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Osteoarthritis (OA) is a complex joint disorderwith a number of underlying physical, biochemical, biomechanical
and genetic causes. Obesity is considered to be one of themajor risk factors for the development and progression
of OA. It actively contributes to the inflammatory status and to cartilage degradation in the OA joints. Recent data
suggests that metabolic factors produced by white adipose tissue, such as leptin, may provide a mechanistic link
between obesity and OA, providing an explanation for the high prevalence of OA among obese and over-weight
individuals. The unbalanced production of catabolic and anabolic mediators by chondrocytes, the only cell type
present in cartilage, determines cartilage degradation, which is the central pathological feature of OA. Evidence
is accumulating to support a key role for leptin in the pathogenesis and/or progression of OA. The goal of this fo-
cused review is to summarize the current knowledge on the role of leptin in OAwith particular emphasis on the
effects of this adipokine in cartilage and chondrocyte pathophysiology.

© 2015 Elsevier Inc. All rights reserved.
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1. Introduction

Osteoarthritis (OA) is one of the most common disorders of load-
bearing synovial joints. Its incidence is steadily increasing worldwide
and it is associatedwith a significant economic burden in the developed
and developing countries. A study published in 2006, reported that OA
ce), anerom84@hotmail.it
affects more than 37% of US citizens whose age were over 60 years [1].
The destruction and loss of articular cartilage have long been considered
to be the central pathological feature of OA. However, this concept has
been challenged in recent years and OA is now considered as a global
joint disorder that may affect the whole joint (including subchondral
bone, muscle, peri-articular ligament and synovium). Advancing age is
another strong risk factor for OA development. The age-dependent de-
terioration of chondrocytes, termed “chondrosenescence”, is a conse-
quence of replicative and stress-induced factors, resulting in the
development of a “senescent secretory phenotype” [2]. Physicochemical
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and biomechanical stimuli also are reported to reduce extracellular os-
molarity, resulting in reduced viscoelastic tissue properties contributing
to cartilage deformation [3–5]. However, other factors, such as obesity,
trauma and physically demanding occupations also increase the risk of
OA [6,7].

It has long been recognized that excess bodyweightmay lead to car-
tilage degeneration by increasing the mechanical forces across weight-
bearing joints. Nevertheless, several studies have reported the associa-
tion between obesity and OA also in non-weight-bearing joints (fingers
and wrists) [8]. Moreover, recent results suggest that additional meta-
bolic factors, produced by white adipose tissue (WAT), may also be re-
sponsible for the high prevalence of OA among overweight people [9].
Adipocyte-derivedmolecules, better known as “adipokines”, are closely
associatedwith obesity and play an important role in cartilage and bone
homeostasis. Thus, adipokines are likely to be important mediators
linking obesity and adiposity with inflammation and OA (Fig. 1).

In the present review, we summarize the current knowledge on the
first identified adipokine, leptin, focusing our attention on its effects on
articular cartilage and chondrocyte function.
1.1. Leptin and leptin receptors

Leptin was the first adipocyte-derived hormone to be described in
1994 by Zhang et al. [10]. Human leptin is a 16-kDa protein encoded
by the gene located on chromosome 7q31.3 [11]. Other tissues, such
as intestine, placenta, mammary glands, gastric epithelium, skeletal
muscle, brain [12], joint tissues and bone [13–18] also produce various
quantities of leptin. This hormone acts in the brain as an appetite-
regulating factor that induces a decrease in food intake and an increase
in energy consumption by inducing anorexigenic factors and suppress-
ing orexigenic neuropeptides [19]. Leptin signals through specific bind-
ing to the leptin receptors (OBR). OBRs are encoded by the diabetes (db)
gene and belong to the class I cytokine receptor superfamily, which also
includes receptors for IL-6, LIF, CNTF, OSM, G-CSF and gp130. Six alter-
natively spliced isoforms of OB-R have been identified. These isoforms
contain identical extracellular binding domains but differ by the length
of their cytoplasmic domains: a long isoform (OB-Rb), 4 short isoforms
(OB-Ra, OB-Rc, OB-Rd and OB-Rf), and soluble isoform (OB-Re). How-
ever, only the long form (OB-Rb), which has the full intracellular do-
main, with the typical signaling elements of cytokine receptors, is able
to transduce the leptin-binding signal to the nucleus. Leptin circulates
both as a biologically active free form and a presumably inactive
Fig. 1. Schematic representation of the effects of le
bound form associated with plasma proteins and the soluble leptin re-
ceptor isoform OB-Re [20].

The leptin receptor (Ob-Rb) does not have intrinsic tyrosine kinase
activity but upon leptin binding, it recruits cytoplasmic kinases like
JAK2 to start leptin signaling [21,22]. The ability of leptin receptor to
form homodimers facilitates the autophosphorylation of JAK2 [23,24].
Once JAK2 is activated, it is phosphorylated in three tyrosine residues
(Tyr985, Tyr1077, Tyr1138) and each tyrosine phosphorylation site is
involved with the recruitment of other different signaling proteins
[25]. Among these proteins there are STAT members such as STAT3. In
addition to the canonical JAK/STAT pathway, leptin receptor signals
through other alternative pathways including the ERK1/2, p38, JNK,
PKC, SHP2/GRB2 and PI3K/AKT pathways [25–33].
1.2. Leptin and OA

Plasma leptin levels in OA patients correlate positively with BMI.
Plasma leptin concentrations are 3 times higher in premenopausal
women than men [13,34,35]. The group of Karvonen-Gutierrez showed
a positive association between plasma leptin levels and knee OA in
middle-aged women [36].

Leptin has been detected also in the synovial fluid (SF) obtained
from OA patients and interestingly, leptin levels measured in the joint
fluid exceed those found in serum [15]. In addition, Ku et al. reported
that SF leptin levels correlate positively with the radiographic severity
of OA [37] and also with MMP-1 and MMP-3 levels in OA patients
[33], suggesting the possible use of leptin as a potential biomarker for
quantitative detection of OA [37]. In a recent study, SF leptin concentra-
tions are associated also with knee and hip pain in OA patients [38].

Griffin and co-workers further investigated the relationships be-
tween leptin, obesity and OA in mice. They demonstrated that obesity
per se is not a sufficient condition for the development of obesity-
associated OA [39]. Actually, adiposity in the absence of leptin signaling
is insufficient to induce systemic inflammation and knee OA. This is an
important point that is often neglected when this issue is discussed in
the literature.

In spite of the results obtained in rodent models, correlations that
have been observed were between radiographic OA and leptin in pa-
tients with hand OA [8,40]. On the contrary, in another study involving
170 patients with knee and hand OA, baseline leptin was associated
with increased levels of bone formation biomarkers (osteocalcin and
PINP) over 2 years of followup, while OB-Re was associated with
ptin on articular cartilage and chondrocytes.



O
W
SF
M
N
FG
iN
IF
P

77M. Scotece, A. Mobasheri / Life Sciences 140 (2015) 75–78
reduced levels of osteocalcin. In addition, baselineOB-Rewas associated
with reduced levels of the cartilage formation biomarker PIIANP, an in-
creased cartilage defect score, and increased cartilage volume loss over
the same period of time. All results were independent of age, sex, and
body mass index. These findings support the concept that serum leptin
may provide a non-mechanical link between obesity and joint integrity
(which may be mediated by bone and cartilage turnover) that subse-
quently results in changes to the cartilage defect score and cartilage vol-
ume loss [41].

At present, there is no clear consensus regarding the role of leptin in
OA. Therefore, further mechanistic studies in larger cohorts of well
phenotyped patients are needed to clarify and provide new information
about the association between leptin and the development and progres-
sion of OA.

1.3. Leptin: influence on cartilage and chondrocyte functions

Several studies have provided clear evidence for a key role of lep-
tin in cartilage homoeostasis. It is known that in vivo injection of lep-
tin into the rat knee joint drives catabolic effects in OA cartilage by
increasing the production of matrix metalloproteinases (MMPs)
such as MMP-1, MMP-3, MMP-9 and MMP-13 [42]. Furthermore,
the study of Iliopoulos reported that the treatment of cartilage
from OA patients with siRNA targeted for leptin showed decreased
MMP-13 expression [17]. Leptin treatment also increased the tran-
scriptional expression of two important aggrecanases, a disintegrin
and metalloproteinase with thrombospondin motifs (ADAMTS)-4
and -5 in rat articular cartilage. In addition, in the same study a de-
crease of anabolic factors such as basic fibroblast growth factors
(FGF) after leptin treatment was reported [42] (Fig. 1). These results
confirmed a catabolic role for leptin in cartilage homeostasis in OA
joints.

Leptin and its functional receptor have been identified in the
chondrocyte, the only cell type present in the cartilage [43]. OA
chondrocytes produce higher leptin concentrations than normal
(healthy) chondrocytes. One of the pro-inflammatory mediators
that promotes apoptosis, chondrocyte phenotype loss, and MMP ac-
tivation is nitric oxide (NO). The NEIRID group demonstrated that
leptin can directly participate in the damage that occurs in joints
by triggering inducible nitric oxide synthase (iNOS) in synergy
with interferon γ (IFNγ), via a molecular mechanism that involves
JAK2 [44]. Our group has also demonstrated that leptin also synergizes
with IL-1β, a classic pro-inflammatory cytokine involved in cartilage
damage [45] enhancing the production of iNOS, prostaglandin E2
(PGE2) and cyclooxygenase-2 (COX-2) in human chondrocytes [29,
45]. Very recently, the group of Yaykasli demonstrated that leptin treat-
ment in human chondrocytes increases ADAMTS−4, ADAMTS−5, and
ADAMTS−9 gene expression by mitogen-activated protein kinases and
NF-κB signaling pathways [46].

Several studies reported the ability of leptin to secrete higher levels of
pro-inflammatory cytokines implicated in cartilage degradation such as
Interleukin-1 β (IL-1β), IL-6 and IL-8 [29,47] by articular chondrocytes.
Very recently, Conde et al. showed increased expression of vascular cell
adhesion molecule (VCAM-1) after leptin treatment in human and mu-
rine chondrocytes [48] (Fig. 1).

In contrast, studies have also reported anabolic activities of leptin in
cartilage metabolism. The group of Figenschau demonstrated increased
proliferation of chondrocytes and enhanced synthesis of proteoglycans
and collagen after leptin incubation. Recent studies have provided
evidence that treatment of chondrocytes with leptin can promote pro-
liferation, differentiation, type X collagen production and cytoskeletal
remodeling via a RhoA/RhoA kinase (ROCK) pathway [49–51]. In addi-
tion, Kishida et al. showed a reduction of type X collagen in growth
plates from ob/ob mice [52]. These results showing anabolic activities
of leptin in cartilage metabolism suggesting that the catabolic effects
of leptinmay trigger compensatory anabolic responses, which is typical
of the early OA process [43]. Therefore, it is clear that leptin is capable of
exerting both pro-inflammatory and anabolic effects.

2. Conclusions

Although it is evident that biomechanical forces contribute to
joint destruction in obese patients, circulating factors, such as leptin,
may also contribute to the pathogenesis and/or progression of OA.
The evidence summarized in this concise review suggests that leptin
is involved in the pathophysiology of OA at local and systemic levels.
As reported above, leptin increases catabolic factors in cartilage and
chondrocytes, suggesting a possible role as a future drug target for
therapy in bone and joint diseases. The use of specific molecules
with a high affinity for binding circulating leptin, might be a poten-
tial approach. In addition, another way to control leptin activity,
might involve blocking the leptin receptor with monoclonal human-
ized antibodies or mutant leptin analogs that are able to bind the re-
ceptor without activating it. Obviously, the receptors that mediate
the central effect of leptin on food intake, should not be blocked,
since the consequences would be hyperphagia and obesity and this
approach could potentially have many other systemic effects. More-
over, leptin levels are associated with OA progression, suggesting a
possible role of this adipokine as a good biomarker for monitoring
disease progression. Further molecular, preclinical and clinical stud-
ies are needed to understand the role of leptin in bone and cartilage
diseases and clarify the potential role of this adipokine as a bio-
marker and one of the mechanistic links between diet, obesity, adi-
posity and OA.
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