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Abstract

Osteoarthritis (OA) is a heterogeneous disordeh vggveral risk factors. Among them,
obesity has a major impact on both loading andIoading joints. Mechanical overload and
activity of systemic inflammatory mediators derivBdm adipose tissue (adipokines, free
fatty acids, reactive oxygen species) provide cloethe increased incidence and prevalence
of OA in obesity. Recently, research found gre&ér prevalence and incidence in obese
patients with cardiometabolic disturbances tharalthg” obese patients, which led to the
description of a new OA phenotype - metabolic sgntr (MetS)-associated OA. Indeed,
individual metabolic factors (diabetes, dyslipidammand hypertension) may increase the risk
of obesity-induced OA. This review discusses hyps#is based on pathways specific to a
metabolic factor in MetS-associated OA, such agdleof advanced glycation end products
and glucose toxicity. A better understanding osthphenotypes based on risk factors will be

critical for designing trials of this specific s@h®of OA.

Key words. Osteoarthritis, inflammation, metabolic syndromleesity, adipokines, oxidative

stress.
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Abstract

Osteoarthritis (OA) is a heterogeneous disordeh vggveral risk factors. Among them,
obesity has a major impact on both loading andIoading joints. Mechanical overload and
activity of systemic inflammatory mediators deriviedm adipose tissue (adipokines, free
fatty acids, reactive oxygen species) provide cloethe increased incidence and prevalence
of OA in obesity. Recently, research found gre&ér prevalence and incidence in obese
patients with cardiometabolic disturbances tharalthg” obese patients, which led to the
description of a new OA phenotype - metabolic sgntx (MetS)-associated OA. Indeed,
individual metabolic factors (diabetes, dyslipidamand hypertension) may increase the risk
of obesity-induced OA. This review discusses hypsds based on pathways specific to a
metabolic factor in MetS-associated OA, such agdheof advanced glycation end products
and glucose toxicity. A better understanding okthphenotypes based on risk factors will be

critical for designing trials of this specific s@hof OA.

Key words. Osteoarthritis, inflammation, metabolic syndromleesity, adipokines, oxidative

stress.
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Introduction

Osteoarthritis (OA) is a chronic joint disease lagdto cartilage degradation that involves
synovial inflammation, subchondral bone remodellamgl the formation of osteophyt&
Cartilage degradation results from ruptured joinineostasis that favors catabolic processes
activated by pro-inflammatory mediators such askipes, lipid mediators and reactive
oxygen species (ROS), which are produced as welchgndrocytes, synoviocytes and
osteoblasts®. These products are responsible for altering dismb@nd release of proteolytic

enzymes degrading extracellular matrix.

We can differentiate OA phenotypes according tk fastors such as aging, genetics, trauma,
obesity and metabolic disordérDespite eventual joint failure, the pathogenithpays
leading to this end may differ among phenotypess Taview gives epidemiological and
mechanistic insights into metabolic syndrome (Me&tSjociated OA, in which metabolic
disorders and low-grade inflammation have a cemtia?. We discuss especially the relevant
mechanisms involved in inflammation related to esckat mass and metabolic disturbances
and their implication in OA and in pain-related Ofhe references for this review were
limited to papers published in English in PubMedl amere selected according to their

relevance to the topic and after critical discussio

Epidemiology of MetS-associated OA

As endemic diseases of the®2dentury, obesity and overweight are among the most
important risk factors of O®. Such an association cannot be solely explaineexogssive
mechanical stress because the rate of hand OA (H®Ayo-fold higher in obese patients

than lean subjectsThus, excess fat mass has a systemic harmfuirrgdénts.
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From an epidemiological perspective, assessingitybiesstudies remains a crucial
issue’. The most accurate anthropometric marker of fasnistribution is the waist/hip ratio
(WHR) '°. Besides weight, android (or visceral) obesityhighly linked to metabolic
comorbidities and cardiovascular (CV) events aapared with gynoid obesity**** 4 As
well, the association of fat mass distribution.(iwHR or impedance analysis) and OA has
been studied. Hand, knee and hip OA incidencesaverity are associated with fat mass
distribution and especially visceral and centrdpasity*>*® However, such associations are
fewer than those with body mass index (BMI) for gigibearing joints (i.e., knee and hip

OA) .

Considering the harmful systemic impact of excedafass, the role of systemic metabolic
disorders in OA has become of interest. MetS isaecumulation of metabolic disorders
leading to an increased risk of stroke, type 2 efie® mellitus and CV disease¥ Despite
several definitions, all disorders include abdorhiodesity, increased blood pressure,
impaired glucose tolerance and lipid abnormalisash as high triglycerides level and low
high-density lipoprotein cholestergvel **?°?! MetS and OA share a strong association with
obesity and age, and adjustment for these parasnetecrucial to correctly analyze the
associations between them. The risk of onset, paid progression of knee OA as well as
rate of knee and hip arthroplasty increase withatmimulation of MetS componerfts®>24
The cumulative impact of metabolic disturbanceshese patients is also observed in HOA
% Whereas an association between MetS and handsQuife well demonstrated in the
literature, this is not the case for knee €AAs illustrated by Visseet al., this discrepancy
could be due to a critical role of overload on vigearing joints which could mask any
underlying roles of metabolic disordérs Eventually, being obese with other components of
MetS confers an increased risk of OA as comparéd being only obese. On the other side,

OA is associated with increased prevalence of Mespecially in the youngest population,
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and some authors have suggested that a diagno§)#\ diefore 65 years should lead to a

systematic screening for Met%

Beyond the association of OA with MetS, OA couldai&o linked to each metabolic
disorder separately. The most relevant evidencepribably for type 2 diabetes or
hyperglycemig??**° Type 2 diabetic patients have a two-fold higheea for hip and knee
arthroplasty (i.e., suggesting a more severe fofr®A) after adjustment for confounding
factors and display more frequently knee synowtisultrasonography than non-diabetic OA
patients®’. Furthermore, in the Rotterdam study, for patiesfisto 62 years old, type 2
diabetes increased the risk of HGA . In addition, diabetes mellitus is associatedhwit
increased pain in erosive HOR These data on knee and HOA were confirmed inrothe
studies and in a meta-analysis that reported ambhv8% increased risk of OA in type 2

diabetic patient&>?

All studies of OA reported high hypertension prevale, but the independent
association remains rare after adjustment for aomding factors such as age or BR#*
However, 2 recent studies demonstrated an indepérmlg weak association regardless of

BMI?*2% To date, hypertension should be considered araegting factor for OA in subjects

with obesity or other metabolic disturbanégs

Finally, an association between dyslipidemia and Ows been reported.
Hypercholesterolemia has been associated with HEDA generalized OA regardless of age,

gender and BMf+*
OA, cardiovascular risk and related mortality

The main concern about MetS-associated OA is iterpi@al association with atherosclerosis
and death due to CV events. Radiographic OA wasdondependently associated with

atherosclerosis of carotid, femoral and coronasseks®*>"3? Furthermore, atherosclerosis
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severity increases when HOA is associated with larekip OA“°. As well, OA has been
associated with higher age- and sex-standardizednGhality incidence ratio than expected
in the general populatiod*. However, data remains controversial, and no asEeof
mortality in the OA population was also reporfédSome authors have suggested that OA-
related disability could explain the higher CV nadity raising the question of reciprocity
between OA and cardiometabolic diseases. Thus, @iced disability which in turn
promotes obesity and its cardiometabolic comoriaisiit®. However, beyond this induced
disability, OA may be responsible for a low-graddammation statevia a joint release of
inflammatory mediators into the blood stream thald in turn aggravate cardiometabolic
diseases such as atherosclef8slaterestingly, an independent association hasntécbeen
shown between increased popliteal artery wall tesls and subsequent knee cartilage

degradation seen on MRI in asymptomatic and noabttsl subjects.

Inflammation in MetS and itsinvolvement in OA

During the past decade, obesity and metabolic dieserhave been found related to
systemic low-grade chronic inflammation charaetli by abnormal cytokine production,
increased levels of acute-phase reactants andagotivof a network of inflammatory
signalling pathways™*®. Fat mass is the cornerstone of this inflammatiom; diabetes,
dyslipidemia and hypertension have specific involeat in metabolic inflammation, which
could be implicated in OA pathogenesis. Here, weu$oon the harmful biological
mechanisms of fat mass and metabolic disordershénjadint, with special emphasis on

inflammatory factorgFigure 1) and possible future developments in this topic.

a. Thekey mechanisms of metabolic stress
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I. Adipokines

Several novel biochemical players were identifiedthe last 2 decades after the
discovery of leptin, in 1994, the forerunner ofamge superfamily of proteins collectively
called adipokined’. Most of these proteins, secreted systematicallyvbite adipose tissue
but also by all cells of the joint (including chaondytes, synovial cells, adipocytes of
periarticular fat tissue and bone cells) particpiat the degrading process of OA in several
ways: supporting chronic inflammation, increasingdative stress and participating in other
pathologic complications associated with OA (i.¥, &d metabolic disease®)*. Likewise,
lots of studies have shown adipokines disturbafices serum level, synovial fluid level or
tissular expression) as a common characteristichanic inflammation in OA®. Although
we will not discuss in detail the role of individuadipokines in OA (widely discussed

elsewheré'*), we summarize the most salient aspects thagliifokines to OA.

With the exception of adiponectin, circulating lesvef adipokines (e.g., leptin, visfatin and
resistin) are elevated in patients with OA andgerder-dependent, even after adjustment for
BMI, so these molecules might be responsible ferttigher prevalence of OA in women than
men. Most of the adipokines identified to date hak@inflammatory activities, by inducing
the synthesis of other related pro-inflammatorypakliines and cytokines, increasing the
synthesis of aggrecanases and metalloproteas€¥D8flevels as well as nitrogen radicals

such nitric oxide (NO), and prostaglandin levels.

The most studied adipokine is undoubtedly the tep#lainly produced by white adipocytes

(but also by joint cells), its serum level correthtto the weight and fat mass. It plays an
essential role in homeostasis (thermogenesis, ifttakte, lipolysis, and gluconeogenesis). Its
synovial expression correlates also with BNMiand with OA prevalence and severify In

vitro, leptin induces the production of cytokiney bynoviocytes (IL-6 and IL-85°°
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chondrocytes (IL-B, MMP-9 and MMP-13)* and cartilage explants (IL-6, IL-8, PGE?2)
Leptin levels in chondrocytes could be increasedepigenetic regulations such as DNA
methylation of leptin which is decreased in OA oth@ctytes. Indeed, DNA methylation of
leptin promoter gene leads to an upregulation atileexpression which in turns increased its
catabolic activity through MMP-13 producti®yn However, some anabolic aspects of leptin
have been reported. For instance, leptin can induselin growth factor 1 (IGF-1) and
transforming growth factor-beta in cartilage, p@harotecting cartilage against osteoarthritic

degeneration or participating in osteophyte develent>>.

As well, visfatin could increase the rate of IL6daMCP-1 by chondrocytésand decrease
the pro-anabolic effect of IGF-®. Also known as nicotinamide phosphoribosyltrareser
(NAMPT) , visfatin has been shown to modulate p#rezyme expression such as sirtuin 1
(Sirt1), an histone deacetylase, which is an egiemegulatot’. Sitrtl has been involved in
cartilage biology and OA pathogenesis but alsoypetll diabetes and other aging-related

diseases and could be another link between OA aat& §4°2

Finally, even adiponectin, in contrast to its potitee role in cardiovascular diseases and
obesity, shows pro-inflammatory activities like theduction of NO synthase 2, IL-6 and
MCP-1, triggering matrix degradation by inducing MA8 and MMP-9 expression in

chondrocyte¥"®>

Eventually, despite the possible protective roldepitin, there is a general consensus that
adipokines exert a catabolic and pro-inflammatdfgot on cartilage. Only 20 years after the
discovery of leptin, the first identified, adipokis are considered to play multiple important
biological roles, and the increasing research efiorthis area is gradually revealing the
intricate adipokine-mediated interplay among wlitkpose tissue, metabolic disorders and

inflammatory degenerative joint disorders such as O
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Although many issues remain unclear, several plesalenues that these works have
opened can be sketched. In particular, from a noéitapoint of view, one should remember
that the primary causes of obesity-related hypelpcton of detrimental adipokines are
generally nutritional and lifestyle factors suchaagreating and physical inactivity and that
front-line treatment essentially involves the cotien of these factors. Knowledge of the
actions of the newer adipokines is still too incdebg to generate well-supported therapeutic
hypotheses. However, by the rate at which theesr@re being clarified, they will soon be
central to pharmacotherapeutic approaches to guesiticed inflammatory diseases. For
example, in light of the pro-inflammatory role osfatin on joint cells, this adipokine has

been therapeutically blocked in a murine model &f @ith efficacy>®®®

ii. Oxidative stress

Oxidative stress is a cellular response in whiéhdynthesis of intracellular ROS goes
beyond the ability of the cell to neutralize thelevoles, thus leading to final cellular damage
and in some cases cell deaff Oxidative stress has been involved in several
pathophysiological conditions including aging, can@and CV diseases as well as metabolic
diseases and obesif§*> ROS and or nitrogen radicals (nitric oxide [N@pe important
players in the inflammatory process occurring in GA% Actually, almost all the OA joint
cells, including chondrocytes, synovial fibroblaatsl adipocytes, can produce large amounts
of ROS and NO in response to biomechanical or l@ogbal stimuli. In this regard, most of
biomechanical-induced ROS are likely produced byoahiondria, and recent evidence
suggests that mitochondrial dysfunction may contgtto the development of O& Indeed,
in vitro data showed that in certain biomechanical conutianitochondria can release large
amounts of ROS in cartilage, thus leading to celtd (REF A DEMANDER préciser les
certain biomechanical conditions) . ROS are thoughtarticipate in several processes of the

inflammatory response in OA in particular by triggg specific intracellular pathways such
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those elicited by nuclear factor kappa B (NF-kB)pdxia-inducible factor 1 alpha (HIFsL

or activating protein 1 (AP-1¥. Although high levels of ROS are clearly detrinaro joint
cell populations, some evidence suggests thatlaekmergy supply in chondrocytes relies on
the availability of mitochondrial ROS to produce B /Twhich suggests that physiological or
sublethal levels of these molecules may have iraptios in cartilage biology. Indeeia, vivo
studies suggest that physical exercise (at bottemes: high-intensity or sedentary activity)
is related to high levels of ROS and thereforeaased risk of cartilage lesions. In contrast,
moderate physical exercise, with low ROS levelsy faaour healthy cartilage. Thus, a low
adequate level of ROS might have a cartilage-ptioecole by eliciting increased matrix
synthesis and/or activating specific protectivehpatys that finally lead to inflammation
suppression or control, with imbalanced ROS symhesxd accumulation leading to
degenerative effects’. Of note, several adipokines, but also high glectevel, may be
considered the link between oxidative stress arel rttechanisms of obesity-associated
metabolic syndronmf@. Actually, leptin, adiponectin and lipocalin-2 cemluce accumulation

of NO and activation of NO synthase type 2 in chrongtes and other joint celf§
iii. Freefatty acidsand the high-fat diet

The increased dietary fat content that charactetize diet of industrialized countries
in the last 30 to 40 years clearly contributes athbobesity and the metabolic dysfunction
associated with type 2 diabetes. Nutritional aspemrticularly fat intake, are involved in the
development of OA-associated obesity. Dietary podaturated fatty acids (PUFAS) of both
the n-3 and the n-6 series are essential for humeatth but may have opposite effects on
inflammatory responses: n-6 PUFAs likely give isenflammatory eicosanoids, whereas n-
3 PUFAs are generally anti-inflammatory. High levef fatty acids are found in joint tissues
in OA and are associated with severe tissular hssib In vitro, palmitate, a saturated free

fatty acid (FFA) induced pro-inflammatory cytokingsoduction by chondrocytes and
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synoviocytes via the Toll-like Receptor -4 (TLRahd has pro-apoptotic effeftsin animal
models, a high-fat diet accelerated the progressibrOA; n-3 PUFAs limited disease
severity, thus corroborating their anti-inflammatoand anti-degradative effect on
chondrocytes, and n-6 PUFAs had no detrimentat&ff&@?! A diet containing significant
levels of eicosapentaenoic acids and docosahexaecals may reduce joint stiffness and

tenderness in arthritic patierits™

iv. PPAR gamma and autophagy

Peroxisome proliferator-activated receptors (PPA&S) lipid-activated transcription
factor of the nuclear receptor superfamily and @ayajor role in homeostasis. Among them,
PPAR gamma (PPAR is the pivotal transcription factor leading toimmyenesis and
increasing sensitivity to insulin explaining why &Ry agonists such as glitazones take place
in the therapeutic armentorium against diabetesitme®f. Interestingly, the role of PPAR
has been studied in OA too. Its expression seerbs decreases in the OA joint tisées
Invitro, PPARy agonists are protective by decreasing the prooluct pro-inflammatory and
catabolic mediators by chondrocytes and synoviatyté® As well, PPAR inducible-
cartilage knockout mice develop accelerated OA vinitreased cartilage degradation and
decreased autophagy responsible for an impairnfecartlage homeostaéts Interestingly,
loss of autophagy is also observed in obesity ahdranetabolic diseas@sAll these data
suggest that PPARplays a crucial role in maintaining homeostasishef joint and could be

one of the mechanisms linking OA to obesity ancépthetabolic comorbidities.

v. Advanced glycation endproducts

Advanced glycation endproducts (AGES) result fréwe mon-enzymatic and posttranslational
addition of reduced sugars on proteins or apolipigins. Because of their multiple ways of

formation and their different half-lives, they ctihge a heterogeneous group of chemical
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species. The most famous AGE is glycated hemoglabiHbAlc), used in clinical practice
to monitor diabetes. Pentosidine and N-epsilonaxarbmethyllysine, because of their
antigenic properties, have also been studiethe molecules accumulate in tissues during
aging, but their production is also highly relatedylycemia® . These AGEs are involved in
diabetes onset and complicatios Some steps of AGE formation depend on PUFA

peroxidation and oxidative stress, so they are adsociated with obesit§®>

First, accumulation of extracellular AGEs exerthyamful role by modifying the
mechanical properties of the tissue. Indeed, thecumulation in the collagen network
increases the stiffness and fragility of cartilayed bon& . AGEs accumulate in retina,
kidney, vessels or skin in diabetic patients, tso & diabetic OA joint tissud%®® 1011 oA
patients show a higher rate of pentosidine in thieclsondral bone than do non-diabetic
patients®®. They also act by triggering a receptor-depengettiway, involving the receptor
of AGE (RAGE).In vitro studies demonstrate that binding of AGEs on RAGtvates NF-
kB and p38 mitogen-activated protein kinase sigigabathways leading to the production of
pro-inflammatory cytokines, proteolytic enzymes &1@S in chondrocytes and synoviocytes
103, 104, 105, 106, 107, 108\GEg also induce chondrocyte apopttSisA potential limitation of
these receptor-related studies could be the usa nbn-specific mixture of AGEs like

glycated albumin which may not be relevant to theaged proteins expected in cartilage

such as type Il collagen.
Hyperglycemia and insulin resistance

Diabetes mellitus-related OA belongs to the MetSsamted OA phenotype.
Hyperglycemia and insulin resistance may explasreiationship between diabetes and OA.
In the streptozotocin-induced diabetic rat modegracterized by a strong hyperglycemia due

to chemical destruction of pancreaficcells, type 2 collagen and proteoglycan contend wa
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spontaneously decreased in cartilage, which suggestoxious role of hyperglycemia in
cartilage **. Glucose incorporation in chondrocytes is medidbgdglucose transporters
(GLUTSs). The main GLUTSs expressed by chondrocytesGLUT-1, -3 and -2 GLUT-3
expression is constitutive, whereas GLUT-1 and f® &ducible by cytokines (e.g.,
interleukin B [IL-1B]) and glucose concentration, thereby allowing cronytes to adapt
glucose incorporation depending on the extracellatmcentratioh™ In vitro, human OA
chondrocytes lose this ability, which leads to @a&sed incorporation in a high-glucose
environmen®. Once integrated in the cell, glucose is metabdlizia different pathways such
as the glycolysis and polyol pathways but alsoptwein kinase C and pentose/hexosamine
pathways, all known to result in ROS productiorother cell types and could explain why

high glucose concentration increases ROS formatichondrocytes**>

Insulin resistance may also be implicated. Insldivels are higher in overweight
patients with OA than without OA'. Chondrocytes and synoviocytes are insulin-sefesiti
cells because they express the insulin receptactemRly, synoviocytes in diabetic patients
were found to be insulin-resistait’. Furthermore, with high glucose concentrations,
chondrocytes lose their responsiveness to IGFdulim is an anabolic hormone inducing

matrix component synthesis, so insulin resistanag limit anabolic processes of cartilatfe
vi. Vascular involvement

Oxygenation and nutrients arrive at avascular legei from synovial fluid and
subchondral bone. Since OA is associated with hgpsion and atherosclerosis,
compromised vascularization of the subchondral baonay be responsible for OA
exacerbatiort’***° Two phenomena can induce impaired blood flowuced arterial inflow
(such as ischemia) and obstruction of venous omtflearly bone-marrow lesions observed

on MRI in OA could correspond to ischemic lesiond, io date, no histological proof is
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available. In a female rat model, inducing throm&asf subchondral bone in a temporo-
mandibular joint led to OA, which suggested thesrof vascularization in joint homeostasis
121 Furthermore, angiogenesis, to counteract ischeimianvolved in OA pathogenesis.
Indeed, abnormal vascular channels occur in cattiGartilage during OA, which enhances
the permeability to inflammatory mediatt?’s However, a specific relation with hypertension

or atherosclerosis needs further investigation.

a. Other paths?

i. Gut microbiota

Another systemic connection between MetS, obesity @A could be gut microbiota
123 The absorption of endotoxins across the intelstirmct seems highly implicated in
systemic low-grade inflammation related to obeaityl metabolic disordef$. Modification
of dietary intake, such as a high-fat diet, affegtd microbiota, thereby increasing the
inflammatory state, regardless of weight 1&Ss For example, the relation between a high-fat
diet and OA previously described suggests the effemicrobiota on OA; indeed, a high-fat
diet markedly affects gut microbiota by modifyirtietbacterial composition and functional
response™?®. Furthermore, bacterial lipopolysaccharide strgnigiduces pro-inflammatory
chondrocytesvia TLR-4, for a potential mechanism to explain howd@wxinaemia may
favor OA'?’. Data are limited in this field, and the role ofcrobiota in OA onset and

inflammation-related OA in the MetS-associated Owemotype need further investigation.
li. Genetics

Lifestyle and environment seem key factors in theeb and progression of metabolic
diseases, but obesity and type 2 diabetes aresalgect to genetic susceptibility, and risk of
OA onset in obese subjects could be affected bymmmgenetic factoté®*?° Since 2007,

the single nucleotide polymorphism in the fat masd obesity-associated (FTO) gene has
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been associated with risk of excess fat mass arebitgbin several populations, so
investigating this gene in OA could be of intet&stA genome-wide study demonstrated that
knee and hip OA were associated with the FTO pohpimiem, but this association was
mediated by BMI**'% |nterestingly, obesity, metabolic disorders andl &re associated
with IL-6 or leptin polymorphisms, which could bevolved in MetS-associated OA

pathogenestg®341%

Chronic low-grade inflammation: consequence or cause of pathological aging?

A common hypothesis is that metabolic disturbanmesxede and induce systemic
chronic inflammation, which causes joint deterimmat Another theory has raised the concept
of “inflammaging” (for inflammation and aging), Wit inflammation as the direct
consequence of aging. Aging is associated withuleellsenescence, immunosenescence,
debris accumulation and harmful products such a& R@d also microbiota change (i.e.,
endotoxin accumulation) leading to exacerbated sustained pro-inflammatory processes
136 All these factors are also involved in other agleted diseases (e.g., cancer,
atherosclerosis, Alzheimer disease). Thus, inflagintgacould be the common biological
background of all these age-related diseases. Hawd#ve phenomenon is probably more

complex because inflammation, whatever its cagsalso responsible for accelerated aging.
Theroleof inflammation in OA pain: isMedS OA the most painful phenotype?

Pain during OA is a complex phenomenon involvingcsondral bone, synovium and
articular capsule because cartilage is not innedvat Furthermore, pain in the setting of
MetS-associated OA is somewhat peculiar: BMI adl we MetS is associated with
increased OA pain intensity in all localisationsg€k, hip and hand$®**’ Moreover,
mechanical load and increased Igdevel as well as adipokine levels increase nerosvtin

factor released by chondrocytes, an important nedief pain related to OR® Because
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dietary intake could modify the inflammatory statemay be also implicated in OA-related
pain *°. However, depression, frequent in the obese ptpnlais also associated with
increased serum IL-6 and tumor necrosis faatéevels. These pro-inflammatory cytokines
may decrease serotonin levels via tryptophan depleind sustained hypothalamo-pituitary-
adrenocortical stimulation, which leads to cortisggistance in depression pathophysiology
140 Finally, a complex vicious circle results beauysin induces disability, which in turn

promotes obesityHigure 2). All these data are therefore to be considangtie development

of new therapeutic strategies of MetS-associated Table 1).
Conclusions

OA is now classified according to several phenatypased on risk factors. Here, we
describe the relevant mechanisms implicated in @nthese phenotypes, MetS-associated
OA, with chronic inflammation as the cornerstonérdugh multiple pathogenic pathways
(i.e., adipokines, AGEs, oxidative stress) relatedfat mass and metabolic disturbances,
systemic inflammation leads to joint degradatione Toncept allows for better understanding
how loss of weight or modification of dietary ineaknay be beneficial for the joint in addition
to decreasing mechanical load. Beyond modifyingekeess fat mass, better control of each
metabolic disturbance should slow the onset andgrpssion of OA and should be considered
in the therapeutic objectives of MetS-associated DAspite no strong conclusions about
statins because of contradictory results, piongesitudies for OA treatment have recently
been published*:**>!43 \We can consider new therapeutic strategies tedg® specific
mechanisms such as oxidative stress or AGE primii¢t Other OA phenotypes such as
post-traumatic and aging OA need investigation, laechuse OA seems to affect the onset of
other chronic diseases, the impact on metaboliardiances needs to be investigated The
description of this new MetS-associated OA phem®ipould lead to designing clinical trials

in this specific subset of OA patients.
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Research agenda

Link between hypertension and osteoarthritis
Effect of antidiabetic drugs in OA

Effect of antihypertensive drugs in OA
Investigation of anti-adipokines therapies in OA
Investigation of PPAR gamma agonists in OA

Is OA an independent risk factor for metabolic aaddio-

vascular diseases?

AGEs in type 2 diabetes-related OA pathophysiolagy “anti-
AGE” therapies in OA

Insulin resistance of joint cells in type 2 dialseddd obesity
Gut microbiota in OA and especially in obese pdtie

Pain mediators and OA in the metabolic OA phenotype




Figurelegends:

Figure 1: Major metabolic stressinducing inflammation in chondrocytes.

We hypothesize that, in the metabolic OA phenotype, several pathways and metabolic stress factors
areinvolved: i) obesity activates chondrocytes through mechanical signals but aso through adipokines
(i.e. leptin and visfatin) ii) insulin resistance limits pro-anabolic effects of insulin and enhances free
fatty acid (FFA) production which is also responsible for chondrocyte activation via TLR-4 iii) at end-
stage, diabetes mellitus induces reactive oxygen species (ROS) and cytokine production triggered by
hyperglycemia and advanced glycation end products (AGE). All these stresses induce ROS and pro-
inflammatory cytokines which both play a major role in joint inflammation, proteolytic enzymes

production and subsequent cartilage degradation.

AGE: advanced glycation end products; RAGE : receptor for AGE; GLUT: glucose

transporter; FFA: free fatty acid; Ob-R: receptor for leptin; TLR-4: toll-like receptor-4.

Figure 2: How chronic inflammation related to obesity and metabolic syndrome could

lead to osteoarthritis pain; the viciouscircle of pain.

Table 1. Research agenda
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