and clinical manage‐
ment of patients with sarcoidosis [77, 78]. As an example, one study of 22 patients with
sarcoidosis scans performed after administration of technetium-labeled Depreotide, which
binds to somatostatin receptors [77]. The scan was positive in 18 patients (81%) and in 4 of
whom was negative had a normal chest radiograph. The features of this test are still unknown,
and clinical use is experimental.

3.2. Pulmonary function test

Characteristically, pulmonary function tests show a restrictive pattern with reduced diffusing
capacity for carbon monoxide. Yet we must bear in mind that pulmonary function tests may
be normal [79]. Endobronchial sarcoidosis may show involvement of airflow obstruction and
respiratory pattern.
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The greatest value of pulmonary function tests is to verify the course of the disease individually
by sequential measurements. Mean it will not detect pulmonary sarcoidosis or provide a
reliable estimate of the extent of parenchymal disease. In addition, the clinician can not predict
the natural course of lung disease or response to treatment based solely on these tests.

3.3. Bronchoalveolar Lavage (BAL)

BAL can be used as an adjuvant as to support the diagnosis of sarcoidosis, showing a reduced
number of CD8 cells, an elevated CD4/CD8 ratio and an increase in activated T cells, CD4,
immunoglobulins, and IgG-secreting cells [80-83]. BAL may also be useful to exclude infections
as an alternative diagnosis.

Lymphocytosis in BAL is neither sensitive nor specific for the diagnosis of sarcoidosis. In
addition, this test can be misinterpreted [80].

The D-dimer in BAL also supports the diagnosis of sarcoidosis. An observational study found
that 8 of the 10 patients with sarcoidosis had detectable D-dimer in the BAL (defined as D-
dimer> 78ng) Compared to none of 18 healthy controls [82]. Among patients with sarcoidosis
are more likely to have a higher D-dimer black patients than whites [83].

3.4. Histopathology

The morphological feature of sarcoidosis is the noncaseating granuloma of the lung, which is
most often found in the alveolar septa, the walls of the bronchi and pulmonary arteries and
veins. Sarcoid granuloma formation probably is preceded by alveolitis which involves more
than the interstitium and alveolar spaces is characterized by the accumulation of inflammatory
cells, including monocytes, macrophages and lymphocytes [84, 85].

The sarcoid granuloma is a chronic inflammatory reaction and focal accumulation formed by
epithelial cells, monocytes, lymphocytes, macrophages and fibroblasts. Multinucleated giant
cells are frequently found between epithelial cells in the follicle of the granuloma and often
have cytoplasmic inclusions such as asteroid bodies, Schaumann bodies and birefringent
crystalline particles (calcium oxalate and other calcium salts) [86]. Most sarcoid granulomas
gradually resolved and leave little or no residual manifestation of prior inflammation.

3.5. Allocation pulmonary vs. extrapulmonary

Health status is a subjective parameter that is being used more frequently to assess health
interventions. Questionnaires have been developed, both generic and disease-specific, to
assess health status. Differences in patients reported outcomes between sarcoidosis patients
with isolated pulmonary involvement and those with extrapulmonary manifestations have
not been well described. In this way, Gvozdenovic et al. [68] develop a study to assess the
differences of the severity of fatigue and dyspnea symptoms, activities of daily living and
health status between the patients with isolated pulmonary and those with pulmonary plus
extrapulmonary sarcoidosis. This study concluded that patients with pulmonary and extrap‐
ulmonary sarcoidosis are more fatigued, have more dyspnea, are more limited in their
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the periphery, are often seen with or without air bronchograms. These areas of consolidation
are less homogeneous peripherally and are usually accompanied by micronodules [41, 60].

c. Positron emission tomography (PET):

A PET fluorine-18-fluorodeoxyglucose (18F-FDG) can help identify occult lesions and poten‐
tially reversible granulomatous disease [69, 70]. This test does not differentiate sarcoidosis
from malignant lesions, as 18F-FDG PET can be positive in both processes. However, in a small
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[3-18F]-methyltyrosine) PET scanning was able to differentiate sarcoidosis cancer. Sarcoid
lesions were positive in 18 F-FDG PET but negative on 18 F-FMT PET, and both were positive
for cancer patients [71]. More studies are needed to confirm these findings. Besides the latter
tracer may not be available in all centers.

d. Radiotracer scanning - Gallium-67 lung scanning:

Is a noninvasive test for staging the "alveolitis" found in interstitial lung diseases. This
compound located the site of inflammation of the lung [72-74]. The role of gallium-67 scanning
in the diagnosis and management of sarcoidosis is currently controversial [75]. It has been
suggested that there is a direct relationship between a visual index of gallium-67 uptake in the
lung and the number of inflammatory cells (particularly macrophages) obtained from
bronchoalveolar lavage in patients with sarcoidosis (and idiopathic pulmonary fibrosis). As a
result the uptake of gallium-67 may be useful to determine the degree of alveolar inflammation,
which will focus more lower alveolar macrophages and neutrophils [72-74].

Unfortunately there has not been adequate study to make any correlation of the gallium-67
level with the stage of swelling or how the level of radionuclide uptake may correspond to the
stage of disease. Furthermore, studies in normal subjects demonstrate that there may be a small
but significant uptake of gallium-67 in alveolar macrophages obtained by bronchoalveolar
lavage despite negative imaging test [76].

As a result, actually is not recommended for routine evaluation with gallium-67 lung scanning
in these patients because of the difficulty of interpretation, since it is not specific, and that a
negative test does not exclude the disease.

Other types of radiotracer-based scanning may help in future diagnosis and clinical manage‐
ment of patients with sarcoidosis [77, 78]. As an example, one study of 22 patients with
sarcoidosis scans performed after administration of technetium-labeled Depreotide, which
binds to somatostatin receptors [77]. The scan was positive in 18 patients (81%) and in 4 of
whom was negative had a normal chest radiograph. The features of this test are still unknown,
and clinical use is experimental.

3.2. Pulmonary function test

Characteristically, pulmonary function tests show a restrictive pattern with reduced diffusing
capacity for carbon monoxide. Yet we must bear in mind that pulmonary function tests may
be normal [79]. Endobronchial sarcoidosis may show involvement of airflow obstruction and
respiratory pattern.
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as an alternative diagnosis.

Lymphocytosis in BAL is neither sensitive nor specific for the diagnosis of sarcoidosis. In
addition, this test can be misinterpreted [80].
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that 8 of the 10 patients with sarcoidosis had detectable D-dimer in the BAL (defined as D-
dimer> 78ng) Compared to none of 18 healthy controls [82]. Among patients with sarcoidosis
are more likely to have a higher D-dimer black patients than whites [83].
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The morphological feature of sarcoidosis is the noncaseating granuloma of the lung, which is
most often found in the alveolar septa, the walls of the bronchi and pulmonary arteries and
veins. Sarcoid granuloma formation probably is preceded by alveolitis which involves more
than the interstitium and alveolar spaces is characterized by the accumulation of inflammatory
cells, including monocytes, macrophages and lymphocytes [84, 85].

The sarcoid granuloma is a chronic inflammatory reaction and focal accumulation formed by
epithelial cells, monocytes, lymphocytes, macrophages and fibroblasts. Multinucleated giant
cells are frequently found between epithelial cells in the follicle of the granuloma and often
have cytoplasmic inclusions such as asteroid bodies, Schaumann bodies and birefringent
crystalline particles (calcium oxalate and other calcium salts) [86]. Most sarcoid granulomas
gradually resolved and leave little or no residual manifestation of prior inflammation.

3.5. Allocation pulmonary vs. extrapulmonary

Health status is a subjective parameter that is being used more frequently to assess health
interventions. Questionnaires have been developed, both generic and disease-specific, to
assess health status. Differences in patients reported outcomes between sarcoidosis patients
with isolated pulmonary involvement and those with extrapulmonary manifestations have
not been well described. In this way, Gvozdenovic et al. [68] develop a study to assess the
differences of the severity of fatigue and dyspnea symptoms, activities of daily living and
health status between the patients with isolated pulmonary and those with pulmonary plus
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everyday physical activities, and have lower health status in comparison with those with
isolated pulmonary involvement. They proposed several mechanisms to explain these
differences, although remained conjectural and are potential fruitful areas for future research.

4. Pulmonary hypertension complicating sarcoidosis

Pulmonary hypertension (PH) is defined as the presence of a mean pulmonary artery pressure
(mPAP) ≥ 25 mm Hg [87]. Although in most cases sarcoidosis is a disease with good prognosis,
the presence of PH is a serious complication that occurs in cases with severe pulmonary
involvement, although there have been cases of PH in any stages of the disease. An early
diagnosis that may consider different treatment options is critical to improve the prognosis of
these patients.

The prevalence of pulmonary hypertension (SAPH) asociated to sarcoidosis is unknown.
Prospective and retrospective studies describe prevalence from 5 to 28% [88] (see Table 3). This
variability is mainly due to the use of different diagnostic methods, non-homogeneous patient
populations and stages of the disease included in those studies. It has been described that in
patients with mild lung disease in which PH is defined as that PAP ≥ 40 mm Hg measured by
transthoracic echocardiography (TTE), the prevalence is 5.7% [89].

Author/reference Population Number Method Prevalence (%)

Handa (89) Prospective study of unselected patients 212 TTE 5.7

Baughmann (88) Subjects with dyspnea out of proportion 53 RHC 47

Sulica (98) Retrospective study of TTE 106 TTE 51

Table 3. Ascertained prevalence of Sarcoidosis-associated pulmonary hypertension in several populations

A retrospective study of 53 patients with sarcoidosis and persistent dyspnea showed that in
47% of them had a mPAP ≥ 25 mm Hg. Only 69% of these cases had stage 3-4 of sarcoidosis [90].

4.1. Pathophysiology

According to Dana Point classification [91] of pulmonary hypertension, the group 3 includes
cases of PH due to lung disease or hypoxia (including interstitial lung disease). The group 5
includes the cases where PH has not a clarified mechanism; group 5 also includes sarcoidosis
because the pathogenesis of SAPH is associated with complex mechanisms.

a. Destruction of the distal capillary bed

Most patients with sarcoidosis and PH are in advanced stages, presenting a significant
alteration of lung parenchyma with destruction of the capillary bed and leading of hypoxemia.
However, there are cases of SAPH with minimal lung disorder (Stages 0-1) and hemodynamic
measurements detected in the right heart catheterization (RHC) are not always correlated
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directly with lung function or PaO2 [92]. When comparing cases of idiopathic pulmonary
fibrosis and sarcoidosis there are differences in mPAP of 9 mm Hg for an equivalent functional
alteration, so this mechanism does not explain the development of PH in all the patients.

b. Increased vasoreactivity

Few years ago was found that production of endothelin 1 (ET-1) in the lung of patients with
sarcoidosis is increased [93]. The ET-1 is a potent vasoconstrictor with mitogenic and inflam‐
matory activity and one of the therapeutic targets for the treatment of PH, using receptor
antagonists of ET-1. The synthesis and release of nitric oxide (NO) by endothelial cells causes
vasodilatation, the decreased of NO production has been associated with PH. Has been
suggested that the decrease of NO, found in some studies of patient with sarcoidosis, may
participate in the development of SAPH and that could have therapeutic implications [94].

c. Extrinsic compression of pulmonary vessels

There is extrinsic compression of major pulmonary arteries by adenopathies up to 21.4% of
patients with SAPH and pulmonary fibrosis [95]. This alteration is often seen in cases with
mediastinal and bilateral hilIar adenopathies. Compression of the pulmonary vasculature can
also be found in cases of mediastinal fibrosis.

d. Vasculopathy

Granulomatous involvement of the pulmonary vessel occurs in 69-100% of the cases studied
by lung biopsy specimens. Exits occlusive or destructive granulomas or the patient may
develop a perivascular fibrosis. These findings are more frequent in small veins [96].

e. Post-capillary pulmonary hypertension

We mustn`t forget that myocardial involvement in sarcoidosis occurs in up to 5% of cases and
cause ventricular systolic or diastolic failure which contribute to the development of PH [97].
However, the symptomatic myocardial abnormality is lower than that found in necropsy
studies. We can conclude that the mechanisms involved in the development of PH in sarcoi‐
dosis are multiple, involving various anatomical structures and with different therapeutic
implications.

4.2. Clinical presentation

The diagnosis of PH in sarcoidosis is difficult because the most common symptom is dyspnea,
and many times, this symptom is attributed to the presence of parenchymal involvement. The
PH should be suspected in patients with sarcoidosis and dyspnea, hypoxemia, or clinical
evidence of the presence of right heart failure, particularly, if these symptoms have not a
proportional relationship to the degree of parenchymal involvement. Symptoms of right heart
failure are independent predictors of increased pressure in the right cavities. However, these
symptoms have low sensitivity, and are only manifested in 21% of patients with confirmed
PH. The symptoms are: progressive dyspnea, cough, chest pain, palpitations or syncope [98].
Table 4 shows the distribution of the symptoms.
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everyday physical activities, and have lower health status in comparison with those with
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Author/reference Population Number Method Prevalence (%)
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Sulica (98) Retrospective study of TTE 106 TTE 51

Table 3. Ascertained prevalence of Sarcoidosis-associated pulmonary hypertension in several populations
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measurements detected in the right heart catheterization (RHC) are not always correlated
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Sudden death caused by compression of large pulmonary arteries, occlusion of the pulmonary
veins by a sarcoid involvement intravascular or combination of SAPH and portal hypertension
is infrequent.

Symptoms Frequency %

Dyspnea on exertion 85

Cough 36

Chest pain 10

Palpitations 10

Asymptomatic 8

Table 4. Presenting symptoms in Sarcoidosis-associated pulmonary hypertension

4.3. Diagnosis

Patients with SAPH usually present with restrictive dysfunction on pulmonary function tests,
and decrease in carbón monoxide diffusion capacity (DLCO) out of proportion to the decrease
in total lung capacity (TLC). Forced vital capacity (FVC), forced expiratory volumen in 1 second
(FEV1) and DLCO have been reported to be significantly lower in patients with Sarcoidosis
and PH when compared with patients without PH [99].La hipoxemia esta frecuentemente
presente en los pacientes con SAPH siendo este grupo uno de los que con probabilidad va a
requerir oxigeno suplementario y por otra parte recorren menos metros en el 6-minute walking
test cuando se comparan con pacientes que tienen Sarcoidosis en el mismo estadio radiológico
pero sin PH [99].

Transthoracic echocardiography (TTE) represents a noninvasive screening method to evaluate
the presence of PH in sarcoidosis. It is helpful to describe other potential cardiac abnormalities,
such as left heart disease, presence of shunts or pericardial effusion, and to evaluate the right
heart anatomically and functionally. Echocardiography may be used to estimate the right
ventricular systolic pressure (RVSP) if a tricuspid regurgitation jet is present. Echocardio‐
graphically estimated RVSP had inadequate positive and negative predictive value in diag‐
nosing PH in advanced lung disease, so it´s a screening test that cannot supplant right heart
cathetetization (RHC) for the SAPH diagnosis.

RHC is the diagnostic gold standard for SAPH. TTE was unable to detect RVSP in 30% of
the patients and 24% of the patients with elevated PAP had a pulmonary capillary wedge
pressure (PCWP) in excess of 20 mm Hg, underscoring the importance of left ventricular
disease  in  the  pathogenesis  of  PH  in  some  Sarcoidosis  patients.  RHC  should  be  per‐
formed in all cases in which SAPH is suspected or when echocardiography is suggestive
of right heart pathology.
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5. Cardiac sarcoidosis

5.1. Epidemiology

The presence of cardiac sarcoidosis is influenced by race. Over 25% of Japanese sarcoidosis
patients present cardiac disease, only 5% of patients in the United States and Europe are
affected at this level. Although clinical evidence of myocardial involvement is present in 5%
of patients, there are autopsy studies that indicate that sublinical cardiac disease is present in
20-30% of cases.

5.2. Clinical manifestations

Cardiac Sarcoidosis can be an incidental finding, has a benign course or being a life-threatening
disorder. Clinicians should suspect this disease in young or middle-aged patients with cardiac
symptoms and in any patients with a history of sarcoidosis who develop arrhythmias,
conduction disturbances or other cardiac symptoms.

Clinical manifestations depend on the location and extent of granulomatous infiltration, being
the most common cause of cardiac involvement secondary to infiltration of the myocardium.
Usually, cardiac disease appears with any other organ involvement (lung, skin…). The most
frequent manifestations of cardiac sarcoidosis are heart failure and arrhythmias, produced in
both cases,by the infiltration of the myocardium.

5.3. Cardiac arrhythmias

The most common are ventricular arrhythmias, caused by infiltration of granulomas in the
ventricular myocardium causing a focus for abnormal automaticity, or a disruption of
ventricular activation and recover [100]. In patients with cardiac sarcoidosis, ventricular
arrhythimias and sudden death, due to ventricular tachycardia, are common causes of death.
Ventricular tachycardia is one of the most common manifestations of cardiac involvement,
being the 24-h ambulatory monitoring the best way to detect them. Supraventricular arrhyth‐
mias are infrequent.

5.4. Conduction abnormalities

Caused by the granulomatous infiltration at the atrioventricular node or bundle of His leading
to a first degree heart block. Initially, patients are usually asymptomatic but they can progress
to complete heart block [101].This can be detected by routine electrocardiography.

5.5. Heart failure

Caused by extensive granulomatous infiltration of the myocardium. May cause impairment
of systolic or diastolic function. Diagnostic is difficult and many patients with heart failure
due to sarcoidosis disease are diagnostic of idiopathic dilated cardiomyopathy.
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Sudden death caused by compression of large pulmonary arteries, occlusion of the pulmonary
veins by a sarcoid involvement intravascular or combination of SAPH and portal hypertension
is infrequent.

Symptoms Frequency %
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Asymptomatic 8

Table 4. Presenting symptoms in Sarcoidosis-associated pulmonary hypertension
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graphically estimated RVSP had inadequate positive and negative predictive value in diag‐
nosing PH in advanced lung disease, so it´s a screening test that cannot supplant right heart
cathetetization (RHC) for the SAPH diagnosis.

RHC is the diagnostic gold standard for SAPH. TTE was unable to detect RVSP in 30% of
the patients and 24% of the patients with elevated PAP had a pulmonary capillary wedge
pressure (PCWP) in excess of 20 mm Hg, underscoring the importance of left ventricular
disease  in  the  pathogenesis  of  PH  in  some  Sarcoidosis  patients.  RHC  should  be  per‐
formed in all cases in which SAPH is suspected or when echocardiography is suggestive
of right heart pathology.
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ventricular myocardium causing a focus for abnormal automaticity, or a disruption of
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Ventricular tachycardia is one of the most common manifestations of cardiac involvement,
being the 24-h ambulatory monitoring the best way to detect them. Supraventricular arrhyth‐
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to a first degree heart block. Initially, patients are usually asymptomatic but they can progress
to complete heart block [101].This can be detected by routine electrocardiography.

5.5. Heart failure
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5.6. Other clinical manifestations

a. Valvular dysfunction: The most frequent is the involvement of the mitral valve caused by
diastolic dysfunction and left ventricular dilatation or granulomatous involvement of the
papillary muscle [102]. Less common is the tricuspid valve dysfunction.

b. Aorta aneurysm: Although are infrequent, has been described descending thoracic and
abdominal aorta aneurysm [103].

c. Cor pulmonale: May occur secondary to pulmonary fibrosis.

6. Gastrointestinal and liver sarcoidosis

6.1. Liver disease

Occurs in 13% of patients with systemic sarcoidosis [104]. Isolated liver involvement is
infrequent. In most cases there are no symptoms but can appear hepatosplenomegaly, elevated
liver enzymes, cholestasis or portal hypertension. In addition, 60% of patients with liver
disease have fever and / or concomitant arthralgia [104].

Although in most cases the granulomas in the liver are small and are located in the portal
space, symptoms consistent with chronic cholestasis [105] portal hypertension or Bud-Chiari
syndrome can appear [106] Intrahepatic cholestasis can resemble primary biliary cirrhosis or
sclerosing cholangitis.

Usually liver function is normal, but the most common abnormality is an elevation of alkaline
phosphatase level.

6.2. Gastrointestinal involvement

Affects less than 1% of patients with sarcoidosis, being the stomach the most affected organ of
the digestive tract. The symptoms of patients with gastric involvement are inespecific:
epigastric pain, heartburn, abdominal discomfort, nausea or vomiting, diarrhea and significant
weight loss.

Involvement of the intestine is very infrequent and can occasionally coexist with Crohn's
disease [107].

7. Neurosarcoidosis

Neurosarcoidosis is the neurologic manifestation of sarcoidosis, a system granulomatous
disease. The most affected organ is the lung, but it can also affect eyes, liver and nervous
system. It affects the 5-15% of patients with sarcoidosis. It can be manifested by a wide variety
of symptoms: peripheral neuropathy, central symptoms, loss of memory and behavior
changes. Psiquiatric manifestations include, but not exclusively, psychosis and delirium, with

Sarcoidosis124

20% prevalence in patients with neurosarcoidosis or 1% in those affected with sarcoidosis. The
prevalence of neurosarcoidosis is similar to schizophrenia, between 0,50-1,46% of general
population. Thus, a study shows that 2 of each 268 patients with a first schizophrenia episode,
they had neurosarcoidosis.

Neurologic complications occur in approximately 5 percent of patients with sarcoidosis
[108-112]. Neurosarcoidosis is a diagnostic consideration in patients with known sarcoidosis
who develop neurologic complaints and in patients presenting de novo with a constellation
of findings consistent with the disease [113, 114]. About 50 percent of patients with neurosar‐
coidosis present with neurologic difficulties at the time of the diagnosis. One-third of those
with neurosarcoidosis has or develops more than one neurologic manifestation of their disease.

7.1. Clinical presentation

Any portion of the central or peripheral nervous system can be affected by sarcoidosis.
Neuropsychiatric: seizures, amnesia, psychosis and disorientation. Cranial mononeuropathy.
Peripheral facial nerve palsy develops in 25 to 50 percent of patients with neurosarcoidosis
[111, 114, 115]. The facial nerve palsy can be unilateral or bilateral (simultaneous or sequential)
and recurrent. Optic neuropathy and cranial nerve VIII dysfunction can lead to intermittent
or progressive visual, auditory, or vestibular dysfunction. Neuroendocrine dysfunction
typically occurs with hypothalamic inflammation, resulting in polyuria or disturbances in
thirst, sleep, appetite, temperature, or libido. Hypothalamic or pituitary lesions may also cause
thyroid, gonadal, or adrenal abnormalities [115, 117]. Polyuria can result from one or more
factors in patients with sarcoidosis. Direct hypothalamic involvement can lead to central
diabetes insipidus or primary polydipsia, while hyperkalemia (due to production of calcitriol
by activated macrophages) can cause nephrogenic diabetes insipidus [117]. Thus, all patients
with sarcoidosis and polyuria require a water restriction test to establish the correct diagnosis.
Granulomatous inflammation in a perivascular distribution can involve the brain and produce
partial or generalized seizures, or a restricted or generalized encephalopathy/vasculopathy
[114, 115]. Patients can present with cognitive or behavioral problems and/or focal neurologic
deficits referable to the anatomic area involved. In rare cases, this manifests as a focal cerebral
infarction [118]. A myelopathy or radiculopathy can occur if granulomatous inflammation
affects the spinal cord [114, 115, 119, 120]. The lesions are typically perivascular, they can be
extra medullary or intramedullary, and can involve the caudal equine. Communicating or no
communicating hydrocephalus may develop acutely or subacutely. Asymptomatic ventricular
enlargement may be incidentally detected by imaging studies. Sudden death can rarely result
from acute obstruction to CSF flow. Meningeal involvement can take the form of either acute
aseptic meningitis or chronic meningitis. Meningeal mass lesions also can develop. Peripheral
neuropathic presentations include a mononeuropathy, mononeuritis multiplex, and general‐
ized sensory, small fiber sensory, sensorimotor, autonomic and motor polyneuropathies [122].
The symptoms can be acute, subacute, or chronic; electromyography usually reveals an axonal
neuropathy. In addition, an acute generalized demyelinating motor neuropathy similar to the
Guillain-Barré syndrome also has been described [123]. Carpal tunnel syndrome appears to
be more common among patients with sarcoidosis than the general population [124-126].
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weight loss.

Involvement of the intestine is very infrequent and can occasionally coexist with Crohn's
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system. It affects the 5-15% of patients with sarcoidosis. It can be manifested by a wide variety
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changes. Psiquiatric manifestations include, but not exclusively, psychosis and delirium, with

Sarcoidosis124

20% prevalence in patients with neurosarcoidosis or 1% in those affected with sarcoidosis. The
prevalence of neurosarcoidosis is similar to schizophrenia, between 0,50-1,46% of general
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coidosis present with neurologic difficulties at the time of the diagnosis. One-third of those
with neurosarcoidosis has or develops more than one neurologic manifestation of their disease.

7.1. Clinical presentation

Any portion of the central or peripheral nervous system can be affected by sarcoidosis.
Neuropsychiatric: seizures, amnesia, psychosis and disorientation. Cranial mononeuropathy.
Peripheral facial nerve palsy develops in 25 to 50 percent of patients with neurosarcoidosis
[111, 114, 115]. The facial nerve palsy can be unilateral or bilateral (simultaneous or sequential)
and recurrent. Optic neuropathy and cranial nerve VIII dysfunction can lead to intermittent
or progressive visual, auditory, or vestibular dysfunction. Neuroendocrine dysfunction
typically occurs with hypothalamic inflammation, resulting in polyuria or disturbances in
thirst, sleep, appetite, temperature, or libido. Hypothalamic or pituitary lesions may also cause
thyroid, gonadal, or adrenal abnormalities [115, 117]. Polyuria can result from one or more
factors in patients with sarcoidosis. Direct hypothalamic involvement can lead to central
diabetes insipidus or primary polydipsia, while hyperkalemia (due to production of calcitriol
by activated macrophages) can cause nephrogenic diabetes insipidus [117]. Thus, all patients
with sarcoidosis and polyuria require a water restriction test to establish the correct diagnosis.
Granulomatous inflammation in a perivascular distribution can involve the brain and produce
partial or generalized seizures, or a restricted or generalized encephalopathy/vasculopathy
[114, 115]. Patients can present with cognitive or behavioral problems and/or focal neurologic
deficits referable to the anatomic area involved. In rare cases, this manifests as a focal cerebral
infarction [118]. A myelopathy or radiculopathy can occur if granulomatous inflammation
affects the spinal cord [114, 115, 119, 120]. The lesions are typically perivascular, they can be
extra medullary or intramedullary, and can involve the caudal equine. Communicating or no
communicating hydrocephalus may develop acutely or subacutely. Asymptomatic ventricular
enlargement may be incidentally detected by imaging studies. Sudden death can rarely result
from acute obstruction to CSF flow. Meningeal involvement can take the form of either acute
aseptic meningitis or chronic meningitis. Meningeal mass lesions also can develop. Peripheral
neuropathic presentations include a mononeuropathy, mononeuritis multiplex, and general‐
ized sensory, small fiber sensory, sensorimotor, autonomic and motor polyneuropathies [122].
The symptoms can be acute, subacute, or chronic; electromyography usually reveals an axonal
neuropathy. In addition, an acute generalized demyelinating motor neuropathy similar to the
Guillain-Barré syndrome also has been described [123]. Carpal tunnel syndrome appears to
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Muscle involvement includes asymptomatic microscopic nodules, isolated palpable nodules,
an acute or chronic proximal myopathy, and muscle atrophy [127].

In some series of patients affected with intracranial hypertension syndrome, whose manifes‐
tation is headache, the diagnosis is neurosarcoidosis. It is uncommon, however, it must be
include in differential diagnosis [109].

Patients presenting with neurosarcoidosis may have no systemic features of the disease. In one
case series, non-neurologic symptoms were present in less than one-fourth of patients and
were most commonly anterior uveitis, cough and dyspnea, renal impairment, rash, and
polyarthritis [114].

7.2. Diagnosis

Neurosarcoidosis is a diagnostic consideration in patients with known sarcoidosis who
develop neurologic findings, although an intercurrent infection or malignancy must be
excluded. Patients who develop a neurologic illness consistent with neurosarcoidosis but are
not known to have sarcoidosis present a diagnostic challenge. Table 5 summarizes findings in
patients with Neurosarcoidosis.

Findings in patients with Neurosarcoidosis Frequency (%)

Findings in Chest Rx 24-68%

Cranial mononeuropathy 25-50%

MRI meningeal enhancement 40%

Psychiatric symptoms 20%

Findings in Cerebrospinal fluid Frequency (%)

Elevated total protein 66%

Pleocytosis 50%

Elevated openning pressure 10%

Table 5. Findings in patients with Neurosarcoidosis

a. Clinical evaluation:

If neurosarcoidosis is suspected, the patient should be evaluated for evidence of extra neural
disease because obtaining nerve tissue for diagnostic evaluation is often difficult. Corticoste‐
roids can eliminate evidence of systemic inflammation, and the diagnostic evaluation should
be pursued in a rapid fashion while withholding immunosuppressive therapy unless severe
illness mandates its use.

The search for extra neural sarcoidosis should include a thorough evaluation of the skin, lymph
nodes, and lungs. Other tests that may be useful are:
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1. Ophthalmologic examination

2. Endoscopic nasal and sinus examination. A chest x-ray or computed tomographic scan
of  the  chest  to  look  for  hilar  adenopathy  or  parenchymal  changes  consistent  with
pulmonary sarcoidosis.  Positive findings suggestive of  sarcoidosis  on chest  imaging
have been reported in 24 to 68 percent  of  individuals  who present with neurologic
sarcoidosis [114, 115].

3. Serum angiotensin converting enzyme (ACE) assay, which may be helpful if elevated;
however, an elevated serum ACE is not specific for sarcoidosis, and the ACE concentration
may not necessarily be elevated if the patient has isolated neurosarcoidosis

4. In occasional cases, a magnetic resonance, gallium, or fluorodeoxyglucose positron
emission tomographic scan, may highlight otherwise occult areas of inflammation that
might be amenable to biopsy

b. Neurodiagnostic testing:

Neurologic evaluation should proceed if no extra neural tissue is available for biopsy.
Unfortunately, no neurodiagnostic tests are pathognomonic for neurosarcoidosis. However,
neurodiagnostic tests help define the extent of disease and eliminate other diagnostic consid‐
erations, particularly infection and malignancy. Furthermore, a presumptive diagnosis of
neurosarcoidosis is often made on the basis of MRI and lumbar puncture results in the
appropriate clinical setting [128].

c. Neuroimaging:

The imaging procedure of choice for CNS disease is contrast-enhanced MRI [115, 116, 129].
Meningeal or parenchymal enhancement suggests active inflammation with disruption of the
blood brain barrier, and parenchymal or meningeal masses and hydrocephalus are easily
identified. Involvement of the optic nerve or other cranial nerves can be documented, and
spinal cord and cauda equine inflammation is well seen on targeted images. Multiple paren‐
chymal nodules may actually represent inflammation extending along the Virchow-Robin
spaces deep into the brain or spinal cord. In one series of 29 patients with neurosarcoidosis,
approximately 40 percent demonstrated meningeal enhancement and/or multiple white
matter lesions on MRI [128].

d. Lumbar puncture:

Cerebrospinal fluid (CSF) abnormalities occur frequently in patients with CNS sarcoidosis
[114, 115]: The CSF opening pressure is elevated in approximately 10 percent of patients, and
the total protein is increased in two-thirds of patients, typically up to 250 mg/dL. A pleocytosis
is present in approximately 50 percent of patients. Glucose can be normal or low, as can be
seen in CNS infections or carcinomatous meningitis. A predominantly mononuclear cell
pleocytosis is common. The IgG index can be elevated, and oligoclonal bands may be present.

The CSF ACE concentration is occasionally elevated, but reliable normal values are lacking
and CSF ACE may also be increased with infection or carcinomatous meningitis.
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Muscle involvement includes asymptomatic microscopic nodules, isolated palpable nodules,
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Findings in patients with Neurosarcoidosis Frequency (%)
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Findings in Cerebrospinal fluid Frequency (%)
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Table 5. Findings in patients with Neurosarcoidosis

a. Clinical evaluation:

If neurosarcoidosis is suspected, the patient should be evaluated for evidence of extra neural
disease because obtaining nerve tissue for diagnostic evaluation is often difficult. Corticoste‐
roids can eliminate evidence of systemic inflammation, and the diagnostic evaluation should
be pursued in a rapid fashion while withholding immunosuppressive therapy unless severe
illness mandates its use.

The search for extra neural sarcoidosis should include a thorough evaluation of the skin, lymph
nodes, and lungs. Other tests that may be useful are:
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1. Ophthalmologic examination

2. Endoscopic nasal and sinus examination. A chest x-ray or computed tomographic scan
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Caution should be applied in performing a LP in patients with neurosarcoidosis if there is
evidence of increased intracranial pressure. A funduscopic examination to exclude papillede‐
ma and an MRI to exclude ventricular enlargement, cerebral edema, and a mass lesion should
precede LP [130].

e. Other tests:

Other diagnostic tests, such as electroencephalography, evoked potentials, and angiography,
are occasionally indicated to exclude other conditions. Nerve conduction studies (NCS) and
electromyography (EMG) can help localize neuromuscular lesions, depending on the clinical
syndrome.

Although false-positive reactions to the Kveim-Siltzbach test are reported to be rare; the test
has limited utility [114]. The test is not standardized; it is not universally available; and there
are concerns regarding the transmission of HIV and hepatitis.

f. Biopsy:

If the diagnosis remains in doubt, meningeal, brain, or spinal cord biopsy is occasionally
indicated. Extra neural tissue biopsy from other clinically affected organs is generally pref‐
erable when possible, as it is less risky; skin, lymph node, and lung (trans bronchial) biopsies
can be of high yield [114, 115]. Muscle and peripheral nerve biopsy, including an epidermal
biopsy with quantitative nerve terminal analysis to document small fiber sensory neuropathy,
can all be easily performed for the appropriate syndrome.

8. Cutaneous manifestations of sarcoidosis

Cutaneous lesions of sarcoidosis may present with variety of morphologies [131]. Although
not life-threatening, the unsightly skin lesions of sarcoidosis can be emotionally devastating
[132]. Given the wide variability of clinical manifestations, it is one of the "great imitators,"
making it necessary to consider clinical, epidemiological, radiographic, laboratory, and
histopathological criteria to make the diagnosis [133]

Skin involvement is common (occurring in 25 to 35 % of patients with sarcoidosis). Cutaneous
manifestation of sarcoidosis could be one of the two following: specific lesions, which dem‐
onstrate granuloma on biopsy; and nonspecific lesions that do not have granulomas but are
inflammatory reactions [134].

Specific lesions are estimated to occur in 9 to 15 percent of patients with sarcoidosis. Although
their histopathologic features are similar, the clinical manifestations of specific lesions vary
widely [135]. Papules, nodules, plaques, and infiltrated scars are among the most common
presentations; other manifestations also occur.

8.1. Specific eruptions

a. Papular sarcoidosis

Papular sarcoidosis is a common specific cutaneous manifestation of sarcoidosis. Papular
sarcoidosis most frequently occurs on the face, with predilection for the eyelids and nasolabial
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folds. Upon resolution, faintly discolored, occasionally atrophic macules may remain at
previous sites of involvement [135, 136].

b. Nodular sarcoidosis

Nodular sarcoidosis is a relatively common form of cutaneous sarcoidosis that results from
large collections of sarcoidal granulomas in the dermis or subcutaneous tissue [135]. Nodules
tend to be between 1 and 2 cm in diameter and may be single or multiple. On the nose, nodular
sarcoidosis can resemble rhinophyma [135, 137]-

c. Maculopapular sarcoidosis

Characteristically, lesions are asymptomatic or pruritic, and consist of slightly infiltrated,
slightly hyperpigmented patches studded with slightly raised papules that are often around
1 mm in diameter [136]. Facial skin, especially the periorifial or eyelid area, is the most common
site of involvement.

d. Plaque sarcoidosis

Presents with oval or annular, indurated, discrete plaques that are flesh – colored, erythema‐
tous, or brown. Frequent site of involvement include the shoulders and arms, back, and
buttocks [131].

e. Lupus pernio

Lupus pernio is characterized by violaceous or erythematous indured papules, plaques, or
nodules that are primarily distributed on the central face [138]. The alar rim of the nose is often
affected. Lupus pernio is more common in women than in men and is associated with chronic
disease and extrapulmonary involvement [138, 139]. Without treatment, the lesions progres‐
sively increase in thickness, size, and induration, eventually resulting in considerable cosmetic
disfigurement.

The presence  of  lupus  pernio  appears  to  be  associated with  an increased risk  for  extra
cutaneous  disease,  particularly  sarcoidosis  involving  the  respiratory  tract  [140].  When
severe,  granulomatous  inflammation of  the  upper  respiratory  tract  can  result  in  airway
obstruction [141].

8.2. Non-Specific eruptions

a. Erythema nodosum

Erythema nodosum develops in up to 25 percent of patients with sarcoidosis and is clinically
and histologically identical to erythema nodosum secondary to other causes. García Porrúa et
al in Spanish study of 106 biopsy proven cases of erythema nodosum, 20 percent of patients
had sarcoidosis [142]. Arthritis, lower extremity edema, and low grave fever are the most
common systemic symptoms associated with erythema nodosum.

The clinical feature of subcutaneous sarcoidosis can resemble erythema nodosum. Biopsy is
useful for distinguishing between these disorders. Biopsy specimens of erythema nodosum
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lesions show nonspecific septal panniculitis, which neither confirms nor negates the diagnosis
of sarcoidosis [143].

b. Löfgren´s syndrome

Löfgren´s syndrome is an acute presentation of sarcoidosis characterized by the triad of hilar
adenopathy, erythema nodosum, and polyarthralgia or arthritis, with or without parenchymal
infiltrates or fever [132, 144]. The presence of bilateral hilar adenopathy and erythema
nodosum is usually, but no always, caused by acute sarcoidosis. More recently, the definition
has been expanded to include patients with hilar adenopathy and periarticular inflammation
with or without erythema nodosum [145].

8.3. Management of cutaneous sarcoidosis

a. First line agents:

Formal studies of local therapies for cutaneous sarcoidosis are limited, and the widespread
use of topical and intralesional corticosteroids for this disease primarily are based upon clinical
experience.

Topical corticosteroids: Superpotent topical corticosteroids are widely used for the treatment
of cutaneous sarcoidosis: Clobetasol, halobetasol.

Intralesional Corticosteroids: Generally accepted that intralesional injection of corticosteroids
can lead to flattening or resolution of cutaneous lesions: Triamcinolone

b. Seconds line agents

Systematic glucocorticoids (prednisone 20 to 40 mg/day)

Antimalarials: Hydroxychoroquine and chloroquine.

Methotrexate (10 to 25mg/week)

c. Refractory disease:

Patients who fail to respond to conventional first – and second – line therapies may benefit
from treatment with infliximab or thalidomide.

9. Sarcoid arthropathy

Arthritis is the most common musculoskeletal manifestation in sarcoidosis [146]. Approxi‐
mately 25 percent of patients with sarcoidosis have an associated arthropathy [147]. Real
incidence is unclear since the diagnosis may be difficult when a patient presents with articular
complaints alone; in this setting, the presence of sarcoidosis is established only after more
commonly involved organs, such as the eye or lung, become affected [148].
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9.1. Acute arthritis

Acute sarcoid arthritis may present in isolation or as part of Lofgren’s syndrome (association
of arthritis, erythema nodosum and bilateral hilar lymphadenopathy). Joint effusion is discrete
[149]. Rheumatoid factor and ANA may be positive, as in the general sarcoidosis [146]. The
acute polyarthritis most commonly involves ankles (>90 percent), often bilaterally, followed
by other larger joints of lower extremity and may be mistaken for a reactive arthritis. The
arthritis is mostly oligoarticular (87%), and involvement is typically symmetrical (76%).
Glennas et al, in a prospective study of 189 patients presenting with symptoms suggestive of
reactive arthritis, 17 (9%) were eventually diagnosed with acute sarcoid arthritis. Ten had
Löfgren´s syndrome, and 17 had bilateral ankle involvement [150].

Löfgren´s syndrome: The triad of hilar adenopathy, acute polyarthritis and erythema nodo‐
sum characterizes Löfgren´s syndrome. Löfgren´s syndrome is usually self-limiting. Erythema
nodosum typically disappears in a few months [144]. Approximately one third of patients have
persistent arthritis; rarely, the arthritis symptoms are recurrent. Hilar adenopathy tends to
resolve over time up to 90 percent of patients. Erythema nodosum is more often seen in female
compared with male patients presenting with Löfgren´s syndrome [142].

Sarcoid arthritis can resemble rheumatic fever when the polyarthritis is migratory. It may
resemble patients with juvenile idiopathic arthritis in young children presenting with both
uveitis and arthritis [151].

9.2. Chronic arthritis

Patients presenting with chronic arthritis are typically older than patients with acute arthritis
or Löfgren´s syndrome [144]. The ankle, knees, hands, wrist, metacarpophalangeal and
proximal interphalangeal joint are the joints most frequently involved; rarely, the sacroiliac
and temporomandibular joints may also be affected [144]. Chronic arthritis is frequently
associated with parenchymal lung disease and other extrapulmonary manifestations [144].

The correlation between extremely high serum of angiotensin converting enzyme levels and
extrathoracic sarcoidosis, including chronic arthritis, probably reflects the high total body load
of granulomas.

9.3. Diagnosis

Diagnosis of sarcoid arthropathy is based upon suggestive clinical, imaging, synovial fluid,
and, in selected cases, synovial tissue biopsy. Classic Löfgren´s syndrome can be diagnosed
based upon clinical features alone [132].

9.4. Treatment

Sarcoid arthritis should be treated with nonsteroidal antiinflammatory agents. Corticosteroids
and other immunosuppressive drugs as colchicine and hydroxychloroquine should be
reserved for refractory cases. Biological therapies such as the anti-TNFa and the anti-CD20
were showed to be effective in some case reports of severe and refractory disease [152].
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10. Ocular manifestations in sarcoidosis

The eye or adnexa are affected in 25 to 80% of the sarcoidosis patients. The disease can involve
the orbit, lacrimal gland, anterior and posterior segments of the eye [153].

The disease can involve the orbit,  lacrimal gland, anterior and posterior segments of the
eye. Anterior uveitis is the most common manifestation, occurring in 65% of patients with
ophthalmologic  involvement  [132].  Inflammation  can  affect  the  uveal  tract  leading  to
glaucoma, cataracts, and blindness. Typical sarcoid uveitis presents with bilateral mutton-
fat  keratic  precipitates,  cells,  flare,  iris  nodules,  anterior  and  posterior  synechia,  and
increased  ocular  pressure.  Posterior  involvement  includes  vitreitis,  vasculitis,  choroidal
lesions, and optic neuropathy. Long-term complications are common, and cystoid macu‐
lar  edema is  the  most  important  and sight-threatening consequence [153].  Acute  uveitis
presents  with  eye  redness,  cloudy  vision,  photophobia,  and  watering  or  can  present
asymptomatically (with a “quiet eye”).

The gold standard for the diagnosis of sarcoidosis should be obtained with histologic exami‐
nation. However, an international workshop has recently established diagnostic criteria of
"intraocular sarcoidosis" (sarcoidosis uveitis) on the basis of a combination of suggestive
ophthalmological findings and laboratory tests, when biopsy is not performed or is negative.
More recent techniques such as PET-scan and endoscopic ultrasound-guided fine-needle
biopsy of intrathoracic nodes should be assessed in future prospective studies [154].

Chronic anterior uveitis, with insidious symptoms leading to glaucoma and vision loss, is more
common than acute anterior uveitis. In about 10 to 15% of patients with uveitis, both the
anterior and posterior segments are involved.

Lacrimal  gland  enlargement  can  cause  dry  eyes.  Conjunctival  follicles,  dacryoscystitis,
keratoconjunctivitis sicca, and retinal vasculitis also occur. Optic neuritis is an ophthalmo‐
logic  emergency  that  requires  immediate  systemic  therapy  as  it  can  result  in  a  rapid
permanent loss of vision.

Papillitis,  papilledema,  and  neovascularization  are  seen  under  funduscopic  examination
leading to optic atrophy. Other less common manifestations include periphlebitis retinae,
retinal  hemorrhage,  retinitis  proliferans,  band keratopathy,  proptosis,  and exophthalmos
[155, 156].

Routine evaluation for eye involvement should include a slit-lamp examination and fundu‐
scopic examination to evaluate the anterior and posterior uveal tract, respectively [132].
Fluorescence angiography may also be considered if a posterior uveitis is suspected [156].

Oral corticosteroids are the mainstay of treatment of sarcoidosis. Systemic cytotoxic agents
like methotrexate, azathioprine, and chlorambucil may be used in refractory cases. The visual
prognosis of sarcoidosis is usually good [153].

Patients should be warned that skin atrophy could occur if steroids come into contact with
skin surfaces. Intraocular corticosteroid injections can provide the patient with longer control

Sarcoidosis132

of symptoms. Systemic steroids can be used if uveitis does not resolve with topical therapy or
for cases where vision loss is possible. Alternative agents include tacrolimus, methotrexate,
and photodynamic therapy [157].

Minocycline may be an option for patients with comorbidities that make steroids a less
appealing option [158].

Interferon-alpha is commonly used to treat hepatitis C viral infection and has been reported
to induce sarcoidosis and more recently ocular sarcoidosis with granulomatous panuveitis
with choroidal granulomas.

In these cases topical steroids were used to treat ocular uveitis with systemic steroids for
systemic findings.
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presents  with  eye  redness,  cloudy  vision,  photophobia,  and  watering  or  can  present
asymptomatically (with a “quiet eye”).

The gold standard for the diagnosis of sarcoidosis should be obtained with histologic exami‐
nation. However, an international workshop has recently established diagnostic criteria of
"intraocular sarcoidosis" (sarcoidosis uveitis) on the basis of a combination of suggestive
ophthalmological findings and laboratory tests, when biopsy is not performed or is negative.
More recent techniques such as PET-scan and endoscopic ultrasound-guided fine-needle
biopsy of intrathoracic nodes should be assessed in future prospective studies [154].

Chronic anterior uveitis, with insidious symptoms leading to glaucoma and vision loss, is more
common than acute anterior uveitis. In about 10 to 15% of patients with uveitis, both the
anterior and posterior segments are involved.

Lacrimal  gland  enlargement  can  cause  dry  eyes.  Conjunctival  follicles,  dacryoscystitis,
keratoconjunctivitis sicca, and retinal vasculitis also occur. Optic neuritis is an ophthalmo‐
logic  emergency  that  requires  immediate  systemic  therapy  as  it  can  result  in  a  rapid
permanent loss of vision.

Papillitis,  papilledema,  and  neovascularization  are  seen  under  funduscopic  examination
leading to optic atrophy. Other less common manifestations include periphlebitis retinae,
retinal  hemorrhage,  retinitis  proliferans,  band keratopathy,  proptosis,  and exophthalmos
[155, 156].

Routine evaluation for eye involvement should include a slit-lamp examination and fundu‐
scopic examination to evaluate the anterior and posterior uveal tract, respectively [132].
Fluorescence angiography may also be considered if a posterior uveitis is suspected [156].

Oral corticosteroids are the mainstay of treatment of sarcoidosis. Systemic cytotoxic agents
like methotrexate, azathioprine, and chlorambucil may be used in refractory cases. The visual
prognosis of sarcoidosis is usually good [153].

Patients should be warned that skin atrophy could occur if steroids come into contact with
skin surfaces. Intraocular corticosteroid injections can provide the patient with longer control
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of symptoms. Systemic steroids can be used if uveitis does not resolve with topical therapy or
for cases where vision loss is possible. Alternative agents include tacrolimus, methotrexate,
and photodynamic therapy [157].

Minocycline may be an option for patients with comorbidities that make steroids a less
appealing option [158].

Interferon-alpha is commonly used to treat hepatitis C viral infection and has been reported
to induce sarcoidosis and more recently ocular sarcoidosis with granulomatous panuveitis
with choroidal granulomas.

In these cases topical steroids were used to treat ocular uveitis with systemic steroids for
systemic findings.
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1. Introduction

1.1. Nasal sarcoidosis

Lupus  pernio  was  first  described  by  Kreibich  and  Kraus  in  1908.  [6]  Pathognomic  for
sarcoidosis,  Lupus pernio is  a  plaque-like lesion that  is  usually  swollen,  scaly or  shiny.
Typically, it occurs on the nose, cheeks, lips or ears. [7] Lupus pernio is most commonly
observed in African-American women [8] and approximately 20% of all sarcoidosis patients
with the lesion have co-morbid upper respiratory tract disease. [9] The skin lesion often
involves  the  nasal  mucosa and sometimes the  underlying cartilage  and nasal  bones  are
destroyed. [7]

Nasal disease is usually associated with sinus disease. [10, 11] However, the clinical manifes‐
tations of nasal granulomas differ from sinus granulomas. Nasal mucus membrane granulo‐
mas may cause nasal obstruction, [11] epistaxis, crusting, rhinorrhea, post-nasal drip, pain and
anosmia. [3] Obstruction is usually the most common presenting symptom when polypoid
granulomatous lesions involve the nasal septum and the inferior turbinate. Fergie and
colleagues retrospectively reviewed eight patients with nasal sarcoidosis and found that
epiphora was present in 4 patients. [12]

On examination, the nasal mucosa is usually hypertrophic, erythematous and granular. It may
also contain polyps, masses and/or asymmetric crust-like patches. The nasal bones may
demonstrate a variety of radiographic abnormalities. [9, 10] Septal perforation is rare but
granulomatous inflammation of the nasal cartilage (figure 2) may result in the classic “saddle
nose” deformity. [13] Occasionally, granulomatous lesions may erode through the hard or soft
palate, creating intraoral lesions or oral-nasal fistulae. [14]
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Figure 1. Sarcoidosis patient with Lupus Pernio.

Figure 2. Bronchcoscopic appearance of endobronchial sarcoidosis demonstrating nodules and inflamed mucosa that
narrows the right upper lobe bronchus.

2. Sinus sarcoidosis

The symptoms of nasal obstruction and chronic sinusitis often occur in patients concomitantly.
[10, 11] The most common symptoms associated with sarcoidosis of the sinuses are recurrent
infections, epistaxis, periorbital tenderness, post-nasal drip and headache. [15] Patients with
sarcoidosis of the sinuses usually have involvement of multiple organ systems. [11] Sarcoidal
lesions in the sinus mucosa are generally similar to those found in the nasal mucosa. Exami‐
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nation often demonstrates erythematous, friable, hypertrophied mucosa. Crusting, studding,
plaque-like changes or polyps may also be visualized. Rarely, granulomatous lesions extend
out of the sinuses and into the orbit, resulting in proptosis and/or decreased unilateral visual
acuity. [16] Sarcoidosis of the sinuses is generally a chronic and recalcitrant form of the disease
that requires prolonged systemic therapy. [6, 17, 18]

3. Laryngeal sarcoidosis

The epiglottis, aryepiglottic folds, arytenoids, false cords and subglottis are the most com‐
monly affected regions in the larynx. The true vocal cords are relatively devoid of lymphatic
tissue and are rarely ridden with disease. [19] Granulomatous involvement of the larynx may
cause life-threatening stridor or dysphagia. [10] On examination, the involved laryngeal
mucosa is typically pale pink, granular and edenomatous. Lesions vary in their size and shape.
Localized submucosal induration, punctate nodules or polypoid masses may be present. In
one review of 40 patients with laryngeal sarcoidosis, the presenting symptoms were: dyspha‐
gia (85%), hoarseness (63%), dyspnea or stridor (47%) and cough (13%). [20] Ulceration of the
mucosa is rare. Patients also present with hoarseness, dysphonia, cough, dyspnea, a sensation
of a lump in the throat and obstructive sleep apnea. [21]

Hoarseness is typically caused by granulomatous laryngitis. However, laryngeal sarcoidosis
may cause hoarseness by two additional mechanisms. [22, 23] The first involves granuloma‐
tous infiltration of the vagus nerve, resulting in a polyneuropathy. Limited data suggests that
vagal polyneuropathy is rare [24] and if present, is typically associated with other cranial
neuropathies. [21] In rare cases, hoarseness may result from mediastinal lymphadenopathy
that compresses the recurrent laryngeal nerve, resulting in vocal cord paralysis. The left
recurrent laryngeal nerve is affected in more than 95% of cases. [21, 25] The predilection for
left-sided injury results from the longer and more vulnerable course of the left recurrent
laryngeal nerve through the mediastinum.

In one report, a young female presented with daytime hypersomnolence and snoring. [26]

Nasopharyngoscopy demonstrated an irregularly shaped and narrowed subglottis. Subse‐
quent biopsy confirmed the presence of non-caseating granulomas. The patient was diagnosed
with obstructive sleep apnea, secondary to laryngeal sarcoidosis. To determine the prevalence
and risk factors for obstructive sleep apnea in sarcoidosis patients, 83 patients with sarcoidosis
were prospectively evaluated. [27] The Epworth Sleepiness Scale was used to assess enrolled
patients. A control group of 91 patients were similarly screened. Patients with a positive sleep
questionnaire were referred for sleep studies. A total of 14 sarcoidosis patients (17%) were
found to have sleep apnea, which was significantly higher than in the control group where
3/91 were found to have obstructive disease (3%, p < 0.001). [27] Lupus pernio was significantly
more frequent in the sleep apnea group. [27] Although granulomatous laryngitis may be
associated with obstructive sleep apnea, obstructive sleep apnea in patients with sarcoidosis
usually results from obesity secondary to the administration of chronic corticosteroids.
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4. Tracheal sarcoidosis

Sarcoidal involvement of the trachea is rare [28] and the literature on tracheal sarcodosis is sparse.
Tracheal stenosis and dystonia are the primary manifestations that have been described. [28, 29]
Brandstetter and associates [30] described a patient who complained of deteriorating voice
strength for 30 years and eventually, stridulent breathing that was refractory to corticosteriods.
In 1949, Lemoine described tracheal dystonia (tracheal collapse most pronounced on expira‐
tion) in sarcoidosis. Ellefsen detailed a 44-year-old female who complained of progressive
dyspnea for 4 years prior to admission to the hospital. [29] She eventually developed wheezing
and a severe nonproductive cough. Physical exam showed stridor and wheezing.

5. Bronchial sarcoidosis

Bronchial sarcoidosis was first described at autopsy by Bernstein and colleagues in 1929 and
subsequently on bronchcoscopy by Benedict and Castleman in 1941. [31] Numerous case series
have followed. [32-37] Granulomatous lesions typically occur in the bronchial submucosa. [37]
The bronchial mucosa often appears inflamed with small or large nodules containing granu‐
lomas. [37] (Figure 2) Granulomatous involvement of the bronchi may cause edema and/or an
endobronchial masses that results in reversible narrowing of the large airways. [33, 36, 37]
Irreversible narrowing, especially of the right middle lobe bronchus, results from cicatricial
stenosis. [33] Reversible or irreversible bronchial stenosis occurs more commonly in the
presence of end-stage pulmonary fibrosis. But bronchostenosis may occur in milder stages of
the disease. [33, 36, 37] Bronchial sarcoidosis may be isolated (one stenotic point) or diffuse
(multiple stenotic points) involving the lobar or segmental bronchi. Compressive mediastinal
and/or bronchopulmonary lymphadenopathy is rarely a cause of stenoses at these locations
within the airway. [38, 39]

Patients with bronchial sarcoidosis present with dyspnea, cough and wheezing that is often
misdiagnosed as asthma. [10] The symptoms generally progress and are refractory to bron‐
chodilators and inhaled corticosteroids. Bronchial sarcoidosis is suggested by obstructive
airways disease (a reduced ratio of forced expiratory volume in 1 second [FEV1] to forced vital
capacity [FVC]) that may be accompanied by airways hyperreactivity on pulmonary function
tests. Bronchoscopic inspection of the airways with or without biopsy of the parenchyma is
the most efficient method to confirm the diagnosis. Endobronchial involvement is common in
sarcoidosis. Endobronchial biopsy has a yield comparable to transbronchial biopsy and can
safely increase the diagnostic value of fiberoptic bronchoscopy. Performance of endobronchial
biopsies should routinely be considered in cases of suspected sarcoidosis.

6. Small airways sarcoidosis

Small airways disease is an underappreciated manifestation of pulmonary sarcoidosis. Region‐
al air trapping, indicative of small airways disease, may be visualized on expiratory HRCT [40]
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and newer imaging modalities such as hyperpolarized 3-H MRI, [41, 42] in patients with pulmo‐
nary sarcoidosis who have obstructive airways disease. Peripheral airway obstruction with
involvement of small airways may be caused by the formation of granulomas in a perilymphat‐
ic distribution along the bronchovascular bundles. [41, 43] Small airways dysfunction can be
measured by forced expiratory flow during the middle half of the forced expiratory curve
(MMEF25-75%), forced expiratory volume at 3 seconds (FEV3) ratio of the residual volume to the total
lung capacity (RV/TLC). In one study, the extent of air trapping on HRCT correlated significant‐
ly with RV/TLC and MMEF25-75%. [41, 43] In other studies, however, these physiologic measure‐
ments were highly variable and provided limited clinical information. [43-45]

Patients with small airways disease typically present with progressive dyspnea, cough and
wheeze. They may also exhibit stridulent breathing. Lung auscultation demonstrates wheez‐
ing, stridor or squeaks.

Skin of the Nose (Lupus Pernio)

Nares

Nasal Septum

Sinuses

Larynx

Vocal Cords

Trachea

Bronchi

Bronchioles

Table 1. Airway Involvement in Sarcoidosis

INFECTIOUS NON-INFECTIOUS

Tuberculosis Sarcoidosis

Atypical Mycobacterial Disease Wegener’s Granulomatosis

Syphilis Berylliosis

Leprosy Silicosis

Aspergillosis Hypersensitivity Pneumonitis

Histoplasmosis Lymphoma

Rhinoscleroma Cocaine

Coccidioidomycosis Churg-Strauss Syndrome

Toxoplasmosis Talc

Actinomycosis Lymphoid Interstitial Pneumonia

Cryptoccosis Rheumatoid Nodule

“Reprinted from Mukhopadhyay, S. et al…, Granulomatous Lung Disease: An Approach to the Differential Diagnosis.
May 2010, Vol. 134, No. 5, pp. 667-690 with permission from Archives of Pathology & Laboratory Medicine. Copyright
2010. College of American Pathologists.”
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6.1. Airway Hyperreactivity (AHR)

The incidence of airway hyperreactivity (AHR) in sarcoidosis is highly variable. Airway
hyperreactivity has been observed in approximately 20%--50% of sarcoidosis patients. [46,
47] The statistical discrepancy probably results from different patient populations, study
designs and different definitions of sarcoidosis and AHR.

Airway hyperreactivity has important clinical and prognostic implications in sarcoidosis. [47]
Many patients with sarcoidosis exhibit normal pulmonary function and imaging but complain
of cough, dyspnea and wheeze. The wall of the airway may be narrowed and thickened as a
result of airway hyperreactivity or may collapse from an extrinsic pathologic process in the
lung. Airway hyperreactivity in sarcoidosis may also cause chronic airflow obstruction, which
has been associated with a poor prognosis. [47, 48] Fixed airway obstruction has been shown
to nearly double the risk of mortality. [47]

The prevalence of AHR, as demonstrated by a positive methacholine challenge test, is
significantly higher in sarcoidosis patients compared to normal controls. [1, 47] It is unclear
whether AHR is a physiologic manifestation of endobronchial sarcoidosis or reversible
airways disease in asthma. Rarely, asthma may be associated with sarcoidosis. [49] Airway
hyperreactivity in sarcoidosis and reversible airways disease in asthma may often be distin‐
guished by response to inhaled corticosteroids and/or beta-agonists. Asthmatic reactive
airways disease usually improves with these medications. But AHR in sarcoidosis commonly
requires treatment with oral corticosteroids. [33, 47] In many cases, AHR in sarcoidosis does
not improve with systemic corticosteroids.

Importantly, cough and wheeze secondary to AHR (as demonstrated by positive methacholine
challenge testing) should not be confused with cough and wheeze unrelated to AHR. Sarcoidal
cough and wheeze unrelated to AHR responds favorably to inhaled corticosteroids and/or beta-
agonists as does asthmatic cough and wheeze related to AHR. [47] Sarcoidal cough and wheeze
associated with AHR, however, may require treatment with oral corticosteroids, which is often
ineffective.

Several studies suggests that AHR in sarcoidosis correlates with both the degree of alveolitis and
angiotensin converting enzyme (ACE) levels in bronchoalveolar lavage (BAL) fluid and serum.
[50] In addition, higher serum ACE levels were found in sarcodosis patients with hyperreactivi‐
ty. [47] Finally, patients with AHR were more likely to have a positive endobronchial biopsy (9/9,
100%) compared to individuals without hyperreactivity (15/33, 45.5%), which suggests that AHR
is present in patients with more pronounced bronchial inflammation. [47]

6.2. Atelectasis

Lobar atelectasis may result from occlusion of a lobar bronchus. Bronchial obstruction may be
caused by one of two mechanisms: endobronchial stenosis [37] or rarely, by extrinsic compres‐
sion of the bronchus by enlarged lymph nodes. [51, 52] Atelectasis of the middle lobe is most
common but atelectasis of the right upper lobe has also been reported. [53] The middle lobe is
particularly susceptible to collapse because it has a small bronchial lumen, surrounded by many
lymph nodes and emerges at a right angle from the bronchus intermedius. Collapse of the right
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upper lobe may result in the radiographic S-sign of Golden, which is commonly associated with
cancer. Resolution of atelectasis is variable and it may occur even after several years. [54]

6.3. Fibrosis

Chronic, progressive, end-stage, pulmonary fibrosis with traction bronchiectasis, often
referred to as “honeycomb lung”, develops in approximately 25% of patients with chronic
pulmonary sarcoidosis. [40, 55] The condition is characterized by parenchymal fibrosis,
bronchiolectasis and enlarged, dilated air spaces. It usually occurs subpleurally within the
upper regions of the lung [40, 56] (figure 3). Oxygenation and ventilatory function are
impaired. Pulmonary function tests demonstrate severe restriction and gas transfer abnor‐
malities. Importantly, fibrosis characterized by a stage IV radiographic pattern, rarely re‐
sponds to treatment.

Figure 3. Sarcoidosis patient with granulomatous inflammation of the nasal cartilage

6.4. Bullous disease

Bullea (thin-walled air spaces in the lungs) may develop in patients with advanced pulmonary
sarcoidosis. Most sarcoidosis patients with bullous disease do not exhibit an extensive smoking
history and have airflow obstruction on pulmonary function tests. [10, 57] Dilatation and
rupture of bullae probably results from granulomatous bronchostenosis. [58] Bullae may
develop secondary to destruction of alveolar walls by alveolitis. [58] Bullous rupture may cause
pneumothorax.

Giant bullous changes in sarcoidosis may rarely cause the Vanishing Lung Syndrome. [59]
First described by Burke in 1937, the Vanishing Lung Syndrome describes an end stage of
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result of airway hyperreactivity or may collapse from an extrinsic pathologic process in the
lung. Airway hyperreactivity in sarcoidosis may also cause chronic airflow obstruction, which
has been associated with a poor prognosis. [47, 48] Fixed airway obstruction has been shown
to nearly double the risk of mortality. [47]

The prevalence of AHR, as demonstrated by a positive methacholine challenge test, is
significantly higher in sarcoidosis patients compared to normal controls. [1, 47] It is unclear
whether AHR is a physiologic manifestation of endobronchial sarcoidosis or reversible
airways disease in asthma. Rarely, asthma may be associated with sarcoidosis. [49] Airway
hyperreactivity in sarcoidosis and reversible airways disease in asthma may often be distin‐
guished by response to inhaled corticosteroids and/or beta-agonists. Asthmatic reactive
airways disease usually improves with these medications. But AHR in sarcoidosis commonly
requires treatment with oral corticosteroids. [33, 47] In many cases, AHR in sarcoidosis does
not improve with systemic corticosteroids.

Importantly, cough and wheeze secondary to AHR (as demonstrated by positive methacholine
challenge testing) should not be confused with cough and wheeze unrelated to AHR. Sarcoidal
cough and wheeze unrelated to AHR responds favorably to inhaled corticosteroids and/or beta-
agonists as does asthmatic cough and wheeze related to AHR. [47] Sarcoidal cough and wheeze
associated with AHR, however, may require treatment with oral corticosteroids, which is often
ineffective.

Several studies suggests that AHR in sarcoidosis correlates with both the degree of alveolitis and
angiotensin converting enzyme (ACE) levels in bronchoalveolar lavage (BAL) fluid and serum.
[50] In addition, higher serum ACE levels were found in sarcodosis patients with hyperreactivi‐
ty. [47] Finally, patients with AHR were more likely to have a positive endobronchial biopsy (9/9,
100%) compared to individuals without hyperreactivity (15/33, 45.5%), which suggests that AHR
is present in patients with more pronounced bronchial inflammation. [47]

6.2. Atelectasis

Lobar atelectasis may result from occlusion of a lobar bronchus. Bronchial obstruction may be
caused by one of two mechanisms: endobronchial stenosis [37] or rarely, by extrinsic compres‐
sion of the bronchus by enlarged lymph nodes. [51, 52] Atelectasis of the middle lobe is most
common but atelectasis of the right upper lobe has also been reported. [53] The middle lobe is
particularly susceptible to collapse because it has a small bronchial lumen, surrounded by many
lymph nodes and emerges at a right angle from the bronchus intermedius. Collapse of the right
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upper lobe may result in the radiographic S-sign of Golden, which is commonly associated with
cancer. Resolution of atelectasis is variable and it may occur even after several years. [54]

6.3. Fibrosis

Chronic, progressive, end-stage, pulmonary fibrosis with traction bronchiectasis, often
referred to as “honeycomb lung”, develops in approximately 25% of patients with chronic
pulmonary sarcoidosis. [40, 55] The condition is characterized by parenchymal fibrosis,
bronchiolectasis and enlarged, dilated air spaces. It usually occurs subpleurally within the
upper regions of the lung [40, 56] (figure 3). Oxygenation and ventilatory function are
impaired. Pulmonary function tests demonstrate severe restriction and gas transfer abnor‐
malities. Importantly, fibrosis characterized by a stage IV radiographic pattern, rarely re‐
sponds to treatment.

Figure 3. Sarcoidosis patient with granulomatous inflammation of the nasal cartilage

6.4. Bullous disease

Bullea (thin-walled air spaces in the lungs) may develop in patients with advanced pulmonary
sarcoidosis. Most sarcoidosis patients with bullous disease do not exhibit an extensive smoking
history and have airflow obstruction on pulmonary function tests. [10, 57] Dilatation and
rupture of bullae probably results from granulomatous bronchostenosis. [58] Bullae may
develop secondary to destruction of alveolar walls by alveolitis. [58] Bullous rupture may cause
pneumothorax.

Giant bullous changes in sarcoidosis may rarely cause the Vanishing Lung Syndrome. [59]
First described by Burke in 1937, the Vanishing Lung Syndrome describes an end stage of
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diffuse panacinar emphysema in which large air spaces develop, further impairing lung
function. [59] Miller and associates reported two cases of the Vanishing Lung Syndrome.
Postmortem analysis of the lungs demonstrated that the bullae were quite different from the
localized air spaces frequently seen in chronic pulmonary sarcoidosis. [10, 60]

6.5. Cavitary lung disease, bronchiectasis and mycetomas

Although the terms cyst and cavity have overlapping meanings and may be used interchange‐
ably, the technical definitions of these terms are different. Cysts are clearly defined air-
containing space surrounded by a relatively thin (≤ 4 mm) wall. A cavity, in contrast, is meant
to describe an air-containing lesion with a relatively thick (> 4 mm) wall or within an area of
a surrounding infiltrate or mass. The distinction is useful because there is a different diagnostic
approach to these anatomic structures. [61]

True cavitary lung disease, which results from necrosis of granulomatous areas creating
airspaces within thick walls or within a fibrotic mass, is rare in sarcoidosis. Sarcoidal cavities
must be differentiated from those associated with mycobacterial infection. The radiographic
cystic changes that occur in advanced sarcoidosis are typically consistent with saccular
bronchiectasis, rather than true cavitations. [57, 61] Saccular or cylindrical bronchiectasis likely
results from bronchial wall injury by granulomas, superimposed bronchial infection and radial
traction by peribronchial scar tissue. Colonization of the bronchiectatic sacs by Aspergillus sp.,
may result in the development of an aspergilloma. Patients with aspergillomas complicating
sarcoidosis may have life-threatening hemoptysis but, as a result of their advanced lung
disease, are usually high-risk surgical candidates. [62]

Intracavitary instillation of antifungal agents is an alternative treatment in patients with severe
pulmonary dysfunction who are poor operative risks. Percutaneous instillation of amphoter‐
icin B guided by CT scans may be effective for the treatment of aspergilloma. [63] In several
cases, the intervention has led to resolution of hemoptysis. [63] The response to percutaneous
injection of amphotericin B appears to be sustainable for several months. [63]

Israel and associates evaluated the role of surgery in 38 sarcoidosis patients with pulmonary
aspergillomas, 10 of whom were considered satisfactory operative candidates. [64] Satisfactory
candidates demonstrated a forced vital capacity greater than 50% predicted and a resting PaO2
greater than 80 mmHg. The indication for surgical resection in satisfactory and unsatisfactory
candidates was recurrent hemoptysis. Seven satisfactory and 7 unsatisfactory candidates
underwent segmental resection, lobectomy or bilobectomy. The authors did not specify the
type of procedure that each patient received. Patients were followed postoperatively for an
unspecified duration. Among the 7 satisfactory candidates who underwent resection, 1 patient
died from empyema immediately after surgery. Three of 7 patients with unsatisfactory
pulmonary function died of respiratory failure 1 month, 11 months and 27 months, respec‐
tively, after surgery. Twenty-one patients with poor pulmonary function did not have surgery.
Four patients died of recurrent hemorrhage 4 months to 3 years after discovery of the asper‐
gilloma. Eleven patients died of respiratory failure and 6 survived at the time of publication
(1982) although it is unclear when these patients were diagnosed with their aspergilloma. The
principle complications of surgical resection were prolonged air leaks, bronchopleural fistulae
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and empyema. The authors concluded that surgical resection should generally be avoided in
patients with bilateral disease and compromised pulmonary function. The indication for
surgery in all patients, especially those with poor pulmonary function, should be recurrent
hemoptysis because it may cause exsanguinating hemorrhage, which poses a greater risk to
the patient than surgical intervention. [64]

7. Imaging

Computed tomography (CT) is often the imaging method of choice for sarcoidosis of the upper
and lower respiratory tract. [40] Braun and associates analyzed the CT findings of 15 patients
with sinonasal sarcoidosis. [20] A spectrum of abnormalities were evaluated: nodular lesions
of the septum and/or inferior turbinates; mucosal thickening and complete or subtotal
opacification of the ethmoidal, maxillary and/or sphenoid sinuses; obstruction of the ostio‐
meatal units and of the upper part of the nasal cavities; turbinoseptal synechiae; destruction
or erosion of the turbinates, nasal bones, septum, ethmoid air cells and sphenoid sinus.

CT scan has a high sensitivity for detecting sarcoidosis of the larynx or trachea. [65] Typically,
the CT demonstrates stenosis of the larynx and trachea.

Airways sarcoidosis produces a variety of abnormalities on CT scan of the lungs. Several CT
studies performed at near residual volume (end expiration) have demonstrated air-trapping
in pulmonary sarcoidosis. [40, 66, 67] Davies and colleagues reported that air-trapping on
expiratory CT was present in 95% of 21 sarcoidosis patients and correlated with physiologic
obstruction by percentage predicted residual volume (RV)/ total lung capacity (TLC) (p < 0.05)
and percentage predicted maximal mid-expiratory flow rate between 25% and 75% of the vital
capacity (VC) (p < 0.05). [41] The CT may also demonstrate focal bronchial lesions, atelectasis,
bullous disease, fibrosis/honeycombing, cavitary lung disease, bronchiectasis (saccular or
cylindrical) and mycetomas

8. Physiology

The respiratory tract is typically divided into the upper and lower airways at the level of the
vocal cords. The physiology of obstruction to the upper airways depends on the location of
the obstruction (intrathoracic or extrathoracic) and whether it is fixed or variable within the
respiratory cycle. Granulomatous involvement of the larynx results in a fixed upper airway
obstruction. When tracheal sarcoidosis results in stenosis, it may cause a fixed upper airway
obstruction (figure 4) or a variable extrathoracic or intrathoracic obstruction (figure 4)
depending on whether it is located above (extrathoracic) or below (intrathoracic) the thoracic
inlet (level of the supra-sternal notch). In a fixed upper airway obstruction, there is flattening
of the inspiratory and expiratory limbs of the flow volume loop. A variable extrathoracic
obstruction causes flattening of the inspiratory portion of the flow volume loop, while a
variable intrathoracic obstruction causes flattening of the expiratory portion of the loop.
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diffuse panacinar emphysema in which large air spaces develop, further impairing lung
function. [59] Miller and associates reported two cases of the Vanishing Lung Syndrome.
Postmortem analysis of the lungs demonstrated that the bullae were quite different from the
localized air spaces frequently seen in chronic pulmonary sarcoidosis. [10, 60]

6.5. Cavitary lung disease, bronchiectasis and mycetomas

Although the terms cyst and cavity have overlapping meanings and may be used interchange‐
ably, the technical definitions of these terms are different. Cysts are clearly defined air-
containing space surrounded by a relatively thin (≤ 4 mm) wall. A cavity, in contrast, is meant
to describe an air-containing lesion with a relatively thick (> 4 mm) wall or within an area of
a surrounding infiltrate or mass. The distinction is useful because there is a different diagnostic
approach to these anatomic structures. [61]

True cavitary lung disease, which results from necrosis of granulomatous areas creating
airspaces within thick walls or within a fibrotic mass, is rare in sarcoidosis. Sarcoidal cavities
must be differentiated from those associated with mycobacterial infection. The radiographic
cystic changes that occur in advanced sarcoidosis are typically consistent with saccular
bronchiectasis, rather than true cavitations. [57, 61] Saccular or cylindrical bronchiectasis likely
results from bronchial wall injury by granulomas, superimposed bronchial infection and radial
traction by peribronchial scar tissue. Colonization of the bronchiectatic sacs by Aspergillus sp.,
may result in the development of an aspergilloma. Patients with aspergillomas complicating
sarcoidosis may have life-threatening hemoptysis but, as a result of their advanced lung
disease, are usually high-risk surgical candidates. [62]

Intracavitary instillation of antifungal agents is an alternative treatment in patients with severe
pulmonary dysfunction who are poor operative risks. Percutaneous instillation of amphoter‐
icin B guided by CT scans may be effective for the treatment of aspergilloma. [63] In several
cases, the intervention has led to resolution of hemoptysis. [63] The response to percutaneous
injection of amphotericin B appears to be sustainable for several months. [63]

Israel and associates evaluated the role of surgery in 38 sarcoidosis patients with pulmonary
aspergillomas, 10 of whom were considered satisfactory operative candidates. [64] Satisfactory
candidates demonstrated a forced vital capacity greater than 50% predicted and a resting PaO2
greater than 80 mmHg. The indication for surgical resection in satisfactory and unsatisfactory
candidates was recurrent hemoptysis. Seven satisfactory and 7 unsatisfactory candidates
underwent segmental resection, lobectomy or bilobectomy. The authors did not specify the
type of procedure that each patient received. Patients were followed postoperatively for an
unspecified duration. Among the 7 satisfactory candidates who underwent resection, 1 patient
died from empyema immediately after surgery. Three of 7 patients with unsatisfactory
pulmonary function died of respiratory failure 1 month, 11 months and 27 months, respec‐
tively, after surgery. Twenty-one patients with poor pulmonary function did not have surgery.
Four patients died of recurrent hemorrhage 4 months to 3 years after discovery of the asper‐
gilloma. Eleven patients died of respiratory failure and 6 survived at the time of publication
(1982) although it is unclear when these patients were diagnosed with their aspergilloma. The
principle complications of surgical resection were prolonged air leaks, bronchopleural fistulae
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and empyema. The authors concluded that surgical resection should generally be avoided in
patients with bilateral disease and compromised pulmonary function. The indication for
surgery in all patients, especially those with poor pulmonary function, should be recurrent
hemoptysis because it may cause exsanguinating hemorrhage, which poses a greater risk to
the patient than surgical intervention. [64]

7. Imaging

Computed tomography (CT) is often the imaging method of choice for sarcoidosis of the upper
and lower respiratory tract. [40] Braun and associates analyzed the CT findings of 15 patients
with sinonasal sarcoidosis. [20] A spectrum of abnormalities were evaluated: nodular lesions
of the septum and/or inferior turbinates; mucosal thickening and complete or subtotal
opacification of the ethmoidal, maxillary and/or sphenoid sinuses; obstruction of the ostio‐
meatal units and of the upper part of the nasal cavities; turbinoseptal synechiae; destruction
or erosion of the turbinates, nasal bones, septum, ethmoid air cells and sphenoid sinus.

CT scan has a high sensitivity for detecting sarcoidosis of the larynx or trachea. [65] Typically,
the CT demonstrates stenosis of the larynx and trachea.

Airways sarcoidosis produces a variety of abnormalities on CT scan of the lungs. Several CT
studies performed at near residual volume (end expiration) have demonstrated air-trapping
in pulmonary sarcoidosis. [40, 66, 67] Davies and colleagues reported that air-trapping on
expiratory CT was present in 95% of 21 sarcoidosis patients and correlated with physiologic
obstruction by percentage predicted residual volume (RV)/ total lung capacity (TLC) (p < 0.05)
and percentage predicted maximal mid-expiratory flow rate between 25% and 75% of the vital
capacity (VC) (p < 0.05). [41] The CT may also demonstrate focal bronchial lesions, atelectasis,
bullous disease, fibrosis/honeycombing, cavitary lung disease, bronchiectasis (saccular or
cylindrical) and mycetomas

8. Physiology

The respiratory tract is typically divided into the upper and lower airways at the level of the
vocal cords. The physiology of obstruction to the upper airways depends on the location of
the obstruction (intrathoracic or extrathoracic) and whether it is fixed or variable within the
respiratory cycle. Granulomatous involvement of the larynx results in a fixed upper airway
obstruction. When tracheal sarcoidosis results in stenosis, it may cause a fixed upper airway
obstruction (figure 4) or a variable extrathoracic or intrathoracic obstruction (figure 4)
depending on whether it is located above (extrathoracic) or below (intrathoracic) the thoracic
inlet (level of the supra-sternal notch). In a fixed upper airway obstruction, there is flattening
of the inspiratory and expiratory limbs of the flow volume loop. A variable extrathoracic
obstruction causes flattening of the inspiratory portion of the flow volume loop, while a
variable intrathoracic obstruction causes flattening of the expiratory portion of the loop.
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Spirometry commonly indicates restrictive ventilatory dysfunction. At least 50% of patients
have concurrent obstructive airways disease, evidenced by a reduced ratio of forced expiratory
volume in 1 second (FEV1) to forced vital capacity (FVC). [2, 68] Airway hyperreactivity
assessed by methacholine challenge test occurs in 5-83% of patients. [47, 68]

Figure 4. Sarcoidosis patient with “honeycomb lung”.

TLC = Total Lung Capacity, RV = Residual Volume
Adapated with permission from Kavuru et al…Essentials of Pulmonary and Critical care Medicine. 5th Edition. Philadel‐
phia. Lippincott, Williams and Wilkins, 2005.

Figure 5. Flow volume loops demonstrating various types of airways obstruction.
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9. Bronchoscopy

The diagnosis of sarcoidosis is confirmed by histologic evidence of non-caseating, epitheliod
granulomas. Tissue is obtained from the upper airways by direct nasopharyngoscopy.
Transbronchial and/or mucosal biopsies of the lower airways may be obtained by bronchoco‐
scopy, the diagnostic procedure of choice for sarcoidosis.

10. Treatment

There are no controlled studies that examine the variety of therapeutic agents, which are
purported to be effective in the treatment of sarcoidosis. There is consensus by experienced
physicians that corticosteroids are the most efficacious medication. None of the other therapies
share this favorable level of support. Oral corticosteroids are given in the smallest possible
dose to limit their adverse effects. Since upper airways obstruction occurs in chronic sarcoi‐
dosis, ‘steroid-sparring’ medications may be administered simultaneously to reduce the
corticosteroid dose that would be needed if it is given for many months. Hydroxychloroquine
has been used with some success for cutaneous sarcoidosis. [69] Minocycline is also effective
for the treatment of skin lesions. [70, 71] Minocycline appears to inhibit metalloproteinases,
angiogenesis, apoptosis and in vitro granuloma formation. [68, 72]

The treatment of sinus and nasal sarcoidosis should be tailored to the specific organ system or
systems involved and to the extent of disease. [14, 16] Isolated sinonasal disease can be treated
by topical corticosteroids and/or intra-lesional steroid injections. [73] Nasal irrigations and
emollients may be used to ameliorate nasal crusting. Siltzbach and Teirstein used chloroquine
to treat 14 pataients with intrathoracic and cutaneous sarcoidosis. All of the patients showed
relative improvement in their cutaneous lesions and most exhibited radiographic improve‐
ment of their intrathoracic disease. Johns and colleagues used hydroxychloroquine, a drug
with less ocular toxicity, to treat mucosal lesions. [74] Patients taking hydroxychloroquine
must have an ophthalmic exam every 6 months. Hassid reported a patient with biopsy-proven
sarcoidosis of the paranasal sinuses who was successfully treated with hydroxychloroquine
200 mg orally, twice daily for one month and 200 mg per day for an additional 7 months. [75]
Despite these results, the overall response rate for antimalarial drugs is probably less than 50%
[76] and the drugs are often reserved for patients with cutaneous or sinonasal sarcoidosis, in
whom the response to treatment can be easily observed. [76]

Methotrexate may also be used for the treatment of cutaneous sarcoidosis. In several case
reports, skin lesions improved in patients who were treated with methotrexate 10 mg to
15 mg per week. [77] Although azathioprine has been commonly used as a corticosteroid-
sparing  agent  for  many  forms  of  sarcoidosis,  it  has  rarely  been  reported  for  the  treat‐
ment  of  skin  sarcoidosis.  [7]  Tumor  necrosis  factor-a  (TNF-a)  antagonists  have  been
reported to be useful in the treatment of sarcoidosis, including cutaneous sarcoidosis. [78]
Inflixamab appears to be the most efficacious of the biologics. It may be especially useful
in the treatment of lupus pernio. [78]
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Spirometry commonly indicates restrictive ventilatory dysfunction. At least 50% of patients
have concurrent obstructive airways disease, evidenced by a reduced ratio of forced expiratory
volume in 1 second (FEV1) to forced vital capacity (FVC). [2, 68] Airway hyperreactivity
assessed by methacholine challenge test occurs in 5-83% of patients. [47, 68]
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9. Bronchoscopy

The diagnosis of sarcoidosis is confirmed by histologic evidence of non-caseating, epitheliod
granulomas. Tissue is obtained from the upper airways by direct nasopharyngoscopy.
Transbronchial and/or mucosal biopsies of the lower airways may be obtained by bronchoco‐
scopy, the diagnostic procedure of choice for sarcoidosis.

10. Treatment

There are no controlled studies that examine the variety of therapeutic agents, which are
purported to be effective in the treatment of sarcoidosis. There is consensus by experienced
physicians that corticosteroids are the most efficacious medication. None of the other therapies
share this favorable level of support. Oral corticosteroids are given in the smallest possible
dose to limit their adverse effects. Since upper airways obstruction occurs in chronic sarcoi‐
dosis, ‘steroid-sparring’ medications may be administered simultaneously to reduce the
corticosteroid dose that would be needed if it is given for many months. Hydroxychloroquine
has been used with some success for cutaneous sarcoidosis. [69] Minocycline is also effective
for the treatment of skin lesions. [70, 71] Minocycline appears to inhibit metalloproteinases,
angiogenesis, apoptosis and in vitro granuloma formation. [68, 72]

The treatment of sinus and nasal sarcoidosis should be tailored to the specific organ system or
systems involved and to the extent of disease. [14, 16] Isolated sinonasal disease can be treated
by topical corticosteroids and/or intra-lesional steroid injections. [73] Nasal irrigations and
emollients may be used to ameliorate nasal crusting. Siltzbach and Teirstein used chloroquine
to treat 14 pataients with intrathoracic and cutaneous sarcoidosis. All of the patients showed
relative improvement in their cutaneous lesions and most exhibited radiographic improve‐
ment of their intrathoracic disease. Johns and colleagues used hydroxychloroquine, a drug
with less ocular toxicity, to treat mucosal lesions. [74] Patients taking hydroxychloroquine
must have an ophthalmic exam every 6 months. Hassid reported a patient with biopsy-proven
sarcoidosis of the paranasal sinuses who was successfully treated with hydroxychloroquine
200 mg orally, twice daily for one month and 200 mg per day for an additional 7 months. [75]
Despite these results, the overall response rate for antimalarial drugs is probably less than 50%
[76] and the drugs are often reserved for patients with cutaneous or sinonasal sarcoidosis, in
whom the response to treatment can be easily observed. [76]

Methotrexate may also be used for the treatment of cutaneous sarcoidosis. In several case
reports, skin lesions improved in patients who were treated with methotrexate 10 mg to
15 mg per week. [77] Although azathioprine has been commonly used as a corticosteroid-
sparing  agent  for  many  forms  of  sarcoidosis,  it  has  rarely  been  reported  for  the  treat‐
ment  of  skin  sarcoidosis.  [7]  Tumor  necrosis  factor-a  (TNF-a)  antagonists  have  been
reported to be useful in the treatment of sarcoidosis, including cutaneous sarcoidosis. [78]
Inflixamab appears to be the most efficacious of the biologics. It may be especially useful
in the treatment of lupus pernio. [78]
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The indication for surgical intervention of sinonasal granulomatous lesions is controversial.

While surgery may reduce symptoms, it does not eradicate or prevent recurrence of disease.
[14, 17, 79] Neville and associates evaluated 34 patients with sarcoidosis of the upper respira‐
tory tract, [9] 3 of whom, underwent submucous resection. In 2 of 3 patients the resection was
complicated by nasal septal perforation. Aubart and colleagues operated on 7 patients. [17]
Nasal and sinus involvement recurred in all of them and sinus symptoms worsened in 1 patient
after surgery. But two additional studies suggest that endoscopic sinus surgery may have a
therapeutic role in patients with nasal obstruction or chronic sinusitis caused by anatomic
blockage from sinonasal sarcoidosis. [18, 80] Removal of the obstructing lesion(s) may facilitate
improved sinonasal hygiene by permitting endoscopic debridement, nasal irrigation and
topical administration of medicines into the sinonasal tract. Surgical intervention should not
be used to treat patients with symptoms related to crusting, atrophy or bleeding. While surgery
may improve one’s quality of life by relieving severe symptoms and may even reduce the need
for oral steroids, it is almost never curative.

Laryngeal sarcoidosis may cause life-threatening upper airway obstruction. As a result, early
diagnosis and proper management is essential. The treatment of laryngeal sarcoidosis depends
on the severity of the symptoms. Asymptomatic patients do not require therapy. [5, 19, 81] But
close monitoring is warranted. It may be difficult to assess the efficacy of various treatment
modalities because spontaneous remissions of disease punctuate the natural evolution of
sarcodosis. [51, 67] Systemic corticosteroids are the mainstay of treatment for laryngeal
sarcoidosis, especially for impending laryngeal obstruction. [1, 10] Methotrexate has been used
with some success in the treatment of laryngeal sarcoidosis. One patient with granulomatous
laryngitis responded to treatment with azathioprine. Intra-lesional steroid injections of the
larynx for selected patients with well-circumscribed disease is modestly effective. [5, 21] When
the airway is compromised and stridor is present, emergent tracheostomy should be per‐
formed. [21] Tracheostomy may also be an appropriate for patients who develop marked
adverse effects from systemic corticosteroids. [82] Tracheostomy is often used as a temporizing
measure until corticosteroids are able to effectively reduce granulomatous inflammation.
Surgical intervention for laryngeal sarcoidosis is effective for patients with well-localized, life
threatening lesions. [5] Typically, the goals of surgery are to create an adequate airway, avoid
aspiration, avoid tracheostomy and preserve the voice. [5, 83] Low-dose external beam
radiation therapy (3000 rads during 6 weeks) has been utilized in selected patients. [5, 84] It is
generally reserved for patients in whom intra-lesional steroids or local excision of granulom‐
atous tissue are not feasible and/or in those who are refractory to or cannot tolerate systemic
corticosteroids. [5, 82]

Tracheal involvement in sarcoidosis is limited to the description of tracheal dystonia [29] and
tracheal stenosis. [29, 30] Brandstetter and colleagues used high-dose systemic corticosteriods
to treat a patient with tracheal stenosis. The patient failed to stabilize with the treatment but
ultimately underwent successful bronchoscopic tracheal dilatation. [30] Tracheal stents have
been used with limited success for tracheobronchial obstruction in pediatric patients. [85]

Patients with bronchostenosis respond poorly to treatment with systemic corticosteroids. [33,
37, 46, 47, 53] Fouty and associates used a flexible fiberoptic bronchoscope and a Fogarty
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embolectomy catheter to dilate multiple bronchial stenoses under direct vision. [86] The six
patients who underwent the procedure were symptomatic and refractory to corticosteroids.
All of them obtained subjective symptomatic benefit from the dilatation. Three of the patients
required repeated dilatation on a long-term basis. Complications from the procedure were
minimal. Collectively, these studies suggest that bronchial dilatation is a safe option for
sarcoidosis patients with stenoses who are refractory to systemic corticosteroids.

The majority of patients with sarcoidosis improve with therapy. However, 10-30% of patients
develop progressive pulmonary fibrosis, which may result in advanced airways disease such
as bronchiectasis, bullae and cavitation. Rarely, patients with bronchiectasis will improve with
corticosteroids, antibiotics and/or nonsteroidal anti-inflammatory medications. [87] If patients
do respond, it is generally short-lived. Bullectomies performed for bullous sarcoidosis may
improve pulmonary function and symptoms. [57, 58] Surgical resection of the cavity and
removal of the fungus ball is the mainstay of treatment for aspergilloma(s). [88] The primary
indication for resection is recurrent hemoptysis. Bronchial artery embolization is modestly
effective in inoperable patients. [89] Taken together, advanced involvement in sarcoidosis is
seldom responsive to medical therapy, moderately responsive to surgical therapy depending
on the type of underlying disease and has an ominous prognosis. Finally, sarcoidosis patients
with fibrotic lung disease and/or airways dysfunction often develop pulmonary hypertension,
which often has an unfavorable prognosis.

11. Summary

Sarcoidosis is a chronic granulomatous disease of undetermined etiology that can involve any
organ system within the body. Greater than 90% of patients with sarcoidosis have interstitial
lung disease. [2] But the upper and lower respiratory tract is also affected. Sarcoidosis is one
of a few interstitial lung diseases that involves the entire respiratory tract; beginning at the
nose and ending at the terminal bronchioles.

Although many patients are asymptomatic, most complain of dyspnea, cough and/or wheez‐
ing, Patients with sarcoidosis of the upper respiratory tract present with a variety of symptoms,
which are primarily determined by the anatomic location of the granulomatous inflammation
and/or scarring that may result from chronic disease. The diagnosis of upper or lower
respiratory tract disease is frequently ascertained by bronchoscopy.

Computed tomography (CT), the imaging method of choice for sarcoidosis of the upper and
lower respiratory tract, may demonstrate lesions within the sinonasal tract, larynx and trachea,
large and small airways or parenchyma. It may also reveal mediastinal and/or hilar lympha‐
denopathy.

The physiology of airways obstruction depends on the location of the obstruction (intrathoracic
or extrathoracic) and whether it is fixed or variable within the respiratory cycle. Granuloma‐
tous involvement of the larynx results in a fixed upper airway obstruction. Tracheal sarcoidosis
may cause a fixed upper airway obstruction, or a variable extrathoracic or intrathoracic
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The indication for surgical intervention of sinonasal granulomatous lesions is controversial.

While surgery may reduce symptoms, it does not eradicate or prevent recurrence of disease.
[14, 17, 79] Neville and associates evaluated 34 patients with sarcoidosis of the upper respira‐
tory tract, [9] 3 of whom, underwent submucous resection. In 2 of 3 patients the resection was
complicated by nasal septal perforation. Aubart and colleagues operated on 7 patients. [17]
Nasal and sinus involvement recurred in all of them and sinus symptoms worsened in 1 patient
after surgery. But two additional studies suggest that endoscopic sinus surgery may have a
therapeutic role in patients with nasal obstruction or chronic sinusitis caused by anatomic
blockage from sinonasal sarcoidosis. [18, 80] Removal of the obstructing lesion(s) may facilitate
improved sinonasal hygiene by permitting endoscopic debridement, nasal irrigation and
topical administration of medicines into the sinonasal tract. Surgical intervention should not
be used to treat patients with symptoms related to crusting, atrophy or bleeding. While surgery
may improve one’s quality of life by relieving severe symptoms and may even reduce the need
for oral steroids, it is almost never curative.

Laryngeal sarcoidosis may cause life-threatening upper airway obstruction. As a result, early
diagnosis and proper management is essential. The treatment of laryngeal sarcoidosis depends
on the severity of the symptoms. Asymptomatic patients do not require therapy. [5, 19, 81] But
close monitoring is warranted. It may be difficult to assess the efficacy of various treatment
modalities because spontaneous remissions of disease punctuate the natural evolution of
sarcodosis. [51, 67] Systemic corticosteroids are the mainstay of treatment for laryngeal
sarcoidosis, especially for impending laryngeal obstruction. [1, 10] Methotrexate has been used
with some success in the treatment of laryngeal sarcoidosis. One patient with granulomatous
laryngitis responded to treatment with azathioprine. Intra-lesional steroid injections of the
larynx for selected patients with well-circumscribed disease is modestly effective. [5, 21] When
the airway is compromised and stridor is present, emergent tracheostomy should be per‐
formed. [21] Tracheostomy may also be an appropriate for patients who develop marked
adverse effects from systemic corticosteroids. [82] Tracheostomy is often used as a temporizing
measure until corticosteroids are able to effectively reduce granulomatous inflammation.
Surgical intervention for laryngeal sarcoidosis is effective for patients with well-localized, life
threatening lesions. [5] Typically, the goals of surgery are to create an adequate airway, avoid
aspiration, avoid tracheostomy and preserve the voice. [5, 83] Low-dose external beam
radiation therapy (3000 rads during 6 weeks) has been utilized in selected patients. [5, 84] It is
generally reserved for patients in whom intra-lesional steroids or local excision of granulom‐
atous tissue are not feasible and/or in those who are refractory to or cannot tolerate systemic
corticosteroids. [5, 82]

Tracheal involvement in sarcoidosis is limited to the description of tracheal dystonia [29] and
tracheal stenosis. [29, 30] Brandstetter and colleagues used high-dose systemic corticosteriods
to treat a patient with tracheal stenosis. The patient failed to stabilize with the treatment but
ultimately underwent successful bronchoscopic tracheal dilatation. [30] Tracheal stents have
been used with limited success for tracheobronchial obstruction in pediatric patients. [85]

Patients with bronchostenosis respond poorly to treatment with systemic corticosteroids. [33,
37, 46, 47, 53] Fouty and associates used a flexible fiberoptic bronchoscope and a Fogarty
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embolectomy catheter to dilate multiple bronchial stenoses under direct vision. [86] The six
patients who underwent the procedure were symptomatic and refractory to corticosteroids.
All of them obtained subjective symptomatic benefit from the dilatation. Three of the patients
required repeated dilatation on a long-term basis. Complications from the procedure were
minimal. Collectively, these studies suggest that bronchial dilatation is a safe option for
sarcoidosis patients with stenoses who are refractory to systemic corticosteroids.

The majority of patients with sarcoidosis improve with therapy. However, 10-30% of patients
develop progressive pulmonary fibrosis, which may result in advanced airways disease such
as bronchiectasis, bullae and cavitation. Rarely, patients with bronchiectasis will improve with
corticosteroids, antibiotics and/or nonsteroidal anti-inflammatory medications. [87] If patients
do respond, it is generally short-lived. Bullectomies performed for bullous sarcoidosis may
improve pulmonary function and symptoms. [57, 58] Surgical resection of the cavity and
removal of the fungus ball is the mainstay of treatment for aspergilloma(s). [88] The primary
indication for resection is recurrent hemoptysis. Bronchial artery embolization is modestly
effective in inoperable patients. [89] Taken together, advanced involvement in sarcoidosis is
seldom responsive to medical therapy, moderately responsive to surgical therapy depending
on the type of underlying disease and has an ominous prognosis. Finally, sarcoidosis patients
with fibrotic lung disease and/or airways dysfunction often develop pulmonary hypertension,
which often has an unfavorable prognosis.

11. Summary

Sarcoidosis is a chronic granulomatous disease of undetermined etiology that can involve any
organ system within the body. Greater than 90% of patients with sarcoidosis have interstitial
lung disease. [2] But the upper and lower respiratory tract is also affected. Sarcoidosis is one
of a few interstitial lung diseases that involves the entire respiratory tract; beginning at the
nose and ending at the terminal bronchioles.

Although many patients are asymptomatic, most complain of dyspnea, cough and/or wheez‐
ing, Patients with sarcoidosis of the upper respiratory tract present with a variety of symptoms,
which are primarily determined by the anatomic location of the granulomatous inflammation
and/or scarring that may result from chronic disease. The diagnosis of upper or lower
respiratory tract disease is frequently ascertained by bronchoscopy.

Computed tomography (CT), the imaging method of choice for sarcoidosis of the upper and
lower respiratory tract, may demonstrate lesions within the sinonasal tract, larynx and trachea,
large and small airways or parenchyma. It may also reveal mediastinal and/or hilar lympha‐
denopathy.

The physiology of airways obstruction depends on the location of the obstruction (intrathoracic
or extrathoracic) and whether it is fixed or variable within the respiratory cycle. Granuloma‐
tous involvement of the larynx results in a fixed upper airway obstruction. Tracheal sarcoidosis
may cause a fixed upper airway obstruction, or a variable extrathoracic or intrathoracic
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obstruction, depending on whether the lesion is located above (extrathoracic) or below
(intrathoracic) the thoracic inlet (level of the supra-sternal notch).

Patients with pulmonary sarcoidosis may exhibit obstructive, restrictive, restrictive and
obstructive, or gas transfer abnormalities. Corticosteroids are the mainstay of therapy for
upper respiratory tract disease. However, other immunosuppressive treatments may be
effective for the treatment of skin and sinonasal sarcoidosis. Patients with endobronchial or
tracheal stenoses who are refractory to steroid therapy may derive some benefit from me‐
chanical dilatation of the airways. [86] Surgical intervention may be required for treatment of
bullous sarcoidosis and aspergilloma. [57, 58]
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Patients with pulmonary sarcoidosis may exhibit obstructive, restrictive, restrictive and
obstructive, or gas transfer abnormalities. Corticosteroids are the mainstay of therapy for
upper respiratory tract disease. However, other immunosuppressive treatments may be
effective for the treatment of skin and sinonasal sarcoidosis. Patients with endobronchial or
tracheal stenoses who are refractory to steroid therapy may derive some benefit from me‐
chanical dilatation of the airways. [86] Surgical intervention may be required for treatment of
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1. Introduction

Sarcoidosis is a granulomatous disease involving multiple organs with unknown cause. More
than 90% of patients with sarcoidosis have lung disease [1–3]. However, respiratory function
in patients with sarcoidosis often remains normal, even when pulmonary parenchymal
involvement is extensive. Not only the lung parenchyma but also the lung airways are
involved, which sometimes makes it difficult to evaluate the relationship between functional
impairment and morphological/imaging patterns.

Respiratory function impairment in sarcoidosis has not been considered to be a major concern
in either clinical or basic research. However, the marked restrictive ventilatory impairment in
sarcoidosis with end-stage pulmonary fibrosis is a serious problem in clinical practice.

Obstructive disease is another manifestation of respiratory function impairment in sarcoido‐
sis  that  is  sometimes associated with the  end-stage fibrosis  of  sarcoidosis,  with  marked
reduction  of  vital  capacity  and  total  lung  capacity.  However,  obstructive  ventilatory
impairment also appears without restrictive disease of sarcoidosis, especially in the early
stage of sarcoidosis [4–6].

This chapter will review the functional impairment in patients with pulmonary sarcoidosis,
especially restrictive and obstructive ventilatory impairments, taking the histological back‐
ground into consideration.

2. Restrictive impairment

Restrictive impairment is mainly caused by extensive fibrosis secondary to sarcoid granulomas
or by interstitial pneumonia coexistent with pulmonary sarcoidosis.
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Histologically, sarcoidosis manifests itself as multiple nodules of nonnecrotizing granulomas
consisting of epithelioid histiocytes and multinucleated giant cells with mononuclear inflam‐
matory cells at the periphery of the nodules. Granulomas are usually situated in the intersti‐
tium (Figures 1, 2), and sometimes in the air spaces (Figure 3) [7–9], thus forming space-
occupying lesions. Granulomas are typically scattered along the lymphatic routes.
Peribronchial and perivascular tissues are richly supplied by lymphatics, where granulomas
grow larger (Figures 1, 2). The imaging pattern is, therefore, quite characteristic; that is,
opacities are situated along the bronchovascular bundles. High-resolution computed tomog‐
raphy (HRCT) describes well multiple nodules located along airways and pulmonary vascu‐
latures and on the pleura, including the interlobar pleura (Figure 4). Sarcoid granulomas may
spontaneously regress or become fibrotic (Figure 5).

It is reasonable to hypothesize that restrictive impairment in sarcoidosis depends on the extent
of parenchymal involvement of the granulomas, even if they later become fibrotic [10].
Generally, respiratory function worsens with more advanced disease stages, but the radio‐
graphic stage does not correlate well with the severity of respiratory function impairment [11].

Figure 1. Low-magnification view of pulmonary sarcoidosis in a biopsy specimen. Nodular lesions are situated along
the bronchovascular bundles. (Courtesy of Dr. Thomas V. Colby, Mayo Clinic, Arizona, USA.)

Figure 2. High-magnification view of the specimen shown in Figure 1. Nonnecrotizing epithelioid granulomas sur‐
round a bronchiole. (Courtesy of Dr. Thomas V. Colby, Mayo Clinic, Arizona, USA.)

A mild interstitial mononuclear cell infiltration is said to occur occasionally in pulmonary
sarcoidosis, but in practice this is rarely seen [12]. However, some investigators have paid
attention to coexistent interstitial pneumonia in patients with sarcoidosis. Interstitial pneu‐
monia or secondary fibrosis in end-stage sarcoidosis may play a more important role in the
restrictive impairment of sarcoidosis. Rosen et al. examined interstitial pneumonia in patients
with sarcoidosis [13]. They found that the incidence of interstitial pneumonia decreases as the
density of parenchymal granulomas increases, and that interstitial pneumonia is significantly
more prevalent in patients with sarcoidosis of stage I than stages 2 or 3. They concluded that
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sarcoid granulomas are preceded by lymphocytic infiltration or that interstitial pneumonia
typically occurs in the early stage of sarcoidosis.

Figure 3. An epithelioid cell granuloma located in the peripheral airway. Another granuloma is embedded in the in‐
terstitium in the right lower quadrant (69-year-old woman).

Figure 4. Chest CT scan of a 28-year-old man with pulmonary sarcoidosis. Small nodules are found along the bron‐
chial wall (short arrows) and pulmonary artery (arrowheads). Nodules are also found on the pleural surface, including
the interlobar pleura (long arrows).

Figure 5. Nonnecrotizing epithelioid granulomas with giant cells are surrounded by concentric layers of fibrotic bundles.

Here, we present a 49-year-old woman with a nine-year history of progressive pulmonary
sarcoidosis with stages from early cellular interstitial pneumonia to late fibrotic interstitial
pneumonia. She underwent transbronchial lung biopsy at 40 years of age, when she noticed
dyspnea and cough. Chest radiograph revealed bilateral diffuse ground-glass shadows and
CT revealed ground-glass opacities along the bronchovascular bundles. The imaging features
appeared like nonspecific interstitial pneumonia (Figures 6a and b). A transbronchial lung
biopsy specimen collected at that time showed cellular interstitial pneumonia and focal
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matory cells at the periphery of the nodules. Granulomas are usually situated in the intersti‐
tium (Figures 1, 2), and sometimes in the air spaces (Figure 3) [7–9], thus forming space-
occupying lesions. Granulomas are typically scattered along the lymphatic routes.
Peribronchial and perivascular tissues are richly supplied by lymphatics, where granulomas
grow larger (Figures 1, 2). The imaging pattern is, therefore, quite characteristic; that is,
opacities are situated along the bronchovascular bundles. High-resolution computed tomog‐
raphy (HRCT) describes well multiple nodules located along airways and pulmonary vascu‐
latures and on the pleura, including the interlobar pleura (Figure 4). Sarcoid granulomas may
spontaneously regress or become fibrotic (Figure 5).

It is reasonable to hypothesize that restrictive impairment in sarcoidosis depends on the extent
of parenchymal involvement of the granulomas, even if they later become fibrotic [10].
Generally, respiratory function worsens with more advanced disease stages, but the radio‐
graphic stage does not correlate well with the severity of respiratory function impairment [11].

Figure 1. Low-magnification view of pulmonary sarcoidosis in a biopsy specimen. Nodular lesions are situated along
the bronchovascular bundles. (Courtesy of Dr. Thomas V. Colby, Mayo Clinic, Arizona, USA.)

Figure 2. High-magnification view of the specimen shown in Figure 1. Nonnecrotizing epithelioid granulomas sur‐
round a bronchiole. (Courtesy of Dr. Thomas V. Colby, Mayo Clinic, Arizona, USA.)

A mild interstitial mononuclear cell infiltration is said to occur occasionally in pulmonary
sarcoidosis, but in practice this is rarely seen [12]. However, some investigators have paid
attention to coexistent interstitial pneumonia in patients with sarcoidosis. Interstitial pneu‐
monia or secondary fibrosis in end-stage sarcoidosis may play a more important role in the
restrictive impairment of sarcoidosis. Rosen et al. examined interstitial pneumonia in patients
with sarcoidosis [13]. They found that the incidence of interstitial pneumonia decreases as the
density of parenchymal granulomas increases, and that interstitial pneumonia is significantly
more prevalent in patients with sarcoidosis of stage I than stages 2 or 3. They concluded that
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sarcoid granulomas are preceded by lymphocytic infiltration or that interstitial pneumonia
typically occurs in the early stage of sarcoidosis.

Figure 3. An epithelioid cell granuloma located in the peripheral airway. Another granuloma is embedded in the in‐
terstitium in the right lower quadrant (69-year-old woman).

Figure 4. Chest CT scan of a 28-year-old man with pulmonary sarcoidosis. Small nodules are found along the bron‐
chial wall (short arrows) and pulmonary artery (arrowheads). Nodules are also found on the pleural surface, including
the interlobar pleura (long arrows).

Figure 5. Nonnecrotizing epithelioid granulomas with giant cells are surrounded by concentric layers of fibrotic bundles.

Here, we present a 49-year-old woman with a nine-year history of progressive pulmonary
sarcoidosis with stages from early cellular interstitial pneumonia to late fibrotic interstitial
pneumonia. She underwent transbronchial lung biopsy at 40 years of age, when she noticed
dyspnea and cough. Chest radiograph revealed bilateral diffuse ground-glass shadows and
CT revealed ground-glass opacities along the bronchovascular bundles. The imaging features
appeared like nonspecific interstitial pneumonia (Figures 6a and b). A transbronchial lung
biopsy specimen collected at that time showed cellular interstitial pneumonia and focal
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aggregates of epithelioid cells with giant cells, which is compatible with sarcoidosis (Figures
6c and d). But for the sarcoid granulomas, the histological features would be similar to those
of cellular pattern of nonspecific interstitial pneumonia, a subset of idiopathic interstitial
pneumonias [14]. The ground-glass opacities on chest CT were attributable to the infiltration
of mononuclear cells in the alveolar septa. At that stage, restrictive impairment and gas
exchange impairment were prominent (Table 1). The pathophysiological mechanisms under‐
lying the functional impairment described in Figures 6c and 6d are probably similar to those
of the cellular interstitial pneumonias described above. In contrast to the decrease in DLco,
DLco/VA was normal. The decrease in DLco observed in the patient can be mainly attributed
to diffusion impairment caused by thickened alveolar septa.

At the later stage, the ground-glass opacities disappeared and traction bronchiectasis became
the main imaging finding (Figures 6e and 6f), although outer-zone-dominant honeycombing
at both lung bases, which is the hallmark of usual interstitial pneumonia (UIP), was absent.
Restrictive impairment progressed during the 8.6 years of follow-up, but the annual decrease
in FVC was gradual (Table 2 and Figure 6g).

To summarize the disease of this woman, ground-glass opacities at the initial stage were
replaced by traction bronchiectasis in the course of 8.6 years of follow-up. It is probable that
cellular interstitial pneumonia associated with pulmonary sarcoidosis progressed to fibrosing
interstitial pneumonia with gradual decrease in FVC. However, the pulmonary fibrosis in this
case did not look like idiopathic pulmonary fibrosis (IPF).
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Figure 6. Chest radiograph (a) of a woman with sarcoidosis showing diffuse ground-glass opacities in the bilateral
lung fields. Chest CT (b) of the same woman showing ground-glass opacities mainly along the bronchovascular bun‐
dles. (c) A transbronchial lung biopsy specimen obtained from the same woman. Alveolar septa are thickened. Granu‐
lomas are sparsely found. (d) A high-magnification view of Figure 6c. Alveolar septa are thickened with mononuclear
cell infiltration. Small foci of epithelioid granulomas are found on the right side of the specimen. Thickened alveolar
septa may be the barrier to gas exchange. Chest radiograph (e) and CT (f) of the woman with sarcoidosis, which were
taken 7.1 years after the first CT (Figure b). Ground-glass opacities disappeared, but many bronchi were densely con‐
centrated in the left lung base, forming traction bronchiectasis. (g) Yearly decline of FVC in the course of the 8.6 years
of follow-up of advanced pulmonary sarcoidosis. The annual decline of FVC calculated using linear regression was 38
mL (2.9% of the initial FVC at year 0), which is far milder than that observed in IPF. The top of the vertical axis shows
the 100% level for FVC as predicted for the patient at year 0.

Restrictive  impairment  and  gas  exchange  impairment  are  serious  presentations  in  ad‐
vanced sarcoidosis,  as is  the case in IPF. However,  honeycomb-like cysts,  which are the
imaging hallmark of IPF/UIP, are atypical radiographic manifestations in sarcoidosis [11].
Moreover, the most important diagnostic feature in sarcoidosis is the prognosis or the slope
of the deterioration of respiratory functions, as seen in Figure 6g. Nardi et al. reported that
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the 10-year survival of patients with stage IV sarcoidosis was 84.1%, which is far better than
that of IPF [15].

FVC mL (% pred) 1210 mL (44%)

FEV1 mL (% pred) 870 mL (36%)

FEV/FVC % 71%

TLC mL (% pred) 2510 mL (68%)

FRC mL (% pred) 1160mL (53%)

RV mL (% pred) 810mL (70%)

DLco mL/min/mmHg (% pred) 11.3 (54%)

DLco/VA mL/min/mmHg/L (%pred) 5.49 (103%)

FVC: forced vital capacity; FEV1: forced expiratory volume in 1 second; TLC: total lung capacity; FRC: functional reserve
capacity; RV: reserve volumeDLco: diffusing capacity of carbon monoxide; DLco/VA: diffusing capacity of carbon
monoxide/alveolar volume

Table 1. Respiratory function data for a 40-year-old woman with sarcoidosis

FVC mL (% pred) 970 mL (38%)

FEV1 mL (% pred) 800 mL (37%)

FEV/FVC % 82%

Table 2. Spirometry 8.6 years after the first measurement (Table 1)

In contrast to patients with sarcoidosis associated with interstitial pneumonia, functional
impairment in patients with sarcoidosis without interstitial pneumonia may be less extensive,
if present. We frequently encounter patients with sarcoidosis who have extensive imaging
findings, but almost normal respiratory function. Such differences in functional impairment
raise the possibility that interstitial pneumonia could be independently coexistent with
pulmonary sarcoidosis [16], although the histological findings in which sarcoid granulomas
are embedded in cellular interstitial pneumonia, as shown in Figures 6c and d, suggest that
interstitial pneumonia is one of the fundamental histological manifestations of sarcoidosis.

Shigemitsu et al. reviewed the microscopic slides of explanted lungs to examine chronic
interstitial pneumonia (interstitial infiltration by lymphocytes and/or plasma cells) in seven
patients with end-stage sarcoidosis who ultimately underwent lung transplantation [17]. In
their report, four of the seven patients had diffuse interstitial pneumonia, which was atypical
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of end-stage sarcoidosis, and two of these four patients had a pattern that was indistinguish‐
able from the UIP pattern, with fibroblastic foci. Furthermore, these four patients had under‐
gone lung transplantation with a shorter time to transplant than the remaining three patients
without interstitial pneumonia. These results raise the possibility that there is a subset of
patients with sarcoidosis that progresses to pulmonary fibrosis resembling IPF/UIP with
poorer prognosis [18].

Stage IV sarcoidosis might encompass two subsets of end-stage sarcoidosis, as described
above: sarcoid granuloma-derived secondary fibrosis and fibrosing interstitial pneumonia,
which is not secondary but coexistent, although it may be rare.

3. Obstructive impairment

1. Obstructive impairment as a minor component of functional impairment?

Although sarcoidosis involving thoracic lymph nodes and pulmonary parenchyma is familiar
to most pulmonologists, airway involvement is often overlooked [19]. Airway dysfunction is
an important component of the disease, but is often ignored when the interstitial disease is
dominant.

As sarcoidosis commonly affects the pulmonary parenchyma, one could often misunderstand
that airways are less commonly involved and restrictive impairment occurs more frequently
than does obstructive impairment. However, airway involvement, as judged based on clinical
features, physiological testing, imaging techniques, bronchoscopy, and airway mucosal
biopsy, has been observed in two-thirds of patients with sarcoidosis [19]. According to a case–
control etiologic study of sarcoidosis consisting of 736 patients [3], the majority of patients
(477/736) had normal FVC defined as > 80% of FVC, in contrast to a smaller percentage of
normal FEV1/FVC% defined as > 80% of FEV1/FVC% (340/736). As described above, clinicians
should notice that airflow obstruction is more frequently encountered than is restrictive
impairment and is the commonest physiological abnormality in patients with sarcoidosis in
clinical practice.

Airway sarcoidosis occurring over the entire length of the respiratory tract – from the upper
airway to the lower airway, including the respiratory bronchioles – causes a broad spectrum
of airway dysfunction or obstructive ventilatory impairment [20]. In addition, airway sarcoi‐
dosis causing obstructive impairment and lung parenchymal sarcoidosis causing restrictive
impairment could modify their physiological manifestations mutually.

As airway obstruction in sarcoidosis is reported to be associated with increased morbidity and
increased mortality risk [21, 22], obstructive impairment, as well as restrictive impairment,
should be checked carefully in the routine follow-up.

2. Upper-airway sarcoidosis

In this section, the trachea is conveniently included in the upper airway. The nose, sinuses,
oropharynx, supraglottic structures, larynx, and trachea are less frequently affected with
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sarcoidosis than is the lower airway [1, 2, 19, 20, 23]. The presenting symptoms of laryngeal
sarcoidosis are dysphagia, hoarseness, dyspnea, stridor, and cough [20, 23]. Hoarseness can
occur from the granulomatous lymphadenopathy in the mediastinum compressing recurrent
nerve or from polyneuropathy by granulomatous inflammation of the vagus nerve [24–26].
Sometimes, these may cause respiratory distress, requiring tracheostomy.

Obstructive sleep apnea syndrome occurs with increased frequency in patients with laryngeal
sarcoidosis. Turner et al. reported that 14 of 83 consecutive patients with sarcoidosis (17%) had
sleep apnea, which was significantly more frequent than that observed in the general popu‐
lation [27]. It may be secondary to laryngeal sarcoidosis, or may result from obesity associated
with the long-term administration of corticosteroids.

Tracheal stenosis and dystonia are the primary manifestations of tracheal sarcoidosis, although
tracheal involvement is rare compared with sarcoidosis of lobar or segmental bronchi. Cough
is the main symptom.

The flow-volume curve is quite characteristic. Sarcoid lesions located in the upper airway cause
flattening of the inspiratory and/or expiratory loops of the flow-volume curve, although this
is not specific to sarcoidosis. In general, fixed airway stenosis caused by upper-airway
sarcoidosis, regardless of whether it is extrathoracic or intrathoracic, induces flattening of both
the inspiratory and expiratory loops. Variable extrathoracic or intrathoracic stenosis induces
flattening of the inspiratory and expiratory loops of the flow-volume curve, respectively [28,
29] (Figures 7a–d).

3. Lower-airway sarcoidosis

As described above, the lower airways are also affected, similarly to the lung parenchyma.
As granulomatous lesions also occur in the bronchial mucosa and submucosa [30], endoscop‐
ic examination frequently identifies these submucosal lesions. Endoscopic examination also
identifies indirect findings derived from peribronchial lesions, such as extrinsic bronchial
compression  by  enlarged  lymph  nodes.  The  morphological  characteristics  of  airway
involvement include bronchial stenosis, mucosal nodularity, hypervascularity, and mucos‐
al edema (Figures 8a–d) [19, 20, 23, 31–33]. Some investigators have emphasized the mucosal
vessels that run perpendicular to cartilaginous rings as an early manifestation of sarcoido‐
sis (Figure 8c) [31, 32, 34].

Bronchial mucosal biopsy confirms the histological diagnosis (Figure 9). These lesions can lead
to respiratory symptoms and signs, such as cough and wheezes in auscultation, which are
often misdiagnosed as asthma.

Lower-airway involvement in sarcoidosis may lead to airflow limitation (Figure 10, Table 3).
However, bronchial mucosal findings in fiberoptic bronchoscopy are not always correlated
with the severity of airflow limitation, because airflow limitation is due not only to proximal
airway lesions but also to distal airway lesions that are not visible using conventional fiberoptic
bronchoscopy. According to the report of Stjernberg et al., an obstructive spirometry pattern
was found in only three patients among 21 patients with bronchial sarcoidosis that was
confirmed by bronchoscopy [5].
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Figure 8. Endoscopic findings of bronchial sarcoidosis. a) Flattened and pale-colored plaques arising from the bron‐
chial mucosa, forming a “cobblestone appearance” (right main bronchus, 38-year-old woman), b) Bronchial lumen is
crowded by pale-colored multiple nodules (left upper lobe bronchus, 61-year-old woman), c) Mucosal hypervasculari‐
ty with vessels running perpendicular to cartilaginous rings (left lingular bronchus, 38-year-old man), d) Network for‐
mation of mucosal vessels in the left main bronchus, and mucosal edema of the left second carina (29-year-old man).

Figure 7. a) Normal flow-volume curve, b) Variable extrathoracic stenosis, c)Variable intrathoracic stenosis, d)Fixed ex‐
trathoracic or intrathoracic stenosis.
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Airflow obstruction is reported in 4–63% of patients with sarcoidosis, depending on the
spirometry criteria used by different authors [3, 5, 6, 10, 22, 35–40]. Sharma et al. reported that
airway obstruction defined as less than 75% of FEV1/FVC was found in 63% of black American
nonsmoking patients with sarcoidosis [37]. Airflow obstruction defined as less than 70% of
FEV1/FVC, the criterion for COPD, occurs in 9–14% of patients with sarcoidosis [3, 39]. We
demonstrated that 21% of patients with sarcoidosis (12/56) had airflow obstruction, which was
defined as less than 70% of FEV1/FVC, obtained at least once in repeated spirometry during
the entire follow-up period [41].

Airflow obstruction is often associated with an advanced stage of sarcoidosis or decreased VC
and FVC [39], but occurs without any relationship to radiographic stage or restrictive impair‐
ment [6, 37]. Small airway dysfunction is common in early sarcoidosis without restrictive
defects [4–6]. The previous investigations described above tell us that airflow obstruction
occurs in all stages of sarcoidosis and should always be looked for in patients with sarcoidosis
who have respiratory symptoms [38].

Figure 9. An epithelioid cell granuloma obtained using bronchial mucosal biopsy.

Figure 10. Flow-volume curve of a 61-year-old woman with bronchial sarcoidosis. Her mucosal finding under bron‐
choscopy is shown in Figure 10b. She never smoked and the expiratory flow is reduced, with a downward convex, as
observed bronchial asthma. However, FEV1 did not significantly improve after the inhalation of a β-2 agonist (thick
line: basal flow-volume curve; thin line: flow-volume curve after inhalation of salbutamol).
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FVC mL (% pred) 3150 mL (120%)

FEV1 mL (% pred) 1990 mL (94%)

FEV/FVC % 63%

TLC mL (% pred) 4540 mL (115%)

FRC mL (% pred) 2710 mL (105%)

RV mL (% pred) 1240 mL (81%)

DLco mL/min/mmHg (% pred) 21.3 (137%)

DLco/VA mL/min/mmHg/L (%pred) 5.63 (121%)

FVC: forced vital capacity; FEV1: forced expiratory volunme in 1 second; TLC: total lung capacity; FRC: functional reserve
capacity; RV: reserve volume; DLco: diffusing capacity of carbon monoxide; DLco/VA: diffusing capacity of carbon
monoxide/alveolar volume

Table 3. Respiratory function data for a 61-year-old woman with sarcoidosis

As described above, airflow obstruction is frequently encountered in sarcoidosis. Lavergne et
al. demonstrated that airway obstruction by sarcoid granulomas in the bronchial mucosa that
were histologically confirmed via endobronchial biopsy was partially or completely reversed
by steroid treatment, with improved pulmonary symptoms [21]. However, airflow obstruction
in sarcoidosis is often refractory to inhaled steroid or bronchodilator therapy in clinical practice
[20, 23, 38, 39, 41]. This presentation is not likely to be caused by coexistent asthma or COPD,
because of its poor response to inhaled steroids and/or β-agonists. At what level of the airways
does airflow obstruction occur?

Airways with endobronchial lesions that are visible on fiberoptic bronchoscopy are not the
only airways that are responsible for airflow obstruction. Small airways or the lung paren‐
chyma may also be involved in airflow obstruction. In general, the extent of decreased
attenuation with a mosaic pattern is related to small airway disease, whereas a reticular pattern
is considered to be a typical pattern of pulmonary fibrosis on CT. Air trapping, which presents
as decreased attenuation exaggerated at expiratory CT, is a common feature of sarcoidosis,
and there have been reports examining the correlation between air trapping and airflow
obstruction [42, 43]. However, Hansell et al. reported that airflow obstruction is more closely
related to a reticular pattern than to the extent of decreased attenuation on expiratory CT [44].
It is possible that progression to fibrosis of granulomatous inflammation adjacent to the small
airways is critically associated with airflow obstruction.

4. Treatment of obstructive impairment

As described above, obstructive impairment appears at an early stage of sarcoidosis and also
with advancing radiographic stage. The efficacy of treatment may depend on the anatomical
sites of sarcoid granulomas, associated fibrosis, and severity of the symptoms.

Physiological Manifestation in Pulmonary Sarcoidosis
http://dx.doi.org/10.5772/55012

175



Airflow obstruction is reported in 4–63% of patients with sarcoidosis, depending on the
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Figure 9. An epithelioid cell granuloma obtained using bronchial mucosal biopsy.

Figure 10. Flow-volume curve of a 61-year-old woman with bronchial sarcoidosis. Her mucosal finding under bron‐
choscopy is shown in Figure 10b. She never smoked and the expiratory flow is reduced, with a downward convex, as
observed bronchial asthma. However, FEV1 did not significantly improve after the inhalation of a β-2 agonist (thick
line: basal flow-volume curve; thin line: flow-volume curve after inhalation of salbutamol).
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FVC mL (% pred) 3150 mL (120%)

FEV1 mL (% pred) 1990 mL (94%)

FEV/FVC % 63%

TLC mL (% pred) 4540 mL (115%)

FRC mL (% pred) 2710 mL (105%)

RV mL (% pred) 1240 mL (81%)

DLco mL/min/mmHg (% pred) 21.3 (137%)

DLco/VA mL/min/mmHg/L (%pred) 5.63 (121%)

FVC: forced vital capacity; FEV1: forced expiratory volunme in 1 second; TLC: total lung capacity; FRC: functional reserve
capacity; RV: reserve volume; DLco: diffusing capacity of carbon monoxide; DLco/VA: diffusing capacity of carbon
monoxide/alveolar volume

Table 3. Respiratory function data for a 61-year-old woman with sarcoidosis

As described above, airflow obstruction is frequently encountered in sarcoidosis. Lavergne et
al. demonstrated that airway obstruction by sarcoid granulomas in the bronchial mucosa that
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does airflow obstruction occur?

Airways with endobronchial lesions that are visible on fiberoptic bronchoscopy are not the
only airways that are responsible for airflow obstruction. Small airways or the lung paren‐
chyma may also be involved in airflow obstruction. In general, the extent of decreased
attenuation with a mosaic pattern is related to small airway disease, whereas a reticular pattern
is considered to be a typical pattern of pulmonary fibrosis on CT. Air trapping, which presents
as decreased attenuation exaggerated at expiratory CT, is a common feature of sarcoidosis,
and there have been reports examining the correlation between air trapping and airflow
obstruction [42, 43]. However, Hansell et al. reported that airflow obstruction is more closely
related to a reticular pattern than to the extent of decreased attenuation on expiratory CT [44].
It is possible that progression to fibrosis of granulomatous inflammation adjacent to the small
airways is critically associated with airflow obstruction.

4. Treatment of obstructive impairment

As described above, obstructive impairment appears at an early stage of sarcoidosis and also
with advancing radiographic stage. The efficacy of treatment may depend on the anatomical
sites of sarcoid granulomas, associated fibrosis, and severity of the symptoms.
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Upper-airway or tracheal sarcoidosis with airway stenosis needs systemic corticosteroids. In
some cases, methotrexate or cytotoxic drugs, such as azathiopurine, may be added. Laryngeal
sarcoidosis may cause life-threatening upper-airway obstruction. Surgical intervention is
indicated for patients with well-localized, life-threatening lesions. When stridor is present,
emergent tracheostomy may be needed [20, 45].

As the symptoms of bronchial sarcoidosis are, if present, cough and wheezing, and spirometry
shows reduced rate of FEV1/FVC, which is misdiagnosed as asthma, inhaled β2-agonists and/
or corticosteroids are often administered. However, we have often experienced unfavorable
results in such cases, especially when parenchymal lesions are associated with the condition.

As described above, Lavergne et al. [21] examined the effect of systemic steroid therapy for
patients who had histologically proven bronchial sarcoidosis with airflow obstruction (< 70%
of FEV1/FVC), but their radiographic stages were 1 to 3. They obtained a favorable result
after administration of 0.6 mg/kg of oral corticosteroids initially, and concluded that airflow
obstruction by bronchial sarcoidosis without fibrosis-related airway obstruction is treatable.

5. Airway hyperreactivity

The prevalence of airway hyperreactivity, as demonstrated by a positive methacholine or
histamine challenge test, is significantly higher in patients with sarcoidosis compared with
normal controls [46–49]. It is unclear whether airway hyperreactivity is a physiological
manifestation of endobronchial sarcoidosis or is due to concomitant asthma [20]. However,
Wilsher et al. examined the prevalence of asthma in patients with sarcoidosis and demon‐
strated that it was the same as that observed in the normal population [50]. Airway hyper‐
reactivity in sarcoidosis and asthma can be distinguished by the response to inhaled
corticosteroids and β2-agonists. Airway hyperreactivity associated with asthma is improved
by these agents, whereas airway hyperreactivity caused by sarcoidosis requires oral cortico‐
steroids [20, 47, 48].

6. Pulmonary hypertension

Pulmonary hypertension (PH) occurs in 1–28% of patients with sarcoidosis [51–53]. PH is a
serious complication in advanced stage VI sarcoidosis and has a poor prognosis. PH is largely
attributed to the destruction of the capillary bed by pulmonary fibrosis. As the severity of PH
does not always correlate with parenchymal changes, other factors may contribute to the
development of PH, such as specific vasculopathy, local increased vasoreactivity, mechanical
compression of pulmonary vessels, and portopulmonary hypertension.

According to the Dana Point Classification of 2008 [54], PH in sarcoidosis falls under category 3
(PH owing to lung disease and/or hypoxia) or 5 (PH with unclear multifactorial mechanisms) [53].
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There is no specific therapy for PH associated with sarcoidosis. The management of sarcoidosis
with PH mainly relies on supportive therapy (supplemental O2 and diuretics, as needed) [52].
Lung transplantation is now an important therapeutic option for these patients [53].

Patients with “out of proportion” pulmonary hypertension (characterized by dyspnea
insufficiently explained by lung mechanical disturbances and mean pulmonary artery
pressure ≥ 40–45 mmHg at rest) should be referred to expert centers and enrolled in clinical
trials of pulmonary artery hypertension-specific drugs [55]. Endothelin receptor antagonists,
phosphodiesterase type 5 inhibitors, and intravenous epoprosterol, etc., have been tried, and
some patients experienced a beneficial effect. However, large-scale prospective clinical trials
are needed before these therapies can be universally adopted.
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1. Introduction

Sarcoidosis is an inflammatory granulomatous disease that can affect multiple organ systems,
most commonly the lungs. It can also affect other organs, such as the nervous system and heart.
Although the exact etiology of sarcoidosis is unknown, it involves the development of
noncaseating granulomas in various organs. Noncaseating epithelioid granulomas are the
pathological hallmarks of sarcoidosis and symbolize the inflammatory sign of the disease.
granulomas are structured masses of activated macrophages and their derivatives (i.e.,
epitheloid and giant cells). Neurosarcoidosis is a manifestation of sarcoidosis specifically in
the nervous system. It is caused by inflammation and abnormal cell deposits in the central and/
or peripheral nervous system, including the brain, spinal cord, or peripheral nerves. In this
chapter, we intend to give a brief overview of the common neurologic manifestations of
sarcoidosis, as well as diagnosis and management of these symptoms. We will also discuss
management of steroid resistant neurosarcoidosis and atypical cases, as well as the overall
prognosis of the disease.

2. Epidemiology

Cases of sarcoidosis have been reported worldwide, with a prevalence of approximately 10-80
cases per 100,000 in North America and Europe. Within the United States, African Americans
have a greater lifetime risk of developing sarcoidosis than Caucasians (2.4% vs. 0.85%).
Worldwide, females have a slightly greater risk of developing this disease. The incidence of
sarcoidosis can be described as having a bimodal pattern, with most cases occurring between
the ages of 20-40 years old and a second commonly affected group being females who are over
the age of 50 [1].
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About 5-16% of patients with sarcoidosis have neurologic involvement. The most frequent
neurologic abnormality includes cranial and peripheral neuropathy, followed by mononeurop‐
athy, myopathy, psychiatric disorders, cerebellar ataxia, hydrocephalus and papilledema.
Neurosarcoidosis is also more prevalent in people of African descent and uncommon in people
of Chinese descent and Southeast Asians. It is estimated that isolated neurosarcoidosis, without
clinical evidence of systemic sarcoidosis, occurs in less than 1% of sarcoidosis patients [2].

3. History

Sarcoidosis was first clinically described in 1878 by a dermatologist Dr. Johnathan Hutchinson,
who called the disease ‘Mortimer's Malady’, in reference to his patient’s name [3]. He wanted
to prove it by a biopsy but the patient refused. Then in 1889, Dr. Ernest Besnier described a
similar case which he called lupus pernio due to the “chillblain-like swelling” of the nose and
the lupus-vulgaris appearance of the fingers. Besnier also did not have histologic findings. It
was not until 1892, Tenneson showed a second case of lupus pernio accompanied by histo‐
logical studies showing lesions which contained epithelioid cells and giant cells. This was the
first description of a sarcoid granuloma. Cesar Boeck, in 1899, called it `Multiple Benign
Sarkoid of Skin’ which later gave birth to the term ‘sarcoidosis’. A few years later, central
nervous system (CNS) involvement by sarcoidosis was recognized in 1905 by Winkler [3].

4. Etiology and pathogenesis

Currently, the etiology of sarcoidosis is unknown. There have been hypotheses made including
infectious agents, occupational/environmental factors, genetic factors and autoimmune
disorders. There has not been a specific pathogen or pathogenic agent linked to the disease.
One thought is that the inflammatory response in sarcoidosis, which is characterized by large
numbers of activated macrophages and T lymphocytes bearing the CD4-helper phenotype,
along with cytokine production is most consistent with a Th1-type immune response com‐
monly triggered by antigens [4]. Also, seeing the trends of blacks and family clusters having
increased numbers of the disease, there is a possibility that it is genetic. Many patients with
sarcoidosis have the HLA-Factor B 8 (on chromosome 6) and DR 3. Another theory includes
inhalation of an antigen that causes granulomatous inflammation in mediastinal lymph nodes
and then extends to the lungs and other tissues.[5] Environmental factors involve infections,
such as Mycobacterium tuberculosis and Propionibacterium acnes or P. granulosum and non-
infectious environmental exposures, such as pesticides and insecticides, pine pollen, silica or
talc, metal dusts, and man-made mineral fibers. Exposure to these factors can cause diseases
that are histologically and clinically indistinguishable from sarcoidosis [4].

Neurosarcoidosis and multiple sclerosis can present with similar symptoms, such as optic
neuritis. It is important to be able to differentiate the two, due to different responses to
management and therapy. Since sarcoidosis is often a multisystem disease, solitary nervous-
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system sarcoidosis is difficult to diagnose, which may delay treatment. The neurological
symptoms make it a serious and commonly devastating complication of sarcoidosis [6].

5. Clinical manifestations of neurosarcoidosis

Neurosarcoidosis is seen in approximately 5% of sarcoidosis patients. Of these patients, some
may have neurological findings on initial presentation, while others present de novo with
neurological signs and symptoms that are consistent with a diagnosis of sarcoidosis [7]. Onset
of neurosarcoidosis is most common in the fourth or fifth decades, and typically occurs after
patients have had systemic symptoms for some time.

5.1. Cranial nerve findings

Cranial  mononeuropathies  frequently  occur  in  neurosarcoidosis.  In  2009,  Joseph  and
Scolding conducted a study of 30 new cases of sarcoidosis, and reported cranial neuropa‐
thies in 80% of the patients [8]. The 7th cranial nerve is often affected. In fact, peripheral
facial nerve palsy has been noted in up to 50% of patients with neurosarcoidosis. Often‐
times, Bell palsy is found to be the first manifestation of sarcoidosis and may resolve prior
to development of additional symptoms. While facial neuropathies may arise due to basilar
meningitis, some cases can be attributed to granulomatous inflammation of the extracrani‐
al part of the nerve [9].

Recent  studies  have  found optic  neuropathy  to  be  a  more  common manifestation  than
previously  thought.  Patients  can  present  with  myriad  complaints,  ranging  from  blurry
vision and papilledema to retro-bulbar pain and pupillary abnormalities. Palsies of the 8th

cranial  nerve  also  occur,  leading  to  auditory  and  vestibular  problems.  Extra-ocular
movements can become impaired due to involvement of the 3rd, 4th, and 6th cranial nerves.
Olfactory involvement is  rare,  but  has been reported in some cases,  leading to anosmia
and impaired taste.

5.2. Neuroendocrine manifestation

Neuroendocrine  dysfunction is  often  seen in  neurosarcoidosis  patients,  causing them to
present  with  polyuria,  changes  in  thirst,  sleep,  appetite,  temperature,  or  libido.  The
hypothalamus and pituitary gland are also often affected, leading to thyroid, gonadal, and
adrenal- related symptoms. This usually occurs as a result of subependymal granuloma‐
tous infiltration of the 3rd  ventricle [9].  Other common symptoms include impaired taste
and smell,  slurred speech,  weakness  of  trapezius  and sternocleidomastoid muscles,  and
tongue deviation and atrophy. Additionally, carpal tunnel syndrome appears to occur more
often in sarcoidosis  patients,  than in the general  population.  Occasionally,  patients  may
present with the rare Heerfordt syndrome, characterized by fever,  uveitis,  parotid gland
swelling, and facial nerve palsy [10].
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5.3. Other CNS findings

In addition to the hypothalamus and pituitary gland, central nervous system involvement can
affect the cerebral cortex, cerebellum, and occasionally the spinal cord. This can occur due to
granulomatous inflammation in a perivascular pattern. Granulomas in various parts of the
brain parenchyma have even been known to mimic brain tumors such as gliomas, meningio‐
mas, and schwannomas.

Meningeal symptoms have been reported in a substantial number of patients; and can cause
many of the aforementioned symptoms. Examination of the cerebrospinal fluid typically
shows a mononuclear infiltrate and elevated protein. Cognitive and behavioral problems,
along with focal neurologic deficits can occur. If the spinal cord is affected, myelopathies and
radiculopathies can occur, and the cauda equina may be affected. Communicating and non-
communicating hydrocephalus have been seen in these patients, and sudden death can also
occur due to an acute obstruction of CSF flow. Seizures may also occur due to a variety of
causes. They are seen as an initial finding in 10% of patients. Sudden death can also occur with
involvement of the brainstem leading to central hypoventilation [9].

5.4. Peripheral neuropathy and myopathy

Patients can present with various types of peripheral neuropathies, including, but not limited
to mononeuropathy, sensory polyneuropathy, and acute and chronic inflammatory polyneur‐
opathy. Nerve biopsy typically shows noncaseating granulomas, but necrotizing vasculitis
may also be seen. Muscle involvement is commonly seen, and is typically secondary to
granulomas in the perimysium; however, only a very small number of patients are actually
symptomatic. Onset of myopathy usually occurs later in the course of the disease, after
involvement of other organ systems has already been noted. Patients may present with acute
myopathy, in a similar manner to polymyositis, or may have more chronic symptoms with
associated muscle wasting [9].

5.5. Atypical presentations

Sarcoidosis has been shown to affect many parts of both the central and peripheral nervous
systems, and patients present with a wide variety of neurological symptoms. Often this can
cause difficulties in making a diagnosis, as the reported symptoms are diverse and can mimic
several other disease processes, such as Guillain-Barre Syndrome, Multiple Sclerosis, and even
psychiatric diagnoses. In April 2012, Spiegel et al noted psychiatric manifestations, such as
delirium and psychosis, in about 20% of neurosarcoidosis patients, which is equivalent to
approximately 1% of all patients with sarcoidosis. Although this is a rare occurrence, these
patients can experience striking auditory and visual hallucinations and delusions [11].

Patients have also reportedly presented with hypersomnolence and hyperphagia consistent
with Kleine-Levine-Critchley syndrome [12]. In sum, as neurosarcoidosis can present in many
ways, clinicians should maintain a high index of suspicion for the disease, especially in those
patients who are not known to have sarcoidosis prior to presenting with neurological mani‐
festations. The disease can be very severe and often life-threatening.
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6. Diagnosis

Neurosarcoidosis has no pathognomonic sign, therefore it is a diagnosis of exclusion. This
presents a great challenge, especially when the patient does not previously have a confirmed
diagnosis of systemic sarcoidosis. The differential diagnosis encompasses a diverse number
of pathologies such as Bell’s palsy due to Lyme disease, optic neuropathy due to MS, tuber‐
culosis, carcinomatous or lymphomatous meningitis causing multiple cranial nerve palsies.
Additional pathologies include metastatic lesions, encephalopathy via syphilis or CNS
vasculitis, peripheral neuropathy, or parenchymal lesions such as astrocytomas. Therefore, it
is important to think of all the possibilities and rule them out [8].

If neurosarcoidosis is suspected, the patient should be evaluated for evidence of extraneural
disease due to the difficulty of obtaining nerve tissue for evaluation. It is imperative to check
the skin, lymph nodes and lungs. Other tests that may be useful include ophthalmologic
examination, endoscopic nasal and sinus examinations. Radiological tests include neuroimag‐
ing (discussed later) and chest x-ray or CT scan to search for hilar adenopathy or parenchymal
changes consistent with pulmonary sarcoidosis, serum angiotensin converting enzyme (ACE)
assays (nonspecific) and lumbar puncture to analyze CSF. CSF findings may show an increased
opening pressure, protein up to 250mg/dL, mononuclear pleocytosis, IgG elevation, oligoclo‐
nal bands, glucose normal or low; and CSF ACE is possibly elevated. CSF ACE levels have a
relative low sensitivity. Although most studies do not mention immunoglobulins levels in CSF,
there is evidence that elevation of immunoglobulin IgG with a high CSF to serum IgG index
may be common in CNS sarcoidosis [13]. CSF eosinophilia has also been reported as a
consequence of neurosarcoidosis, [14] but may also be present in other infections, inflamma‐
tory, and neoplastic conditions, including lepto-meningeal spread of gliomas [15]. Of note,
always be cautious of doing a LP in a patient that possibly has increase intracranial pressure.
If this is suspected, check for papilledema by using a fundoscope and MRI imaging preceding
the LP [8]. Routine laboratory tests may show hyperglobulinemia, hypercalcemia or elevation
of alkaline phosphatase [16]. Hypercalcemia occurs in approximately 13-20% of cases due to
high levels of 1,25-dihydroxy-vitamin D causing hyperabsorption of calcium [17,18].

Sarcoid lesions in  the CNS do not  differ  from those encountered in other  organs.  Most
cases of CNS sarcoidosis diagnosed by histology have shown variable degrees of menin‐
goencephalomyelitic  infiltration,  either  localized  or  widespread.  This  results  in  focal  or
disseminated meningeal nodules or plaques, and affecting particularly the basal mening‐
es.  Although  sarcoid  lesions  can  occur  almost  anywhere  in  the  central  nervous  struc‐
tures, most often they are located perivascularly, with varying degrees of associated gliosis
and fibroblast proliferation [3].

One may need to use other tests such as EEG, evoked potentials, and angiography to exclude
other causes. Another test, the Kveim-Siltzbach, is not standardized and is not available
universally. However, it can show positive granuloma results 4-6 weeks after injecting part of
a spleen from a patient with known sarcoidosis into the skin. According to a study by C K
Liam and A Menon, the Kveim-Siltzbach test can show false negative results when done in
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conjunction with corticosteroid use possibly due immunosuppressive effects. There is also
concern that HIV and hepatitis transmission could occur through this technique [8].

As a last resort, a biopsy is done of the meninges, brain, or spinal cord. Biopsies from extra‐
neural tissue are recommended as it is less risky, but if it is highly suspected and a person with
known sarcoidosis with neurologic involvement is deteriorating despite therapy, the neural
tissue can be sampled [19]. Most common sites include the meninges and mass lesions.

7. Neuroimaging

Neurosarcoidosis does not have a specific finding on imaging that can assure the diagnosis.
However, neuroimaging along with neurologic evaluation, CSF analysis, biopsy and others
can aid in making the diagnosis. Oftentimes, it is a brain contrast-enhanced MRI and CSF
analysis that gives the presumptive diagnosis. Contrast MRI allows one to visualize meningeal
or parenchymal involvement of active inflammation with disruption of the blood brain barrier
as well as masses and hydrocephalus.

Figure 1. Noncaseating granuloma in parietal lobe showing the granuloma surrounded by epithelioid cells and nodu‐
lar inflammatory infiltrates (hematoxylin and eosin, 10x). [35]
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As mentioned previously, cranial nerve palsies are the most common presentation in neuro‐
sarcoidosis, which can be seen on MRI with inflammation along with spinal cord involvement
as well [20]. There have been studies done in which enhanced CT was shown to be normal,
but the enhanced MRI was abnormal, implying greater sensitivity of MRI for detection
neurosarcoidosis lesions [21].

In neurosarcoidosis, leptomeningeal disease is a common pattern of involvement, which may
be localized or widespread. Less commonly, granulomatous masses can be found within the
cerebral parenchyma. There have been cases showing patients with cranial nerve palsies
demonstrating clear evidence of focal meningeal disease on gadolinium-DTPA enhanced MRI
brain scans. Neurosarcoidosis is difficult to diagnose when patients have no evidence of
granulomatous disease outside the nervous system because of the difficulty of obtaining tissue
for histological examination. Therefore, primarily neurological evaluation, neuroimaging and
lumbar puncture are done. However, diffuse meningeal infiltration particularly in the skull
base region is frequently found at necropsy. Two cases presented by Khaw et al showed
Gadolinium-DTPA enhanced MRI’s in patients with cranial nerve palsies; one with solely
cranial nerve palsies and the other along with gynecologic manifestations. In both of these
cases, the meninges were affected by the disease and patients presented with multiple lower
cranial nerve palsies, which was not picked up by CT or non-contrast MRI [22].

According to Pawate et al, a study done on 54 cases of neurosarcoidosis, the majority (23%)
were found to have intraparenchymal T2 hyperintense lesions on brain MRI. 19% were found
to have meningeal involvement seen with gadolinium enhanced MRI. Few of these cases
showed intracranial masses, normal brain or solely spinal cord involvement on MRI [23].

When the CNS is involved, brain enhanced MRI and CSF studies are sensitive in the detection
of CNS inflammation, however they lack specificity. This continues to make diagnosing
neurosarcoidosis a clinical challenge.

8. Management of neurosarcoidosis

While sarcoidosis is a progressive autoimmune disease and there is currently no cure,
symptomatic treatment is available. Corticosteroids have become the treatment of choice for
neurosarcoidosis. The dosage and duration of therapy varies based upon the type and severity
of the symptoms. For instance, patients who present with peripheral facial nerve palsy or
meningeal symptoms are given about 0.5mg/kg/day of prednisone for two weeks. On the other
hand, a patient with myopathy is given the same dosage for four weeks, and a patient with a
mass lesion or symptomatic hydrocephalus is given two to three times this amount for four
weeks. Very severe cases of neurosarcoidosis benefit from IV methylprednisone 20mg/kg/day
for three days, followed by 1-1.5mg/kg/day of prednisone for two to four weeks [24].

The exact mechanism by which corticosteroids have benefited patients with neurosarcoidosis
is unclear, but is generally believed to be secondary to its anti-inflammatory and immunomo‐
dulatory effects. Corticosteroids are known to prevent leukocytes from gaining access to sites
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Figure 2. Neurosarcoidosis involving the pituitary-hypothalamic axis. T-1 gadolinium-enhanced Axial (a) and coronal
(b) views shows an area of abnormal enhancement involving the sellar, suprasellar regions and the interpeduncular
cistern. The diagnosis was confirmed by a biopsy [3].

(a) (b) 

Figure 3. Meningeal neurosarcoidosis. Axial (a) and coronal (b) MRI T-1 weighted images post infusion of gadolinium
DTPA in a patient with systemic sarcoidosis show thickening and enhancement of the dura surrounding the left hemi‐
sphere [3].
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of inflammation, interfere with their function along with that of endothelial cells and fibro‐
blasts, and suppress production of various humoral factors [25]. It is always important to keep
in mind, however, that as with all medications, corticosteroids are not without side effects.
Common side effects of corticosteroids include cognitive and personality changes, weight gain
with central obesity, development of striae, diabetes mellitus, cataracts and predisposition to
various infections. Cardiovascular effects are also known to occur, such as hypertension,
dyslipidemia, and increased risk of myocardial infarction and stroke. Patients receiving long
term corticosteroid therapy are at risk for osteoporotic fractures, especially in the setting of
other general risk factors such as being over age 60 or having osteoporosis prior to corticoste‐
roid treatment. Additionally, avascular necrosis, especially of the hip, has been known to occur
in a number of patients [1]. Therefore, it is important to carefully monitor the dosage, and to
always use the lowest possible effective dose. If treatment with corticosteroids is to be
discontinued, it is essential to decrease the dose gradually. Abrupt discontinuation of corti‐
costeroid therapy can cause adrenal insufficiency.

8.1. Alternative therapies for refractory neurosarcoidosis

Several therapies have been proposed for those patients in whom corticosteroid treatment is
unsuccessful, or in those who have contraindications to treatment. Many of these studies have
shown methotrexate to be an effective treatment. Methotrexate has been successful in two-
thirds of sarcoidosis patients regardless of the organ systems that are affected. In one study,
EE Lower et al observed 554 sarcoidosis patients, of which 71 had neurosarcoidosis. They
found that treatment with methotrexate and cyclophosphamide was associated with higher
response rates than treatment with corticosteroids only [26].

In 2007, TF Scott et al used aggressive therapy with corticosteroids and alternative immuno‐
suppressants in 48 patients. Over half of these cases had favorable outcomes [27]. Later, in
2011, G Androdias et al observed a small group of patients with neurosarcoidosis, and found
evidence suggesting that Mycophenolate mofetil was effective in treatment of CNS symptoms.
The agent was also found to have a steroid sparing effect and was better tolerated than several
other immunosuppressive agents [28]. Additional studies have shown anti-TNF agents such
as infliximab to be effective; and cytokine modulators such as thalidomide and pentoxifylline
have also been used in a limited number of cases [29].

8.2. Other treatments

Surgical resection of CNS mass lesions is usually not recommended, unless the mass persists
or continues to enlarge despite appropriate immunomodulatory therapy. If the patient
presents with symptomatic hydrocephalus, a ventriculoperitoneal shunt can be placed. It is
important to continue immunosuppressive treatment following placement of the shunt as
inflammation can lead to obstruction. Cranial or spinal irradiation is suggested in refractory
cases if no response is seen with corticosteroids and at least two other agents [30]. Additionally,
symptom-specific treatment may be needed, such as hormone replacement therapy for
hypopituitarism, and antipsychotics for patients with psychosis.
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9. Prognosis of neurosarcoidosis

While many patients with neurosarcoidosis have a monophasic illness, relapsing-remitting
and progressive disease patterns are also seen. RA Luke et al followed 25 patients with
neurosarcoidosis for a minimum of 5 years or until death. 68% of the patients were found to
have the monophasic pattern and 32% had a relapsing pattern [31]. The authors also noted that
relapses were more common in patients with cerebral symptoms and in those presenting with
hydrocephalus. Furthermore, relapses occurred more frequently in those who were taking
smaller doses of corticosteroids (10mg or less).

Although the long term outcomes in neurosarcoidosis patients have not yet been clearly
defined in studies, some general conclusions can be made. Patients with peripheral facial nerve
palsy often show improvement within 2-4 weeks. Some patients with optic neuropathy show
improvement, while others with a more progressive disease pattern can become blind. In 1999,
G.A. Christoforidis et al conducted a retrospective study of 461 patients with sarcoidosis,
confirmed on biopsy. These researchers reported that patients with optic nerve involvement
often did not respond as well to corticosteroid treatment as those with other CNS manifesta‐
tions did. The researchers suggest that because the other cranial nerves are surrounded by
Schwann cells, they can regenerate more easily than the optic nerve, whose myelin sheath is
produced by oligodendrocytes [32].

Symptoms such as peripheral neuropathy and myopathy also tend to follow a more chronic
and progressive pattern. Aseptic meningitis usually improves within a few weeks, yet CSF
abnormalities (asymptomatic chronic pleocytosis) can persist for some time after. Mass lesions
often persist for some time, but can also resolve on occasion. Additionally, patients with
encephalopathy often exhibit a progressive pattern. Typically immunomodulatory medica‐
tions are not helpful in patients with endocrinopathies, and these patients need to be treated
with hormonal replacement therapy. Also, a series of 68 patients were followed by JP Zajicek
et al in 1998, who noted spinal cord involvement in 28% of the patients [33]. The authors
concluded that spinal cord disease had a poorer prognosis, as a significant percentage of these
patients were found to have deteriorated at follow-up. Patients with seizures have historically
been shown to have a poorer prognosis, but more recent studies have disproved this [8].

In general, as the outcome in patients with neurosarcoidosis depends on the severity and types
of neurological symptoms, it is difficult to make a conclusive statement regarding the prog‐
nosis of the disease. Reportedly, about 10% of patients with neurosarcoidosis die of the disease,
typically secondary to CNS parenchymal involvement, hydrocephalus, or other severe
symptoms; or due to immune-compromise secondary to treatment.

10. Concluding remarks

Neurosarcoidosis can range from mild to life threatening; and can affect any part of the central
and peripheral nervous systems. It can present at any point during the course of the disease
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process. Many patients do not experience neurological symptoms until the disease has
progressed for some time, and systemic symptoms are present. Other patients have neuro‐
logical manifestations of the disease at the time of initial presentation. Overall, however,
neurosarcoidosis only represents a small portion of the total population of patients with a
diagnosis of sarcoidosis - about 5%. If patients present with neurological symptoms, with no
prior diagnosis of sarcoidosis, it might prove difficult for clinicians to make a diagnosis. This
is because these symptoms are quite general and can be seen with a multitude of other diseases.
Patients have been reported to have not only general cranial nerve palsies and peripheral
neuropathies, but also have been known to present with meningeal symptoms, hydrocephalus,
seizures, and even psychosis.

Since the exact cause of neurosarcoidosis is not known, it is important to be aware of any clinical
signs early on. It is also important to differentiate it from other diseases with similar manifes‐
tations, such as multiple sclerosis due to differences in management and treatment. There are
many clinical and lab tests available, as well as imaging that can help determine if one has
neurosarcoidosis. Although there is no pathgnomonic sign, brain contrast MRI is a vital tool
along with CSF analysis that can give a presumptive diagnosis. They are highly sensitive,
although lack specificity, which makes it difficult to definitively diagnose it. Gullapalli and
Phillips found a sensitivity of brain MRI of about 82–97% for MS; for CSF abnormality and
CSF ACE, sensitivity was 50–80% and 50%, respectively [34]. The most definitive diagnosis
can be made from histological analysis of neural tissue via biopsy if there is still doubt despite
the other tests or at autopsy. However, it is used as a last resort due to being the most invasive
method.

As with other sarcoidosis patients, corticosteroids are the main treatment for neurosarcoidosis.
However, some manifestations are more responsive to steroids than others. Additionally,
many patients taking corticosteroids for an extended period of time often experience serious
side effects; and there are also several contraindications to taking these medications. For this
reason, several alternative therapies have been proposed for sarcoidosis patients, and several
studies have found methotrexate and cyclophosphamide to be especially effective in treatment
of neurological symptoms. Many other immunomodulatory medications have also been
shown to be effective along with various symptom- specific treatments.

While many studies have been conducted with regards to the long term outcomes of neuro‐
sarcoidosis patients, no definitive conclusions can be made as yet. However, the prognosis for
these patients is mainly dependent on the neurological manifestations they experience.
Patients with cranial nerve palsies, and particularly optic neuropathies, have been shown in
many cases to respond well to corticosteroid treatment. More serious symptoms on the other
hand, such as seizures and spinal cord involvement generally suggest a poor prognosis.
However, one must also keep in mind, that various disease patterns have been reported in
neurosarcoidosis patients. Neurosarcoidosis may present as a monophasic, relapsing-remit‐
ting, or chronic progressive pattern. Thus, additional studies need to be conducted before any
conclusive statements can be made regarding the outlook for patients with neurosarcoidosis.
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Nomenclature

CNS: central nervous system

CD4: cluster of differentiation 4

Th1: type 1 helper cells

HLA: human leukocyte antigen

MS: multiple sclerosis

ACE: angiotensin converting enzyme

CSF: cerebrospinal fluid

LP: lumbar puncture

MRI: magnetic resonance imaging

HIV: human immunodeficiency virus

EEG: electroencephalogram

CT: computed tomography

DTPA: diethylene triamine pentaacetic acid

Mg: milligrams

Kg: kilograms

IV: intravenous

TNF: tumor necrosis factor
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1. Introduction

Sarcoidosis is a systemic granulomatous disease of unknown aetiology, which can affect
virtually any organ and is thus characterised by a variable clinical presentation and course.
The disease is generally considered to be a T helper-1 (TH1) type of reaction, although TH2 and
TH17 features have also been identified. Approximately 90% of patients demonstrate disease
involvement of the lungs and thoracic lymph nodes and although sarcoidosis is usually
subacute and self-limiting, progressive inflammation can lead to pulmonary fibrosis and
death. Despite these features, there is currently no definitive single laboratory investigation
used to identify sarcoidosis, indicating the need for improved understanding of the immuno‐
pathogenesis and identification of disease-specific biomarkers. Currently, sarcoidosis is
generally a diagnosis of exclusion that is best confirmed by clinical and radiological findings
and tissue biopsies revealing non-caseating granulomas in the absence of known granuloma‐
genic agents. Laboratory testing is nonetheless beneficial in further supporting a diagnosis of
sarcoidosis and assessing disease severity.

In this chapter, we focus on the laboratory and immunological testing used in sarcoidosis,
including biomarkers that have been proposed as measures of the immunological response,
as well as cellular markers present in blood and bronchoalveolar lavage. Comparisons will
also be made with older immunological investigations including the Kveim-Siltzbach test and
recent evidence of potential sarcoid antigens. Novel methods of sampling disease biomarkers,
including the technique of exhaled breath analysis will be explored. Immunological testing
and measurement of various biomarkers in body tissues has been a useful research tool in
understanding sarcoid pathophysiology. There may be a useful role for some of these labora‐

© 2013 Ahmadzai 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.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
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tory investigations as future clinical tools, improving diagnostic sensitivity and identifying
novel targets for treatment [1].

2. Serum chemistries and other initial investigations

The diagnosis of sarcoidosis is based on a compatible clinical and radiological picture,
histological evidence of non-caseating granulomas and exclusion of other diseases which show
a similar clinical or histological picture [2]. The clinical, radiological and histological features
of sarcoidosis are discussed elsewhere in this book. The recommended initial clinical and
laboratory investigations for a patient suspected of having sarcoidosis are listed in Table 1.
The rationale for these investigations is to detect frequent manifestations of the disease, as well
as identification of serious, although rare complications of sarcoidosis such as cardiac disease.

Routine testing Additional testing

Peripheral blood Peripheral blood counts: white blood cells, red blood

cells, platelets

Angiotensin-converting enzyme (ACE)

Serum chemistry: calcium, creatinine, renal function,

liver enzymes, CRP, ESR

Glucose

Radiological

procedures

Chest radiography High resolution CT scan

Pulmonary function

studies

Spirometry Lung volumes and diffusing capacity of

carbon monoxide. Six-minute walk

with oximetry

Other testing Urinalysis 24-hour urinary calcium

Electrocardiogram (ECG)

Routine ophthalmologic examination

Tuberculin skin test IFN-γ release assays

Other tests depending on clinical manifestations and

suspicion of specific organ involvement

Table 1. Recommended initial clinical and laboratory investigations of patients with suspected sarcoidosis. Source:
reference [11].

Simple baseline blood tests are useful to identify the presence and severity of specific organ
involvement, including hepatic or renal impairment. Peripheral blood lymphopenia is a
common finding in patients with sarcoidosis [3], as the activated T cells accumulate at the
sites of granulomatous inflammation [4]. This may contribute to the systemic immunological
abnormalities observed in sarcoidosis, with exaggerated local immune responses, but sup‐
pressed delayed-type hypersensitivity (DTH) skin tests and peripheral blood immune re‐
sponses [5-7]. Other haematological abnormalities such as neutropenia or auto-immune
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haemolytic anaemia and/or thrombocytopenia appear very infrequently [8]. Approximately
10-20% of all patients with sarcoidosis have elevated serum aminotransferase and alkaline
phosphatase levels [2, 9]. A cholestatic picture of hepatic impairment from granulomatous
cholangitis can also occur with a syndrome of pruritis and jaundice. Hepatic failure or portal
hypertension can also develop, although liver involvement is usually clinically silent [10].

Although renal disease is uncommon, increased serum creatinine and urea levels can reflect
renal impairment related to chronic hypercalcemia, hypercalciuria, nephrolithiasis, nephro‐
calcinosis or granulomatous interstitial nephritis [12-14]. Hypercalciuria is observed in over
40% of patients with sarcoidosis and hypercalcemia in 5-10% of cases and occurs mainly in
males over 40 years of age [8, 10]. Hypercalcemia and hypercalciuria in sarcoidosis are
attributed to increased levels of serum 1,25-dihydroxyvitamin D3 (also known as calcitriol),
which increases serum calcium levels via increased intestinal calcium absorption and osteo‐
clastic bone resorption. The kidney is normally the only organ that can hydroxylate vitamin
D3 to its biologically active form of 1,25-dihydroxyvitamin D3. Sarcoid macrophages have also
been shown to posses the enzyme 25-hydroxyvitamin D3-1α-hydroxylase, which converts 25-
hydroxyvitamin D3 to its active form, which is produced in excess in sarcoid granulomas [12,
15, 16] and is not inhibited by normal negative feedback from hypercalcemia [15]. Alveolar
macrophages have been shown to be the source of excess calcitriol in sarcoidosis, through
elevated mRNA expression of the 25-hydroxyvitamin D3-1α-hydroxylase gene [17]. It has been
found that even anephric patients with sarcoidosis can develop hypercalcemia, through this
alternative extrarenal source of the hydroxylase enzyme to create calcitriol [18]. Hypercalciuria
is common in sarcoidosis and results from an increased calcium load filtered at the glomerulus,
along with suppression of parathyroid hormone secretion by calcitriol, which diminishes renal
tubular calcium reabsorption [12]. In an evaluation of 736 newly diagnosed sarcoidosis patients
in the United States, 3.7% of all patients had abnormalities with calcium metabolism, with
hypercalcaemia being more common in Caucasians than African Americans [9]. Therefore
monitoring of serum calcium, as well as 24-hour urinary excretion of calcium should be
measured in all patients with sarcoidosis [12]. As chronic hypercalcemia is a common and
treatable cause of renal failure in sarcoidosis, it is important not to miss this complication.
Hypercalcemia and increased calcitriol have also been described in infectious granulomatous
disorders [19-22], again resulting from abnormal extrarenal metabolism of vitamin D3.

The erythrocyte sedimentation rate (ESR) and the acute phase reactant C-reactive protein
(CRP) have been used as nonspecific markers of inflammation in a wide variety of diseases.
They are simple initial investigations for assessing the severity of systemic inflammation. In
sarcoidosis very high levels of ESR and CRP have been observed in some patients with active
disease [23]. The ESR level is more likely to be increased in patients with arthritis [24] and in
those with erythema nodosum [25] than for other manifestations of the disease. CRP has been
found to be associated with fatigue in sarcoidosis [26]. Levels of CRP are generally lower in
patients with sarcoidosis compared with tuberculosis [27] and CRP measurement is less
sensitive and specific for sarcoidosis compared to ACE [28].
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3. Lymphocytic aspects, cytokines and chemokines in sarcoidosis

Sarcoidosis is characterised by an “immune paradox” of exaggerated TH1 lymphocyte
processes causing localised inflammation, although there is peripheral anergy to common
antigens [29]. In patients with sarcoidosis total numbers of peripheral blood lymphocytes are
normal or slightly reduced, but at disease sites there is a marked increase characterised by
ratios of CD4+ to CD8+ T-cells ranging between 3.5:1 to 15:1 in about 50% of cases, compared
to normal ratios of 2:1 [1, 30]. Peripheral anergy in sarcoidosis as displayed by suppression of
delayed-type hypersensitivity (DTH) responses may be explained by expansion of a subgroup
of CD25bright FOXP3+ regulatory T-cells (Treg) in active sarcoidosis [6, 29]. The initial stimulus
which induces local inflammation arises when an unknown insoluble antigen is presented on
MHC class II molecules to CD4+ TH1 lymphocytes. This leads to exaggerated activation and
clonal proliferation of these lymphocytes, which produce increased amounts of interleukin-2
(IL-2), a local growth, survival and differentiation factor for T-lymphocytes [31]. These
lymphocytes also release interferon-γ, together with cytokines and chemokines produced by
mononuclear phagocytes (namely TNF-α, IL-12, IL-18, monocyte chemotactic protein-1
(MCP-1), macrophage inflammatory protein-1α (MIP1α)) into the local milieu [1, 31), which
leads to activation of blood monocytes that form non-caseating granulomas. The likely
outcomes following granuloma formation are either resolution or fibrosis, which may be
dependent on predominance of TH1 or TH2 T cell responses respectively.

TH1 cytokines including IFN-γ promote granulomatous inflammation and inhibit fibrosis
development, with Bronchoalveolar lavage (BAL) fluid IFN-γ levels being inversely related to
progression to pulmonary fibrosis and are higher than BAL IFN-γ levels in healthy controls
[1]. TH2 type cytokines (e.g. IL-4, IL-5, IL-10, IL-13) and macrophage derived factors including
fibronectin, platelet-derived growth factor, insulin-like growth factor-1 (IGF-1) and trans‐
forming growth factor-β1 (TGF-β1) promote fibroblast proliferation leading to either healing
or progressive fibrosis [10]. The IL-17 producing TH17 cells, considered developmentally
distinct from TH1 and TH2 cells, have also recently been implicated in the pathogenesis of
sarcoidosis. TH17 cells are associated with autoimmune disease processes, granuloma forma‐
tion and have a role in host defence against extracellular pathogens [32]. Recent findings from
flow cytometry indicate that there are increased IL-17+ and IL-23R+ peripheral blood and BAL
CD4+ T-cells from patients with active sarcoidosis compared to those with inactive disease or
healthy controls and increased IL-17 and IL-23R expression in lung and lymph node specimens
[33]. This was also confirmed with an increased presence of IL-17A+, IL-17A+ IFN-γ+ and IL-17A
+ IL-4+ memory T-cells in peripheral blood and BAL of patients with sarcoidosis and increased
IL-22+ cells in granuloma containing biopsies [34]. Gene profiling studies using sarcoid skin
biopsies have also showed upregulated TH1 and TH17 gene expression along with increased
IL-23 and IL-23R expression in patients with sarcoidosis compared with healthy volunteers
[35]. Other groups found conflicting results using enzyme-linked immunospot (ELISPOT)
assays [36], as well as finding reduced IL-17A gene expression in BAL CD4+ T-cells in patients
with Löfgren’s syndrome compared to controls [37]. These data indicate that the TH17 subset
may have a systemic role in active non-Löfgren’s disease and may be involved in disease
progression [1].
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Some of the principal cytokines and chemokines involved in sarcoidosis are summarised in
Table 3. Sarcoidosis is also characterised by a polyclonal hypergammaglobulinaemia and
circulating immune complexes, which is observed in 20-80% of cases. This may result from
non-specific B-cell activation by activated T-helper lymphocytes in lymphoid organs [38].

Monocytes/macrophages Lymphocytes

ACE IL-2, IFN-γ

Lysozyme TNF-α, TNF-β

Neopterin TGF-β

Chitotriosidase IL-6, IL-10, IL-12, IL-17

TGF-β CCL-5

TNF-α, IL1-1β, IL-12, IL-18 GM-CSF

CCL2, CCL3, CCL4,

CCL10, CCL18

CXCL10

GM-CSF

Table 2. Summary of key cytokines, chemokines and factors expressed by activated lymphocytes and macrophages in
the pathogenesis of sarcoidosis, which have be measured in biological samples. Abbreviations: CCL: C-C motif ligand;
CXCL: C-X-C motif ligand; GM-CSF: granulocyte macrophage colony stimulating factor.

3.1. Lymphocyte markers: Soluble IL-2 receptor (sIL-2R)

Lung T-cells from patients with pulmonary sarcoidosis express both early and late activation
cell surface markers, with IL-2R (CD25) being one of the most widely studied. The soluble form
of the IL-2 receptor (sIL-2R) is a T-cell receptor for IL-2, which is used to monitor graft rejection
after solid organ transplantation and can be elevated in a number of conditions including
infection and autoimmune disease [39]. Its concentrations are elevated and easily detectable
in the serum and BAL of patients with sarcoidosis and arises as a result of increased numbers
and enhanced activation of macrophages and T-cells from granulomatous inflammation [40,
41]. In some studies, elevated serum sIL-2R falls during therapy or with spontaneous remission
[42, 43]. Recent studies indicate that sIL-2R may have prognostic value as a marker of disease
activity as the levels are significantly higher in patients with active sarcoidosis compared with
inactive disease, correlating with BAL CD4+ T-cell numbers [41, 44]. Patients with extrapul‐
monary sarcoidosis excluding Löfgren’s syndrome have also demonstrated greater serum
sIL-2R levels compared to those with isolated pulmonary involvement [41], with sIL-2R
appearing to be an independent marker for worse disease. sIL-2R has been compared with
serum CRP, serum amyloid A and ACE activity indicating that only sIL-2R was predictive of
sarcoidosis severity and could be used for patient follow-up [23].

Laboratory Investigations and Immunological Testing in Sarcoidosis
http://dx.doi.org/10.5772/55294

205



3. Lymphocytic aspects, cytokines and chemokines in sarcoidosis
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may have a systemic role in active non-Löfgren’s disease and may be involved in disease
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3.2. β2-microglobulin

β2-microglobulin is a low molecular weight protein and a marker of lymphocyte activation. It
has been described in a variety of infectious, inflammatory and neoplastic diseases and is used
to monitor patients with lymphoma. Various studies have identified that approximately 25%
of patients with sarcoidosis have elevated serum β2-microglobulin concentrations [30, 45, 46].
Initial findings in sarcoidosis patients indicated that the levels were elevated at the time of
diagnosis, rose during relapse and fell with corticosteroid therapy [47]. In a study of 107
patients with sarcoidosis, β2-microglobulin levels were found to correlate with granuloma
formation in the initial phases, whilst ACE activity reflected later phases. It was also noted that
in patients with acute sarcoidosis and erythema nodosum, β2-microglobulin was elevated and
ACE was usually normal [46]. Another study of 132 sarcoidosis patients did not find an
association between β2-microglobulin and ACE [45], indicating that lymphocyte and macro‐
phage activation are not always concurrently present. This is one limitation of this marker in
that it only assesses lymphocyte activation, compared to sIL-2R which reflects both macro‐
phage and lymphocyte activation. β2-microglobulin concentrations have also been measured
in the cerebrospinal fluid (CSF) and were found to be elevated in 68% of patients with
neurosarcoidosis, although it was not elevated in patients who did not have neurological
involvement [48]. As it has low specificity and sensitivity, serum β2-microglobulin has limited
use in clinical practice.

4. Immunological studies of alveolitis: BAL and induced sputum

BAL fluid analysis is a useful investigation for the diagnosis of pulmonary sarcoidosis by
detecting a lymphocytosis with elevated ratios of CD4+/CD8+ cells, typically >3.5:1, in the
absence of other causes [1]. BAL lymphocytosis with elevated CD4/CD8 ratios, normal
percentages of eosinophils and neutrophils and the absence of plasma cells suggest a diagnosis
of sarcoidosis. Cellular analysis of T-lymphocyte subsets and cytokine levels from BAL fluid
and peripheral blood using flow cytometry have been compared and can provide useful
diagnostic information on sarcoid alveolitis. Costabel et al. reported on the clinical utility of
BAL CD4/CD8 ratios in the diagnosis of sarcoidosis. Ratios greater than 3.5 have a sensitivity
of 53%, specificity of 94%, positive predictive value of 76% and a negative predictive value of
85% for sarcoidosis, and with higher ratios the specificity nearly reaches 100% [49]. For
individual cases, CD4/CD8 ratios may not always be useful as some patients may have either
decreased, normal or increased ratios, or in rare cases may present with a CD8 alveolitis, such
as in sarcoid patients with HIV-1 infection [50].

Ex vivo studies in patients with sarcoidosis with flow cytometry identified greater activation
of non-stimulated BAL CD4+ and CD8+ T cells when compared with peripheral blood
lymphocytes [51], demonstrating compartmentalisation of the immune response. A large
number of BAL lymphocytes from patients with active sarcoidosis express cell surface
activation markers including CD26, CD54, CD69, CD95 and HLA-DR [51, 52]. CD4+/HLA-DR
+ T-cells spontaneously release IL-2. Some investigators identified the possibility of using the
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number of CD4+/HLA-DR+ cells for evaluating the activation state of the IL-2 system and
defining different phases of sarcoidosis, as numbers decrease in inactive disease [53]. It is also
interesting to note studies with BAL fluid from sarcoidosis patients who have the HLA-
DRB1*0301-positive genotype predominantly express the Vα2.3 (AV2S3+) T-cell receptor. The
increase in AV2S3+ CD4+ T-cells may be very significant during acute disease in these patients
and constitute more than 30% of BAL T-cells, as well as expressing cell surface activation
markers including CD26, CD28, CD69 and HLA-DR [54], indicating acute clonal expansion
and proliferation in response to inciting antigen(s) [55].

Intracellular cytokine expression has been compared in activated BAL and peripheral blood
lymphocytes using non-specific lymphocyte mitogens in patients with sarcoidosis and healthy
controls. Some studies suggest compartmentalised shifts in the TH1/TH2 cytokine balance
modulate granulomatous lung inflammation and its evolution towards disease resolution or
development of pulmonary fibrosis [1]. BAL T-cells from patients with pulmonary sarcoidosis
show a dominant TH1 cytokine expression, with elevated mRNA and protein levels of IFN-γ
and IL-2, as well as TNF-α but not IL-4 [52, 56-59]. Additionally, BAL alveolar macrophages
have been shown to be important regulators of the TH1 response by producing IL-12 and IL-18,
which stimulate IFN-γ production and differentiation of naïve T-cells into a TH1 phenotype
[60]. Following stimulation, significantly more BAL CD4+ cells express TH1 receptors CXCR3,
CCR5, IL-12R and IL-18R, but fewer TH2 chemokine receptors (CXCR4, CCR4) when compared
with paired peripheral blood CD4+ T-cells [61]. A recent study of 52 sarcoidosis patients and
21 healthy controls identified that circulating levels of the TH1 chemokine IFN-inducible
protein (IP-10/CXCL10) and the TH2 chemokine CCL17 were both elevated in the serum of
patients compared to controls [62]. They additionally found that there was significantly greater
IP-10 production by BAL cells in patients with active sarcoidosis compared to controls but no
difference in BAL CCL17 levels. Interestingly, increased numbers of CD4+ CD25bright FOXP3+

Treg cells have been identified in the peripheral blood and BAL fluid of patients with active
sarcoidosis. These cells exhibit powerful anti-proliferative ability but are unable to completely
down-regulate production of pro-inflammatory cytokines including IFN-γ and TNF-α, thus
allowing granuloma formation [6, 29]. Further investigations are needed to evaluate the
TH1/TH2/TH17 network in sarcoidosis, during different disease stages and the regulatory
mechanisms which may be involved.

A CD4+ IFN-γ+ T-cell alveolitis with elevated ratios of CD4+/CD8+ T-cells has also been
confirmed in patients with active pulmonary disease using induced sputum, a relatively less-
invasive technique compared with BAL [63]. A strong correlation has been confirmed between
T-cell subsets in BAL fluid and induced sputum in patients with sarcoidosis, although the
proportion of alveolar macrophages was significantly lower in induced sputum [64]. Increased
levels of regulatory CD4+ CD25bright CD127low T-cells have also been confirmed in induced
sputum of patients with active pulmonary sarcoidosis [65]. This indicates that induced sputum
may be a less invasive yet useful method of investigating the immunology of pulmonary
disorders.
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5. Exclusion of granulomatous diseases mimicking sarcoidosis

There has been an increase in the armamentarium of specific immunological and microbio‐
logical tests to identify granulomatous disorders which would have previously been mistak‐
enly labelled as sarcoidosis. Table 3 lists common granulomatous conditions, some of which
need to be considered in the differential diagnosis of a patient with suspected sarcoidosis.

Some investigations which can be used depending on the clinical context to identify other
causes of granulomatous inflammation include: the beryllium lymphocyte proliferation test,
which can be performed on peripheral blood or BAL mononuclear cells to test for chronic
beryllium disease [66], tests for anti-neutrophil cytoplasmic antibodies for Wegener’s granu‐
lomatosis and related vasculitides, anti-mitochondrial antibodies for primary biliary cirrhosis
and serological and culture methods for infectious diseases. Investigations of special interest
are discussed in detail below.

5.1. Tuberculin skin test, delayed-type hypersensitivity and interferon-γ release assays

Although patients with sarcoidosis exhibit an exaggerated TH1 immune response at sites of
disease, they commonly have depressed peripheral blood responses to common antigens [5,
67], are unresponsive to vaccinations [7, 68] and demonstrate suppression of DTH to tuber‐
culin. Impaired DTH is a clinical feature of sarcoidosis, with skin anergy demonstrated to recall
antigens and polyclonal mitogens including mumps virus, Trichophyton, Candida, streptoki‐
nase/streptodornase, dinitrochlorobenzene [5, 69-71] but not phytohaemagglutinin (PHA)
[72]. Similarly, patients exhibit cutaneous anergy to the tuberculin skin test, which is consid‐
ered as part of the diagnostic criteria for sarcoidosis [73]. It has also been determined that in
populations with a high incidence of tuberculosis, the presence of tuberculin skin test anergy
is less reliable in making a diagnosis of sarcoidosis, compared with the use of interferon-γ
release assays (IGRA). In these populations and in patients with immune deficiencies, IGRA
is more accurate in unmasking an actual case of latent tuberculosis infection, in patients who
were labelled as having “sarcoidosis” [74, 75]. IGRAs have a higher sensitivity and specificity
for detecting Mycobacterium tuberculosis (MTB) than the conventional tuberculin skin test, as
they utilise antigens specific for MTB complex [76, 77]. The recent QuantiFERON-TB Gold
IGRA is based on the principle that T-cells from a whole blood sample of a patient previously
exposed to specific MTB complex antigens, including Culture Filtrate Protein-10 (CFP-10),
Early Secretory Antigenic Target-6 (ESAT-6) and purified protein-derivative (PPD) will
produce IFN-γ, which is measured using enzyme-linked immunosorbent assay (ELISA). These
proteins are absent from BCG strains and most non-tuberculous mycobacteria, hence provid‐
ing specific testing for M. tuberculosis. Screening for prior tuberculosis infection, with a detailed
history, tuberculin skin testing or use of IGRAs is also required prior to starting anti-TNF
therapy, as these drugs are associated with serious infection risk from reactivation of latent
tuberculosis [78].

Sarcoidosis208

Disease associations Characterisation

Infectious Mycobacteria: tuberculosis, leprosy, Bacillus Calmette-Guérin (BCG) and atypical

mycobacteria

Propionibacterium acnes, P. granulosum; Borrelia burgdorferi; Yersinia spp.;Brucella spp.,

Cat-Scratch disease (Bartonella henselae)

Protozoal: Toxoplasmosis, Leishmaniasis

Spirochaetes: Treponema pallidum (secondary or tertiary syphilis), T. carateum, T.

pertunue (yaws)

Invasive fungal infections: histoplasmosis, sporotrichosis, aspergillosis, cryptococcosis,

blastomycosis, coccidioidomycosis

Pseudomycoses: actinomycoses, nocardiosis, botryomycosis

Herpes simplex virus, Epstein-Barr virus, cytomegalovirus

Helminth infections: Schistosomiasis, Ascaris lumbricoides

Demodicidosis (Demodex species)

Other sexually transmitted: Chancre (Haemophilus ducreyi); donovanosis

(Calymmatobacterium granulomatis); lymphogranuloma venereum

Whipple’s disease (Tropheryma whipplei)

Inflammatory/unknown Sarcoidosis

cause Crohn’s disease

Granulomatous vasculitis: Wegener’s, Churg-Strauss disease, bronchocentric

granulomatosis, polyarteritis nodosa

Primary biliary cirrhosis, hepatic granulomatosis

Giant cell arteritis

Granuloma annulare and actinic granuloma

Granulomatous rosacea, Granulomatous cheilitis

Necrobiosis lipoidica, Necrobiosis xanthogranuloma

Langerhans cell histiocytosis (histiocytosis X)

Granulomatous lesions of unknown significance (GLUS) syndromes

Identifiable inflammatory

aetiology

Hypersensitivity pneumonitis- (e.g. farmer’s lung, bird fancier’s lung, hot tub lung,

metal workers lung). Foreign body granulomas: beryllium, aluminium, titanium,

zirconium, talc, paraffin, pine tree pollen, clay, interferon-α injections, tattoos

Neoplastic Granulomatous mycosis fungoides

Lymphomas with histiocytic infiltration (Lennert’s disease)

Other causes Blau’s syndrome, chalazion, chronic granulomatous disease of childhood

Table 3. Some causes of granulomatous inflammation, table modified from references [79, 80].

Laboratory Investigations and Immunological Testing in Sarcoidosis
http://dx.doi.org/10.5772/55294

209



5. Exclusion of granulomatous diseases mimicking sarcoidosis

There has been an increase in the armamentarium of specific immunological and microbio‐
logical tests to identify granulomatous disorders which would have previously been mistak‐
enly labelled as sarcoidosis. Table 3 lists common granulomatous conditions, some of which
need to be considered in the differential diagnosis of a patient with suspected sarcoidosis.

Some investigations which can be used depending on the clinical context to identify other
causes of granulomatous inflammation include: the beryllium lymphocyte proliferation test,
which can be performed on peripheral blood or BAL mononuclear cells to test for chronic
beryllium disease [66], tests for anti-neutrophil cytoplasmic antibodies for Wegener’s granu‐
lomatosis and related vasculitides, anti-mitochondrial antibodies for primary biliary cirrhosis
and serological and culture methods for infectious diseases. Investigations of special interest
are discussed in detail below.

5.1. Tuberculin skin test, delayed-type hypersensitivity and interferon-γ release assays

Although patients with sarcoidosis exhibit an exaggerated TH1 immune response at sites of
disease, they commonly have depressed peripheral blood responses to common antigens [5,
67], are unresponsive to vaccinations [7, 68] and demonstrate suppression of DTH to tuber‐
culin. Impaired DTH is a clinical feature of sarcoidosis, with skin anergy demonstrated to recall
antigens and polyclonal mitogens including mumps virus, Trichophyton, Candida, streptoki‐
nase/streptodornase, dinitrochlorobenzene [5, 69-71] but not phytohaemagglutinin (PHA)
[72]. Similarly, patients exhibit cutaneous anergy to the tuberculin skin test, which is consid‐
ered as part of the diagnostic criteria for sarcoidosis [73]. It has also been determined that in
populations with a high incidence of tuberculosis, the presence of tuberculin skin test anergy
is less reliable in making a diagnosis of sarcoidosis, compared with the use of interferon-γ
release assays (IGRA). In these populations and in patients with immune deficiencies, IGRA
is more accurate in unmasking an actual case of latent tuberculosis infection, in patients who
were labelled as having “sarcoidosis” [74, 75]. IGRAs have a higher sensitivity and specificity
for detecting Mycobacterium tuberculosis (MTB) than the conventional tuberculin skin test, as
they utilise antigens specific for MTB complex [76, 77]. The recent QuantiFERON-TB Gold
IGRA is based on the principle that T-cells from a whole blood sample of a patient previously
exposed to specific MTB complex antigens, including Culture Filtrate Protein-10 (CFP-10),
Early Secretory Antigenic Target-6 (ESAT-6) and purified protein-derivative (PPD) will
produce IFN-γ, which is measured using enzyme-linked immunosorbent assay (ELISA). These
proteins are absent from BCG strains and most non-tuberculous mycobacteria, hence provid‐
ing specific testing for M. tuberculosis. Screening for prior tuberculosis infection, with a detailed
history, tuberculin skin testing or use of IGRAs is also required prior to starting anti-TNF
therapy, as these drugs are associated with serious infection risk from reactivation of latent
tuberculosis [78].

Sarcoidosis208

Disease associations Characterisation

Infectious Mycobacteria: tuberculosis, leprosy, Bacillus Calmette-Guérin (BCG) and atypical

mycobacteria

Propionibacterium acnes, P. granulosum; Borrelia burgdorferi; Yersinia spp.;Brucella spp.,

Cat-Scratch disease (Bartonella henselae)

Protozoal: Toxoplasmosis, Leishmaniasis

Spirochaetes: Treponema pallidum (secondary or tertiary syphilis), T. carateum, T.

pertunue (yaws)

Invasive fungal infections: histoplasmosis, sporotrichosis, aspergillosis, cryptococcosis,

blastomycosis, coccidioidomycosis

Pseudomycoses: actinomycoses, nocardiosis, botryomycosis

Herpes simplex virus, Epstein-Barr virus, cytomegalovirus

Helminth infections: Schistosomiasis, Ascaris lumbricoides

Demodicidosis (Demodex species)

Other sexually transmitted: Chancre (Haemophilus ducreyi); donovanosis

(Calymmatobacterium granulomatis); lymphogranuloma venereum
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Table 3. Some causes of granulomatous inflammation, table modified from references [79, 80].
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IFN-γ production in response to PPD stimulation of BAL lymphocytes has been shown to
distinguish M. tuberculosis infection from sarcoidosis in a patient with sarcoid-associated optic
neuropathy [77]. The QuantiFERON TB Gold has also been investigated in a cohort of 90
Japanese patients with sarcoidosis and was found to be positive in 3 patients (3.3%), which is
similar to the false-positive rate in healthy non-sarcoidosis subjects. In these 3 patients, their
specimens were negative for M. tuberculosis by acid fast staining, culture and PCR evaluation
of tissues and none developed tuberculosis infection at 1-year follow-up [81]. A recent study
compared the release of IFN-γ by BAL mononuclear cells and PBMC following ex vivo
stimulation with whole PPD, ESAT-6 and CFP-10 from German patients with sarcoidosis,
tuberculosis and healthy controls. They similarly found that BAL and PBMC IFN-γ release
was comparable amongst patients with sarcoidosis and controls, but less compared to patients
with tuberculosis [82]. Hence IGRAs such as the QuantiFERON TB Gold are specific for
tuberculosis infection and results are negative in patients with sarcoidosis.

Recent investigations have indicated that certain undegradable M. tuberculosis antigens (which
are not present in tuberculosis-specific IGRAs) may be potential pathogenic antigens in
sarcoidosis. Investigations utilising IFN-γ ELISPOT and flow cytometry indicated greater
PBMC and BAL TH1 responses to recombinant M. tuberculosis catalase-peroxidase (mKatG)
[83] and mKatG peptides in patients with sarcoidosis compared to healthy controls, but no
difference with PPD-positive (PPD+) control subjects, which profiles a possible pathogenic
antigen in sarcoidosis [67, 84-88]. A greater frequency of peripheral blood TH1 responses have
also been shown in patients with sarcoidosis compared with healthy PPD- controls following
stimulation with mycobacterial heat shock proteins [86, 89, 90] and M. tuberculosis peptides
from ESAT-6 [67, 84-88], mycolyl-transferase Antigen 85A [86, 91] and superoxide dismutase
A [86, 92]. Cellular immune responses against mycobacterial antigens were detected in cells
from patients with sarcoidosis that did not react to Trypanosoma brucei lysates [88] or the
neoantigen keyhole limpet hemocyanin [84], as well as Cytomegalovirus cell lysate and
Cytomegalovirus, Epstein-Barr virus and Influenza (CEF) peptides [67]. Recent findings with
flow cytometry have also shown significantly greater BAL CD4+ and CD8+ IFN-γ+ immune
responses to M. tuberculosis ESAT-6 and Propionibacterium acnes proteins in sarcoidosis patients
compared with healthy controls. This study also utilised matrix-assisted laser desorption
ionisation mass spectrometry (MALDI-IMS) to localise ESAT-6 and P. acnes signals within
sarcoidosis and control specimens. The authors identified localised signals consistent with
ESAT-6 in sarcoid granulomas, although there was no specific localisation of P. acnes in sarcoid
tissues [93]. This demonstrates specific mycobacterial antigen specificity inducing the immune
response in some patients with sarcoidosis.

5.2. Histopathological testing and Polymerase-Chain Reaction (PCR)

In sarcoidosis tissue micro-organisms are not detected through conventional staining techni‐
ques or cultures of non-caseating granulomas. Important differential diagnoses, including
infectious diseases must be excluded with histopathological testing using special stains for
acid-fast bacilli, fungi and microbial cultures. This is especially important if the patient has a
fever or when granulomas exhibit focal necrosis. Granulomas can also be found in regional
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lymph nodes of carcinomas or in primary tumours such as breast carcinoma and seminoma.
However, with immunohistochemical techniques, granulomas associated with neoplastic
processes are generally B-cell positive, whilst in sarcoidosis they are B-cell negative [94].

With the use of special stains or culture methods some investigators have also been able to
identify micro-organisms in sarcoid tissues, most commonly those resembling mycobacteria
[95]. Bacilli-like structures have also been observed using immunofluorescence techniques
[96]. Schaumann bodies, are a type of inclusion body found in sarcoidal giant cells, which
consist of small calcifications of calcium carbonate, iron and oxidised lipid with a lamellar
morphology. They are identified in up to 88% of cases of sarcoidosis and arise from lysosomes
[97]. They have interestingly been identified as sites of mycobacterial degradation by demon‐
strating the localisation of lysosomal components and mycobacterial antigens in immunohis‐
tologically stained sarcoidosis tissues [98]. Other investigators identified bacterial structures
in skin and lymph node biopsies [99], as well as blood, bronchial washings, ocular anterior
chamber fluid and cerebrospinal fluid from patients with sarcoidosis [100-104]. These organ‐
isms were identified as ‘L-form’ cell-wall deficient bacteria, which can occur during the life-
cycle of mycobacteria or in response to inhospitable conditions [95, 103, 105]. However, in a
larger multicentre study with 197 sarcoidosis cases and 150 controls an equal frequency of cell-
wall deficient forms were observed in blood specimens [101]. Sarcoidosis can also be histo‐
logically similar to lesions in atypical mycobacterial infections, including Mycobacterium avium-
intracellulare complex (MAC), Mycobacterium marinum and following BCG vaccination [95,
104]. Sarcoidosis is also an important differential diagnosis of M. marinum infection, where the
acid-fast bacilli are detected in 22% of active cases and use of polymerase chain reaction (PCR)
is more useful for diagnosis [106, 107].

In an attempt to improve the diagnostic sensitivity of traditional culture techniques, many
investigators have used DNA amplification techniques to search for mycobacterial or propio‐
nibacterial infection in sarcoidosis. Investigations have used PCR and nested PCR techniques
to identify mycobacterial and propionibacterial DNA or RNA in sarcoid tissue specimens,
including fresh tissues, paraffin-embedded tissues, granulomas, lymph nodes, lung and BAL
sediments and archival biopsy specimens. Several reports emerged indicating the presence of
mycobacterial DNA in some sarcoid tissues using DNA primers for M. tuberculosis complex
organisms [108-113], which could also suggest cell wall deficient mycobacterial infection. The
results have been inconsistent, however, as other groups did not find fluorescent in situ
hybridisation or PCR evidence of mycobacterial DNA or RNA in sarcoid tissues [114-116]. A
recent meta-analysis of 31 such studies identified that 231 out of 874 (26.4%) sarcoidosis biopsy
specimens had evidence of mycobacterial DNA, which is 9- to 19-fold higher than control tissue
samples, supporting an association between mycobacterial infection and sarcoidosis [117].
However, it is important to note that these results are not reproducible in all sarcoidosis
patients and that treatment of sarcoidosis with corticosteroids does not show reactivation of
tuberculosis- indicating the lack of a direct role of mycobacterial infection in sarcoidosis [118].
In a patient with negative microscopy, culture and PCR for tuberculosis; in the presence of
compatible clinical features and histology, a diagnosis of sarcoidosis can be made with
confidence.
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Propionibacterium acnes has also been isolated from sarcoid lesions [119] which has suggested
a role for this commensal organism in sarcoidosis. Using PCR to amplify segments of the 16S
rRNA of P. acnes or P. granulosum, several authors reported isolation of propionibacterial DNA
from sarcoid tissues [120-123], with a DNA signal intensity greater than surrounding non-
granulomatous tissue. These initial studies were followed by a cooperative study from
Japanese and European investigators that confirmed the presence of P. acnes and P. granulo‐
sum DNA in all but two of 108 sarcoidosis specimens obtained from both Japanese and
European biopsies [113]. However, P. acnes DNA was also reported in 57% of control tissues
including from healthy controls, suggesting that it is a common commensal organism in
peripheral lung tissues and mediastinal lymph nodes [124].

5.3. Exclusion of other infectious agents

A history of previous possible environmental exposure, or travel to endemic areas is important
to exclude infectious granulomatous diseases. Apart from culture and microscopy of speci‐
mens with special stains for fungi and acid-fast bacilli, other investigations can be performed
to exclude infection. These depend on the clinical context and may include serologic analyses.
Some specialised investigations may be used including identification of the histoplasmosis
urinary antigen and skin tests for fungi and protozoa (e.g. the Leishmanin test) [125]. In patients
with leprosy the ex vivo lymphocyte proliferation test in response to M. leprae as well as the
Mitsuda type of lepromin skin test [126] have been shown useful to differentiate leprosy from
cutaneous sarcoidosis [127]. Tissue must also be analysed for presence of metals, and foreign
bodies need to be excluded on microscopy.

5.4. Beryllium lymphocyte proliferation testing

The granulomas formed as a result of chronic beryllium exposure closely resembles that of
sarcoidosis, such that some investigators have suggested berylliosis defines a sarcoidosis
subset [128]. It is possible that in genetically susceptible individuals, distinct antigens can
precipitate sarcoidosis or sarcoidosis-like diseases [129]. A history of occupational or environ‐
mental exposure to beryllium is important when considering a diagnosis of sarcoidosis, in
patients who have been exposed to the metal dust or fumes. The beryllium lymphocyte
proliferation test has been used in the diagnosis of chronic beryllium disease to distinguish it
from sarcoidosis and other granulomatous diseases [128]. This laboratory investigation
involves the addition of beryllium salts to a sample of peripheral blood or BAL fluid, which
can lead to mononuclear cell proliferation, only in patients with berylliosis [66]. Beryllium
sulphate stimulation of BAL from patients with chronic beryllium disease induced greater TH1
immune responses, with markedly elevated numbers of CD4+ INF-γ and IL-2 secreting
beryllium-specific lymphocytes, as well as ex vivo lymphocyte proliferation compared to
healthy controls [130, 131], making it a useful investigation to distinguish berylliosis from
sarcoidosis. Patients with chronic beryllium disease can also have preserved skin test-
reactivity to common recall antigens such as candida, tetanus and mycobacteria, as well as
hyperresponsive DTH to beryllium with the beryllium patch test, unlike sarcoidosis, where
patients demonstrate cutaneous anergy [132]. Interestingly, patients with severe chronic
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beryllium disease may have lymphopenia, calcium metabolism abnormalities, elevation of
serum ACE and elevated CD4+ T-cells at sites of inflammation- similar to sarcoidosis, but have
negative Kveim test reactions [132].

6. The Kveim-Siltzbach test

Before the use of fibre-optic bronchoscopy and BAL, the Kveim-Siltzbach test was used as the
diagnostic test for sarcoidosis, although now it remains of historical importance only. It was
performed by intradermal injection of Kveim-reagent, a validated suspension of allogeneic
human sarcoid tissue, typically sarcoid spleen or lymph nodes homogenised in phosphate-
buffered saline, pasteurised, resuspended with 0.25% phenol, while later preparations were
irradiated [133, 134]. The resultant papule at the injection site was biopsied three to six weeks
later and presence of non-caseating granulomas indicated sarcoidosis [135, 136]. Kveim
reactions can also be induced from similar preparations made from sarcoidosis BAL cells or
peripheral blood monocytes, suggesting systemic dissemination of the inciting agent by
mononuclear phagocytes [38, 137, 138]. Ansgar Kveim was the first to report in the 1940s that
biopsy of these papules demonstrated the presence of epithelioid granulomas that were
histologically identical to granulomas observed in sarcoid tissues [135]. In 1967 Siltzbach
demonstrated that >80% of sarcoid patients worldwide reacted positively to a single batch of
Kveim reagent, with <1% false positive rate of non-specific reactions in control subjects,
indicating the possibility of a common antigen in the aetiology of sarcoidosis [139]. The test
was very useful in distinguishing sarcoidosis from other granulomatous diseases [140]. A
medical centre that performed >10,000 Kveim-Siltzbach tests over fifty years identified a true
positive rate of >50% and false negative rate of nearly zero [10]. This test is now rarely used as
no commercially available preparation of the reagent exists, with the additional problem that
each new Kveim-Siltzbach preparation requires validation in vivo [136]. Furthermore, use of
human tissue extracts for clinical purposes presents constraints, including risks of transmitting
infections such as Creutzfeldt-Jakob disease even after heating, phenol and irradiation [141].

Because of the four week delay in response and need for biopsies, attempts were made to
develop a rapid in-vitro Kveim-Siltzbach test [142, 143]. These have been based on examin‐
ing morphology of lymphoblastic transformation or macrophage activation in response to
Kveim  reagent,  which  was  identified  but  most  results  were  controversial  and  negative
[144-146]. A study investigating stimulation of BAL and blood lymphocytes from sarcoido‐
sis  patients  using  Kveim  antigen  did  not  show  any  significant  increase  in  lymphocyte
responses to Kveim antigen as measured by lymphocyte DNA synthesis [147]. Hence no
comprehensive  in  vitro  Kveim-Siltzbach test  has  been developed that  could be  used for
diagnostic  purposes.  Nevertheless,  Kveim reagent  or  sarcoid tissues can theoretically  be
utilised as a lymphocyte stimulus ex vivo. Improvements to in vitro Kveim tests could include
purer validated preparations [148], addition of macrophages for enhanced antigen presen‐
tation and reactivity, avoidance of sarcoid sera known to inhibit lymphocyte function and
advanced immunological techniques [149].
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It was later identified that the granulomagenic factor was an insoluble undegradable partic‐
ulate, devoid of a consistently identifiable infectious agent by electron microscopy that
aggregated in phagolysosomes of antigen presenting cells [38]. The Kveim reaction is charac‐
terised by an influx of mainly CD4+ T cells which express a restricted variable-β (Vβ) region
of the T-cell receptor (TCR), indicating oligoclonal expansion in response to a limited number
of antigens [150]. This may also indicate that the aetiological agent may be present in Kveim
reagent as Vα and Vβ specific TCR oligoclonality has also been identified in T-cells from sites
of sarcoid inflammation [150, 151]. Based on hypotheses that pathogenic antigens in sarcoi‐
dosis have similar physicochemical properties as Kveim reagent (including poor solubility in
neutral detergent and resistance to acidity and protease digestion) [152], this led to a limited
proteomics approach to determine potential antigens with these characteristics in sarcoidosis
tissue homogenates [153]. Using matrix-assisted laser desorption/ionisation time of flight
(MALDI-TOF) mass spectroscopy and protein immunoblotting, mycobacterial catalase-
peroxidase (KatG) protein was identified in 55% of samples that was also a target of circulating
IgG in 48% of sarcoidosis subjects [153]. This suggested that this remnant mycobacterial protein
is one target of the adaptive immune response driving granulomatous inflammation in at least
a subset of sarcoidosis tissues. Subsequently, investigations with IFN-γ ELISPOT and flow
cytometry following intracellular staining for IFN-γ indicated greater peripheral blood
mononuclear cell (PBMC) and BAL TH1 responses to recombinant Mycobacterium tuberculosis
KatG [83] and KatG peptides in patients with sarcoidosis compared to healthy controls.
However, there was no difference when compared with PBMC from PPD+ control subjects,
which profiles a pathogenic antigen in some patients with sarcoidosis [84,86-88]. We also
determined that stimulation with pooled peptides from M. tuberculosis Early-Secretory
Antigen Target-6 (ESAT-6) and KatG induced greater numbers of IFN-γ producing T-cells and
elevated IL-2, IL-6 and TNF-α in sarcoidosis compared to PPD- healthy control subjects [67].
Since these mycobacterial antigens do not induce immune responses in all patients with
sarcoidosis, newer, more specific approaches are thus needed to identify other potential
antigens in Kveim reagent.

7. Important markers of granulomatous inflammation

7.1. Angiotensin Converting Enzyme (ACE)

Most clinicians are familiar with ACE, as it is the glycoprotein enzyme responsible for
converting angiotensin I to angiotensin II, for which ACE inhibitors are used to treat hyper‐
tension and congestive heart failure. ACE is typically measured using a functional assay which
measures ACE activity rather than ACE concentrations [154]. As the test is a functional
biological assay, the presence of ACE inhibitors in the patient’s serum can affect measurements
[155]. ACE activity levels also tend to be higher in younger subjects [156].

ACE is a ubiquitous enzyme secreted by monocytes and macrophages, as well as pulmona‐
ry endothelial cells into the bloodstream where it exerts its actions. Serum ACE was first
reported by Lieberman in 1975 as being elevated in patients with untreated active sarcoido‐
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sis [157, 158]. Sarcoid granulomas produce ACE, with the source being epithelioid and giant
cells from the macrophage line [159]. Serum ACE activity is elevated in ~60% of patients
with sarcoidosis [10, 160, 161], although values can vary depending on the time of diagnosis,
extent  of  disease,  acute  or  chronic  disease  and  radiological  stage  and  corticosteroid
treatment. It is a useful diagnostic and prognostic tool, but normal levels do not exclude
sarcoidosis and false positives are not uncommon. Serum ACE may also be elevated in a
variety  of  other  granulomatous  and  non-granulomatous  diseases  such  as  pulmonary
silicosis,  asbestosis  [162],  chronic  beryllium  disease  [163],  histoplasmosis  [164],  miliary
tuberculosis, leprosy [165, 166], diabetes mellitus [167], hyperthyroidism [168] and Gauch‐
er’s  disease  [169].  Hence  serum  ACE  activity  in  sarcoidosis  is  a  marker  of  granuloma
formation but  with  limited sensitivity  and specificity.  It  must  be  interpreted with other
markers of sarcoidosis, along with clinical and radiological features, although serial values
may  be  helpful  in  disease  monitoring.  One  confounding  factor  is  that  ACE  activity  in
biological fluids is also affected by insertion/deletion (I/D) polymorphisms of the ACE gene
and the Angiotensin II receptor 1 (AT2R1) gene [170]. Patients can be classified into three
groups based on the ACE gene polymorphisms,  including II,  ID and DD. Homozygous
carriers of the deletion mutation (DD) or the insertion (II) are associated with the highest
and lowest ACE levels respectively, which can lead to underestimation or overestimation
[171].  Patient genotyping for ACE I/D polymorphisms may improve assessment of  ACE
activity, however, there is a need for genotype-corrected reference levels.

ACE activity is also measurable and elevated in BAL fluid of patients with sarcoidosis [172]
and is considered to provide better prognostic information than serum ACE. ACE has also
been measured in urine and cerebrospinal fluid (CSF) and other biological fluids. Elevat‐
ed CSF ACE has been identified as a useful marker in patients with suspected neurosarcoi‐
dosis, with values ≥8nmol/mL/min having a specificity of 94% and sensitivity of 55% in one
study [173].

7.2. Lysozyme

Lysozyme is another monocyte-macrophage derived enzyme that may be considered a
potential marker of macrophage activity. It is normally found in the granules of monocytes,
macrophages, and neutrophils, where it may be released and is readily detectable in tears,
saliva, airway secretions and CSF. Elevated serum lysozyme has been found in patients with
active sarcoidosis, in ~30% of patients at clinical onset [30, 174, 175] and had been identified
before the ACE test became available [176]. In sarcoidosis and in the Kveim reaction, immu‐
nohistochemical studies have identified the source of lysozyme as macrophages and epithe‐
lioid giant cells involved in granuloma formation [177]. Several authors have compared serum
lysozyme with ACE and have identified a positive correlation between them, as both tests are
positive in the majority of patients with acute disease [178, 179]. Lysozyme may be used to aid
in the diagnosis of sarcoidosis and monitor disease course. However, the use of serum
lysozyme is limited in clinical practice by its low sensitivity and specificity compared to other
biomarkers, as it is also elevated in several other diseases [30].
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and lowest ACE levels respectively, which can lead to underestimation or overestimation
[171].  Patient genotyping for ACE I/D polymorphisms may improve assessment of  ACE
activity, however, there is a need for genotype-corrected reference levels.
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and is considered to provide better prognostic information than serum ACE. ACE has also
been measured in urine and cerebrospinal fluid (CSF) and other biological fluids. Elevat‐
ed CSF ACE has been identified as a useful marker in patients with suspected neurosarcoi‐
dosis, with values ≥8nmol/mL/min having a specificity of 94% and sensitivity of 55% in one
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Lysozyme is another monocyte-macrophage derived enzyme that may be considered a
potential marker of macrophage activity. It is normally found in the granules of monocytes,
macrophages, and neutrophils, where it may be released and is readily detectable in tears,
saliva, airway secretions and CSF. Elevated serum lysozyme has been found in patients with
active sarcoidosis, in ~30% of patients at clinical onset [30, 174, 175] and had been identified
before the ACE test became available [176]. In sarcoidosis and in the Kveim reaction, immu‐
nohistochemical studies have identified the source of lysozyme as macrophages and epithe‐
lioid giant cells involved in granuloma formation [177]. Several authors have compared serum
lysozyme with ACE and have identified a positive correlation between them, as both tests are
positive in the majority of patients with acute disease [178, 179]. Lysozyme may be used to aid
in the diagnosis of sarcoidosis and monitor disease course. However, the use of serum
lysozyme is limited in clinical practice by its low sensitivity and specificity compared to other
biomarkers, as it is also elevated in several other diseases [30].
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7.3. Neopterin

Neopterin is a metabolite of guanosine triphosphate released by activated macrophages in
response to IFN-γ [30, 180] and is elevated in serum and urine of patients with sarcoidosis
[181, 182]. Other groups have detected elevated neopterin in patients with active disease [40,
183, 184] and have noted that levels fall with disease resolution [185, 186]. Interestingly,
comparing neopterin to other serum and BAL markers demonstrated that elevated neopterin
and sIL-2R were present in patients who were more likely to have progressive disease
requiring long-term treatment with corticosteroids [40, 44].

7.4. Chitotriosidase

Chitotriosidase is a member of a group of enzymes involved in the breakdown of chitins
(polymers of N-acetylglucosamine- commonly found in cell walls of fungi and exoskeletal
elements of some animals and arthropods) [187]. The role of chitotriosidase in the pathogenesis
of sarcoidosis is not clearly understood. It is believed that chronic over-expression, along with
CCL18 over-expression (a chemokine involved in fibrotic remodelling of diffuse lung diseases)
may induce pro-fibrotic TH2 cytokines and fibronectin, predisposing to development of fibrosis
[188]. In situ hybridisation has confirmed that alveolar macrophages from BAL fluid of patients
with sarcoidosis are the primary source of this mediator [188, 189]. Serum chitotriosidase has
been identified to be elevated in the serum of >90% of patients with sarcoidosis [190]. Signifi‐
cantly greater chitotriosidase activity was also demonstrated in the BAL and serum of
sarcoidosis patients than in controls and levels generally increase with disease progression.
BAL chitotriosidase activity also correlated with sarcoidosis radiological stages, serum ACE
activity and radiological CT findings of fibrotic lung involvement [191]. Levels also decrease
significantly with therapeutic interventions indicating that it may be a suitable marker of
disease severity and granulomatous inflammation in sarcoidosis [187] and that it may have
potential for identifying patients at risk of developing chronic fibrotic disease [191].

7.5. Other markers

Serum amyloid A is an amyloid precursor protein related to the high-density lipoprotein and
is an innate receptor ligand with some physicochemical properties seen in the Kveim reagent
[152]. It has been found to regulate granulomatous inflammation through Toll-like receptor-2
in experimental models of mKatG induced granulomatous lung inflammation and using
alveolar macrophages from sarcoid patients [192]. Serum amyloid A is also an acute phase
protein that is released together with C-reactive protein by the liver under systemic IL-1 and
IL-6 stimulation and is hence also regarded as a nonspecific inflammatory marker of sarcoi‐
dosis, although it is less sensitive and specific than other markers such as sIL-2R [23].

Adenosine deaminase is an enzyme for purine metabolism that is important for differentiation
of T lymphocytes. It has been studied in sarcoidosis and tuberculosis and is elevated in BAL
fluid and serum in some cases of sarcoidosis [193]. Some studies have found serum adenosine
deaminase to be useful, finding elevated levels in active sarcoidosis compared to inactive
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disease and healthy controls [194], whilst others found conflicting results indicating no
relationship with disease activity [179].

Endothelin-1 is a vasoactive bronchoconstrictive peptide identified in pulmonary fibroproli‐
ferative processes and has been assessed in the serum, BAL, urine and lung tissues in sarcoi‐
dosis [195-197]. Elevated endothelin-1 levels have been associated with the clinical course of
sarcoidosis and the degree of lymphocytic alveolitis and number of BAL macrophages [196,
197]. It is hypothesised that endothelin-1 may be involved in the development of pulmonary
hypertension and fibrosis, although further studies are needed to confirm this in sarcoidosis.

Other markers studied in sarcoidosis include neutrophils and neutrophil-associated markers,
which have been noted to be associated with chronic disease in sarcoidosis with progressive
fibrosis and diffuse fibrotic lung disease. Important neutrophil markers studied in sarcoidosis
include elastase and collagenase. Elastase appears to have a limited role in monitoring
sarcoidosis although is elevated in those with chronic Stage III radiological disease [198].
Collagenase is elevated in the serum of some patients with sarcoidosis and elevated BAL
collagenase has also been measured in conjunction with elevated fibronectin and is associated
with more progressive and fibrotic disease [199].

8. A proteomics approach

Proteomics is emerging as a useful method of simultaneously analysing large numbers of
proteins, including protein structure and functions in biological samples, as well as identifying
profiles characteristic of disease processes. This approach has the potential to make new
discoveries as the findings are usually independent of any earlier specific protein biomarkers.
In sarcoidosis various proteomic techniques have been used for profiling protein patterns in
BAL fluid and serum. Two-dimensional electrophoresis and mass spectrometry identified a
total of 85 proteins in BAL fluid, of which 38 were newly identified in BAL from patients with
sarcoidosis and idiopathic pulmonary fibrosis [200]. Proteins identified included locally
secreted, plasma derived, proteolytic or cell damage products that have pro-inflammatory,
anti-inflammatory and anti-protease activity. Compared with systemic sclerosis and idiopath‐
ic pulmonary fibrosis, BAL from patients with sarcoidosis also had greater acute phase proteins
including ceruloplasmin, haptoglobin β, β2-microglobulin and α1-antichymotrypsin [59].
Other techniques have included applying narrow range pH gradients, which also identified
new groups of proteins in the BAL and serum of patients with sarcoidosis, many of which are
proteins involved in inflammatory and oxidative stress processes [201, 202]. This same group
also applied difference gel electrophoresis proteomics to the analysis of BAL from patients at
risk of developing chronic sarcoidosis (with a HLA-DRB1*15 genotype) compared with
patients with chronic beryllium disease and controls. The investigators identified differing
protein patterns between the three groups including increased peroxiredoxin 5, heat shock
protein 70, complement C3, annexin A2 and transthyretin in sarcoidosis patients compared to
the control group [203]. Other novel approaches have utilised surface-enhanced laser desorp‐
tion ionization-time of flight-mass spectrometry (SELDI-TOF-MS) and have found different
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significantly with therapeutic interventions indicating that it may be a suitable marker of
disease severity and granulomatous inflammation in sarcoidosis [187] and that it may have
potential for identifying patients at risk of developing chronic fibrotic disease [191].

7.5. Other markers

Serum amyloid A is an amyloid precursor protein related to the high-density lipoprotein and
is an innate receptor ligand with some physicochemical properties seen in the Kveim reagent
[152]. It has been found to regulate granulomatous inflammation through Toll-like receptor-2
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protein that is released together with C-reactive protein by the liver under systemic IL-1 and
IL-6 stimulation and is hence also regarded as a nonspecific inflammatory marker of sarcoi‐
dosis, although it is less sensitive and specific than other markers such as sIL-2R [23].
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disease and healthy controls [194], whilst others found conflicting results indicating no
relationship with disease activity [179].
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sarcoidosis and the degree of lymphocytic alveolitis and number of BAL macrophages [196,
197]. It is hypothesised that endothelin-1 may be involved in the development of pulmonary
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which have been noted to be associated with chronic disease in sarcoidosis with progressive
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collagenase has also been measured in conjunction with elevated fibronectin and is associated
with more progressive and fibrotic disease [199].

8. A proteomics approach

Proteomics is emerging as a useful method of simultaneously analysing large numbers of
proteins, including protein structure and functions in biological samples, as well as identifying
profiles characteristic of disease processes. This approach has the potential to make new
discoveries as the findings are usually independent of any earlier specific protein biomarkers.
In sarcoidosis various proteomic techniques have been used for profiling protein patterns in
BAL fluid and serum. Two-dimensional electrophoresis and mass spectrometry identified a
total of 85 proteins in BAL fluid, of which 38 were newly identified in BAL from patients with
sarcoidosis and idiopathic pulmonary fibrosis [200]. Proteins identified included locally
secreted, plasma derived, proteolytic or cell damage products that have pro-inflammatory,
anti-inflammatory and anti-protease activity. Compared with systemic sclerosis and idiopath‐
ic pulmonary fibrosis, BAL from patients with sarcoidosis also had greater acute phase proteins
including ceruloplasmin, haptoglobin β, β2-microglobulin and α1-antichymotrypsin [59].
Other techniques have included applying narrow range pH gradients, which also identified
new groups of proteins in the BAL and serum of patients with sarcoidosis, many of which are
proteins involved in inflammatory and oxidative stress processes [201, 202]. This same group
also applied difference gel electrophoresis proteomics to the analysis of BAL from patients at
risk of developing chronic sarcoidosis (with a HLA-DRB1*15 genotype) compared with
patients with chronic beryllium disease and controls. The investigators identified differing
protein patterns between the three groups including increased peroxiredoxin 5, heat shock
protein 70, complement C3, annexin A2 and transthyretin in sarcoidosis patients compared to
the control group [203]. Other novel approaches have utilised surface-enhanced laser desorp‐
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disease-related proteins and protein patterns in serum; identifying the α2 chain of haptoglobin
as a potential serologic marker [204]. This was also performed in BAL fluid of patients with
sarcoidosis identifying proteins that may related to clinical course, including α1-antitrypsin,
protocadherin-2 precursor and albumin [205]. Proteomic analysis has provided a large-scale
of novel data identifying protein biomarkers in sarcoidosis, which are different to those of
healthy controls and patients with other interstitial lung diseases. However, much still needs
to be done in identifying their role in the pathogenesis and validating the clinical utility of
these markers in patients with sarcoidosis through further large-scale studies.

9. Exhaled breath analysis

Approximately 90% of patients with sarcoidosis have pulmonary disease involvement. It has
hence been proposed that exhaled biomarkers from the lungs of patients with sarcoidosis could
potentially be used to provide novel insights into the immunopathogenesis of the disease as
well as for diagnosis and disease monitoring [1]. Initial studies investigating exhaled breath
in sarcoidosis identified increased exhaled nitric oxide (FENO) in patients with sarcoidosis
compared to healthy controls, which then reduced significantly after 6 weeks of treatment with
corticosteroids [206]. Increased exhaled nitric oxide possibly reflects disease activity, and is
associated with increased TH1 immune responses. This may arise through up-regulation of
nitric oxide synthase, which is induced (iNOS) by increased IFN-γ and TNF-α in active disease
[206]. Other investigators however, found conflicting results, identifying that FENO from 59
patients with sarcoidosis did not differ significantly from 44 healthy controls and were not
related to the extent of individual CT scan abnormalities or pulmonary function impairment
[207]. Similar results have been obtained in a recent study examining multiple flow rates
measurement of exhaled nitric oxide in patients with sarcoidosis and healthy controls, as well
as patients treated with corticosteroids [208], which indicated that exhaled nitric oxide
measurement did not appear to be a clinically useful method of monitoring disease progression
in sarcoidosis. One study recently investigated the use of exhaled carbon monoxide (CO) in
sarcoidosis, an oxidative stress biomarker for alveolar macrophage heme oxygenase activity.
The authors identified a significantly elevated exhaled CO in patients with sarcoidosis
compared to healthy controls and patients with miscellaneous interstitial lung disease [209].
However, the prognostic value of this measurement remains undefined and may be affected
by cigarette smoke.

Exhaled breath condensate (EBC) analysis is a simple method of sampling airway lining fluids
that has been shown to be useful for analysing exhaled breath markers [210-212] and is less
invasive compared with induced sputum and BAL. Total protein levels are much higher in
BAL than EBC [213], but nevertheless, the presence of a few biomarkers has been demonstrated
in the EBC of patients with sarcoidosis. Levels of inflammatory markers e.g. TNF-α, Insulin-
like growth factor-1 (IGF-1), and plasminogen activator inhibitor-1 (PAI-1) have been shown
to be comparable and closely correlated in EBC and BAL samples, however, EBC IL-6 con‐
centration was significantly lower when compared with that in BAL fluid in patients with
sarcoidosis [214]. This study concluded that besides IL-6, EBC reflects cytokine production in
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the lung as effectively as BAL and may allow for a simplified sampling method. Hepatocyte
growth factor (HGF) is produced by fibroblasts, causing strong epithelial proliferative
responses and has been found to be elevated in EBC of patients with pneumonia [215].
However, levels of HGF are comparable in both EBC and BAL fluid of patients with sarcoidosis
and healthy controls, suggesting it is not useful as an EBC biomarker in sarcoidosis [216].
Transforming growth factor-β1 (TGF-β1) has also recently been identified in the EBC of patients
with sarcoidosis, along with vascular endothelial growth factor (VEGF), PAI-1, TNF-α and
IL-8 but not urokinase-type plasminogen activator (uPA) [217]. TGF-β is implicated in fibrosis
by inducing extracellular matrix synthesis and has been detected in ex vivo BAL cell cultures
from patients with sarcoidosis [30], suggesting it may be a useful sarcoid EBC marker. Markers
of granulomatous inflammation identified in our laboratory at greater levels in the EBC of
patients with sarcoidosis compared to healthy controls include neopterin and TGF-β1 (H.
Ahmadzai, D. Wakefield, P.S. Thomas; unpublished observations), which could potentially be
measured as airway markers of sarcoid activity.

Recent investigations have identified exhaled eicosanoids including 8-isoprostane and
cysteinyl leukotrienes as being elevated in the EBC and BAL fluid of sarcoidosis patients [218].
A correlation has been identified between the levels of 8-isoprostane and leukotriene B4 in BAL
fluid and EBC of patients with sarcoidosis [219]. EBC levels of 8-isoprostane also positively
correlate with the percentage of eosinophils in BAL and negatively with neutrophils [220,
221]. 8-isoprostane levels are increased in active sarcoidosis compared to healthy subjects,
which may serve as a marker of disease severity and indicate increased oxidation [220].
Increased markers of oxidative stress including elevated hydrogen peroxide levels have also
been demonstrated in EBC and BAL of sarcoidosis patients, as well as end-products of lipid
peroxidation [222]. Growth factors, reactive oxygen species and products of oxidative stress
in BAL and exhaled breath cannot yet be considered specific prognostic markers in sarcoidosis.
Further research is needed into their potential clinical applications for disease monitoring.

10. Novel and experimental testing and conclusions

Laboratory and immunological testing has provided significant advances in the understanding
of sarcoid immunopathogenesis and has allowed for easier diagnosis. Important recent
findings have included the investigation of the immunology of the disease, through the
TH1/TH2/TH17 paradigm, which could provide further new insights into immunopathogenesis
and potential treatments. Novel methods of identifying peripheral blood T-cell activation, such
as with an in vitro Kveim reaction, could identify causative antigenic peptides. Large-scale
studies validating initial proteomics findings from BAL and serum need to be conducted to
identify the different clinical phenotypes of sarcoidosis and recognise patients at risk of chronic
disease and pulmonary fibrosis. Simple, less invasive investigations such as exhaled breath
analysis also need to be improved for clinical use. There is also potential for advanced
immunological investigations including multiplex protein and gene expression technology to
further investigate this intriguing disease. Although various biomarkers have been identified

Laboratory Investigations and Immunological Testing in Sarcoidosis
http://dx.doi.org/10.5772/55294

219
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measurement did not appear to be a clinically useful method of monitoring disease progression
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sarcoidosis, an oxidative stress biomarker for alveolar macrophage heme oxygenase activity.
The authors identified a significantly elevated exhaled CO in patients with sarcoidosis
compared to healthy controls and patients with miscellaneous interstitial lung disease [209].
However, the prognostic value of this measurement remains undefined and may be affected
by cigarette smoke.

Exhaled breath condensate (EBC) analysis is a simple method of sampling airway lining fluids
that has been shown to be useful for analysing exhaled breath markers [210-212] and is less
invasive compared with induced sputum and BAL. Total protein levels are much higher in
BAL than EBC [213], but nevertheless, the presence of a few biomarkers has been demonstrated
in the EBC of patients with sarcoidosis. Levels of inflammatory markers e.g. TNF-α, Insulin-
like growth factor-1 (IGF-1), and plasminogen activator inhibitor-1 (PAI-1) have been shown
to be comparable and closely correlated in EBC and BAL samples, however, EBC IL-6 con‐
centration was significantly lower when compared with that in BAL fluid in patients with
sarcoidosis [214]. This study concluded that besides IL-6, EBC reflects cytokine production in
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the lung as effectively as BAL and may allow for a simplified sampling method. Hepatocyte
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However, levels of HGF are comparable in both EBC and BAL fluid of patients with sarcoidosis
and healthy controls, suggesting it is not useful as an EBC biomarker in sarcoidosis [216].
Transforming growth factor-β1 (TGF-β1) has also recently been identified in the EBC of patients
with sarcoidosis, along with vascular endothelial growth factor (VEGF), PAI-1, TNF-α and
IL-8 but not urokinase-type plasminogen activator (uPA) [217]. TGF-β is implicated in fibrosis
by inducing extracellular matrix synthesis and has been detected in ex vivo BAL cell cultures
from patients with sarcoidosis [30], suggesting it may be a useful sarcoid EBC marker. Markers
of granulomatous inflammation identified in our laboratory at greater levels in the EBC of
patients with sarcoidosis compared to healthy controls include neopterin and TGF-β1 (H.
Ahmadzai, D. Wakefield, P.S. Thomas; unpublished observations), which could potentially be
measured as airway markers of sarcoid activity.

Recent investigations have identified exhaled eicosanoids including 8-isoprostane and
cysteinyl leukotrienes as being elevated in the EBC and BAL fluid of sarcoidosis patients [218].
A correlation has been identified between the levels of 8-isoprostane and leukotriene B4 in BAL
fluid and EBC of patients with sarcoidosis [219]. EBC levels of 8-isoprostane also positively
correlate with the percentage of eosinophils in BAL and negatively with neutrophils [220,
221]. 8-isoprostane levels are increased in active sarcoidosis compared to healthy subjects,
which may serve as a marker of disease severity and indicate increased oxidation [220].
Increased markers of oxidative stress including elevated hydrogen peroxide levels have also
been demonstrated in EBC and BAL of sarcoidosis patients, as well as end-products of lipid
peroxidation [222]. Growth factors, reactive oxygen species and products of oxidative stress
in BAL and exhaled breath cannot yet be considered specific prognostic markers in sarcoidosis.
Further research is needed into their potential clinical applications for disease monitoring.

10. Novel and experimental testing and conclusions

Laboratory and immunological testing has provided significant advances in the understanding
of sarcoid immunopathogenesis and has allowed for easier diagnosis. Important recent
findings have included the investigation of the immunology of the disease, through the
TH1/TH2/TH17 paradigm, which could provide further new insights into immunopathogenesis
and potential treatments. Novel methods of identifying peripheral blood T-cell activation, such
as with an in vitro Kveim reaction, could identify causative antigenic peptides. Large-scale
studies validating initial proteomics findings from BAL and serum need to be conducted to
identify the different clinical phenotypes of sarcoidosis and recognise patients at risk of chronic
disease and pulmonary fibrosis. Simple, less invasive investigations such as exhaled breath
analysis also need to be improved for clinical use. There is also potential for advanced
immunological investigations including multiplex protein and gene expression technology to
further investigate this intriguing disease. Although various biomarkers have been identified
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and proposed for diagnosis and monitoring, there is still no sufficiently specific or sensitive
disease marker for clinical practice and much is yet to be understood.
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1. Introduction

Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) is a
minimally invasive mediastinal sampling technique which combines the use of ultrasound
with conventional bronchoscopy in order to visualise and sample structures adjacent to the
tracheo-bronchial tree such as mediastinal and hilar lymph nodes. The technique is commonly
used in the staging and diagnosis of lung cancers but can also be used for the diagnosis of
benign conditions affecting the mediastinum including sarcoidosis.

In asymptomatic stage I sarcoidosis (bilateral hilar adenopathy) with evidence of arthritis and
erythema nodosum (Lofgren’s syndrome) it may be possible to make a presumptive diagnosis
based on clinical and radiological findings however in symptomatic patients and particularly
where immunosuppressive therapy is being considered or exclusion of other causes of
mediastinal lymphadenopathy is required (e.g. tuberculosis, histoplasmosis, silicosis or
lymphoma) a tissue diagnosis may be sought. A diagnosis of sarcoidosis can be made in the
presence of pathological evidence demonstrating non-caseating granulomata, in the absence
of positive mycobacterial and fungal cultures and with supporting clinical and radiological
evidence. Tissue for diagnosis should be obtained from the most accessible involved organ.
Since pulmonary sarcoidosis is the most frequent form, bronchoscopic techniques are often
the first line investigation.

Conventional flexible bronchoscopy is frequently performed in the diagnosis of sarcoidosis
but is of limited use when central or peripheral airways are not affected. Endobronchial biopsy
(EBB) where there is evidence of disease affecting the airways may assist with the diagnosis.
Transbronchial lung biopsy (TBLB) can be performed where there is evidence of parenchymal
disease however this technique carries a risk of bleeding and pneumothorax. Transbronchial
needle aspiration (TBNA) can be useful in the context of mediastinal lymphadenopathy
however this is a “blind” technique and as such diagnostic accuracy is variable and further

© 2013 Jeyabalan and Medford; licensee InTech. This is an open access article distributed under the terms of
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1. Introduction
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more there is risk of bleeding and damage to vascular structures. There are also limitations in
terms of which nodes can be sampled using conventional TBNA. Mediastinoscopy remains
the gold standard approach for sampling the mediastinal glands, particularly when other
sampling techniques are non-diagnostic however this is an invasive procedure which requires
a general anesthetic and is associated with morbidity. Many of the limitations associated with
the aforementioned techniques can be overcome by the use of EBUS-TBNA. The following
chapter describes the technique, its application in the diagnosis of sarcoidosis and the advan‐
tages of EBUS-TBNA over alternative mediastinal sampling techniques.

2. EBUS –TBNA - Technical issues

2.1. The EBUS scope

There are two probes available. The radial probe was initially developed in 1992. This is a high
frequency probe (20-30MHz) which achieves a high resolution image but has limited depth
penetration (4-5cm) and provides a 360 degree view. The radial probe is particularly useful for
imaging of the airway wall however it does not allow real time identification of structures
during sampling (table 1). The convex or linear probe EBUS scope integrates a convex
transducer probe at the tip of a flexible bronchoscope (figure 1). The transducer has a frequency
of 7.5 MHz and scans through the airway wall in a plane which is parallel to the insertion
direction of the bronchoscope. Although images using the convex probe are of lower resolution
there is improved depth of penetration (up to 9cm) and most importantly this probe enables
real time imaging of the EBUS-TBNA needle throughout the sampling process thus reducing
the risk of damage to vascular structures. The endoscopic image is viewed at an angle of 30
degrees forward oblique and the operator needs to compensate accordingly. The ultrasonic
image is viewed at an angle of 90 degrees to the bronchoscope. The ultrasonic image of
mediastinal structures is obtained by making direct contact between the probe and the airway
wall. Improved image quality can be achieved by increasing the contact between the trans‐
ducer and the airway wall using a balloon attached to the tip of the ultrasound which is filled
with normal saline. The ultrasound image is processed and visualized with the conventional
bronchoscopic image, on the same monitor (figure 2). The ultrasonic image can be frozen and
the size of lesions or nodes can be measured in two dimensions. The use of colour flow and
power Doppler also allows accurate identification of vascular structures adjacent to or within
the area of interest. The linear probe is most commonly used in the sampling of mediastinal
lymph nodes. Unless specified, the term EBUS in this chapter refers to linear probe EBUS.

Radial Probe Convex Probe

Frequency 20-30MHz 7.5MHz

Penetration (cm) 4-5 9

Applications
Assessment of airway wall

Sampling of peripheral lesions

Sampling of mediastinal lesions e.g.

lymph nodes

Table 1. Comparison of radial probe vs convex probe
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Figure 1. Linear EBUS probe

Figure 2. EBUS Scope Processor and Monitor
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the area of interest. The linear probe is most commonly used in the sampling of mediastinal
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EBUS-TBNA is sometimes performed at the same time as flexible bronchoscopy which may
be necessary when more detailed examination of the distal tracheobronchial tree or endo‐
bronchial biopsies are required. The external diameter of the EBUS-TBNA scope is wider than
a conventional bronchoscope (6.9mm compared with 5-6mm) however endobronchial biopsies
of more proximal airways can be carried out via the EBUS bronchoscope. As with flexible
bronchoscopy, EBUS-TBNA procedure is commonly performed under light conscious
sedation using intravenous midazolam and fentanyl as well as topical anaesthesia however
some centres prefer to use deep sedation with propofol or a remifentanil infusion with a
laryngeal mask airway in order to minimize coughing. Typically the procedure is carried out
as a day case. Adequate sedation is essential as EBUS-TBNA takes longer than a flexible
bronchoscopy, particularly if multiple nodal stations are sampled. The patient is positioned in
a supine position and the bronchoscopist stands behind the patient. In view of the wider
diameter of the EBUS-TBNA scope, oral intubation is preferred. As described above the
endoscopic view is 30 degrees forward oblique, therefore the bronchoscope needs to be flexed
down in order to obtain a straight view. In order to pass the bronchoscope through the vocal
cords the anterior angle of the glottis should be visualized with the bronchoscope in the neutral
position. The mediastinal lymph nodes are examined by positioning the bronchoscope in the
correct anatomical position and then by flexing and pressing the ultrasound probe onto the
airway wall. The bronchoscope is adjusted so that the area for sampling is viewed in its
maximum diameter at the centre of the ultrasound image. The Doppler mode is used to
visualize vascular landmarks and can be used to identify vessels within lymph nodes. The size
of the lymph node is measured using the calipers.

2.2. The sampling technique

For a more detailed review of this aspect, the reader is directed to other sources [1]. Sampling
using the dedicated single use TBNA needle is ideally performed by two operators however
it is possible for the technique to be carried out with a single operator. Currently 2 sizes of
dedicated EBUS-TBNA sampling needles (21-gauge and 22-gauge) are available. The needle
is housed within a sheath which is inserted into the 2.0mm working channel of the EBUS
bronchoscope. The sampling needle has multiple small dimples along its shaft in order to
increase the echogenicity and screen visualisation. 21 gauge needles are often preferred for
suspected granulomatous disease as there is evidence to suggest that the histological structure
of specimens is better preserved using the larger needle [2, 3].

Following intubation, lymph nodes are identified according to the International Staging
System [4] with the aid of vascular landmarks and the Doppler mode. Mediastinal lymph
nodes at stations 2-4, 7, 10 and 11 can be accessed for EBUS-TBNA (figure 3). The EBUS-TBNA
sampling needle is inserted through the working channel and is positioned so that the tip of
the needle sheath is just visible on the endoscopic image. This is extremely important in order
to avoid damage to the bronchoscope channel when the needle exits. The needle is locked on
to the working channel and the internal stylet is withdrawn slightly. The depth for sampling
is determined (0.5-4 cm) and this distance is set using the safety calibrator (figure 4). Holding
the bronchoscope against the airway wall the needle is then inserted using a “jabbing”
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movement. The needle exits the working channel at angle of 20 degrees to the sheath of the
insertion tube (figure 5). Following insertion of the needle the internal stylet is advanced and
withdrawn within the needle lumen to clear any airway wall debris before it is completely
removed. A 3-way vacuum syringe is attached to the needle and sampling commences by
advancing and withdrawing the needle approximately 15 times within the node under direct
vision (figure 6). Once sampling is complete the 3-way syringe is disconnected and then the
needle is removed from the working channel. The internal stylet is used to expel the histological
core tissue sample from the needle lumen onto a specimen collecting system. The stylet is
removed and cleaned with saline and air is injected though the needle lumen to remove any
remaining particles. The same node is usually sampled 2 to 3 times assuming a good sample
is obtained at each pass. For benign disease such as granulomatous disease it may be preferable
to do a limited number of passes in a greater number of lymph nodes in order to limit the total
length of the procedure if conscious sedation is being used rather than general anaesthesia [5].

Figure 3. Diagrammatic representation of lymph node stations accessed via EBUS-TBNA/ EUS-FNA. EUS-FNA = endo‐
scopic ultrasound-guided fine needle aspiration.
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it is possible for the technique to be carried out with a single operator. Currently 2 sizes of
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Following intubation, lymph nodes are identified according to the International Staging
System [4] with the aid of vascular landmarks and the Doppler mode. Mediastinal lymph
nodes at stations 2-4, 7, 10 and 11 can be accessed for EBUS-TBNA (figure 3). The EBUS-TBNA
sampling needle is inserted through the working channel and is positioned so that the tip of
the needle sheath is just visible on the endoscopic image. This is extremely important in order
to avoid damage to the bronchoscope channel when the needle exits. The needle is locked on
to the working channel and the internal stylet is withdrawn slightly. The depth for sampling
is determined (0.5-4 cm) and this distance is set using the safety calibrator (figure 4). Holding
the bronchoscope against the airway wall the needle is then inserted using a “jabbing”
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movement. The needle exits the working channel at angle of 20 degrees to the sheath of the
insertion tube (figure 5). Following insertion of the needle the internal stylet is advanced and
withdrawn within the needle lumen to clear any airway wall debris before it is completely
removed. A 3-way vacuum syringe is attached to the needle and sampling commences by
advancing and withdrawing the needle approximately 15 times within the node under direct
vision (figure 6). Once sampling is complete the 3-way syringe is disconnected and then the
needle is removed from the working channel. The internal stylet is used to expel the histological
core tissue sample from the needle lumen onto a specimen collecting system. The stylet is
removed and cleaned with saline and air is injected though the needle lumen to remove any
remaining particles. The same node is usually sampled 2 to 3 times assuming a good sample
is obtained at each pass. For benign disease such as granulomatous disease it may be preferable
to do a limited number of passes in a greater number of lymph nodes in order to limit the total
length of the procedure if conscious sedation is being used rather than general anaesthesia [5].
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Figure 4. Sampling Needle inserted into working channel of EBUS scope

Figure 5. Tip of EBUS scope with balloon inflated and TBNA needle exiting
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Figure 6. Ultrasound image of lymph node with EBUS-TBNA sampling needle in situ

Figure 7. Histological sample obtained using EBUS-TBNA showing non-caseating granuloma
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Figure 6. Ultrasound image of lymph node with EBUS-TBNA sampling needle in situ

Figure 7. Histological sample obtained using EBUS-TBNA showing non-caseating granuloma
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2.3. The specimen

The handling of the histological and cytological samples is extremely important. The diagnosis
of sarcoidosis is established when clinical and radiological findings are supported by histo‐
logical or cytological evidence of non-caseating epithelioid cell granulomas. Granulomas are
defined by loose collections of non-pigmented epithelioid or spindle cell histiocytes with
lymphocytes, necrotic material and neutrophils. In sarcoidosis numerous granulomas can be
seen in FNA samples without evidence of necrosis [7]. It is important to exclude local sarcoid-
like reactions and infective causes.

Many centres choose to utilise rapid on-site evaluation (ROSE) of cytology samples in order
to confirm the adequacy of specimens however resources and cost are limiting factors. ROSE
of specimens has been shown to increase diagnostic yield in some circumstances, however a
recent meta-analysis examining the use of ROSE in cases of suspected sarcoidosis did not
demonstrate a statistically significant increase (p = 0.66) in yield in studies where ROSE was
carried out (165/206; 80.1% vs 282/347; 81.3%) [6]. ROSE allows a smaller number of passes to
be carried per node. Once a diagnosis of granulomatous disease or malignancy is reached
sampling of that particular node can be stopped. In order to minimize the number of false
negative results, if no malignancy or granulomatous inflammation is seen, further sampling
should be performed. Gross examination of the specimen can be helpful as adequate samples
often appear creamy (rather than bloody, watery or mucoid) or may be black as a result of
anthracosis [7].

Typically the EBUS-TBNA samples are smeared on to glass slides and air dried then fixed
however some centres prefer to use liquid cytology bottles. Tissue cores are fixed in formalin
or saline depending on whether culture for Mycobacterial disease is required. It has recently
been reported that cell block analysis in addition to the Diff-Quick smear examination can
reduce the false negative rate by 33%. Furthermore, Wang et al [8], found that of 37 patients
who had EBUS-TBNA carried out, 100% of cell blocks contained non-necrotizing granulomas
compared to 27% of smears. This may be because smearing samples between two slides
disrupts the epithelioid groups in FNA samples which does not tend to occur during cell block
preparation.

There is debate regarding the definition of an adequate tissue sample. In the absence of
malignant cells or granulomatous cells it is clearly important to confirm that an adequate
amount of lymphoid tissue is present in the sample. The negative predictive value of samples
is far superior when lymphocytes are detected. Attempts have been made to quantify the
number of cells required to define the adequacy of a sample. For example, [see 7] state that a
sample containing at least 40 benign-appearing lymphocytes in a high-power field in the areas
of highest cellularity of the smear constitutes an adequate sample. Likewise the identification
of large numbers of anthracotic pigment and macrophages or large clusters of admixed
lymphocytes and pigmented macrophages may further indicate an adequacy. If malignancy
or granulomatous disease is seen with small numbers of lymphocytes this can also be consid‐
ered to be adequate. The interpretation of adequacy is somewhat subjective and development
of a standardised approach may help to reduce the number of false negative or positive results.
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Sarcoid-like granulomata may be visualized in the context of malignancy such as non-small
cell lung cancer, lymphoid and germ cell neoplasms and are thought to be a result of a local T
cell-mediated immune reaction. It is therefore important to continue to attempt to exclude
malignancy even if granulomatous inflammation is seen. Similarly granulomatous inflamma‐
tion can be seen as a result of fungal or mycobacterial infections particularly in immunosup‐
pressed patients and appropriate culture should be considered. The implication of EBUS-
TBNA detection of granulomatous inflammation in patients with previously treated cancer
and new mediastinal lymphadenopathy has been examined [9]. In this study, 17/153 (11%) of
patients referred for EBUS-TBNA were found to have non-caseating granuloma. A subgroup
of patients had a previous history of cancer and presented with mediastinal lymphadenopathy
suspicious of cancer recurrence. All these patients had granulomatous inflammation con‐
firmed via EBUS-TBNA and remained clinically stable during follow-up. The study highlights
the importance of obtaining a tissue diagnosis in this subgroup of patients and supports the
utility of EBUS-TBNA as a diagnostic tool in this circumstance. The differentiation between
true sarcoidosis and sarcoid-like reaction must be made through clinical and radiological
correlation.

2.4. Diagnostic yield of EBUS-TBNA

The diagnostic yield of EBUS-TBNA in sarcoid has been reported between 80-90% [10]. It is
important to note that the highest sensitivity (92%) of EBUS-TBNA has been demonstrated in
patients with stage I and II disease with nodes of >10mm however even in patients with nodes
of <10mm and all stages of sarcoidosis the sensitivity is still adequate (85%) [11,12]. A recent
meta-analysis of 15 studies of EBUS-TBNA in sarcoidosis described a yield between 54-93%
with a pooled diagnostic accuracy of 79% (95% CI, 71-86%) however there was heterogeneity
between studies included. There was also variability regarding the experience of the operators
in these studies [6].

2.5. Contraindications

EBUS-TBNA is a well tolerated procedure. Patients should be fit enough to undergo flexible
bronchoscopy in accordance with local guidelines [13]. Biopsies should not be carried out in
patients who are currently taking warfarin and the international normalized ratio (INR) should
be less than 1.4. Clopidogrel is normally withheld at least one week prior to the procedure
although a small series of patients who had EBUS-TBNA whilst still taking clopidogrel (and
a significant proportion also taking aspirin) did not report any bleeding complications [14].
The procedure should be avoided for 6 weeks after myocardial infarction and should not
carried out in patients with arrhythmia or severe hypoxaemia at rest [15].

2.6. Complications

EBUS-TBNA has been shown to be a safe, minimally invasive technique. Only 5 minor
complications (minimal pneumothorax, minor bleeding, airway oedema/hypoxaemia,
prolonged coughing) were reported in a recent systematic review of 532 patients undergoing
EBUS-TBNA for suspected sarcoidosis [6]. Compared to mediastinoscopy which carries a 0.5%
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There is debate regarding the definition of an adequate tissue sample. In the absence of
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number of cells required to define the adequacy of a sample. For example, [see 7] state that a
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although a small series of patients who had EBUS-TBNA whilst still taking clopidogrel (and
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The procedure should be avoided for 6 weeks after myocardial infarction and should not
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risk of major complications and 1.4-2.3% risk of significant complications the risk of compli‐
cations with EBUS-TBNA is lower [15]. Routine chest radiograph is not required following the
procedure unless the patient reports specific symptoms (e.g. chest pain) during or after the
procedure although some centres do a chest radiograph after sampling the hilar stations
routinely [16].

2.7. Costs

The main costs of setting up an EBUS-TBNA service are due to equipment costs such as the
EBUS bronchoscope, ultrasound processor and also the disposable EBUS needles (which are
more expensive than conventional TBNA needles) and accessories (approximately £150-175).
As the procedure takes longer than a conventional flexible bronchoscopy, the cost of additional
staff time must be considered. If ROSE is required this is a further cost. Repair and servicing
of the EBUS bronchoscope is more expensive than a flexible bronchoscope. Similar to conven‐
tional TBNA there is a risk of damage to the biopsy channel of the bronchoscope if the sheath
of the EBUS-TBNA needle is not positioned correctly when the needle is advanced. Having
taken into account the additional costs of EBUS-TBNA, since the technique has a higher
sensitivity than conventional TBNA (particularly where distal or smaller node sampling is
required, the overall cost saving potential from avoiding a mediastinoscopy is likely to be
greater with this technique than with conventional TBNA [15].

2.8. Training and learning curve

EBUS-TBNA can be performed by pulmonologists. Training requires the operator to have had
sufficient experience in all standard bronchoscopic techniques, including conventional TBNA.
Experience with the interpretation of ultrasound is also useful e.g. thoracic ultrasound.
Training of nursing staff is also required. The American College of Chest Physicians (ACCP)
recommends that in order to achieve competence in EBUS-TBNA, 50 supervised procedures
must be carried out. Furthermore in order to maintain competence it is recommended that a
minimum of 20 procedures per year are carried out [17]. The learning curve and the number
of procedures required to produce optimal results is high [18]. In fact a recent prospective
study has demonstrated improving results up to 120 procedures [19].

3. Other diagnostic bronchoscopic techniques

3.1. Conventional TBNA

The use of TBNA in the diagnosis of sarcoidosis has been described since the 1980’s. The
technique of sampling lymph nodes using this method is a blind technique and diagnostic
accuracy is likely to be dependant on the skill of the operator. The reported sensitivity of TBNA
is variable, ranging from 46-90% [3]. It is also a technique which is underutilised by pulmo‐
nologists (10-30% uptake) because of concerns regarding diagnostic yield and fear of vascular
injury [10]. There is also a belief that it is not useful (reported by 30% pulmonologists in one
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study) and concerns about performing the technique without onsite pathology support [20]..

EBUS-TBNA carries a lower risk of complications compared with conventional TBNA. Several
studies have directly compared EBUS-TBNA with conventional TBNA. In one, small prospec‐
tive study of patients with suspected sarcoidosis EBUS-TBNA was followed by conventional
TBNA. The two techniques were found to be of similar efficacy with a positive diagnosis
established in 93% of patients using EBUS-TBNA and/ or conventional TBNA [3]. Only one
randomised controlled trial has directly compared EBUS-TBNA with conventional TBNA. This
study demonstrated a superior diagnostic yield with EBUS-TBNA compared to conventional
TBNA (using a 19-gauge needle) in patients with suspected sarcoidosis. An absolute increase
in yield of 29.5% was demonstrated with EBUS-TBNA (p <0.05; 95% confidence interval 8.6 to
55.4%). Sensitivity and specificity in the conventional TBNA group was 60.9% and 100%
respectively compared with 83.3% and 100% in the EBUS-TBNA group. Of note, more lymph
nodes were sampled in the EBUS-TBNA group but more passes were required in the TBNA
group [21].

3.2. Bronchoalveolar Lavage (BAL)

BAL is a safe, minimally invasive and low cost technique which can be performed during
flexible bronchoscopy but can also be performed via the EBUS bronchoscope. BAL samples
can be used to support a diagnosis of sarcoidosis if a characteristic cytological predominance
of lymphocytes is seen. A CD4+/CD8+ ratio of greater than 3.5 in the lymphocyte population
has a high specificity (94%) for sarcoidosis. However a low ratio cannot be used to exclude a
diagnosis of sarcoidosis [22]. BAL is also of use for microbiological testing particularly where
mycobacterial disease is suspected.

3.3. Endobronchial and transbronchial lung biopsy

In patients with suspected sarcoidosis with evidence of parenchymal disease transbronchial
lung biopsy (TBLB) can be used to obtain a diagnosis however the reported diagnostic yield
is variable (44-90%) dependent on the number of sites sampled and the extent of the paren‐
chymal disease [23]. TBLB has limited value in stage I disease and unlike EBUS-TBNA, TBLB
carries a risk of pneumothorax and a higher risk of bleeding.

Endobronchial biopsy (EBB) can be carried out where there is evidence of airway involvement
and even if the airways do not appear grossly abnormal EBB can further increase the yield
with a 30% yield even in normal airways [24]. In practice EBB is typically performed when
macroscopic disease is visible. EBUS-TBNA has been demonstrated to have superior diagnos‐
tic utility when compared with TBLB and endobronchial biopsy [3,25,26].

3.4. Endoscopic ultrasound-guided fine needle aspiration (EUS-FNA)

Transoesophageal  EUS-FNA  was  first  introduced  in  the  early  1990s  and  was  most
commonly used by gastroenterologists to obtain tissue from pancreatic lesions. Subsequent‐
ly this technique has been applied in the diagnosis of both intrabdominal and intrathora‐
cic lesions. EUS-FNA enables access to lymph node stations 2L, 4L and most importantly
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risk of major complications and 1.4-2.3% risk of significant complications the risk of compli‐
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procedure unless the patient reports specific symptoms (e.g. chest pain) during or after the
procedure although some centres do a chest radiograph after sampling the hilar stations
routinely [16].
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The main costs of setting up an EBUS-TBNA service are due to equipment costs such as the
EBUS bronchoscope, ultrasound processor and also the disposable EBUS needles (which are
more expensive than conventional TBNA needles) and accessories (approximately £150-175).
As the procedure takes longer than a conventional flexible bronchoscopy, the cost of additional
staff time must be considered. If ROSE is required this is a further cost. Repair and servicing
of the EBUS bronchoscope is more expensive than a flexible bronchoscope. Similar to conven‐
tional TBNA there is a risk of damage to the biopsy channel of the bronchoscope if the sheath
of the EBUS-TBNA needle is not positioned correctly when the needle is advanced. Having
taken into account the additional costs of EBUS-TBNA, since the technique has a higher
sensitivity than conventional TBNA (particularly where distal or smaller node sampling is
required, the overall cost saving potential from avoiding a mediastinoscopy is likely to be
greater with this technique than with conventional TBNA [15].

2.8. Training and learning curve

EBUS-TBNA can be performed by pulmonologists. Training requires the operator to have had
sufficient experience in all standard bronchoscopic techniques, including conventional TBNA.
Experience with the interpretation of ultrasound is also useful e.g. thoracic ultrasound.
Training of nursing staff is also required. The American College of Chest Physicians (ACCP)
recommends that in order to achieve competence in EBUS-TBNA, 50 supervised procedures
must be carried out. Furthermore in order to maintain competence it is recommended that a
minimum of 20 procedures per year are carried out [17]. The learning curve and the number
of procedures required to produce optimal results is high [18]. In fact a recent prospective
study has demonstrated improving results up to 120 procedures [19].

3. Other diagnostic bronchoscopic techniques

3.1. Conventional TBNA

The use of TBNA in the diagnosis of sarcoidosis has been described since the 1980’s. The
technique of sampling lymph nodes using this method is a blind technique and diagnostic
accuracy is likely to be dependant on the skill of the operator. The reported sensitivity of TBNA
is variable, ranging from 46-90% [3]. It is also a technique which is underutilised by pulmo‐
nologists (10-30% uptake) because of concerns regarding diagnostic yield and fear of vascular
injury [10]. There is also a belief that it is not useful (reported by 30% pulmonologists in one
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study) and concerns about performing the technique without onsite pathology support [20]..

EBUS-TBNA carries a lower risk of complications compared with conventional TBNA. Several
studies have directly compared EBUS-TBNA with conventional TBNA. In one, small prospec‐
tive study of patients with suspected sarcoidosis EBUS-TBNA was followed by conventional
TBNA. The two techniques were found to be of similar efficacy with a positive diagnosis
established in 93% of patients using EBUS-TBNA and/ or conventional TBNA [3]. Only one
randomised controlled trial has directly compared EBUS-TBNA with conventional TBNA. This
study demonstrated a superior diagnostic yield with EBUS-TBNA compared to conventional
TBNA (using a 19-gauge needle) in patients with suspected sarcoidosis. An absolute increase
in yield of 29.5% was demonstrated with EBUS-TBNA (p <0.05; 95% confidence interval 8.6 to
55.4%). Sensitivity and specificity in the conventional TBNA group was 60.9% and 100%
respectively compared with 83.3% and 100% in the EBUS-TBNA group. Of note, more lymph
nodes were sampled in the EBUS-TBNA group but more passes were required in the TBNA
group [21].

3.2. Bronchoalveolar Lavage (BAL)

BAL is a safe, minimally invasive and low cost technique which can be performed during
flexible bronchoscopy but can also be performed via the EBUS bronchoscope. BAL samples
can be used to support a diagnosis of sarcoidosis if a characteristic cytological predominance
of lymphocytes is seen. A CD4+/CD8+ ratio of greater than 3.5 in the lymphocyte population
has a high specificity (94%) for sarcoidosis. However a low ratio cannot be used to exclude a
diagnosis of sarcoidosis [22]. BAL is also of use for microbiological testing particularly where
mycobacterial disease is suspected.

3.3. Endobronchial and transbronchial lung biopsy

In patients with suspected sarcoidosis with evidence of parenchymal disease transbronchial
lung biopsy (TBLB) can be used to obtain a diagnosis however the reported diagnostic yield
is variable (44-90%) dependent on the number of sites sampled and the extent of the paren‐
chymal disease [23]. TBLB has limited value in stage I disease and unlike EBUS-TBNA, TBLB
carries a risk of pneumothorax and a higher risk of bleeding.

Endobronchial biopsy (EBB) can be carried out where there is evidence of airway involvement
and even if the airways do not appear grossly abnormal EBB can further increase the yield
with a 30% yield even in normal airways [24]. In practice EBB is typically performed when
macroscopic disease is visible. EBUS-TBNA has been demonstrated to have superior diagnos‐
tic utility when compared with TBLB and endobronchial biopsy [3,25,26].

3.4. Endoscopic ultrasound-guided fine needle aspiration (EUS-FNA)

Transoesophageal  EUS-FNA  was  first  introduced  in  the  early  1990s  and  was  most
commonly used by gastroenterologists to obtain tissue from pancreatic lesions. Subsequent‐
ly this technique has been applied in the diagnosis of both intrabdominal and intrathora‐
cic lesions. EUS-FNA enables access to lymph node stations 2L, 4L and most importantly

Endobronchial Ultrasound in the Diagnostic Evaluation of Sarcoidosis
http://dx.doi.org/10.5772/55167

249



the lower mediastinum (7, 8, and 9). Nodes in the aortopulmonary window (5) and para-
aortic nodes (6) can be visualized however sampling is limited by the proximity of vascular
structures. The left adrenal gland and the left lobe of the liver can also be sampled. The
accuracy of EUS-FNA is greater with ROSE. The technique can be combined with EBUS-
TBNA  and  pulmonologists  can  train  to  carry  out  both  procedures  or  (if  appropriately
trained) alternatively intubate the oesophagus with the EBUS bronchoscope, as described
in  some  centres,  EUS-B-FNA  [27,  28].  The  disadvantage  of  EUS-FNA  without  EBUS-
TBNA is the range of nodes which can be accessed is more limited and it is not possible
to  sample  hilar  nodes.  This  is  of  particular  relevance  in  sarcoidosis  as  hilar  nodes  and
nodes anterolateral to the trachea are more commonly involved [7].

Diagnostic yield is high with EUS-FNA and has been reported as 82%, sensitivity 89% and
specificity 96% [29]. When combined with EBUS-TBNA the yield is improved further and the
range of nodes which can be sampled is greater.

3.5. Mediastinoscopy

Mediastinoscopy  has  been  considered  to  be  the  gold  standard  mediastinal  sampling
method  of  choice  particularly  if  other  techniques  such  as  TBLB  are  non-contributory.
Mediastinoscopy  is  an  invasive  technique  which  requires  a  general  anaesthetic  and  an
overnight hospital stay. There are several approaches which allow access to different nodal
stations and areas  of  the mediastinum. Cervical  mediastinoscopy (via  an incision at  the
suprasternal  notch)  allows  access  to  the  pretracheal,  upper  paratracheal  (2R,  2L),  lower
paratracheal (4R, 4L), subcarinal (7) and hilar (10) nodes. The extended cervical mediastino‐
scopy also allows access to the anterior mediastinum including pre-aortic (6) and aortopul‐
monary window (5)  nodes.  There are currently no studies comparing EBUS-TBNA with
mediastinoscopy  in  suspected  sarcoidosis.  Successful  diagnosis  with  EBUS-TBNA  may
obviate  the  need  for  mediastinoscopy.  This  is  not  only  likely  to  be  more  preferable  to
patients who may avoid an invasive procedure but there are also cost saving benefits as
discussed previously.

3.6. Peripheral lymph node biopsy

Sarcoidosis involving peripheral lymph nodes is frequently asymptomatic. The incidence
of peripheral lymph node involvement has been reported between 2-25%. High diagnos‐
tic yield with sampling of peripheral lymph nodes has been reported. In one study, at least
one  enlarged  peripheral  lymph  node  was  found  in  14.5%  (79/546)  of  patients  with  a
diagnosis of sarcoidosis [30]. The diagnostic yield of peripheral lymph node biopsy in these
patients  was  93% with  no  associated  complications  and significantly  a  lower  cost  com‐
pared to other techniques. The most common sites of involvement were the cervical nodes
(31.3%)  and  supraclavicular  nodes  (29.9%).  Ultrasound  guided  peripheral  lymph  node
biopsy may be an option in patients who have contraindications to mediastinal sampling
techniques.

The advantages and disadvantages of all these techniques are summarised in table 2.
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Technique Advantages over EBUS-TBNA Disadvantages over EBUS-TBNA

Conventional TBNA

Lower cost

More commonly performed by

pulmonologists

Shorter procedure time

Risk of complications/ injury (“blind”

technique)

Shorter needle throw therefore smaller

tissue core

Lower diagnostic yield

Less extensive range of node sampling

EBB
Performed by pulmonologists

Lower cost
Lower diagnostic yield

TBLB
Performed by pulmonologists

Lower cost

Risk of complications

Less useful in the absence of

parenchymal disease

EUS-FNA
Improved access to some lymph node

stations

Unable to access hilar nodes

More commonly performed by

gastroenterologists /radiologists

Mediastinoscopy
Larger histological tissue sample obtained

High negative predictive value

Invasive procedure with risk of significant

complications

Generally performed by thoracic

surgeons

Requires general anaesthetic and

overnight hospital stay

Higher cost

Peripheral lymph node

biopsy

Low cost (especially if ultrasound-guided

without theatre)

Low complication rate

Small proportion of patients with

enlarged nodes

Table 2. Pros and cons of other non-EBUS sampling techniques in sarcoidosis involving mediastinum/nodal tissue
and/or lung

4. Advantages and disadvantages of EBUS-TBNA

4.1. Compared to conventional TBNA

Unlike conventional TBNA, EBUS-TBNA allows access to a wider range of lymph nodes
stations (2-4,7, 10 and 11) and therefore provides access to more distal locations. This is of
particular relevance in granulomatous disease where sampling of multiple nodal stations can
further increase diagnostic yield. This advantage is augmented further by combining EBUS-
TBNA with EUS-FNA thereby enabling access to even more lymph node stations.

Conventional TBNA is a blind technique and therefore carries a risk of bleeding through
potential damage to vascular structures. EBUS-TBNA carries a lower bleeding risk as it is
performed under real time ultrasound guidance. The use of Doppler mode imaging allows
accurate visualisation of vessels prior to sampling. Furthermore because sampling is carried
out under direct vision it is possible for the EBUS-TBNA needle to be inserted further into the
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the lower mediastinum (7, 8, and 9). Nodes in the aortopulmonary window (5) and para-
aortic nodes (6) can be visualized however sampling is limited by the proximity of vascular
structures. The left adrenal gland and the left lobe of the liver can also be sampled. The
accuracy of EUS-FNA is greater with ROSE. The technique can be combined with EBUS-
TBNA  and  pulmonologists  can  train  to  carry  out  both  procedures  or  (if  appropriately
trained) alternatively intubate the oesophagus with the EBUS bronchoscope, as described
in  some  centres,  EUS-B-FNA  [27,  28].  The  disadvantage  of  EUS-FNA  without  EBUS-
TBNA is the range of nodes which can be accessed is more limited and it is not possible
to  sample  hilar  nodes.  This  is  of  particular  relevance  in  sarcoidosis  as  hilar  nodes  and
nodes anterolateral to the trachea are more commonly involved [7].

Diagnostic yield is high with EUS-FNA and has been reported as 82%, sensitivity 89% and
specificity 96% [29]. When combined with EBUS-TBNA the yield is improved further and the
range of nodes which can be sampled is greater.

3.5. Mediastinoscopy

Mediastinoscopy  has  been  considered  to  be  the  gold  standard  mediastinal  sampling
method  of  choice  particularly  if  other  techniques  such  as  TBLB  are  non-contributory.
Mediastinoscopy  is  an  invasive  technique  which  requires  a  general  anaesthetic  and  an
overnight hospital stay. There are several approaches which allow access to different nodal
stations and areas  of  the mediastinum. Cervical  mediastinoscopy (via  an incision at  the
suprasternal  notch)  allows  access  to  the  pretracheal,  upper  paratracheal  (2R,  2L),  lower
paratracheal (4R, 4L), subcarinal (7) and hilar (10) nodes. The extended cervical mediastino‐
scopy also allows access to the anterior mediastinum including pre-aortic (6) and aortopul‐
monary window (5)  nodes.  There are currently no studies comparing EBUS-TBNA with
mediastinoscopy  in  suspected  sarcoidosis.  Successful  diagnosis  with  EBUS-TBNA  may
obviate  the  need  for  mediastinoscopy.  This  is  not  only  likely  to  be  more  preferable  to
patients who may avoid an invasive procedure but there are also cost saving benefits as
discussed previously.

3.6. Peripheral lymph node biopsy

Sarcoidosis involving peripheral lymph nodes is frequently asymptomatic. The incidence
of peripheral lymph node involvement has been reported between 2-25%. High diagnos‐
tic yield with sampling of peripheral lymph nodes has been reported. In one study, at least
one  enlarged  peripheral  lymph  node  was  found  in  14.5%  (79/546)  of  patients  with  a
diagnosis of sarcoidosis [30]. The diagnostic yield of peripheral lymph node biopsy in these
patients  was  93% with  no  associated  complications  and significantly  a  lower  cost  com‐
pared to other techniques. The most common sites of involvement were the cervical nodes
(31.3%)  and  supraclavicular  nodes  (29.9%).  Ultrasound  guided  peripheral  lymph  node
biopsy may be an option in patients who have contraindications to mediastinal sampling
techniques.

The advantages and disadvantages of all these techniques are summarised in table 2.
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Less useful in the absence of
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Invasive procedure with risk of significant
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Generally performed by thoracic
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Requires general anaesthetic and
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Peripheral lymph node

biopsy

Low cost (especially if ultrasound-guided

without theatre)
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Small proportion of patients with

enlarged nodes

Table 2. Pros and cons of other non-EBUS sampling techniques in sarcoidosis involving mediastinum/nodal tissue
and/or lung

4. Advantages and disadvantages of EBUS-TBNA

4.1. Compared to conventional TBNA

Unlike conventional TBNA, EBUS-TBNA allows access to a wider range of lymph nodes
stations (2-4,7, 10 and 11) and therefore provides access to more distal locations. This is of
particular relevance in granulomatous disease where sampling of multiple nodal stations can
further increase diagnostic yield. This advantage is augmented further by combining EBUS-
TBNA with EUS-FNA thereby enabling access to even more lymph node stations.

Conventional TBNA is a blind technique and therefore carries a risk of bleeding through
potential damage to vascular structures. EBUS-TBNA carries a lower bleeding risk as it is
performed under real time ultrasound guidance. The use of Doppler mode imaging allows
accurate visualisation of vessels prior to sampling. Furthermore because sampling is carried
out under direct vision it is possible for the EBUS-TBNA needle to be inserted further into the
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sampling area with each pass compared with sampling during conventional TBNA. Larger
cores of tissue can therefore be obtained compared with conventional TBNA. Once again this
is particularly important in granulomatous disease.

The cost of equipment and additional staff time required in order to carry out EBUS-TBNA
makes it a more expensive technique when compared with conventional TBNA, however as
discussed earlier the overall cost saving gained from avoiding the need for mediastinoscopy
is likely to be greater for EBUS-TBNA than with conventional TBNA.

4.2. Compared to mediastinoscopy

Mediastinoscopy has been considered to be the gold standard mediastinal sampling method
of choice particularly if other techniques such as TBLB are non-contributory. Mediastinoscopy
is an invasive technique which requires a general anaesthetic and an overnight hospital stay
unlike EBUS-TBNA which is typically carried out under light conscious sedation as a day case
procedure. Clearly there are financial advantages to a less invasive approach and it is likely to
be more preferable to patients. Mediastinoscopy carries a risk of major complications (0.5%)
and 1.4-2.3% risk of significant complications such as supraventricular arrhythmias. It also
results in a neck scar and the development of adhesions following mediastinoscopy may
hinder future attempts at lymph node sampling [16]. Previous neck surgery is a relative
contraindication to mediastinoscopy. As discussed previously, the risk of complications with
EBUS-TBNA is lower than with mediastinoscopy. The range of nodes which are accessible via
EBUS-TBNA is greater than with mediastinoscopy particularly the hilar nodes. This is of
relevance in granulomatous disease as the hilar nodes are frequently affected.

Smaller tissue samples are obtained with EBUS-TBNA compared to mediastinoscopy and as
discussed earlier this can affect the adequacy of tissue samples obtained. For this reason the
negative predictive value of EBUS-TBNA is lower. This is particularly relevant when sampling
for malignancy. If there is concern that malignancy such as lymphoma is a possible cause for
lymphadenopathy, mediastinoscopy should be the sampling technique of choice. Alternative‐
ly, a non-diagnostic EBUS-TBNA result should be considered for further investigation with
mediastinoscopy. In experienced centres where adequate tissue samples are obtained through
EBUS-TBNA the technique may be an alternative option for patients who have been deemed
not fit for invasive mediastinoscopy.

5. Comparative studies of EBUS-TBNA with other mediastinal sampling
techniques

Combining EBUS-TBNA with standard bronchoscopic techniques has been shown to improve
diagnostic yield further. This is important as improved accuracy in non-invasive techniques
may obviate the need for mediastinoscopy. A number of studies have evaluated combining
EBUS-TBNA.
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A prospective study carried out in an experienced centre examining the safety and efficacy of
combining EBUS-TBNA with TBLB and EBB for the diagnosis of sarcoidosis in an unselected
group of patients [26] demonstrate a sensitivity of standard bronchoscopic techniques (TBLB
and EBB) of 35% (P<0.001) compared with 85% with EBUS-TBNA. Combining the two
techniques resulted in a diagnostic yield of 93% (P<0.0001). In this study the relatively low
sensitivity with TBLB and EBB was attributed to the fact that the majority of patients had stage
I sarcoidosis without evidence of parenchymal disease.

Another study in which patients with clinical and radiological evidence of sarcoidosis
underwent EBUS-TBNA, TBLB and BAL also supports a combined approach. The diagnostic
accuracy was superior with EBUS-TBNA compared with TBLB (p<0.001). Analysis of BAL
samples demonstrated that the CD4/CD8 ratio was >3.5 in 65.7% of patients with a final
diagnosis of sarcoidosis. The diagnostic yield for all modalities of sampling was very high
(100%) in patients with stage II sarcoidosis, however EBUS-TBNA was superior to all other
modalities for stage I disease. Of note, all patients underwent cross sectional imaging prior to
the procedure and had nodes measuring >10mm diameter. ROSE was also utilized [31].

There is evidence to support the use of combined flexible bronchoscopy and EUS-FNA +/-
EBUS-TBNA in order to increase diagnostic yield. Tournoy et al, confirmed this in a study of
patients with suspected sarcoidosis who did not have a definite diagnosis following standard
bronchoscopic techniques (TBNA, TBLB and EBB) [32]. These patients were sent for EBUS-
TBNA and/ or EUS-FNA. A definite diagnosis of sarcoidosis was established in 45% patients
following standard flexible bronchoscopic procedures. However diagnostic yield increased by
a further 39% with the addition of EBUS-TBNA and/ or EUS-FNA.

5.1. Newer techniques

EBUS-guided forceps or transbronchial needle forceps are currently under evaluation. This
sampling tool is a combination of a needle and forceps which can be passed through the
working channel of the EBUS scope. These forceps can potentially allow larger histological
cores of tissue to be obtained. An initial pilot study has shown this tool to be safe and specific
diagnosis was established in 86% of patients [33].

6. Conclusion

EBUS-TBNA is a safe, well tolerated and effective mediastinal sampling tool which can be used
in the diagnosis of suspected sarcoidosis. As with all mediastinal sampling techniques,
histological samples should be interpreted in the context of clinical and radiological findings.
EBUS-TBNA has been shown to have a higher diagnostic yield compared to conventional
bronchoscopic techniques such as EBB, TBLB and TBNA. Combining EBUS-TBNA with other
modalities such as EUS-FNA may further increase diagnostic yield as may the use of newer
sampling tools such as the transbronchial needle forceps. Improved accuracy and yield with
this technique may obviate the need for further invasive sampling attempts such as mediasti‐
noscopy. This consequently reduces the overall cost compared to other techniques and
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sampling area with each pass compared with sampling during conventional TBNA. Larger
cores of tissue can therefore be obtained compared with conventional TBNA. Once again this
is particularly important in granulomatous disease.

The cost of equipment and additional staff time required in order to carry out EBUS-TBNA
makes it a more expensive technique when compared with conventional TBNA, however as
discussed earlier the overall cost saving gained from avoiding the need for mediastinoscopy
is likely to be greater for EBUS-TBNA than with conventional TBNA.

4.2. Compared to mediastinoscopy

Mediastinoscopy has been considered to be the gold standard mediastinal sampling method
of choice particularly if other techniques such as TBLB are non-contributory. Mediastinoscopy
is an invasive technique which requires a general anaesthetic and an overnight hospital stay
unlike EBUS-TBNA which is typically carried out under light conscious sedation as a day case
procedure. Clearly there are financial advantages to a less invasive approach and it is likely to
be more preferable to patients. Mediastinoscopy carries a risk of major complications (0.5%)
and 1.4-2.3% risk of significant complications such as supraventricular arrhythmias. It also
results in a neck scar and the development of adhesions following mediastinoscopy may
hinder future attempts at lymph node sampling [16]. Previous neck surgery is a relative
contraindication to mediastinoscopy. As discussed previously, the risk of complications with
EBUS-TBNA is lower than with mediastinoscopy. The range of nodes which are accessible via
EBUS-TBNA is greater than with mediastinoscopy particularly the hilar nodes. This is of
relevance in granulomatous disease as the hilar nodes are frequently affected.

Smaller tissue samples are obtained with EBUS-TBNA compared to mediastinoscopy and as
discussed earlier this can affect the adequacy of tissue samples obtained. For this reason the
negative predictive value of EBUS-TBNA is lower. This is particularly relevant when sampling
for malignancy. If there is concern that malignancy such as lymphoma is a possible cause for
lymphadenopathy, mediastinoscopy should be the sampling technique of choice. Alternative‐
ly, a non-diagnostic EBUS-TBNA result should be considered for further investigation with
mediastinoscopy. In experienced centres where adequate tissue samples are obtained through
EBUS-TBNA the technique may be an alternative option for patients who have been deemed
not fit for invasive mediastinoscopy.

5. Comparative studies of EBUS-TBNA with other mediastinal sampling
techniques

Combining EBUS-TBNA with standard bronchoscopic techniques has been shown to improve
diagnostic yield further. This is important as improved accuracy in non-invasive techniques
may obviate the need for mediastinoscopy. A number of studies have evaluated combining
EBUS-TBNA.
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A prospective study carried out in an experienced centre examining the safety and efficacy of
combining EBUS-TBNA with TBLB and EBB for the diagnosis of sarcoidosis in an unselected
group of patients [26] demonstrate a sensitivity of standard bronchoscopic techniques (TBLB
and EBB) of 35% (P<0.001) compared with 85% with EBUS-TBNA. Combining the two
techniques resulted in a diagnostic yield of 93% (P<0.0001). In this study the relatively low
sensitivity with TBLB and EBB was attributed to the fact that the majority of patients had stage
I sarcoidosis without evidence of parenchymal disease.

Another study in which patients with clinical and radiological evidence of sarcoidosis
underwent EBUS-TBNA, TBLB and BAL also supports a combined approach. The diagnostic
accuracy was superior with EBUS-TBNA compared with TBLB (p<0.001). Analysis of BAL
samples demonstrated that the CD4/CD8 ratio was >3.5 in 65.7% of patients with a final
diagnosis of sarcoidosis. The diagnostic yield for all modalities of sampling was very high
(100%) in patients with stage II sarcoidosis, however EBUS-TBNA was superior to all other
modalities for stage I disease. Of note, all patients underwent cross sectional imaging prior to
the procedure and had nodes measuring >10mm diameter. ROSE was also utilized [31].

There is evidence to support the use of combined flexible bronchoscopy and EUS-FNA +/-
EBUS-TBNA in order to increase diagnostic yield. Tournoy et al, confirmed this in a study of
patients with suspected sarcoidosis who did not have a definite diagnosis following standard
bronchoscopic techniques (TBNA, TBLB and EBB) [32]. These patients were sent for EBUS-
TBNA and/ or EUS-FNA. A definite diagnosis of sarcoidosis was established in 45% patients
following standard flexible bronchoscopic procedures. However diagnostic yield increased by
a further 39% with the addition of EBUS-TBNA and/ or EUS-FNA.

5.1. Newer techniques

EBUS-guided forceps or transbronchial needle forceps are currently under evaluation. This
sampling tool is a combination of a needle and forceps which can be passed through the
working channel of the EBUS scope. These forceps can potentially allow larger histological
cores of tissue to be obtained. An initial pilot study has shown this tool to be safe and specific
diagnosis was established in 86% of patients [33].

6. Conclusion

EBUS-TBNA is a safe, well tolerated and effective mediastinal sampling tool which can be used
in the diagnosis of suspected sarcoidosis. As with all mediastinal sampling techniques,
histological samples should be interpreted in the context of clinical and radiological findings.
EBUS-TBNA has been shown to have a higher diagnostic yield compared to conventional
bronchoscopic techniques such as EBB, TBLB and TBNA. Combining EBUS-TBNA with other
modalities such as EUS-FNA may further increase diagnostic yield as may the use of newer
sampling tools such as the transbronchial needle forceps. Improved accuracy and yield with
this technique may obviate the need for further invasive sampling attempts such as mediasti‐
noscopy. This consequently reduces the overall cost compared to other techniques and
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importantly reduces the potential for procedure related complications. Future studies are
required to further evaluate this technique in sarcoidosis as compared to existing sampling
techniques.
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1. Introduction

The diagnosis of sarcoidosis is based on clinico-radiological findings and histological evidence
of non-caseating epithelioid-cell granulomas [1]. Traditionally, if pulmonary sarcoidosis is
suspected, pathological diagnostic materials are often obtained using conventional bronchosco‐
py together with procedures such as bronchoalveolar lavage (BAL) for evaluation of disease
activity, transbronchial needle aspiration (TBNA) for hilar/mediastinal lymph node lesions,
transbronchial lung biopsy (TBLB) for lung parenchymal lesions, and transbronchial biopsy (TBB)
for endobronchial lesions. In most cases, however, definitive pathological diagnosis of this disease
mainly depends on TBLB for lung parenchymal lesions because hilar/mediastinal lymph node
lesions are often difficult to access and endobronchial lesions are uncommon. The diagnostic yield
of TBLB in this disease is reportedly about 40–90% when several biopsy samples are obtained [2,
3]. When mediastinal or hilar lymphadenopathy is detected on computed tomography (CT) and
cannot be diagnosed with conventional bronchoscopy, mediastinoscopy is performed to obtain
histological samples. Although the diagnostic sensitivity of this procedures is >90% [4, 5], it is
invasive and requires general anesthesia [5]. In this chapter, a newly developed bronchoscopic
technique, endobronchial ultrasonography (EBUS)-guided transbronchial needle aspiration
(EBUS-TBNA) for the definitive diagnosis of sarcoidosis is discussed.

2. EBUS-TBNA, a newly developed bronchoscopic technique

An  endobronchial  ultrasound,  recently  developed  in  Japan  [6,  7],  is  a  bronchoscope
equipped with a convex-type ultrasound probe at the tip of the scope to simultaneously
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1. Introduction

The diagnosis of sarcoidosis is based on clinico-radiological findings and histological evidence
of non-caseating epithelioid-cell granulomas [1]. Traditionally, if pulmonary sarcoidosis is
suspected, pathological diagnostic materials are often obtained using conventional bronchosco‐
py together with procedures such as bronchoalveolar lavage (BAL) for evaluation of disease
activity, transbronchial needle aspiration (TBNA) for hilar/mediastinal lymph node lesions,
transbronchial lung biopsy (TBLB) for lung parenchymal lesions, and transbronchial biopsy (TBB)
for endobronchial lesions. In most cases, however, definitive pathological diagnosis of this disease
mainly depends on TBLB for lung parenchymal lesions because hilar/mediastinal lymph node
lesions are often difficult to access and endobronchial lesions are uncommon. The diagnostic yield
of TBLB in this disease is reportedly about 40–90% when several biopsy samples are obtained [2,
3]. When mediastinal or hilar lymphadenopathy is detected on computed tomography (CT) and
cannot be diagnosed with conventional bronchoscopy, mediastinoscopy is performed to obtain
histological samples. Although the diagnostic sensitivity of this procedures is >90% [4, 5], it is
invasive and requires general anesthesia [5]. In this chapter, a newly developed bronchoscopic
technique, endobronchial ultrasonography (EBUS)-guided transbronchial needle aspiration
(EBUS-TBNA) for the definitive diagnosis of sarcoidosis is discussed.

2. EBUS-TBNA, a newly developed bronchoscopic technique

An  endobronchial  ultrasound,  recently  developed  in  Japan  [6,  7],  is  a  bronchoscope
equipped with a convex-type ultrasound probe at the tip of the scope to simultaneously
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visualize  endobronchial  images  with  optical-wavelength  light  and  images  of  peribron‐
chial structures, such as lymph nodes and vessels, with ultrasound (Figure 1). By introduc‐
ing a specialized TBNA needle into the forceps channel, it is possible to obtain cytological
and even histological samples [6, 7].  This technique was developed primarily as a novel
minimally invasive diagnostic technique for lymph node staging of lung cancer [6, 8- 17].
As  summarized in  Table  1,  initial  research  disclosed  its  high  sensitivity  and diagnostic
yields for this purpose. This new technique has obviated the need for classical and invasive
mediastinoscopy in many cases, and a current European guideline for lymph node staging
in  lung  cancer  primarily  recommends  EBUS-TBNA  over  mediastinoscopy  [18].  Recent
reports  also  indicate  that  EBUS-TBNA  is  a  valuable  diagnostic  method  for  pulmonary
sarcoidosis  with  hilar/mediastinal  lymphadenopathy  [19  -  32].  The  presence  of  non-
caseating  epithelioid-cell  granulomas  in  the  lymph  nodes  obtained  by  EBUS-TBNA
suggests the diagnosis of granulomatous disease including sarcoidosis.

Figure 1. A bronchoscopic procedure with EBUS. The operator and assistants can view simultaneous real-time images of
both endobronchus with natural light (right monitor) and peribronchial structures with ultrasonography (left monitor).
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Author Year
No. of

patients
Study design

Sensitivity

(%)

Specificity

(%)

Yasufuku[6] 2005 108 Prospective 94.1 100

Yasufuku[10] 2006 102 Prospective 92.3 100

Herth[11] 2006 502 Prospective 94 100

Vincent[12] 2008 146 Retrospective 99.1 100

Wallace[13] 2008 138 Prospective 69 100

Herth[14] 2008 97 Prospective 88.9 100

Ernst[15] 2008 66 Prospective 88.1 100

Petersen[16] 2009 157 Retrospective 85 100

Yasufuku[17] 2011 102 Prospective 81 100

Table 1. Recent studies for staging of lung cancer with EBUS-TBNA

3. Technique to obtain histological and cytological materials with EBUS-
TBNA

EBUS-TBNA is performed under local anesthesia with mild sedation, which is compara‐
ble to conventional bronchoscopy [7 - 11]. Contrast medium-enhanced CT images are used
to identify target lymph nodes. A convex-probe-equipped EBUS bronchoscope (CP-EBUS;
for example, BF-UC260F-OL8; Olympus, Tokyo, Japan) supported by an ultrasound image
processor (model EU-C2000; Olympus) and a dedicated 22- or 21-gauge aspiration needle
(NA-201SX-4022/NA-201SX-4021; Olympus) are used (Figures 2, 3). Although 21 G and 22
G needles yield similar sensitivity in the diagnosis of malignant diseases, 22 G needles are
more efficient than 21 G needles for obtaining materials from patients with sarcoidosis [33].
While  the target  lymph node is  visualized with EBUS,  a  transbronchial  puncture under
real-time ultrasound guidance is performed with a needle equipped with an internal sheath
(Figure 4).  The internal  sheath prevents clogging of  the needle with bronchial  epithelial
cells. On confirming that the tip of the needle has penetrated the target lymph node, the
internal sheath is removed, and rapid negative pressure is applied by aspirating with a 20-
mL syringe several times. After the needle is moved back and forth inside the lymph node
under real-time ultrasound guidance, it is retrieved and the internal sheath is used to expel
the material aspirated in the needle (Figure 5). A histological core is first obtained in many
cases; this material is placed on a small piece of filter paper for fixation in 10% buffered
formalin. The internal sheath is then removed, and positive pressure is applied using an
air-filled 20-mL syringe to expel the remaining material in the needle onto a glass slide,
which  is  then  smeared  against  another  glass  slide  by  using  the  squash  preparation
technique to yield cytological smears on 2 glass slides (Figure 6).  Both histological cores
and cytological  specimens are obtained in many cases  with this  method.  In our institu‐
tion,  tentative  on-site  cytological  diagnosis  by  a  cytoscreener  is  available.  One  of  the
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reports  also  indicate  that  EBUS-TBNA  is  a  valuable  diagnostic  method  for  pulmonary
sarcoidosis  with  hilar/mediastinal  lymphadenopathy  [19  -  32].  The  presence  of  non-
caseating  epithelioid-cell  granulomas  in  the  lymph  nodes  obtained  by  EBUS-TBNA
suggests the diagnosis of granulomatous disease including sarcoidosis.

Figure 1. A bronchoscopic procedure with EBUS. The operator and assistants can view simultaneous real-time images of
both endobronchus with natural light (right monitor) and peribronchial structures with ultrasonography (left monitor).
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Author Year
No. of

patients
Study design

Sensitivity

(%)

Specificity

(%)

Yasufuku[6] 2005 108 Prospective 94.1 100

Yasufuku[10] 2006 102 Prospective 92.3 100

Herth[11] 2006 502 Prospective 94 100

Vincent[12] 2008 146 Retrospective 99.1 100

Wallace[13] 2008 138 Prospective 69 100

Herth[14] 2008 97 Prospective 88.9 100

Ernst[15] 2008 66 Prospective 88.1 100

Petersen[16] 2009 157 Retrospective 85 100

Yasufuku[17] 2011 102 Prospective 81 100

Table 1. Recent studies for staging of lung cancer with EBUS-TBNA

3. Technique to obtain histological and cytological materials with EBUS-
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and cytological  specimens are obtained in many cases  with this  method.  In our institu‐
tion,  tentative  on-site  cytological  diagnosis  by  a  cytoscreener  is  available.  One  of  the
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cytological  slides  is  placed in  95% ethanol  for  fixation  and staining  with  the  Papanico‐
laou technique.  The other one is  air-dried,  stained with a Romanowsky-type stain (Diff-
Quik®), and sent for on-site evaluation. The cytoscreener ensures that the specimen is of
adequate  quality.  Tissue  sampling  is  repeated  until  sufficient  material  is  obtained.  The
aspirated  materials  can  also  be  dispersed into  sterile  saline  solution  for  microbiological
examinations,  including staining and culture  for  bacteria,  fungi,  and acid-fast  bacilli.  In
addition,  polymerase  chain reaction examinations  can be  performed for  acid-fast  bacilli.
Histological diagnoses are based on the results of hematoxylin and eosin (H-E) staining.

Figure 2. The tip of the endobronchial ultrasound equipped with an aspiration needle (asterisk). The needle is pro‐
truded for demonstration.
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Figure 3. The control head of an endobronchial ultrasound is similar to that of a conventional bronchoscope except
for a sophisticated needle aspiration kit that enables operators to control internal and outer sheaths separately.

Figure 4. An ultrasound image showing an enlarged lymph node (hypoechoic area; arrowheads) and an aspiration
needle (arrow) inserted into the lymph node. On ensuring that the tip of the needle is inside the target lymph node,
negative pressure is applied and the needle is moved back and forth inside the lymph node to obtain material for
pathological examination.
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Figure 5. Aspirated material inside the needle is expelled by inserting the inner sheath. Usually a histological core is
obtained, and the material is collected on a filter paper for fixation in formalin solution.

Figure 6. After obtaining the histological core, the inner sheath is removed. An abrupt positive pressure is used to
expel remaining material inside the needle for cytological samples, which are obtained on 2 glass slides by using the
squash preparation technique.
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BAL followed by TBLB with conventional bronchoscopy is performed before EBUS-TBNA
[22,28] when required.

4. Sensitivity and specificity of EBUS-TBNA in the diagnosis of sarcoidosis

Table 2 summarizes the results of recent reports and shows a diagnostic sensitivity for
sarcoidosis of EBUS-TBNA ranging from 56% to 94% [19 - 32]. Non-caseating epithelioid-cell
granulomas on histological examination of EBUS-TBNA specimens have high sensitivity and
specificity for sarcoidosis at stages 1 and 2. Nakajima et al. [22], Oki et al. [28], and Kitamura
et al. [29] reported that the sensitivity of EBUS-TBNA for stage 1 and 2 sarcoidosis is much
higher than that of TBLB from the lung parenchyma.

Author Year
No. of

patients
Study design

Histology Cytology Histology & Cytology

Sensitivity

(%)

Specificity

(%)

Sensitivity

(%)

Specificity

(%)

Sensitivity

(%)

Specificity

(%)

Garwood[19] 2007 48 Prospective - - - - 85 -

Oki[20] 2007 14 Prospective 57 - 65 - 78 -

Wong[21] 2007 61 Prospective - - - - 92 -

Nakajima[22] 2009 32 Retrospective 63 - 71 - 91 -

Tremblay[23] 2009 24 Prospective - - - - 83 -

Eckardt[24] 2010 43 Retrospective - - - - 77 -

Tournoy[25] 2010 54 Prospective - - - - 56 -

Navani[26] 2011 27 Prospective - - - - 85 -

Plit[27] 2011 37 Retrospective - - - - 84 -

Oki[28] 2012 54 Prospective - - - - 94 -

Kitamura[29] 2012 72 Retrospective 72 97 65 94 88 92

- : not available

Table 2. Recent studies for diagnosis of sarcoidosis with EBUS-TBNA

5. Diagnostic validity for sarcoidosis of epithelioid-cell clusters on
cytological examination

Cytological evaluation has been reported in the diagnosis of sarcoidosis with conventional
TBNA, trans-esophageal ultrasound-guided biopsy [34 - 40], and EBUS-TBNA [41,42];
however, the validity of the diagnostic criteria has not been defined.
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Epithelioid-cell clusters suggesting the presence of granulomas are defined by variably-sized
loose collections of non-pigmented epithelioid or spindle-cell histiocytes that are usually
accompanied by lymphocytes [31]. Typical cytological findings are shown in Figures 7 to 10,
together with their corresponding histological findings obtained from the same aspiration. The
validity of cytological evaluation in the diagnosis of sarcoidosis, however, was not well-
defined. To elucidate the diagnostic validity of epithelioid-cell clusters on cytological exami‐
nation, we performed a study in which cytological samples from 72 patients with sarcoidosis
and 116 control patients with malignant lung diseases mainly of primary lung cancer (with
lymphadenopathy eventually proven to be metastasis free) were evaluated independently by
2 cytoscreeners and a pathologist, all blinded to patient information. The results included
excellent inter-observer variability and a high specificity of 94.0%, indicating validity of
cytological diagnosis of sarcoidosis [29]. Our study also uncovered a very high rate (87.5% or
63/72) of pathological proof of epithelioid-cell granulomas when cytological and histological
evaluations with EBUS-TBNA-obtained materials were combined. Validity of cytological
diagnosis of sarcoidosis might be applicable to other organs.

Figure 7. Typical epithelioid-cell clusters in a cytological specimen, with Diff-Quik staining (a and b) and Papanicolaou
staining (c and d). They were obtained from the same lymph node in a patient with sarcoidosis. The original magnifi‐
cations were ×100 (a and c) and ×400 (b and d).
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Figure 8. Histological findings of a histological core obtained from the same patient whose cytological findings are
shown in Figure 7. Histological findings characteristic of a non-caseating epithelioid-cell granuloma are shown (H-E
stain; original magnification of ×100 in a and ×200 in b).

Figure 9. Normal lymph node findings shown in a cytological specimen, with Diff-Quik staining (a and b) and Papani‐
colaou staining (c and d). They were obtained from the same lymph node in a control patient. The original magnifica‐
tion were ×100 (a and c) and ×400 (b and d).
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Figure 10. Histological findings of a histological core obtained from the same patient whose cytological findings are
shown in Figure 9. Although the structure has partially disintegrated probably because of tissue damage inside the
aspiration needle, normal lymph node architecture is observed without evidence of epithelioid-cell granuloma or ma‐
lignant cells (H-E stain; original magnification of ×100 in a and ×200 in b).

6. Epithelioid-cell granulomas in lymphadenopathy with lung cancer

Non-caseating epithelioid-cell granulomas may be seen in draining lymph nodes in various
malignant diseases. These relatively uncommon histological findings, which are not systemic
sarcoidosis, have been termed sarcoid reactions [43]. Sarcoid reactions are also seen in lung
malignancy with a reported incidence of 1.2–4.3% [44- 46]. This value was 6.0% in our study
[29], that is, cytological evaluation of the EBUS-TBNA samples revealed epithelioid-cell
clusters in lymph nodes from 7 patients out of the 116 patients with primary lung cancer whose
lymphadenopathy was eventually proven to be metastasis free. Sarcoid reactions probably
reflect an immune response to tumor antigens due to T-cell mediated immune responses [47].
The tumor antigens are thought to be carried by lymphatic vessels to the draining lymph nodes,
causing sarcoid reactions in situ [43]. Although uncommon, it is very important that this is
considered in the pathological diagnosis of sarcoidosis. There is no report on differentiating
sarcoidosis from sarcoid reactions on the basis of histological and/or cytological findings.
Clinical differentiation of sarcoid reaction from sarcoidosis, however, may not be difficult
because of the presence of primary lesion and asymmetric distribution of the hilar/mediasti‐
num lymphadenopathy. Nevertheless, it should be stressed that sarcoid reaction potentially
misleads N staging of the lung cancer.

Sarcoidosis266

7. Future directions

As discussed in the above sections, EBUS-TBNA results in a very high rate (>80%) of patho‐
logical proof of sarcoidosis provided enlarged hilar/mediastinal lymph nodes are accessible.
The technique has been reported to be very safe because target lymph nodes and surrounding
vessels are easily visualized with ultrasound images. In contrast, the sensitivity of TBLB of
pulmonary parenchymal lesions is reportedly much lower than that with EBUS-TBNA. In fact,
it was 34.5% (or 20/58) in our study [29], where only 58 patients out of the 72 patients with
sarcoidosis were evaluated with TBLB because of absent pulmonary lesions in the imaging
studies and/or possible complications. TBLB is potentially invasive; consequently, the proce‐
dure may be complicated with massive bleeding or pneumothorax. These possible complica‐
tions may justify avoiding TBLB in the diagnosis of sarcoidosis when EBUS-TBNA is available.
Excluding certain conditions where proof of pulmonary parenchymal lesions is required,
prioritizing EBUS-TBNA over TBLB would be reasonable. Advances in this new technology
might change the diagnostic practices in sarcoidosis.

In addition, easier access to involved lymph nodes with EBUS-TBNA may provide new
opportunities to obtain biomarkers for elucidating pathogenesis of the disease. In fact,
Nakajima et al. [48] and Sakairi et al. [49] were successful with this technique in detecting
various gene mutations in patients with lung cancer. Similar advances with the same technique
in the field of sarcoidosis and other granulomatous diseases would be realistic. We anticipate
that sarcoidosis, an unpleasant refractory disease, will be conquered by applied investigation
and personalized care in the future.
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1. Introduction

Sarcoidosis is a systemic inflammatory disease of unknown etiology. The hallmark histological
feature of the disease is epithelioid cell granuloma derived from activated T cells and macro‐
phages triggered by unknown immune stimuli such as bacterial protein or beryllium metal [1,
2]. Various inflammatory cytokines and growth factors can participate in the pathophysiolog‐
ical processes of sarcoidosis [1].

Sarcoidosis is fundamentally a chronic inflammatory disease. The pathological and clinical
courses vary widely from spontaneous regression to fibrotic progression leading to various
patterns of organ dysfunction [3].

Any of the following may be selected as therapeutic targets for sarcoidosis, depending on the
pathophysiology and evolution of the disease: 1) delete the etiological agents, 2) attenuate the
hyperimmune reactions directly underlying the epithelioid cell granuloma formation, 3) arrest
any pathophysiological processes that tend to persist, 4) relieve functional disturbances caused
by fibrotic lesions, 5) replace disabled organs by transplantation.

It is critical to grasp or predict the whole clinical course of sarcoidosis when considering
therapies.

Corticosteroids, the established standard therapy for sarcoidosis, have drawbacks. While
corticosteroids are reliably therapeutic, some patients manifest adverse effects during treat‐
ment or functional declines in spite of treatment [4]. Corticosteroids may also disturb the
defensive function of granulomas surrounding etiological antigens or disturb healing proc‐
esses by attenuating various inflammatory processes homogeneously.
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In this article we review the widely variable clinical courses sarcoidosis is known to take. We
also try to propose a therapeutic strategy for stably managing chronic sarcoidosis, especially
for patients with involvement of vital organs such as the lung and heart.

2. Therapeutic problems and clinical courses

The clinical courses of sarcoidosis vary considerably. The disease spontaneously regresses in
about 10-20 % of patients, persists in chronic form in another 30-50 %, relapses and recurs in
another 20-30 %, and deteriorates in about 10 % [3].

The clinical phenotypes associated with the various clinical courses have been proposed based
on a review of 400 sarcoidosis cases collected all over the world. The WASOG Task Force
classified 9 phenotypes according to evaluations of clinical courses up to 5 years after detection
(see Fig. 1) [5]. Among cases in Japan, sarcoidosis is presumed to reach the chronic stage when
chest radiographic abnormalities persist for five years after detection [3]. According to the
clinical phenotypes classified by WASOG, 17 % of cases spontaneously regress, 8 % deteriorate,
34 % manifest minimal remaining lesions with or without therapies, and 34 % progress to the
chronic stage with or without treatment [5]. Among the patients who receive treatment, 40 %
reportedly relapse after the corticosteroids are tapered or discontinued altogether [6]. The
ACCESS study reported multiple lesion sites, lesion frequency by site, and various associations
of clinical characteristics with the patient age, sex, number of lesions, and population differ‐
ences [7]. Though the frequencies vary, functional deterioration has been reported in all
affected organs. The clinical course of sarcoidosis is stable in 80 % of cases at 2 years after
detection, though the prognosis tends to be worse in African Americans [8].

Observe patientObserve patient
Five yearsFive years

Resolved/MinimalResolved/Minimal

ResolvedResolved

NeverNever
TreatedTreated

No therapyNo therapy
> 12 mo> 12 mo

Minimal DiseaseMinimal Disease

NeverNever
TreatedTreated

No TherapyNo Therapy
>12 mo>12 mo

1              2               3                 4

Observe patientObserve patient
Five yearsFive years

PersistentPersistent

No current therapyNo current therapy

Never Never 
TreatedTreated

No therapyNo therapy
> 12 mo> 12 mo

Current TherapyCurrent Therapy

AsymptomaticAsymptomatic No worseningNo worsening
Prior 12 moPrior 12 mo

Worsening inWorsening in
Prior 12 moPrior 12 mo

5                      6                        7               5                      6                        7               8                      98                      9

Figure 1. Clinical phenotypes of sarcoidosis patients proposed by WASOG 2005. Minimal disease is defined as less
than 25 % of maximal lesions
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3. Sarcoidosis therapy

Therapy is indicated for sarcoidosis patients with lesions of the heart, with pulmonary fibrosis
in bronchovascular bundle areas, with neurosarcoidosis, and with systemic symptoms such
as fever, malaise, and ocular lesions. The therapies administered tend to be prolonged in most
patients with chronic lesions.

According to a meta-analysis by Reich, excessive corticosteroid therapy may unfavorably
influence the long-term course of the disease in some individuals [9]. Among 948 sarcoidosis
patients retrospectively reviewed by our group, 28 had advanced pulmonary sarcoidosis, 13
of those 28 advanced cases died, and 9 of those deceased cases had received corticosteroids [3].
Another retrospective study from Japan reported corticosteroid response in 70-80 % of 195
sarcoidosis patients, although the rate was lower, that is, only 48 %, in patients with cardiac
sarcoidosis [4].

Methotrexate, one of the alternative drug treatments for sarcoidosis, is prescribed mainly for
chronic sarcoidosis and can be expected to confer a steroid-sparing effect in addition to an
immunomodulatory effect [10]. Methotrexate is reported to be therapeutically effective mainly
in cases with skin lesions [11], ocular lesions [12], neuromuscular lesions [13],etc. In our clinical
experience the agent is therapeutically effective, albeit incompletely, for sarcoidosis involving
lesions of the lung, heart, and neuromuscular system. Long-term therapy is mandatory for
chronic sarcoidosis, especially for the prevention of functional declines that can lead to
congestive cardiac failure or sudden death in cases with cardiac lesions. Corticosteroid therapy
may fail to prevent functional deteriorations longitudinally [12]. The Delphi study offered no
precise guidance on how to treat sarcoidosis with corticosteroids or alternative agents [14,15].

In this chapter we try to introduce our own clinical experience with pulmonary and cardiac
sarcoidosis.

3.1. Treatment for pulmonary sarcoidosis

Patients with sarcoidosis present with various types of pulmonary lesions, some of which
spontaneously regress and some of which show fibrotic deterioration [16,17]. Fibrotic lesions
situated along the bronchovascular bundle of the lung are likely to result in chronic airflow
limitations [18] and bronchial distortions of a type often associated with infections such as
nontuberculous mycobacterium, pseudomonas aeruginosa, and aspergillus fumigatus [16,19].
Some patients with pulmonary fibrosis also develop pulmonary hypertension [20]. Lung
transplantation is considered when the disease progresses to a severe stage in patients under
60 years old [21,22].

Therapy itself might cause opportunistic infection under these circumstances. No medicines
available at present are definitively effective at attenuating the fibrotic progression along the
bronchovascular bundles. It usually takes 5-10 years before the fibrotic progression leads to
chronic respiratory failure [3]. Longitudinal management and treatment must continue for
long durations without adverse effects, as chronic respiratory failure persists for several years
after it first manifests [3]. From this standpoint, methotrexate may be an available option for
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Figure 1. Clinical phenotypes of sarcoidosis patients proposed by WASOG 2005. Minimal disease is defined as less
than 25 % of maximal lesions
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3. Sarcoidosis therapy

Therapy is indicated for sarcoidosis patients with lesions of the heart, with pulmonary fibrosis
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pulmonary sarcoidosis. Unlike methotrexate therapy for rheumatoid arthritis, methotrexate
for sarcoidosis has seldom led to drug-related pneumonia in our clinical experience.

Presentation of two cases

Case 1: 59-year-old male, never-smoker, no occupational exposure

Patient 1 visited our institution, Central Clinic, with complaints of a severe cough and
exertional dyspnea. His chest radiograph showed diffuse pulmonary lesions with fibrosis
mainly distributed on the upper and middle lung fields (Figure 2 ). Transbronchial lung biopsy
revealed epithelioid cell granuloma. Having found no obvious infection at the initial exami‐
nation, we started the patient on prednisolone (10 mg /day) and methotrexate (6 mg/week).
After therapy his symptoms gradually attenuated. The opacities decreased during treatment
in radiological images, but not drastically on CT findings (Figure 3). Pulmonary function
results showed improved diffusion capacity and the patient reported an abatement of his
cough and exertional dyspnea. The airflow limitation, however, gradually worsened (Table 1).

FVC: forced vital capacity, FEV1: forced expiratory vital capacity one second, 

DLCO: diffusion lung capacity carbon monooxide  

EF: ejection fraction, Reg. : regurgitation, sPAP : systolic pulmonary artery pressure 

ACE: angiotensin converting enzyme, 1,25-(OH)2 VD: 1,25-OH)2 vitamine D 
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Table 1. Change in the functional or blood markers over time: 59 M Ns

No pulmonary hypertension appeared in a cardiac echogram. No blood markers suggestive
of disease activity (serum ACE, 1,25-(OH)2 vitamin D) appeared in association with the
treatment course (Table 1). The patient’s symptoms almost wholly abated and his prednisolone
and methotrexate were tapered to 3 mg/day and 2 mg/week, respectively. No adverse effects
were found during treatment.
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Figure 2. Longitudinal course of pulmonary fibrosis in patients with sarcoidosis: Plain chest radiograph 59-year-old
male, nonsmoker, chief complaints of cough and exertional dyspnea a : when corticosteroids and methotrexate were
introduced b: after 3 years of treatment c: after 5 years of treatment
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Figure 3. Longitudinal course of pulmonary fibrosis in patients with sarcoidosis: High-resolution CT findings a : when
corticosteroids and methotrexate were introduced b: after 3 years of treatment c: after 5 years of treatment
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Case 2. 60-year-old male, ex-smoker, no occupational exposure

Ocular lesions and BHL were detected by a health survey 27 years earlier, in 1982. A trans‐
bronchial lung biopsy at the time revealed epithelioid cell granuloma, and few parenchymal
lesions of the lung were evident on HRCT. After an initial examination at Kyoto University,
the patient moved away from Kyoto for his work. In the intervening 27 years we had no
opportunity to follow his condition. In 2008, the patient visited our clinic because of exertional
dyspnea and a severe cough with sputum production. Bilateral fibrotic lung lesions had
developed on his upper lungs (Figure 4). Having detected no obvious infection, we started the
patient on prednisolone (5 mg/day) and methotrexate (6 mg/week). His symptoms improved
considerably by the end of the third month after treatment and he remained stable thereafter.
Pulmonary function results also demonstrated a mild increase in %DLCO 18 months after the
treatment commenced (Table 2).
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DLCO: diffusion lung capacity carbon monooxide  
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Grade : Hugh Johns grade of exertional dyspnea 
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Table 2. Change in his symptoms and functions over time: 60, M, Ex, Eye, BHL, Lung 31 yrs,

While the therapeutic effects in these cases were by no means stellar, they did bring about
symptomatic relief, relatively good functional stabilization, and improved radiographic
findings. It remains unsolved whether antifibrotic drugs such as pirfenidone are effective for
fibrotic lesions in patients with sarcoidosis.

3.2. Treatment for cardiac sarcoidosis

Cardiac lesions can be patchily distributed in the four chambers of the heart. The dysfunctions
they cause range from arrhythmia to right bundle block, left bundle block, and complete
atrioventricular block leading to cardiac failure or cardiac arrest [23].
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Figure 4. Longitudinal course of pulmonary fibrosis in patients with sarcoidosis: Plain chest radiograph 60-year-old
male, ex-smoker, chief complaints of cough and exertional dyspnea Eye, BHL, and lung (30-year duration) a : at the
initial exam in Kyoto University 27 years earlier b: at the revisit to the clinic 27 years later

a
7.30.2008

b 
3.3.2010

Figure 5. Longitudinal course of pulmonary fibrosis in patients with sarcoidosis: High-resolution CT findings 60-year-
old male, ex-smoker, chief complaints of cough and exertional dyspnea Eye, BHL, and lung (30-year duration) a : when
corticosteroids and methotrexate were introduced b: after 2 years of therapy
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The Japanese Society of Sarcoidosis and Other Granulomatous Disorders published revised
guidelines for the diagnosis of cardiac sarcoidosis [24]. These guidelines proposed criteria for
definite diagnosis and clinical diagnosis: 1) Definite group, histological diagnosis by cardiac
biopsy; 2) Clinical diagnosis group, negative biopsy with proven extracardiac sarcoidosis and
satisfaction of 1 of 4 major criteria and 2 or more minor criteria. The major criteria were
advanced AV block, basal thinning of the ventricular septum, positive cardiac gallium uptake,
and left ventricular ejection fraction of less than 50 %. The minor criteria were abnormal ECG
findings (ventricular tachycardia, multifocal frequent premature ventricular contractions,
complete right bundle branch block pathologic Q waves, or abnormal axis deviation, UCG
abnormality (regional wall motion abnormalities, ventricular aneurysm, or unexplained
increase in wall thickness), perfusion defects detected by myocardial scintigraphy, delayed
gadolinium enhancement of the myocardium on cardiac MRI scanning, and interstitial fibrosis
or monocyte infiltration greater than moderate grade by endomyocardial biopsy. As the
positive biopsy rate seems to be lower, the aforesaid guidelines are useful in a patients with
proven noncardiac sarcoidosis and suspected cardiac involvement [23].

Regarding treatment, published data on several uncontrolled series of patients with cardiac
sarcoidosis have suggested that steroids may be a valuable therapy for this condition. Yet no
randomized control data are available to support this. In a retrospective series of 48 cases of
cardiac sarcoidosis from Japan, high-dose steroid therapy seemed to be ineffective for patients
with a pretreatment left ventricular ejection fraction of less than 30%, whereas improvement
in ejection fraction and a decrease in left ventricular end-diastolic volume was seen in patients
with a pretreatment ejection fraction of between 30% and 55% [4]. In a retrospective study from
France, corticosteroid therapy improved abnormal echocardiographic parameters in 78% of
cases and symptoms completely resolved in 9 of 17 patients presenting with congestive heart
failure [25]. In a retrospective study of cardiac sarcoidosis in 30 Japanese patients who received
40 mg or more of prednisone daily and 45 patients who received less than 30 mg/d, there was
no apparent survival benefit of high-dose prednisone over the lower dose [13].

No data are available to support the efficacy of additional immunosuppressive therapy for
cardiac sarcoidosis with cyclophosphamide, methotrexate, or cyclosporine. Infliximab and
etanercept, agents used against rheumatoid arthritis via their actions against tumor necrosis
factor-α, have recently been proposed as treatments for some forms of chronic, refractory
sarcoidosis [26].

3.3. Methotrexate for the treatment of cardiac sarcoidosis

This chapter presents the findings of a small open label comparative study by our group.

Long-term functional changes of ejection fraction on echocardiography were compared
between patients who received combination therapy (low-dose prednisolone and methotrex‐
ate) and patients who received corticosteroids only.

As shown in table 3, there were no significant differences in sex distribution, duration of
sarcoidosis, the number of lesions, or the frequency of pace maker implantation, though the
age at the time of drug introduction tended to be higher in the patients treated with cortico‐
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steroids. There were no significant differences in the number of lesion sites, except for the
number renal stones (higher in patients on corticosteroids). There were no significant differ‐
ences in abnormal findings on electrocardiogram between the two groups (Table 4). Guided
by these findings, we followed the ejection fraction (%) at one-year intervals after the intro‐
duction of the therapy. As shown in Table 5, ejection fraction stabilized in the combination
therapy group 3 to 5 years after the first treatment.

CS only CS+MTX p-value

Af 0 1

PVC 1 0.463

CRBB 0 2

LBBB 6 7

CAVB

basal thinning 7 9 0.101

Af:atrial fibrilation, PVC: premature ventricular contractions

CRBBB : complete right bundle branch block, LBBB: left bundle branchblock

CAVB: complete atrioventricular block

Basal thinning: basal thinning of the ventricular septum

p-value: less than 0.05 as statistically significant

Table 4. Comparison of the electrocardiographic abnormalities between the steroid treated and the combination
therapy

CS only CS+MTX p-value

No of the cases 7 13

Age (years) 67±12.5* 56.5±13.7 0.07

M:W 2:05 5:08 0.66

duration (mos) 92.1±70.4 64.7±41.0 0.63

No of the extracardiac lesion 3.86±1.26 3.85±1.52 0.83

pace maker 6 11 0.95

CS:corticosteroid, MTX: methotrexate

M:man, W:woman, duration: from the detection to the introduction of the therapy,

* Figures express mean±standard deviation (SD)

p-value: less than 0.05 as statistically significant

Table 3. Clinical profiles in patients studied
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EF % CS only CS+MTX p-value

0* 56.1±13.1 58.4±15.3 0.812

12 48.0±16.7 55.5±15.3 0.383

36 41.2±9.8 58.6±11.6 0.007

60 41.0±13.1 56.2±12.3 0.069

96 48.7±9.2 55.0±25.2

EF : ejection fraction (%) on echocardiography

CS: corticosteroid, MTX: methotrexate

* months from the intorduction of the treatment

Figures express mean±standard deviation (SD)

p-value: less than 0.05 as statistically significant

Table 5. Comparison of the ejection fraction on echocardiography between the steroid treated and the combination
therapy

In the corticosteroid group, cardiac enlargement was found on plain chest radiographs at 3 to
5 years after the commencement of therapy in association with a decrease in ejection fraction
(see, for example, Figs. 6 and 7). Meanwhile, combination therapy restored or stabilized the
ejection fraction and cardiac enlargement on chest radiograph (see, for example, Figs. 8 and 9).
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ACE 28.3, heart with complete AV block Ordinate: ejection fraction (%) on echocardiography Abscissa: months from
the introduction of therapy

Sarcoidosis284

a b c

Figure 7. Longitudinal course of plain chest radiograph 74-year-old female, nonsmoker, eye, renal stone, BHL, ACE
28.3, heart with complete AV block a: when the corticosteroid therapy was introduced, b: after 5 years of treatment, c:
after 7 years of treatment
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heart with complete AV block Ordinate: ejection fraction (%) on echocardiography Abscissa: months from the intro‐
duction of therapy
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EF % CS only CS+MTX p-value
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* months from the intorduction of the treatment

Figures express mean±standard deviation (SD)

p-value: less than 0.05 as statistically significant
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5 years after the commencement of therapy in association with a decrease in ejection fraction
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a b c

Figure 9. Longitudinal course of plain chest radiograph 62-year-old female, nonsmoker, BHL, lung, ACE 29.0, heart
with complete AV block, a: when the introduction of corticosteroid and methotrexate therapy was introduced, b: after
2 years of treatment c: after 5 years of treatment

Eight patients received methotrexate in our clinic after treatment with corticosteroid therapy
in another hospital. Some presented with decreased ejection fraction suggestive of congestive
heart failure when they came to our clinic. Yet even for those patients, the add-on methotrexate
improved the ejection fraction over a period years.

During long-term treatment with methotrexate and low-dose of prednisolone, there were no
serious adverse effects such as bone marrow suppression, opportunistic infection, or drug-
related pneumonia in our series.

At present we propose the following therapeutic strategy: in patients with cardiac sarcoidosis
(especially those with pace makers because of complete AV block), a combination therapy of
low-dose prednisolone and methotrexate as the initial treatment following long-term mainte‐
nance therapy will stabilize cardiac function with few adverse effects. A large-scale controlled
prospective study to assess this approach will of course be warranted.

4. Conclusion

It is important to evaluate the whole clinical course in patients with sarcoidosis. Therapeutic
decisions should be based on the clinical course, especially for chronic patients who need long-
term treatment. As our studies on patients with cardiac lesions and patients with fibrotic
pulmonary lesions demonstrate, weekly methotrexate therapy with or without small doses of
corticosteroids may stabilize the deterioration without eliciting adverse effects during long-
term treatment.
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Nomenclature

WASOG: World Association of Sarcoidosis and Other Granulomatous Disorders

ACCESS: A Case Control Etiologic Study of Sarcoidosis

ACE: Angiotensin converting enzyme

1,25-(OH)2 vitamin D: 1,25-dihydroxy- vitamin D

HRCT: High Resolution Computed Tomography

DLCO: diffusion capacity for carbon monoxide

AV block: atrioventricular block

ECG: Electrocardiography

UCG: ultrasound cardiography

FVC: forced vital capacity, FEV1: forced expiratory volume one second,

EF: ejection fraction, Reg.: regurgitation, sPAP : systolic pulmonary artery pressure

DOE: dyspnea on exertion

Grade : Hugh Johns grade of exertional dyspnea

CS:corticosteroid, MTX: methotrexate

M:man, W:woman

Af:atrial fibrilation, PVC: premature ventricular contractions

CRBBB : complete right bundle branch block, LBBB: left bundle branchblock

CAVB: complete atrioventricular block
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with complete AV block, a: when the introduction of corticosteroid and methotrexate therapy was introduced, b: after
2 years of treatment c: after 5 years of treatment
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improved the ejection fraction over a period years.

During long-term treatment with methotrexate and low-dose of prednisolone, there were no
serious adverse effects such as bone marrow suppression, opportunistic infection, or drug-
related pneumonia in our series.
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(especially those with pace makers because of complete AV block), a combination therapy of
low-dose prednisolone and methotrexate as the initial treatment following long-term mainte‐
nance therapy will stabilize cardiac function with few adverse effects. A large-scale controlled
prospective study to assess this approach will of course be warranted.

4. Conclusion

It is important to evaluate the whole clinical course in patients with sarcoidosis. Therapeutic
decisions should be based on the clinical course, especially for chronic patients who need long-
term treatment. As our studies on patients with cardiac lesions and patients with fibrotic
pulmonary lesions demonstrate, weekly methotrexate therapy with or without small doses of
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