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Biochemistry, the study of chemical transformations occurring within living
organisms, impacts all of the life sciences, from molecular crystallography and
genetics, to ecology, medicine and population biology. Biochemistry studies
macromolecules - proteins, nucleic acids, carbohydrates and lipids —their building
blocks, structures, functions and interactions. Much of biochemistry is devoted

to enzymes, proteins that catalyze chemical reactions, enzyme structures, mech-
anisms of action and their roles within cells. Biochemistry also studies small sig-
naling molecules, coenzymes, inhibitors, vitamins and hormones, which play roles
in the life process. Biochemical experimentation, besides coopting the methods

of classical chemistry, e.g., chromatography, adopted new techniques, e.g., X-ray
diffraction, electron microscopy, NMR, radioisotopes, and developed sophisticat-
ed microbial genetic tools, e.g., auxotroph mutants and their revertants, fermenta-
tion, etc. More recently, biochemistry embraced the ‘big data’ omics systems.
Initial biochemical studies have been exclusively analytic: dissecting, purifying
and examining individual components of a biological system; in exemplary words
of Efraim Racker, (1913 -1991) “Don’t waste clean thinking on dirty enzymes.”
Today, however, biochemistry is becoming more agglomerative and comprehen-
sive, setting out to integrate and describe fully a particular biological system. The
‘big data’ metabolomics can define the complement of small molecules, e.g., ina
soil or biofilm sample; proteomics can distinguish all the proteins comprising e.g.,
serum; metagenomics can identify all the genes in a complex environment e.g., the
bovine rumen.

This Biochemistry Series will address both the current research on biomolecules,
and the emerging trends with great promise.
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Preface

Chemokines (CKs) are a large group of chemotactic cytokines that control cell
location, migration, and interactions between different tissues. They are mostly
known for their ability to stimulate the migration of cells, especially leukocytes. CKs
play a central role in the development and homeostasis of the immune system. They
also have essential roles in all destructive or protective immune and inflammatory
responses.

CKs play crucial roles in various viral infections, such as influenza, hepatitis B virus
(HBV), hepatitis C virus (HCV), viral meningitis, human immunodeficiency virus
(HIV), and SARS-CoV-2. CKs mediate the directing of the transport of leukocyte cells
into the tumor microenvironment to generate the host response against cancer. CKs can
directly modulate tumor tissue expansion by inducing the proliferation of cancerous
cells and inhibiting their apoptosis. They can also indirectly modulate the growth of
tumor tissue through the effects of CKs on tumor stromal cells by inducing the release
of growth and angiogenic factors of cells that make up the tumor microenvironment.

Chemokines Updates contains chapters focusing on research in medical biology

and genetics, molecular aspects of medical biotechnology, cancer biochemistry,
periodontal diseases, and medical applications in related approaches. The book
reviews critical issues and some of the latest developments in applied medical
research. Special attention is paid to the clinical aspects of chemokines in the applied
health sciences. The book’s primary audience is students, researchers, dentists,
pharmacists, medical practitioners, and professionals interested in similar fields.

The book has been written by international scientists with expertise in the natural and
health sciences, and I would like to thank all the authors for their contributions. We
hope the book will increase scientists’ knowledge of the complexity of some medical
approaches and will encourage both professionals and students to devote some of their
future research to understanding the mechanisms and practices involved.

Dr. Murat Sentiirk

Professor,

Faculty of Pharmacy,

Agri Ibrahim Cecen University,
Agri, Turkiye






Chapter1

Chemokines Effective on Platelet
Functions

Asuman Akkaya Firat

Abstract

Chemokines or chemotactic cytokines are chemical signaling molecules that have
aregulatory effect on the orientation of endothelial and epithelial cells, especially
leukocytes, immune and inflammatory response, and cell regeneration. They are
important in the management of endothelial damage, physical harm, atherosclerosis,
vascular injury, bleeding, coagulation, interneuron transmission, and platelet func-
tions. Chemokines are divided into four main subfamilies: CXC, CC, CX3C, and C. All
of these proteins exert their biological effects by interacting with G-protein-coupled
transmembrane receptors called chemokine receptors, which are selectively present
on the surfaces of their target cells. Platelet chemokines increase the recruitment
of various hematopoietic cells to the vascular wall by nurturing processes, such as
neointima formation, atherosclerosis, and thrombosis, while also promoting vessel
repair and regeneration after vascular injury. Regarding platelets, CXCL4 (platelet
factor 4 and PF4) and the chemokine CXCL7, which is processed from platelet basic
protein to connective tissue activating peptide-III and p-thrombomodulin, to its
active form neutrophil-activating peptide-2, which are the most abundant. In this
chapter, chemokines that are more effective on platelets will be discussed.

Keywords: chemokines, platelets, platelet-activating factor (PAF)

1. Introduction

Chemokines or chemotactic cytokines are chemical signaling molecules that have
aregulatory effect on the orientation of endothelial and epithelial cells, especially
leukocytes, immune and inflammatory response, and cell regeneration. They are
important in the management of endothelial damage, physical damage, atheroscle-
rosis, vascular injury, bleeding, coagulation, interneuron transmission, and platelet
functions. Chemokines are divided into four main subfamilies: CXC, CC, CX3C, and
C. All of these proteins exert their biological effects by interacting with G-protein-
coupled transmembrane receptors called chemokine receptors, which are selectively
present on the surfaces of their target cells. Platelet chemokines increase the recruit-
ment of various hematopoietic cells to the vascular wall by nurturing processes, such
as neointima formation, atherosclerosis, and thrombosis, while also promoting vessel
repair and regeneration after vascular injury. Regarding platelets, CXCL4 (platelet
factor 4 and PF4) and the chemokine CXCL7, which is processed from platelet basic
protein to connective tissue activating peptide-III and p-thrombomodulin to its active
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form neutrophil-activating peptide-2, which are the most abundant [1-5]. In this
chapter, chemokines that are more effective on platelets will be discussed.

2. Chemokines

The word “chemokine” comes from the ancient Greek word “alchemy” and
“kinesis.” Cytokines are a family of small cytokines or signaling proteins that are
secreted by different cells, especially immune system cells, and induce the movement,
communication, and secretory functions of other cell types, including leukocytes as
well as endothelial and epithelial cells [1, 2]. In addition to playing an important role
in the activation of host immune responses, chemokines are important in biological
processes, such as morphogenesis, hemostasis, wound healing, and also in the patho-
genesis of diseases, such as cancer [1-3]. Chemokines are classified according to their
behavioral and structural properties. All chemokines are small molecules, about 8-10
kDa by mass. The amino acid number and sequence of different chemokine molecules
are 20-50% the same. It has four cysteine residues that are the basis for creating the
Greek-key-like 3D shapes in basal positions. The first two cysteines in a chemokine
are located near the N-terminal end of the protein, the third cysteines in the center
of the molecule, and the fourth is near the C-terminal region. This is followed by a
single-turn helix called a 39-helix, three p-strands, and a C-terminal a-helix. These
helices and strands are connected by turns called the 30s, 40s, and 50s loops; the third
and fourth cysteines are located in the 30s and 50s loops [4]. Chemokines are found
in all vertebrates, some viruses, and some bacteria, but none have been found in other
invertebrates [5].

Members of the chemokine family are divided into four groups based on the
framework formed by the first two cysteine residues:

1. C chemokines
2.CXC chemokines
3.CC chemokines

4. CX;3C chemokines [4]

C chemokines (or y-chemokines) differ from all other chemokines in that it con-
tains only two cysteines; an N-terminal cysteine and a second cysteine downstream.
Two chemokines have been identified for this subgroup and are designated XCL1
(lymphotactin-a) and XCL2 (lymphotactin-f). Thus, the terminology of chemokines
is, for example, CCL1 for ligand 1 of the CC-family of chemokines and CCR1 for its
corresponding receptor [4].

CXC chemokines the two N-terminal cysteines (or a-chemokines) are separated
by an amino acid represented by an “X.” There are 17 different CXC chemokines
identified in mammals, with a specific amino acid sequence glutamic acid-leucine-
arginine (ELR domain) just before the first cysteine of CXC. Chemokines with an
ELR extension are called ELR-positive and those without an ELR extension are called
ELR-negative. ELR-positive chemokines, specifically induce the migration of neutro-
phils. An example of an ELR-positive CXC chemokine is interleukin-8 (IL-8), which
induces neutrophils to leave the bloodstream and enter surrounding tissue. Another
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example is CXCL13, which is ELR negative and tends to be chemotactic for lympho-

cytes. Seven of the CXC chemokines have been discovered to date, and these ligands
interact with their receptors, CXCRs. Receptors called CXCR1-7 belong to this group
of chemokines [6].

CC chemokines (or -chemokine) proteins have two adjacent cysteines (amino
acids), near their amino terminus. There have been at least 27 distinct members of
this subgroup reported for mammals, called CC chemokine ligands (CCL)-1 to —28;
CCL10 is the same as CCL9. Chemokines of this subfamily usually contain four cyste-
ines (C4-CC chemokines), but a small number of CC chemokines possess six cyste-
ines (C6-CC chemokines). C6-CC chemokines include CCL1, CCL15, CCL21, CCL23,
and CCL28 [4-7]. CC chemokines induce the migration of monocytes and other
cell types, such as NK cells and dendritic cells. Examples of CC chemokine include
monocyte chemoattractant protein-1 (MCP-1 or CCL2), which induces monocytes
to leave the bloodstream and enter the surrounding tissue to become tissue macro-
phages. CCL5 (or RANTES) attracts cells, such as T cells, eosinophils, and basophils,
that express the receptor CCR5. Increased CCL11 levels in blood plasma are associated
with aging (and reduced neurogenesis) in mice and humans [7].

As a result, cell movement is achieved [1]. Chemokines, according to their amino
acid composition, especially are grouped according to the first two cysteine residues
of a conserved tetra-cysteine motif: the CC and CXC form of chemokines are the
two largest groups. For example, CX3CL1, XCL1, and XCL2 are named. There are
47 known chemokines, and 19 chemokine receptors [8]. Chemokines that increase
leukocyte migration include CCL14, CCL19, CCL20, CCL21, CCL25, CCL27, CXCL12,
and CXCL13. Inflammatory provocateurs (such as IL-1 and TNF-alpha) include
CXCL-8, CCL2, CCL3, CCL4, CCL5, CCL11, and CXCL10 [6]. This classification is
not rigid; for example, CCL20 may also act as a proinflammatory chemokine [5].

3. Receptors

For the cell to respond to a chemokine, it must have a specific chemokine receptor
“R” Following binding to the chemokine receptor, it associates with G proteins to
transmit cell signals. Activation of G proteins by chemokine receptors then causes
activation of an enzyme known as phospholipase C (PLC). PLC cleaves a molecule
called phosphatidyl inositol (4,5)-biphosphate (PIP2) into two-second messenger
molecules known as inositol triphosphate (IP3) and diacylglycerol (DAG), which
trigger intracellular signaling; DAG activates another enzyme called protein kinase
C (PKC) and IP3 initiates calcium release from intracellular stores. These reactions
trigger multiple signaling cascades (such as the MAP kinase pathway) that produce
responses, such as chemotaxis, degranulation, their lease of superoxide anions, and
changes in the affinity of cell adhesion molecules called integrins, within the cell that
host the chemokine receptor. Chemokine receptors usually belong to the broad group
of receptors attached to G-protein (GPCRs). Related to chemokine a calcium signal-
ing cascade is created by binding to its receptor and then causes the activation of
small GTPases. This then has downstream activation of integrins (adhesion molecules
in the cell) affects and promotes actin polymerization. A pseudopod (cellular projec-
tion) appears with polarized cell morphology [5-7].

Homeostatic chemokines are produced continuously in the thymus and lymphoid
tissues. It is the chemokines CCL19 and CCL21 (expressed in lymph nodes and on
lymphatic endothelial cells) that undertake homeostatic functions in homing, and
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both have the same receptor CCR7. As a result of binding with these ligands, it is
possible to direct antigen-presenting cells (APC) to lymph nodes during the adaptive
immune response. Other homeostatic chemokine receptors include CCR9, CCR10,
and CXCRS. CCR9 promotes the migration of leukocytes to the gut, CCR10 to the
skin, and CXCRS5 provokes the migration of B cells to the follicles of the lymph nodes.
In addition, CXCL12 (SDF-1: stromal cell-derived factor 1), which is produced
structurally in the bone marrow, supports the proliferation of progenitor B cells in

the bone marrow microenvironment [7, 8]. The protein encoded by this gene isa
member of the CXC chemokine family and is a majér mediator of the inflammatory
response. The encoded protein is commonly referred to as interleukin-8 (C-X-C motif
chemokine ligand 8). IL-8 is secreted by mononuclear macrophages, neutrophils,
eosinophils, T lymphocytes, epithelial cells, and fibroblasts. Bacterial and viral prod-
ucts induce IL-8 expression. IL-8 also participates with other cytokines in the pro-
inflammatory signaling cascade and plays a role in systemic inflammatory response
syndrome (SIRS). This gene is believed to play a role in the pathogenesis of the lower
respiratory tract infection bronchiolitis, a common respiratory tract disease caused

by their respiratory syncytial virus (RSV) [8-10]. The overproduction of this pro-
inflammatory protein is thought to cause lung inflammation associated with cystic
fibrosis. This pro-inflammatory protein is also suspected of playing a role in coronary
artery disease and endothelial dysfunction. This protein is also secreted by tumor cells
and promotes tumor migration, invasion, angiogenesis, and metastasis. This chemo-
kine is also a potent angiogenic factor [8-10]. The binding of IL-8 to one of its recep-
tors (IL-8RB/CXCR?2) increases the permeability of blood vessels and increasing levels
of IL-8 are positively correlated with increase severity of multiple disease outcomes
(e.g., sepsis). This gene and other members of the CXC chemokine gene family form a
gene cluster in a region of chromosome 4q [7-11]. Chemokines, according to the types
of cells affect monocytes/macrophages. Chemokines that mobilize these cells toward
the site of inflammation include CCL2, CCL3, CCL5, CCL7, CCL8, CCL13, CCL17, and
CCL22 [9, 12].

3.1 T-lymphocytes

Chemokines that attract T lymphocytes to the site of inflammation are: CCL2,
CCL1, CCL22, and CCL17. In addition, CXCR3 expression is mediated by activated
T cells. IFN-y-inducible chemokines are CXCL9, CXCL10, and CXCL11 [9, 12].

3.2 Mast cells

Express receptors for chemokines on their surface are: CCR1, CCR2, CCR3, CCR4,
CCRS5, CXCR2, and CXCR4. The ligands of these receptors CCL2 and CCLS5 play
an important role in mast cell recruitment and activation in the lung. There is also
evidence that CXCLS8 can inhibit mast cells [9-12].

3.3 Eosinophils

The migration of eosinophils various tissues is provoked by several chemokines of
the CC family, which are as follows: CCL11, CCL24, CCL26, CCLS5, CCL7, CCL13, and
CCL3. The chemokines CCL11 (eotaxin) and CCL5 (RANTES) act via a specific CCR3
receptor on the surface of eosinophils, and eotaxin plays an important role in the
initial recruitment of eosinophils to the lesion [9-12].
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3.4 Neutrophils

Regulated primarily by CXC chemokines. CXCL8 (IL-8) is particularly chemotactic
for neutrophils and activates their metabolism and degranulation [10-12].

Platelets are nuclear cell fragments derived from megakaryocytes that contain
both pro-inflammatory and (anti-inflammatory) fragments in abundance. In particu-
lar, they play important roles in hemostasis. Angiogenic mediators physiological and
pathological conditions in the vascular system, and immune cells are important in
regulating platelet functions. Platelets as the main players in thrombosis and hemo-
stasis. It is becoming a more interesting topic with increasing discoveries in the com-
position of inflammatory and immune-modulating molecules [10-12]. An important
phenomenon also emerges in the atherosclerosis of platelets. It found an association
between increased platelet concentration, aggregation, and the long-term incidence
of fatal coronary heart disease in a population of apparently healthy middle-aged men
[12]. Many platelet-derived substances and chemokines family of interesting proteins
stored in it forms a-granules and exhibits numerous biological activities. In addition,
chemokines are reexpressed by platelets [12, 13].

4, Platelet chemokines

The first recognized platelet chemokine PF-4 is now known as CXCL4. TGF beta-1
is also considered a chemokine. The NAP-2 fragment, now called CXCL7, is also a
platelet chemokine. CCL3 (MIP-1), CCL5 (RANTES), CCL7 (MCP-3), and CXCL1 are
also platelet-related chemokines. CCL17 (TARC) has recently been reported in plate-
lets. CCL17 is an autocrine factor that increases platelet activation and its receptor
CCR4 is also found in platelets. When platelets in plasma are activated iz vitro, serum
concentrations of these chemokines reach the range of 1-5 mol/L [13-17] (Table 1).

CXCL4 was the first chemokine, whose effects on platelets were reported in 1985.
Platelet factor 4 (PF4) is a minor cytokine belonging to the CXC family of chemo-
kines, also known as chemokine ligand 4 (CXCL4). This chemokine is released from

Chemokine Alternative name Receptor

CXCL1 GRO-a CXCR2 > CXCR1

CXCL4 PF4 CXCL3B, GAG

CXCL4L1 PF4alt Unknown

CXCL5 ENA-78 CXCR2

CXCL7 PBP, BTG, CTAPIII, NAP-2 CXCR > CXCRI

CXCL8 IL-8 CXCRI, CXCR2

CXCL12 SDF-I CXCR4

CCL2 MCP-I CCR2

CCL3 MIP-I CCRI, CCR2, CCR3

CCL5 RANTES CCRI, CCR3, CCR4, CCR5

CCL17 TARC CCR4, CCR8
Table 1.

The alternative names and veceptors of chemokines.
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the alpha granules of activated platelets during platelet aggregation and provokes
blood coagulation by regulating the effects of heparin-like molecules. Due to these
roles, it is predicted that they will also play a role in wound healing and vascular
repair [5]. It is usually found in a complex with proteoglycan [18].

The human PF4 gene is located in human chromosome 4. Platelet factor 4 is a 70
amino acid-containing protein that is released from the alpha granules of activated
platelet sand and binds to heparin with high affinity. Its main physiological role is
thought to be the neutralization of heparin-like molecules on the endothelial surface
of blood vessels, thereby inhibiting local antithrombin activity and provoking coagu-
lation. As a potent chemotactic factor for neutrophil sand fibroblasts, PF4 probably
has a role in inflammation and wound healing [19, 20]. PF4 is also a chemotactic
factor for neutrophils, fibroblasts, and monocytes, and interacts with an additional
counterpart of the chemokine receptor CXCR3, known as CXCR3-B [20].

PF4 complex is the antigen in heparin-induced thrombocytopenia (HIT), which
is an autoimmune reaction specific to anticoagulant heparin administration [21].
PF4 autoantibodies have also been found in patients with thrombosis and similar to
HIT, but who have not been given heparin before [22]. Antibodies against PF4 have
been blamed in cases of thrombosis and thrombocytopenia after vaccination with
the Oxford-Astra Zeneca or Janssen COVID-19 vaccine [23, 24]. This phenomenon
was named vaccine-induced immune thrombotic thrombocytopenia (VITT) [25].

A relationship was also found in PF4 expression with long-term COVID symptoms
[26]. It increases in patients with systemic sclerosis, who also have interstitial lung
disease [27].

Human platelet factor 4 also specifically decomposes the digestive vacuole of the
malaria parasite and neutralizes the malaria parasites in erythrocytes [28].

Transforming growth factor-beta 1 (TGF-betal) is a polypeptide member of the
transforming growth factor beta superfamily of cytokines. It is a secreted protein
that performs many cellular functions, including the control of cell growth, prolif-
eration, differentiation, and apoptosis. In humans, TGF-p1 is encoded on the TGFB1
gene [28, 29].

5. CXCL7

TGF-p Transforming growth factor-beta 1 (TGF-betal) is a polypeptide member
of the transforming growth factor beta superfamily of cytokines. It is a secreted
protein that performs many cellular functions, including the control of cell growth,
proliferation, differentiation, and apoptosis. In humans, TGF-p1 is encoded on the
TGFB1 gene [28, 29].

A thrombomodulin (C-X-C motif) ligand 7, p-thrombomodulin (B-TG) or beta-
thromboglobulin, is a chemokine protein secreted and stored by platelets [29-31].
Along with platelet factor 4 (PF4), B-TG is one of the themes specific platelet-specific
proteins f-TG and PF4 are stored in platelet alpha granules and released during plate-
let activation [29, 32, 33]. In conclusion, it is a useful marker of platelet activation
[29, 32]. B-TG also plays an important role in the maturation of megakaryocytes [34].

Among the chemokines stored and secreted by platelets, CXCL?7 is the largest
representative. p-TG levels are used as an index of platelet activation. It is measured
in blood plasma or urine by the ELISA method and usually together with PF4. When
platelets are active, CXCL4 is 0.4-1.9 pM in serum, while CXCL7 is 1.6-4.8 pM [35].
It is used as a measure for platelet activation [36].
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It consists of proteolytic derivatives of 128 aa-precursor molecules called pre-

PBP, the primary CXCL7 translation product. The primary sequence, pre-PBP is a 34
amino acid residue leader sequence [37]. f-TG is a molecule and N-terminal variant
of pro CXCLY7 containing 81 residue amino acids. Platelet basic protein (PBP; 94 aa),
connective tissue activating peptide III (CTAP-III; 85aa), and neutrophil-activating
neutrophil-activating (NAP-2, 70 aa), are CXCL7 N-terminal variants that diverge
[38]. B-T'G levels increase with age and in diabetes mellitus [39, 40].  -TG levels were
found to increase during treatment with synthetic ethinyl estradiol, but not signifi-
cantly in that treated with the natural estradiol valerate [41-44]. B-TG levels were also
found to be slightly increased or unchanged in an uncomplicated pregnancy [45].

Besides both CTAP-III and NAP-20, the medium-size shortened CXCL7 variants,
all its capacity to support various aspects of fibroblast metabolism has been demon-
strated. For example, the synthesis of matrix components, such as hyaluronic acid
and glycosaminoglycans (GAGs) [46]. Increased GLUT-1 glucose transporter expres-
sion and concomitant cellular glucose uptake are enhanced [47]. As a platelet-derived
mediator, CXCL7 may also participate in reparative functions following vascular
tissue injury. But the CXCLY7, its role as a growth factor, is controversial. Thus, it is
more likely that fibroblast mitogenic activity may be the task of full-length-PBP
[48]. Like CXCLY7, platelet factor 4 (PF4, CXCL4) and its closely related chemokine,
platelet basic protein (PBP), are important in platelets. The role of PF4 in hemo-
stasis/thrombosis iz vivo has been demonstrated, PF4 plays a role in pathological
thrombotic conditions, such as heparin-induced thrombocytopenia (HIT) and septic
shock [48, 49].

The abundance of CXCL7 variants follows a specific sequence of proteolytic vents
during platelet production and activation. Thus, the main player on megakaryocytes
is PBP. A small amount of CTAP-III also provides stimulation. The proportion of the
shorter variant CTAP-III as platelets mature increases, and the proportion of PBP
drops to about 25% [49].

Removal of the inhibitory N-terminus to activate CXCL7 as a neutrophil-directed
chemokine underlies its potential role for intravascular and extravascular. As we
have shown, the translation of CXCL7 to NAP-2 is mainly catalyzed by NAP-2 target
neutrophils. Neutrophil activation occurs via the serine protease cathepsin G-linked
plasma inhibitors, which are not effective [50].

6. CXCL1

CXCL1 is a small peptide belonging to the CXC chemokine family that actsasa
chemoattractant for several immune cells, especially neutrophils [51] or other non-
hematopoietic cells, to the site of injury or infection and plays an important role in the
regulation of immune and inflammatory responses. It was previously called the GRO1
oncogene, GROa, neutrophil-activating protein 3 (NAP-3), melanoma growth stimu-
lating activity, alpha (MGSA-«). It is also known as keratinocytes-derived chemokine
(KC) in mice or cytokine-induced neutrophil chemoattractant type-1 (CINC-1) in
rats. In humans, this protein is encoded by the gene Cxcl1 [5] and is located on human
chromosome 4 among genes for other CXC chemokines [52].

Under normal conditions, CXCL1 is not constitutively expressed. It is produced by
activated macrophages, neutrophils, and epithelial cells, or by different immune cells,
such as Th17. Moreover, its expression is indirectly provoked by IL-1, TNF-a, or IL-17
released by Th17 cells [11]. It plays a major role in inflammation [53, 54].

7



Chemokines Updates

CXCL1 has a potentially similar effect as interleukin-8 (IL-8/CXCL8). Binds to the
CXCR2, receptor CXCL1 triggers phosphatidyl inositol-4,5-biphosphate 3-kinase-y
(PI3Ky)/Akt, MAP kinases, such as ERK1/ERK?2 or phospholipase-p (PLCp) signaling
pathways. CXCL1 increases the expression of inflammatory responses, and thus, con-
tributes to the inflammation process [12]. CXCL1 is also involved in wound healing
and oncogenesis processes [55-57].

CXCL1 has been shown to have roles in the development of breast cancer, gastric
and colorectal carcinoma, or lung cancer tumors [58, 59]. In addition, it has been
reported that CXCL1 is secreted by human melanoma cells and plays a role in mito-
genic activity [60-62].

CXCL1 is expressed by neurons and oligodendrocytes in the brain and spinal cord
and by microglia during pathologies, such as Alzheimer’s disease, multiple sclerosis,
and brain damage. A study in mice shows evidence that CXCL1 reduces the severity
of multiple sclerosis [23]. In addition, CXCL1 contributes to CXCL1, playing a role in
spinal cord development by acting on oligodendrocytes [7]. CXCR2 receptors for s
to the release of prostaglandins, thereby resulting in increased sensitivity to pain. It
initiates nonspecific sensitivity through the recruitment of neutrophils into the tissue.

It increases the transcription of genes that induce chronic pain, such as cyclooxygen-
ase-2 (COX-2) [12].

7.CCL3

Chemokine (C-C motif) ligand 3 (CCL3) also known as macrophage inflammatory
protein 1-alpha (MIP-1-alpha), is located on the CCL3 gene in humans [3]. By bind-
ing to all of the CCL3, CCR1, CCR4, and CCRS5 receptors, it may play a role in the the
recruitment and activation of polymorphonuclear leukocytes [63] in acute inflam-
matory conditions. Sherry et al. showed two protein subcomponents of MIP-1 called
alpha (CCL3) and beta (CCL4) [64, 65]. CCL3 can produce rapid-onset symptoms of
monophasic fever that are greater than or equal to fevers produced by recombinant
human tumor necrosis factor or recombinant human interleukin-1. Moreover, unlike
these two endogenous pyrogens, MIP-1-induced fever is capable of producing cyclo-
oxygenase-induced fever. It is not inhibited by ibuprofen. CCL3 may participate in a
type of febrile response that is not produced by prostaglandin and cannot be clinically
inhibited by cyclooxygenase. CCL3 has been shown to interact with CCL4 to activate
macrophages, monocytes, and neutrophils [66].

CCL4 also known as macrophage inflammatory protein-1p (MIP-1p), isa CC
chemokine that specifically binds to CCR5 receptors. It is chemotactic for natural
killer cells, monocytes, and various other immune cells [67] CCL4 is an important
HIV suppressive factor released by CD8+ T cells [68]. Performance low-memory
CD8+ T cells that normally express MIP-1-beta. The concentration of this chemokine
is inversely proportional to micro RNA-125b. The concentration of CCL4 in the body
increases with age, which can lead to chronic inflammation and liver damage and may
be a marker [69].

8.CCL5

Chemokine C-C ligand 5 (CCL5) is a protein encoded on the CCL5 gene in humans
[70]. The gene was discovered in situ hybridization in 1990 [71]. Also known as
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RANTES (regulated by activation, normal T-cell expressed and secreted). CCL5
belongs to the CC subfamily of chemokines, due to its adjacent cysteines near the

N terminus. It is an 8 kDa protein acting as a classical chemotactic cytokine or che-
mokine. It consists of 68 amino acids. CCL5 is a pro-inflammatory chemokine, that
recruit’s leukocytes to the site of inflammation. It is chemotactic for T cells, eosino-
phils, and basophils, but also monocytes, natural killer (NK) cells, dendritic cells,
and mastocytes [72]. With the help of particular cytokines (i.e., IL-2 and IFN-y) that
are released by T cells, CCLS5 also induces the proliferation and activation of certain
NK cells to form CHAK (CC-chemokine-activated killer) cells. It is also an HIV-
suppressive factor released from CD8+ T cells [72, 73].

The chemokine CCLS5 is mainly expressed by T cells and monocytes, and it is
not expressed by B cells. Moreover, it is abundantly expressed by epithelial cells,
fibroblasts, and thrombocytes. Although it can bind to receptors CCR1, CCR3, CCR4,
and CCR5 belonging to seven transmembrane G-protein-coupled receptor (GPCRs)
family [8], it has the highest affinity to the CCR5. CCRS is presented on the surface
of T cells, smooth muscle endothelial cells, epithelial cells, parenchymal cells, and
other cell types. After the binding of CCL5 to CCR5, phosphoinositide 3-kinase
(PI3K) is phosphorylated and subsequently, the phosphorylated PI3K phosphorylates
protein kinase B (PKB; also known as Akt) on the serine 473. Then, the Akt/PKB
complex phosphorylates and inactivates a serine/threonine protein kinase GSK-3.
After the CCL5/CCRS5 binding, some other proteins are regulated as well. Bcl2 is more
expressed and it induces apoptosis [74, 75].

RANTES acts as a typical chemokine causing chemotaxis of mononuclear cells at
nanomolar concentrations. Transendothelial migration of monocytes and lympho-
cytes is integrin-dependent and requires adhesion molecules from molecules, such as
ICAM-1 and ICAM-1 [76, 77].

Due to resting integrins, tissue needs activation signals confirmation and only has
a low affinity for its ligands. Chemokines are important stimuli for integrin activation
as they are released during inflammation and induce adhesion in all types of leuko-
cyte subsets. It is phosphorylated shortly after exposure to RANTES [78].

Until now, the mechanism of integrin-dependent adhesion of RANTES has not
been fully elucidated. In addition to initiating cell migration at high concentrations,
RANTES also acts independently of its G-protein-coupled receptors. It induces the
release of T cells and pro-inflammatory mediators [79, 80]. Its unique capacity to form
homotypic clusters and its high affinity for GAGs on the surface of endothelial cells,
basement membrane and extracellular matrix RANTES will be immobilized [79-82].

AGs heparin-binding site associated with residues located at the C-terminus of
PF4 tetramer displays a band of positively charged residues [83]. In the RANTES mol-
ecule, two basic amino acid clusters present heparin-binding motifs in the 40s loop
between this cond and the third p-strand only in the C-terminal a-helix. The essential
remains in the 40s loop are specific and it shows the high affinity of RANTES to dif-
ferent GAG species. Effective leukocyte arrest in the endothelium, especially unlike
chemotaxis appears to depend on the formation of RANTES oligomers to bridge the
surface-bound RANTES and CCR1 [84]. Selective binding of chemokines to sub-
groups of glycosaminoglycans cell surface induces polymerization facilitating their
attachment it binds to receptor and enhances their effects on high-affinity receptors
in the local microenvironment [85, 86]. In addition, structural motifs required for
oligomerization RANTES are important for heterophilic interaction. RANTES with
PF4 increases surface immobility and enhances monocyte adhesion to endothelial
cells under flow conditions [86, 87].
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9. Chemokines and vascular biology

Data from animal experiments suggest that activated platelets are involved in the
pathogenesis of atherosclerosis, which indicates that it is important in acute thrombo-
embolism [88, 89]. Monocyte recruitment into the subendothelial artery space is an
early step in pathogenesis. Platelets with an affinity for GAGs accumulate in the lumi-
nal endothelium, where chemokines, such as RANTES activate monocytes [83, 90].
The role of RANTES in humans is reported to be less. In one study group, serum
levels of RANTES were found to be lower in atherosclerosis compared to healthy
controls 92. PF4 and NAP-2 as well been shown to play a role in atherosclerosis. PF4,
which can reflect platelet activity. Studies have been conducted on its importance in
atherosclerosis [91-94]. PF4 and, to a lesser extent, NAP-2 are associated with human
atherosclerotic plaques [94]. Besides, PF4 is involved in the metabolism of athero-
genic lipids, for example, oxidized low-density lipoprotein (LDL). It is stated that
LDL (oxLDL) plays a role in the atheroma plaque [94].

Patients with stable and especially unstable angina exhibit markedly elevated plasma
NAP-2 levels. PF4 may also play an important role in the acute coronary syndrome that
causes plaque formation. But “how does PF4 affect thrombosis?” has not been finally
clarified [95]. Angiogenesis, which may be beneficial in wound healing, also it is effec-
tive in pathological conditions, such as cancer and atherosclerosis. Capillary sprouting
and endothelial cell proliferation VEGF (vascular endothelial growth factor), bFGF
(essential fibroblast growth factor) by in vitro platelet releases, and PDGF (platelet-
derived growth factor) can be induced by isolated platelets [96, 97]. NAP-2 accelerates
endothelial cell healing with CXCR2-dependent fibronectin, fibrinogen, and platelet-
coated endothelial matrix of endothelial progenitor cells [98]. On the other hand,
platelet products PF4 and PF4alt are potent inhibitors of angiogenesis. PF4 can exert its
angiostatic activity via CXCR3B [99] (Figure1).

The mechanism mediated by CXCR?2 constitutes a very important area of research.
CXCR?2 binds to a G-protein. Multiple ligands are available. CXCR?2 results in activa-
tion by binding of chemokines. NFkB, MAPK, PI3K, and Rac 1 are among other

Plasminogen activator inhibitor-1 (PAI-1) [CXCR2 Ligand]*

Plasminogen [:> Plasmin
Plasminogen activatorﬁ

Fibrin Fibrin Degradation
Products

BOEEE ) E o] s

Fibrinolysis with Plasminogen Activators

Figure 1.
Fibrinolysis with plasminogen activators.
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signaling cascades. Activation by CXCR2 increases NAPDH oxidases, causing an
explosion of reactive oxygen species (ROS). This ROS explosion plays a role in clear-
ing pathogen infections by macrophages. It mediates the induction of apoptosis in
cancer cells [100-102].

Congenital deficiency of PAI-1; since fibrinolysis is not sufficiently suppressed,
it causes hemorrhagic diathesis. PAI-1 is found at increased levels in various disease
states (such as several cancer types), as well as obesity and metabolic syndrome. It has
been associated with increased thrombosis formation in patients with these condi-
tions. PAI-1 can induce cellular senescence. PAI-1 appears to play an important role
in the progression of fibrosis in inflammatory conditions, where fibrin accumulates
in tissues. Possibly, lower PAI levels will lead to less suppression of fibrinolysis and
conversely faster degradation of fibrin. Angiotensin II increases the synthesis of
plasminogen activator inhibitor-1, thereby accelerating the development of athero-
sclerosis [103, 104].

Thrombotic complications are common in COVID-19 and contribute significantly
to mortality and morbidity. Inmune-mediated thrombotic mechanisms, complement
activation, macrophage activation syndrome, antiphospholipid antibody syndrome,
hyperferritinemia, and renin-angiotensin system dysregulation may be potential
prognostic biomarkers in COVID-19. Recent studies are currently discussing the
hypothetical benefits and anticipated challenges of therapeutic anticoagulation and
fibrinolytic therapy in COVID-19 [105].

Abbreviations

CHAK Chemokine-activated killer

COVID-19 Sars-Cov2 Virus 19

IP3 Inositol triphosphate3

LDL Low-density lipoprotein

MCP- B Monocyte chemoattractant protein-1 beta
MGSA Melanoma growth stimulatingactivity alpha
MIP-1 Macrophage inflammatory protein lbeta
NAP3 Neutrophil activating protein-3

NK Naturel killer

PAI1 Plasminogen activator inhibitorl

PIP2 Phosphatidyl inositol2

PF4 Platelet Factor4

PLC Phospholipase C

RANTES Regulated by activation normal Tcell expressed and secreted
ROS Reactive oxygen species

RSV Respiratory syncytial virus

SDF1 Stromal cell-derived factorl

SIRS Systemic inflammatory response syndrome
TNFa Tumor necrosis factor-alpha
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Abstract

In addition to the proinflammatory state, cytokine production, and cell death,
SARS-CoV-2 infection is also associated with oxidative stress as demonstrated by
increase in reactive oxygen species (ROS) levels and an alteration of antioxidant
defense during the infection. Proinflammatory cytokines and chemokines play an
important role in respiratory infections caused by viruses including SARS-CoV-2
by activation of the adaptive immune response. In case when the response is not
controlled, it can lead to lung tissue involvement in the course of acute respiratory
distress syndrome (ARDS) or can result in multiple organ failure. Oxidative stress
markers show good correlation with several cytokines, which can be measured at the
beginning of the disease in a primary care setting to predict the course of COVID-19.

Keywords: oxidative stress, cytokines, COVID-19, NLR, PLR

1. Introduction

Even though the pathogenesis of COVID-19 is still unclear, during the past 2 years,
we can say that in general the mechanisms involved in this disease depend on several
modalities with the final aim of the virus to learn how to escape the immune system of
the host [1, 2]. Virus pathogenicity, comorbidities of the infected individual, and the
ability of the host immune system to respond to the induced cytopathic effect have
significant impact on the progress and outcome of the disease. The virus SARS-CoV-2
has so far affected more than 400 million people globally, with over 5 million deaths.
The largest number of deaths, approximately 73%, is in the population over 65 years
of age [3].

Cytokine storm syndrome has been widely discussed and proposed as one of
the underlying etiologies of respiratory failure in patients infected with SARS-
CoV-2. Cytokines present a group of polypeptides signaling molecules responsible
for regulation of number of biological processes by using cell surface receptors.
Proinflammatory cytokines and chemokines play an important role in respiratory
infections caused by viruses including SARS-CoV-2 by activation of the adaptive
immune response. When infected with influenza, an excessive amount of reactive
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oxygen species (ROS) is generated in several tissues including the alveolar endo-
thelium and epithelium [4] where induced cytokines expression by activation of
Toll-like receptors (TLRs) is reported to be responsible for the pathogenesis [5, 6].
Increased oxidative stress is also present during infections with human respira-

tory syncytial virus [7], rhinoviruses [8], and many other viruses, which has been

a subject of discussion in many previously published reviews [9-16], and several
other experimental studies propose that the so-called cytokine storm correlated with
direct tissue injury, which afterward results in unfavorable prognosis in patients with
severe COVID-19 [10]. In patients with severe COVID-19, increased levels of several
cytokines, namely IL-6, IL-10, IL-2R, and TNF-a, have been reported in recently
published articles on this subject [17, 18]. However, other authors suggest that more
cytokines, such IL-1p, IL-1RA, IL-8, and IL-18, are also included in the pathogenesis
of SARS-CoV-2 infection [10, 17, 18].

In general, patients infected with SARS-CoV-2 have either normal or reduced
white blood cells (WBC) count and lymphocytopenia, and patients with severe form
of the disease have additional presence of significant increase of elevated neutrophil
levels, D-dimers, accompanied with continuous decrease of lymphocytes and increase
of levels of certain cytokines and chemokines.

The infection with SARS-CoV-2 follows the same pathway as the innate immune
response as suggested by several authors [4, 14]. That is to say, reactive oxygen
species present a strong ligand and a direct mediator in the inflammasome (NLP3)
trigger. Furthermore, the reactive oxygen species activate the NF-xB (nuclear
factor kappa-light-chain-enhancer of activated B cells), and this further elicits
the transcriptional levels of NLPR3, which are additionally enhanced by TLR and
NLR (nod-like receptor) ligands. As a final outcome, this means that the ROS can
increase inflammasome either directly or indirectly [12, 16]. In addition of ROS,
H,0, activates the NF-«B, which contributes to additional production of inflamma-
tory cytokines [19]. Increased levels of the following cytokines: IL-6, TNF-a, IL-16,
IP-10, GCSF, MCP-1, MIP1-a/CCL3, followed by elevated blood ferritin levels, are
also observed in patients infected with SARS-CoV-2 [11, 20]. Literature data has also
discussed that the imbalance in the T-helper cell subsets (Th1/Th2/Th7) and regula-
tory T-cells also contribute to the COVID-19 pathogenesis. CD4+ T cells are divided
into different subtypes based on their cytokine production, namely Th1 is producing
IFN-y, IL-2, and TNF-a, Th2: IL-4, IL-5, IL-9, IL-13, whereas the regulatory T-cells
are producing TGF-p and IL-10, among others.

In this chapter, authors would like to share some experimental data, which were
obtained in the last 2 years since the beginning of the COVID-19 pandemic. First,
we will present results obtained by a highly standardized cytokine assay where we
have measured plasma levels of IL-2, IL-4, IL-6, IL-8, IL-10, VEGF, IFN-y, TNF-

«, IL-1a, MCP-1, and EGF potentially associated as key factors with the cytokine
storm syndrome in critically ill COVID-19 patients. Afterward, we have investigated
which of these cytokines involved in the cytokine storm of COVID-19 show good
association/correlation with the oxidative stress markers determined with fast and
inexpensive photometric analytical method [20, 21]. Also we will present results in
regard to the relation between the cytokines, oxidative stress markers, and the most
commonly used inflammation-related biomarkers (CRP, D-dimers, PLR, NLR, and
LDH) in severe form of the disease will be discussed. Additionally, the readers can
obtain information for which we believe could enhance the knowledge of the altered
lymphocyte subsets and their correlation with the oxidative stress markers as a tool
with prognostic power to differentiate between moderate and severe COVID-19.
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2. Clinical laboratory parameters abnormalities in moderate and severe
COVID-19 patients

Our results obtained from 50 hospitalized COVID-19 patients who were
hospitalized at the University Clinic for Infectious Diseases and Febrile Conditions,
Skopje, Republic of North Macedonia, within a period of 2 months at the beginning
of the pandemic were included in this study. All patients were confirmed to have
SARS-CoV-2 infection by real-time reverse transcriptase—polymerase chain reaction
assay from nasal and pharyngeal swab specimen. The diagnosis and classification
of COVID-19 were based on the Interim Guidance for Clinical Management of
COVID-19 issued by the World Health Organization. Patients with moderate form
of the disease were adults from both sexes with clinical signs of pneumonia with
no signs of severe pneumonia and SpO, > 90% on room air. In terms of the severe
cases, they additionally had at least one of the following conditions: SpO, < 90% on
room air, respiratory rate more than 30 breaths per minute, or presence of severe
respiratory distress.

The work was performed by a multidisciplinary group, including clinical experts
in COVID-19 management.

When admitted to hospital, patients classified with the moderate form of the
disease demonstrated abnormal values for CRP, LDH, glucose, and NLR. Namely, on
hospital discharge, these clinical laboratories were improved significantly, namely the
mean value for C-reactive protein (CRP) was 44.1 mg/L versus 7.16 mg/L, LDH was
280.3 IU/L versus 283.4 IU/L, and neutrophil to leukocyte ratio (NLR) was 6.5 versus
5.1 at admission and discharge, respectively. Whereas patients with severe form of the
disease had more prominent abnormal values of CRP, LDH, creatinine kinase (CK),
ALT, AST, glucose, WBC, and NLR levels. It is worth noting that the mean values
of CRP, LDH, CK, ALT, and NLR in the patients with severe COVID-19 were higher
when compared with the patients with the moderate form of the disease upon admis-
sion and discharge. In general, our results are added value to data obtained by other
research groups where lymphopenia can be used as reliable marker of the severity of
the disease and the necessity for hospitalization. Meta-analyses by Lagunas-Rangel
[22] demonstrated that patients with severe form of COVID-19 had increased NLR
and decreased lymphocyte-CRP ratio when compared with moderate and mild form
of the disease. Also, large number of studies, including our results, had showed that
in the patients with severe form of the disease and the ones that did not survive had
low platelet counts. Namely, the results from our hospitalized patients with severe
COVID-19 had increased WBC, neutrophils, NLR, and platelet to lymphocyte ratio
(PLR). The coagulation profile revealed elevated levels for D-dimer, prolonged PT
with normal aPPT and TT. Patients with severe form of the disease that have recov-
ered had a statistically significant difference for NLR and PLR (p < 0.01), and the
values were decreased to 70% and 67%, respectively, when compared with the values
of these parameters on admission. Additionally we have observed increase in the
lymphocytes for 53%. Also, WBC decreased to 18%, neutrophils to 11%, platelets to
19%, PT to 22%, and D-dimers to 85%, but the difference was not statistically signifi-
cant when compared between admission and hospital discharge (p > 0.05). Patients
that had deterioration of their condition and died had continuous increase in WBC
and neutrophils (34%), NLR (55%), decrease in lymphocytes (42%), PT (18%), and
D-dimers (50%). We have only observed statistically significant difference only for
the lymphocytes as parameter compared with the admission values. Reported results
from meta-analysis [23] with 1779 patients demonstrated that thrombocytopenia is
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associated with fivefold increased risk for disease complications and death. D-dimer
has also been applied as predictor for developing complications of the disease such as
requiring mechanical ventilation, developing of acute respiratory distress syndrome,
etc. Experiences from different clinical centers worldwide suggest that patients who
had significant increase in the D-dimers should be considered for hospitalization even
if there is an absence of symptoms.

All hospitalized patients whether classified with the moderate or the severe form
of the disease had low partial pressure of oxygen, although it did not show statisti-
cally significant difference between the two groups. However, this observation had
clinical importance indicating the need for supplemental oxygen therapy in both
groups with moderate and with severe disease. The measured oxygen saturation
was lower in the severe group of patients (86.26%), and this parameter had strong
statistical significance, supporting the clinical indication for application of oxygen
therapy. The analysis showed that in both groups, the partial pressure of carbon
dioxide and pH values were within the reference values, the levels of bicarbonates
were slightly increased, but without a significant difference between the patients
with moderate and severe form of the disease. The base excesses were increased in the
group of patients with moderate disease, and it was statistically significant, but no
disturbances in acid balance ratio occurred within any of the group. Similar results
were reported by Mumoli et al. [24] at hospital admission of 88 COVID-19 patients, as
well as by Doaei et al. [25], who measured similar values of the blood gas parameters
in critically ill patients with COVID-19 to those reported in our study. On the other
hand, Deniz et al. [26] detected a mild increase of pH and bicarbonate and relatively
low pCO; in COVID-19 patients compared with non-COVID-19 individuals.

3. Cytokine alteration and oxidative stress in patients with severe
COVID-19

Cytokines as well as chemokines and growth factors together with the lipid
metabolites present one of the key players in the immune cell function and their
differentiation, which on the other hand, means that following a dysregulation in the
process, various diseases can arise [11-13, 16]. In this chapter, we present some of our
recently obtained results as an add-on to the clinical and scientific evidences in terms
of oxidative stress, which is increased in patients with severe COVID-19. We have
also obtained results that the measured oxidative stress parameters in these patients
show a good correlation with the level of cytokines and with some of the commonly
used laboratory biomarkers. This was a case—control pilot study focused primarily on
the possibility to apply the oxidative stress parameters (d-ROM, PAT, and OS index)
measured on a spectrophotometric system as a fast and low-cost prognostic tool for
disease progression and potentially predict the outcome of COVID-19 in patients.
Abnormal levels of several cytokines involved in the adaptive immunity (IL-2, IL-4)
or proinflammatory cytokines and interleukins (IFNs, IL-1, IL-6, IL-10 IL-17, and
TNF-a) were reported [11, 17, 27, 28] mainly as results from retrospective studies and
reviews.

In our case—control pilot study, we have measured the levels of 11 cytokines
(IL-2, IL-4, IL-6, IL-8, IL-10, VEGF, IFN-y, TNF-a, IL-1a, MCP-1, and EGF) in 14
critically ill patients. Afterward, these values were compared with the levels of the
same cytokines in individuals that were not infected with the SARS-CoV-2 virus. By
using t-test, we have obtained statistically significant increase (p < 0.05), which was
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observed in regard to the levels of IL-6, IL-8, IL-10, VEGF, MCP-1, and EGF in the
SARS-CoV-2 patients. Additionally, the levels of IL-2, IFN-y, TNF-a, and IL-1a were
also increased, but, however, this difference was not considered to be significant
when compared with the noninfected individuals (p > 0.05) [20, 21]. Important
finding of our case—control pilot study was that the oxidative stress parameters,
d-ROM (448.8 U.Carr), OS index (107.7), and PAT (3048 U.Corr), were significantly
higher (p < 0.05) in the infected patients when compared with those not infected.
Additionally, we have also explored the correlation among the abovementioned
cytokines (IL-2, IL-4, IL-6, IL-8, IL-10, VEGF, IFN-y, TNF-a, IL-1a, MCP-1, and
EGF), the oxidative stress parameters (d-ROM, PAT, OSI), and some of the com-
monly used laboratory parameters (CRP, LDH, PLR, D-dimer, and NLR) by using the
Spearman r calculation. These calculations were generated as heat map, and we have
obtained a significant positive correlation between all investigated cytokines and the
parameters of the oxidative stress (d-ROM, PAT, and OSI), except between IL-10 and
the total antioxidant capacity, PAT, for which a negative a correlation was obtained.
According to the performed analysis, we have obtained a nonsignificant correlation
between OS index and the IL-8 (p = 0.8552) and also between d-ROM and VEGF

(p = 0.999). The strongest correlation was demonstrated in the case of IL-6, which
was estimated as significant with all of the markers of the oxidative stress, d-ROM
(r=0.9725, p < 0.01), PAT (r = 0.5000, p < 0.01), and the oxidative stress index

(r = 0.9593, p < 0.05). Also, our results present evidence for similar behavior between
IFN-y and d-ROM (r = 0.4006, p < 0.01), PAT (r = 0.6030, p < 0.01) and the oxidative
stress index (r = 0.4298, p < 0.05). Additionally, statistically we have investigated the
correlation between the commonly used inflammation biomarker, CRP, and the levels
of the investigated cytokines. In this case we have observed a strongest correlation
with several of the investigated cytokines, namely with IL-6, IL-8, MCP-1, and IFN-y.
Furthermore, in terms of correlation, a strong correlation was obtained between

the investigated inflammatory cytokines IL-2, IL-4, IL-6, IL-8, IL-10, VEGF, IFN-y,
TNF-a, IL-1a, and MCP-1, except between IL-6 and EGF where negative correlation
was obtained. It has been demonstrated that the high expression of IL-6 in COVID-19
patients can hasten the inflammatory process, which can on the other hand contribute
to the cytokine storm and can contribute to disease worsening. The importance of the
IL-6 has been potentiated by using tociluzimab, a monoclonal antibody, which can
block the receptor of IL-6 for which it has been reported that the cytokine hyperpro-
duction has been reversed [10].

The research performed by our study group has contributed to the evidences that
more than a few cytokines and other clinically relevant biomarkers were significantly
increased in patients with severe form COVID-19 in comparison to the individuals
that were not infected by the virus, which was followed with coagulopathy as deter-
mined by worsening of the platelet-related parameters (PLR, D-dimers, and IL-6)
and the increased levels of MCP-1 as thrombosis-related indicator. MCP-1 levels were
estimated to be much higher in critical hospitalized patients in the ICU accompanied
by decrease of platelet count in patients that do not survive, which was reported also
by Huang et al. [27]. In our case—control pilot study, unfortunately all patients had
severe form of COVID-19 and all of them had died during hospitalization. Besides,
in our study we have witnessed that the levels of several of the investigated cytokines
had been increased more than 10 times above the levels of the noninfected, which we
have considered as a baseline. It is worth noticing that the significant increase of the
vascular endothelial growth factor (VEGF) levels more than 10 times can be related
to the essential VEGF role in the endothelial cell activation by binding to cell surface
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VEGEF receptors. This increase was considered to be statistically significant (p < 0.01).
The upregulation of VEGF was also observed in several other viral infections, and also
it has been investigated as a potential targeted therapy in viral diseases [28]. Higher
levels of VEGF in hospitalized COVID-19 patients were also reported in a published
study by Huang et al. [27]. The cytokine profile in COVID-19 pregnant women was
investigated in a published study by Tanacan et al. [29], in which this research group
has reported significantly higher values for IFN-y and IL-6 with lower values of IL-2,
IL-10, and IL-17. This situation was especially pronounced in those patients who had
complications such as miscarriage and preterm delivery [29].

From the above presented results and the available literature data, we can conclude
that the strong correlation between the investigated cytokines including chemokines
and growth factors (IL-2, IL-4, IL-6, IL-8, IL-10, VEGF, IFN-y, TNF-a, IL-1a, MCP-1,
and EGF), the oxidative stress parameters (d-ROM, OSI, and PAT), and some of the
commonly used clinical markers (CRP, D-dimers, NLR, PLR) is in agreement with the
proposed “cytokine storm” as potential mechanism of the SARS-CoV-2 infection. In
general, the so-called “cytokine storm” occurs when large numbers of white blood cells
(leukocytes) are activated followed by release of a high concentration of proinflam-
matory cytokines, primarily IL-6, IL-10, IFN, MPC-1, IL-1, IL-2, and IL-8. Mostly,
SARS-CoV-2 infection is related with increased oxidative stress, the proinflammatory
state, cytokine production, and cell death confirmed by increase in the levels of the
ROS and an alteration of antioxidant defense during the infection [15, 21, 30]. This
interplay is depicted in Figure 1.

As proposed previously [11, 27, 30], RNA viruses trigger the oxidative stress by
disturbing the pro-antioxidant-antioxidant balance for which we believe that the
same mechanism exists also during the infection with SARS-CoV-2. During the last
2 years, we have performed several investigations with COVID-19 patients and we
have managed to demonstrate increased oxidative stress and increased cytokines
levels in these patients. Actually, we have observed significantly higher level of the
markers of the oxidative stress (d-ROM and OS index values) and decreased total
antioxidant capacity (PAT) in the COVID-19 patients when compared with disease-
free individuals, supporting the theory that viral infection will increase the oxidative
stress in the organism and further complicate the course of the disease (Figure1).

SARS-CoV-2 binds to ACE-2 of the
host cell membrane

Macrophages activation and Angiotensin II cellular level
cytokines increased in the elevation
respiratory tract

Increased levels of proinflammatory Increased levels of ROS and
cytokines oxidative stress
Inflammation state Damage of cellular structures,

apoptosis and necrosis

COVID-19 disease progression

Figure 1.
Interplay of factors in COVID-19.
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While we consider that the oxidative stress index value presents a significant param-
eter, which can be used in clinical practice for patient classification, we can also try
in future activities, to implement a certain principle of supplementation with anti-
oxidants especially when there is relevant knowledge for more than a few vitamins
(vitamin C, vitamin D, selenium, quercetin, and other polyphenols) with proven
antioxidant, anti-inflammatory, and even antiviral capacity [31]. Also, information
on several clinical trials for potential therapy in COVID-19, such as tocilizumab, a
monoclonal antibody IL-6 receptor antagonist; sarilumab — IL-6 antagonist; and
anakinra, a recombinant IL-1 receptor antagonist against selected cytokines is in
progress, some of which have already been published [31-38]. Even though, data on
their efficacy are evolving and additional studies are needed for those treatments to
be administered routinely in COVID-19.

3.1 Alteration of oxidative stress markers, inflammatory cytokines, and
lymphocyte subsets in moderate and severe COVID-19

In regard to the pathophysiology of the virus, SARS-CoV-2 enters into the cell
through the angiotensin-converting enzyme-2 (ACE-2), mainly through the Toll-
like receptor-7 (TLR-7) that is present in the endosomes (Figure 1). The activation
of this receptor requires production of IL-6, IL-12, and TNF-a enabling cytotoxic
CD8+ T cells generation. This process results in further formation of antigen-specific
B- cells and antibodies production through CD4+ helper T cells [39]. The suppres-
sion of the immune response can occur as negative reaction from immune activation
and that is one of the reasons we have additionally performed analysis on several
lymphocyte subsets in one of our studies. Th1 cells, natural killer cells (NK cells),
and CD8+ T cells are main sources of INF-y, whose production has been increased
in COVID-19 patients. The increase of this cytokine (INF-y) triggers Thl response
to eradicate the viral infect as one of the human immune strategies. Results reported
since the beginning of the COVID-19 pandemic stated that more than a half of the
patients had low lymphocytes number, and moreover pathological findings suggested
that the patients who died of COVID-19 had significant increase of the concentra-
tion of proinflammatory CCR6+ Th17 within the CD4+ cells [2]. This point toward
that overactivation of T-cells in combination with high cytotoxicity of CD8 T cells
is partially responsible for severe immune injuries in COVID-19 patients. Several
reported clinical studies indicate that low CD8+ T cells counts and high neutrophil-
to-lymphocyte ratios (NLR) are associated with increased risk for disease severity
and mortality in critically ill COVID-19 patients [40-43]. Namely, the high ratio
between the neutrophils and leukocytes in COVID-19 patients leads to redox imbal-
ance as a result of increased reactive oxygen species (ROS) production. In addition,
the activation of macrophages and the polymorphonuclear cells also has effect on
the oxidative damage to the tissues, and they can lead to organ failure. Patients with
moderate form of COVID-19 had lower values of the measured concentration of free
radicals (d-ROMs) and hence lower oxidative stress index (OSI) when compared with
the patients classified with the severe form of the disease (p < 0.01). Additionally, the
moderate group had increased total antioxidant capacity (PAT) in comparison with
the severe group of patients, but however, this difference did not reach a statistical
significance (p > 0.05). In our previous study, d-ROM (concentration of free radicals)
and OSI demonstrated a good correlation with IL-6 and VEGF out of the 11 screened
cytokines as predictors of disease worsening in severe COVID-19 patients [21]. In this
study we have used them as parameters to potentially predict the so-called “cytokine
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storm,” and herein we report a statistically significant difference of IL-6 and VEGF
levels between the two groups of patients (moderate vs. severe) (p < 0.01).

In terms of the alteration of the lymphocyte subsets, we have observed decreased
levels of leukocytes and its subsets, namely CD4+, CD8+, CD3+, NK cells, and the
absolute number of CD8 (p < 0.05). Also, CD19+ and CD45+ were decreased in the
severe group in comparison to the moderate group of patients, but the difference did
not reach a statistical significance (p > 0.05), presumably due to small sample size.
These results are shown in Table 1.

Moreover, we have also investigated the correlation by calculation of the Spearman
r among all investigated parameters in both groups separately. We have demonstrated
that in the moderate group, a good correlation between the levels of IL-6 and VEGF
and NK cells was obtained (for IL-6, r = 0.6973, p < 0.05; and for VEGF, r = 0.6498,

p < 0.05), whereas in the severe group only these cytokines correlated with CD45+
(for IL-6, r = 0.5610, p < 0.05; and for VEGF, r = 0.5462, p < 0.05). The results from
our investigation had shown that both parameters CD45+ and the oxidative stress
index can be considered as an applicable diagnostic standard in distinguishing severe
form of the disease and disease complications.

The oxidative stress index can be used as potential marker with a diagnostic value
since we have obtained very high values in patients with severe COVID-19 as well as
OSI demonstrated a good correlation with IL-6, CD45+, CD4+, and absolute number
of CD8 cells. In the severe group, we have observed a high level of the proinflam-
matory cytokine IL-6, which probably contributes to the T lymphocyte deficiency
(CD4+, CD8+, CD3+) [17, 28]. Several authors have reported that during viral infec-
tions with the virus, CD4+ T lymphocytes are activated into T helper cells, and then
they secret proinflammatory cytokines as IL-6. The activated immune cells enter
into pulmonary circulation and can lead to serious lung injury [17, 21, 28]. In a study
of Mudd et al. [44], gene expressions differences between influenza and COVID-19
patients were investigated. Namely, in comparison to the influenza state, INF-y and
IFN-a response pathways were downregulated within the patients with COVID-19
in terms of B-cells, CD8+ T cells, regulatory T cells, plasma blasts, and monocyte
subsets. Hence, because of this interplay between the defect in the host immunity and
the increased cytokines level, the evaluation of the adaptive and the innate immunity
of the COVID-19 patient might be useful in terms of immunomodulatory therapies.

Subset Severe COVID-19 patients Moderate COVID-19 patients P

mean + SEM (n=16) mean + SEM (n=19) (t-test)
Leukocytes 12.28 + 1.055 7637 + 0.8581 0.0016
CD4+ 0.1711 + 0.0184 0.6765 + 0.0653 0.0001
CD8+ 0.1034 + 0.0191 0.3157 £ 0.0332 0.0001
NK 0.06225 + 0.01656 0.1498 + 0.02519 0.0087
Absolute CD8 99.63 +10.78 3174 + 32.42 0.0001
CDA45+ 0.7382 + 0.1188 1.266 + 0.1428 0.7594
CD19+ 0.1852 + 0.0495 0.2686 + 0.0861 0.4296
CD3+ 0.4038 + 0.0629 0.9057 + 0.0114 0.0009

Table1.

Alteration in lymphocytes subsets in severe and moderate COVID-19 patients on hospital admission. Results are
expressed as mean + SEM.

28



Alteration of Cytokines Level and Oxidative Stress Pavameters in COVID-19
DOI: http://dx.doi.org/10.5772/intechopen.104950

4, Conclusion

Upon available data and the results from our clinical experience in the last 2 years
of the pandemic, we can conclude that most probably the interplay between the defect
in the host immunity and the cytokines hyperproduction is an important factor in
the immunopathology of the SARS-CoV-2 infection. Our experience demonstrated
that the levels of certain cytokines, namely IL-6, IL-8, IL-10, VEGF, MCP-1, and EGF,
were significantly increased in the critically ill COVID-19 patients. Moreover, we
have proved a good correlation of the increased level of IL-6 with the oxidative stress
index, which can be considered as evidence that the cytokine storm syndrome lies as
an immune-pathogenesis during SARS-CoV-2 infection.
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Chapter 3

Chemokines at the Crossroad of
Diabetes-T'uberculosis Synergy

Vivekanandhan Aravindhan and Srinivasan Yuvaraj

Abstract

The epidemic increase in diabetes mellitus (DM) is taking place in the world
were one third of the population is latently infected with tuberculosis (TB). DM,
as a chronic metabolic disease, weakens the immune system and increases the risk
of Mycobacterium tuberculosis (M.tb) infection. In those who are already latently
infected, it increases the risk of reactivation. This is called DM-TB synergy. While
the role of immune cells and cytokines has been well studied in DM-TB synergy, the
role played by chemokines is largely unrecognized. Chemokines are low molecular
weight proteins that are rapidly secreted by both immune and non-immune cells and
guide the directorial migration of these cells. Impairment in chemokine secretion or
signaling can lead to delayed immune response and can mediate DM-TB synergy. This
chapter describes the role played by various chemokines and their receptors in DM-TB

synergy.

Keywords: diabetes, latent tuberculosis, chemokines, chemokine receptors, insulin
resistance, inflammation, immunity

1. Introduction
1.1 Diabetes-tuberculosis synergy

TB, caused by Mycobacterium tuberculosis (M.th) infection, is estimated to affect one
third of the world’s population. The majority of infected individuals develop asymp-
tomatic latent TB (LTB), while ~5-10% of these individuals will progress to active
pulmonary TB (ATB) [1]. The long treatment regimen, the relative inefficacy of the
BCG vaccine, in addition to increased drug resistance, leads to a rapid surge in TB cases
and made WHO declare TB as a global emergency in 1993 [2]. Despite the decline in
the mortality rate of ATB since 2000, TB is ranked as one of the leading causes of death
[1]. In 2015, there were an estimated 10.4 million incident TB cases across the world
[1]. The “End TB Strategy” commenced by the World Health Organization (WHO) in
2016, aims to terminate the global TB epidemic by 2035 [1]. Targets set in this strategy
include 90% reduction in TB deaths and an 80% reduction in TB incidence by 2030 [1].
The growing epidemic of DM is predicted to become one of the major global health
challenges. The number of DM subjects is projected to rise from 415 million in 2015,
to 642 million by 2040 [3]. It is well established by global epidemiological studies that
DM patients are highly susceptible to TB due to impaired immunity. Recent studies
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indicate that TB patients with DM have higher bacillary load in the sputum, delayed
sputum conversion and higher rates of multidrug-resistant infection [4]. Recent epide-
miological surveys have also clearly shown the chance of DM-TB nexus in near future
[4]. However, the exact mechanism of DM-TB synergy is yet to be fully deciphered.
Inflammation has long been identified as a common denominator of both DM and TB,
which however differs in both the disease conditions [5, 6]. The systemic low-grade
inflammation manifested in DM is non-protective in nature and impairs anti-TB
immunity [6]. While both cytokines and chemokines play an important role in anti-TB
immunity, compared to cytokines, chemokines are poorly studied in DM-TB nexus [5].

1.2 Chemokines

For sustenance of life, the right cell has to be there, at the right time, at the right
place, which is called as spatio-temporal regulation. This fundamental life process is
coordinated by a family of highly conserved, small proteins (8-12 kDa) called che-
mokines. They are best known for their ability to stimulate the directorial migration
of cells, most notably immune cells. However, recently it has been demonstrated that
these chemokines are also involved in the migration and organization of all body cells
at some point of time. Consequently, chemokines play a central role in the overall
development and homeostasis, and specifically in immune responses and inflamma-
tion. The first biologically active chemokines were discovered in the late 1980s and
early 1990s, based on the purification and characterization of leukocyte chemoattrac-
tant activity, present in the culture supernatants of human leukocytes, stimulated with
bacterial endotoxins [7]. First among chemokines which was isolated and character-
ized was monocyte chemotactic protein 1 (MCP-1), which was later termed as CCL2.

1.2.1 Nomenclature

Chemokines are classified, based on their amino acid composition, specifically on
the presence of a conserved tetra-cysteine motif. Variation in the precise configura-
tion of the two cysteines near the N terminus allows chemokines to be classified
into four subfamilies: CC, CXC, CX3C, and XC. In CC chemokines, these cysteines
are juxtaposed directly, while CXC chemokines hold a single variable amino acid
between them. The sole CX3C chemokine has three amino acids between these two
cysteines, while XC chemokines, of which there are two, lack the first and the third
cysteines of the motif. Although chemokines were originally named according to
specific functions, a systematic nomenclature was introduced in 2000 that includes a
subfamily designation (i.e., CC, CXC, CX3C, or XC), followed by the letter L (denot-
ing ‘ligand’), and then a number according to the chronology of discovery [8, 9]. To
date, the official nomenclature accounts for more than 48 chemokines in humans
and includes 28 CCL, 17 CXCL, 1 CX3CL and 2 XCL members. Chemokines can be
induced by diverse stimuli. Apart from chemotaxis and cell adhesion they also play an
important role in cellular activation, proliferation, maturation, differentiation, apop-
tosis, malignant transformation, and dissemination, depending upon the cell type.

1.2.2 Chemokine receptors

Chemokines signal through cell surface receptors which are seven transmembrane
G protein coupled serpentine receptors (7TMGPCR) present on several cell types.
The human chemokine receptor system at present consists of 20 members. The GPCR
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family ranks the most diverse class of cell-surface receptors. These receptors are broadly
classified into conventional chemokine receptors (cCKRs) and atypical chemokine
receptors (aCKRs). cCKRs are generally specific for a single chemokine family. There
are 10 CC chemokine receptors, 6 CXC chemokine receptors, and 1 receptor for C and
CX3C chemokines (Totally 18). The chemokine- receptor family members show bidi-
rectional promiscuity, meaning some chemokines can bind to more than one receptor
and some receptors can bind to more than one chemokine. But conventionally, promis-
cuity is class restricted. The immediate consequence of receptor binding is a change in
the cellular cytoskeleton which results in polarization and directional migration of the
cells, up the chemokine gradient.

2. Chemokines in diabetes

Molecular links between obesity, insulin resistance (IR) and DM remain incom-
pletely understood but may include chronic inflammation, particularly in adipose tissue
(AT). IR causes rapid exhaustion of pancreatic p cells due to increased insulin demand,
leading to insulin deficiency. Thus, chronic DM is depicted by combined insulin defi-
ciency (ID) and IR progressing to hyperglycemia, eventually leading to endothelial dys-
function. Endothelial dysfunction is the root cause of microvascular and macrovascular
complications, accounting for significant morbidity and mortality among DM patients.
Chemokines are shown to play an important role in both IR and pancreatic f cell loss.

2.1 Chemokines in adipose inflammation and insulin resistance

The role of chemokines in adipose tissue inflammation and insulin resistance is
briefly illustrated in Figure 1. IR is a metabolic complication in which the three major
insulin-sensitive organs namely adipose tissue, skeletal muscle and liver become less
responsive to insulin action. It is now well established that IR predominantly starts
in adipose tissue and then spills over to other insulin-sensitive organs. The primary
function of insulin in adipose tissue is to increase glucose uptake, glycolysis and
increased production of acetyl-CoA, which is then converted to lipids and stored as
lipid droplets. Under conditions of IR, there is a decreased glucose uptake, reduced
glycolysis and acetyl-CoA production, decreased lipid synthesis and storage and
increased release of free fatty acids (FFAs) [8]. FFAs undergo oxidation and give
rise to fatty acid peroxides (oxFFAs), which then bind to cell surface inflammatory
receptors like TLRs and trigger inflammation. Animal and human studies have identi-
fied white adipose tissue (WAT) as the primary site where obesity-related chronic
inflammation is initiated and exacerbated. oxFFAs bind to TLR in presence of fetuin
A and brings about the activation of adipocytes which results in the secretion of
pro-inflammatory cytokines like TNF-a, IL-6 and IL-1p and chemokines like MCP-1.
MCP-1 promotes macrophage infiltration, while TNF-a, IL-6 and IL-1p bring about
polarization of those macrophages into M1 phenotype. Infiltrating macrophages
in turn secrete several pro-inflammatory cytokines and chemokines, which act on
adipocytes impairing insulin action. Macrophages are the most important cell type
in mediating AT inflammation. The pro-inflammatory mediators secreted by the
macrophages have local effects on adipocytes and resident macrophages and also
enter circulation, where they affect the skeletal muscle and liver.

The role for chemokines in the regulation of adipose tissue metabolism was
suggested during early 2000. MCP-1, IL-8 and MIP-1a were the earliest known
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Figure 1.

Chgemokines in adipose inflammation and insulin vesistance. Two immune circuits plays a key role in adipose
tissue inflammation, one promotes inflammation while other dampens the inflammation. A. CCR2+ Classically
activated macrophages (CAM)/Mz1 macrophages are vecruited into adipose tissue under the influence of MCP-1
secreted by the adipose and induce inflammation which is the earliest event in AT inflammation. B. Th1 ¢ Th1y
cells release IFN-gamma and IL-17 respectively which enhances M1 polarization. C. Conventional dendritic cells
(cDCs) secrete IL-12 (which induces Tha polarization) and IL-6, TGF-Beta and IL-23 (which induces Thiy
polarization). cDCs also migrates to the site of inflammation through CXCL14. D. Cytotoxic T lymphocytes
(CTLs) act synevgistically with Th1 and Thay cells in bringing about M1 polarization E. Neutrophils migrate to
site of AT through the release of CXCLs. F. B-cells enter AT through the release of CXCL8. G. NK1.1" cells upon
interaction with adipocyte activate the NK cells, which then migrate to the inflammation site through the action
of CCL3, CCL4 and CXCL1o. H. Alternatively activated macrophages (AAM/M2) antagonize M1 macrophages
through the release of IL-10. M2 macrophages are activated by 1. Eosinophils by veleasing IL-4, IL-5, IL13. J.
Tolerogenic DCs (tDCs) polarize Tregs through the velease of IL-10 and TGF-beta. L. iNKT cells release IL-4 and
IL-10 which enhances the function of M2 macrophages.

chemokines to be detected in human adipocytes and were shown to be strongly upreg-
ulated following pro-inflammatory stimuli. The primary event in AT inflammation is
metabolic dysfunction in adipocytes, followed by the production of cytokines/che-
mokines, which is then exacerbated by activated ATM, resulting in the recruitment
and activation of other immune cells. Various chemokines have been implicated in

AT inflammation, among which the most important ones are MCP-1, MCP-2, MCP-3,
MCP-4, MIP-1a and MIP-1p. The dominant chemokines in preadipocytes were CCLS5,
CCL8, CXCL1, and CXCL16, and in adipocytes were CCL6 and CXCL13 [9]. The
following chemokines were found in both preadipocytes and adipocytes: CCL2, CCL7,
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CCL25, CCL27, CXCL5, CXCL12, and CX3CL1 [9]. Among the various chemokine
receptors, CXCR7 was specific for preadipocytes and CXCR2 for adipocytes [9]. These
findings indicate the development of a CXCL12-CXCR7 axis which is specific for pre-
adipocytes and CXCL5-CXCR? axis which is specific for adipocytes [9]. In addition to
induction of CCL2 and CCL7 in both preadipocytes and adipocytes, EGF specifically
enhances CXCL1 and CXCLS in adipocytes, potentiating the CXCR2-mediated path-
way [9]. Visceral adipocytes from insulin-resistant subjects hyperexpressed MCP-1,
RANTES, CXCL5/ENA-78, IL-8, lymphotactin-p, and fractalkine. Serum levels of
these chemokines are dramatically increased in obesity [10]. The expression of che-
mokine receptors CCR1, CCR2, CCR3, and CCR5, is elevated in omental and subcuta-
neous adipose tissues of obese patients. IL-1p was shown to stimulate the secretion of
multiple chemokines including MCP-1, IL-8, IP-10, MIP-1a and MCP-4 from mature
human adipocytes, with maximum induction noted for IP-10 [11]. Interestingly,
hypoxia reduces the expression of chemokines MCP-1 and IL-8 from primary adipo-
cytes. Adiponectin was shown to reduce the secretion of MCP-1, MIP-1a, MIP-1f and
IL-8, from adipocytes, in an AMPK-dependent and PPAR-y- independent pathway.
In DIO rats, MCP-1 and XCL-1 was found to be hyperexpressed in subcutaneous and
retroperitoneal adipose tissues, XCL-1 was found to be downregulated in epididymal
adipose tissue, and SDF-1 showed no significant change in the expression levels in
these three different adipose depots.

The interaction between MCP-1 with its receptor CCR2 is considered pivotal
in obesity-induced IR in AT. Deletion of MCP-1 or its receptor CCR2 decreased AT
inflammation and conferred protection against IR. However, conflicting results
were also observed, wherein the loss of MCP-1 neither attenuates obesity-associated
macrophage recruitment to WAT nor improves metabolic function [12]. Also, CCR2
deficiency does not normalize ATM content and IR to the levels in lean animals,
indicating that MCP-1-CCR2 independent signals also regulate AT inflammation.
Overexpression of MCP-1 in the AT, increased macrophage recruitment and induced
IR [13]. Among various receptors for MCP-1, CCR2 and CCRS5 are the most critical
receptors that play a pivotal role in the pathogenesis of IR in AT [14]. CCR2 activation
induces the expression of various inflammatory genes and impairs insulin-dependent
glucose uptake. The upregulation of MCP-1 and CCL3 from adipocytes may contrib-
ute to the development of IR in both adipose and peripheral tissues [15]. Both TLR
and NOD1 stimuli are known to inhibit insulin signaling and induce the secretion
of cytokines and chemokines. NOD1 was shown to induce the secretion of MCP-1,
RANTES, and MIP-2 in mature adipocytes.

Next, to MCP-1, IL-8 is a major adipocytokine produced by adipocytes following
stimulation with TNF-a, IL-1p and CRP [16]. IL-8 also induces its own secretion by a
positive feedback loop, which is dependent upon MEK-MAPK cascade [16]. Further,
IL-8 inhibits insulin-induced Akt phosphorylation and insulin signaling, directly con-
tributing to IR [16]. Circulating levels of IL-8 was found to be significantly increased
in DM patients and like other inflammatory markers, IL-8 was found to be hyperex-
pressed in visceral fat, compared to subcutaneous fat, from insulin resistant subjects.
KC (the murine ortholog of human IL-8) expression is increased in the AT and in the
plasma of ob/ob and DIO mice. KC expression was seen mainly in the stromal vascu-
lar cells and not in adipocytes, and also, the expression is high in pre-adipocytes and
decreases with adipocyte maturation. Although KC does not affect adipogenesis, it
induces the expression of inflammatory factors and the IR mediators like SOCS3. The
lack of KC receptor CXCR?2 in hematopoietic cells is sufficient to prevent adipose and
skeletal muscle macrophage recruitment and development of IR.
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The CXCL12/CXCR4 pathway was recently reported to affect energy metabolism
in AT. CXCL12/SDF-1 levels were found to be elevated in DM patients. Mature white
adipocytes secrete CXCL12 which induces macrophage infiltration. In addition to
this, CXCL12 can directly acts as insulin desensitizing factor in adipocytes thereby
worsening insulin sensitivity. In addition to white adipose tissue, CXCL12-CXCR4
pathway plays an essential role in the activation of the brown adipocytes through the
P38 and ERK, but not PKA, pathways. Adipocyte specific deletion of CXCR4, in DIO
mice, exacerbated obesity. On the contrary, Shin et al. reported that CXCL12 caused
IR in white adipose tissues. DIO mice had increased expression of SDF-1 expression in
WAT. Treatment of these mice with a CXCR4 antagonist reduced macrophage accu-
mulation and inflammation and improved insulin sensitivity, in AT. CXCL12 plays a
dual role in AT. At one end, it recruits M1 macrophages into adipocytes which after
differentiation, secretes pro-inflammatory cytokines and induces inflammation lead-
ing to IR. On the other hand, it can also have an anti-inflammatory role by mediating
T cell polarization toward Tregs and macrophage polarization toward M2 phenotype,
both of which are known to impede inflammation [17].

Other chemokines implicated in ATM infiltration are CXCL5 [18] and CXCL14.
CXCLS5, traditionally regarded as a chemoattractant for neutrophils, is highly expressed
in adipose tissue and is mainly expressed in ATMs [18]. It correlates with the fact that
plasma levels of CXCLS5 were found to be elevated in obese individuals and decrease in
these subjects, after a weight reduction program [18]. CXCLS5 also blocks insulin signal-
ing by activating the Jak2/STAT5/SOCS2 pathway [18]. CXCL14 exhibits chemoattrac-
tive activity for monocytes and dendritic cells. CXCL14 null mice are protected from
hyperinsulinemia, obesity-induced IR and hyperglycemia [19]. CXCL14 expression is
elevated in white adipose tissue (WAT), in DIO and Ob/Ob mice and the phenotype
indicate its involvement in macrophage recruitment and IR [19]. CX3CL1-CX3CR1 pair
is an inflammatory adipose chemokine system that modulates monocyte adhesion to
adipocytes and is associated with obesity, IR, and DM. Circulating levels of CX3CL1
were found to be elevated in DM and CX3CR1 SNP was associated with central obesity
and IR. Studies on CX3CR1 null DIO mice have yielded contrasting results. Polydk et
al., have shown reduced macrophage accumulation, attenuated expression of TNF-a,
IL-1a and MCP-1 in macrophages, increased expression of lipolytic enzymes and
upregulation of thermogenic factors, in the BAT [20]. However, Morris et al. showed
that CX3CR1 was not required for the macrophages recruitment into epididymal
adipose tissue and CX3CR1 deficiency did not affect IR or hepatic steatosis.

CCR5-mediated signaling in the adipose tissue is also thought to maintain obesity-
induced inflammation. As in obese individuals, the expression of CCR5 and its ligands
is significantly increased in the WAT of DIO mice [14]. Moreover, a high fat diet causes a
stout increase in CCR5+ ATMs in hypertrophic WAT [14]. Also, lack of CCR5 expression
in myeloid cells alone was associated with a marked reduction in monocyte infiltration
and protects mice from IR [14]. These data suggest that CCR5+ ATMs contribute to the
development of obesity-induced adipose tissue inflammation and IR. Kennedy et al.
showed that CCR5 has a minor role in regulating macrophage infiltration but increases
the influx of CD4+ T cells into hypertrophic AT, indicating that targeting CCR5 may be
the best approach to inhibit both macrophage and T cell infiltration.

2.2 Chemokines in skeletal muscle inflammation and insulin resistance

The role of chemokines in skeletal muscle inflammation and insulin resistance is
briefly illustrated in Figure 2. Compared to AT, skeletal muscle (SM) inflammation
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Chgemokines in skeletal muscle inflammation and insulin vesistance. During obesity, excess free fatty acids (FFAs)
which cannot be stoved in the adipose tissue are secveted which undergoes oxidation and gives rise to oxidized free
fatty acids (oxFFAs). The FFAs and oxFFAs, along with pro-inflammatory cytokines and chemokines secreted by
the AT, set the stage for the formation of intermuscular adipose tissue (IMAT). Transdiffeventiation of myocytes
into adipocytes and ectopic lipid accumulation into these cells leads to the secvetion of cytokines and chemokines.
A. MCP-1 attracts M1 macrophages, B. RANTES attracts CTLs, C. IP-10 attracts Tha cells and D. Fractalkine
attracts neutrophils. Eosinophils and mast cell content remains constant.M2 macrophages and Treg content
decreases. This sets the stage for SM inflammation and insulin vesistance.

and its contribution to IR are less well studied. The main function of insulin in SM

is to increase glucose uptake, glycolysis, TCA cycle, ATP synthesis and glycogen
synthesis [21]. Under conditions of IR, there is decreased rate of glucose uptake,
glycolysis, Krebs cycle, ATP synthesis and glycogen synthesis. Further, the excess
circulating FFAs secreted from AT get deposited in SM, leading to the formation of
inter-myocellular/inter-muscular AT (IMAT) or perimuscular AT (PMAT) [22]. This
ectopic lipid deposition and trans differentiation of myocytes into adipocytes set the
stage for inflammation in SM. IMAT refers to fat deposition along the blood vessels,
intermuscular space and muscle bundles. Goodpaster published the first study on
IMAT and its correlation to IR, in 2000. Histologically, macrophages and T lympho-
cytes are primarily located on surrounding adipocytes between myocytes, forming
the IMAT/PMAT depots. Both are extramyocellular fat that expands substantially in
obesity and decreases following weight loss, and both depots are highly correlated
with IR. Macrophages and T cells within these adipose depots are markedly increased
in obesity [22] and can form crown-like structures surrounding dead or dying
adipocytes, as in AT [22]. Additionally, macrophages and T cells can be found at lower
frequencies between myofibers in SM [22]. Obesity-linked changes in immune cells
and inflammatory markers are much greater in muscle AT than in muscle [22]. Similar
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to those in visceral AT, immune cells in SM tend to polarize into pro-inflammatory M1
phenotypes in obesity. Most macrophages in SM are CD11c+ and display classical M1
phenotype [22]. Both CD4" and CD8" T cells are increased in SM of obese mice [22].
While the proportion of IFN-y—expressing Thl cells increases, the proportion of Tregs
decreases, in SM [22]. Accordingly, pro-inflammatory markers related to immune cell
activation such as TNF-a, IL-1f and IFN-y are increased [22], while anti-inflamma-
tory markers such as IL-10 are reduced. Both high-fat-high-calorie diet and overfeed-
ing, which are known to induce IR, increased macrophage markers in SM, in healthy
subjects. In mice, obesity induced IR was associated with increased accumulation of
immune cells, including macrophages and T cells in SM [22]. Like humans, short-term
diet induced obese mice have increased macrophage content in SM [22]. Mast cells
and eosinophils were also observed in mouse SM but showed no changes with obesity.
Changes in other immune cells, including neutrophils, B cells, NK cells, and invariant
NKT (iNKT) cells, found in visceral AT, have not been reported in SM during obesity.
Similar to adipocytes, SM myocytes express and secrete numerous cytokines such

as IL-6, IL-8 and IL-15 and hormones such as FGF-21, irisin, myonectin, and myo-
statin, collectively called myokines. Whereas most adipokines are pro-inflammatory,
regulated by obesity, and involved in the development of obesity-linked metabolic
dysfunction, most myokines are anti-inflammatory, secreted during vigorous exercise
and counteracts the detrimental effects of adipokines. They have positive effects on
glucose and lipid metabolism and dissipate inflammation.

Like adipocytes, skeletal muscle cells also secrete several chemokines, such as
MCP-1, MIP-1a, MIP-1f, and IL-8, and express chemokine receptors like CXCR1
and 2 and CCR1, 2, 4, 5, and 10. MCP-1 leads to macrophage infiltration, thereby
contributing to the low-grade inflammation. It has been demonstrated that
intra-muscular TNF-a expression is restricted to the population of intramuscu-
lar leukocytes (mainly, macrophages) and that CCL2 is associated with skeletal
muscle inflammation in DIO mice and DM patients [23]. Exposure of myotubes
to palmitate resulted in the elevated secretion of CCL2. Muscle-specific overex-
pression of CCL2 induced macrophage infiltration and altered insulin sensitivity.
Moreover, contracting myotubes were shown to secrete CCL2 in a NF-xB manner.
Macrophages infiltration is significantly increased in human skeletal muscle from
DM patients. TNF-a treated myotubes produce elevated levels of CCL5, CXCL10,
CXCL2, IL-8, CCL2, CCL7, CXCL6, CXCL3, and CXCL1. But how many of these
chemokines are either directly or indirectly involved in SM inflammation and IR is
not known [24].

Recently, CXCL10, which was secreted under the influence of IFN-y and TNF-a
stimulation by myotubes, was shown to recruit Thi cells, fueling inflammation and
IR. In mice, after rigorous exercise, multiplex chemokine analysis showed significant
upregulation of CXCL2, CXCL10 and CCL19 and downregulation of CCL5, CCL11,
CCL20, CCL21, CXCL1, CXCL9, CXCL10 and CX3CL1, in the SM [25]. Fractalkine
(CX3CL1) and its receptor, CX3CR1, were found to play an important role in FFA
induced IR in SM cells. Exercise increases the expression of fractalkine in muscle
endothelial cells and plays an important role in neutrophil recruitment. Both frac-
talkine expression and neutrophil recruitment are needed for GLUT4 translocation
and secretion of CXCL1 and IL-6 from muscle cells. Further, CX3CL1 is involved in
muscle-pancreas cross-talk which would be discussed latter, in this chapter. CXCL1 is
another important myokine secreted during palmitate induced lipotoxicity in muscle
cells [26]. Overexpression of CXCL1 in skeletal muscle decreased visceral adiposity
and increased insulin sensitivity, in DIO mice [27].
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2.3 Chemokines in liver inflammation and insulin resistance

The role of chemokines in liver inflammation and insulin resistance is briefly
illustrated in Figure 3. Next to AT and SM, liver plays a vital role in IR. The liver is
the most important metabolic organ which controls glucose and lipid metabolism
[28]. The primary function of insulin in the liver is to increase glucose uptake and
glycogen synthesis. Further, unlike other insulin target organs, insulin plays a unique
role in the liver by inhibiting gluconeogenesis (which occurs only in the liver and to
a lesser extent in the kidney). Apart from decreased glucose uptake and glycogenesis
(glycogen synthesis), the inability to inhibit gluconeogenesis is the primary cause for
high post-prandial blood glucose levels, seen in DM. Unlike SM, ectopic lipid deposi-
tion leading to the fatty liver occurs only in morbid obesity and extreme cases of DM.
However, chronic inflammation of the liver leading to IR occurs due to the increased
circulating levels of pro-inflammatory mediators secreted from AT and to a small
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Figure 3.

Chgemokines in liver inflammation and insulin resistance. During obesity excess free fatty acids (FFAs) which
cannot be stoved in the adipose tissue ave secreted which undergoes oxidation and gives rise to oxidized free fatty
acids (oxFFAs). The FFAs and oxFFAs, along with pro-inflammatory cytokines and chemokines secreted by the
AT, set the stage for the formation of ectopic lipid deposition in liver (Hepatic steatosis) Transdifferentiation

of myocytes into adipocytes and ectopic lipid. BCA-1 attracts B cells, B. MCP-1 attracts M1 macrophages, C.
MIG,IP-10,I-TAC attracts Tha cells and D. IL-8 and MIP-2 attracts neutrophils and E. RANTES attracts CTLs
and NK cells. Kupffer and stellate cell content remains constant but get inflamed. M2 macrophages and Treg
content decreases. This sets the stage for liver inflammation and insulin resistance.
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extent, from SM. In obesity-induced IR in mice, the resident hepatic macrophages,
namely the Kupffer cells, secrete high levels of MCP-1, which recruits circulating
macrophages, which in turn augment inflammation and hepatic IR. Kupffer cells
are the bona fide liver-resident macrophages and the most abundant cell type in the
healthy liver. In DM, activated Kupffer cells become pro-inflammatory and secrete
cytokines such as IL-1p, IL-6, TNF-a and MCP-1, which promote inflammation and
monocyte recruitment to the liver.

Hepatosteatosis (fatty liver) is described by excessive fat accumulation in the form
of triglycerides in the liver. It is generally associated with IR, obesity, DM, dyslipidemia,
and metabolic syndromes. Of the many chemokines and their cognate receptors, the
hepatic expression of MCP-1-CCR2 is upregulated and plays an important role dur-
ing the induction of hepatic inflammation and IR.MCP-1 expression is increased in
hepatocytes of DIO mice and leads to the hepatic recruitment of CCR2+ myeloid cells
which promote hepatosteatosis. Studies show that genetic deletion of MCP-1 and CCR2
attenuates obesity and improves IR and hepatic steatosis. Serum levels of CCL2/MCP-1
were significantly increased in patients with hepatosteatosis with DM.

CCRS5 receptor has been recently identified on isolated hepatic stellate cells, which
indicates that these hepatic cells are both the source and as well as target for RANTES/
CCL5.CCRS expression is shown to be upregulated in DIO mice, and obese patients [14]
and inactivation of CCRS5 protects mice from IR and hepatic inflammation [29] and
also allows a shift in macrophage polarization toward the M2 phenotype [14]. CCL5 is
involved in the recruitment of CCR1+ NK cells and CCR5+ CTLs to the liver in hepatic
steatosis. Pharmacological inhibition of CCL5 in mouse models of NAFLD was shown
to attenuate liver steatosis, which was likely mediated by the inhibition of lymphocyte
chemotaxis. Cenicriviroc, a dual CCR2-CCRS5 antagonist, gained much attention owing
to its simultaneous effect on two important chemokine pathways, and was shown to be
effective in reducing inflammation, steatosis and fibrosis in the liver [30].

T cell chemokines like CXCL9 (MIG), CXCL10 (IP-10) and CXCL11 (MIP-2)
have been shown to promote cholesterol-induced steatohepatitis and facilitate lipid
accumulation. The pharmacological blockade of CXCR3 in mice was shown to prevent
the Development and also reverse established steatohepatitis. Serum levels of CXCL9
are associated with liver fibrosis in patients [31] and CXCL10 has been identified as an
independent risk factor for NASH. CXCL10 not only induces inflammation but also
directly promotes steatosis by stimulating lipogenesis and promoting macrophage-
associated liver injury in mouse models of NASH [32]. B cell recruitment to the liver is
mediated by the upregulation of CXCL13 (BCA-1) [33].

Hepatosteatosis induces neutrophil migration by upregulating CXCL1 and CXCL8
in hepatocytes. Treatment of postpartum cows with recombinant IL-8 increased
milk production but also increased hepatosteatosis. G31P, an antagonist of CXCLS,
improved hepatic insulin sensitivity by modulating the expression of genes related
to gluconeogenesis, in db/db mice [34]. The expression of several genes involved in
de novo lipogenesis were decreased in treated mice [34]. Immune cell infiltration
and cytokine secretion were also attenuated in these mice [34]. G31P also improved
the ratio of M1 and M2 macrophages [34]. Furthermore, G31P ameliorates metabolic
disturbances by inhibiting CXCR1 and CXCR2 pathways in these mice [34].

2.4 Chemokines in beta cell inflammation and loss

The role of chemokines in beta cell inflammation and loss is illustrated in
Figure 4. Finally, chronic DM commonly presents itself with decreased p-cell

44



Chemokines at the Crossroad of Diabetes-Tuberculosis Synergy
DOI: http://dx.doi.org/10.5772/intechopen.106598

function, often referred to as loss of B-cell mass. Under clinical condition, frank
DM sets in only after the pancreatic p cells stop producing insulin. Numerous
efforts have been made, to elucidate the mechanisms behind p-cell loss in DM.
Oxidative stress, endoplasmic reticulum (ER) stress, hypoxia stress, inflamma-
tion and protein aggregation are all involved in the p-cell loss. In response to these
stressors, p cells can either undergo apoptosis or uncontrolled autophagy [35].
Emerging evidence also suggests that they can dedifferentiate or transdifferentiate
into other pancreatic cell types, which is a recent fast emerging concept, in the
pathogenesis of p-cell dysfunction.

In DM, the primary mechanism leading to the decreased p-cell mass is apoptosis.
While the toxic role of pro-inflammatory cytokines in inducing f -cell death is well
documented, the role played by chemokines in this process is less well studied.
CXCL10 (IP-10), was the first chemokine expressed in the pancreas in a mice model
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Figure 4.

Chemokines in beta cell inflammation and loss. During obesity, excess free fatty acids (FFAs) which cannot

be stored in the adipose tissue are secreted which undergoes oxidation and gives vise to oxidized free fatty acids
(0xFFAs). The FFAs and oxFFAs, along with, pro-inflammatory cytokines secreted by the AT and hyperglycemia
sets the stage for beta cell inflammation. A. Chemokines like MIP-13 and CXCL14 can directly inhibit insulin
secretion while CX3CL1 can augment the secvetion. B. Chemokines like SDF-1, CXCL13 and CX3CL1 can
counteract the toxic effect of pro-inflammatory cytokines and can increase the survival of beta cells along with
survival factors like IL-6 and GLP-1. C. Glycolipotoxicity leads to ectopic lipid deposition and secretion of
macrophage attractant MCP-1. The recruited macrophages secrete pro-inflammatory cytokines TNF-a and
IL-1f, which along with palmitate activated TLR4, induce beta cell apoptosis. IFN-y secreted by beta cells
augment this effect. These cytokines also induce the secretion of plethora of chemokines out of which some like
IP-10 and MIP-1f3 can have direct cytotoxic effect. D SDF-1 can promote dedifferentiation of beta cells and can
thereby protect them from glycolipotoxicity. Under certain conditions these cells transdifferentiate into glucagon
producing alpha cells.
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of LCMV-induced DM. Islets isolated from patients with DM secreted high levels of
CXCL10. Treatment of human islets with CXCL10 decreased cell viability, impaired
insulin secretion, and reduced insulin expression, through PI3K dependent signal-
ing [36]. These effects are found to be independent of its receptor CXCR3 and were
mediated through its interaction with TLR4 [36]. Overexpression of CXCL10 in
isolated mouse islets leads to enhanced lymphocyte infiltration and increased apop-
tosis. CXCL10 antagonist NBI-74330 was shown to significantly reduce p-cell lossin a
streptozotocin induced DM rat model.

Along with p-cell destruction, de-differentiation and re-differentiation of p-cell
into a-cells occurs in DM. CXCL12 (SDF-1) regulates the differentiation and function
of immune cells and also play an anti-inflammatory and immunomodulatory role.
Elevated levels of SDF-1 are commonly seen in DM subjects [37] and are associ-
ated with diabetic insulitis, nephropathy and adipose tissue inflammation. DPP-IV
(Dipeptidyl peptidase IV) inhibitor saxagliptin improved the function of p-cells
by regulating SDF-1 expression. Several studies have revealed the importance of
SDF-1in f cell survival, after islet transplantation [38]. Furthermore, during the
terminal differentiation of p cells, SDF-1 prevents apoptosis by activating the PI3K/
AKT and WNT/B-catenin pathways [38]. SDF-1 can bind to CXCR4 and upregulate
FOXO1 expression, thereby inhibiting the dedifferentiation of pancreatic p cells.
Hyperglycemia causes a partial loss of SDF-1 activity, which is then unable to bind to
CXCR4 and inhibit the dedifferentiation of pancreatic f cells.

Bone marrow derived mesenchymal stem cells express a restricted set of chemo-
kine receptors (CXCR4, CX3CR1, CXCR6, CCR1 and CCR7) and, accordingly, show
migration in response to the chemokines like CXCL12, CX3CL1, CXCL16, CCL3,
and CCL19. Migration of these cells into pancreatic islets and their differentiation
into B cells was largely mediated through CX3CL1 and CXCL12 chemokines. The
muscle-pancreas intercommunication axis, which is largely responsible for improved
p-cell function, in DM patients, routinely undergoing rigorous physical exercise, is
largely mediated by CX3CL1 [39]. CX3CL1 decreases glucagon secretion and protects
p-cells from TNF-a induced apoptosis [39]. CX3CR1 knockout mice have impaired
glucose tolerance, resulting from decreased insulin secretion. CX3CL1 administration
improved glucose tolerance and induced insulin secretion, in DIO mice.

3. Chemokines in tuberculosis
3.1 Chemokines in granuloma formation

The role of chemokines in granuloma formation is briefly illustrated in Figure 5.
Granulomatous response is a very characteristic feature of TB infection. TB granu-
loma is defined as a focal aggregate of immune cells that forms in response to TB
bacilli invasion [40]. A basic requirement of granuloma formation involves directed
migration and organization of immune cells, so as to curtail the infection. This
directorial migration and organization of cells is facilitated mainly through the
orchestration of cytokines, chemokines and cell adhesion molecules. Chemokines
apart from recruitment of immune cells into the granuloma, are also involved in
arresting the emigration of cells out of the granuloma. If the activated immune cells
are not controlled tightly within the granuloma, they might enter circulation and
aggravate systemic inflammation. To restate, one of the crucial roles of granuloma
is not only to localize and contain the bacteria but also to shield the inflammatory
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Chemokines in TB granuloma formation and maintenance. A. The most important event in the formation of TB
granuloma is the intevaction between M.th and lung macrophages. This leads to the secretion of MCP-1 which
attracts CCR2+ macrophages. Thus, during early infection CCL2/CCR2 axis leads to macrophage recruitment
and infection B. Exotoxins (-1, -2 and -3) secreted by the granuloma attract CCR3+ eosinophils. C. CXCL5
secreted by the granuloma attracts CXCR2+ neutrophils. D. the SDF-1/CXCR4 axis plays an important role in
the recruitment of endothelial cells and angiogenesis. E. Pevipheval B cells are vecruited viz CXCL13/CXCR5 axis.
E. The immature DCs in lung undergo maturation upon Mtb infection and navigate to the draining lymph node
through CCL19/CCL21/CCRy axis. G. Interestingly, the same axis guides the naive T cells into the lymph nodes
were T cell-DC interaction and priming takes place. Finally, Mtb specific activated Thai cells get recruited into
the granuloma through a panel of IFN-y induced chemokines (IP-10, MIG, I-TAC) and their cognate receptor
(CXCR3). Containment of Tb growth inside the granuloma takes place only after the timely recruitment of fully
activated Tha cells.

response from spilling over to systemic circulation. A delicate balance between pro-
and anti-inflammatory cytokines plays a major role in the formation and maintenance
of TB granulomas: TNF-a, IL-1p and IFN-y are particularly important in promoting
the formation and function of the granuloma, whereas IL-10 and IL-1Ra are neces-
sary to control the inflammatory response, within the granuloma.

Caseous granulomas are typical of TB. These structures are formed by epithelioid
macrophages surrounding a cellular necrotic region with a rim of lymphocytes (T-
and B-cells). Numerous chemokine families are involved in granuloma formation.
Some chemokines are produced by respiratory epithelium and others are produced
by immune cells themselves. In particular, CCL2, CCL12 and CCL13 are important
for the early recruitment of macrophages. Osteopontin, a highly phosphorylated
sialoprotein present in mineralized extracellular matrix of bones and teeth, produced
by macrophages and lymphocytes, promotes the adhesion and recruitment of these
cells. CCL19 and perhaps CCL21 are involved in the recruitment and priming of IFN-
y-producing T cells [41]. Both CCL19 and CCL21 bind CCR7 and direct the homing of
naive, central memory T cells and DCs to secondary lymphoid organs. Studies pointed
out that CXCL13 is not involved in generating IFN-y responses, but is essential for the
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spatial arrangement of lymphocytes within the granuloma and for optimal activation
of macrophages, and subsequent control of mycobacterial growth [41]. CXCL13 is
also involved in B-cell recruitment and the formation of follicular structures [41].

CCL5(RANTES) is a Th1 chemokine which promotes T cell activation and prolif-
eration and aids in chemotaxis of memory T cells to the granuloma. Several studies
strongly connect the link between CCL5 and disease susceptibility, due to their
peculiar role in regulation of T-cell activation and expression during M.tb infection.
Lymphoid structure organization and inducing protective immune response during
M.tb infection are dependent on homeostatic chemokine expression. Specifically,
CCL19/CCL21 are required for optimal priming, activation, and agglomeration of T
cells in lungs, likely through their role in migration of DCs and priming of Ag-specific
T cell responses in lymphoid organs [41]. Initiation and organization of lymphoid
areas within granuloma of infection is significantly disrupted due to the absence of
homeostatic chemokines like CCL19 and 21.

In accordance to changes in chemokine profile, differential expression of chemo-
kine receptors occurs in immune cells, as part of cellular maturation/activation [42].
For instance, CXCR1 and CXCR2 are highly expressed by neutrophils permitting
responses to chemokine ligands CXCL1-8 [42]. On the contrary, CXCR3 is expressed by
effector lymphocytes and responds to CXCL9,10 and 11 [42]. Animal studies involving
different antigens induced granulomas showed that PPD-elicited granulomas alone
had higher expression of neutrophil chemotactins like CXCL2, CXCL5 and CCL3,
which correlates with increased neutrophil influx, during early stages of granulomas.
Also, during adaptive granuloma formation, the CXCL chemokines (CXCL2, CXCLS5,
CXCL9, CXCL10, CXCL11) increased up to 10-fold over the innate response [42].
Polymorphonuclear Neutrophils (PMN) are necessary for early granuloma formation
during chronic M.tb infection without influencing mycobacterial growth restriction
[43]. PMN mediated regulation of granuloma formation depends on chemokine
signaling through CXCR3, in particular MIG [43]. Absence of CXCR3 did not show
any defects in bacterial control; however, granuloma formation was impaired with
associated decrease in the number, size, and density of granulomas in the lungs [43].
Another report shows that CXCR4 plays a critical role in the granuloma formation
by sustaining angiogenesis [44].CCR2 is the logical candidate to recruit monocyte/
macrophages to the site of infection as macrophages and monocytes are chemotactic
toward CCR2 ligands, CCL2, CCL7, and CCL12 [45]. The absence of CCR2 resulted in
prolonged macrophage deficiency as well as delayed T-cell migration, particularly CD4
T cells, during early stages of infection, in the lungs [45]. Delayed T cell migration leads
to significantly delayed IFN-y response and impaired containment of M.tb [45].

3.2 Chemokines in latent tuberculosis

The WHO defines LTBI as a state of persistent immune response to stimulation by
M.th antigens without evidence of clinically manifested active TB. According to recent
estimates, approximately one-quarter of the global population is infected with LTBI
[46]. The duration of latency is variable, and healthy individuals can harbor LTBI for
their entire lifetime. In a small fraction (~5-15%) of individuals, reactivation occurs,
often within the first 2-5 years following infection. Reactivation is defined as a process
by which a dormant subclinical latent infection transforms into active TB disease.
Hence, individuals with LTBI represent a major reservoir for new active TB cases.

Chemokines are known to play a key role in establishing LTB infection. CCL1, CRP,
CXCL10, and vascular endothelial growth factor (VEGF) were found to be strongest
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differentiating markers between active and Latent TB(LTB) [47]. Increased concentra-
tions of these inflammatory mediators reflect the activity of infected macrophages,
innate immune cells such as NK cells, innate lymphoid cells (ILCs) as well as activated
T lymphocytes. VEGF and CXCL10 produced by APCs regulate cell growth and
chemotaxis and may act as driving forces for stimulated angiogenesis observed in
ATB lesions. Individuals with latent TB were shown to have increased CXCR2 expres-
sion. Altered CCL3 and CCL4 levels could potentially modify T cell recruitment in
LTBI. A study also found a significant positive correlation between BMI and various
chemokine levels including CCL1, CCL4,CCL11,CXCL2,CXCL9 and CXCL11 levels in
LTBI individuals suggesting that LTBI subjects with low BMI has diminished levels of
various chemokines posing an increased risk of developing active TB [48].

IFN-y is the classical marker for detecting LTB. Besides IFN-y, there may be
several cytokines and chemokines that have been investigated as potential biomark-
ers for M.th infection and disease. For instance, IL-4,IL-6,IL-10,CCL8,CXCLS8 and
CXCL10 are closely linked to active TB. Recent studies suggest that IP-10 along with
the combination of IFN-y may enhance diagnostic performance of IGRA to detect
LTB, especially in young children [49]. Moreover, studies show that IP-10 asan
individual biomarker can be improved when combined with IL-7 to differentiate
active TB and healthy controls. Also, when IP-10 combines with BCA-1 can differenti-
ate active TB and LTBI. A study conducted by Liu et al., showed elevated levels of
IL-2, IP-10, CXCL11 and CXCL12 in patients with TB and in a sub-group participant
with LTBI who have showed a higher level of IFN-y producing cells by ELISPOT assay
compared with other latently infected individuals. Monocytes isolated from ATB and
LTB patients express CXCR1 and CXCR2 [50]. After stimulation with purified protein
derivatives (PPD), the in vitro levels of CXCLS8 were below the median levels of all
patients with prior TB.

ATB individuals exhibited significantly higher levels of CCL1, CCL3, CXCL1,
CXCL2, CXCL9 and CXCL10 compared to LTB and control individuals. ATB patients
with bilateral or cavitary disease displayed significantly elevated levels of CCL1,
CCL3, CXCL1, CXCL10 and CXCL11 compared to patients with unilateral or non-
cavitary disease and also revealed a significant positive relationship with bacterial
burdens. In addition, PTB individuals with delayed culture conversion displayed
elevated levels of CCL1, CCL3, CXCL1 and CXCL9 at the time of diagnosis. The
chemokine levels were significantly reduced following successful anti-TB treatment.
Thus, ATB was associated with elevated levels of chemokines, which are partially
reversed following therapy. Chemokines also serve as serum biomarkers of disease
severity, predicting bacterial burden and delayed culture conversion. In another study
conducted by the same group, CCL2, CCL3, CCL4, CXCL8, CXCL10, and CX3CL1
levels were found to be increased, while CXCL1 levels were decreased in ATB patients,
compared to control. Similarly, elevated levels of CCL3,CXCL8 and CXCL10 were
strongly associated with increased risk of unfavorable treatment.

3.3 Chemokines in immunity against TB

Chemokines being a key player in recruitment of leukocytes to a site of infection,
plays a dynamic role in TB containment. The availability of various animal models
of TB over the past decade has made it possible to decipher several key mechanisms
driven by chemokines that mediate anti TB immunity. M.tb, upon access into the
lung, is taken up by alveolar macrophages, where M.th multiplies while evading the
macrophage killing mechanism. In addition to this, infected macrophages secrete
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chemokines and cytokines, which results in the recruitment and activation of vari-
ous immune cell populations to the lung. Around 12 days post-infection in low dose
aerosol infected mouse model, there is an early influx of various innate immune cells
into lungs including NK cells, dendritic cells, neutrophils, y8 T cells and monocyte-
derived macrophages. Chemokines orchestrate the specific recruitment of these
innate immune cells to the lungs. Especially, increased expression of CXCL3 and
CXCLS is observed as early as day 12 after infection and correlates with early influx
of neutrophils and NK cells, which express CXCR2, the cognate receptors for these
chemokines. Lung epithelial cells can directly sense M.tb through TLR2 present
throughout the human airway epithelium and can promote chemokine secretion,
resulting in immune cell recruitment. TLR2 promote the innate immune system to
recognize numerous “pathogen associated molecular patterns” present on the M.th
structure. In response to M.tb stimulation, CCL2 and CXCL8 are produced by alveolar
and bronchial epithelial cells [51]. In addition to this, CXCLS5 is also shown to be
secreted by lung epithelium which signals through CXCR?2 can increase neutrophil
influx [52]. Even with the accumulation of these innate immune cells, M.th continues
to grow exponentially over the first 2-3 weeks following infection. At this stage, the
adaptive immune component gets activated and effector T cells get recruited to the
site of infection.

Lung resident DCs can take up live M.tb within the lungs and transport them to
the lungs draining mediastinal lymph nodes, where they were thought to serve as
APCs. Migration of DCs is governed by chemokine-receptor interactions, and this
occurs around day 14 post infection in the mouse model of TB. Uptake of M.th by DCs
leads to the upregulation of CCR7, which guides the cells to the mediastinal lymph
node following a gradient of the homeostatic chemokines CCL19 and CCL21. CCL21
directs the initial migration of DCs. Notably, DCs from mice lacking CCR7 have an
impaired ability to migrate to the draining lymph nodes, resulting in delayed priming
of M.th-specific T cells [53]. Recently, it has come to light that the cell populations
that become infected and carry antigen to the lymph node, and those that directly
prime the T cells, are different. Indeed, infected CCR2+ inflammatory monocytes are
important for antigen delivery into the lung, where they release soluble antigen that
can be taken up and presented by resident lymph node DCs. Subsequent recognition
of M.th antigens by naive T cells bearing specific T cell receptors, in the presence of
co-stimulatory signals and adequate cytokines, in the microenvironment leads to the
activation, proliferation and differentiation of naive T cells into effector cells.

Induction of inflammatory chemokines during M.tb replication ultimately results
in the recruitment of activated effector T cells, from the periphery. The activated
T cells which exit lymph nodes are now able to enter lungs via circulation through
ligation of surface endothelial receptors that are upregulated in response to inflam-
mation. Several chemokines and their associated receptors have been linked to T cell
migration into the lung, during TB infection. Upon commitment to the Th1 subset,
the main CD4+ T cell subset implicated in M.tb control, namely the Thl effector T
cells upregulate the chemokine receptors CXCR3 and CCRS. It is believed that this
is directly related to their recruitment into the infected lung, as the ligands for these
receptors, CXCL9-11 for CXCR3 and CCL3-5 and -8 for CCR5, are upregulated in the
lungs of M.th-infected mice. Several mechanistic studies have addressed the require-
ment for CXCR3 and CCRS expression on T cells, providing evidence that there is
significant redundancy in the expression of these inflammatory chemokines and their
receptors on M.th-specific T cell recruitment to the lung [43, 54]. Human studies have
also shown associations between mutations in CCL2 and CCL5 with pulmonary TB.
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Upon entry into the lung parenchyma, however, proper M.th containment is
dependent upon the proper juxtaposition of effector T cells with M.tb-infected
macrophages. In recent times, several reports have demonstrated the expression of
several homeostatic chemokine, which is commonly seen in secondary lymphoid
organs(SLO) in M.tb infected lungs [41]. Such chemokines, including CCL19, CCL21,
CXCL12 and CXCL13, drive the organization of lymphoid follicles in secondary
lymphoid organs(SLOs) in the periphery [41]. Ectopic lymphoid follicles consisting
of stromal and lymphoid aggregates, have been reported in chronic infection and
inflammation. Interestingly, during M.tb infection in mice, non-human primates and
humans CD4" T cells expressing CXCRS5 receptors accumulate in the lungs, within
ectopic lymphoid follicles [55]. Strikingly, these CD4" cells bearing CXCRS receptors
produce high levels of pro-inflammatory cytokines and upon accumulation in the
lung, respond to CXCL13 likely produced by stromal cells early during infection, and
localize near M.th-infected macrophages to mediate M.tb control [55]. Consistently,
both CXCRS5 and CXCL13 deficient mice lacked the formation of ectopic lymphoid
follicles and displayed decreased control of M.tb thus indicating the non-redundant
role for CXCR5-CXCL13 axis in TB [55]. CXCRS5 deficiency resulted in localization of
CD4' T cells around blood vessels in the M.th-infected lungs, forming perivascular
cuffs indicative of their inability to localize in opposition to infected macrophages
[55]. So, not only the timely induction of chemokine mediated T cell recruitment
to the lung is critical for M.tb control but also the chemokines play a critical role in
positioning the M.tb specific T cells with M.tbh infected macrophages within the lung
parenchyma for effective M.th control. Indeed, early vaccine-induced production of
CXCL9, CXCL10 and associated recruitment of CXCR3-expressing T cells is beneficial
in vaccine-induced protection against M.tb challenge. In addition, vaccine strategies
that induce early CXCL13 production to enhance and improve early T cell localiza-
tion near M.th-infected macrophages can be harnessed for vaccine design against
TB [56]. Together, there is hoarding evidence to show that chemokines induced in
response to M.tb infection mediate DC trafficking to lymph nodes, recruitment of
activated T cells to the site of the lungs, effective localization of T cells within the lung
parenchyma and juxtaposition of M.tb specific T cells and M.tb infected macrophages
to facilitate M.tb containment. Though all these processes depend upon chemokines,
they often do not completely eliminate the bacteria. Further understanding of the
mechanisms that lead to M.th containment will allow better development of novel
therapies against TB.

4. Chemokines in diabetes-tuberculosis synergy

Compared to studies looking at the role of chemokines in DM and TB, the
number of studies, looking at chemokine levels in DM-TB co-morbidity, is few.
In a recent study, the levels of IP-10, IL-8 and SDF-1 were quantified in TB
patients with various grades of glucose intolerance [57]. IP-10 levels were signifi-
cantly reduced in TB patients across various groups of glucose intolerance [57].
Circulating levels of IL-8 levels were found to be reduced in DM with increas-
ing grades of glucose intolerance [57]. ATB decreased the IL-8 levels in newly
diagnosed DM subjects, and increased levels in chronic DM subjects, who were
under treatment [57]. ATB increased the levels of SDF-1 in control and pre-
diabetic subjects [57]. Thus, in ATB, based on glucose intolerance, chemokines
levels showed drastic fluctuations, which indicate compromised immunity. In the
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highly sensitive guinea pig model of TB, infected animals had severe and rapidly
progressive TB with decreased survival rate, more severe pulmonary and extra-
pulmonary pathology, and a higher bacterial burden in DM animals compared

to control animals [58]. These animals had an exacerbated pro-inflammatory
response with more severe granulocytic response with hyperexpression of several
pro and anti-inflammatory cytokines along with IL-8 in the lungs and IL-8 and
MCP-1 in the spleen [58]. TB disease progression was identical in both groups
during the early stages but was more severe by day 90 in the diabetic pigs [58].
When db/db mice were infected with M.th, a markedly increased bacterial load

in their lungs was seen, compared to wild-type mice [59]. They also had highly
disorganized granulomas, neutrophilia, and reduced B cells in the lungs, correlat-
ing with dysregulated expression of XCL1, CCL2, CXCL1, CXCL2, and CXCL13
[59]. Although the Th1 cell response developed normally, production of pulmonary
IFN-y was delayed and was ineffective [59]. Monocytes from DM subjects when
infected with M.tb produced significantly reduced levels of IL-8 compared to
control subjects, indicating a functional defect in these monocytes in combating
M.tb infection [60].

5. Conclusion

To conclude chemokines and chemokine receptors play an important role in
both DM, as well as TB. In DM, as was seen in this chapter, they play an important
role both in IR and pancreatic f cell loss. In the adipose tissue, at least two different
immune circuits can be deciphered- one associated with homeostasis and insulin
sensitivity and another associated with inflammation and IR. The immune cells,
cytokines and chemokines involved in these two circuits are completely different. In
the skeletal muscles chemokines play an important role in immune cell recruitment
and formation of intramuscular adipose tissue which impairs insulin sensitivity. In
the liver, chemokines were directly involved in steatohepatitis and IR. In pancreatic
B cells, chemokines were involved both in augmenting and inhibiting insulin secre-
tion. They also play a decisive role in survival versus apoptosis. Interestingly, some
are also involved in dedifferentiation and redifferentiation of f cells into a cells.
With respect to TB, chemokines are involved in the formation and maintenance of
granulomas, latent infection and immunity against active TB. Recent, advancement
in chemokine research has led to the discovery of several antagonists and agonists to
chemokine receptors, out of which some have entered clinical trials. In immediate
future, we feel, at least some of them might find their use as drugs which can break
the DM-TB synergy.
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Chapter 4

Chemokines in Periodontal
Diseases

Figen Ongéz Dede and Seyma Bozkurt Dogan

Abstract

Periodontal disease is a chronic multifactorial inflammatory disease affecting the
tooth-supporting apparatus including the gingiva, alveolar bone, and periodontal
ligament caused by specific microorganisms. Periodontal diseases are among the
most widespread diseases in humans and are a major public health problem due to
complications caused by early tooth loss. The immunoinflammatory responses initi-
ated by periodontopathogens to protect the host against periodontal infection cause
the release of various proinflammatory and chemotactic cytokines, i.e., chemokines.
Chemokines have been implicated in the immunopathogenesis of periodontal disease
and are found in gingival tissue, GCF, plasma, and saliva in periodontal disease. This
section aims to summarize the data concerning the role of chemokines in periodontal
tissue inflammation.

Keywords: periodontal disease, chemokines, periodontal treatment, gingival tissue,
gingival crevicular fluid, saliva

1. Introduction

Chemokines are a family of small (8-11 kDa) molecular weight proteins that can
bind specific G-protein-coupled cell surface receptors, which are classified as C,
CC, CX3C, and CXC subfamilies based on conserved cysteine residues within the
N-terminal [1-3]. There were two families of chemokines functionally characterized
by inflammatory processes: (1) the CC and (2) the CXC subgroups [4]. Chemokines
and chemokine receptors play a central role in the immune response by providing
a significant effect on the migration and activation of leukocytes in response to
bacterial infection and by acting on the host to control infections [2, 5, 6].
Chemokines have been implicated in the pathogenesis of many inflammatory
diseases, including periodontal diseases [2, 7]. It is stated that periodontal diseases
are one of the most common infectious diseases among humans [8]. To date,
several studies have analyzed various chemokines in periodontal disease and health
using saliva, gingival crevicular fluid (GCF), plasma, and gingival tissue samples
or in experimental models with periodontal diseases [9-13]. This section aims
to summarize the data concerning the role of chemokines in periodontal tissue
inflammation.
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2. Periodontal diseases

The periodontium refers to the total of the tissues that support the teeth, including
the gingiva, periodontal ligament, cementum, and alveolar bone [14]. Periodontal
disease is a chronic multifactorial inflammatory disease that develops with the
interactions between the dysbiotic dental plaque biofilm and the host immuno-
inflammatory response [15]. Although periodontal pathogens play a fundamental
role in the initiation and maintenance of periodontal disease, periodontal tissue
damage results from prolonged, excessive, and dysregulated immune-inflammatory
responses to bacteria and their effects [15]. Most individuals with periodontal disease
are not aware of the progress of periodontal tissue destruction because of delays in the
detection and treatment of the infection state due to the lack of pain in periodontal
diseases [16]. There are two basic forms of periodontal diseases including gingivitis
and periodontitis.

Gingivitis is an inflammatory disease that affects the gingival tissues, caused by
the imbalance between microorganism products and the host response [17]. The clini-
cal features of gingivitis include the presence of edema, color and contour changes
in the gingiva, bleeding on probing or spontaneously, increase in the amount of GCF
[17]. In addition, the destruction of periodontal tissues after gingivitis inflammation
is reversible [18].

Periodontitis is a destructive form of periodontal disease that destroys the tooth-
supporting apparatus, including the gingiva, alveolar bone, and periodontal ligament
caused by specific microorganisms [15]. The clinical feature of periodontitis is the
existence of clinical attachment loss as a result of inflammatory destruction of the
periodontal ligament and alveolar bone [15]. Periodontitis causes irreversible destruc-
tion of periodontal tissues [18]. Periodontitis is one of the public health problems
due to early tooth loss, negative effects on aesthetic and chewing functions, adverse
effects on quality of life, and negative effects on general health [19].

At the International Workshop for classification of periodontal diseases and condi-
tions in 1999, periodontitis is categorized as chronic and aggressive periodontitis [20].
Chronic periodontitis represents the form of destructive periodontal disease that is
generally characterized by slow progression and associated with amounts of plaque
and calculus [14, 21]. Aggressive periodontitis is a more destructive form of periodon-
titis (rapid attachment loss and bone destruction) affecting primarily young indi-
viduals, possible familial aggregation of disease and not related to amounts of plaque
and calculus, including conditions formerly classified as “early-onset periodontitis”
and “rapidly progressing periodontitis” [14, 21]. According to the classification,
aggressive and chronic periodontitis are subcategorized in local or generalized forms,
depending on the percentage of the tooth-affected sites (above or below 30%) and
the severity of attachment loss (slight: 1 or 2 mm, moderate: 3 or 4 mm; severe >5
mm) [14]. The classification for periodontitis has been updated in 2017 as the forms
of the disease previously recognized as “chronic” or “aggressive,” are now grouped
under a single category, “periodontitis” [19]. A recent classification of periodontitis
is based on severity, complexity, risk of progression, and response to treatment [22].
Diagnosis of periodontitis is based on multiple clinical and radiographic parameters.
Accordingly, patients are diagnosed with periodontitis when there are interproxi-
mal clinical attachment level (CAL) of >2 mm or >3 mm at >2 non-adjacent teeth,
inflammation (bleeding on probing and BOP), and radiographic bone loss [22].
Additionally, periodontitis is characterized based on a multidimensional staging
(Stage 1,2,3,4) and grading (Grade A,B, and C) system [23]. Periodontitis is affected
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by several risk factors, including genetic predisposition, smoking habits, and systemic
diseases, which include cardiovascular disease, diabetes, and rheumatoid arthritis
[24, 25].

3. Pathogenesis of periodontal diseases

The interaction between microbial dental plaque and the host response is respon-
sible for chronic inflammation in the periodontium [26]. The initiation of periodontal
disease is due to bacterial infection [2]. Normally, periodontal tissue is highly respon-
sive to oral microbial stimulation with the coordinated release of host defense media-
tors [24]. Excessive pathogenic bacterial invasion into periodontal tissues disrupts
the immune response and causes the release of excessive inflammatory mediators
in tissues that will destroy periodontal tissues [24, 25]. Inflame periodontal tissue
includes an accumulation of T cells, B cells, macrophages, and dendritic cells [3].

It has been proven that not all bacteria adhered to the tooth surface, but some
pathogenic bacteria in the biofilm cause periodontal disease [2]. The three main
commonalities of Actinobacillus actinomycetemcomitans (A.a.), Tannerella forsythia
(T forsythia), and Porphyromonas gingivalis (P. gingivalis) have features, includ-
ing gram-negative, produce lipopolysaccharide, modulate the local inflammatory
response in host cells, and invasion ability to inside of the mucosal barrier and epithe-
lial cells [21]. Porphyromonas gingivalis (P. gingivalis) is the dominant oral pathogen
associated with periodontitis [16]. P, gingivalis expresses three major virulence factors:
fimbriae, gingipains, and lipopolysaccharides [27]. P. gingivalis also inhibits neutro-
phil chemotaxis and may inhibit the influx and activation of monocytes/macrophages
leading to an overall reduction in innate immunity [5].

The inflammatory and immune responses, initiated by periodontopathogens, are
thought to protect the host against infection [28]. However, the host immunoinflam-
matory response to the bacterial biofilm in periodontitis leads to the release of several
proinflammatory and chemotactic cytokines, that is, chemokines [25]. Chemokines
can be secreted from cells of the periodontium, such as fibroblasts, endothelial cells,
and epithelial cells, in response to bacterial load [29]. Chemokines have been impli-
cated in the immunopathogenesis of periodontal disease, and are found in gingival
tissue, GCF, and saliva in periodontal disease [28, 30, 31].

4. Chemokines in periodontal disease
4.11P-10\CXCL10 (receptor CXCR3 ligand) and Periodontal Disease

C-X-C motif chemokine ligand 10 (CXCL10), known also as interferon gamma-
induced protein 10 (IP-10), is a member of the CXC chemokine family, and acts asa
chemoattractant for several cells, such as monocytes/macrophages, T cells, NK cells,
and dendritic cells, but not neutrophils [1, 26]. CXCL10 also plays an important role
in leukocyte homing to inflamed tissues [32]. IP-10 is a ligand for CXCR3 receptors on
Th1 cells [33]. It has been shown in many studies to be involved in tissue destruction
in periodontal disease [26, 33, 34].

Gemmell et al. [5] reported that keratinocyte expression of IP-10 decreased with
increased inflammation. Some reports determined that IP-10 and its receptor CXCR3
expressions in gingival tissues were more abundant and higher in patients with
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aggressive periodontitis and marginal periodontitis [33, 35]. It has been detected that
the average ratio of CXCR3-expressing T cells in inflamed gingival tissues of patients
with marginal periodontitis is in the range of about 0.8 and 4.5% [33]. Moreover, a
recent animal study found that CXCL10 expressions were significantly upregulated in
the gingival biopsies of the rats with experimental periodontitis compared to healthy
controls, and also in periodontal fibroblasts exposed to the periodontopathogen F.
nucleatum [1]. Another study demonstrates PTM of CXCL10 by gingipains of P. gingi-
valis and that strain differences may particularly affect the activity of these bacterial
membrane-associated proteases [36].

Sakai et al. [37] determined that GCF IP-10 levels significantly increased in
patients with chronic periodontitis compared to healthy periodontal individuals.
Furthermore, Shimada et al. [34] reported that IP-10 levels in GCF were significantly
higher in disease sites than in healthy sites, and in BOP-positive diseased sites com-
pared to BOP-negative diseased sites of the patients with generalized chronic peri-
odontitis. It was also determined that there were significant correlations between GCF
IP-10 levels and the P, gingivalis ratio [34]. Peyyala et al. [38] found that P. gingivalis
and oral streptococcal biofilms inhibited IP-10 production and IP-10 levels increased
more against biofilm in their study using a bacterial biofilm model to stimulate oral
epithelial cells. On the other hand, Thunell et al. [26] obtained GCF samples from the
diseased and healthy sites of patients with generalized severe chronic periodontitis
6-8 weeks after non-surgical periodontal treatment and found that the IP-10 levels
significantly increased in the healthy sites after treatment, but there was a nonsignifi-
cant increase in the diseased sites. The elevation of IP-10 after therapy was associated
with an overall decrease in inflammatory and disease parameters; therefore, it may
have a role in wound healing processes rather than reflecting tissue destruction [26].
Conversely, another study determined that calcitriol treatment (the biologically active
form of vitamin D) in periodontal lesions significantly reduced CXCL10 production
in IL-1B-stimulated human periodontal ligament cells (HPDLC) [39].

Aldahlawi et al. [9] demonstrated that CXCL10 levels in saliva and serum signifi-
cantly increased in the patients with chronic periodontitis compared with periodon-
tally healthy controls, and there was a significant positive correlation between the
clinical parameters of periodontal disease and CXCL10. In addition, serum CXCL10
level was significantly higher in the moderate to severe periodontitis group, which
is defined by deeper PD and worse CAL, than the mild periodontitis group [9].
Furthermore, the serum CXCL10 was higher in older subjects (>30 years old) who
had significantly more attachment loss, than younger subjects (<30 years old) [9].
Likewise, Panezai et al. [40] reported that serum CXCL10 was positively associated
with the number of teeth and some inversely related to MBL (marginal bone loss).

It has been indicated that CXCL10 might modulate the pathogenesis of periodontal
disease, thus making it useful as a diagnostic biomarker [9, 33].

4.2 MCP-1\CCL2 (receptor CCR4) and periodontal disease

The chemokine (C-C motif) ligand 2 (CCL2) also referred to as monocyte
chemoattractant protein 1 (MCP-1), is a strong chemoattractant for monocytes,
lymphocytes, natural killers, and macrophages [5, 24]. MCP-1 attracts CCR2- and
CCR4-positive cells and is linked to Th2 responses [13, 35]. Several signaling path-
ways involved in the increased MCP-1 in inflammatory responses include the NF-«xB
pathway, TLR2/4 signaling pathway, phosphatidylinositol 3-kinase/Akt pathway,
and MAPK signaling pathways [24]. It has been argued that in particular, the MAPK
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signaling pathway can determine the role of MCP-1 in periodontal diseases, as the
MAPK signaling pathway increases MCP-1 production in human gingival fibroblasts
[41]. It has been stated that Gram-negative bacterial LPS, which is one of the most
important causes of periodontal diseases, can also activate the MAPK pathway in
periodontal tissue cells [24]. However, it showed that MCP-1 could not provide an
adequate signal in the epithelial cell response against oral biofilm [38].

In the past, an immuno-histochemistry study did not only demonstrate a high
level of MCP-1 in human inflamed gingival tissues but also a significantly higher
MCP-1 gene expression in patients with chronic periodontitis [42]. In a study, while
MCP-1 gene expression was determined in the gingival tissue of adult periodontal
patients, it could not be detected in healthy controls, and they strongly suggested that
MCP-1 may play an important role in monocyte infiltration in periodontal tissues
of periodontal patients [43]. Another study stated that MCP-1 is present in human
inflamed gingival tissue of marginal periodontitis and is responsible for modulating
the disease process [33]. Similarly, it was determined that MCP-1 and its receptor
CCR4 expressions in gingival tissues were more abundant and higher in patients
with chronic periodontitis [35]. A recent study investigating inflamed and healthy
periodontal tissue from intrabony periodontal lesions determined that MCP-1/CCL2
expression levels were higher in inflamed tissue compared to healthy periodontal
tissue [32]. Besides, an in vitro study found that CCL2 increased the number of M2
(alternatively activated, anti-inflammatory) phenotype macrophages and decreased
TNF-a secretion. And manipulation of endogenous M2 (alternatively activated) phe-
notype macrophages with CCL2 controlled-release microparticles (MPs) decreased
the M1(classically activated, pro-inflammatory) phenotype, and M2 phenotype ratio
and prevented alveolar bone loss in mouse periodontitis models [25]. Authors stated
that the delivery of CCL2 MPs provides a novel approach to treatment of periodontal
diseases [25].

Gemmell et al. [5] reported that keratinocyte expression of MCP-1 decreased
with the increased inflammation. Furthermore, Tonetti et al. [44] investigated
in situ expression of MCP-1 mRNAs in human periodontal infections, and deter-
mined that MCP-1 was expressed in the chronic inflammatory infiltrate and
along the basal layer of the oral epithelium. An animal study found that MCP-1
in periodontal ligament cells (PDL) showed significantly higher expression in
the periodontitis rats group than in the control group, and also mRNA levels of
chemokines MCP-1 were significantly upregulated [24]. Furthermore, Nebel et al.
[45] determined that the expression of CCL2 in human PDL cells was higher at
both mRNA and protein levels than that of the CCL3 chemokine, and stated that
PDL cells can produce high amounts of CCL2. Souto et al. [6] found it to be posi-
tively correlated with increased densities of CD1a+ dendritic cells (DCs) and CCL2
expression in gingival tissue of patients with chronic periodontitis. Furthermore,
an in vitro study showed that MCP-1 under LPS stimulation of P. gingivalis and
A. Actinomycetemcomitans was found secreted at higher levels in bone-derived
cells (especially osteoblastic cells) and at more moderate levels in mononuclear
cells [46]. Another in vitro study investigating the potential effect of sCD14 on
the HPDLSC response to two different TLR-2 agonists reported finding CCL2
production at higher sCD14 levels.

Hanioka et al. [47] determined that the substance P (SP) level in GCF showed a
significant correlation with MCP-1 in patients with slightly or moderately advanced
periodontitis. Besides, Bamashmous et al. [48] stated that MCP-1/CCL2 levels in the
GCF of individuals with experimental gingivitis were very low and yet contribute to
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the normal bone turnover process or inflammatory bone loss in periodontitis. Gupta
et al. [49] determined that MCP-1 levels in saliva, serum, and GCF of individuals with
chronic periodontitis were significantly higher than in the control group, and these
levels decreased significantly after non-surgical periodontal treatment in individuals
with chronic periodontitis, and there were significant positive correlations among the
levels of MCP-1 in GCEF, saliva, serum, and clinical parameters. Additionally, Pradeep
etal. [11, 12, 50] found that MCP-1 levels in serum and GCF were higher in the
chronic periodontitis group than in the gingivitis and control groups, and also in the
gingivitis group than in the control group. They also determined that GCF and serum
MCP-1 levels decreased after non-surgical periodontal treatment in the periodontitis
group, and positively correlated with clinical parameters [11, 12, 50]. Another study
analyzed that MCP-1 was detected in chronic periodontitis and gingivitis sites,
especially in severely inflamed sites, but was not detectable in periodontally healthy
sites, and found that MCP-1 concentrations in GCF were significantly higher in
chronic periodontitis sites than in gingivitis sites [51]. Authors also stated that there
was a significantly positive correlation between B. forsythus amount and MCP-1 [51].
Likewise, Thunell et al. [26] examined GCF samples from the diseased and healthy
sites of patients with generalized severe chronic periodontitis 6-8 weeks after non-
surgical periodontal treatment and determined that the MCP-1 levels significantly
decreased in the diseased sites after treatment. Unlike, Silva et al. [52] found that no
significant difference was detected in the total amount and concentration of MCP-1
in GCF in the active and inactive regions of patients with moderate and severe chronic
periodontitis. Similarly, no significant relationship was found in CCL2\MCP-1 levels
in the gingival tissue and GCF of smokers and nonsmokers with chronic periodontitis
and healthy group [4, 53]. The authors only found that serum MCP-1 levels were
higher in smokers with periodontitis than nonsmokers [4]. Conversely, in another
study examining the effect of smoking on MCP-1 levels, it was detected that GCF
MCP-1 levels in the diseased sites of nonsmokers with chronic periodontitis were
significantly higher when compared to smokers with disease and control groups [54].
Moreover, the authors stated that MCP-1 levels decrease in smokers, and this decrease
may be caused by disruptions in neutrophilic chemotaxis and migration [54]. Hereby,
arecent meta-analysis emphasized that GCF levels of MCP-1/CCL2 were significantly
higher in patients with chronic periodontitis than in periodontal healthy controls, and
decreased after non-surgical periodontal treatment [7].

Unlike Gupta et al. [49], Kawamoto et al. [13] found that MCP-1/CCL2 levels in
saliva were significantly reduced in the patients with an incisor-molar pattern of the
rapid rate of progression compared to healthy controls, but no significant difference
was found between the Stage III periodontitis patients and healthy controls.

Martins et al. [55] determined that although there was no significant difference in
the GCF MCP-1 levels of individuals with localized (LAgP) and generalized aggres-
sive periodontitis (GAgP) when compared with the control group at baseline, their
levels increased both compared to the baseline levels intra-group and compared to
the control group after non-surgical periodontal treatment. When the study also
examined serum MCP-1 levels, they determined that pre-and post-treatment levels
of LAgP and GAgP patients were significantly higher in the control group [55].
Similarly, Shaddox et al. [56] recognized that MCP-1 levels in GCF were increased
in healthy sites compared with diseased sites in the patients with LAgP. By contrast,
Emingil et al. [10] showed that GCF MCP-1 levels were elevated in the patients with
GAgP compared to the healthy group and that there was a significant positive cor-
relation between GCF MCP-1 and both probing depth and clinical attachment loss.
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Kurtis et al. [57] found that MCP-1 levels in GCF were higher in both patients with
chronic and aggressive periodontitis compared to healthy controls, but no statistical
difference was found between the two types of periodontitis. In line with the results
of the study by Emingil et al. [10], they determined that MCP-1 in GCF had positive
correlations with periodontal clinical parameters [57].

Previous studies showed that the expression levels of MCP-1/CCL2 were increased
with the progress of periodontitis and thus indicated to be the major chemoattractant
of macrophages in periodontal diseases [4, 24].

4.3 MCP-3\CCL7 and periodontal disease

The chemokine (C-C motif) ligand 7 (CCL7) also referred to as monocyte che-
moattractant protein-3 (MCP-3), is a powerful chemotactic protein expressed by
endothelial cells and monocytes and included Th2 cell chemoattractants [2, 52].

Dezerega et al. [2] determined that MCP-3 levels in GCF were higher in the
chronic periodontitis group compared to the control group, and the total amount
of MCP-3 per site was significantly higher in active sites than inactive sites of the
patients with chronic periodontitis. Authors also found that MCP-3 expression in gin-
gival tissue of the patients with chronic periodontitis was localized to inflammatory
cells, especially plasmocytes and vascular endothelium, but MCP-3 was not detected
in healthy controls [2]. It has been argued that raised levels of MCP-3 were involved
in inflammatory cells in periodontal tissues and may be associated with the initiation
and progression of periodontal diseases [2].

4.4 MIP-1alpha\CCL3 (its receptor CCR5) and periodontal disease

Chemokine (C-C motif) ligand 3 (CCL3) also known as macrophage
inflammatory protein 1-alpha (MIP-1-a) is a potent chemoattractant for monocytes,
lymphocytes, and macrophages [5]. High levels of MIP-1a are produced by osteoblasts
and MIP-1a expression has been linked to bone remodeling [46] and acts to stimulate
osteoclasts [6]. The CCL3 chemokine is a protein associated with important biological
phases of bone remodeling [53]. MIP-1a/CCL3, a chemokine associated with bone
homeostasis, is completely shut down during experimental gingivitis, indicative of a
significant alteration in bone turnover processes and an important biomarker of peri-
odontitis [48]. In the regression models, MIP-1a was the biomarker that best discrimi-
nated periodontal disease from health compared with OPG, ICTP, and b-CTX [58].

CCL3 has a potential role in inflammatory bone resorption in the periodontal envi-
ronment [59]. Indeed, CCL3 positive cells increase in number with increasing severity
of periodontal disease and are associated with an augmented proportion of lympho-
cytes in inflamed tissues [30]. Moreover, a study decided that keratinocyte expression
of MIP-1 was more abundant in diseased periodontal tissue, and suggested that it plays
arole in recruiting leukocytes through the epithelium in both the early and late stages
of inflammation [5]. An iz vitro study found that MIP-1a under LPS stimulation of P
gingivalis and A. Actinomycetemcomitans secreted at higher levels in mononuclear cells,
but did not enhance MIP-1a production in osteoblastic cell populations [46].

Garlet et al. [35] determined that expressions of MIP-1a and its respective receptor
CCR5 in gingival tissue were more intense in both periodontitis groups compared to the
control group, and also higher in the aggressive periodontitis group compared to the
chronic periodontitis group. A study examining the levels of MIP-1/CCL3 in inflamed
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and healthy periodontal tissues of patients with periodontitis found that it was expressed
only in inflamed tissues and that MIP-1/CCL3 was associated with the acute phase of
inflammation as macrophage-secreting cytokines [32]. It has been found that MIP-1/
CCL3-producing cells were detected in all of the samples of inflamed gingival tissues.
On the other hand, CCR5-positive cells were detected in all of the inflamed and healthy
periodontal tissue samples, although they were found in large numbers in the inflamed
gingival tissues [33]. Moreover, Souto et al. [6] revealed that CCL3 levels in gingival
tissue were raised in the patients with mild-moderate and advanced chronic periodontitis
compared with healthy subjects, but no difference in both periodontitis groups, and the
percentage of CAL>3mm sites and CCL3 levels were positively correlated.

Bamashmous et al. [48] revealed that MIP-1a/CCL3 levels in the GCF of individu-
als with experimental gingivitis were significantly reduced in all three clinical response
groups at the first gingivitis measurement (day 4) and were restored at the first time
point in the resolution phase (day 28). Haytural et al. [4] found that MIP-1a levels in GCF
increased in smokers and nonsmokers with chronic periodontitis compared to healthy
groups, but no difference was observed between the smokers and the nonsmokers with
chronic periodontitis. Conversely, the authors revealed that serum MIP-1a levels were
higher in healthy nonsmokers than in nonsmokers with chronic periodontitis, and there
was no significant difference in smokers [4]. Thus, it has been suggested that MIP-1a plays
an important role in periodontal inflammation [4]. On the other hand, studies examining
the effect of smoking on GCF and gingival tissue CCL3 levels have shown that smok-
ers with chronic periodontitis had lower levels compared to nonsmokers with chronic
periodontitis [53, 54]. Thunell et al. [26] examined GCF samples from the diseased and
healthy sites of patients with generalized severe chronic periodontitis 6-8 weeks after
non-surgical periodontal treatment and determined that MIP-1a levels significantly
decreased in diseased sites after treatment. It was found that GCF MIP-1a levels were
significantly higher at 3 and 6 months after non-surgical periodontal treatment compared
to baseline. Emingil et al. [60] stated that the chemokine activity would account for the
regulation of the inflammatory response to subantimicrobial-dose doxycycline therapy
(SDD; the only Food and Drug Administration-approved host-modulation therapy).

Salivary levels of MIP-1a proved to be significantly increased in patients with
chronic periodontitis (18-fold) compared to healthy controls, and demonstrated
a strong correlation with the clinical parameters of periodontal diseases, such as
BOP, probing depth (PD) > 4 mm, PD > 5 mm, and percentage of CAL [58]. Fine
etal. [59] found that MIP-1« levels in saliva were significantly elevated in the A.
Actinomycetemcomitans + LAgP (50-fold) group 6 to 9 months before the detection of
bone loss compared with the A. Actinomycetemcomitans + LAgP group and increas-
ing levels of MIP-1a correlated with increasing PD. However, Kawamoto et al. [13]
stated that saliva CCL3/MIP-1« levels in the periodontitis group (Stage III and IV)
when compared with the control groups could not find a significant difference.
Nevertheless, studies have displayed that MIP-1a levels in saliva can be used as a
biomarker for the detection of progressive bone loss [58, 59].

4.5 RANTES\CCLS5 and periodontal disease

Chemokine (C-C motif) ligand 5 (CCL5) also known as RANTES (regulated on
activation, normal T-cell expressed and secreted) is a potent chemoattractant for the
Th1 cells with no effect on the Th2 cells [4].

Previous studies found that the levels of RANTES in GCF of individuals with peri-
odontitis raised compared to the control group, and in addition, it was significantly

66



Chemokines in Periodontal Diseases
DOI: http://dx.doi.org/10.5772/intechopen.106846

higher in active sites than inactive sites in the periodontitis group [34, 61-63].
Moreover, periodontal treatment reduced GCF RANTES levels in patients with
chronic periodontitis [26, 61, 63]. Haytural et al. [4] found that RANTES levels in
GCF were increased in smokers and nonsmokers with chronic periodontitis compared
to healthy groups, but no difference between smokers and nonsmokers with chronic
periodontitis, and also no significant difference was in the levels of serum RANTES
between smokers and nonsmokers with chronic periodontitis and healthy groups.
This effect may be due to impaired vascularization as a function of smoking and
disrupted inflammatory processes [4]. Besides, Tymkiw et al. [54] determined that
GCF RANTES levels in the diseased sites of nonsmokers with chronic periodontitis
were significantly higher when compared to smokers with disease and control groups
and indicated that smoking suppressed GCF RANTES levels.

Emingil et al. [10] showed that GCF RANTES levels raised in the patients with
generalized aggressive periodontitis compared to the healthy group and that there
was a significant positive correlation between GCF MCP-1 and both probing depth
and clinical attachment loss, but no correlation between GCF RANTES levels and
the percentage of sites with bleeding. Another study determined that GCF RANTES
levels elevated after non-surgical periodontal treatment with and without adjunctive
SDD groups compared to baseline, however, there was no difference between groups
with and without SDD adjunctive [60].

Gemmell et al. [5] reported that keratinocyte expression of RANTES decreased
with increased inflammation. Lee et al. [32] investigated inflamed and healthy
periodontal tissues obtained from intrabony periodontal lesions and determined
that RANTES/ CCLS expression levels were higher in inflamed tissue than in healthy
periodontal tissues and RANTES/ CCL5 appeared to play a role in the migration of
hPDLSCs (human periodontal-ligament stem cells) into inflammatory periodontal
lesions. Another study stated that RANTES-producing cells were not been found in
gingival tissues in patients with marginal periodontitis [33]. Increased RANTES/
CCLS5 levels were shown in whole blood cell cultures (WBCC) stimulated with LPS
of the patients with periodontitis compared with the control group and also, and
these levels did not change after non-surgical periodontal therapy [64]. Repeke
etal. [30], in their study, carried out the experimental periodontal disease with
Aggregatibacter actinomycetemcomitans-infected C57B1/6 (WT) in mice, found
that a significant reduction of experimental periodontitis is verified through the
treatment with met-RANTES (a CCR1 and CCRS5 antagonist). Furthermore, an in
vitro study determined that RANTES production by LPS stimulation of P, gingivalis
and A. actinomycetemcomitans induced moderate levels in both mononuclear and
osteoblastic cells [46].

4.6 IL-8\CXCL8 and periodontal disease

Interleukin 8 (IL-8 or chemokine (C-X-C motif) ligand 8, CXCLS8), the first
cytokine identified to have chemotactic activity, is a potent neutrophil chemoattractant
and activator of human neutrophils via interaction with two receptors (CXCR1 and
CXCR?2) [65]. IL-8 is involved in the initiation and amplification of acute inflammatory
reactions; it is secreted by several cell types in response to inflammatory stimuli [65].
IL-8/CXCLS has a direct effect on osteoclast differentiation and activity by signaling
through the specific receptor, CXCR1 [52]. A meta-analysis reported that there was
evidence of higher levels of IL-8 in individuals with chronic periodontitis compared
with periodontally healthy controls [7].
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A previous study suggested that patients with chronic periodontitis had a sub-
population of peripheral neutrophils with higher responsiveness to IL-8 priming than
the control group [31]. An iz vitro study investigated the potential effect of sCD14
on the hPDLSC response to two different TLR-2 agonists and determined that the
production of CXCL8 was gradually increased by both TLR-2 agonists and was sig-
nificantly enhanced by sCD14 [27]. Tonetti et al. [44] analyzed in situ expression of
IL-8 mRNAs in human periodontal infections, and IL-8 expression in gingival tissue
was maximal in the junctional epithelium adjacent to the infecting microorganisms.
Moreover, a recent animal study showed that mRNA levels of IL-8 were significantly
upregulated in LPS-stimulated periodontal ligament (PDL) cells in rats with experi-
mental periodontitis [24]. It was observed that IL-8 was expressed only in inflamed
tissues from the inflamed and healthy periodontal tissues obtained from intrabony
periodontal lesions [32]. Another animal study confirmed to secrete IL-8 in PDL cells
after LPS stimulation, and significantly upregulated in the periodontitis rats group
compared with the control group [24].

Souto et al. [6] found that CXCLS levels increased in the gingival samples of
patients with chronic periodontitis compared with healthy mucosa and a positive
correlation was observed between CXCL8 in the gingival tissue and CAL >3 mm,
and other studies obtained that smoking reduced CXCL8 levels in gingival tissue of
chronic periodontitis patients [53].

GCF IL-8 levels decreased or did not change in the experimental gingivitis after 4
weeks of plaque accumulation compared to the control group [48, 66]. On the other
hand, previous studies [62, 63] determined that IL-8 levels in GCF were higher in
patients with moderate to advanced periodontitis than in the control group, and in
active sites than in inactive sites of periodontitis patients. Also, periodontal therapy
reduced GCF IL-8 levels in periodontitis patients. Similarly, Thunell et al. [26]
found that reassessment 6-8 weeks after initial periodontal treatment reduced GCF
CXCLS8/IL-8 levels in the diseased sites of the patients with generalized severe chronic
periodontitis.

There was no statistically significant difference between salivary IL-8 levels
of individuals with Stage III periodontitis both moderate (GB) and incisor-molar
patterns of the rapid rate of progression (GC/IMP) [13]. Conversely, plasma IL-8
levels increased in both type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus
(T2DM) patients with chronic periodontitis compared to the systemic healthy chronic
periodontitis and control group. It was argued that increased plasma IL-8 levels may
be associated with the presence of both types of diabetes mellitus in periodontal
disease [65]. In addition, no significant relationship between the periodontopathic
bacteria and IL-8 production was found [65]. Furthermore, Lappin et al. [67]
detected more increased plasma IL-8 levels in the TIDM+chronic periodontitis group
than alone in chronic periodontitis and control groups and alone in chronic periodon-
titis group in than the control group. Also, they found a correlation between IL-8
plasma levels and HbA1lc, PD, and attachment loss. Another similar study determined
increased IL-8 levels in blood samples stimulated with and without P, gingivalis
and Escherichia coli LPS of chronic periodontitis patients with and without T2DM
[68]. Similarly, Mohamed et al. [69] reported significantly elevated levels of IL-8 in
GCF in patients with T2DM+chronic periodontitis as compared to the alone chronic
periodontitis group. Conversely, Engebretson et al. [70] stated statistically decreased
levels of IL-8 in GCF of chronic periodontitis patients with T2DM compared to those
without diabetes mellitus with chronic periodontitis. It was stated that there was no
significant difference in GCF IL-8 levels between diabetes with and without chronic
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periodontitis and nondiabetes periodontitis groups [71]. The bidirectional relation-
ship between periodontal disease and diabetes has been scientifically proven and IL-8
is an important predictor of this relationship [67, 69].

In the past, IL-8 production remained unchanged before and after periodontal
treatment in Escherichia coli LPS-stimulated whole blood cell cultures of patients with
periodontitis [63]. Afterward, studies evaluating the effect of vitamin D reported that
P, gingivalis significantly promoted the protein expressions of IL-8 in hPDLCs, and
both 1,25 dihydroxy vitamin D3 and 25-hydroxyvitamin D3 combined with P. gingi-
valis inhibited the protein expression of IL-8 compared with P. gingivalis treatment
alone [72, 73]. Thus, the authors indicated that vitamin D may potentially inhibit
the periodontal inflammation induced by P. gingivalis partly by decreasing the IL-8
expression in hPDLCs [72, 73]. Moreover, Hosokawa et al. [39] stated that the produc-
tion of IL-8 in IL-1p-stimulated HPDLC significantly raised after calcitriol treatment
in chronic periodontitis patients.

4.7 SDF-1\CXCL12 (receptor CXCR4) and periodontal disease

Stromal-derived factor-1 (SDF-1a and p), also known as CXC chemokine ligand
12 (CXCL12), is a potent chemoattractant, which was originally isolated from a
murine bone marrow stromal cell line [8]. The interaction of SDF-1/CXCL12 with
the receptor, CXCR4, which is expressed in human osteoclast precursors, induces
chemotaxis and differentiation into osteoclasts [28]. In intraosseous periodontal
lesions, the expression of CXCL12/SDF-1 was lower or absent in inflamed tissues
compared to healthy tissues. Therefore, it is named as decreasing/disappearing
chemokine group, known to be homeostatic chemokines, although they could also be
involved in inflammatory reactions [32]. In addition, Hosokawa et al. [74] exhibited
that CXCL12 and CXCR4 mRNA were expressed in both normal gingival tissues and
periodontal disease tissues. Additionally, the authors found that TNF-a, IFN-y, and
TGF-p1 increased CXCL12 production by HGF and decreased CXCR4 expression by
HGF [74]. The study also stated that P, gingivalis LPS diminished the CXCL12 produc-
tion and CXCR4 expression by HGF, and indicated that it may be associated with the
progression of periodontal disease [74].

A previous study found that SDF-1a levels in GCF and gingival tissue were
higher in the chronic periodontitis group than healthy group and these levels were
reduced after non-surgical periodontal therapy in the periodontitis group [8]. In
addition, the authors remarked that the presence of SDF-1 increases neutrophil
migration and is involved in immune defense in periodontal disease, and thus may
play a role in the development of periodontal disease and be a useful biomarker in
its determination [8]. Otherwise, no statistical difference was the levels of salivary
CXCL12/SDF-1a between moderate and severe Stage III periodontitis groups and
their controls [13].

4.8 MCP-2\CCLS8 and periodontal disease

Chemokine (C-C motif) ligand 8 (CCL8), also known as monocyte chemoattrac-
tant protein-2 (MCP-2), was observed during inflammatory response for its monocyte
and T-lymphocyte attractant properties [75]. It was stated that the levels of CCL8
increased significantly in the periodontal ligament 24 hours after orthodontic tooth
movement, both 7z vive and in vitro [75]. Authors also reported that CCL8 decreased
OPG mRNA but did not significantly increase RANKL expression, and it was
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suggested that CCL8 could induce positive effects on osteoclastogenesis [75]. Similarly,
Oliveira et al. [76] detected that CCL8 levels in gingival tissue increased in both with
and without diabetic rats with periodontal disease compared to its respective control
group, and decreased after Alisk treatment. However, a recent study found that there
was no statistical difference in the levels of salivary CCL8/MCP-2 between patients
with periodontitis in Stage III classified as moderate (GB) or incisor-molar pattern of a
rapid rate of progression (GC/IMP) and their respective healthy controls [13].

4.9 CCL20\MIP-3x (receptor CCR6) and periodontal disease

Chemokine (C-C motif) ligand 20 (CCL20), also known as macrophage inflamma-
tory protein-3 (MIP-3a) is produced by the epithelial cells of inflamed epithelial tissues
and is the most potent chemokine for the selective attraction of immature DCs in vitro
through an interaction with the CCR6 receptor [48, 53]. MIP-1a/CCL3, a chemokine
associated with bone homeostasis is completely shut down during experimental gingi-
vitis, indicative of a significant alteration in bone turnover processes [48]. An experi-
mental gingivitis study found that MIP- 3a/CCL20 levels were significantly higher in
the high response group than in the low response group [48]. Furthermore, Souto et al.
[6] detected that CCL20 levels in gingival tissue were increased in the individuals with
advanced chronic periodontitis compared with mild-moderate chronic periodontitis,
but no statistical difference was observed between the chronic periodontitis and the
control groups. Authors also indicated that CCL20 plays a more important role in the
migration of DCs in advanced stages of chronic periodontitis [6]. A study examining
the effect of smoking found that smoking did not affect CCL20 levels in the gingival
tissue of individuals with chronic periodontitis [53]. Another study found that there
was no statistical difference in the levels of salivary CCL20/MIP-3a between patients
with periodontitis in Stage III classified as moderate (GB) or incisor-molar pattern of a
rapid rate of progression (GC/IMP) and their respective healthy controls [13]. On the
other hand, a therapeutic study stated that treatment of calcitriol significantly inhib-
ited CCL20 production in IL-1p-stimulated HPDLC and argued that vitamin D could
inhibit bone destruction in periodontal lesions by suppressing CCL20 production [39].

4.10 CXCL5\ENA-78 and periodontal disease

C-X-C motif chemokine 5 (CXCLS5), also known as epithelial-derived
neutrophil-activating peptide-78 (ENA-78), binds to the CXCR?2 and stimulates the
chemotaxis and activation of neutrophils [1]. Moreover, it is involved in angiogenesis and
connective tissue remodeling well as cancer cell proliferation, migration, and invasion [1].

A recent study noted that CXCLS5 levels in the periodontal cells of the extracted
tooth were significantly upregulated in the inflamed group compared to the healthy
controls, and the number of CXCLS5 positive cells was higher in the inflamed group,
especially in the epithelial layer [1]. At the same time, the authors supported these
data by finding that CXCL5 was significantly upregulated in the gingival tissue of
rats with experimental periodontitis [1]. It was emphasized that CXCL5 was an
important molecule in the pathogenesis of periodontal diseases [1]. Furthermore,
increased levels of CXCL5 have been detected in gingival tissues of experimentally-
induced periodontitis in rodents [77]. Another animal study determined that CXCL5
expression in gingival tissue increased in the wild-type P. gingivalis-infected group
compared to knockout group \MMP-8" and, suggested that MMP-8 is associated with
areduced expression of CXCLS5 in the P, gingivalis-induced experimental periodontitis
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model [78]. On the other hand, there was no significant difference in salivary CXCL5/
ENA-78 levels when compared with individuals with moderate to severe periodontitis
and their respective control groups [13].

4.11 CXCL16\SCYBI16 (its receptor CXCR6) and periodontal disease

CXC ligand (CXCL) 16 is a chemokine identified in DCs, endothelial cells, B cells,
T cells, smooth muscle cells, and macrophages [3, 79].

Hosokawa et al. [3] detected CXCL16 and CXCR6 mRNA expression in both healthy
and diseased periodontal tissue, but it was significantly more intense in diseased tissue
compared to healthy tissues. In diseased tissue, CXCL16 was strongly expressed by
unstimulated human gingival fibroblasts (HGFs), and CXCR6-positive cells that were
generally distributed near the sulcular epithelium, where the initial bacterial challenge
to the host occurs in periodontitis [3]. Moreover, while CXCL16 mRNA expression
upregulated stimulation with pro-inflammatory cytokines IL-1f, TNF-a, and IFN-y,
the expression of CXCL16 by HGFs in periodontal tissues was inhibited by IL-4 and
IL-13 produced in Th2 cells [3]. It was suggested that the CXCL16 produced by HGFs in
diseased periodontal tissue may play a role in the attraction of T cells to diseased tissue
and the exacerbation of periodontal disease [3]. An experimental gingivitis study found
that SCYB16/CXCL16 levels were significantly higher in the high response group com-
pared to the low response group [48]. On the other hand, CXCL16 levels were examined
in the saliva of patients with Stage III periodontitis (both moderate and severe) and no
significant difference was found when compared with control subjects [13].

A correlation study determined that there was no significant relationship between
clinical periodontal parameters and plasma CXCL16 levels [79]. Multiple regression
analyses revealed that CXCL16 levels in plasma were significantly related to smoking
and associated with more severe periodontitis, especially PD >7 mm and clinical AL
>5mm [79].

4.12 CCL19\MIP-3p and periodontal disease

Chemokine (C-C motif) ligand 19 (CCL19), also known as EBI1 ligand chemo-
kine (ELC) and macrophage inflammatory protein-3-beta (MIP-3p), is expressed
abundantly in thymus and lymph nodes and binds to the CCR7 [53]. Souto et al. [6]
detected increased CCL19 levels in gingival tissue in the individuals with advanced
chronic periodontitis compared with healthy tissue, but no differences could be
observed when comparing mild-moderate and advanced chronic periodontitis
groups. In a study, even though CCL19 in gingival tissue did not reveal a statistically
significant decrease in smokers with chronic periodontitis compared to nonsmokers,
negative correlations could be observed between CCL19 levels and time of the smok-
ing habit in years (SH/years) [53]. Authors suggested that the correlation between
CCL19 and SH/years supports the notion that the negative effects of smoking on
periodontal health also appear to be dose-related [53].

4.13 CCL25\TECK and periodontal disease

Chemokine (C-C motif) ligand 25 (CCL25), also known as TECK (thymus-
expressed chemokine), is chemotactic for thymocytes, macrophages, and DCs and
binds to the CCR9 [13]. Kawamoto et al. [13] implicated that CCL25 levels in saliva
decreased in patients with Stage III periodontitis as an incisor-molar pattern of a rapid
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rate of progression compared to controls, but no differences could be observed when
analyzing moderate Stage III periodontitis and control groups.

4.14 CCL17 or TARC and periodontal disease

Chemokine (C-C motif) ligand 17 (CCL17), also known as TARC (Thymus and
activation regulated chemokine), is a powerful chemokine produced in the thymus
and by antigen-presenting cells like DCs, macrophages, and monocytes and binds to
the CCR4 [28]. Itis a Th2 cell chemoattractant [28]. It was suggested that the expres-
sion of Th2 and Treg chemoattractants (TARC/CCL17) could attenuate periodontal
disease severity [28]. Kawamoto et al. [13] implicated that CCL17 levels in saliva
increased in patients with incisor-molar pattern Stage III periodontitis compared to
controls, but no differences could be observed when analyzing moderate Stage III
periodontitis and control groups.

4.15 CCL27\CTACK and periodontal disease

C-C motif chemokine ligand 27 (CCL27), also known as CTACK (cutaneous T-cell-
attracting chemokine) is expressed in numerous tissues, including gonads, thymus,
placenta, and skin and binds to the CCR10 [13]. A recent study implicated that CCL27
levels in saliva increased in patients with incisor-molar pattern Stage III periodontitis
compared to controls, but no differences could be observed when analyzing moderate
Stage III periodontitis and control groups [13].

5. Conclusions

Periodontal diseases are a common public health problem due to the lack of pain,
the fact that patients do not realize their periodontal tissue loss, late access to treat-
ment, sometimes severe and aggressive periodontal tissue destruction at younger
ages, and the difficulty of treatment. Progression of periodontitis, an irreversible
form of periodontal disease, causes early tooth loss, and this leads to problems that
impair chewing function, aesthetics, social inequality, and quality of life in the
patient. Clinically undetectable periodontal diseases are determinable in the early
period with the levels of biomarkers to be examined in biological fluids. Many studies
have analyzed different chemokines and chemokine receptors in biological fluids in
human studies and experimental models in periodontal disease and health. In fact,
the role of chemokines in periodontal disease was explained by iz vitro studies as well
as in vivo studies. To date, more frequently IP-10\CXCL10, MCP-1\CCL2, MIP-1alpha\
CCL3, RANTES\CCLS, and IL-8\CXCL8 chemokines have been analyzed in periodon-
tal disease and 1t was detected that their levels are significantly increased in inflamed
tissues and decreased after non-surgical periodontal therapy. Thus, it was suggested
that these chemokines play an important role in the pathogenesis of periodontal
diseases and can be used as useful diagnostic biomarkers in the diagnosis of periodon-
tal diseases. Moreover, with the analysis of chemokines in biological fluids, possible
periodontal disease status can be revealed and irreversible periodontal tissue destruc-
tion can be prevented. However, the role of many different chemokines in periodontal
disease has not been fully elucidated. Future studies need to explain different chemo-
kines and cell-chemokine-receptor interactions in cellular and molecular events in
periodontal disease.
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Abstract

The oral cavity is an integral part of the digestive tract and thus significant
diseases, including periodontitis, can have an important impact on the normal nutri-
tional functions of the body. Certain diseases of the hepato-digestive system have an
inflammatory component, such as chronic hepatitis, fatty liver disease, or gastric
cancer. This inflammatory reaction is mainly driven by pro-inflammatory chemo-
kines. This is also the case for periodontitis, a condition characterized by the inflam-
mation of the supporting tissues of teeth. Thus, significant pathogenic connections
mediated by pro-inflammatory chemokines could exist between periodontitis and
diseases of the hepato-digestive system.

Keywords: periodontitis, periodontal medicine, periodontal conditions,
hepato-digestive disorders, pathogenic connections, immunology, inflammation mediators

1. Introduction

Low-grade inflammation is defined as the continuous, low-grade production of
inflammatory factors throughout the body. It is currently acknowledged as a risk
factor for many chronic diseases, including cancer, cardiovascular, cerebrovascular,
and neurodegenerative illnesses [1, 2]. Periodontitis is a chronic inflammatory
multifactorial disease, that involves the tooth-supporting structures, the periodon-
tium, and in developed countries is the most frequent reason for tooth loss. Despite
being essential, the infection is insufficient for the occurrence of this disease, as
the dysregulation of the immuno-inflammatory status is required also, thus lead-
ing to systemic low-grade inflammation [1]. Periodontal microbes and immunity
engage in a battle, with the help of innate immunity (such as macrophages, dendritic
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cells, natural killer cells, and neutrophils) and adaptive immunity (such as B and

T lymphocytes), which leads to the release of pro-inflammatory molecules and
enzymes (such as interferon-gamma, interleukin-17 (IL-17), tumor necrosis factor-a
(TNF-a), interleukin-1 (IL-1), interleukin-6 (IL-6), collagenases such as matrix
metalloproteinases (MMPs) [2].

On the one hand, our body uses the inflammatory response as a type of defense
against microorganisms getting within the deeper tissues (such as bone). The peri-
odontium, on the other hand, is irreversibly destroyed if the inflammation persists
and is not controlled, leading to the classic symptoms of periodontitis, including peri-
odontal pockets, attachment loss, gingival recessions, tooth mobility, tooth migration,
and tooth loss [1, 2]. The interface via which local inflammation can have an impact
on overall health is represented by the dento-gingival epithelial surface area, which
includes every pocket epithelium in direct contact with the subgingival biofilm. Pro-
inflammatory mediators produced locally during periodontitis, such as IL-1, IL-6,
TNF-a, and prostaglandin E2 (PGE2), may enter the systemic circulation and then
have an impact on distant organs, causing an inflammatory state to worsen and/or
persist. Thus, the theory that the systemic inflammation brought on by periodontitis
may influence the subject’s inflammatory burden develops [1, 3].

Periodontal disease is considered a risk factor for a number of chronic illnesses,
such as diabetes, cardiovascular disease, neurodegenerative disorders, or several
malignancies, where low-grade inflammation is mandatory for the development and
progression of the disease [1]. The mechanisms that associate periodontitis to extra-
oral comorbidities are in line with clinical observations that connect periodontitis
to bacteriemias, low-grade systemic inflammation, increased myelopoiesis, and the
ability of local periodontal therapy to attenuate systemic inflammatory markers and
improve comorbid disease activity [1-3]. Patients with severe periodontitis have
increased levels of pro-inflammatory mediators (including IL-1, IL-6, C-reactive pro-
tein (CRP), and fibrinogen), as well as increased neutrophil counts in the blood, in
comparison with healthy controls [3]. This could be because of oral bacteria, mainly
Porphyromonas gingivalis and Fusobacterium nucleatum, which are partially responsible
for periodontal disease and lead to a chronic inflammatory process, by damaging the
fibroblasts, epithelial and endothelial cells, as they promote the release of inflamma-
tory mediators, such as interleukin-1p (IL-1p), IL-6, IL-17, interleukin-23 (IL-23),
TNF-a, and matrix metalloproteinases (MMP-8 and MMP-9) [2, 4].

Monocytes/macrophages, neutrophils, fibroblasts, and mast cells are the principal
producers of IL-1 in the periodontium tissues in response to activation caused by
lipopolysaccharide (LPS), the fundamental component of Gram-negative bacteria cell
walls. Osteoclast development and bone resorption are brought on by IL-18, which
results in localized inflammation in the periodontium. Additionally, this cytokine
induces the production of numerous MMPs, phospholipase A2, prostaglandins (PG),
acute phase proteins, proinflammatory cytokine IL-6, and TNF-a. Regarding systemic
malignancies, higher levels of this citokine are linked to tumor invasiveness, migra-
tion, and a more aggressive tumor phenotype. IL-1p creates an inflammatory milieu
for angiogenesis and tumor growth [2, 4, 5].

IL-6 is a major pro-inflammatory cytokine. Numerous periodontal tissue cells
produce it in response to stimulation when LPS and the pro-inflammatory cytokines
IL-1 and TNF-a are present. In addition to causing bone resorption, IL-6 also pro-
motes the production of acute phase proteins, chemokines, and PGE2. By boosting
the production of matrix MMPs, IL-6 also influences the invasion and metastatic
process [2, 4-6].
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TNF-a, which is produced, among others, by monocytes/macrophages, neutro-
phils, fibroblasts, lymphocytes, and mast cells, is another important cytokine in the
inflammatory response. In response to a variety of triggers, such as bacterial LPS, this
cytokine is released. TNF-a significantly stimulates the formation of reactive oxygen
species (ROS), leukotrienes, prostaglandins, and metalloproteinases and decreases
the number of fibroblasts and osteogenic cells. Low dosages of this molecule are
linked to tumor development as opposed to large concentrations of TNF-a, which are
linked to tumor destruction. By stimulating the expression of MMPs and stimulating
the production of several angiogenic factors, including interleukin-8 (IL-8) and basic
fibroblast growth factor, TNF-a has been demonstrated to affect processes of motil-
ity and invasion [4, 5, 7]. A tumor phenotype can be induced by modest, persistent
TNF-a production levels. The formation of reactive oxygen species and reactive nitro-
gen species (RNS), which may cause DNA damage and hence promote carcinogenesis,
is the basis of a TNF-a tumor promotion mechanism. Cancer and TNF-a mediated
inflammation are related [6, 7].

This chapter aims to exhibit the possible connections that may exist between
periodontitis and some hepato-digestive disorders, mediated by means of pro-inflam-
matory chemokines. These diseases share an inflammatory component as part of their
pathogenic mechanisms, and thus, mutual pro-inflammatory chemokines could play
a significant influence on their onset and evolution, in terms of susceptibility and
severity.

2. Cytokines’ involvement in periodontitis-systemic conditions
2.1 Periodontitis and colorectal cancer

A prevalent inflammatory illness with infectious origins, periodontitis frequently
turns into a chronic condition. In addition to its significance as a stomatological
condition, chronic periodontitis has gained significance because it has been dem-
onstrated that it can progress to a systemic condition marked by unresolved hyper-
inflammation, disruption of the innate and adaptive immune system,

dysbiosis of the oral and gut mucosa, and other conditions that may result in,
coexist with or exacerbate other health problems while it is linked to increased
morbidity and mortality. It is still up for discussion how the location’s microbiota and
other system-wide changes connect to the infectious, immunological, inflammatory,
and systemic characteristics of periodontitis and gastrointestinal disorders [1, 2].

Similar to other diseases that we shall address later, systemic inflammation is
considered to have an important biological function in these conditions as well. It is
generally known that inflammation may have a significant impact on all stages of can-
cer. From the first cancerous cell to the first stages of tumor development, progres-
sion, and neoplasm spread, inflammatory and immunological mediation processes
are well-known markers of cancer. Another developing idea in this context is that,
similar to other complicated illnesses, cancer develops from systemic rather than local
factors. A complicated process by itself, systemic inflammation involves interactions
between immunological signals, energy metabolism, and functional linkages that,
when combined with genetic instability, predispose people to cancer and control the
aberrant conditions that support neoplastic illness [1-3].

In the western world, colorectal cancer (CRC) is the second most common cause
of cancer-related mortality. The several stages of CRC formation are defined by
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complicated interactions between environmental carcinogens, genetic changes,

and the host immune system, which eventually lead to the uncontrolled expansion

of altered cells. Chronic inflammation is a distinct risk factor for the development

of CRC, just like it is for other prevalent malignancies (including gastric cancer,
prostate cancer, and hepatocellular carcinoma). According to experimental models

of inflammation-related colon carcinogenesis, cytokines produced by inflamma-

tory cells can either directly or indirectly drive the development of cancer cells [8].
Moreover, a higher risk of colorectal cancer has been linked to plasma levels of certain
pro-inflammatory cytokines, such as IL-8 and IL-6 [9].

In a research paper, tumor cells were shown to be a significant source of chemo-
kines in CRC, and the gut microbiota was found to have a key role in chemokine
synthesis and T cell recruitment in tumor tissue, both of which improved prognosis.
This information may potentially pave the path for the creation of novel therapies
focused on altering gut flora to encourage immune cell populations with positive
prognostic relevance to infiltrate CRCs [10]. Chemokines primarily control angiogen-
esis, activate immune responses specific to tumors, and stimulate the tumor directly
through autocrine or paracrine processes in cancer [11].

F. nucleatum, an periopathogen, can hematogenously spread to the colon, where
it prefers CRC, as it directly binds to and invades host immune and cancer cells
[3, 11]. This is because D-galactose-N-Acetyl-D-galactosamine (GAL-GalNAc), a
carbohydrate moiety that the F. nucleatum lectin Fap2 binds, is overexpressed in CRC
cells. This overexpression also triggers the release of prometastatic chemokines like
IL-8 and chemokine family CXC-chemokine ligand 1 (CXCL1), which promote CRC
migration and tumor-related angiogenesis. By activating E-cadherin-mediated Wnt—
catenin signaling in a way that is reliant on annexin A1, which is increased in CRC,
another F. nucleatum adhesin called FadA promotes the proliferation of CRC (but not
non-cancerous) cells [3, 4].

For instance, when 13 cytokines, chemokines, and growth factors were examined
in serum profiles from 116 CRC patients and 86 healthy controls, it was discovered
that five of these proteins had statistically significant changes in their serum levels,
including elevated levels of IL-6, IL-7, CXCL-8 (IL-8), and platelet-derived growth
factor-subunit B (PDGFB) and decreased levels of chemokine ligand 2 (CCL2) [12].
Also, pro-inflammatory cytokines, such as IL-6, TNF-a, and IL-8, were found to
be expressed more often in CRC patients than in the control group, and also more
advanced CRC stages (stage III/IV vs. stage I/II cancers) are typically related with
patients who have greater TNF-a concentrations [5]. In comparison to untreated
mice, anti-TNF-treated animals showed considerably fewer colon tumors and lower
histology scores of colon inflammation [13] while another study reported that the
TNF-a serum level of the colorectal cancer group was statistically significantly lower
than that of the control group [14].

Notably, IL-6 is one of the cytokines that are significantly higher in CRC patients
compared to healthy controls and is much higher in metastatic cancer compared
to non-metastatic disease, as it was reported that it causes CRC cells to proliferate,
invade and migrate [7, 12, 15]. In comparison to IL-6 deletion tumors, those with
IL-6 overexpression tended to develop more quickly, since angiogenesis is stimulated.
Patients with increased IL-6 expression in CRC tissues had shorter overall survival
(25.5 months on average) than those with lower IL-6 expression (46 months), as it
was reported that IL-6 promotes chemotherapy resistance [5, 16]. When pro-inflam-
matory factors (IL-6, IL-1f, and TNF-a) were measured in the blood of patients with
advanced cancer, IL-1p levels linked more significantly with clinical features than
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IL-6 levels did [5]. Another research paper stated that, in CRC patients, IL-6 levels
often correlate with tumor size, stage, and metastasis. In numerous kinds of cancer,
circulating IL-6 levels are predictors of survival and response to therapy [16]. A
postoperatively higher carcinoembryonic antigen (CEA) alone or in conjunction with
carbohydrate antigen19-9 (CA19-9), chitinase-3-like-protein-1 (CHI3L1), CRP, or
IL-6 may also signal individuals at high risk of relapsing, for CRC patients in stage II
to IV who underwent radical surgery and received adjuvant 5-fluorouracil (5-FU)-
based treatment [17].

2.2 Periodontitis and nonalcoholic fatty liver disease

The synthesis of inflammatory mediators is a characteristic of the systemic inflam-
matory response in periodontal disease, which is represented by periodontal infec-
tion associated with oral biofilm [18]. Even in the absence of other chronic systemic
disorders, patients with chronic periodontitis have higher levels of proinflammatory
mediators [19, 20]. It can be a bidirectional relationship between periodontitis and the
majority of common noncommunicable diseases, including cardiovascular condi-
tions, metabolic syndromes, diabetes mellitus and non-alcoholic fatty liver disease,
cancer, and respiratory conditions [21].

Non-alcoholic fatty liver disease (NAFLD)), is the most prevalent type of chronic
liver disease globally. NAFLD is generally asymptomatic, and it is closely associated
with diseases like obesity, diabetes mellitus type 2, and the characteristics of meta-
bolic syndrome [22]. Scientific evidence strongly indicates that the gut microbiota
contributes significantly to the pathogenesis of NAFLD and that P, gingivalis (P. g.)
changes the composition of the intestinal microflora [23]. According to studies, P.

g. infection is associated with various systemic disorders, such as diabetes mellitus,
hepatic conditions, and gastric cancers [24]. Periopathogen bacteria such as P. g. can
be detected, in association with a statistically significant decrease in serum albumin
levels in NAFLD patients, indicating liver function impairment. Some studies con-
cluded that P. g. infection could be an independent predictor of NAFLD development.
These studies suggest that persistent P. g. infection in patients with untreated peri-
odontitis may accelerate liver tissue fibrosis and decrease liver function [25].

A chronic low-grade inflammatory state is a pathological component of a variety
of chronic conditions, including NAFLD [26]. Microvascular endothelial dysfunction,
decreased immune responses, and chronic low-grade inflammation are all charac-
teristics of the multisystem disease NAFLD [27]. A chronic low-grade inflammatory
condition that is supported by the relationship between NAFLD, obesity, and type 2
diabetes increases the risk of atherosclerosis, dyslipidemia, systemic arterial hyper-
tension, and acute myocardial infarction [28].

Simple steatosis and non-alcoholic steatohepatitis (NASH), which is marked
by liver inflammation and hepatocyte ballooning with or without fibrosis, are also
examples of NAFLD. NAFLD and NASH are linked to higher rates of morbidity and
mortality across this broad spectrum of diseases [29].

Numerous variables, such as the patient’s age and gender, ethnicity, frequency,
amount of alcohol consumed daily, diet, hormonal status, genetic predisposi-
tion, microbiome, and metabolic status, have an impact on the heterogeneity in
the clinic and the evolution of the fatty liver disease. There may be a differential
impact on the contribution of these variables to each patient on the part or
between patients, an impact that then changes the phenotype and evolution
of the disease [30].
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From in vitro, in vivo, and epidemiologic perspectives, the potential correla-
tions between periodontitis and NAFLD have been studied, but the genetic and
molecular processes of the relationship between periodontitis and NAFLD remain
unknown [31]. According to epidemiological research, periodontitis and NAFLD
together are increasing the occurrence of the condition, which could enhance the
potential that it will advance to liver fibrosis as well [32]. However, alterations in
the oral microbiome caused by periodontal disease could have an impact on the
intestine microbiota and NAFLD’s pathogenesis could be influenced by this gut
microbiota [33].

The involvement of cytokines as important mediators of fibrosis, cirrhosis, and
inflammation in NAFLD is generally accepted. Different inflammatory mediators,
including IL-1, IL-6, TNF-a, CRP, and NOD-like receptor protein 3 (NLRP3) inflam-
masome, have been implicated in the pathogenesis and progression of NAFLD in
previous studies [23, 34]. A systemic indicator of inflammation, CRP may be essential
in detecting pathological alterations. The liver is the primary source of CRP but can
also be secreted by adipose tissue, which acts as an endocrine organ that can secrete
other inflammatory cytokines such as IL-6 [35]. A higher serum level of CRP has been
identified in several studies as a significant risk factor for the development of NAFLD,
and it appears to be a great marker for the prediction and diagnosis of NAFLD. A fam-
ily of proteins known as pentraxin (PTX) is divided into two classes, short and long,
depending on the length of their structural components. Serum amyloid P and CRP
are two minor members of this family. One of the long proteins in this family, plasma
pentraxin 3 (PTX3), is detected in significantly higher concentrations in patients with
steatohepatitis than in those without [36]. Patients with more severe forms of NAFLD
have higher serum concentrations of this protein, and higher levels of this protein are
associated with more severe forms of hepatic fibrosis. Therefore, this could suggest
that the serum PTX3 level might be used to diagnose the degree of hepatic fibrosis
and to separate steatohepatitis and simple steatosis [37].

Particularly the pro-inflammatory cytokines IL-1 and TNF mediate important
features of liver diseases including acute phase protein synthesis, lipid metabolism,
cholestasis, and degree of fibrosis in different stages of liver diseases. These essential
cytokines, which are mostly generated by mononuclear cells, influence all types of
liver cells and control the generation of many other mediators essential in chronic
liver diseases [38].

Other interleukins implicated in NAFLD disease include IL-8, IL-12, IL-18, and
IL-34 [39]. Also, IL-32, which was first identified in 2005 and is one of several inflam-
matory biomarkers linked to obesity and NAFLD, is identified as a key regulator of
obesity-driven inflammation and lipotoxicity [40].

According to some research, patients with NAFLD who ultimately progressed
to critical condition had higher concentrations of IL-6, IL-8, and IL-10, than when
establishing the diagnosis. IL-8 and IL-10 also seem to be significant prognostic
biomarkers associated with recovery time [27]. IL-6 is often synthesized in immu-
nologically activated adipose tissue, which is deeply associated with metabolic
syndrome. This could be a possible explanation for the high prevalence of obesity in
patients with NAFLD. Other studies did not find differences in IL-6 levels between
non-obese and obese patients with NAFLD, suggesting other possible immunological
mechanisms [27, 41].

The development of metabolic changes and an increased risk of liver dam-
age associated with fibrosis during the evolution of NAFLD may be caused by
inadequate modulation of IL-10 associated with IL-6, IL-12, and TNF [42]. Some
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proinflammatory cytokines (including IL-6, IL-12, and TNF-a) are considered to
contribute to inadequate modulation of IL-10, according to some studies. Since
IL-10 concentrations indicated a strong correlation with IL-6 and other inflamma-
tory markers, including CRP, this could be interpreted as an unsuccessful attempt to
reduce the hyperinflammatory response and tissue damage. Additionally, immune
cells that have been stimulated may become “IL-10 resistant,” which would allow
them to pass the anti-inflammatory effects of IL-10 signaling and increase the
inflammatory response [43]. Higher IL-6 levels and a lower IL-10/IL-6 ratio have
been reported in NASH patients, which may indicate inadequate anti-inflammatory
compensation. Patients with NASH have also been found to have higher levels of
circulating TNF than patients with steatosis or healthy controls [42].

When NAFLD first appears and progresses, cytokines may contribute, stimulating
and controlling critical processes. Patients with non-alcoholic steatohepatitis may
have a balance between proinflammatory (IL-1, IL-6, IL-12, and TNF) and regulatory
(IL-10) cytokine concentrations, which have been associated with early metabolic
abnormalities in the context of NAFLD [42]. Furthermore, it has been shown that
TNF production may have a role in the first liver injury, causing the release of other
cytokines including IL-12, which recruits inflammatory cells, destroys hepatocytes,
and initiates a healing response, including hepatic fibrogenesis [44]. Because of its
antioxidant and cytoprotective characteristics, IL-12 may be a protective biomarker
for NAFLD. Regardless of the number of metabolic risk factors, IL-12 was inversely
correlated with the prevalence of NAFLD and positively correlated with the specific
rise in productivity bilirubin in patients with non-alcoholic steatohepatitis [45].

2.3 Periodontitis and chronic hepatitis C

Chronic hepatitis C (CHC) is caused by infection with the Hepatitis C Virus (HCV)
and is a severe threat to the individual’s life, with an estimated 700,000 deaths world-
wide each year [46]. The spread of the virus is considered a global health hazard since it
affects more than 200 million individuals globally, and it is especially difficult to battle
because the disease has no symptoms in its early stages. As a result, infected individuals
may be oblivious and easily infect others. Most individuals will develop chronic liver
inflammation after the acute stage of illness. Hepatic function gradually deteriorates
when hepatic tissue is replaced by fibrotic tissue and liver cirrhosis develops [47].

CHC is a potentially fatal illness if left untreated, leading to serious conse-
quences such as hepatic cirrhosis (in 10-30% of CHC patients) and hepatocellular
cancer (5 percent of CHC patients) [48]. Only 15% of individuals have clinical
manifestations of the illness after infected contact with the virus. The initial
inflammatory reaction generated by the presence of the virus is “chronicized” in the
majority of cases, resulting in CHC, with the virus remaining detectable six months
after the infected encounter [49].

Patients with CHC frequently experience significant oral health issues, which can
have a negative impact on their quality of life, in addition to the pathological manifes-
tations of liver disease and its complications [50]. CHC patients seeking dental treat-
ments may encounter a variety of difficulties, such as high personal anxiety or altered
healing and recovery processes following dental and periodontal surgery, which
restrict the complexity of therapy alternatives [51]. CHC patients may have increased
risk factors for the start of periodontitis, leading to its clinical presentation, which is
driven by the buildup of subgingival bacterial plaque deposits, which is corroborated
by probable behavioral differences [52].
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As a chronic inflammatory disorder, CHC may have certain connections and
interactions with Parkinson’s disease, presumably through proinflammatory media-
tors released into the bloodstream of HCV patients [53]. Natural killer cells (NK),
which may produce TNF-a, play a crucial role in the immunopathogenesis of CHC
[54]. Certain cytokines, including IL-18 and IL-33, are employed as indicators of CHC
disease activity and severity since these individuals have higher serological levels of
these interleukins [55, 56]. Elevated levels of IL-1a have also been detected in blood
samples of chronic hepatitis C patients, and have been linked to disease severity [57].
Furthermore, several proinflammatory mediators, including IL-1a, have been dem-
onstrated to stimulate hepatic inflammatory processes in chronic hepatitis C patients,
resulting in elevated blood levels [58].

In essence, both CHC and periodontitis cause a persistent inflammatory response,
with proinflammatory mediators controlling the amount and intensity of the patho-
genic process. Studies that focused on the gingival crevicular fluid (GCF) assessment
of IL-1a and IL-1f’s involvement in the pathogenic process of periodontitis patients
with CHC, found that patients with both diseases had significantly worsened peri-
odontal status and higher levels of these cytokines than non-CHC patients with
periodontitis [59]. This suggests that hepatic pathology may have a negative impact on
local periodontal inflammation.

Elevated gingival fluid levels of IL-1a and IL-1p, detected in periodontal patients
compared to healthy controls, have been demonstrated to decrease following
periodontal therapy, supporting their critical involvement in the development of
periodontal disease [24, 59]. A statistically significant difference in GCF cytokine
levels between the CHC and periodontitis groups was also highlighted. Because
both groups of patients had periodontal disease with equal degrees of severity and
progression, the greater GCF cytokines levels in periodontitis patients with CHC
might be explained by the added chronic hepatic inflammation that these individu-
als exhibit. This fact can also influence the severity of the inflammatory periodontal
response [59].

The levels of GCF cytokines in chronic periodontitis patients correlate with the
degree of periodontal inflammation. The clinical markers used to measure periodon-
tal condition (such as the number of missing teeth, periodontal pocket depth, or
gingival attachment loss) were associated to increased GCF levels of IL-1a and IL-1p
in periodontal patients with CHC [59]. There was also a modest positive connection
between these clinical measures in periodontal patients with no systemic disease and
GCF cytokine levels, indicating that systemic chronic inflammation might have an
extra influence on such patients’ periodontal health [59].

Periodontal and hepatic chronic inflammatory responses may interact because
they are both fueled by the same proinflammatory cytokines, IL-1a and IL-1p [60].
Hepatic chronic inflammation has a significant detrimental influence on periodontal
condition in terms of the strength of the periodontal inflammatory reaction [61].
Elevated levels of IL-1a and IL-1p, which have significant consequences in the patho-
genic processes of both periodontitis and CHC, might suggest that chronic hepatitis C
has a deleterious influence on periodontal patients’ inflammatory status, as measured
by IL-1a and IL-1p GCF detection.

The notion of the “inflammasome” molecule has opened up new perspectives for
periodontal inflammation research. The NLPR3 inflammasome is a critical compo-
nent of this inflammatory response, serving as the first triggering mechanism upon
interaction with bacterial antigens such as Pg’s LPS [62]. Substantial variations in
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GCF NLRP3 levels between the periodontitis and control groups were reported, as
well as between patients with CHC and periodontitis and CHC-only ones, suggest-
ing that periodontal pathological events cause a significant rise in NLRP3 expres-
sion [63]. This concept was also evaluated and supported by a recent study on the
issue, which indicated that periodontal disorders are characterized by an increase in
inflammasome expression and a decrease in their inhibitor proteins [64, 65]. In terms
of hepatic disease, NLRP3 has been shown to activate inside white and red blood
cells when triggered by HCV infection [66]. Furthermore, the iz vitro presence of
the virus dictated cellular pyroptosis within infected hepatocytes, an event primarily
mediated by NLRP3 and caspase-1 (CASP1) activity [67, 68]. Together with IL-1,
NLRP3 is implicated in the initiation of the chronic hepatic inflammatory response
caused by HCV infection. As a result, CHC patients are likely to have higher blood
NLRP3 levels [67].

According to research on the issue of NLRP3 inflammasome involved in the peri-
odontitis and diabetes connection, the findings revealed substantial correlations between
GCF NLRP3 levels and blood glucose levels of the participating patients [63, 69]. This
result supports the pathogenic relationships that exist between periodontitis and insulin
resistance. Similar pathogenic links exist between CHC and insulin resistance. These
findings imply that this pathologic mechanism may be able to bridge the gap between
chronic hepatitis and periodontitis due to the significant influence and bi-directional
repercussions it has on the inflammatory response [69].

The immunological analysis produced equivalent results on the average values of
CASP1 in periodontitis patients’ GCF samples, which were considerably greater than
those of healthy controls [65, 69]. CASP1 is largely expressed in gingival epithelial
cells, keratinocytes, and connective tissue cells, and is essentially non-existent when
periodontal tissues are not inflamed [70]. Furthermore, key periodontal bacteria
(Aggregatibacter actinomycetemcomitans and P. g.) have been found to induce caspase
expression in epithelial cells and macrophages [71]. CASP1 is also implicated in the
pathology of CHC, since HCV-infected cells may synthesize and release the NLRP3
inflammasome [68]. The findings revealed that CHC + periodontitis patients had
higher average GCF CASP1 levels than non-CHC periodontitis patients. There were
also significant variations in the average values of CHC patients with and without
periodontal disease. These findings imply that chronic inflammation, whether hepatic
or periodontal, can have a considerable influence on CASP1 levels [65, 69].

IL-18 has also been proposed as a potential marker for periodontal structural
degradation [72]. GCF IL-18 levels in periodontal patients were substantially greater
than in healthy controls. Furthermore, the statistical analysis revealed substantial
associations between GCF IL-18 levels and periodontal disease severity measures
(periodontal probing depth, clinical attachment loss, and gingival bleeding index)
[63, 69]. In line with this observation, CHC + periodontitis patients had substan-
tially higher GCF IL-18 levels, indicating an unfavorable clinical periodontal state
[64, 69]. Concerning hepatic illness, IL-18 has immunological and clinical repercus-
sions for CHC, as affected individuals frequently have much higher levels of this
mediator than healthy controls [73]. Significant variations in GCF IL-18 levels were
seen between the CHC+ periodontitis patients and non-CHC periodontitis ones,
confirming the deleterious influence that HCV infection can have on periodontal
status in comparable periodontal pathological circumstances [69]. This can exacer-
bate gingival pathogenic events and cause a more severe periodontal inflammatory
response.
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PTX is a protein family that participates in inflammatory pathways by serving as
pattern-recognition receptors (PRRs) [74]. PTX, also known as acute-phase proteins
(APP), play a key role in the initiation of inflammation, primarily by protecting
against pathogenic bacteria via complement activation. This role is supported by the
fact that in GCF samples originating from patients diagnosed with periodontitis,
PTX3 levels were significantly elevated, as compared to control groups [36, 75].
These elevated GCF PTX3 levels also correlated with clinical periodontal parameters,
suggesting an early up-regulated synthesis of this mediator by neutrophil cells, in
response to periodontal bacterial aggression [36]. It is known that PTX3 is pre-stored
in neutrophil cells to be accessible for quick release and action [75]. It was highlighted
that GCF PTX3 levels rise proportionally to the severity of periodontitis. At baseline,
GCF PTX3 levels were higher in periodontitis patients than in controls, and these lev-
els considerably decreased as soon as two weeks following scaling and root planning
(non-surgical periodontal therapy—NSPT) on these patients [76]. However, a higher
fall in GCF PTX3 levels was found in smoking patients, indicating that smoking had
a major influence on this parameter. GCF PTX3 levels in smoking patients remained
increased even after NSPT [76].

CRP is a short pentraxin, whereas PTX3 belongs to the long pentraxin branch.

Both proteins are increased in severe infections and inflammation, indicating their
importance in bacterial or viral diseases (such as periodontitis and CHC) [77]. GCF
CRP levels express lower association strength and, as a result, less periodontal clinical
significance than the PTX3 mediator [36, 76]. GCF and CRP levels are considerably
higher in periodontitis patients’ samples compared to healthy controls [78]. However,
there was no statistically significant difference in marker levels between periodon-

titis patients with and without CHC [36]. GCF CRP levels dropped after NSPT in

CHC + periodontitis patients but increased somewhat in periodontitis-only patients.
GCF CRP levels are associated with patients’ age and the dental plaque index, indicat-
ing that it may be more important to senior patients, who have poorer dental hygiene.
GCF CRP levels were also associated with the bleeding on the probing index [36]. These
factors match the profile of CHC patients, who had much higher bleeding on probing
than non-CHC individuals. This feature can be explained by the hepatic nature of CRP,
which, unlike PTX3, is not locally pre-synthesized and may take a longer time to reach
critical quantities in the GCF. This idea was supported by a study highlighting that,
while NSPT improved periodontal clinical parameters such as plaque index (due to
improved oral hygiene) and pocket depth/attachment loss (due to decreased inflam-
mation), serum CRP levels did not decrease significantly after a one- and two-month
recall [79]. Putative participation of hepatic disease in the local inflammatory processes
of periodontitis necessitates more investigation in the future, similar to a larger per-
spective on the role of the CRP mediator in a shared periodontitis-CHC scenario.

3. Conclusions

Periodontitis is characterized by a low-grade inflammation, which triggers the
local up-regulation of significant pro-inflammatory mediators, similar to that of
certain systemic diseases (Table 1). Given that many hepato-digestive disorders
have an important inflammatory component, the two types of conditions could
exert a significant influence on each other, by means of mutual pro-inflammatory
chemokines.
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Inflammatory marker Periodontitis/colorectal Periodontitis/ Periodontitis/

cancer nonalcoholic fatty liver chronic Hepatitis C
disease

CASP1 *

CCL2 *

CRP * *

CXCL1 *

GAL-GalNAc *

IL-1 *

IL-1a *

IL-1p * *

IL-6 * *

IL-7 *

IL-8 * *

IL-10 *

IL-12 *

IL-18 * *

IL-32 *

IL-33 *

IL-34 *

NRLP3 * *

PTX3 * *

TNF-a * * *

*-existing relevant information on implications in periodontitis and systemic diseases (CASP1 - caspasel; CCL2-
chemokine ligand2; CRP — C Reactive Protein; CXCL1- CXC-chemokine ligand 1; GAL-GalNAc - D-galactose-N-
Acetyl-D-galactosamine; IL — interleukin; NRLP3 - NOD-like receptor protein 3; PTX3 — pentraxin3; TNF-a — tumor
necrosis factor-a.

Table1.
Synopsis of mediators’ inflammation in the association of periodontitis and hepato-digestive disorders.
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Chapter 6

Glance on the Critical Role of
IL-23 Receptor Gene Variations
in Inflammation-Induced
Carcinogenesis

Mohammed El-Gedamy

Abstract

In this chapter, we will discuss the importance of genetic variations in the IL-23
receptor (IL-23R) gene in driving the process of inflammation-induced carcinogenesis.
By applying bladder cancer (BLC) as a model, we will focus on two contradictory
genetic mutations within the receptor gene. The first one is enhanced by cancer
and induces inflammation-induced carcinogenesis via up-regulating IL-23/IL-17
inflammatory axis. However, the other preventive one deregulates this inflammatory
pathway by distorting the protein nature of the receptor, leading to block its binding
affinity. During the process of carcinogenesis, cancer genetically inclines the balance
towards the protumor, via over-expressing the IL-23R on the surfaces of immune-
bearing cells, particularly tumor-associated monocytes (TAMs) and thus increasing
the levels of pro-angiogenic cytokines IL-23 and IL-17.

Keywords: bladder cancer model, IL-23 receptor, IL-23/IL-17 inflammatory axis,
Tumor-associated monocytes, IL-23R gene variants

1. Introduction

Interleukin-(IL) 23 is a heterodimeric cytokine formed by a distinct p19 subunit
and a shared p40 subunit with IL-12 (Figure 1) [2]. IL-23 engages with the heterodi-
meric IL-23 receptor, which consists of IL-23R chain and IL-12Rp1 chains, so as to
activate intracellular Janus kinases (JAKs), mainly tyrosine kinase-2 (TYK2) and
JAK?2, which stimulates signal transducer and activator of transcription (STAT3).
Subsequently, the JAKS-STAT-3 pathway plays a critical role in the upstreaming genes
of a variety of proinflammatory cytokines, such as IL-6 and IL-17 [3].

Antigen-presenting cells (APCs), such as DCs and macrophages, are thought to be
the predominant provider of both IL-23 and IL-12 cytokines [4]. It is now acknowl-
edged that the imbalance between the inflammatory cytokine IL-23 and IL-12 in
tumors can re-shape the development of pro-tumor or anti-tumor immunity. Given
that the role of IL-12 in boosting anti-tumor immunity is well recognized and recently
evaluated [5].
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Figure 1.

Schematic representation of the interleukin (IL)-12 and IL-23 cytokine family and their veceptors structures,
and associated Janus kinases (JAKs) and signal transducers and activators of transcription (STATS) signaling
partners [1].

Concerning common in vitro trials, mice that were deficient for IL-23p19 protein
injected with chemical carcinogen-induced fibrosarcomas, showed a declined rate
and frequency of tumor-growth compared to wild-type (WT) controls [6]. However,
rodents lacking IL-12/23p40 or IFN-y were found to have a significantly higher
chance of developing carcinomas [7-9]. Also, using chemical carcinogen-induced
skin cancer, IL-23-p19-deficient mice revealed significantly decreased numbers of
cutaneous papillomas compared to WT mice, while the opposite was observed in
IL-12p35-deficient mice [10].

IL-12R

IL-23

IL-23

Figure 2.

Ro%e of IL-23/IL-17 inflammatory axis in cancer. IL-23 produced by tumor-associated macvophages via autocrine
and paracrine manners enhances the development of IL-17 producing T-cells called Th-17 cells and that
stimulates the generation of pro-tumorigenic cytokines, such as IL-6, IL-17, VEGF, and TNF-a, thus, contributing
to tumor growth. However, IL-12 produced by anti-tumor macvophages promotes, cytotoxic T-lymphocytes and
natural killers to produce INF-y and thereby killing tumor cells [11].
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In vivo, IL-23 plays a vital role in inducing the effector function and proliferation
of Th-17 cells (Figure 2), which are characterized by the expression of proinflam-
matory cytokine IL-17, under the influence of the master transcription factor
retinoic-acid receptor-related orphan-receptor-yt (RORyt) [12-16].

Prolonged activation of the IL-23/IL-17 pathway is believed to stimulate the
incidence and tumor growth [17]. This is owing to its ability to facilitate tumor growth
and metastasis by up-regulating the synthesis of pro-angiogenic factors in fibroblasts
and endothelial cells [18, 19].

IL-12, on the other side, mediates the anti-tumor immunity by driving the
differentiation of Th-1 cells to cytotoxic T-lymphocytes and producing Interferon-
gamma-(IFNy)-II [5, 20]. In similar manner, IL-12, produced by anti-tumor macro-
phages, acts mainly on lymphoid cells such as NKs (Figure 2), to directly augment
NKs proliferation and activate its cytotoxic function against tumor cells via IFN-y
secretion [5, 21, 22].

In the tumor micro-environment, it has been shown that IL-23 produced by
tumor-associated monocytes (TAMs) by autocrine and paracrine manners may
lead to the down-regulation of perforin, IL-12, and IFN-y, thereby, suppressing
T-cytotoxic lymphocytes and NKs effector functions and that indirectly results in
enhancing tumor growth and development [6, 23].

2.IL-23 receptor

IL-23 receptor (IL-23R) is a heterodimeric construct formed by IL-23R and
IL-12Rb1 subunits. IL-12Rb1 is also a part of the IL-12 receptor, however, IL-23R is
restricted to the IL-23 receptor complex [24, 25].

IL-23R is mainly expressed on the surfaces of memory T-cells, NKs, macro-
phages, and Dendritic cells (DCs), while its expression is induced on CD4" T-cells
during the differentiation towards the Th-17 cells with cellular responsiveness to
IL-23 [24, 26-28].

In cancer-related inflammation, IL-23/IL-23R interaction is truly required for
Th-17 cell-mediated immune response [29, 30] and represents the potential connec-
tion between the failure of the adaptive immune surveillance and tumor-promoting
pro-inflammatory processes [10].

The intrinsic signaling pathway begins when IL-23 ligates to its receptor and
that induces autophosphorylation and transphosphorylation of receptor-associated
proteins namely Janus kinases (JAK2) and tyrosine kinases (TYK2) which are located
in the intracellular domain of the receptor subunits (Figure 3). These phosphorylated
residues serve as docking sites for the phosphorylation homodimerization of the
signal transducer and activator of transcription (STAT) molecules. To detail, STAT3
is the main player in the IL-23 signaling pathway, while STAT4 is the central player in
the IL-12 pathway [24, 25, 31, 32].

Once activated, the homodimers of STAT3 translocate into the nucleus, wherein
they bind to the DNA in the promoter region of the target gene, such as the IL-17
gene [31, 32].

It has recently been reported that STAT3 has key role in the differentiation of
T-helper-17 [33], however, STATS activation hinders T-helper 17-cell development
[34]. For these reasons, the selective activation of certain STAT molecules may be
functionally important in disease susceptibility because of the role that these mol-
ecules have in the regulation of naive CD4" T-cell differentiation [35].
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Figure 3.

IL{;23 signaling pathway. Functional interleukin-23 receptor (IL-23R) signaling issued from the interaction of a
heterodimeric cytokine (formed from p40 and p19 subunits) with a heterodimeric receptor (formed from IL-23R
and IL-12RB1 subunits). On engagement of IL-23 with IL-23R, Janus-kinase-2 (JAK2) is activated, vesulting in
JAK2 autophosphorylation and tyrosine phosphorylation of the receptor. Phospho-STAT3 proteins homodimerize
and translocate into the nucleus inducing transcription of anti-apoptotic proteins and cytokines, such as IL-17 and
IL-22 [31, 32].

In cancer-related inflammation, malignant cells trigger systemic and local altera-
tions in the tumor microenvironment, enabling them to evade anti-tumor immune
response, and contribute to niche creation for tumor progression and metastasis. Of
note, the tumor microenvironment is a multicellular system consisted of resident
stromal cells (including endothelial cells, fibroblasts, and mesenchymal cells) and
tumor-associated myeloid-derived cells aggregated into the extracellular matrix,
which closely interact with malignant cells and contribute to tumorigenesis [36].
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The tumor-infiltrating myeloid cell is composed of mast cells, TAMs, DCs,
T-helper-17 (Th-17), neutrophils, natural killers (NKs), and myeloid-derived sup-
pressors cells. These cells (excluding NKs) are driven to the primary tumor location,
to sustain a permanent state of inflammation by producing pro-inflammatory media-
tors, such as reactive nitrogen radicals, tumor necrosis factor-a, chemokine receptor
type-7, vascular endothelial growth factor (VEGF), cyclooxygenase-2 enzyme and
hypoxia-inducible factor-1. These agents are shown to generate DNA damage to the
tissue cells as well as drive neoplastic transformation [37-42].

IL-23, a proinflammatory cytokine, is a member of the family of heterodimeric
cytokines comprising of a unique IL-23p19 subunit covalently bound to a p40 subunit
shared with IL-12 [43-45].

IL-23 is synthesized mainly by macrophages and DCs as well as maintains the
self-promotion of these phagocytes via IL-23 receptor (IL-23R)-mediated autocrine
manner. The core role of IL-23 is to boost the differentiation of naive CD4" T-cells
and hinder T-helper (Th)-1 and Th-2 differentiation for the generation of T-helper-
(Th)-17 cells [10, 46-50]. In an apparent paradox, it has been reported that IL-12
contributes to the anti-tumor immune response by mediating a polarization of the
Th-1-cells to secrete interferon-y and that increases the cytotoxic activity of both NKs
and CD8" T-cells against tumor cells [51, 52].

During carcinogenesis, Th-17 cells, by expressing high amounts of IL-17, are
believed to be responsible for increased the production of VEGF from fibroblast and
endothelial cells that correlated with stimulating vascular endothelial proliferation,
causing the induction of angiogenesis, tumor growth, and metastasis [10, 46, 47, 49].

3.IL-2R gene polymorphisms and cancer

The human IL-23R gene is situated in the short-arm of chromosome-1 [1p31.2 ~32.1]
between 67,260,000-67,580,000 base-pairs and separated by 150 kb from the neighbor-
ing gene, IL12Rb2 [53]. The native form of the human IL-23R gene has 11 exons. The
transcribed mRNA is translated into a protein of 629 amino acids as a constituent part of
the receptor transmembrane proteins [43]. Importantly, data shows that single nucleotide
polymorphisms (SNPs) in the IL-23R gene (Figure 4), especially rs-6682925, rs-1884444,
and rs-10889677 have significant impacts on the cancer susceptibility [54].

Based on the NCBI SNP database, it was reported that the rs6682925 T/C variant
is correlated with a higher risk of hepatocellular carcinoma [55], esophageal cancer
[56] and acute myeloid leukemia [57]. It is attributable to the variant located at the
promoter region of IL-23R gene at 907-bp upstream from the transcriptional start
position) was linked to increased reporter gene activity [55].

With respect to the rs-1884444 SNP, several case-control studies have examined the
association between the variant and the risk of multiple cancers, such as hepatocellular
carcinoma [55, 58], esophageal [56, 59, 60], gastric cancer [61] acute myeloid leukemia
[57], colorectal cancer [62], colorectal adenoma [62, 63], colon cancer [63], rectal
cancer [63], lung cancer [64], nasopharyngeal cancer [64], breast cancer [64, 65], and
acute lymphoblastic leukemia [66].

Rs-1884444 “G/T” is a non-synonymous single nucleotide polymorphism (SNP)
positioned at the exon-2 in the coding region of the IL-23R gene, that causes the amino
acid glutamine (Gln) to be replaced by histidine (His) in the signal-peptide at the
extracellular domain of IL-23R, influencing its specificity and affinity to IL-23 [61, 67].
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Figure 4.

Schematic diagram of the IL-23 receptor SNPs in cancer. A total of 6 SNPs were genotyped across a 320 kb region
and were reported to associate with cancer incidence. Positions and gene boundaries were determined by the NCBI
database. Abbreviations; CDS, Coding sequence. SNB, single nucleotide polymorphism.

Previous reports indicated that rs-10889677 “A/C” SNP is correlated with genetic
susceptibility to various tumors, such as gastric cancer [68-70], oral cancer [71],
colorectal cancer [72], hepatocellular carcinoma [73], bladder cancer [74], breast can-
cer [65], ovarian cancer [75], lung and nasopharyngeal cancers [64]. That is because
the rs-10889677 A/C polymorphism resides in the 3’-untranslated region (3’-UTR)
of the IL-23R, results in the substitution of nucleobase adenine (A) by cytosine (C),
which could increase the binding affinity of micro-RNA let-7f and, thus, elevated
the transcription of the IL-23R gene in vitro and in vivo [64]. Eventually, Zhang and
co-workers indicated that higher frequencies of both rs11465817 “A” and rs7517847
“G” alleles were associated with advanced ovarian cancer [75].

4. Impact of IL-23R gene polymorphisms on reshaping tumor
micro-environment

By the ligation with the IL-23 receptor (IL-23R), IL-23 exerts its biological activi-
ties on the surface of target cells [43-45].

Under cancer-causing inflammation, we embarked to discuss in this chapter the
potential relationship between SNPs rs-10889677 “A/C” and rs-1884444 “G/T” in
IL-23R and the susceptibility to and progression of cancer.

When proposed bladder cancer (BLC) as a model, Gedamy et al. [76] found that
the silent variant rs-10889677 “A/C” has been closely correlated with the development
and progression of BLC. This was obvious because people bearing the “C” allele were
more susceptible to develop BLC, compared with individuals carrying “A” allele. In
addition, they showed a notable increase in the expression levels of IL-23R in the sera
of BLC patients as a result of the SNP rs10889677 “A/C” variation.

The possible rationale is that the rs10889677 SNP lies within a predicted binding
site for human mi-let-7f [64, 65]. This micro-RNA would therefore lose its bind-
ing ability to IL-23R mRNA transcripts bearing the rs10889677C allele, resulting in
the up-regulation of IL-23R expression. Amazingly, Gedamy et al. [76] observed a
corresponding uptick in serum levels of IL-23 and IL-17 as a logical consequence,
highlighting the importance of the rs10889677 “A/C” polymorphism in driving
the prolonged activation of IL-23/17 inflammatory axis and thus beefing up the
mechanism of inflammation-related carcinogenesis [18, 19, 47, 64, 65].

104



Glance on the Critical Role of IL-23 Receptor Gene Variations in Inflammation-Induced...
DOI: http://dx.doi.org/10.5772/intechopen.105049

In the process of carcinogenesis, functional interactions could probably occur between
infiltrating TAMs and cancer cells, to create a pathway for augmenting IL-23 and IL-17
production, and ultimately leads to tumor progression and metastases [49, 77, 78].

To generate TAMs during the process of carcinogenesis, IL-23 originated from TAMs
requires to act on them via the IL-23R-mediated autocrine way, by which this mechanism
of stimulation is largely reliant on the amounts of IL-23R on the surfaces of these cells
[24, 26, 43, 79].

In response to the SNP rs-10889677 variation (enhanced by cancer), up-regulation
of IL-23 receptor on TAMs surfaces and more cellular auto-activation can be acquired.
In this situation, a virtuous loop emerges in which the production of the pro-tumor
cytokine IL-23 is increased [24, 26, 43, 79].

Following that, two functional interactions between TAM-expressed IL-23 and
other receptor-bearing cells are anticipated to occur (Figure 5). First, researchers have
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Figure 5.

The schematic diagram depicted the contributor function of IL-23R r510889677”A/C” in inflammation-induced
Bladder urothelial carcinogenesis. First, rs10889677 variant impairs transcription binding sites of microRNA
(miR-let-7f) to 3'UTR of the IL-23R-gene, leading to the up-regulation of IL-23R expression on the surfaces of
receptor-harboring immune cells including IL-23R-positive NKs, TAMs and CD4" cells. In the case of IL-23R-
positive TAMs, over-expression of IL-23R causes these cells to self-activate (in an autocrine way) and enhance
their production of IL-23. Second, binding to the IL-23R complex is required for IL-23 action. After binding to the
receptor, 1L-23 plays two contradictory roles on the IL-23R-harboring cells and such roles will increase gradually
as a vesult of IL-23R over-expression; A) Promotion role: IL-23 promotes the differentiation and maturation of
naive CD4+ T-cells for the generation of T-helper 17 cells. The following increase in IL-17 thwarts T-helper (Th)-1
and stimulates VEGF synthesis from vascular-endothelial-cells and thus causes the enhancement of angiogenesis
and metastasis. B) Suppression role: IL-23 consecutively contvibutes to inherent innate immuno-suppression by
hindering the natural killers (such as CD56+ NK) [76].
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observed that the increased amounts of IL-23 in tumor stroma may contribute to the
dampening of the NK anti-tumor response by down-regulating IL-12 and IFN-y, thereby
letting tumor cells to escape from immune surveillance [6, 80].

Second, IL-23 is involved in the transformation of naive CD4+ into Th-17 cells,
as well as the production of IL-17, a cytokine that mediates promotion of pro-tumor
immune response; a body of evidence implies that IL-17 can directly block Th-1 cell
differentiation, leading to a reduction in T-cell-mediated responses against cancer
cells [81, 82]. In tumor milieu, increased levels of IL-17 also are positively inked to
profuse production of a variety of pro-angiogenic factors from the endothelial cells
and fibroblasts. Such pro-angiogenic factors, including VEGF, Transforming growth
factor beta (TGF-p) and platelet-derived growth factor (PDGF) mediate the neo-
vascularization process requisited by malignant cells for invasion and spread [10, 46,
47, 49, 83-88].

Briefly, the rs10889677 variant, by up-regulating IL-23 receptors on the surface of
TAMs stimulating overproduction of IL-23, governs an indirect pro-tumor role either
by maintaining the survival and expansion of Th17-cells for augmenting the expres-
sion of IL-17, or suppressing innate (e.g., NKs) and adaptive (e.g., T-helper cells)
immune cells [48, 50]. This gradually leads to a pro-tumorigenic induced environ-
ment more prone to creating malignancy [10, 29, 30].

As the body’s defense against the risk of tumor-associated chronic inflammation,
it is biologically reasonable that genetic and epigenetic variations in IL-23R gene that
result in altered IL-23R expression, structure, and/or function may play a role against
cancer pathogenesis. In support of this perception, two studies observed a close
association of a non-synonymous “G/T” SNP in the IL-23R (GIn3His; rs-1884444)
with a reduced risk of BLC [89] and hepatocellular carcinoma [55, 58].

Evidences suggest that the protective effect of the rs-1884444 G/T variant might
be directly exerted on BLC by dysregulation of the IL-23/IL-17 inflammatory axis,
which is evidenced by as a substantial drop in the levels of IL-23 and IL-17 under
all tested genetic models. This clearly shows that the non-conservative G/T genetic
variation may disrupt the receptor’s ligand-binding ability, hence mitigating the
proinflammatory effects of the IL-23/IL-17 axis and lessening the process of inflam-
mation-related carcinogenesis [90].

Considering to the rs-1884444 SNP, Gedamy et al. [89] unveiled the protective
role of “G/T” variant, enhanced by the host’s immune surveillance, against the BLC
risk. Because the “G/T” variation occurs inside the coding region of the IL-23R gene,
potential IL-23 binding sites on the receptor can be altered, causing the receptor
to either fail to bind IL-23 or radically diminish binding, and thereby TAMs will be
restricted from the production of IL-23 [61, 67]. That would explain the underlying
cause for the decline in serum levels of IL-23 and IL-17 accompanied by such non-
conservative polymorphism.

As we outlined in Figure 6, the interaction between the rs-1884444“G/T” variant
and IL-23R is required for exerting a decisive anti-tumor effects on certain cell types
bearing IL-23R on their surface, involving either to enhance adaptive (e.g., T-helper
cells) and innate immune cells (e.g., NK cells) with anti-tumor influences, or alter-
natively impede the activation of suppressive immuno-regulatory cells (e.g., TAM).
Therefore, It is plausible to believe that this variant exerts its protective activity
against cancer risk mainly by disrupting IL-23/IL-23R binding function on the surface
of TAM, resulting in driving abortive activation of these cells.
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Schematic diagram depicted the protective function of IL-23R r5-1884444 “G/T” variation against bladder
carcinogenesis. (a) In inflammation-related tumorigenesis. Through IL-23R-mediated autocrine manner, an
immune response promotes the expression of proinflammatory mediators involving IL-23 from antigen-presenting-
cells seduced by cancer, such as tumor-associated monocytes (CD14" TAMs) and dendritic cells (CD14+). IL-23
function is mediated by binding to the IL-23R complex. After binding to the receptor, IL-23 plays two opposing
roles (suppression and promotion) on the IL-23R harboring cells; IL-23 promotes the maturation of naive

CD4+ T-cells for the production of Th-17 cells. The subsequent increase in IL-17 levels impairs T-helper (Th)-1
differentiation (cell-mediated immune response) and induces VEGF synthesis from vascular-endothelial-cells,
causing the induction of tumor angiogenesis and metastasis. IL-23 contributes to innate immuno-suppression

by limiting the natural killers (such as CD56+ NK) function. (b) Interplay of rs-1884444 “G/T” variant with
IL-23R-ligand binding affinity. This non-conservative polymorphism in the IL-23R gene causes glutamine (Gln)
to histidine (His) conversion, which modifies the IL-23R-IL-23 binding function on the surface of IL-23R-positive
cells. Anti-tumor influence of the G/T variant is attained by attenuating the TAMs-IL-23/THz17-IL17 pro-tumor
inflammatory axis and antagonizing the inhibitory vole of IL-23 on NKs, thus enhancing the NK anti-tumor
activity against tumor cells. Notably, IL-17 induces the flock of neutrophils to the neoplastic tissue, but its role in
the process of tumorigenesis is still unclear [89].

The imbalance between the protective mechanism and anti-tumor mechanism
plays a critical role in inclining the inflammatory tumor micro-environment towards
the protumor profile. Eventually, these insights targeting the IL-23R are fostering new
(immune)-therapeutic approaches for cancer treatment.
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Interleukin-5 and Interleukin-5
Receptor Polymorphism in Asthma
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Abstract

Asthma is a common chronic inflammatory disease of the airways of the lungs, in
the world. It’s associated with type 2 cytokines interleukin-4, IL-5, and IL-13, which
promote airway eosinophilia, bronchial hyperresponsiveness, mucus overproduction,
and immunogloubulin E synthesis. IL-5 is a cytokine known to play major role in the
regulation of eosinophil formation, maturation, survival, and recruitment. Hence,
an increased production of IL-5 may be contributed to the pathogenesis of asthma.
The expression of human IL-5 receptor presented on eosinophils, basophils, and mast
cells. Hence, a polymorphism in IL-5 receptor may be implicated in the development
of asthma. Many candidate genes that could potentially contribute to the susceptibil-
ity to the disease have not been investigated to date, and not all of the polymorphisms
of the candidate genes have been tested for a possible association with the disease.
Taking this into consideration, IL-5 (together with the IL-5 receptor) polymorphism
deserves attention as the subject of further investigations into asthma. In this review,
we will address the role of IL-5 and IL-5 receptor polymorphism in asthma, describe
the impact of these polymorphisms on the Blood parameters and clinical parameters.
Further, give an overview of preclinical and clinical studies targeting the IL-5 and
IL-5 receptor pathway.

Keywords: bronchial asthma, eosinophil, Interleukin 5, Interleukin 5 receptor, Total IgE

1. Introduction

Asthma is the most common chronic lower respiratory tract and non-communicable
diseases in children and adults throughout the world, characterized by inflammation
which affects both proximal and distal airways [1-5]. Asthma is involving an abnor-
mality of airway function, specifically to wide variations in airflow limitation over short
periods of time and associated with airway obstruction, variable airflow limitation,
bronchial hyper responsiveness and tissue remodeling of the airway structure [6-8].

Asthma is a separate disease entity, fails to identify a primary defining charac-
teristic which separates it from other diseases and is long-winded [6]. The disease
characterized by episodic or persistent symptoms of wheezing, dyspnea, and cough
[9]. It is highly prevalent chronic inflammatory diseases of the airways, with differ-
ences in etiology, immunologic mechanisms, clinical presentation, pathogenesis,
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comorbidities, prognosis, and response to treatment, arising from not fully under-
stood heterogenic gene-environment interactions, while environmental factors are
important in the development of asthma, genetic factors could have a critical role in
the expression of the disease, but the genetic background of bronchial asthma is com-
plex, and it is likely that multiple genes contribute to its development both directly
and through gene-gene interactions [8, 10-12].

2. Pathophysiology of asthma
2.1Immune response

Asthma is primarily an inflammatory disorder of the airways associated with T
helper type 2 (Th2), cell-dependent promotion of IgE production and recruitment
of mast cells and eosinophils [13]. Allergic asthma may involve adaptive and innate,
antigen-independent immune responses [14]. Th2 cell-driven inflammation is
likely to represent an abnormal response to harmless airborne particles by polarized
immune responses to its [15, 16].

However, some respiratory viral infections cause bronchiolitis of infancy and
childhood wheeze and can exacerbate established asthma. Fundamental to innate
immune responses to microbes are the interactions between pathogen-associated
molecular patterns and pattern recognition receptors, which are associated with
the production of type I interferon, pro-inflammatory cytokines, and the Th2 cell
pathway in predisposed people [17].

Allergen exposure results in the activation of numerous cells of the immune system,
include dendritic cells (DCs) and Th2 lymphocytes [18]. DCs in the airway epithelium
and sub mucosa detect inhaled allergens [13]. DCs then migrate to the secondary lym-
phatic systems where they process and present antigens via major histocompatibility
complex class II (MHC II) to T- and B-lymphocytes, leading to the proliferation of Thl
or Th2 cell types and B-lymphocytes produce IgE, which binds to high affinity FceRI
on basophils and mast cells [19]. In response to allergen presentation by airway DCs,
T-helper lymphocytes of the adaptive immune system control many aspects of the
disease through secretion of IL-4, IL-5, IL-13, IL-17, and IL-22, and these are counter-
balanced by cytokines produced by T-regulatory cells (Figure 1) [20].
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Figure 1.
Dendpritic cells as antigen-presenting cells [21].
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2.2 Role of T helper (Th2) cytokines in asthma

Th2-type cytokines, such as interleukin-4 (IL-4), IL-5 and IL-13, are thought to
drive the disease pathology in patients with asthma and play a role in driving many of
the hallmarks of allergic inflammation [22, 23]. Whereas IL-4 is important for allergic
sensitization and IgE production, and IL-5 is crucial for eosinophil survival, IL-13 has
pleiotropic effects in the lungs, including a central role in the development of airway
hyper responsiveness (AHR) and tissue remodeling (Figure 2) [24].

IL-5 is the critical molecular switch for development, migration, recruiting
eosinophils to the lung during allergic inflammation [26, 27]. IL-5 exerts its biological
actions via stimulation of the IL-5 receptor expressed by eosinophils and, to a lesser
extent, also by basophils [28].

2.3 Interleukin-5

Interleukin-5 (IL-5) is an interdigitation homodimeric glycoprotein [29]. IL-5
produced by both hematopoietic and non-hematopoietic cells including T cells,
granulocytes and natural helper cells [30]. Itis a T cell-derived cytokine involved
in the pathogenesis of atopic diseases and play important roles in the pathogenesis
of asthma, hypereosinophilic syndromes and eosinophil-dependent inflammatory
diseases, through recognized as a critical regulator of eosinophilia and has effects on
eosinophil progenitors, eosinophil precursors and mature eosinophils [29, 31, 32],
which is believed to regulate the growth, differentiation and activation of eosinophils
[33]. Further, to preferentially acts on mature eosinophils to prolong maturation and
survival and increased circulating eosinophil progenitors, suggesting a key role for
systemic IL-5 in eosinophil mobilization. Moreover, IL-5 causes terminal matura-
tion of the eosinophil by increasing CCR3 expression, potentially affecting CCR3-
dependent chemotaxis by eosinophils and lymphocytes [34, 35]. In addition, over
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Figure 2.
Immunopathogenesis of asthma [25].
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expression of IL-5 significantly increases antibody levels in vivo and reported to act as
a B-cell differentiation factor by stimulating activated B cells to secrete antibody [32, 36].

Interleukin-5 is a very selective cytokine as a result of the restricted expression of the
interleukin-5 receptor on eosinophils and basophils [28]. Hence, humanized monoclo-
nal antibody to interleukin 5 significantly limited eosinophil migration to the lung [37].
Therefore; IL-5 inhibition may be an effective approach for the treatment of asthma,
especially severe asthma. Interfering with eosinophil function or reducing their num-
bers has been one of the most important goals of therapeutic monoclonal antibodies,
which target cytokine receptor interactions in asthma, particularly IL-5 [38].

IL-5 gene is located on chromosome 5 [39]. It is a potential candidate gene in the
pathogenesis of asthma, may play a role in blood eosinophilia associated with atopic
dermatitis [40, 41]. Locus over-expression of IL-5 significantly increases eosinophil
numbers and antibody levels in vivo. Conversely, mice lacking a functional gene for
IL-5 or the IL-5 receptor alpha chain (IL-5Ra) display a number of developmental and
functional impairments in B-cell and eosinophil lineages [30, 32]. In addition, poly-
morphisms in the IL-5 genes may contribute to the susceptibility to atopic bronchial
asthma and could determine the clinical course of the disease [42].

2.4 Interleukin-5 C-703T polymorphism

Interleukin-5 gene is located on chromosome 5 within a cytokine gene cluster IL-4
and IL-13 [43, 44]. Further, IL-5 gene, IL4, and IL13 may be regulated co-ordinately
by long-range regulatory elements spread over 120 kilobases on chromosome 5q31.1.
This gene encodes a cytokine that acts as a growth and differentiation factor for both
B cells and eosinophils [44].

The IL-5 C-703 T polymorphism may play a role in blood eosinophilia associated
with atopic dermatitis and it is a potential candidate gene in the pathogenesis of asthma
[40, 41]. Asthma in children is associated with IL-5 C-703 T polymorphism. IL-5 C-703 T
polymorphism has impact on IL-5 levels and eosinophil count. TT genotype of IL-5
C703T consider a risk factor for mild asthma in Iraqi asthmatic children [45]. In addition,
IL-5 promoter polymorphism at —746A > G enhances serum total and specific IgE level
responses to staphylococcal enterotoxins A, which may augment airway hyper respon-
siveness in adult asthmatics [46]. On the other hand, the previous results of meta-analysis
suggest that IL-5 C-746 T polymorphisms are not associated with increased asthma risk,
whereas IL-5 C-703 T polymorphisms are associated with asthma in children [47].

The influence and importance of IL-5 polymorphism that is single nucleotide
polymorphism located within promoter regulatory sequences of cytokine gene; the
promoter mutation known to cause functionally important consequences for gene
expression. Although promoter mutation analysis is complex, difficult to perform,
and often laborious, it is an essential part of the diagnosis of disease-causing pro-
moter mutations and improves our understanding of the role of transcriptional
regulation in human disease (Figure 3) [42, 45, 48].
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Figure 3.
Molecular location of IL-5 gene. Cytogenetic location, Chr5q31.1 [44].
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2.5 Interleukin 5 receptor (IL-5R)

The human IL-5 receptor is a heterodimer consisting of a unique alpha sub-
unit and a signal transducing beta subunit shared by the receptors for interleukin
3 (IL3), colony stimulating factor 2 (CSF2/GM-CSF), and interleukin 5 (IL-5)
[39, 49]. The expression of human IL-5R alpha (IL-5Ra) subunit presented on
eosinophils, mast cells and basophils whereas the beta subunit is more widely
expressed [50].

The IL-5Ra is required for ligand-specific binding while association with the
beta-chain results in increased binding affinity [51]. Further, Interleukin-5 receptor
a-subunit expression may be implicated in the development of allergic diseases [52].
In addition, IL-5Ra has regulatory pathway in human eosinophils and their gene hasa
role for controlling eosinophils in the peripheral blood [53, 54]. It has been suggested
that neutralizing antibodies to IL-5Ra could serve as a therapeutic agent in eosino-
phil-associated diseases [55]. An anti-interleukin 5 receptor @ monoclonal antibody
that depletes blood and airway eosinophils [56].

2.6 Interleukin-5 receptor alpha G-80A polymorphism

The gene for the IL-5R alpha subunit is a protein coding gene located on chromo-
some 3 in the region 3p24-3p26. The alternative splicing of the IL-5 Ra gene which
contains 14 exons can yield several alpha IL-5 receptor isoforms [57, 58].

Polymorphisms in IL-5 Ra might be among the genetic risk factors for asthma
development, especially in atopic populations [59]. Functional polymorphism in
IL-5Ra may contribute to eosinophil and mast cell activation [46]. Additionally,
increased expression of IL-5Ra on CD34+ cells favor eosinophilopoiesis and may thus
contribute to the subsequent development of blood and tissue eosinophilia, a hall-
mark of allergic inflammation [60].

The G-80A polymorphisms in IL-5Ra located in the promoter region (regula-
tory gene region) [42]. Analyses of the activity of the IL-5Ra promoter constructs
in various other eosinophils, myeloid, and non-myeloid cell lines indicated that the
promoter was relatively myeloid and eosinophil lineage-specific in its expression
[61]. While, previous study detected that, asthma in children is not associated with
IL-5 Ra G-80A polymorphism. IL-5 R a G-80A polymorphism did not have any risk
factor to develop asthma or increased asthma severity. IL-5 Rat G-80A polymorphism
has not any impact on IL-5 levels, eosinophil count, and total serum IgE [62]. Other
international previous studies mentioned interchangeable results explain the correla-
tion between asthma and IL-5 Ra G-80A because of the existence of racial and ethnic
specificities in the frequency distributions of the IL 5 receptor encoding polymorphic
alleles (Figure 4) [42].
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Figure 4.
Molecular location of IL-5 Ra gene. Cytogenetic location, Chr. 3p24-3p26.1.
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3. Conclusion

The IL-5 C703T polymorphism could be an important risk factor for asthma in
children, while IL-5Ra G80-A genotypes aren’t associated with asthma in children.
The IL-5 C703T gene polymorphism in the promoter sequences may result in the
altered IL-5 production that leads to altered inflammatory responses by increased
absolute eosinophil count and, hence, contributes to the pathogenesis of asthma.
Serum IL-5 level had a positive linear correlation with eosinophil count. IL-5 levels,

absolute eosinophil count and total serum IgE were not associated with IL-5 Ra
G-80A polymorphism.
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