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ABSTRACT

Currently, numerous studies undeniably prove the influence of metabolic syndrome on osteoarthritis (OA)
progression.

In hyperlipidemia, free fatty acids abnormally accumulate in the cartilage tissue and provoke cell dysfunction and
necrosis. Studies show that palmitate and stearate have a pronounced proapoptotic effect on chondrocytes of the
articular cartilage.

Mediators of the systemic inflammatory response produced by the adipose tissue act as a significant link in
the pathogenesis of metabolic OA in the knee joint. Metabolic disorders, insulin resistance, and dyslipidemia
boost production of inflammatory mediators and glycosylated compounds and formation of free oxygen radicals
provoking endothelial dysfunction.

A relationship between intra-articular structures (articular cartilage, synovial membrane, subchondral bone, and
synovial fluid) and the intra-articular infrapatellar fat pad is a local pathogenetic factor in the metabolic OA of
the knee. It is proven that the intra-articular infrapatellar fat pad increases significantly in obese patients. Due
to proximity to the articular cartilage and synovial membrane, the adipose tissue is in close contact with them.
The influence of systemic metabolites activates the growth of adipocytes, preadipocytes, macrophages, fibroblasts,
and other fat body cells which enhance the production and release of adipokines, such as leptin, adiponectin,
visfatin, and cytokines, that, in turn, stimulate aseptic inflammation resulting in development of synovitis, cartilage
degeneration, and gonarthrosis progression.

Therefore, the metabolic syndrome has a negative impact on the condition of the joint tissues, contributing to the
development of gonarthrosis or its progression. It manifests itself both through systemic effects and the local impact
of the hypertrophied infrapatellar fat pad on the components of the synovial joint environment.
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PE3IOME

Ha cerogHsmiHuii JeHb TOMyYeHbI MHOTOYHCICHHBIC NaHHBIC, HEOCIIOPHUMO JIOKA3bIBAIOIINE B3aUMOCBSI3b
octeoaptpo3a (OA) ¢ METabOINIECKUM CHHIPOMOM.

HpI/I TUTICPIUITUAEMHUYCCKUX COCTOAHUAX CB06OIIHI)IG JKUPHBIC KHUCJIOTHI aHOMAJIbHO HAKaIlJIMBAKOTCA B TKAaHAX
CyCTaBOB. DTO OKa3bIBAET JIMIMIOTOKCUYECKOE Z[eﬁCTBHe, YTO NPUBOAUT K ,III/IC(i)yHKIII/II/I KJIETOK ¥ uX rubenu. [Tans-
MUTATBI U CTCAPAThI BBIZbIBAIOT BBIPAKECHHOC IIPOAIIOIITOTUYICCKOC JIeHiCTBHE HA XOHAPOLUTHI CyCTaBHOT'O XpsIlia.

PakTOphl CUCTEMHON BOCHAIUTENBHOM peakiuH, MPOLYyLUPYEMBbIE KUPOBOM TKaHbIO, BBICTYINAIOT B KayeCTBE
3HAYMMOTO 3BEHa B maroreHese Merabommyeckoro OA KOJEHHOro cycrtaBa. Merabonuueckne HapylIeHUS,
HUHCYJIMHOPE3UCTEeHTHOCTD, MUCIHIHIEMHS CIIOCOOCTBYIOT YBENIMYEHHIO NMPOIYKIMHM MEAUATOPOB BOCHANICHUS,
TJINKMPOBAHHBIX COEAMHEHMH, OOpa30BaHHMIO KHCIOPOAHBIX PAJUKANOB, MIPOBOLUPYIOMNX SHIOTEIHAIBHYIO
TUCYHKIHIO.

JlokanbHBIM 3BEHOM B IATOTeHE3¢ METa0OJIMYECKOro TOHAPTPO3a SBIISETCS B3aUMOCBS3b BHYTPUCYCTaBHBIX
CTPYKTYP (CYCTaBHOTO XpslIlia, CHHOBHAIIbHOH 000JI0UKH, CyOXOHIPaIbHOH KOCTH M CHHOBHAJIBHOM KUIKOCTH) C
BHYTPHCYCTaBHOH MH(panaTeJULIPHOI KUPOBOH KieTyaTkol. Jloka3aHo, 4To MH(panaTeIusipHast )KUPOBas KJIeT-
YaTKa 3HAYUTENIFHO YBEJIMYHMBACTCS y MAIMEHTOB C OXKMpeHHEM. M3-3a GIM3KOTro pacroioKeHUsl ¢ CYyCTaBHBIM
XpSIIOM U CHHOBHAJIBHON OOOJIOUKOM, )KHpPOBasi TKaHb HAXOMUTCA C HUMH B TeCHOM KoHTakTe. [lon BiusHHEM
CHCTEMHBIX MeTab0INTOB, Pa3pacTasich, aAUIONUTEI, IPeaJUIIOHUTHI, MaKpodaru, puopodnacTel U Apyrue KISTKN
XKHUPOBBIX TEJI YCWJIMBAIOT NPOIYKIHUIO M BEICBOOOXKAEHHE aJAUIIOKUHOB, TAKUX KaK JIENTHH, aAUIIOHEKTHH, BHC-
($aTuH, IMTOKMHOB, KOTOPBIE CTHMYJIUPYIOT aCeNTHYECKOe BOCHAJCHHE, NMPUBOJSLICE K PAa3BUTHUIO CHHOBHTA,
JlereHepanuy Xpsla 1 IporpecCUpoBaHHUIO TOHAPTPO3a.

Taknum 00pa3oM, METabOIMUECKUIT CHHIPOM OKa3bIBaeT HETaTUBHOE BIIMSHKE HA COCTOSIHUE TKaHEH cycTaBa, CIIo-
cOOCTBYS BOSHUKHOBEHHIO TOHAPTPO3a MM €TI0 IIPOrPECCHPOBAHUIO, PEATN3YSICh KaK Yepe3 CUCTeMHBIE Y (EKTHI,
TaK M 3a CYET JOKAJIbHOI'0 BO3AEHCTBHS TUIepTpodhupyeMoi HH(pparnaTeUSIPHON )XUPOBOH KIISTYATKH Ha KOMIIO-
HEHTbl CHHOBHAJIBHON CpeJibl CyCTaBa.

KioueBble cjioBa: MeTa0OJMYECKUH CHHIPOM, OCTE€OApTPO3, AWUCIMIUIACMHUS, AJUMOKUHBI, OKCHAATHBHBIN
crpecc, )xupoBbie Tena ['odda.

KonpaukTt uaTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTCHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanuel HaCTOSIIEH CTaThH.

Hcrounuk GuHAHCHPOBAHMSA: ABTOPHI 3a5BIAIOT 00 OTCYTCTBUM (UHAHCHPOBAHHSL.
Jst mutuposanus: Ilopsmun I'.B., 3axsatoB A.H., Tapacosa T.B., Tumomxun B.O. Ponb merabonmueckoro

CHHJIIpOMa B TIaTOTeHe3e roHapTpo3a. HoBbIi B3risi Ha npobiemy. broaiemens cubupcrou meduyunst. 2021; 20
(1): 190-199. https://doi.org/10.20538/1682-0363-2021-1-190-199.

INTRODUCTION

Metabolic syndrome (MS) is a complex of met-
abolic and hormonal disorders that are risk factors
for development of cardiovascular diseases. The
syndrome classically includes abdominal obesity,
insulin resistance, arterial hypertension, impaired
carbohydrate metabolism, increased triglycerides,

and reduced high-density lipoprotein cholesterol.
All these components are predictors of the adverse
course of osteoarthritis (OA) [1].

Statistics shows a clear dependence of joint re-
modeling on metabolic disorders [2]. Each newly
manifested component of MS makes the course of
OA more severe. Therefore, in on a sample of 482
patients, among individuals with a mono-factor dis-
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order, 12.8% had knee OA, while in people with 2
or more MS components, knee OA was registered
in 23.2% [3]. Comorbid metabolic and vascular pa-
thologies cause an early progressive course of OA
with pronounced clinical and functional disorders.
Increased duration of relapses, predominance of
generalized forms, frequent development of syno-
vitis and periarthritis, and more intense pain are ob-
served [4].

The combination of MS and OA is more pro-
nounced in young people and decreases with age
[5]. Gender predisposition to OA in MS showed a
prevailing risk in women of all age groups, which
should be associated with peculiarities of the func-
tion of reproductive hormones [6].

Development of osteoarthritis, especially in the
knee joints, leads to limited physical activity and
subsequent progression of obesity. Therefore, a
vicious circle forms, where, on the one hand, MS
contributes to the development of OA, and on the
other hand, the mobility is limited due to degener-
ative and dystrophic processes in the joint, which
contributes to the progression of obesity and MS.

All pathogenetic factors of gonarthrosis in MS
can be divided into systemic ones (such as lipotox-
icity and endothelial dysfunction), developing as a
result of dyslipidemia; activation of oxidative stress
against the background of hyperglycemia and insu-
lin resistance; and increased production of active
metabolites by adipokines in the conditions of obe-
sity, that induce and promote inflammation in the
joints. A number of authors prove the importance of
local factors in the pathogenesis of gonarthritis and,
in particular, the role of infrapatellar fat pad, which
is in direct contact with the synovial membrane of
the knee joint, is hypertrophied in the metabolic syn-
drome, and participates in the implementation of de-
structive processes in the intra-articular structures.

SIGNIFICANCE OF THE MECHANICAL
FACTOR

According to the original concept of OA devel-
opment in MS, it is the mechanical factor (over-
weightness) that contributes to hyperextension of
the ligamentous apparatus and increases the mobil-
ity of the intra-articular structures and the load on
the articular surfaces. Therefore, friction increases,
which implies constant irritation and development
of aseptic inflammation [7]. In addition, obese pa-

tients often have big bone mass, which increases the
pressure in the subchondral bone and contributes
to trophic disturbances, formation of subchondral
cysts, and destruction of the cartilage [8]. In this
case, the knee joint is the primary target affected
by significant biomechanical factors [9]. Numerous
studies of women with MS showed that an average
weight loss of 5 kg reduced the risk of developing
knee OA by 50% [10, 11].

However, overload of the joints cannot explain
convincing epidemiological data demonstrating
a link between obesity and OA of the upper limb
joints that do not carry a significant load. At the
same time, patients with obesity and MS have a
higher risk of gonarthrosis than patients with obesi-
ty without the metabolic syndrome [12].

According to modern data, the mechanical factor
in MS plays an aggravating role in progression of
OA, but this role is not the primary one. The main
systemic pathological processes are dyslipidemia
and hypersecretion of proinflammatory mediators
and cytokines by the adipose tissue [13]. Accu-
mulation of lipids in chondrocytes and low-grade
systemic inflammation (metainflammation) involv-
ing adipokines and cytokines disrupt homeostasis,
leading to lipotoxicity and degenerative changes in
the joint tissues [14].

DYSLIPIDEMIA

Lipid imbalance is a key metabolic disorder as-
sociated with metabolic syndrome and obesity. A
high-calorie diet affects adversely the barrier char-
acteristics of the gastrointestinal mucosa, contributes
to the violation of its integrity, and reduces the pro-
duction of antimicrobial peptides and mucins. In ad-
dition, the intestinal microbial flora changes, and the
production of proinflammatory metabolites, in par-
ticular, lipopolysaccharides (LPS), increases [15].
The increased permeability of the intestinal wall
provides excess supply of LPS to the systemic circu-
lation, which supports low-grade chronic inflamma-
tion in the body with the activation of innate immune
components via Toll-like receptors (TLR) 4 [16].

Preclinical studies showed that LPSs suppress
cartilage matrix synthesis, increasing the produc-
tion of IL-1B by the upregulation mechanism via
TLRs present in human articular cartilage [17]. In
addition, indirectly through activation of circulat-
ing monocytes, synthesis of osteopontin increases,
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which is responsible for activation of matrix metal-
loproteinases (MMR) and regulation of cell mi-
gration, has proinflammatory effect, and is able to
participate in vascular remodeling, contributing to
ischemization of the joints [18]. Accumulation of
LPS due to activation of transforming growth fac-
tor (TGF)p leads to an increase in ectopic bone for-
mation and enhances inflammation in the synovial
membrane due to activation of macrophages [17].

Dyslipidemia in MS leads to abnormal accumu-
lation of lipids in tissues, and hyperinsulinemia oc-
curring against the background of insulin resistance
with a compensatory purpose is both direct alterna-
tive and mediated in nature [13].

Articular chondrocytes, unlike most other cells,
are characterized by significant lipid deposits. Infil-
tration of excessively high lipid levels in chondro-
cytes in hyperlipidemia leads to lipotoxicity. Free
fatty acids are considered the main factors that have
a damaging effect. The obtained data prove that the
main mechanism underlying the damaging effect
of toxic concentrations of oleate and palmitate in
articular chondrocytes is implementation of apopto-
sis. A quantitative assessment of DNA hypoploid-
ia using flow cytometry revealed accumulation of
apoptotic cells with a subdiploid DNA content, and
an assessment of nuclear morphology showed that
nuclear condensation and fragmentation were sig-
nificantly increased. In addition, Western blotting
showed that oleate induced caspase-3 and -7, and
the pan-caspase inhibitor zVAD-fmk completely
prevented oleate-induced cytotoxicity [13].

Experiments on a mouse model using a high-fat
diet showed that the incidence of OA in the group
with the addition of polyunsaturated fatty acids
(PUFA) was lower, both for idiopathic and post-trau-
matic OA. PUFA inhibits apoptosis caused by hyper-
lipidemia by redirecting saturated fatty acids to tri-
glyceride pools, which are stored as neutral fats [19].

The two central categories of lipid mediators of
inflammation are omega-6 and omega - 3 PUFAs.
Omega-6 PUFAs, such as arachidonic acid, are pre-
cursors of proinflammatory eicosanoids, including
prostaglandins, thromboxanes, and leukotrienes.
Omega-3 PUFAs, such as eicosapentaenoic and
docosahexaenoic acids, on the contrary, inhibit the
intensity of inflammation. The experimental model
proved that the decrease in the omega-6 / omega-3
PUFA ratio, either through diet or genetically by

introducing the fat-1 transgen, which endogenously
converts omega-6 to omega-3 PUFA, leads to a re-
duced risk of developing knee OA [20, 21].

Mediated damaging factors of dyslipidemia are
manifested in disturbances of the microcirculatory
supply in the cartilage. Increased infiltration of the
synovial and subchondral vascular intima by lipids
contributes to the activation of lipid peroxidation
(LPO), development of endothelial dysfunction,
plasmorrhagia, progression of atherosclerosis, and
vascular remodeling [13].

HYPERGLYCEMIA AND INSULIN
RESISTANCE

Hyperglycemia and glucose toxicity are signif-
icant triggers of damage in gonarthrosis. Changes
in the function of glucose carriers on the surface of
chondrocytes contribute to maintaining the inflam-
matory and degenerative and dystrophic processes,
inhibiting the anabolic effects. Neurotoxic effects
of hyperglycemia lead to neuromuscular damage,
which worsens the course of OA and leads to desta-
bilization of the joints [22].

Hyperinsulinemia contributes to activation of
the sympathetic system; Na retention in the body
increases, which leads to additional occlusion of
the vascular lumen, development of arterial hyper-
tension, and deterioration of microcirculation [23].
Impaired joint perfusion under vascular remodeling
increases the risk of oxidative stress, which is espe-
cially unfavorable for the cartilage tissue due to the
absence of blood vessels and its initially reduced
antioxidant potential [24].

CHRONIC METABOLIC INFLAMMATION

Taking into account the developing hyperlip-
idemia and constantly increasing adipose tissue
mass in the metabolic syndrome, as well as its
good vascularization, inflammatory mediators,
free fatty acids from the adipose tissue, enter the
systemic circulation in a significant amount, subse-
quently affecting the intra-articular structures. The
spectrum of signaling molecules secreted by adi-
pocytes is very diverse. They can be divided into
specific molecules, such as leptin, and non-specific
ones, such as cytokines, in particular, IL-18, IL-4,
IL-6, IL-8, IL-13, IL-17, IL-18, chemokines
(CCL2, MIP-1a), and growth factors (TGFp,
IGF-1, VEGF, TNFa) [25].
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There is evidence that leptin is able to act
through insulin receptors and components of the
insulin cascade, becoming one of the causes of in-
sulin resistance in pathological concentrations [26].
Leptin has a dose-dependent effect on the joints. In
the physiological state, small doses of it stimulate
formation of the extracellular matrix in the car-
tilage and expression of TGFP and IGF-1 by os-
teoblasts [27]. The concentration is maintained by
the relationship between the articular cartilage and
the infrapatellar fat pad. The metabolic syndrome
is characterized by hyperleptinemia. In addition,
most cells of the immune system have receptors
for leptin and its antagonist, ghrelin. Leptin is in-
volved not only in metabolic correction, but also
in immune processes [28]. In particular, in innate
immunity, it activates macrophages and natural
killers (NK) and causes neutrophil chemotaxis. In
adaptive immunity, leptin affects proliferation and
differentiation of T cells, stimulates the formation
of Th-1 lymphocytes, and suppresses the concen-
tration of Th-reg [29].

In an experimental mouse model, leptin inhibi-
tion led to suppression of inflammatory responses,
including symptoms of arthritis. Intraperitoneal in-
jection of leptin resumed the inflammatory process.
Therefore, leptin indirectly induced the release of
IL-6 via synovial macrophages, which can lead to
degradation of proteoglycans, inhibit cartilage re-
generation, and enhance MMP13 expression [30].
Under the influence of leptin in chondrocytes, the
production of IL-1, one of the key proinflammato-
ry agents that has a catabolic effect through cascade
activation of other interleukins, such as MMP9 and
MMP13, and attraction of inducible NO-synthetase,
increases. Such effects also lead to chondrocyte
apoptosis, including p53-dependent apoptosis, and
activation of subchondral bone osteoclasts, which
causes bone remodeling and lysis with formation of
cysts [31]. In addition to inducing proinflammatory
cytokines, leptin also contributed to expression of
other cartilage catabolic factors, such as IL8, MMP2,
cathepsin, and calpain [32]. Moreover, leptin medi-
ated the dose-dependent expression of vascular cell
adhesion molecules (VCAM) in the synovial mem-
brane, correlating with severe OA [33].

Adiponectin is considered to be a mediator that
has a protective effect on the joint in metabolic OA.
However, all new studies characterize it as a proin-

flammatory agent, the effects of which are largely
similar to those of leptin [34]. In progressive obe-
sity, it is a mediator of insulin resistance and tis-
sue inflammation, contributing to the formation and
progression of OA [35].

Visfatin is produced constitutively not only by
adipocytes, but also by almost all local tissues that
are involved in the pathogenesis of OA, to a greater
extent by the synovial membrane and chondrocytes.
Like other adipokines, it has pleiotropic effects and
performs immune, proinflammatory, and enzymatic
functions [36]. The concentration of visfatin in the
blood plasma in OA significantly increases. Besides,
its high content was determined immunohistochem-
ically in the synovial membrane, especially around
blood vessels. In the experiment, osteoblasts were
as sensitive to visfatin as chondrocytes, since their
stimulation induced the expression and production
of the same proinflammatory cytokines and chemo-
kines (disintegrin, prostaglandin E2, IL-6, CCL2,
and MCP-1), and the prodegradative effects were
determined by the release of MMP-3, MMP-13, and
involvement of immunocompetent cells. The use of
the visfatin inhibitor APO866 showed a decrease
in the production of proinflammatory cytokines in
various cells from 63 to 94% [37]. A special role
in the formation of insulin resistance belongs to re-
combinant visfatin, which acts through the insulin
receptor IR3 [38].

OXIDATIVE STRESS

Chronic inflammation affects metabolism in the
joint by activating oxidative stress, which is one
of the most significant factors of genomic and mi-
tochondrial damage that initiates the processes of
cellular aging. The synergistic effect of systemic
inflammatory factors on chondrocytes and synovi-
al fibroblasts stimulates synthesis of cytokines and
degrading enzymes that induce destruction of pro-
teoglycans and type II collagen (Col2A1), the main
structural protein of the cartilage tissue. In addition,
impaired regulation of Col2al genes is observed,
which indicates a decrease in the reparative poten-
tial. Adipokines perform their functions by binding
to Toll-like receptors (TLRs) on target cell mem-
branes and initiating phosphorylation of the ERK/
p38/mitogen-activated protein kinase (MAPK) cas-
cade, which primarily causes changes in the intra-
cellular homeostasis, in particular, increasing the
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activity of NADP oxidase (NOX), the main source
of ROS generation.

The damaging effect of ROS in physiological
conditions is inhibited by the antioxidant system,
which is controlled by the transcription factor NRF2
(nuclear related factor 2). Receiving signals, its in-
active cytoplasm form KEAP1 (Kelch-like ECH as-
sociated protein 1) undergoes hydrolysis with cleav-
age of the active NF-E2-dependent factor 2 (nuclear
factor erythroid 2) and translocation to the nucleus,
where it launches biosynthesis of cytoprotective
enzymes, such as superoxide dismutase (SOD) and
catalase (CAT). During experimental sensitization
of chondrocytes and synovial fibroblasts with vis-
fatin, leptin, and resistin, a significant increase in
the endogenous superoxide anion, as well as NRF2,
catalase, and superoxide dismutase was proved. The
latter is explained by an acute adaptive compensa-
tory response. However, given that the potential of
antioxidant protection in the cartilage tissue is re-
latively reduced due to the peculiarities of its histo-
physiology, the membrane-protective effect is sup-
pressed under conditions of considerable amounts
of ROS, which affect the phospholipid bilayer both
endogenously, forming inside cells, and exogenous-
ly, appearing mainly from targets undergoing apop-
tosis [39].

Apoptosis is also facilitated by reduced expres-
sion of genes of the BCL-2 family proteins, which
are some of the regulators of this process inten-
ded to increase cell survival. In addition, there is
significant positive modulation of the expression
of some micro interfering RNA (miRNA) genes,
leading to a decrease in the proliferative potential,
stoppage of the cell cycle and cellular aging, imple-
mentation of apoptosis, and violation of the oxida-
tive balance. The effects of miRNA are enhanced
by the synergistic signaling of the NF-kB pathway,
which is a family of transcription proteins involved
in proinflammatory, immune, and stress responses
and activated by the MAP-kinase cascade [40]. Ex-
perimental modeling of oxidative and inflammato-
ry stress on synovial fibroblasts and chondrocytes
through constant impact of proinflammatory cyto-
kines, in particular, TNFo and H,O,, significantly
increased the proportion of aging cells among the
young population and limited it among the old
population. This indicated special susceptibility
of young cells to this type of alteration, while the

introduction of the antioxidant N-acetylcysteine or
fenofibrate suppressed aging and slowed down the
progression of OA. Aging cells are characterized by
irreversible stoppage of the cell cycle with a shift
of the phenotype towards a proinflammatory one,
therefore being pathological factors that can inde-
pendently maintain inflammation in the joint for a
long time [41].

VIOLATIONS OF ANGIOGENESIS

Activation of angiogenesis in chronic systemic
inflammation is of great importance in metabolic
OA. The balance between angiogenic and antian-
giogenic factors in the joint regulates the growth of
blood vessels, while proinflammatory factors that
increase with the metabolic status lead to a balance
shift. Inflammation in the joint can promote angio-
genesis directly by releasing growth factors from
cells, such as macrophages, as well as by stimulat-
ing or sensitizing other cells, such as chondrocytes
and osteoblasts, which, in turn, release additional
angiogenic factors.

What is more, hypoxia in the inflamed tissues is
a powerful stimulant of angiogenesis. Due to hy-
poxia, a compensatory increase in the expression
of the VEGF (vascular endothelial growth factor)
gene is observed. Recent studies confirm the sig-
nificant role of TNFa, which induces accumulation
of leucine-rich alpha-2-glycoprotein 1 (LRGI) in
the articular cartilage and subchondral bone, as a
powerful stimulator of pathological angiogenesis
and mesenchymal cell migration, which contribute
to aberrant osteogenesis [42]. In turn, progressive
angiogenesis aggravates the course of chronic in-
flammation and leads to endochondral ossification
and formation of osteophytes in the region of the
bone-cartilage junction. Increased permeability of
newly formed blood vessels contributes to the de-
velopment of edema [43]. Adhesion molecules,
such as E-selectin, are highly expressed by new ves-
sels, facilitating inflammatory cell infiltration [44].

SIGNIFICANCE OF INFRAPATELLAR FAT
PAD

All systemic processes in the metabolic syndrome,
directly or indirectly affecting the joint, change the
relationship between its structures, such as cartilage
plates, synovial membrane, and intra-articular adi-
pose tissue. Lately, special attention has been paid
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to the infrapatellar fat pad (Hoffa’s fat pad), which is
intracapsular but extrasynovial, performs the cush-
ioning function, and acts as a local paracrine appara-
tus. It is well supplied with blood and innervated, like
subcutaneous fat, and also has a strong connective
tissue framework [45]. Due to its location between
the articular cartilage and the meniscal surface, the
Hoffa’s fat pad reduces the load on the knee joint
and protects it in physiological conditions or at an
early stage of OA [46]. The infrapatellar fat pad im-
proves distribution of fluid in the joint by increasing
synovial membrane area and reducing friction, thus
enhancing stability in the joint [47].

The main functional unit of this structure is the
adipocyte which determines the ability to secrete
specific adipocytokines (such as leptin and adi-
ponectin), that have anti-catabolic effects on the
cartilage tissue (increase the production of pro-
teoglycans, type II collagen, expression of TGFf
and IGF-1) in physiological concentrations or the
ones slightly exceeding them, and, therefore, pre-
vent the development of OA at early stages [48].
Consequently, the infrapatellar fat pad can be de-
fined as an independent formation that regulates the
metabolic processes in the joint and counteracts the
pathogenesis of OA at initial stages.

However, against the background of a gradual
increase in proinflammatory systemic factors in the
body in the metabolic syndrome, the first response is
usually given by the synovial membrane. Findings of
knee joint MRI in patients with gonarthritis demon-
strated thickening of the synovial membrane in 73%
of patients with early OA, which corresponds to de-
velopment of chronic synovitis. Histological chang-
es were characterized by massive lymphohistiocytic
infiltration. Chronic inflammation in the synovial
membrane activated proliferation of fibroblasts and
blood vessels and migration of macrophages. At the
same time, the inability of synovial macrophages
to switch from the proinflammatory M1 subtype to
the anti-inflammatory M2 subtypes was observed,
which can contribute to the initiation and mainte-
nance of synovitis in OA, and cellular apoptosis is
enhanced. M1 macrophages contribute to inflam-
matory microenvironment and OA progression by
interacting with synovial fibroblasts and chondro-
cytes, thereby increasing MMP secretion [49].

Many authors believe that the Hoffa’s fat pad is
involved in the catabolic processes with a change

in their proinflammatory profile [50]. In this case,
the infrapatellar fat pad is able to produce the same
proinflammatory mediators and growth factors di-
rectly into the synovial fluid as distantly located ad-
ipocytes in the blood [51]. In MS, the infrapatellar
fat pad secretes higher levels of inflammatory fac-
tors and adipokines than subcutaneous fat [52].

On the other hand, chronic hypertrophy of the
Hoffa’s fat pad and concomitant damage to the
soft tissues of the joint lead to ischemia, inducing
abnormal distribution of the neurotransmitter SP
in the afferent fibers of nerve endings inside the
adipose tissue, which ultimately leads to chronic
neurogenic tissue inflammation, associated with
increased paraarticular pain by some authors [53].

The progression of gonarthrosis in MS leads to
changes in the infrapatellar fat pad, that increases
in size and becomes denser, which is confirmed by
MRI studies [54]. At initial stages of the disease,
this change is associated with the development of
edema, and at later stages — with hyperplasia caused
by the growth of the connective tissue, in which
Hofta’s fat pad is a complex, well vascularized, lay-
ered structure with fat lobules and foci of lympho-
histiocytic infiltration [55].

CONCLUSION

The metabolic syndrome is characterized by low-
grade systemic inflammation with the development
of obesity, dyslipidemia, insulin resistance, hyper-
glycemia, and oxidative stress. Each component of
MS is involved in the pathogenesis of osteoarthritis
(Figure).

Systemic exposure to inflammatory mediators
produced in MS, such as adipokines, cytokines,
adiponectin, and visfatin, stimulates aseptic inflam-
mation in the joint, leading to the development of
synovitis and cartilage degeneration.

Hyperlipidemia and oxidative stress have lipo-
toxic and proapoptotic effects, which leads to chon-
drocyte dysfunction and death.

Of the local factors in the pathogenesis of meta-
bolic gonarthrosis, an important role is assigned to
the intra-articular infrapatellar fat pad. New studies
demonstrated that the Hoffa’s fat pad is a substrate
that performs not only a cushioning function, but
also produces proinflammatory factors directly into
the synovial fluid and is significantly hypertrophied
in the MS.
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Figure. Components of the metabolic syndrome in the pathogenesis of osteoarthrosis

Therefore, MS leads to development of gonar-
throsis or contributes to its progression and is man-
ifested through systemic effects as well as through
the induced local effect of hypertrophied infrapatel-
lar fat pad on the components of the synovial en-
vironment of the joint. Products of tissue degrada-
tion and local and systemic inflammatory mediators
form a vicious circle that supports chronic inflam-
mation associated with impaired microcirculation,
neovascularization, and vascular sprouting into the
cartilage tissue with activation of foci of osteogen-
esis around the vascular channels, which causes
irreversible changes in the joint and contributes to
progression of gonarthritis.
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