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Leptin is secreted by adipocytes, the placenta, and the stomach. It not only controls appetite through leptin receptors in the hy-

pothalamus, it also regulates immunity. In the current study, we produced leptin-deficient MRL/Mp-Faslpr mice to investigate the

potential role of leptin in autoimmunity. C57BL/6J-ob/obmice were backcrossed with MRL/Mp-Faslpr mice, which develop human

systemic lupus erythematosus (SLE)-like lesions. The effects of leptin deficiency on various SLE-like manifestations were inves-

tigated in MRL/Mp-Faslpr mice. The regulatory T cell population in the spleen was analyzed by flow cytometry, and the effects of

leptin on regulatory T cells and Th17 cells were evaluated in vitro. Compared with leptin-producing MRL/Mp-Faslpr mice, leptin-

deficient MRL/Mp-Faslpr mice showed less marked splenomegaly and a particularly low population of CD3+CD42CD82B220+

T cells (lpr cells). Their serum concentrations of Abs to dsDNA were lower, and renal histological changes at age 20 wk were

ameliorated. Regulatory T cells were increased in the spleens of leptin-deficient MRL/Mp-Faslpr mice. Leptin suppressed regu-

latory T cells and enhanced Th17 cells in vitro. In conclusion, blockade of leptin signaling may be of therapeutic benefit in patients

with SLE and other autoimmune diseases. The Journal of Immunology, 2014, 192: 979–984.

L
eptin is a product of the obese gene that is mainly secreted
by adipocytes (1), with serum leptin concentrations pro-
portional to body mass index. Leptin binds to leptin re-

ceptors within the ventromedial hypothalamus (2), where it inhibits
the production of neuropeptide, a stimulator of food intake (3), thus
decreasing food intake, increasing energy expenditure, and reducing
body weight (2).
Nutritional status and immune function are closely related (4). Food

deprivation leads to impaired immune responses and an increased
incidence of infectious diseases, although the involved mechanisms
have not been determined. Adipose tissue plays an important role in
energy homeostasis through the storage of triglycerides; however, it
was recently shown to secrete several cytokine-like molecules, in-
cluding leptin, TNF-a, and plasminogen activator inhibitor-1 (5),
suggesting that adipose tissue is involved in the regulation of the
immune and hematopoietic systems.
Leptin receptors are expressed in peripheral tissues, including the

kidneys, lungs, and adrenal glands (6), and several in vitro studies
confirmed that leptin acts directly on leptin receptors (7, 8). At least

six splice variants of the leptin receptor are known, from Ob-Ra to
Ob-Rf. One of these six variants, Ob-Rb, has a long intracellular
domain homologous to gp130, a subunit of the IL-6 family of cy-
tokine receptors (9).
Ob-Rb is expressed in fetal liver hematopoietic precursor cells,

bone marrow, and peripheral T cells (10, 11), and leptin receptors
are expressed in both CD34+ and CD342 cells in adult human
bone marrow, suggesting that leptin regulates body weight, as well
as modulates the immune system. Indeed, leptin was shown to in-
crease the proliferation of multilineage progenitor hematopoietic
stem cells (11), to enhance alloproliferative MLRs, and to enhance
cellular immune function in fasted mice (12). In addition, leptin
may act as a growth factor for myeloid leukemia (13) and lung
cancer (14) cells. Taken together, these findings suggest that leptin
serves as a link between nutritional status and immune function.
The murine leptin and leptin-receptor mutants, ob/ob and db/db,

respectively, serve as animal models of obesity; these mice de-
velop marked obesity, diabetes, reduced activity, reduced met-
abolic rate, and infertility due to deficiencies in leptin signaling
(15). In contrast to their nontransgenic littermates, leptin-transgenic
mice with elevated plasma leptin concentrations lack brown and
white adipose tissue, show reduced food intake, and are mark-
edly leaner (16). Diminished cell-mediated immunity and decreased
lymphocyte counts were reported in ob/ob and db/db mice (17, 18).
In a previous study, (19) we demonstrated that leptin replacement
reverses lymphoid atrophy associated with acute starvation and
steroid injections in mice and that leptin inhibits lymphocyte apo-
ptosis by upregulating bcl-xL gene expression, enabling the recovery
of immune suppression in malnourished mice.
To assess the role of leptin in the development of murine lupus,

heterozygous leptin-deficient mice (C57BL/6J-ob/ob) were back-
crossed onto the MRL/Mp-Faslpr background. MRL/Mp-Faslpr

mice spontaneously develop lesions similar to those observed in
human systemic lupus erythematosus (SLE) and are character-
ized by the production of autoantibodies against self-Ags, hypo-
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complementemia, and proliferative glomerulonephritis (20). These
mice lack Fas protein, which is necessary for apoptosis, and
show lymphoproliferation, with accumulation of CD3+CD42CD82

B220+ T cells (21). Using these mice, we investigated the roles of
leptin signaling in lymphoid proliferation, the production of Abs
to dsDNA, and renal impairment.

Materials and Methods
Mice and reagents

Female MRL/Mp-Faslpr mice (6 wk old) and male C57BL/6J-ob/+ mice
(6 wk old) were purchased from CLEA (Tokyo, Japan). Mice were
maintained in a specific pathogen–free facility, under a 12-h light, 12-h
dark cycle at 22˚C. Recombinant mouse leptin was purchased from R&D
Systems (Minneapolis, MN). Experiments and animal care were performed in
accordance with the guidelines for animal experimentation of Kanazawa
Medical University. Fluorescent-conjugated mAbs and peroxidase-conjugated
anti-mouse IgG were purchased from Becton-Dickinson (Franklin Lakes, NJ).
PMA, ionomycin, and brefeldin A were purchased from Sigma-Aldrich
(St. Louis, MO). Anti-dsDNA Abs and rheumatoid factor (RF) were mea-
sured using ELISA kits purchased from Shibayagi (Gunma, Japan). Serum
IL-17 concentrations were measured using ELISA kits from R&D Systems.

Backcrossing of C57BL/6J-ob/+ mice with MRL/Mp-Faslpr

mice

Female MRL/Mp-Faslpr mice were bred with male C57BL/6J-ob/+mice to
produce F1 offspring heterozygous for lpr (mutant Fas gene) and for ob
(mutant leptin gene). These mice were backcrossed with MRL/Mp-Faslpr

mice 10 times to change their genetic background from C57BL/6J to
MRL/Mp. The resulting mice, termed MRL/Mp-Faslpr-ob/ob mice, were
analyzed for the presence of wild-type and mutant Fas and leptin by PCR
of tail DNA.

The specific PCR primers for wild-type and mutant Fas and leptin were
described (22, 23). Wild-type genomic Fas DNA was amplified using the
primers FASI2FX (59-ACA GCA TAG ATT CCA TTT GCT GCT-39) and
FASI2 REV (59-TGA GTA ATG GGC TCA GTG CAG CA-39), yielding
a 178-bp product. Mutant Fas gene was amplified using FASI2FX and
FASZ8XTR (59-CAA ATT TTA TTG TTG CGA CAC CA-39), yielding
a 228-bp PCR product. Wild-type genomic leptin DNA was amplified
using the primers OB-ComF (59-CCC TGC CAC TTG CTA AAG CAC C-
39), and OB-WR2 (59-CCA GCA GAT GGA GGA GGT CTC G-39),
yielding a 230-bp PCR product; and mutant leptin DNA was amplified
using OB-ComF and OB-MR2 (59-CCA GCA GAT GGA GGA GGT CTC
A-39), yielding a 230-bp PCR product.

Serum samples

Micewere bled by retro-orbital puncture under anesthesia, and serum samples
were stored at 220˚C. Anti-dsDNA Abs, total IgG, RF, and IL-17 were
analyzed using ELISA kits, according to the manufacturers’ protocols. To
assess renal function, serum creatinine concentrations were measured.

Flow cytometry

All mice were sacrificed at 20 wk of age. Splenocytes (1 3 105) were
stained with allophycocyanin-conjugated anti-CD4 mAb, PE-conjugated
anti-CD8 mAb, PerCP-conjugated anti-CD3 mAb, FITC-conjugated anti-
B220 mAb, and PE-conjugated anti-IgM mAb and analyzed on a FACS-
Calibur flow cytometer (Becton Dickinson), as described (24).

Proteinuria, histology, and morphometric analysis

Urinary albumin concentrations were measured using mouse albumin ELISA
kits (Exocell, Philadelphia, PA) and normalized to urinary creatinine
concentrations. For light microscopy, sagittal kidney sections were fixed
in 10% formalin neutral buffer solution and embedded in paraffin. Sections
(1 mm) were stained with periodic acid-Schiff stain. Glomerular cell
number and mesangial area were quantitatively measured with a computer-
aided manipulator (KS400; Carl Zeiss Vision, Munich, Germany) by
counting the nuclei and analyzing the periodic acid-Schiff–positive area
within the glomerular tuft (25). More than 10 glomerular sections, ran-
domly selected in each mouse by scanning from the outer cortex, were
examined by investigators blinded to the origin of the slides, after which
mean values were calculated. To detect IgG deposits, 5-mm sections were
deparaffinized, rehydrated, and incubated with peroxidase-conjugated anti-
mouse IgG. Staining was visualized using the chromogenic substrate 3-39
diaminobenzidine.

Intracellular staining

Naive CD4+CD62L+ T cells were isolated from MRL/Mp-Faslpr mice
using CD4+CD62L+ T cell isolation kits (Miltenyi Biotec, Bergisch
Gladbach, Germany). The purified T cells were cultured in 24-well
plates coated with anti-CD3 and anti-CD28 Abs for 72 h in medium
containing 5 ng/ml TGF-b, 20 ng/ml IL-6, and 20 ng/ml IL-23, in the
presence or absence of leptin. To detect Foxp3, IL-17, and IFN-g, the
cells were incubated for 4 h at 37˚C with 50 ng/ml PMA, 750 ng/ml
ionomycin, and 20 mg/ml brefeldin A and stained intracellularly with
a mouse Foxp3 buffer set (Becton Dickinson), according to the manu-
facturer’s protocol.

Statistical analysis

Data are presented as mean 6 SD and were compared using the Student t
test. Unless otherwise specified, all results are representative of at least five
independent experiments. A p value , 0.05 was defined as statistically
significant.

Results
MRL/Mp-Faslpr-ob/ob mice

C57BL/6J-ob/+ mice were backcrossed with MRL/Mp-Faslpr

mice 10 times to produce leptin-deficient MRL/Mp-Faslpr mice, a
strain designated as MRL/Mp-Faslpr-ob/ob. The presence of the
wild-type or mutant leptin gene was assessed by PCR amplification

FIGURE 1. Backcrossing of leptin-deficient mice with MRL/Mp-Faslpr mice. (A) MRL/Mp-Faslpr mice were crossed with C57BL/6J-ob/+ mice to

produce offspring heterozygous for ob (mutant leptin gene). After 10 backcrosses with MRL/Mp-Faslpr mice, the mice were intercrossed, and progeny were

analyzed for wild-type and mutant leptin genes by PCR amplification of tail DNA. Lanes 1 and 2 show DNA from wild-type (+/+) mice, and lanes 3 and 4

show DNA from leptin mutant (ob/ob) mice. Wild-type primers were used in lanes 1 and 3, and mutant type primers were used in lanes 2 and 4. (B) Serum

leptin concentrations in MRL/Mp-Faslpr-ob/ob mice and control littermates, as measured by ELISA. Data are mean 6 SEM (n = 10/group). (C) Body

weights of 20-wk-old MRL/Mp-Faslpr-ob/ob mice and control littermates. Data are mean 6 SEM (n = 10/group).
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of tail DNA (Fig. 1A). Serum leptin was almost undetectable in the
MRL/Mp-Faslpr-ob/ob mice (Fig. 1B). Mutant Fas gene (lpr)
was also assayed by PCR amplification of tail DNA (data not
shown). Body weight gain was much greater in MRL/Mp-Faslpr-
ob/ob mice than in control littermates capable of producing leptin
(Fig. 1C).

Splenomegaly and cell populations in MRL/Mp-Faslpr-ob/ob
mice

MRL/Mp-Faslpr-ob/ob mice and control littermates were sacri-
ficed at 20 wk of age. Their splenic weights and the overall
numbers of splenic lymphocytes, T cells, and B cells were com-
pared. The spleens of MRL/Mp-Faslpr-ob/ob mice weighed signifi-
cantly less than did those of their control littermates (Table I).MRL/
Mp-Faslpr mice showed marked splenomegaly, whereas leptin-
deficient mice had smaller spleens. Spleen cell counts were sig-
nificantly lower in MRL/Mp-Faslpr-ob/obmice than in their control
littermates (Table II). Flow cytometric analysis of splenic lymphocyte
subsets showed fewer T and B cells in MRL/Mp-Faslpr-ob/ob mice
than in control mice. Although the proportions of CD4+, CD8+, and
CD4+CD8+ (double-positive) T cells were similar in leptin-deficient
and control mice, the former had a greater proportion of B220+IgM+

cells and a smaller proportion of CD3+CD42CD82B220+ cells (lpr
cells).

Anti-DNA Abs, total IgG, and RF

The serum concentrations of anti-dsDNA Abs were lower in MRL/
Mp-Faslpr-ob/ob mice than in their control littermates (Fig. 2A).
Total IgG concentration and RF were also lower in MRL/Mp-
Faslpr-ob/ob mice than in the controls (Fig. 2B, 2C). These findings
indicated that deficiencies in leptin signaling suppress abnormalities
in the immune system and reduce the severity of SLE lesions in
MRL/Mp-Faslpr mice.

Renal function and histopathology

Although the control mice had increased proteinuria by 20 wk of
age, urinary protein levels in MRL/Mp-Faslpr-ob/obmice remained
significantly lower throughout the observation period (Fig. 3). To
clarify the role of leptin in the development of lupus nephritis, we
examined renal histological changes in 20-wk-old MRL/Mp-Faslpr-
ob/ob mice and control mice. Control mice showed marked glo-
merular changes, including glomerular hypercellularity and mesangial
expansion, with occasional glomerular crescents and global scle-
rosis (Fig. 4A). In addition, marked mesangial hypercellularity,
proliferation of mesangial matrix, and tubulointerstitial inflam-
mation, as characterized by interstitial leukocyte infiltration and
tubular atrophy, were observed. In contrast, MRL/Mp-Faslpr-ob/ob
mice exhibited only mild glomerular and tubulointerstitial changes
(Fig. 4A). Although control mice showed dense mesangial and
capillary deposition of IgG, significantly reduced IgG deposition
was observed in MRL/Mp-Faslpr-ob/ob mice (Fig. 4A). Quanti-
tative analysis, using a computer-aided manipulator (KS400; Carl
Zeiss Vision), showed that the number of glomerular cells (Fig.
4B) and the sizes of mesangial areas (Fig. 4C) were markedly
lower in MRL/Mp-Faslpr-ob/ob mice than in control littermates.

These findings indicated that histological changes were milder in
MRL/Mp-Faslpr mice with leptin-signaling deficiencies. In con-
trast, no significant differences in serum creatinine concentrations
were observed between 20-wk-old leptin signal–deficient and
control mice (data not shown). Skin and joints did not differ
significantly in the two strains.

Regulatory T cells in MRL/Mp-Faslpr-ob/ob mice

Recent reports suggested that leptin can act as a negative signal
for regulatory T cells. Flow cytometry showed that the number of
regulatory T cells was substantially higher in the spleens of MRL/
Mp-Faslpr-ob/ob mice than in control littermates, suggesting that
leptin deficiency enhances regulatory T cell production and im-
proves SLE lesions in MRL/Mp-Faslpr mice (Fig. 5A).

Leptin suppresses regulatory T cell generation and enhances
Th17 cell production from naive T cells in vitro

We purified naive CD4+ T cells from the spleens of MRL/Mp-
Faslpr mice and cultured them for 72 h in the presence or absence
of TGF-b or leptin. Culture with TGF-b increased the numbers of
Foxp3+ regulatory T cells, whereas culture with leptin suppressed
regulatory T cell generation and proliferation (Fig. 5B).
Because recent reports suggested that Th17 cells play a role in

the pathogenesis of SLE, we examined whether leptin induces
Th17 cell production in vitro. Although culture of naive CD4+

T cells with IL-6, TGF-b, and IL-23 induced their differentiation
into Th17 cells, the number of these cells was increased .2-fold
in the presence, rather than in the absence, of leptin (Fig. 5C). The
involvement of leptin in Th17 differentiation in MRL/Mp-Faslpr

mice in vivo was assessed by measuring serum concentrations of
IL-17. We found that IL-17 concentrations were lower in MRL/
Mp-Faslpr-ob/ob mice than in control littermates (Fig. 5C). These
results indicated that leptin directly reduces the number of regu-
latory T cells and increases the number of Th17 cells, providing
a mechanism by which leptin deficiency ameliorates SLE lesions
in MRL/Mp-Faslpr mice.

Discussion
Although originally found to modulate body weight, leptin re-
cently was recognized as an immune regulator. Ob-Rb is ex-
pressed in T and B cells, and leptin has direct effects on
lymphocytes. Administration of leptin to fasted mice reversed
the impairment of T cell function (12). We previously demon-
strated that leptin inhibits stress-induced apoptosis of T cells by
binding to leptin receptors and upregulating the expression of Bcl-
xL (21). Moreover, leptin stimulated T cell proliferation in vitro,
promoted Th1 responses (12), and protected against corticosteroid-
induced apoptosis (21). In vitro, leptin was shown to stimulate the
production of proinflammatory cytokines by monocytes and mac-
rophages (26).

Table I. Spleen weights of 20-wk-old MRL/Mp-Faslpr-ob/ob mice and
control littermates

Mice Spleen Weight (g)

Control littermates 0.979 6 0.396
MRL/Mp-Faslpr-ob/ob 0.343 6 0.103a

Data are mean 6 SEM (n = 10/group).
ap , 0.05 versus control littermates.

Table II. Spleen cell counts and subsets in 20-wk-old MRL/Mp-Faslpr-
ob/ob mice and control littermates

Control Littermates
(3 106 [%])

MRL/Mp-Faslpr-ob/ob
(3 106 [%])

Total 1127 6 460 531 6 250a

CD3+CD4+ 220 6 96.6 (19.5) 114 6 58.6 (21.4)a

CD3+CD8+ 88.6 6 45.6 (7.86) 38.4 6 26.7 (7.22)a

CD3+CD4+CD8+ 13.5 6 9.19 (1.19) 6.76 6 5.61 (1.27)a

CD3+CD42CD82B220+ 455 6 298 (40.3) 132 6 90.6 (24.9)a

B220+IgM+ 203 6 143 (18.0) 152 6 90.3 (28.7)

Data are mean 6 SEM (n = 10/group).
ap , 0.05 versus control littermates.
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The pathogenesis of human SLE has been associated with
several immunological abnormalities, including the breakdown of
tolerance to self-Ags, resulting in the production of autoantibodies
that react with multiple self-Ags. Ag-driven, T cell–dependent
selective B cell proliferation was observed in lupus-prone MRL/
Mp-Faslpr mice, indicating that both T and B cells are necessary
for the development of lupus (27). However, the mechanisms by
which autoreactive T cells persist remain unknown.
Normally, autoreactive T cells are eliminated by functional

inactivation (anergy) and activation-induced cell death, or apo-
ptosis, through death receptor (Fas) signaling. The antiapoptotic
effects of leptin may result in the generation of autoreactive T cells,
thus leading to the development of autoimmune diseases. Blockade
of leptin signaling may facilitate the apoptosis of autoreactive
lymphocytes and ameliorate autoimmune diseases.
Higher serum leptin concentrations were observed in patients

with SLE (28), rheumatoid arthritis (29), and Behçet’s disease (30)
than in healthy controls. Therefore, leptin may play a role in the
pathogenesis of inflammatory rheumatic diseases and weight
changes associated with disease activity.
We observed decreased numbers of lymphocytes in leptin-

mutant MRL/Mp-Faslpr mice, a finding consistent with studies
on the antiapoptotic effects of leptin. These mice showed a
marked reduction in CD3+CD42CD82B220+ T cells (lpr cells),
suggesting that leptin signal blockade may reverse the immuno-
logical abnormalities observed in MRL/Mp-Faslpr mice. Interest-
ingly, our results are consistent with previous findings, showing
that double-negative T cells are expanded in SLE and produce IL-
17, contributing to the pathogenesis of kidney damage in patients
with SLE (31, 32). Moreover, leptin-deficient mice have reduced
numbers of circulating and bone marrow B cells.
We also observed that the concentrations of Abs to dsDNAwere

reduced, and the development of glomerulonephritis decreased
in 20-wk-old leptin-mutant MRL/Mp-Faslpr mice compared with
their controls, suggesting the importance of leptin in the patho-
genesis of SLE-like lesions in MRL/Mp-Faslpr mice. However, the
survival of the two strains did not differ significantly, despite the
suppression of lupus-like lesions in MRL/Mp-Faslpr-ob/ob mice,
perhaps because the latter are extremely fatty and overweight.
However, the survival of these mice may be prolonged by food
restriction to avoid extreme overweight.
Leptin has a broad range of immunological properties. In ad-

dition to being antiapoptotic, leptin favors Th1 over Th2 immune

responses, modulates phagocyte function (16), and activates
NK function (33). Defective leptin signaling may increase the
number of regulatory T cells. Fasting-induced hypoleptinemia in
(NZB 3 NZW)F1 mice induced the proliferation of regulatory
T cells, an effect reversed by leptin supplementation (34). More-
over, leptin-deficient low-density lipoprotein receptor–knockout
(ldlr–) mice showed enhanced Foxp3 expression and reduced
atherosclerotic lesion formation (35). The mechanism by which
leptin negatively affects regulatory T cells has not been deter-
mined, although our results, showing increased numbers of reg-
ulatory T cells in MRL/Mp-Faslpr-ob/ob mice, are consistent with
previous findings (36).
Leptin was reported to promote Th17 cell responses (37) and to

exacerbate collagen-induced arthritis (38). We found that leptin
enhanced the in vitro generation of Th17 cells from naive CD4+

T cells of MRL/Mp-Faslpr mice. SLE patients were recently
reported to have increased numbers of IL-17–producing CD4+

T cells in their peripheral blood, with cell number correlating
with disease activity (39, 40). Furthermore, the levels of ex-

FIGURE 2. Suppression of SLE lesions in MRL/

Mp-Faslpr mice by deficient leptin signaling. (A)

Serum anti-dsDNA Ab concentrations were mea-

sured by ELISA. Ab levels were significantly lower

in 8- and 20-wk-old MRL/Mp-Faslpr-ob/ob mice than

in age-matched control littermates. (B) Serum IgG was

measured by ELISA. Total IgG levels were signifi-

cantly lower in 20-wk-old MRL/Mp-Faslpr-ob/obmice

than in age-matched control littermates. (C) Serum RF

was measured by ELISA. RF levels were significantly

lower in 20-wk-old MRL/Mp-Faslpr-ob/ob mice

than in age-matched control littermates. All data are

mean 6 SEM (n = 10/group). *p , 0.05.

FIGURE 3. Decreased proteinuria in MRL/Mp-Faslpr mice by defi-

cient leptin signaling. Albuminuria was measured every 4 wk. MRL/

Mp-Faslpr-ob/ob mice had significantly reduced albuminuria compared

with control littermates. Data are mean 6 SEM (n = 10/group). *p ,
0.05.
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pression of CCR4 and CCR6, receptor molecules associated
with Th17 cells, were higher in SLE patients than in healthy
controls (41). In agreement with findings in human SLE, IL-17–
producing T cells are increased in MRL/Mp-Faslpr mice (32).
Although the mechanisms underlying Th17 cell increases in
SLE, as well as the role of IL-17 in the pathogenesis of SLE,
remain unknown, Th17 cells are likely to be involved in the
pathogenesis of SLE. Therefore, further investigations of the

role of leptin in the development of autoimmune diseases are
warranted.
In summary, we showed that leptin signal–deficient MRL/Mp-

Faslpr mice are strongly protected from the development of SLE
lesions. Although the mechanisms by which this occurs remain to
be determined, our findings suggest that blockade of leptin sig-
naling confers therapeutic benefits in the treatment of autoimmune
diseases.

FIGURE 4. Histological examination of the kidneys of mice with and without deficiencies in leptin signaling. (A) Representative light microscopy

images of kidney tissue from 20-wk-old MRL/Mp-Faslpr-ob/ob mice and control littermates. Original magnification 3400. The sections were stained with

H&E (upper panels) and Ab to IgG (lower panels). (B) Quantitative analysis of parameters of glomerulonephritis. Glomerular cell number was significantly

lower in MRL/Mp-Faslpr-ob/ob mice than in control littermates. Data are mean 6 SEM (n = 10/group). (C) Mesangial area within glomerular tufts was

significantly lower in MRL/Mp-Faslpr-ob/ob mice than in control littermates. Data are mean 6 SEM (n = 10/group). *p , 0.05.

FIGURE 5. Suppression of regulatory T cells and enhancement of Th17 cells by leptin. (A) The percentage of Foxp3+ regulatory T cells relative to CD4+

T cells was higher in 20-wk-old MRL/Mp-Faslpr-ob/ob mice than in control littermates, as assessed by flow cytometry. Data are mean 6 SEM of five

independent experiments. (B) Leptin inhibits regulatory T cell expansion in vitro. Purified naive CD4+ T cells from the spleens of MRL/Mp-Faslpr mice

were cultured with TGF-b in the presence or absence of leptin for 72 h. Flow cytometric data are representative of five independent experiments. (C)

Purified naive CD4+ T cells from the spleens of MRL/Mp-Faslpr mice were cultured in the presence or absence of leptin (100 ng/ml), plus IL-6 (20 ng/ml),

TGF-b (5 ng/ml), or IL-23 (20 ng/ml), for 72 h. Flow cytometric data are representative of five independent experiments. (D) Serum concentrations of

IL-17 measured by ELISA. IL-17 concentrations were significantly lower in 20-wk-old MRL/Mp-Faslpr-ob/ob mice than in control littermates. Data are

mean 6 SEM (n = 10/group). *p ,0.05.
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