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Leptin attenuates the growth of rabbit mesenchymal stem cells
via the extracellular signal-regulated kinase signaling pathway
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Abstract. When stimulated, mesenchymal stem cells (MSCs)
may differentiate into chondroblasts, adipocytes or osteoblasts.
Leptin is an adipocyte-derived hormone, which regulates
food intake and glucose homeostasis. The aim of the present
study was to identify the potential role of mitogen-activated
protein kinase in the leptin-induced growth of rabbit bone
MSCs (rBMSCs). Various concentrations of leptin were used
to culture rBMSCs and the viability of cells was observed as
well as alterations in the phosphorylation state of extracellular
signal-regulated kinase 1/2 (ERK1/2), c-Jun N-terminal kinase
and p38. It was revealed that the growth of leptin-treated
rBMSCs was primarily inhibited by phosphorylated ERK1/2,
which was mediated by the leptin receptor. In conclusion, the
results of the present study demonstrated that leptin inhibits
the growth of rBMSCs principally via the ERK1/2 signaling
pathway.

Introduction

Bone marrow-derived mesenchymal stem cells (BMSCs)
maybe readily obtained from bone marrow aspirates (1).
The isolation of mesenchymal stem cells (MSCs) from
the bone marrow of rats, cats, dogs, baboons, rabbits, pigs,
goats and sheep has been standardized (2-4). Leptin is an
adipocyte-derived hormone that regulates food intake, body
weight and glucose homeostasis (5). Leptin regulates the
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release of insulin and glucagon, key hormones that regulate
glucose homeostasis, by direct action on the - and a-cells
of the pancreatic islets, respectively (6). It has therefore been
suggested that the adipo-insular axis is crucial for maintaining
nutrient balance and that dysregulation of this axis contributes
to obesity and diabetes (7).

Leptin acts on cells in the hypothalamus to reduce the
production of orexigenic neuropeptides and reciprocally
enhances the secretion of anorectic peptides, there by control-
ling food intake (8). In addition to its role as a satiety indicator,
leptin has a wide range of biological functions, affecting repro-
duction, immunity, angiogenesis and anti-apoptotic effects (9).

Previous studies have focused on the effect of leptin on
neural and embryonic stem cell growth (10); however, few
studies have examined the effect of leptin on MSCs. In the
present study, leptin was used to investigate the underlying
molecular mechanisms affecting the growth potential of rabbit
('BMSC:s. The results revealed that leptin triggers the growth
of rBMSCs via the extracellular signal-regulated kinase
(ERK)1/2 signaling pathway.

Materials and methods

Chemicals and reagents. Unless otherwise specified, all chem-
icals and reagents were purchased from the Sigma-Aldrich
(Merck KGaA, Darmstadt, Germany). Antibodies against
Anti-Mouse immunoglobulin (Ig)G (cat. no. ab6789), GAPDH
(cat. no. ab8245), cluster of differentiation (CD)44 (cat.
no. ab119348), CD34 (cat. no. ab8158), inhibitor of phos-
phorylated (p)-ERK1/2 (U0126; cat. no. ab120241), ERK1/2
(cat. no. ab54230), c-Jun N-terminal kinases (JNK; cat.
no. ab201624), p38 (cat. no. ab31828), p-p38 (cat. no. 45381),
the ribosomal s6 kinase p90™* (cat. no. ab32114), p-ERK1/2
(cat. no. ab50011), p-JNK (cat. no. ab46821), anti-leptin recep-
tors (cat. no. abl04403) and p-p90"* (cat. no. ab32413) were
purchased from Abcam (Cambridge, MA, USA). MTT was
purchased from Beyotime Institute of Biotechnology (Haimen,
China). Opti-MEM I medium was purchased from Thermo
Fisher Scientific, Inc. (Waltham, MA, USA).

Isolation and culture of rBMSCs. Bone marrow was obtained
from a male neonatal New Zealand white rabbit (0.75 kg,
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1 month old; Vital River Laboratory Animal Technology Co.,
Ltd. Beijing, China). The rabbit was provided with free access
to food and water and housed at 25°C with the humidity of
50-60% and a regular day-night cycle (12 h light/dark cycle).
The present study was carried out in strict accordance with
the Guidelines on the Care and Use of Laboratory Animals
issued by the Chinese Council on Animal Research and the
Guidelines of Animal Care (11). The rabbit was anesthetized
via intraperitoneal injection with pentobarbital sodium
(35 mg/kg; Sigma-Aldrich; Merck KGaA) prior to the
retrieval of bone marrow and sacrifice. Bone marrow was
flushed from the femur with low glucose Dulbecco's modi-
fied Eagle's medium (DMEM) as previously described (12).
The harvested cells were cultured in an incubator at 37°C in
an atmosphere containing 5% CO,. Cell growth was moni-
tored on days 2, 4 and 8 under an inverted phase contrast
microscope (Nikon Corporation, Tokyo, Japan). The animal
protocol was approved by The Inner Mongolia Medical
University Experimental Animal Management Committee
(Hohhot, China).

MTT assay. rtBMSCs were seeded in 96-well plates at a density
of 1x10° cells/well in DMEM supplemented with leptin at
increasing concentrations (0, 10, 10%, 10° or 10* ng/ml). The
control cells were cultured in DMEM containing 0.1% dimethyl
sulfoxide (DMSO). MTT (20 ul with a final concentration of
0.5%) was added to each well once daily for 9 days following
treatment with leptin at 37°C. Cells were subsequently incu-
bated for 4 h at 37°C in the dark and 150 xl DMSO was added
to each well for 10 min to dissolve the formazan crystals. The
absorbance was detected using a microplate reader (EXL800;
Cole-Parmer, Vernon Hills, IL, USA) at 490 nm. All experi-
ments were repeated five times. The viability of leptin treated
cells was expressed as the percentage of population growth plus
the standard error of the mean relative to untransfected control
cells. Cell growth was calculated as follows: Viability=[(mean
experimental absorbance-mean control absorbance)/mean
control absorbance] x100.

Immunofluorescence. Cells were fixed and permeabilized with
0.5% Triton X-100 for 15 min at room temperature and were
subsequently blocked with 10% goat serum (Gibco; Thermo
Fisher Scientific, Inc.) at 4°C overnight. Cells were incubated
with anti-leptin receptors (1:400), CD44 (1:500) and CD34
(1:800) primary antibodies diluted in PBS at 37°C for 2 h. The
primary antibodies were detected by horseradish-conjugated
(H+L) secondary antibodies (cat. no. 7074; 1:2,000; Cell
Signaling Technology, Inc., Danvers, MA, USA) at 37°C for
1 h. DAPI (1 ug/ml) was used to stain for 15 min at 37°C. The
fluorescence was captured using a fluorescence microscope
at a magnification of x200. The experiments were performed
five times.

Western blot analysis. Protein was isolated from rBMSCs
treated with leptin with 10° ng/ml using a Beyotime Cell Protein
Extraction kit (Beyotime Institute of Biotechnology) according
to the manufacturer's protocol. The total concentration of
protein was determined using the bicinchoninic acid assay
method. Proteins (20 pug/ml; 0.6 pug/lane) were separated by
12% SDS-PAGE and transferred to nitrocellulose membranes.
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The membranes were blocked for 30 min with 5% fat-free
milk at room temperature and incubated with the following
primary antibodies: Anti-ERK1/2 (1:1,000), anti-p-ERK1/2
(1:800), anti-JNK (1:1,500), anti-p-JNK (1:1,000), anti-p38
(1:500), anti-p-p38 (1:800), anti-p**™* (1:1,000) and anti-p-p?**
(1:1,000) for a minimum of 1 h at 37°C. Membranes were
subsequently incubated with horseradish-conjugated (H+L)
secondary antibodies (1:4,000) at 37°C and developed using a
Pierce™ enhanced chemiluminescence plus western blotting
substrate (cat. no. 32132; Thermo Fisher Scientific, Inc.). UVP
VisionWorksLS software (UVP, LLC; DBA Analytik Jena US,
Upland, CA, USA).

Leptin inhibition of rBMSCs. The phosphorylation status of
the mitogen-activated protein kinases (MAPKs) ERK1/2, INK
and p38 were detected at 0, 20, 40 and 60 min following treat-
ment with 10° ng/ml leptin. The phosphorylation status = the
phosphorylation protein gray level/the protein gray level.

U0I26 assay. Cells were incubated with U0126 (40 ng/ml), a
p-ERK1/2 incubator, for 12 h at 37°C. Leptin at a concentration
of 10° ng/ml or 200 1 DMEM with 10% fetal bovine serum
(FBS; Gibco; Thermo Fisher Scientific, Inc.) was then added
and cell viability was measured at 0, 20, 40 and 60 min. The
MTT assay measured cell viability.

RNA interference and cell transfection. To confirm the role
of leptin receptors in rBMSCs, leptin receptor short hairpin
RNA (shRNA) was used to silence the leptin receptor gene
expression. The leptin receptor shRNA (sense, 5'-GGCUCU
GUCUCCUUGAUAA-3"; and antisense, 3-UUAUCAAGG
AGACAGAGCC-5") was synthesized by Shanghai GeneChem
Co., Ltd. (Shanghai, China) and transfected into rBMSCs
using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
Briefly, 1x10° cells were seeded into 6-well plates containing
an antibiotic-free Opti-MEM™ 1 and incubated overnight
at 37°C. In each well, 5 ul shRNA was mixed with 125 ul
Opti-MEM™ 1. The mixture was then combined with a
solution of 5 ul Lipofectamine® 2000 in 125 ul Opti-MEM 1.
Following a 20 min incubation period at room temperature,
the mixture was applied to cells in an appropriate volume of
Opti-MEM I to achieve a final concentration of 100 nmol/l for
each shRNA. Following incubation for 6 h at 37°C, Roswell
Park Memorial Institute-1640 supplemented with fetal bovine
serum (FBS; both Gibco; Thermo Fisher Scientific, Inc.) was
added to the wells. Cells were cultured for an additional 24 h
at 37°C prior to analysis.

Statistical analysis. Statistically significant differences
among groups were determined by one-way analysis of
variance and GraphPad Prism version 5 software (GraphPad
Software, Inc., La Jolla, CA, USA) was used to analyze
the data. When the overall F test result of analysis of vari-
ance was significant, a multiple-comparison Tukey's post
hoc test was used. Student's t-test was used in two-mean
comparisons. Five independent replicates were performed
for all experiments. P<0.05 was considered to indicate a
statistically significant difference. Data are presented as the
mean =+ standard deviation.
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Figure 1. Identification of tBMSCs. (A) The morphology of rBMSCs at 2, 4 and 8 days following initial culture. Scale bar, 25 ym. (B) Immunofluorescent
staining revealed the nucleus by DAPI staining (blue), and the expression of CD34 (red) and CD44 (red) in rBMSCs. (C) Cell viability. rMSC, rabbit mesen-

chymal stem cells; CD, cluster of differentiation.

Results

Identification of rBMSCs. The morphology of rBMSCs was
determined by visualizing the cells under a microscope
(Fig. 1A). Cell density increased with duration of culturing.
On day 2, the cells reached 10% confluence. On day 8, the
cells displayed a uniform spindle shape and reached 80%
confluence. To further identify the rBMSCs, CD34 and CD44
cell markers were detected using immunofluorescence. The
cultured cells were positive for CD44 (red fluorescence;
Fig. 1B); however, CD34 was not observed. Fig. 1C revealed
the cell viability during the third passage was higher than that
of other passages day 5. Therefore, the third passage of cells
had highest cell viability.

Optimal concentration and time for leptin-induced effects
on rBMSCs. The cell viability of rBMSCs was determined
for 1-9 days following the addition of leptin (0, 10, 102, 10°,
or 10* ng/ml) to the culture medium from the fourth cell
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Figure 2. Leptin pretreatment inhibits the growth of rBMSCs. The cell
viability of rBMSCs was determined by an MTT assay following pretreat-
ment with leptin (0, 10, 10%, 10* and 10* ng/ml) for 1-9 days. rMSC, rabbit
mesenchymal stem cells.

passage (Fig. 2). Leptin caused minimum viability rate at
10° ng/ml on the fifth day of treatment. Although leptin at
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Figure 3. Effect of leptin on mitogen-activated protein kinase activation in
rBMSCs. (A) Western blot analysis of the protein expression of total and
phosphorylated ERK, JINK and p38. (B) The relative protein expression
(phosphorylated/total) presented as the mean + standard deviation. This
experiment was repeated 5 times. "'P<0.05 vs. 0 min. “P<0.05 vs. 20 min.
rMSC, rabbit mesenchymal stem cells; ERK, extracellular signal-regulated
kinase; JNK, c-Jun N-terminal kinase; p-, phosphorylated.
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Figure 4. Cell viability of IBMSCs treated with U0126. Blank, medium only;
Leptin, medium with leptin; U0126, medium with U0126; U0126+ leptin,
medium with leptin and U0126. rMSC, rabbit mesenchymal stem cells.

10*and 10°ng/ml caused the greatest decrease in cell viability
at all time points, the lower concentration leptin was selected
for subsequent experiments as this reduced cost and material
usage.

Leptin inhibits the growth of rBMSCs via the ERKI/2
signaling pathway. To determine which pathway mediates the
leptin-induced inhibition of rMSC growth, the phosphorylation
states of the MAPKs, ERK1/2, INK and p38 were detected
at 0, 20, 40 and 60 min following treatment with 10°> ng/ml
of leptin (Fig. 3A). ERK1/2 phosphorylation was significantly
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Figure 5. Expression of leptin receptors in cultured rBMSCs. (A) The expres-
sion of leptin receptors was detected my immunofluorescent staining (green)
in BMSCs. (B) The negative control. rMSC, rabbit mesenchymal stem cells.
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Figure 6. Effect of silencing leptin receptors with shRNA in rabbit mesen-
chymal stem cells. (A) The protein expression of total and phosphorylated
ERK was detected by western blot analysis. (B) The results of the western blot
analysis were quantified and the protein expression (phosphorylation/total)
was presented as the mean + standard deviation. (C) Cell viability of rBMSC.
This experiment was repeated 5 times. "P<0.05 vs. the sShRNA group. “P<0.05
vs. the leptin group. ¥P<0.05 vs. the 0 min group. *P<0.05 vs. the 20 min
group. shRNA, short hairpin RNA; ERK, extracellular signal-regulated
kinase; p-, phosphorylated.



decreased at 40 min compared with the 0 and 20 min groups,
whereas JNK and p38 phosphorylation was not (Fig. 3B).
This suggests that the inhibition of ERK1/2 phosphorylation
serves a key role in the ability of leptin to inhibit the growth
of rBMSCs. To test this hypothesis, U0126 (a specific inhibitor
of ERK1/2 phosphorylation) was used to blockERK1/2 expres-
sion. It was revealed that, in the presence of U0126, leptin
(10* ng/ml) inhibits the growth of rBMSCs (Fig. 4).

Effect of silencing the leptin receptor in rBMSCs. Using
immunocytochemistry, the expression of the leptin receptor
(green) was detected in rBMSCs (Fig. 5). The leptin receptor
was not detected in the blank control. To determine whether
the effects of leptin were mediated by the receptor, leptin
receptor gene expression was silenced using shRNA. Fig. 6A
reveals that ERK1/2 was phosphorylated in rBMSCs with
silenced leptin receptor genes and Fig. 6B demonstrates that
there was no significant difference in ERK1/2 phosphoryla-
tion between each time point of the sShRNA group. However,
the cell viability of rBMSCs on days 1-9 was not significantly
different in the sShRNA knockdown group compared with the
blank control group (Fig. 6C). This indicates that leptin recep-
tors mediate the leptin-mediated inhibition of cell growth.

Discussion

Leptin is a member of the proinflammatory interleukin-6
family of cytokines (13). In keeping with its immune regula-
tory role, the long form of the leptin receptor is expressed in
immune cells, including monocytes, T cells, dendritic cells,
eosinophils, and B cells (14). Leptin receptors are also local-
ized on adipose tissue cells (15,16). Leptin binding to the leptin
receptors stimulates stem cell proliferation, differentiation and
cytokine secretion from adipose tissue (5).

In the present study, it was observed that leptin slows
the growth of rBMSCs by inhibiting phosphorylation of the
ERK1/2 branch of the MAPK signaling pathway. The optimal
leptin concentration for inhibiting growth was 10° ng/ml. The
effect of leptin was blocked by shRNA knockdown of the
leptin receptors, indicating that the leptin-induced inhibition
of growth in rBMSCs was mediated by the leptin receptors,
which were expressed at high levels in rBMSCs.

To further investigate the mechanism by which leptin
inhibits rMSC growth, the activity of the downstream signaling
pathways of the leptin receptor were evaluated. MAPKs
are a superfamily of serine/threonine kinases that includes
ERK, JNK and p38 (16). These kinases are primarily associ-
ated with the activation of nuclear transcription factors that
control cell proliferation, differentiation and apoptosis (17).
The results of the present study suggest that leptin inhibits
the growth of rBMSCs via the ERK signaling pathway. At
20-60 min following treatment with leptin the phosphoryla-
tion of ERK was inhibited, which indicates that inhibition is
time-dependent.

In conclusion, the results of the present study indicate
that leptin inhibits TMSC growth primarily through an
ERK-dependent signaling pathway. These findings suggest
that leptin maybe useful for inhibiting the number of rBMSCs.
It may be useful to reduce the concentration of leptin in a
clinical setting to promote rBMSCs proliferation. The present
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study only performed in vitro studies, further study is required
and it may be useless to also performed in vivo studies.
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