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Summary

Numerous studies have suggested the importance of leptin against autoim-
mune diseases such as systemic lupus erythematosus (SLE), multiple sclero-
sis (MS) and psoriasis. To summarize our current understanding of the role
of leptin in inflammatory responses and rheumatoid arthritis (RA), a sys-
tematic review was conducted to assess the discrepancy of leptin in RA and
its effect on immunity according to different studies. Recently, emerging data
have indicated that leptin is involved in the pathological function of RA,
which is common in autoimmune disorders. This review discusses the possi-
ble consequences of leptin levels in RA. Blocking the key signal pathways of
leptin and inhibiting the leptin activity-like leptin antagonist may be a prom-
ising way for potential therapeutic treatment of RA at risk of detrimental
effects. However, leptin was increased in patients with RA and may also regu-
late joint damage. Thus, more understanding of the mechanism of leptin in
RA would be advantageous in the future.
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Introduction

Leptin, the ob gene product, is a 16-kDa non-glycosylated
peptide hormone secreted by adipocytes, and has drawn
much attention since its identification in 1995 [1]. Leptin
belongs to one of the type I cytokine superfamily members,
and has a long-helix structure similar to interleukin (IL)-2,
IL-6 and granulocyte colony-stimulating factor (G-CSF)
[2]. Rheumatoid arthritis (RA) is a systemic and chronic
inflammatory autoimmune disease with unknown aetiol-
ogy. Synovial inflammation and proliferation can contrib-
ute to cartilage and bone tissue invasion, ending with joint
destruction and bone malformation. This disorder is
usually considered to result from infection by some patho-
gens or carrying of the susceptibility genes, which cause
dysfunction of the immune system. It is may also be associ-
ated with T cell immune responses and B cell-induced anti-
bodies. In addition, cytokines from various immune cells
play important roles in the pathogenesis of RA. In recent
years, a variety of studies have been carried out to suggest
that leptin has a critical role not only in the regulation of
metabolic processes, but also in control of immune homeo-
stasis, which shows diverse effects on the innate immune
system. Normal leptin levels crucially maintain and regulate
the body’s immune function. Emerging evidence indicates

that leptin acts as a proinflammatory cytokine in immune
responses such as systemic lupus erythematosus (SLE)
[3–6], RA [7–10], multiple sclerosis (MS) [11–13] and pso-
riasis [14–16]. Leptin could be a member of the cytokine
network managing the inflammatory immune response and
host defence mechanisms. Therefore, in this review, we
review the biological characteristics, pathogenesis and
therapeutic potential of leptin in RA.

Search strategy

The inclusion criteria for the studies in the present review
comprised observational studies (prospective or retrospec-
tive), clinical trials or clinical trial long-term extensions
which focused on the association between leptin and RA.
These papers were published in the English language and
used quantitative study designs for evaluation. The study
characteristics of the main original papers in the final inclu-
sion are shown in Table 1.

Relevant publications were accessed by two investigators
(Guo Tian and Jia-Ning Liang) through a systematic litera-
ture search using the keywords ‘RA’, ‘Rheumatoid Arthritis’
and ‘leptin’ in PubMed, Embase and the Cochrane Library.
Other literature was retrieved from cross-references in both
original and review papers. If discordance appeared, it was

bs_bs_banner

Clinical and Experimental Immunology REVIEW ARTICLE doi:10.1111/cei.12372

557© 2014 British Society for Immunology, Clinical and Experimental Immunology, 177: 557–570

mailto:dianzhou8@163.com


Ta
bl

e
1.

Le
pt

in
ex

pr
es

si
on

le
ve

ls
in

R
A

.

A
u

th
or

St
u

dy
ye

ar
P

ro
-d

es
tr

u
ct

iv
e

an
d

an
ti

-d
es

tr
u

ct
iv

e
D

is
ea

se
Pa

ra
m

et
er

In
cr

ea
se

/d
ec

re
as

e
co

m
pa

re
d

w
it

h
co

n
tr

ol
s

C
or

re
la

ti
on

w
it

h
di

se
as

e
ac

ti
vi

ty
C

om
m

en
t

M
an

av
at

h
on

gc
h

ai
et

al
.[

9]
20

13
n

.a
.

H
u

m
an

R
A

Se
ru

m
le

pt
in

le
ve

ls
In

cr
ea

se
N

o
H

yp
er

te
n

si
on

in
R

A
pa

ti
en

ts
is

as
so

ci
at

ed
w

it
h

in
cr

ea
si

n
g

le
pt

in
le

ve
ls

ra
th

er
th

an
sy

st
em

ic
in

fl
am

m
at

io
n

Pa
rk

et
al

.[
17

]
20

13
n

.a
.

H
u

m
an

R
A

Se
ru

m
le

pt
in

le
ve

ls
n

.a
.

Po
si

ti
ve

co
rr

el
at

io
n

Se
ru

m
le

pt
in

h
as

a
si

gn
ifi

ca
n

t
as

so
ci

at
io

n
w

it
h

LD
L

ch
ol

es
te

ro
ll

ev
el

s,
w

h
ic

h
ca

n
pr

ed
ic

t
ra

di
og

ra
ph

ic
pr

og
re

ss
io

n
of

R
A

M
u

ra
ok

a
et

al
.[

18
]

20
13

P
ro

in
fl

am
m

at
or

y
H

u
m

an
R

A
Le

pt
in

re
ce

pt
or

m
R

N
A

s
In

cr
ea

se
n

.a
.

Le
pt

in
m

ay
u

p-
re

gu
la

te
IL

-6
pr

od
u

ct
io

n
in

rh
eu

m
at

oi
d

sy
n

ov
ia

l
fi

br
ob

la
st

s
by

ac
ti

va
ti

n
g

JA
K

2/
ST

A
T

-3
C

he
n

et
al

.[
10

]
20

13
A

n
ti

-i
n

fl
am

m
at

or
y

H
u

m
an

R
A

P
la

sm
a

le
pt

in
le

ve
ls

N
o

si
gn

ifi
ca

n
t

di
ff

er
en

ce
n

.a
.

Le
pt

in
m

ay
be

in
vo

lv
ed

in
ke

ep
in

g
en

er
gy

h
om

eo
st

as
is

in
th

e
an

ti
-i

n
fl

am
m

at
or

y
re

sp
on

se
s

du
ri

n
g

R
A

re
m

is
si

on
H

ay
as

h
ie

t
al

.[
19

]
20

12
n

.a
.

H
u

m
an

R
A

Se
ru

m
le

pt
in

le
ve

ls
n

.a
.

N
o

Se
ru

m
le

pt
in

le
ve

ls
in

th
e

h
ig

h
di

se
as

e
ac

ti
vi

ty
gr

ou
p

w
er

e
si

gn
ifi

ca
n

tl
y

lo
w

er
th

an
in

th
e

lo
w

di
se

as
e

ac
ti

vi
ty

gr
ou

p.
T

h
ey

w
er

e
po

si
ti

ve
ly

co
rr

el
at

ed
w

it
h

th
e

B
M

I
an

d
w

ai
st

ci
rc

u
m

fe
re

n
ce

K
op

ec
-M

ed
re

k
et

al
.[

20
]

20
12

n
.a

.
H

u
m

an
R

A
P

la
sm

a
le

pt
in

le
ve

ls
N

o
si

gn
ifi

ca
n

t
di

ff
er

en
ce

N
o

P
hy

si
ol

og
ic

al
re

la
ti

on
sh

ip
be

tw
ee

n
le

pt
in

an
d

bo
dy

m
as

s
w

as
n

ot
ch

an
ge

d
du

ri
n

g
th

e
tr

ea
tm

en
t

w
it

h
in

fl
ix

im
ab

H
am

ag
u

ch
ie

t
al

.[
21

]
20

12
n

.a
.

M
u

ri
n

e
ty

pe
II

co
lla

ge
n

-i
n

du
ce

d
ar

th
ri

ti
s

(C
IA

)

Se
ru

m
le

pt
in

le
ve

ls
N

o
si

gn
ifi

ca
n

t
di

ff
er

en
ce

n
.a

.
H

ig
h

-f
at

di
et

m
ay

le
ad

to
fu

n
ct

io
n

al
al

te
ra

ti
on

s
of

ad
ip

os
e

ti
ss

u
es

du
ri

n
g

de
ve

lo
pi

n
g

ar
th

ri
ti

s

Su
gi

ok
a

et
al

.[
22

]
20

12
n

.a
.

M
ic

e
co

lla
ge

n
an

ti
bo

dy
-

in
du

ce
d

ar
th

ri
ti

s
(C

A
IA

)
Se

ru
m

le
pt

in
le

ve
ls

In
cr

ea
se

n
.a

.
R

A
pa

ti
en

ts
w

it
h

h
ig

h
B

M
I

w
h

o
h

av
e

le
pt

in
re

si
st

an
ce

m
ay

in
di

ca
te

re
du

ce
d

in
fl

am
m

at
io

n
O

la
m

a
et

al
.[

23
]

20
12

A
n

ti
-d

es
tr

u
ct

iv
e

H
u

m
an

R
A

Se
ru

m
an

d
sy

n
ov

ia
ll

ep
ti

n
le

ve
ls

In
cr

ea
se

Po
si

ti
ve

co
rr

el
at

io
n

T
h

e
sy

n
ov

ia
l/

se
ru

m
le

pt
in

ra
ti

o
m

ay
ap

pr
op

ri
at

el
y

re
fl

ec
t

th
e

ex
te

n
t

of
lo

ca
lc

on
su

m
pt

io
n

of
th

e
le

pt
in

in
th

e
jo

in
t

th
an

th
e

sy
n

ov
ia

l
le

pt
in

le
ve

l
K

on
tn

y
et

al
.[

24
]

20
12

n
.a

.
H

u
m

an
R

A
A

rt
ic

u
la

r
ad

ip
os

et
is

su
e

an
d

sy
n

ov
ia

lm
em

br
an

e
n

.a
.

n
.a

.
A

rt
ic

u
la

r
ad

ip
os

e
ti

ss
u

e
co

u
ld

be
an

im
po

rt
an

t
co

n
tr

ib
u

to
r

in
th

e
pa

th
ol

og
ic

al
pr

oc
es

se
s

ta
ki

n
g

pl
ac

e
in

th
e

R
A

jo
in

t
Fe

rr
az

-A
m

ar
o

et
al

.[
25

]
20

11
n

.a
.

H
u

m
an

R
A

Se
ru

m
le

pt
in

le
ve

ls
N

o
si

gn
ifi

ca
n

t
di

ff
er

en
ce

n
.a

.
Lo

n
g-

te
rm

in
h

ib
it

io
n

of
T

N
F-

α
do

es
n

ot
ob

vi
ou

sl
y

al
te

r
le

pt
in

se
ru

m
le

ve
ls

in
R

A
pa

ti
en

ts
Yo

sh
in

o
et

al
.[

26
]

20
11

P
ro

in
fl

am
m

at
or

y
H

u
m

an
R

A
Se

ru
m

le
pt

in
le

ve
ls

N
o

si
gn

ifi
ca

n
t

di
ff

er
en

ce
Po

si
ti

ve
co

rr
el

at
io

n
Le

pt
in

w
as

po
si

ti
ve

ly
as

so
ci

at
ed

w
it

h
C

R
P

le
ve

li
n

R
A

pa
ti

en
ts

,
in

di
ca

ti
n

g
th

at
it

m
ay

ac
t

as
pr

oi
n

fl
am

m
at

or
y

cy
to

ki
n

e
in

R
A

E
n

gv
al

le
t

al
.[

27
]

20
10

n
.a

.
H

u
m

an
R

A
Se

ru
m

le
pt

in
le

ve
ls

In
cr

ea
se

n
.a

.
Le

pt
in

co
n

ce
n

tr
at

io
n

s
in

cr
ea

se
d

w
it

h
th

e
tr

ea
tm

en
t

of
hy

dr
ox

yc
h

lo
ro

qu
in

e
or

in
fl

ix
im

ab
X

ib
ill

e-
Fr

ie
dm

an
n

et
al

.[
28

]
20

10
n

.a
.

H
u

m
an

R
A

Se
ru

m
le

pt
in

le
ve

ls
In

cr
ea

se
Po

si
ti

ve
co

rr
el

at
io

n
C

h
an

ge
of

le
pt

in
le

ve
ls

m
ay

re
la

te
to

di
se

as
e

pr
og

re
ss

io
n

an
d

IL
-1

7
ti

tr
es

Ta
rg

oń
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assessed further by a third investigator (Dian Zhou), and a
final decision was made by the majority of the votes.

The biological activity of leptin

Leptin has a dual role with respect to its anti- and
proinflammatory response. On one hand, the increased
level of leptin in infection and inflammation induces and
sustains the T cell immune response and its function [41].
On the other hand, leptin levels are increased in RA
patients, but they in synovial fluid are less than in plasma,
indicating local consumption of leptin in the joint cavity
[7], and the levels of disassociated leptin can cross-react
with other cytokines. Meanwhile, it promotes the produc-
tion of cytokine antagonists, as does IL-1, to regulate the
body’s inflammatory response [42]. Popa et al. [39] argued
that leptin production can be increased when patients suf-

fering from sepsis with raised cytokines such as IL-1β and
tumour necrosis factor (TNF)-α, but can be inhibited when
in a chronic inflammatory process. It can act through the
central nervous system and diminish osteoblast activity, or
can have an osteogenic effect by binding directly to its
receptors on the surface of osteoblast cells.

Leptin, as a potent modulator in immune responses, has
direct effects on both innate and adaptive immunity (Fig. 1).
Leptin activity on the immune system is basically
proinflammatory. In innate immunity, it can stimulate
immune cells such as activation of proliferation and
phagocytosis of monocytes and macrophages, chemotaxis of
neutrophils, maturation of dentritic cells (DC), cytotoxicity
and survival of natural killer (NK) cells, whereas it down-
regulates apoptosis of neutrophils, eosinophils and DCs.
Leptin also increases the production of proinflammatory
cytokines such as TNF-α, IL-6 and IL-12 [43], and induces
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↑Phospholipase;

↑Product TNF-α, IL-6, IL-12, CD69,

CD25, CD38, CD71 and adhesion

molecules
Monocytes/
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↑Increase IL-1Rα, IL-6, TNF-α and

surface markers;

↑Activation

↑Increase IL-12, TNF-α, CD40 and

CCR7;

↓Apoptosis;

↑Maturation

↓Apoptosis;

↑Activation;

↑Increase IL-6, IL-10,

and TNF-α

↑Development, differentiation, activation,

proliferation, and cytotoxicity

↑Produce perforin, IL-2 and CD69 surface

maker;

↑Survival

↑Increase ICAM-1, CD18, IL-1β, IL-6, IL-8

and MCP-1 but not ICAM-3 and L-selectin;

↓Apoptosis;

↑Activation;

↑Produce eicosanoids, NO, LB4,

CTA1 and COX-2;

↑Increase influx of calcium

↑Chemotaxis;

↑Activation;

↑Increase CD11β;

↓Apoptosis;

↑Release of H2O2
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↓IgG1 switch;
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and IFN-γ;
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Fig. 1. Effects of leptin on innate and adaptive immune system cells. Leptin regulates levels in some ways such as development, proliferation,

apoptotic, maturation and activation both in innate immunity and adaptive immunity. In innate immunity, leptin increases phagocytosis and

chemotaxis of monocytes and macrophages, regulates maturation and production of cytokines both between natural killer (NK) and dendritic cells

(DC), as well as paracrine and autocrine immunomodulation in mast cells. In adaptive immunity, it promotes proliferation of naive T cells but not

memory and regulatory T cells (Treg) cells. Leptin increases T helper type 1 (Th1) cell activation and immunoglobulin (Ig)G2α switching while it

down-regulates IgG1 switching in Th2 cells. Meanwhile, it stimulates the release of cytokines in T and B cells.
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CD69, CD25, CD38, CD71 and adhesion molecule expres-
sion via activation of monocytes or macrophages [44,45].
Gruen et al. [46] found that leptin exerts a potent chemotaxis
for monocytes and macrophages, which needs the presence
of full-length leptin receptors on migrating cells. Moreover,
leptin administration mediates the production of proin-
flammatory cytokines TNF-α and IL-6 through monocytes.
Leptin also increases the production of monocyte surface
markers and activates human monocytes; thus, leptin may be
a powerful stimulatory hormone on human peripheral blood
monocytes. In neutrophils, leptin can stimulate chemotaxis
through the p38 mitogen-activated protein kinase (MAPK)
pathway [47], as well as the release of H2O2 [48]. Leptin has
also activated impacts upon neutrophils and NK cells and
incentives for their gene expression [48,49]. Regarding
eosinophils, leptin can promote the cell surface release of
intercellular adhesion molecule-1 (ICAM-1) and CD18, but
not ICAM-3 and L-selectin. Moreover, leptin can also stimu-
late eosinophil chemokinesis and cause the release of inflam-
matory cytokines such as IL-1β, IL-6, IL-8, growth-related
oncogene-alpha and monocyte chemotactic protein 1
(MCP-1) [50]. Leptin stimulating the proinflammatory cyto-
kine production can indirectly regulate adaptive immunity.
Mattioli et al. [51] argued that leptin-induced cytokines such
as IL-12 and TNF-α in DC serve to licence naive CD4+ T cells
for T helper type 1 (Th1) priming. In addition, leptin can
induce CD40 expression by activating protein kinase B (Akt)
in murine DCs [52]. Al-Hassi et al. [53] reported that leptin
can stimulate DC maturation and CCR7 production in blood
DC. Mast cells are immune cells secreting many mediators
and cytokines that influence different inflammatory and
immune processes. Taildeman et al. [54] have identified the
production of leptin and leptin receptors in mast cells in the
various studied tissues, indicating paracrine and/or autocrine
immunomodulatory effects of leptin on mast cells.

In adaptive immunity, leptin dramatically stimulates
secretion, maturation and survival of thymocytes, prolifera-
tion of naive T cells and activation of Th1 and B cells. It also
reduces apoptosis of thymocytes and B cells and inhibits
production of regulatory T cells (Tregs). Leptin can mediate
the specific aspects of T cell function with differential
effects on diverse subpopulations of lymphocytes, and can
also stimulate the production of various proinflammatory
cytokines such as interferon (IFN)-γ and IL-2 in T lympho-
cytes [55,56]. Leptin regulates immunoglobulin (Ig)G2a-
switching in B cells and modulates the production of
TNF-α and IFN-γ in Th1 cells, but suppresses action on
Th2 cells and IgG1-switching [57]. De Rosa et al. found that
freshly isolated human Treg cells secrete leptin and induce
high levels of LepR. Leptin can restrain rapamycin-induced
proliferation of Tregs via activation of the mammalian target
of rapamycin (mTOR), a 289-kDa serine or threonine
protein kinase. Oscillating mTOR activity may be necessary
for Treg cell activation [58]. It might account for why Treg

cells are retarded to T cell receptor stimulation in vitro, in

which high levels of leptin and energy status support
mTOR activation [59]. Furthermore, leptin modulates
human B cells to produce cytokines such as IL-6, IL-10 and
TNF-α by activating Janus kinase 2/signal transducer and
activator of transcription-3 (JAK2/STAT-3) and p38MAPK/
extracellular-regulated kinase 1/2 (ERK1/2) signalling
pathways, which may result in its inflammatory and immu-
noregulatory features [60].

Leptin signalling

In recent years, studies of leptin binding signalling to its
receptor have brought a greater understanding of the bio-
chemical and molecular mechanisms of leptin function.
The early finding of OB-R led to the quick recognization of
the JAK/STAT pathway as one of the main leptin-activated
signalling cascades [61,62]. Further studies showed that the
OB-Rb included intracellular motifs required for activation
of the JAK/STAT pathway [63]. As well as JAK/STAT, other
pathways such as MAPK/ERK and AMP-activated protein
kinase (AMPK) and PI3K/Akt are also involved in leptin
signalling. Together, all these pathways comprise a network
that modulates the leptin response.

JAK/STAT pathway

Leptin binding to its receptor causes dimerization, so that
dimer-associated JAK2 closes and leads to phosphorylation.
Activated JAK2 phosphorylation of tyrosine 1138 (Tyr1138)
subsequently binds to the SH2 domain of STAT-3 [64].
Tyr985-phosphorylated STAT-3 is separated from lepRb,
dimerizing and entering the nucleus. STAT-3 dimers, as a
transcription factor, adjust the expression of targeting genes
such as suppressor of cytokine signalling 3 (SOCS3) and
neuropeptides [65–67]. There is another way to mediate
JAK2 signalling: after leptin stimulation of lepRb
phosphorylation on Tyr1077, a combination phospho-
Tyr1077 with the SH2 domain of STAT-5 allows STAT-5
phosphorylation and activation by JAK2 [68]. In addition,
STAT-5 activation is also partially susceptible to phospho-
Tyr1138 [69] (Fig. 2).

MAPK/ERK pathway

The phosphorylated Tyr 974 and Tyr 985 recruitment of
SH2 domain-containing phosphatase 2 (SHP2) activates the
MAPK pathways, such as ERK1/2, p38 MAPK and p42/44
MAPK, by interacting with the growth factor receptor-
bound protein 2 (GRB2) [63,70,71], which enter the
nucleus and mainly mediate cytokine and chemokine genes.
SHP2 can sometimes also inhibit JAK2/STAT-3 signalling
[72]. The phosphorylated Tyr985 also recruits the SH2
domain of SOCS3, but SOCS3 inversely restrains the activa-
tion of the LepRb/JAK2 pathways [73].
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PI3K/Akt pathway

PI3K/Akt is an important signalling pathway. PI3K and Akt
are requisite for the induction of immune and inflamma-
tory responses [74]. The pathway regulates many effectors,
including the anti-apoptotic transcription factor nuclear
factor kappa B (NF-κB). Akt suppresses the function of
transcription factor forkhead box protein O1 (FoxO1) or
forkhead transcription factor like 1 (FKHR-L1), which can
induce the production of Bim from the Bcl-2 family pro-
teins. It is reported that FoxO1 can directly regulate the
function of leptin in the hypothalamus [75]. Dimer made
by leptin and OB-Rb also stimulates insulin signalling such
as insulin receptor substrate 1/2 (IRS1/2) via
phosphorylated JAK2 [76]. The IRS proteins binding to p85
of PI3K activate the catalytic domain. In mononuclear cells
leptin can stimulate the p85 subunit in PI3K by
phosphorylating Sam68 (Src-associated substrate in mitosis
of 68 kDa) [77]. In thymic cells, leptin stimulates anti-
apototic activation via JAK2 on the basis of the involvement
in the IRS1/PI3K pathway [74]. NF-κB can adjust the pro-
duction of various genes covering prosurvival factors such
as Bcl-2 and Bcl-XL [56]. Additionally, in DC, leptin can
activate NF-κB. However, leptin signalling deficiency results

in increasing levels of inhibitor of kappa B (IκB)-α, which
is the inhibitor protein of NF-κB [78].

AMPK pathway

Leptin is involved in the regulation of the CaMKK2/AMP-
activated protein kinase (AMPK)/acetyl-CoA carboxylase
(ACC) and the mTOR/ribosomal S6 kinase (S6K) pathways,
but it is not clear how leptin influences this pathway directly
or indirectly in hypothalamic neurones. Su et al. [79] sug-
gested that glucose may improve leptin signalling through
modulation of AMPK activity. It has not been shown that
deletion of AMPK in either pro-opiomelanocortin (POMC)
neurones or Agouti-related peptide (AgRP) neurones can
change leptin sensitivity [80], which indicates that the
CaMKK2/AMPK/ACC pathway can regulate leptin meta-
bolic action [81].

Other pathways

The serine and threonine kinase family of protein kinase C
(PKC) isoforms have been concerned with many cellular
effects [82]. Leptin seems to have a stimulatory as well as an
inhibitory role on PKC. Other pathways may also be
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Fig. 2. Leptin signalling pathways. After leptin binding to leptin receptor (LEPRb) and activating Janus kinase 2 (JAK2), the possible pathways are as

follows: (1) activated JAK2 phosphorylation of the tyrosine residues on the leptin receptor induces signal transducer and activator of transcription

(STAT)-3 and STAT-5 binding to tyrosine residues. The phosphorylated STAT-3 dimers enter the nucleus and are involved in the gene expression. (2)

After the phosphorylated tyrosine (Tyr) 974 and Tyr 985 recruitment of Src homology (SH)2,SHP2 activates the mitogen-activated protein kinase

(MAPK) pathways such as extracellular-regulated kinase (ERK)1/2, p38 MAPK and p42/44 MAPK pathways by interacting with growth factor

receptor-bound protein 2 (GRB2), which regulate the expression of cytokine and chemokine genes. (3) PI3K, with its p85 binding to the insulin

receptor substrate (IRS) proteins, and protein kinase B (Akt) regulate nuclear factor kappa B (NF)-κB, which can adjust the production of

prosurvival factors such as Bcl-2 and Bcl-XL. (4) Leptin participates in the modulation of the CaMKK2/AMP-activated protein kinase

(AMPK)/acetyl-CoA carboxylase (ACC) and mammalian target of rapamycin (mTOR)/ribosomal S6 kinase (S6K) pathways. (5) Leptin linking to

obese receptor (OB-Rb) can stimulate phospholipase C (PLC) for activation of c-JunN-terminal kinase (JNK) by activating protein kinase C (PKC).
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involved in leptin signalling. For example, leptin linking to
OB-Rb can stimulate phospholipase C (PLC) for activation
of c-Jun N-terminal protein kinase (JNK) by activating PKC
[56]. Additionally, it is reported that leptin action in pan-
creatic islets may constrain the PKC-modulated component
of the PLC/PKC signalling system which usually induces
insulin release. However, leptin-activated PKC is suggested
by the ability of PKC inhibitors (GF109203X and Go6976)
to inhibit leptin-induced invasiveness of colon epithelial
cells [83].

Leptin receptor biological activity

Leptin receptor (ObR), a protein receptor encoded by the
diabetes (db) gene, belongs to the type I cytokine superfam-
ily receptor members, and has three different types: long
(Ob-Rb), short (Ob-Ra,c,d,f) and soluble (Ob-Re). Ob-Rb
can be found in many types of cells, such as immune cells,
macrophages, T cells, NK cells and polymorphonuclear
cells, as well as neurones and intestinal epithelial cells
[55,84–86]. JAK/STAT binding is a key process in conveying
information concerning cell kinin receptors. Leptin binding
to receptor affects the physiological function and metabolic
pathway via the JAK2/STAT signalling pathway. Short-type
receptor (Ob-Ra, Ob-R c, Ob-Rd) is expressed mainly in the
choroid plexus, kidneys, liver and lungs, involved in mediat-
ing leptin into the brain tissue and also the degradation and
removal of leptin. It has been stated that the secretagogue
and anti-secretagogue effects of leptin are usually regulated
by Ob-Ra and Ob-Rb, respectively [87]. The soluble recep-
tor (Ob-Re) in blood circulation can combine with leptin.
Smith et al. [88] found that placental secretion of Ob-Ra,
Ob-Rb and Ob-Re may tend to adjust leptin action and
transportation in the fetus and placenta. Approximately
5–25% of the OB-R subtypes lie at the cell surface, while
others are in intracellular pools [89]. With the control of
amino acids 8–29 of the intracellular domain, lysosomal
internalization and degradation are regulated by OB-Ra and
OB-Rb [90]. Leptin shows that internalization and reduc-
tion of surface receptors are more important for OB-Rb
[89]. More studies are needed to illuminate the association
both between the relative levels of the intracellular or cell-
surface pools of OB-R and their effects on the regulatory
defects of leptin sensitivity. Otvos et al. [91] used the
peptide-based ObR agonists and antagonist in-vitro and
in-vivo models of the disease to identify ObR as an RA
target. Leptin and Allo-aca lessened the extent of joint
swelling and the amount of arthritic joints in rat models
suffering from adjuvant-induced arthritis. On the basis of
the experimental model, leptin shows a distinct impact
upon RA. The diverse character of RA may result from
various influences of leptin and exposure of ObR antago-
nism, meaning that targeting ObR antagonists may become
useful methods in leptin-sensitive early stages of RA.

Leptin and rheumatoid arthritis

Rheumatoid arthritis is a common type of autoimmune
disease in humans, characterized by synovitis and joint
destruction. Although RA has been much investigated, the
disease pathogenesis remains unclear. Nevertheless,
cytokines play a crucial role in participation of activating
the synovial cell to joint destruction. Leptin comes mainly
from adipose cells. Most studies have found significantly
elevated serum levels of leptin in RA patients [7,18,22,26–
28,30,36,40,92,93], while others have found decreased levels
[19,21,32,34]. Although the relationship is complex, leptin
has been shown to be the major factor linkage of food
intake with bone metabolism [94].

Leptin levels in serum, synovial fluid and synovial
tissue and its influence on joint damage in RA

A significant association may exist between RA patients’
risk of severity and leptin levels [17,26,28,39,95,96]
(Table 1). Plasma leptin levels have been observed to be
higher than in healthy controls [36]. Targonska-Stepniak
et al. [95] reported that serum leptin levels were higher in
patients with erosive RA. However, some studies have
reported that serum leptin levels of RA patients were not
different from controls [20,25,33,38], and were concerned
significantly with body mass index (BMI) but not disease
activity stage (DAS) [33,39]. Anders et al. observed that
leptin serum levels are not correlated with disease activity in
RA patients [40]. Emerging studies of leptin in synovial
fluid and synovial tissue in RA have also been reported.
Seven et al. [31] found that serum and synovial fluid leptin
levels were obviously higher (P < 0·05) in RA patients than
in their control group. Accordingly, these also appeared in
moderate disease activity (DAS > 2·7) compared to low
disease activity (DAS < 2·7). The amount of leptin release
from articular adipose tissue (AAT) was similar (P = 0·9) to
that secreted by synovial membrane (SM) [24], but AAT
treated with IL-1β produced four times more leptin in con-
trast with SM. It seems that AAT might be an important
contributor to the pathological processes taking place in the
RA joint. Another study also reported that leptin had higher
levels in systemic circulation than locally in synovial fluid,
and was neither associated with resistin levels nor with
other proinflammatory markers in body fluids from RA
patients [97]. Similarly, Bokarewa et al. [7] found higher
serum leptin levels than synovial fluid in RA patients, but
the latter evidently dropped compared to the former in
arthritis patients in the absence of joint erosion, suggesting
that leptin consumption in the joints may be involved in
protection against erosions, and therefore that leptin pro-
tects against bone erosion. This suggests that leptin may
down-regulate the erosive course in the joints. Leptin trig-
gered the production of the IL-1 receptor antagonist [98].
Treatment of RA patients using anakinra (IL-1 receptor
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antagonist) has been well tolerated, and hence prevented
the joint destructive process [99].

In short, there are several potential explanations for these
differing results among these studies: first, the relatively
small sample size may not precisely represent the larger
patients; secondly, the baseline characteristics such as
disease duration, age, race and BMI can be inconsistent,
which may affect the expression level of leptin; thirdly,
patients with other co-existing autoimmune diseases cannot
be excluded from studies, which could be potential con-
founding factors; and fourthly, different measurement
methods of leptin levels, such as radioimmunoassay
[20,37,40,100] and enzyme-linked immunosorbent assay
(ELISA), may also cause deviation [8,23,30]. In addition,
discrepancies in leptin levels in RA patients could be due to
different treatments that intervene with the endocrine
system, which usually complicates human experimental
researches. Thus, more studies are still needed to illuminate
the relationship between leptin levels and RA patients.

Proinflammatory and anti-inflammatory effects of
leptin on RA

Besides its well-known role in the immune system, leptin
performs its main actions in autoimmune diseases such as
RA. Recently, increased reports have appeared to support
this in in-vitro and in-vivo studies. It is unlikely that leptin
alone affects cartilage to induce an inflammatory response.
Leptin plays a proinflammatory and detrimental role
during joint inflammation which, in synergy with IFN-γ or
IL-1, triggers nitric oxide synthase type II (NOS2) release
from mouse chondrocytes [101,102]. RA patients with
erosive joint disease have higher leptin concentrations than
those without erosions, and leptin levels may increase the
risk of progressive joint destruction [95]. The leptin level
was related positively to DAS28 values, which may be linked
to the proinflammatory leptin role [29]. Also, no correla-
tion has been documented previously between serum leptin
levels and the presence of joint erosions [33]. As a possible
proinflammatory cytokine, leptin increases IL-6 production
in RA by activating JAK2/STAT-3. Targeting leptin and the
JAK/STAT pathway could provide a hopeful method in the
future [18]. Yoshino et al. [26] found that leptin was related
significantly to CRP levels in RA patients, indicating that it
may act as proinflammatory cytokine in RA. In a mouse
serum transfer RA model, Allo-aca added subcutaneously
partially suppresses the proinflammatory effects of leptin.
ObR antagonists may be applied in the leptin-sensitive early
stages of RA [91].

However, targeting leptin according to its anti-
inflammatory effect in joint erosions of RA has been
described. A reduced leptin level in synovial fluid is
involved with non-erosive joint disease, indicating that
leptin has a protective role against RA destruction [7].
Leptin may reduce radiographic joint damage [30]. It seems

that enhancing the effects of leptin may benefit RA patients.
Alternatively, this inverse association between leptin and
radiographic damage may result from the fact that higher
leptin in RA truly deteriorates joint damage, but this influ-
ence is sheltered by adiponectin, which protects against
joint damage due to its anti-inflammatory properties [103].
It is also reported that recombinant leptin could relieve the
severity of joint manifestations in Staphylococcus aureus-
induced arthritis, as well as the inflammatory response [96].
Serum leptin, synovial leptin and the synovial/serum leptin
ratio in RA patients were found to be significantly higher
than in control subjects. Interestingly, serum leptin in RA
patients with effusion was higher than the matched synovial
leptin [23], suggesting that local consumption of leptin in
the joint cavity could protect against the destructive course
of RA. Figenschau et al. [104] showed increased prolifera-
tion and an enhanced synthesis of extracellular matrix by
leptin-induced chondrocytes. Thus, leptin has a direct effect
on cartilage generation, including skeletal growth and
development. Long-term treatment with anti-TNF-α is
potentially effective in ameliorating body mass decrease in
RA patients. In addition, no significant alterations in
plasma leptin were observed during etanercept therapy.
Leptin may play an important role in maintaining energy
homeostasis in the anti-inflammatory responses during RA
remission [10].

Taken together, the results of different clinical studies
suggest that leptin levels potentially contribute to joint
damage by regulating immune responses. More studies
including patients with early RA are needed to clarify the
role of leptin on disease outcome, particularly the progres-
sion of joint damage.

Studies concerning the effect of leptin on radiographic
joint damage in RA

Recently, a growing number of studies have shown that
raised adiposity might protect against radiographic damage
in RA. Although its mechanism has not been illustrated, the
potential relation of serum leptin levels to the progression
of radiographic joint damage in RA patients was explored.
Giles et al. [105] did not observe any meaningful associa-
tion of leptin with radiographic progression. Leptin also did
not correlate with Sharp-van der Heijde score (SHS) in
both univariate and multivariable modelling. A significant
association between leptin and radiographic damage was
not observed [106]. Low-density lipoprotein (LDL) choles-
terol could synergistically raise the probability of radio-
graphic progression by adjustment in patients with high
serum leptin levels, and not in those without. Thus, LDL
cholesterolaemia, which has an association with serum
leptin levels, might be applied to predict the radiographic
progression of RA [17]. Meyer et al. [107] found that there
was no association between leptin level and radiographic
progression by total SHS. This result was in accord with that
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of Rho et al. [30], who thought that there was a negative
relationship between leptin and radiographic joint damage,
but it was attenuated by adjustment for BMI. Therefore, tar-
geting leptin may be helpful in individuals with RA.

Cellular studies concerning the effect of leptin
on cartilage

Many researches have reported the function of leptin in car-
tilage metabolism. Leptin has a double role in the immune
response. Leptin can act not only to down-regulate
osteoblasts activity via the central nervous system, but also
expresses an osteogenic role by binding directly to its recep-
tors on the surface of osteoblast cells [35]. Nitric oxide
(NO) can mediate cartilage destruction by triggering
de-differentiation and chondrocyte apoptosis. Kim et al.
observed that cytokine-induced NO, as a gaseous mediator,
can lead to many inflammatory alterations on cartilage,
such as chondrocyte phenotype loss, chondrocyte apoptosis
and metalloprotease activation. Leptin may behave as a
proinflammatory cytokine due to its synergistic role with
IFN-γ on NO synthase type II [108]. Leptin may directly
affect cartilage generation [104], suggesting a new role of
leptin in skeletal growth and development. Furthermore,
through injection into the joint cavity of the rat knee, leptin
could strongly stimulate anabolic functions of chondrocytes
by inducing insulin-like growth factor 1 (IGF-1) and trans-
forming growth factor (TGF-β) [109]. Additionally, Busso
et al. [41] observed that leptin-deficient mice (ob/ob) devel-
oped less severe arthritis than control mice. The production
of IL-1β and TNF-α mRNA in the synovium of ob/ob
arthritic knees was less than in +/? mice. They also showed
that B lymphocytes induced leptin receptor mRNA, which
indicated that leptin may have a direct influence on B cell
function; therefore, leptin could involve the pathopoiesia of
antigen-induced arthritis via humoral and cell-mediated
immune responses. These findings showed that leptin might
play a positively protective role against the destructive
course of arthritis. However, Hui et al. [110] found that
leptin coming from joint white adipose tissue could trigger
cartilage degradation by promoting and activating the
matrix metalloproteinases. Leptin served as a proin-
flammatory adipokine with a catabolic role on cartilage
metabolism by raising proteolytic enzymes and working
synergistically with other proinflammatory stimuli. Conde
et al. [111] argued that leptin may induce vascular cell
adhesion molecule 1 (VCAM-1) production in human and
murine chondrocytes, suggesting that leptin could keep
cartilage-degrading processes through the induction of
factors responsible for leucocyte and monocyte permeation
at inflamed joints; thus, leptin tends to a prodegenerative
function in cartilage and may be of importance between
obesity and cartilage metabolism. Furthermore, more
studies are needed to detail the pathopoiesia of leptin in
joint destruction in RA.

Genetic studies concerning leptin in RA

Although previously there have been many researches con-
cerning leptin/lepR gene polymorphism [112–115], they
have been relatively sparse in relation to RA. Kimber et al.
[116] studied four single nucleotide polymorphisms (SNPs)
(A409E, R612H, W664R and H684P) in the extracellular
domain of LepR in order to understand more clearly their
consequences on LepR signalling. In-vitro STAT-3 assays
showed that three mutant LepRs have not been able to
respond following leptin binding (A409E, W664R, H684P)
but R612H exerted significantly reduced activity. This
reduced activity may reduce levels of mutant LepR produc-
tion on the cell surface in view of W664R, H684P and
R612H [84], which may provide an explanation for the
association between RA and lepR. In a study of the Ningxia
Hui population in China, lepR SNP A668G exerted an asso-
ciation with susceptibility to knee osteoarthritis, meaning
that the SNP may be regarded as one of the candidate genes
to predict the risk of knee osteoarthritis [117], but whether
lepR SNP A668G affects susceptibility to RA still needs
more research. Yiannakouris et al. [118] and Koh et al. [119]
found that LepR A668G related to plasma levels of leptin, as
mentioned previously. This difference suggested that LepR
gene SNPs may be susceptible to genetic background and
environmental factors in various ethnic populations.
Garcia-Bermudez et al. [120] argued that the leptin
rs2167270 (G > A) polymorphism was not found to be
involved with susceptibility to RA, or the risk of cardiovas-
cular disease. Skibola et al. [121] found that there existed
genetic interactions between the G2548A and LepR Q223R
polymorphisms. Among the population with LepR 223RR,
the risk for non-Hodgkin lymphoma (NHL) may be
elevated in leptin 2548GA and leptin 2548AA relative to
leptin 2548GG genotypes, showing that gene–gene interac-
tions between leptin and its receptor may bring about
immune dysfunction involved with obesity and NHL.
However, in obese patients, serum leptin levels were related
inversely to bone mineral density (BMD) and male sex, but
positively with the existence of the leptin −2548A allele
[122]. More data are needed to explore the mechanism of
leptin polymorphism in RA.

It is noted that gene-expression changes may not make a
difference in function. Leptin levels do not necessary reflect
their effect. Further, the impact of adipokines such as leptin
also relies upon the physiological context, and thus their
effects can differ in normal health compared to diseased
states.

Effect of traditional disease-modifying anti-rheumatic
drugs (DMARDs) or biological agents on serum leptin
in RA

Recently, studies have been conducted focusing on both
DMARDs or biological agents and leptin in RA. A previous
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study suggested that circulating levels of leptin in RA
patients were not affected by treatment with biologicals
such as adalimumab [38]. Klaasen and colleagues observed
that leptin serum levels displayed no significant changes
after 16 weeks of therapy for RA with adalimumab. Addi-
tionally, leptin levels were not affected by long-term
glucocorticoid (GC) treatment [123]. Long-term treatment
with anti-TNF-α is potentially effective in ameliorating
body mass decrease in RA patients. No significant altera-
tions in plasma leptin were observed during etanercept
therapy. Leptin may have an important role in maintaining
energy homeostasis in the anti-inflammatory responses
during RA remission [10]. Moreover, treatment for RA with
infliximab could cause an increase in plasma leptin levels
[20,27]. It has been reported that TNF-α induces the pro-
duction of preformed leptin from human mature
adipocytes and existing differentiated pre-adipocytes [124].
However, in another study, infliximab treatment did not
change plasma levels of leptin after 6 months of treatment
[125], similar to a previous study [126]. However, some
caution should be noted with regard to these differences.
First, these study samples were relatively small, thus poten-
tial differences might be unable to be found. Secondly, dif-
ferent baseline levels may result in these phenomena.
Thirdly, leptin levels were estimated at various time-points
in these studies after the start of treatment. Given the effects
of different therapeutic interventions on leptin, it is too
early to draw conclusions.

Effect of leptin on cardiovascular risk in RA

Many reports indicated that RA patients were at greater risk
of developing coronary heart disease [127]. A study by
Derdemezis et al. [125] found that anti-TNF treatment
effects on cardiovascular disease (CVD) risk were not regu-
lated by changes in leptin levels. Dessein et al. also argued
that there was no significant relationship between leptin
levels and cardiovascular risk in all patients and either
female and male or black and white patients with RA.
However, several leptin–cardiovascular risk relations were
affected by age, suggesting that younger but not older RA
patients may retain obesity-induced endothelial activation
that was modulated directly by leptin [128]. Moreover, the
leptin : adiponectin (L : A) ratio is concerned with the
common carotid artery resistive index, and may be an
marker for predicting cardiovascular risk in RA patients
[129]. However, the association between leptin and cardio-
vascular risk in RA is complex; larger studies need to be
conducted [130].

Leptin antagonism as a therapeutic target for RA

As a key mediator against infection, immune responses, and
even the induction of autoimmune diseases, leptin needs
more research to identify whether leptin can become the

pathogenesis of targeting autoimmune diseases in humans.
Reduction of leptin levels in RA patients by fasting
improves the clinical symptoms of autoimmune disease
[131],, thus leptin antagonism has been proposed for the
prevention of developing RA in people genetically suscepti-
ble to RA and other autoimmune diseases. A number of
diverse approaches can be designed for antagonists.
However, blocking the key signal pathways such as JAK/
STAT may cause harmful effects. Recently, the progression
of leptin mutants with antagonism and proteins inhibiting
leptin activity offers new hope for possible treatment [132].
Many leptin mutants may be regarded as potent leptin
antagonists both in vitro and in vivo [133]. A S120A/T121A
binding site III leptin mutant may become a competitive
inhibitor of leptin receptor signalling due to its linkage to
the receptor but not its stimulation [133]. Nevertheless,
PEGylation (polyethylene glycol) of this mutant is implied,
which could promote the circulation lifetime of the S120A/
T121A leptin antagonist, because leptin has a short half-life
in circulation [134]. Additionally, the monoclonal antibody
(mAb) against the human leptin receptor could provide a
useful strategy, because of being a tissue-specific leptin
antagonist. The antibody-blocking peripheral immune
actions of leptin and leptin-induced production of TNF-α
by human monocytes and T cell production suppresses
leptin proinflammatory activity [135]. Leptin may be partly
responsible for low-level systemic inflammation. Targeting
leptin may be regarded as a therapeutic method in some
clinical conditions, such as proinflammatory status or auto-
immune diseases, which can control an excess of immune
response. In vitro, neutralization using leptin mAb, when
stimulating anti-CD3 and anti-CD28, leads to Treg cell pro-
liferation [136]. In leptin- and ObR-deficient mice,
Matarese et al. [137] showed an enhanced proliferation of
Treg cells, indicating the possibility for treatment of immune
and autoimmune diseases. Leptin receptors were also iden-
tified on mast cells, which could provide new insights in
several therapeutic diseases. Recently, some molecules such
as mAb have been reported to run as leptin antagonists and
block leptin signalling [135]. Perhaps leptin antagonists
could be a tool to control many inflammatory processes in
which mast cells are present.

In addition, a surprising role of leptin has been detailed
in the regulation of bone formation [138,139]. The primary
osteoblasts themselves can secrete leptin. In vitro, leptin can
induce mineralization [139] and mediate stromal cells to
differentiate into osteoblasts [140]. Glucocorticoids are
effectively anti-inflammatory molecules useful for the treat-
ment of RA, bowel disease and other inflammatory diseases.
Glucocorticoids exert regulation of rat leptin production in
vitro [141], and McLaughlin et al. [142] has found an
evident rise in serum leptin by dexamethasone therapy,
which may provide an idea for RA treatment. However,
leptin antagonism could make individuals obese;
glucocorticoid therapy has been applied for many years in
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the treatment of arthritis, but is limited due to side effects,
including osteoporosis, diabetes and weight gain. Further-
more, as obese individuals have very high levels of leptin, if
leptin had the effects proposed, autoimmune disease should
be more common in severe obesity, but no evidence has
accounted for this phenomenon.

Conclusion

In summary, RA is a multi-system disorder with joint
inflammation, which causes patients chronic pain, disability
and increased mortality. Prevailing studies suggest that
leptin is of great importance in the pathogenesis and treat-
ment of RA through in-vitro and in-vivo models. More
studies are needed to elucidate the mechanism of leptin in
RA, although numerous data from a variety of models
support the key role of leptin in immunity and autoim-
mune diseases. Leptin also has direct effects on both innate
and adaptive immunity. Sparse clinical findings have been
reported for therapeutic RA by induction of possible leptin
signalling on molecule and gene levels. Blocking the key
signal pathways of leptin and inhibiting leptin activity, such
as with leptin antagonists, may be a promising way for the
therapeutic potential of RA at risk of detrimental effects. In
particular, it has a dual role with respect to its anti-
inflammatory and proinflammatory response. However,
leptin is increased in patients with RA and may also regulate
joint damage [30]. Hence, further understanding of the
mechanism of leptin would be advantageous in the future
in RA treatment.
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