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Adipokines between obesity and osteoarthritis
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osteoarthritis.

Osteoarthritis (OA) is a multifactorial etiology
disease, characterized by the degeneration of the
joint hyaline cartilage, compression of the subchon-
dral bone and the formation of osteophyte.

The synovial inflammatory process accompanies
the above mentioned processes and contributes to
the symptomatology and the progression of the dis-
ease, but the inflammation has a lower intensity than
the one which is present in the chronic inflammatory
rheumatism.

The etiology of the OA is mostly unknown, in-
cluding genetic and non-genetic factors, the most
important risk factors being: age, obesity, sex, etc.

The joint cartilage is avascular, aneural, being
formed of an extracellular matrix and of chondro-
cytes, and it represents an active metabolism, con-
sisting of two processes: anabolic and catabolic, in-
side the cartilage homeostasis.

The coexistence of obesity and OA has increased
considerably nowadays, being recognized that obe-
sity contributes both at the initiation and at the de-
velopment of OA, because of the mechanic stress at
the joints level, under the action of the excess weight,
as it is the case of the OA in the knee.

But the fact that there is a positive association be-
tween obesity and OA at the level of the hand joint
implies the existence of some systemic factors,
which connect the two elements of this relation.
These factors are the adipokines (AK), that is some
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pro-inflammatory cytokines secreted by the adipo-
cytes in the white adipose tissue (WAT), especially
the one located on the abdomen, but also the infrapa-
tellar one IPFP (infrapatellar fat pads). Adipokines
may also be produced by the synovium, chondro-
cytes, osteoblasts and by the osteoclasts (1).

The AK have multiple roles, for example:

* they can serve as biomarkers for the early
diagnosis of OA;

* they allow the assessment and the severity of
OA and they monitor the progression of the
disease;

» several pharmacological interventions can be
tested.

Thus, obesity also represents a risk factor for
nonweight-bearing joints, such as those in the fin-
gers, hand and wrist, suggesting the fact that meta-
bolic factors contribute to a higher prevalence of OA
in the case of obese people (2).

Today, AK represent growth factors, being in-
volved both in the glucose and lipid metabolism, but
also in the immune and inflammatory response and
they can make the connection between obesity, in-
flammation and OA.

AK have several important roles in the physiopa-
thology of rheumatoid diseases and that is why an
attempt is being made to clarify the connection be-
tween WAT, inflammatory disorders and metabolic
diseases.
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In order to neutralize the unpleasant effects of the
pro-inflammatory status in obesity, there are the fol-
lowing preventive strategies: reducing fat in the diet
and increasing physical activity.

WAT releases cytokines such as: IL-6, IL-1 and
TNF-a, as well as AK, such as: leptin, adiponectin,
resistin, visfatin, but also other factors recently iden-
tified as: lipocalin, chemerin, or serum amiloyd 3
(SAA3) (4,5).

Many recent studies confirm the role of AK as a
non-mechanic connection between obesity and OA.

The pathogenesis of obesity associated with OA
is not currently completely understood, but recent
studies state that pro-inflammatory metabolic factors
contribute to a higher risk of OA.

In this context there are two questions which ap-
pear: does obesity cause local inflammation in the
case of the knee, for example, by changing the load
distribution and by growing the joint stress or is it
the lack of this load that increases metabolic inflam-
mation and joint susceptibility for cellular oxidative
stress and for extracellular matrix degradation?

TYPES OF ADIPOKINES
AND THEIR INVOLVEMENT IN
THE PATHOGENESIS OF OA

The main source of all the pro-inflammatory adi-
pokines is the dysfunction of the adipose tissue.

Leptin has been studied as a main mediator, be-
cause of the possibility to intervene in the metabolic
disorders. The cloning of leptin in 1994 has opened
new perspectives in the field of metabolism. It is a
polypeptide hormone 16-kDa, encoded by the obe-
sity gene, secreted mainly by adipocytes.

According to some studies, leptin increases the
expression of the anabolic growth factors, such as
IGF-1 (insulin like growth factor-1) and TGF-
(transforming growth factor-3) (6).

The cartilage is subjected to mechanical stress,
compression and hydrostatic pressure (7), all these
signals being felt by the chondrocytes, which main-
tain the tissue homeostasis by means of the balance
between the anabolic growth factors, the catabolic
cytokines and the mediators of the inflammation (8).

Leptin plays an important role in the physiopa-
thology of the OA, some studies suggesting the ana-
bolic role of this hormone on the cartilage. Thus, a
greater amount of leptin has been found in the osteo-
arthritic human cartilage than in normal cartilage.

Leptin concentration in the synovial fluid is 3-11

times bigger than the plasmatic one (9) and it has
been positively related to BMI (body mass index) in
the case of people with severe OA (6). Consequently,
it has been suggested that high circulating levels of
leptin in the case of obese individuals can protect the
cartilage from arthritic degeneration. However, these
results are not eloquent and studies on animals will
clarify in the future if leptin promotes or reduces ra-
diographic joint lesions in arthritis.

Serum leptin levels are correlated with the de-
crease of radiographic joint lesions in rheumatoid
arthritis (RA), thus making this AK become a possi-
ble therapeutic target in autoimmune diseases, ac-
cording to Matarese et el.

It has been suggested that leptin might have a role
in SLE (systemic lupus erythematosus), especially
in the case of patients suffering from SLE, who have
a high cardio-vascular risk.

The production of leptin in the subchondral bone
osteoblasts in the case of osteoarthritis is higher than
in normal cells and it may lead to the increased pro-
duction of alkaline phosphatase (ALP), TGF-B
(transforming growth factor ), osteocalcin (OC)
and type I collagen (10).

All the adipokines have greater levels in the hip
joint synovial fluid than in that of the knee, besides
leptin, which is found in greater quantities in the
knee joint (11), being mainly produced by the in-
frapatellar fat pad (IPFP) (9). (Table 1)

Resistin is a pro-inflammatory mediator also
known as RELM (resistin-like molecules), secreted
by the adipose tissue, but also by the macrophages
and the neutrophils (12).

Serum levels of resistin are not different in pa-
tients who suffer from OA compared to the control
group and these are higher for patients suffering
from RA than for patients suffering from OA.

The role of resistin has been studied in patients
suffering from joint injury and it has been observed
that resistin levels increase at the systemic and local
level immediately after a joint injury (13), and they
decrease after a certain period of time (14), this fact
showing that resistin has a direct effect on the carti-
lage matrix and the production of cytokines. (Table 2)

Adiponectin is a 244-residue protein, it repre-
sents 0.01% of the total plasma protein (1), being
found in great quantities in the circulating blood
stream, under different molecular forms (15), being
produced especially by WAT, having both pro-in-
flammatory and anti-inflammatory properties.
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TABLE 1

Adipokine Methods Results

Leptin Injecting leptin to rats. Leptin was strongly expressed in the bone
(according to a study by Terlain et al) and the osteoarthritis cartilage.

Leptin Isolated chondrocytes from patients with | At 20 ng/ml leptin was unable to modulate

(according to a study by Pallu et al)

osteoarthritis, having different BMI, were
treated with 20,100 or 500 ng/ml leptin.

the genetic expression in the chondrocytes,
with the exception of MMP-13 in the case of
obese patients with osteoarthritis.

Leptin
(according to a study by Stannus et al)

The thickness of the knee cartilage was stu-
died in the case of 163 patients.

Serum leptin levels were negatively associ-
ated either with the thickness of the knee
cartilage or with BMI.

Leptin
(according to a study by Massengale
et al)

A group of 1056 people was evaluated con-
cerning the connection between hand oste-
oarthritis and the serum leptin levels.

No association was observed between se-
rum leptin and hand osteoarthritis.

Leptin
(according to a study by Lubbeke et al)

Leptin concentration and pain were evalu-
ated for a total number of 219 hip arthritis
and knee arthritis which suffered surgical
treatment.

Leptin levels in the synovial fluid were signi-
ficantly associated with the increase of the
pain level, especially in the case of obese
women.

TABLE 2
Adipokine Methods Results
Resistin The study concerned the synovial fluid of [ Important resistin levels were correlated

(according to a study by Koskinen et al)

88 patients with knee arthritis which was

with metalloproteinases, but not with BMI.

treated by means of surgery.

Plasma levels of adiponectin are significantly
higher in the case of women than in the case of men
(16), being negatively related with BMI (body mass
index), lower in obese people and higher once weight
is lost (17).

Adiponectin intensifies fatty acids oxidation and
it diminishes the synthesis of glucose in the liver.

Compared to other adipokines, plasma levels of
adiponectin were lower in the case of patients suffer-
ing from osteoarthritis than in the case of healthy
individuals and the adiponectin levels found were
100 times higher in the case of those suffering from
OA than in their synovial fluid (18).

In the case of patients suffering from severe knee
arthritis, compared to the control group, levels of
plasma adiponectin were significantly higher, what-
ever the age, sex, or BMI (body mass index) (19).
Frommer et al have recently proved the pro-inflam-
matory role of adiponectin in RA. After investigat-
ing the role of adiponectin in RA, a conclusion has
been drawn that the levels of this hormone are cor-
related with the severity of the disease. Patients with
RA and low levels of visceral fat are the ones who
have the highest levels of adiponectin and radio-
graphic joint lesions, according to Giles et al.

Adiponectin acts by means of two receptors, one
of them being known as AdipoR 1, which is found in
the striated muscle, and the other, AdipoR2, found in
the liver.

Both adiponectin and its receptors have been
identified in human chondrocytes (9).

There is evidence according to which adiponectin
has various effects on certain diseases with inflam-
matory components, such as: metabolic syndrome,
cardiovascular disease, type 2 diabetes and osteoar-
thritis (20).

It is known that adiponectin has a protective role
in cardiovascular diseases, but it may also act as a
pro-inflammatory factor at the joint level, taking part
in the matrix degradation.

Adiponectin has a pro-inflammatory role through
the activation of NO (nitric oxide), PGE2 (prosta-
glandin E2), VEGF (vascular endothelial growth
factor), MCP-1 (monocyte chemotactic protein I),
MMP-1, MMP-3, MMP-9, MMP-13 (matrix metal-
loproteinase), IL-6, IL-8 (21, 22), and it may pro-
duce the stimulation of VCAM-1 (vascular cell ad-
hesion molecule 1), this fact pointing the role that it
has in the cartilage impairment by means of joint
inflammation and leukocyte infiltration.

The role of adiponectin in OA is a controversial
one. Some clinical information state the fact that
adiponectin can protect against cartilage impairment
and against the onset of OA.

Some researchers, in a recent study, indicate an
inverse correlation between plasma adiponectin and
the radiological severity of knee osteoarthritis (23).
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At the cartilage level, adiponectin intensifies
chondrocyte proliferation, it stimulates the synthesis
of type Il and type X collagen, of proteoglycans and
it increases the matrix mineralization (24).

Also, adiponectin stimulates the proliferation of os-
teoblasts (25), it increases the RANKL (receptor acti-
vator of nuclear factor kappa-B ligand) and it inhibits
the production of OPG (osteoprotegerin) in the osteo-
blasts, which will further activate osteoclasts (26).

The protective role against cartilage deterioration
is suggested by the fact that adiponectin may inten-
sify the release of anti-inflammatory molecules, such
as: IL-10 (interleukin-10) and IL-1 (27,28).

Certain studies state that patients who had high
levels of adiponectin also registered a decrease in the
risk of the progression of hand OA, which led to the
suggestion that adiponectin might be a hormone
with a protective function against cartilage impair-
ment (29).

The levels of adiponectin in the IPFPs in the case
of knee osteoarthritis are high, according to a study
(30), and there is also an increase of IL-6 (interleu-
kin-6).

In the case of patients who suffer from severe ra-
diological OA, 4-5 according to the Ahlback score,
other researchers (31) found high plasma levels, com-
pared to patients who suffer from a less severe OA.

In some studies there has also been discovered a
connection between the Lequesne index and the
plasma levels of adiponectin.

Filkova et al found in the erosive OA, compared
to the nonerosive one, greater serum levels of adipo-
nectin.

In the case of patients with OA , the levels of adi-
ponectin in the synovial fluid were related to the im-
pairment of the aggrecans.

In other studies it has been suggested that adipo-
nectin was involved in the early formation of osteo-
phyte (32).

TABLE 3

For patients who suffer from knee osteoarthritis,
the L/A (leptin/adiponectin) ratio in the synovial
fluid was suggested to indicate pain — in the case of
these patients.

A low L/A ratio was connected to a diminished
pain in the case of knee osteoarthritis, was the mea-
surement was done using the MPQ-SF (McGill Pain
Questionnaire-Short Form) pain scale (33).

Other authors (34) have shown that adiponectin
may contribute to metabolic changes in OA.

Some studies (29) suggest the fact that adiponec-
tin may be involved in the physiopathology of hand
osteoarthritis.

In conclusion, adiponectin seems to have both
catabolic and anabolic effects in the onset and the
progression of osteoarthritis. (Table 3)

Visfatin, also known as PBEF (pre-B-cell colo-
ny-enhancing factor) and as Nampt (nicotinamide
phosphoribosyltransferase), is a protein of 52kDa
and approximately 471 amino acids (35).

The visfatin hormone was initially discovered in
the liver, muscles and bone marrow, but it has been
proved to be secreted by the visceral fat, too (36).
The levels in the plasma and in the synovial fluid are
associated both with inflammation and with lipid
metabolism (37,38). Also, the visfatin levels in the
synovial fluid were increased in the case of patients
who had radiographic proofs of OA through various
damages, compared to patients who had less severe
signs of OA.

Thus, visfatin levels in the synovial fluid in grade
4 KL-scores (Kellgren-Lawrence) were much higher
than those of grade 3 KL-scores (39) and these are
high in RA, too.

Visfatin increases in obesity, and the leukocytes
of obese patients, especially granulocytes and mono-
cytes, produce high quantities of visfatin, compared
to lean subjects (40). Macrophages may also secrete
visfatin (41).

Adipokine Methods

Results

Adiponectin (according to a
study by Francin et al)

The evaluation concerned adiponectin in the car-
tilage of healthy people and of people suffering
from osteoarthritis.

Adiponectin was not obvious in the healthy car-
tilage, but it increased in the cartilage of people
with osteoarthritis.

Adiponectin (according to a
study by Honsawek et al)

76 osteoarthritis cases and 24 cases of group con-
trol were investigated.

Adiponectin plasma and synovial fluid concen-
tration significantly decreased with the severity
of the disease, leading to the conclusion that this
hormone might have a protective role in oste-
oarthritis.

Adiponectin, leptin, resistin
(according to a study by Gross
etal)

The synovial fluid of 35 patients was examined.

Adiponectin can contribute to the metabolic
changes in osteoarthritis (IL-6; TGF-B).
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Visfatin determines the growth of MMP-3,
MMP-13 (metalloproteinases), ADAMTS-4 (aggre-
canase 1), ADAMTS-5 (aggrecanase 2), while the
production of aggrecans decreases (42), for exam-
ple: high-molecular-weight proteoglycan in the os-
teoarthritis chondrocytes.

It can also determine the growth of cytokines
IL-1p (interleukin-1p), IL-6, TNF-a (tumor necrosis
factor-a)) (43), as well as growth of NO (nitric oxide)
and of PGE2 (prostaglandin E2). The decrease in the
synthesis of proteoglycans by visfatin indicates its
prodegradative role on the joint cartilage.

Visfatin also produces the inhibition of the colla-
gen type II synthesis and helps the development of
osteoblasts.

Some authors (42) have shown that visfatin has a
catabolic role on the cartilage and it may have and
important function in the OA physiopathology.

Other researchers (39) have discovered that vis-
fatin in the synovial fluid of patients suffering from
OA may be involved in the degradation process of
the matrix (39), as visfatin is positively related to the
degradation biomarkers of collagen type Il and ag-
grecan.

The role of visfatin in glucose metabolism is still
unclear, but it is supposed that it might have insulin
mimetic properties (36, 44).

Regulation of the visfatin synthesis is done by the
following factors: glucocorticoids, TNF-a (tumor
necrosis factor-a), IL-6 (interleukin-6), and growth
hormone (43).

IPFP (infrapatellar fat) of patients suffering from
OA secretes high quantities of visfatin, according to
some studies (45), and that is why this biomarker
may contribute to pathophysiological changes which
appear in OA. (Table 4)

OTHER ADIPOKINES: CHEMERIN,
LIPOCALIN 2, SAA3, VASPIN, OMENTIN AND
NESFATIN

Chemerin, also known as tazarotene-induced
gene (TIG2) or as retinoic acid receptor responder 2

(RARRES2), is a recently discovered adipokine
(46). It is secreted as an 18kDa inactive precursor
and it is activated as posttranslational C-terminal
cleavage (47).

Chemerin is mainly secreted by the adipose tis-
sue (48), but also by the immune-competent cells
(49).This hormone acts by means of a receptor
(CMKLRU1) (46) and it is an adipokine involved in
the metabolic and immune homeostasis (46,48,49).

Dexamethasone induces chemerin secretion, re-
lating it to BMI (body mass index).

Chemerin may be invoved both in the develop-
ment and in the progression of OA, a fact that was
suggested by some researchers (50), who studied the
relation between chemerin serum levels and its lev-
els in the synovial fluid in the case of patients suffer-
ing from knee osteoarthritis.

Lipocalin 2 (LCN2), also known as siderocalin,
24p3, uterocalin, or neutrophil gelatinase-associated
lipocalin (NGAL), is a 25 kDa glycoprotein sepa-
rated from neutrophil granules, though the adipose
tissue is the main source of LCN2 (51). Lipocalin 2
is involved in: apoptosis in hematopoietic cells (52);
transport of fatty acids and iron (53); metabolic ho-
meostasis (54); modulation of inflammation (55);
suppression of bacterial growth (56); regulation of
iron metabolism (57).

Expression of LCN2 is altered in certain patho-
logical conditions, as for example: obesity, adipose
tissue hypoxia and anemia (57).LCN2 has recently
been identified in chondrocytes, its main regulators
being TNF and dexamethasone (58).This hormone
might be part of the matrix degradation, as it creates
molecular complexes with MMP-9 (which it pro-
tects) (59, 60).

The ease of LCN2 to protect MMP-9 (metallo-
proteinase-9) may illustrate an important mechanism
by means of which LCN2 contributes to cartilage
impairment in the case of OA.

Further studies will reveal the therapeutic poten-
tial of these adipokines.

LCN2 has recently been proposed as a biomarker of
cartilage impairment in the case of rheumatoid arthritis.

TABLE 4
Adipokine Methods Results
Visfatin The production of visfatin in human | Visfatin has a catabolic role in the cartilage and

(according to a study by Gosset et al)

chondrocytes was analysed.

can have a role in the pathology of osteoarthri-
tis.

Visfatin
(according to a study by Chen et al)

It examined visfatin distribution both in | Visfatin serum levels were higher in patients
the synovial fluid and in the serum, for a | with osteoarthritis compared to the control
group of patients with osteoarthritis and | group, and the visfatin concentrations in the
in the serum of a control group.

synovial fluid surpassed the serum ones.
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SAA3 (SERUM AMYLOID A3)

It is an adipokine which is part of the acute-phase
proteins in the amyloid A serum (A-SAA). Factors
like: IL-1B, TNF, dexamethasone, IL-6, as well as
certain circumstances like obesity determine the ex-
pression of SAA3 (61).The expression SAA3 has
recently been described in chondrocytes, where
SAA3 stayed regulated by cytokines such as: IL-f3,
leptin or adiponectin (62).

Vaspin (visceral adipose tissue-derived serine
protease inhibitor) — is a visceral adipose tissue de-
rived from serpin, having potential antiprotease
properties (63).

Levels of vaspin in the synovial fluid were higher
in the case of patients suffering from rheumatoid ar-
thritis, compared to patients suffering from OA.

Omentin is a 40 kDa protein, a new adipokine,
secreted by the omental adipose tissue, which is
found in high quantities in human plasma. This hor-
mone can regulate insulin action (64). Plasma omen-
tin levels decrease with obesity and they might posi-
tively be associated with plasma adiponectin and
negatively associated with BMI (body mass index),
waist circumference and insulin level, these being
markers of the metabolic syndrome.

Recent studies state that omentin alternates be-
tween inflammation and obesity, being recently
identified as intelectin, a new type of calcium-depen-
dent lectin.

Some authors have recently discovered the de-
crease of omentin levels in patients with rheumatoid
arthritis compared to patients with OA (65).
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