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Abstract. Osteoarthritis is a pathological lesion of the joints, characterized by
structural changes in the articular cartilage and subchondral bone, as well as clearly
or imperceptibly moderate synovitis. Osteoarthritis is an urgent medical and social
problem for most countries of the world due to its high prevalence, which reaches
about 25% of the population. This disease is most common among women and is one
of the causes of reduced work capacity and increased disability. The article discusses
the relationship between cytokines and markers of endothelial dysfunction and
nonspecific immune reactivity, the main mechanisms of the development of
degenerative-dystrophic and inflammatory processes at the microcirculatory level,
since microcirculatory imbalance is one of the main mechanisms in joint diseases.
The study of cytokine networks and changes in their structure, analysis of correlations
between changes in cytokine concentrations relative to each other, as well as in
combination with other factors directly actualized in the process of diagnosing and
treating a patient, is a promising area of modern medicine. In osteoarthritis,
endothelial dysfunction is a component of microcirculatory disorders. Desquamated
endothelial cells and vasculoendothelial growth factor are the main indicators of
damage to the microvasculature. Under the influence of pro-inflammatory cytokines,
homeostasis in the microcirculatory link is destabilized. A necessary element in the
diagnosis of osteoarthritis is the detection of an early marker - monocytic
chemoattractant protein-1 (MCP-1).
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Cytokines.

Today, joint diseases of various localization are one of the most common
reasons for seeking medical attention. This category of diseases can rightfully be
considered socially significant, since it affects a significant part of the population and
leads to the development of persistent pain syndrome, most often due to synovitis.
The most common pathology accompanied by joint damage is osteoarthritis (OA); in
the elderly, its frequency is 97%. OA is characterized by pain and synovitis. So,
speaking of OA, we cannot fail to highlight the commonality of the course, which is
manifested, first of all, by inflammation, pain (one of the leading mechanisms of pain
syndrome formation is the inflammatory process) and a significant decrease in the
quality of life (QOL) [1]. In this disease, cytokines (CK) play an important role in
pathogenesis, in particular in the determination of the inflammatory process [2].
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According to modern sources, OA is a chronic degenerative disease of the
joints, accompanied by progressive destruction of cartilage, thickening of the
subchondral bone, the formation of osteophytes, degenerative changes in the structure
of the ligaments and menisci, and hypertrophy of the articular capsule. OA is a
multifactorial disease and among the possible risk factors for OA are old age, obesity,
heredity, and joint injuries. A separate position in the structure of the causes of OA
development is occupied by cytokine damage [3].

The pathogenesis of OA is as follows:

1. Decrease in the resistance of the matrix to the load due to the loss of
proteoglycans;

2. Thinning of the surface layers of the cartilage;

3. Razvlechenie plate;

4. Cracking up to the complete disappearance of the cartilage.

During OA, such representatives of the CK family as IL-18, -4, -6, 17, -18 and
TNF-a are important. In chondrocytes, the action of these CKs leads to an increase in
the synthesis of proteases, a decrease in the synthesis of proteoglycans, a tissue
inhibitor of metalloproteases, the progression of catabolic processes in cartilage, and
an increase in the destruction of cartilage matrix components. To date, the opinions of
researchers increasingly agree that the development of OA begins with chronic
synovitis, subchondral bone and ligamentous apparatus. Inflammation in these
structures leads to synovitis, osteitis, enthesitis. The outcome of inflammation is the
formation of osteophytes and destruction of the articular surface. Based on this, it is
possible to draw conclusions about the importance of inflammatory mediators, whose
influence extends to all joint tissues [4]. Despite the fact that OA cannot be called
arthropathy in the usual sense of this term, due to the absence of neutrophils and
systemic inflammation in the synovial fluid, the role of CK in cartilage resorption in
this disease is undeniable [5]. IL-1B can be called the main pro-inflammatory CK,
which is characterized by a variety of biological functions, in particular, a
vasodilating effect due to the activation of prostaglandins and nitric oxide,
stimulation of the synthesis of procoagulants and activation of adhesion molecules,
suppression of albumin synthesis, stimulation of the secretion of "acute phase"
proteins, stimulation of collagenase and induction of hypercalcemia, blocking the
function of smooth muscle cells and cardiomyocytes, as well as IL-1, which leads to a
pronounced induction of the synthesis of all pro-inflammatory CK - TNF-a, IL-6, IL-
2, colony-stimulating factor - granulocyte-monocytes, IL-4, which is manifested by
the activation of both cellular and humoral immune responses [6]. IL-4 is an anti-
inflammatory CK that plays a key role in the regulation of cellular activity. It also
activates proliferation and increases the functional activity of B-lymphocytes, and
also induces the production of IgE and IgG by activated B-lymphocytes, stimulating
the humoral link of immunity [7]. Based on the research data of Kopylova D.A.
(2012), according to the level of IL-4 in patients with OA, she noted a negative
correlation between the concentration of IL-4 and the severity of pain syndrome
(WOMAC index, Leken's algofunctional index, VAS index), as well as the prospects
of using IL-4 as an indicator of the severity of OA manifestations. [eight]. IL-6 is also
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a pro-inflammatory CK (one of the most active), and an increase in its concentration
always accompanies an active course of the inflammatory process [9]. IL-17 can be
called a kind of "mediator" between adaptive and innate immunity, and it is also an
inducer of such pro-inflammatory factors as TNF-a, IL-6 and IL-1B. IL-18 is a
regulatory CK and is a co-stimulator of IFN-y production by T cells, and also
stimulates the release of IL-2, proliferation and perforin-mediated activity of natural
Killer cells and, according to Anisimova N.Yu. et al. (2011), IL-18 is very significant
during the inflammatory process [10]. TNF-a plays an important role in the process
of immunoregulation, the development of inflammation and hemodynamic disorders
in various diseases (infectious and non-infectious), is an inducer of apoptosis (by
activating caspase-3 or caspase-8) and can be used in complex analysis as a
nonspecific marker for assessing the degree of the inflammatory process in dynamics
[11].

Understanding the mechanism of cytokine-induced inflammation can be
helpful in preventing complications. Chepeleva M.V. et al. (2014) investigated the
incidence of aseptic instability in patients undergoing knee arthroplasty and found
that the highest correlation coefficient was observed in such indicators as IL-6 and
TNF-a [12]. Larsson S. et al. note the relationship between the levels of IL-6 and
TNF-o with the progression of osteoarthritis in patients with a history of
meniscectomy [13]. Based on these data, it is possible to assert the diagnostic value
of the above CK in the diagnosis and treatment of patients with OA.

The concomitant pathology in OA is interesting primarily for its influence on
the cytokine profile. Zhuravleva L.V. and Oleinik M.A., having data on the level of
CK in patients with type 2 diabetes mellitus, OA and obesity, note that the highest
values of proinflammatory cytokines (IL-1p and TNF-a) were recorded in the group
of patients with a diagnosis of OA and type 2 diabetes mellitus and obesity. High
concentrations of CK in this case correlated with more severe X-ray changes, greater
functional impairment and more pronounced pain syndrome, which obviously
indicates their effect on the degradation of articular cartilage, the development of
inflammation in the joint, and the severity of pain in OA [14]. Speaking of comorbid
obesity, one cannot fail to mention the ability of subcutaneous fat for secretory
activity. Leptin is a kind of marker for obesity, as its content increases in parallel with
the body mass index. With the development of leptin desinsibilization, the
concentration of leptin in the blood is quite high, but the main effect of leptin - a
decrease in appetite is not realized [15]. There was also a place in the structure of
comorbid states of hypertension. Hypertension in patients with OA can be a very
unfavorable prognostic factor. Analyzing the results of their research work, scientists
say that in patients with essential hypertension, when it is combined with OA, there
are changes in the immune system, manifested by immune-inflammatory and
autoimmune reactions. And even despite the complex treatment carried out, the level
of CK in patients with concomitant pathology of OA and AH, compared with the
group of healthy individuals, decreased insignificantly. In addition, the study
materials reported that patients had a high number of activated lymphocytes with
phenotypes CD25 +, HLA-DR +, CD54 +, CD95 +. The appearance of these in the
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peripheral blood may indicate the development of an immune response caused by the
action of the IL-1 cytokine. There is no doubt that a significant role in the increase in
the content of activated subpopulations in patients was played by morphological
changes in organs - targets of hypertension - kidneys, heart, blood vessels, the
damage of which is accompanied by autoimmunization to their own tissues.

An increase in the level of CK in the synovial fluid is the main cause of the
progression of joint inflammation in OA. The most important link in the development
of the inflammatory process in this case is the expression of CK, metalloproteinases,
and synoviocytes against the background of low SOCS activity, whose function is the
negative regulation of JAK / STAT [16]. The study of the effects of CK and their
interaction directly in the joint cavity in various arthropathies is of great interest to
scientists. An in vitro study of the synovial fluid (punctate) of patients with OA was
carried out. In the course of the work, the concentrations of IL-17, IL-6, IgA, BAFF
(B-cell activation factor), transforming growth factor-f1 (TGF-p1l) and anti-
endotoxin antibodies (anti-LPS-IgA) were determined, an external influence on the
experimental environment by introducing bacterial antigens. Based on the results of
this study, a positive relationship was established between the level of IL-17 and the
production of anti-LPS-IgA in the joint, independent of the level of IL-6, the
concentration in the synovial fluid of TGF-B1 and BAFF correlated with the level of
anti-LPS-IgA and total IgA, with the blockade of IL-17 production, the content of
TGF-B1 and antiLPS-IgA significantly decreased. Summing up, it can be noted that
TGF-B1, BAFF and bacterial antigens are in this case a kind of determinants of the
effect of IL-17 on IgA production. This work can be safely called the next step in
understanding the pathogenesis of inflammatory diseases of the joints [17]. In
addition to cytokines, during OA, chemokines are produced by synovicites, such as
chemoatractable CKs, which are small cationic protein molecules synthesized in cells
and tissues during the body's immune response to the appearance of a pathogen,
allergen, damage and control the nature and magnitude of the infiltration of immune
cells. All chemokines can be differentiated into 4 groups:

1. CCL (CCL1-CCL28);

2. CXC (CXCR or CXCL);
3.C (XCL1 bXCL2); 4.CX3C (CX3CL1) [15].

The uniqueness of the spectrum of CK and chemokines in the synovial fluid for
the differential diagnosis of diseases such as RA and OA complicated by secondary
arthritis, in particular, B-cell chemoattractant and CXCRS5, as well as the possible
significance of the B-cell link (increased expression of m-RNA factor produced by
stromal cells in the pathogenesis of OA [18].

So, based on the opinion of various authors, both Russian and foreign, we can
confidently note the importance of the cytokine link in the pathogenesis of OA. The
study of cytokine networks and changes in their structure, analysis of correlations
between changes in CK concentrations relative to each other, as well as in
combination with various other factors directly actualized in the process of
diagnosing and treating a patient, is a promising area of modern medicine. The
development and improvement of medications capable of a targeted effect on certain
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representatives of the cytokine spectrum will radically change the approach to the
treatment of OA, since by effectively affecting the main link of pathogenesis, it is
possible to change the course of the disease and thereby increase the patient's chances
of recovery.

Endothelial dysfunction (ED) is one of the main mechanisms in joint diseases.
Vascular endothelium - a monolayer of specialized cells of mesenchymal origin,
which lines blood and lymphatic vessels, heart cavities

[nineteen]. Endothelial cell sensitivity and blood flow velocity are directly
related to each other. This connection is observed in most of the main arteries, which
manifests itself in the form of the ability of endotheliocytes to synthesize and release
factors that promote relaxation or contraction of vascular smooth muscles.
Endotheliocytes have a high secretory capacity; Based on this, it can be assumed that
“endothelial tissue” is a unique endocrine organ that provides homeostasis of the
vascular walls [9-13]. In OA, ED is a component of microcirculatory disorders, but
its role has not been sufficiently considered [1; 2]. ED is accompanied by the
activation of vasoconstrictors, which contribute to vasoconstriction, which provide
microcirculatory disorders [20].

Desquamated endothelial cells (DEC), vasculoendothelial growth factor
(VEGF), a signaling protein produced by cells to stimulate vasculogenesis, are the
most important indicators of damage to the endothelial lining of blood vessels [20].

Vascular endothelial growth factor (VEGF) is a family of closely related
growth factors having a conserved pattern of eight cysteine residues and sharing
common VEGF receptors. Originally known simply as VEGF, vasculotropin (VAS)
or vascular permeability factor (VVPF), this factor is now sometimes called VEGF-A.
Four additional family members (placental growth factor, PIGF; VEGF-B; VEGF-C;
and VEGF-D) have been identified to date.

VEGF-A (VEGF) is a potent growth factor for blood vessel endothelial cells,
showing pleiotropic responses that facilitate cell migration, proliferation, tube
formation, and survival. It is also one of the most potent permeability factors, so that
VEGF-A is a common link of inflammation, permeability and angiogenesis. VEGF-A
MRNA expression patterns are closely related to proliferation of blood vessels during
the developing embryo and wound healing or in the ovary. Local hypoxia is a potent
inducer of VEGF-A expression from adjacent cells but it is not synthesized in
endothelial cells, indicating a paracrine regulation of vessel formation. In the
developing embryo VEGF-A mRNA is expressed by cells within tissues undergoing
capillarization. In most adult tissues the level of VEGF-A expression is low except in
the kidney (Bowman’s capsule podocytes). Expression of VEGF-A can be induced in
macrophages, T cells, astrocytes, osteoblasts, smooth muscle cells, fibroblasts,
endothelial cells, cardiomyocytes, skeletal muscle cells and keratinocytes. It is also
expressed in a variety of human tumors. Due to alternative splicing of a single gene,
VEGF-A may exist in four isoforms, designated by their expected final amino acid
length (VEGF121, VEGF165, VEGF189 and VEGF206). These isoforms show
similar biological activities but bind with different affinities to the heparin and result
in different secretion patterns. The smallest isoform (VEGF121) is secreted and
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completely diffusible, the largest (VEGF206) is almost completely attached to the
extracellular matrix, and the other two show intermediate heparin binding affinities.
VEGF-A exerts its actions through two receptors (VEGFR-1 and VEGFR-2) [21].
PIGF is expressed in the placenta and somewhat less in the heart, lung and thyroid
gland. Placentally expressed PIGF may act as an autocrine on trophoblasts, which
express both PIGF and its receptor (VEGFR-1). Since these cells also make VEGF-A,
natural heterodimers (PIGF/VEGF-A) have also been detected. Two alternatively
spliced isoforms of PIGF have been identified. Hypoxia does not induce PIGF
synthesis, but the formation of heterodimers would be affected due to hypoxic control
over VEGF-A expression. VEGF-B is largely cellassociated and expressed mostly in
the heart, skeletal muscle, brain and kidney. It is often co-expressed with VEGF-A
and heterodimers of A/B have been detected. VEGF-B expression is not regulated by
hypoxia. The long half-life of its mMRNA (>8 hours) suggests a chronic rather than
acute regulation. VEGF-B exerts its actions through one receptor (VEGFR-1).VEGF-
C, also called VEGF-related factor (VRP) or VEGF-2, in the adult is expressed
primarily in the heart, placenta, lung, kidney, muscle, ovary and small intestine.
During embryo development it is expressed in the cephalic mesenchyme, tail region
and allantois and along the somites. VEGF-C may play roles in the development of
the veinous and lymphatic vasculature systems. VEGF-C exerts its actions through
two receptors (VEGFR-2 and VEGFR-3). VEGF-D, also called c-fos induced growth
factor (FIGF), is a VEGF homologue induced by c-fos. It is expressed in adult lung,
heart and small intestine and in fetal lung. It is reported mildly mitogenic for
endothelial cells. VEGF-D and VEGF-C share 23% amino acid sequence homology.
VEGF-D exerts its actions through two receptors (VEGFR-2 and VEGFR-3) [22].

Monocyte chemoattractant protein-1 (MCP-1).

Chemokines are small molecules that play a crucial role as chemoattractants
for several cell types, and their components are associated with host immune
responses and repair mechanisms. Chemokines selectively recruit monocytes,
neutrophils, and lymphocytes and induce chemotaxis through the activation of G
protein-coupled receptors. Two well-described chemokine families (CXC and CC)
are known to regulate the localization and trafficking of immune cells in cases of
injury, infection, and tumors. Monocyte chemoattractant protein 1 (MCP-1/CCL2) is
one of the important chemokines from the CC family that controls migration and
infiltration of monocytes/macrophages during inflammation [23]. CCL2 is
profoundly expressed in osteoporotic bone and prostate cancer-induced bone
resorption. CCL2 also regulates physiological bone remodeling in response to
hormonal and mechanical stimuli. Parathyroid hormone (PTH) has multifaceted
effects on bone, depending on the mode of administration. Intermittent PTH increases
bone in vivo by increasing the number and activity of osteoblasts, whereas a
continuous infusion of PTH decreases bone mass by stimulating a net increase in
bone resorption. CCL2 is essential for both anabolic and catabolic effects of PTH. In
this review, we will discuss the pharmacological role of PTH and involvement of
CCL2 in the processes of PTH-mediated bone remodeling [24].

CC Chemokines and Their Receptors
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The primary functions of chemokines are to recruit monocytes, neutrophils,
and lymphocytes, inducing chemotaxis by activating G-protein-coupled receptors.
The chemokine family is mainly composed of four groups (CC, CXC, C, and CX3C)
based on the relative position of cysteine residues. The C chemokine family has one
cysteine, whereas the CC chemokine family has two adjacent cysteines near the
amino terminus of the protein. The CXC and CX3C chemokine families have either
one or three amino acids separating the two cysteines.

In particular, CC and CXC chemokines have a defined role in bone remodeling
[25]. The monocyte chemoattractant subfamily is a member of the CC chemokine
family, which includes CCL2 (MCP-1), CCL8 (MCP-2), CCL7 (MCP-3), CCL13
(MCP-4), CCL12 (MCP-5), CCL5 (RANTES), CCL3 (MIP-1a), CCL20 (MIP-3a),
and CCL4 (MIP-1pB) [26]. Among these chemokines, CCL2 is one of the most
highly studied. Various cell types produce CCL2, including vascular endothelial,
fibroblasts, epithelial, smooth muscle cells, astrocytic, monocytic, and microglial
cells. However, principal sources of CCL2 are mononuclear leukocytes (27).

CCLZ2, originally known as JE, is a low-molecular-weight polypeptide whose
primary function is to promote monocyte and macrophage migration to sites of
inflammation. For example, CCL2 is associated with monocyte infiltration in
inflammatory diseases such as rheumatoid arthritis and different tumors associated
with inflammatory responses.The high-affinity CCL2 receptor, CCR2, is a member of
the group of G protein-coupled receptors that contain seven transmembrane spanning
domains. The genomic sequence of CCR2 is highly homologous and conserved
through different species. Two alternatively spliced forms of the receptor have been
identified, CCR2A and CCR2B, varying only in the C-terminal domain of the
protein. Although CCR2B is the predominant form, both forms of the receptor bind
with high affinity to CCL2, but induce different biological responses. The CCR2
expression has been reported in numerous tissues, including bone, blood, brain, heart,
kidney, liver, lung, ovary, pancreas, spinal cord, spleen, and thymus. It has been
found that most chemokine receptors have the ability to bind several chemokines.
Several reports revealed that the chemokine receptor, CCR2, could bind to five
different CCL members such as CCL2, CCL7, CCL8, CCL12, and CCL13. However,
CCL2 is the most potent inducer of the signal transduction pathways leading to
monocyte transmigration (3). In addition, CCL2 also binds to the CCR4 receptor,
which also has CCL5 and CCL20 as ligands (4).

CCL2/MCP-1 Chemokine and Bone Remodeling

Bone remodeling is imperative for physiological bone homeostasis. It
comprises two phases: bone resorption by osteoclasts and bone formation by matrix-
producing osteoblasts. The osteoblasts originate from mesenchymal stem cells in the
bone marrow stroma. Osteoclasts are large, multinucleated cells formed from the
fusion of mononuclear progenitors of the monocyte/macrophage in the process of
osteoclastogenesis. The precise balance between bone resorption and formation is
critical for the maintenance of bone mass and systemic mineral homeostasis. Any
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disturbance of this balance causes various bone diseases, including osteoporosis,
which is characteristically defined as low bone mass and microarchitectural
deterioration and extremely susceptible to fracture risk. The physiological bone
remodeling process is controlled by various local and systemic factors and their
expression and release in a well-organized manner. These include calcitonin, PTH,
vitamin D3 [1,25(OH), vitamin D3], and estrogen. In addition to systemic hormonal
regulation, other growth factors such as IGFs, TGF-B, FGFs, EGF, BMPs, Wnt
family proteins, and chemokines also play a significant role in the regulation of
physiological bone remodeling [28].

It has been reported that CXC and CC chemokines promote the migration of
osteoclast precursor cells and facilitate the process of osteoclastogenesis and bone
resorption.

Reports of several authors indicated that the expression of CCL2 is
developmentally regulated, and the recruitment of mononuclear cells in the occlusal
area and basal area of the tooth is associated with bone resorption and bone
formation, respectively, suggesting a differential role of monocytes in bone formation
and bone resorption [29]. Mechanical stresses including pressure induce chemokine
(CXCL2 and CCL2) expression in osteoblasts resulting in inflammatory reactions
and bone remodeling [30].

Several chemokines have been involved in different stages of
osteoclastogenesis. The roles of CCL2 and its receptor CCR2 have been
characterized in bone cells. The work of Rahimi et al. showed that mice with an
inflammatory lesion in the mandible had elevated staining for CCL2, mainly by
osteoblasts RANKL stimulates the formation of osteoclasts in human peripheral
blood monocyte cultures, in part, due to an increase in CCL2 production, which was
shown by using blocking antibodies to CCL2. CCL2-deficient mice have reduced
osteoclast-specific genes (DC-STAMP, NFATcl, and cathepsin K), suggesting
impaired osteoclast differentiation Further, CCL2 deficiency resulted in increased
bone mass and decreased bone resorption markers (CTX-1 and TRACP 5b), however,
no changes in bone formation markers, suggesting that impaired osteoclastogenesis is
responsible for the bone phenotype observed in CCL2 null mice. Studies have shown
that both CCL2 and CCR2 knockout mice exhibit inadequate monocyte recruitment
in response to various inflammatory conditions. It has been reported that CCR2 null
mice have high bone mass and decreased osteoclast number, size, and activity. In
osteoclast progenitor cells, CCR2 activates downstream signaling through NF-kB and
ERK1/2. This publication also reported that CCR2 knockout mice develop resistance
to ovariectomy-induced bone loss, suggesting the involvement of the chemokine
receptor CCR2 in estrogen’s effects on bone. However, recent work by Mader et al.
showed that although CCR2 null mice have larger and stronger tibiae compared to
wild-type mice, they concluded that this was due to greater body mass rather than
reduced bone resorption. In addition, they did not observe protection against
ovariectomy-induced bone loss. Recently, it has been shown that topical treatment
with the CCR2 antagonist (JNJ17166864) reduced alveolar bone loss from bacterial
infection in mice supporting a role for CCR2 in bone loss.
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Role of CCL2 in PTH Action on Bone

Parathyroid hormone is synthesized and secreted by parathyroid glands and
exerts its functional role in bone mass regulation by an endocrine mode [31]. The
PTH/parathyroid hormone-related peptide (PTHrP) receptor, also known as PTHI1R,
is the common receptor for both PTH and PTHrP. PTHIR is mostly expressed in
bone, cartilage, and kidney cells [32].

Parathyroid hormone can exert both catabolic and anabolic effects on bone. It
is well established that daily injections of low doses of PTH increase bone mass in
animals and humans [33] Continuous administration of PTH or PTHrP induces bone
resorption by activating osteoclasts indirectly through their actions on osteoblastic
cells [34]. Several effects of PTH on osteoclast formation are mediated by stimulation
of RANKL and inhibition of OPG mRNA expression [35]. PTH’s anabolic effect can
now be explained by evidence that PTH increases the proliferation and differentiation
of osteoblasts in vitro and in vivo [36], decreases osteoblast apoptosis and activation
of bone lining cells [37]. PTH-mediated cAMP/protein kinase A signaling is required
for Runx2 transactivation, which in turn upregulates the expression of osteoblast
genes. In addition, intermittent PTH also activates ERK1/2-mitogen-activated protein
kinase and phosphatidylinositol phosphate signaling pathways, resulting in increased
osteoblast proliferation.

The PTH1R exists predominantly on osteoblasts, osteocytes, and preosteoblast-
like cells. It has been well established that osteoblast-secreted factors play an
essential role in PTH-mediated osteoclastic bone resorption. M-CSF and RANKL are
two well-known factors necessary for proliferation of osteoclast progenitors and their
differentiation into mature osteoclasts [38]. Intermittent PTH increases bone
formation and promotes bone remodeling [39]. We have shown that CCL2 is the
most highly upregulated gene in rat femurs 1 h after the 14th daily hPTH [1-34]
injection [40], with nearly 200-fold stimulation of its mMRNA expression. Osteoclasts
and monocytes are likely to be the central targets for CCL2 in bone. PTH-induced
osteoblastic expression of CCL2 facilitates osteoclast recruitment, differentiation, and
fusion of osteoclast precursors and finally provides a rationale for increased
osteoclast activity in the anabolic effect of PTH. We reported a significant increase in
serum CCL2 levels 2 h after PTH injection compared with basal levels in rats treated
daily with hPTH. We also found a profound increase in CCL2 expression in
osteoblasts in vivo by immunohistochemistry and in vitro in UMR 106-01 and rat
primary calvarial osteoblastic cells after PTH treatment. As well, CCL2 null mice
were completely unable to increase trabecular BMD and bone volume compared to
wild-type mice after daily injections of PTH. In addition, these mice did not show the
increase in macrophage numbers, osteoclast surface, and osteoclast number observed
in wild-type mice after PTH injections. We concluded that the reduction in PTH-
mediated bone formation in CCL2 null mice was due to the lack of osteoclast and
macrophage activity and that osteoblast CCL2 expression is a key mediator for the
anabolic effects of PTH on bone [41].

Some recent clinical studies have shown a positive relationship between PTH
and MCP-1 levels. Sukumar et al. found a positive association between serum levels
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of CCL2 and PTH in women with primary hyperparathyroidism (PHPT) [42].
Elevated CCL2 levels increase the risks of hypertension, hyperlipidemia, type 2
diabetes mellitus, and coronary artery disease. A small clinical study by Patel et al.
also showed that an immediate decline in high serum CCL2 concentrations after
parathyroidectomy of PHPT patients further prove the positive association between
MCP-1 and PTH levels in patients with PHPT [43].

Parathyroid hormone-related peptide is a genetically related peptide that shares
homology with PTH within its amino-terminal domain, which is considered to
contain the essential bioactivity of PTH and thus could mimic several functions of
PTH. PTHrP is synthesized in bone and cartilage and exerts its functions in autocrine
and paracrine modes. It has been shown that PTHrP augments bone metastasis in
animal models of both prostate cancer and breast cancer. Regulation of CCL2 has
investigated its promoter region, which consists of two C/EBP binding sites, two NF-
kB binding sites, and a GC box. The C/EBP binding sites, NF-kB binding sites, and
GC box are important for the response to insulin activation, IL-1 and TNF-a
activation, and SP1 binding, respectively. Very little is known of how PTH regulates
the CCL2 promoter in osteoblastic cells, and it remains a mystery since this is a
primary response gene regulated by the PKA pathway, yet there is no obvious CRE in
the upstream region. It has been stated that PTHrP provokes CCL2 promoter activity
in hFOB cells through NF-kB and C/EBP activation [44]. but none has established
how the PKA pathway can regulate these factors to stimulate CCL2 transcription.

Conclusion

Bone remodeling is a complex process under the control of several factors,
including hormones, growth factors, and other inflammatory mediators. Among them,
chemokines and their particular receptors play a vital role as chemoattractant and
growth factors for bone cell recruitment and regulation of osteoclastogenesis,
respectively.

Chemokines recruit and activate leukocytes at the site of inflammation in
response to infection or tissue damage. These leukocytes are primary cells
responsible for inflammatory responses and bone metabolism, since they are capable
of acting as growth regulators of both osteoblast and osteoclast activity. Growing
evidence suggests that CCL2 and its receptor CCR2 are involved in the physiological
bone remodeling process. In vitro and in vivo models, together with both ligand and
receptor transgenic animals, have made a significant contribution to understanding
the molecular mechanisms behind the role of CCL2 in PTH-mediated bone effects.

A more comprehensive understanding of the chemokines that regulate bone
remodeling could reveal new possibilities for the development of novel and more
successful drug therapies for the treatment of severe bone loss diseases, including
osteoporosis, rheumatoid arthritis, or cancer-mediated bone metastasis. In conclusion,
modulation of the CCL2/CCR2 axis may provide the potential mechanism to
therapeutically limit the bone resorption and blunt bone loss.
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