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Abstract

Aim: To study the role of crosstalk between SOCS3 and leptin on insulin expression in rat insulinoma (RIN-5AH)
cells that inducibly express SOCS3 mRNA.

Materials and Methods: SOCS3 and preproinsulin mRNA expression induced by 5 µM ponasterone A, and the
effects of leptin on SOCS3 and preproinsulin mRNA levels were detected by RT-PCR and quantitative PCR,
respectively. The effects of SOCS3 on STAT3 phosphorylation were investigated by Western blot analysis.

Results: We discovered that SOCS3 regulates preproinsulin mRNA levels in a dose-dependent and time-
dependent manner. The insulin-suppressing effect of leptin appears to be mediated through reducing the
suppressive effects of SOCS3 on STAT3 phosphorylation.

Conclusion: Our findings suggest that leptin inhibits preproinsulin mRNA expression induced by SOCS3 in
RIN-5AH beta-cells.
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Introduction
Obesity is a major cause of the increasing morbidity and mortality

associated with diseases such as type-2 diabetes and cardiovascular
disease. Leptin and insulin, which are key hormones involved in the
regulation of energy production and glucose homeostasis, play roles in
the pathogenesis of type-2 diabetes. On binding to the long form of the
leptin receptor (LRb), leptin induces STAT3 phosphorylation, which
subsequently regulates the expression of certain genes [1].
Dysfunctional mutations in leptin or its receptor in rodents and
humans result in severe obesity, insulin resistance, and endocrine
dysfunction [2-4].

Suppressor of cytokine signaling (SOCS) proteins are key negative
regulators of cytokine signaling that inhibit the JAK/STAT signal
transduction pathway [5]. SOCS3 negatively regulates the expression
of multiple hormones and cytokines including TNF-α and IL-6 [6,7].
SOCS3 has also been reported to affect the signaling of both leptin and
insulin. SOCS3 does not alter the levels of the leptin receptor but binds
to Tyr985 on the receptor to suppress STAT3 signaling [8,9].
Heterozygous SOCS3 knockout mice (SOCS3+/-) display higher leptin
sensitivity than wild-type mice. In response to leptin administration,
these mice lose weight and exhibit hypothalamic leptin receptor
signaling [10]. SOCS3 has also been shown to regulate insulin
signaling. SOCS3 binds to Tyr960 on the insulin receptor and prevents
STAT5b activation in adipocytes [11]. Using an adipocyte model
derived from fibroblasts of wild-type and SOCS3-deficient mouse
embryos, Shi et al. investigated the role of endogenous SOCS3 in
insulin signaling. SOCS3 deficiency leads to increased insulin-

stimulated glucose uptake in adipocytes [12]. Shi et al. also established
a transgenic mouse model in which SOCS3 was overexpressed in
adipocytes. Overexpression of SOCS3 results in reduced glucose
uptake and lipogenesis in adipocytes [13]. Thus, given its regulatory
effects in both the leptin and insulin pathways, SOCS3 is likely to be a
key node in the crosstalk between the leptin and insulin signaling
cascades.

In this study, we investigated the role of crosstalk between SOCS3
and leptin in insulin expression. We discovered that SOCS3 regulates
preproinsulin mRNA levels in a dose- and time-dependent manner.
Leptin has been shown to suppress insulin expression by inhibiting the
expression of SOCS3. Thus, these findings imply that SOCS3 plays a
key role in mediating the interaction between the leptin and insulin
pathways.

Materials and methods

Antibodies and reagents
Zeocin and ponasterone A were purchased from Invitrogen

(Carlsbad, CA, USA). G418 was purchased from Calbiochem
(Darmstadt, Germany). The anti-STAT3 and anti-pSTAT3 antibodies
were both purchased from Upstate (Lake Placid, NY, USA). Leptin was
purchased from R&D Systems (Minneapolis, MN, USA). Taq DNA
polymerase was purchased from Promega (Madison, WI, USA).
TRIzol reagent was purchased from Sigma (St. Louis, MO, USA). Cell
lysis buffer (RIPA) was purchased from Beyotime (Jiangsu, China).
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Beta-cell-derived stable cell line
RIN-5AH cells stably transfected with inducible SOCS3 (gift from

Prof. Billestrup) [14] were cultured in RPMI-1640 medium
supplemented with 10% heat-inactivated fetal calf serum, glutamax,
100 U/ml penicillin, 100 μg/ml streptomycin, 400 μg/ml zeocin, and
150 μg/ml G418 at 37°C in a humidified atmosphere containing 5%
CO2. The cells were tested for ponasterone A-induced SOCS3
expression by RT-PCR.

Reverse-transcription PCR
Cells were cultured in a 6-well plate to 80% confluence and then

treated with 5 μM ponasterone A for 48 h. Total RNA was isolated
with TRIzol reagent. SOCS3 mRNA was amplified by reverse-
transcription PCR. The 40 μl DNA amplification reactions contains 4
μl 10 x reaction buffer, 25 mM MgCl2, 10 mM dNTP, 5 unit Taq DNA
polymerase, 4 μlc DNA and 0.5 ul each of the primers. The reaction
was denatured for 3 min at 94°C and subjected to 3-step amplification
cycles with denaturation at 94°C for 15 sec, annealing at 57°C for 20
sec and extend at 60°C for 1 min. To amplify GAPDH gene, PCR
program was cycled for 35 times. To amplify SOCS3 gene, PCR
program was cycled for 30 times. The primer sequences were: SOCS3
forward, 5′-GGGCCCCTTCCTTTTCTTTAC-3′; SOCS3 reverse, 5′-
GTCCAGGAACTCCCGAATG-3′; GAPDH forward, 5′-
GTCGGTGTGAACGGATTT-3′; GAPDH reverse, 5′-
ACTCCACGACGTACTCAGC-3′. PCR products were resolved on
agarose gels, and bands were quantified using the BioSens Gel Imaging
System.

Quantitative PCR
Cells were cultured in 6-well plates to 80% confluence and treated

with 5 μM ponasterone A and the indicated agents. Total RNA was
isolated using the TRIzol reagent. The level of preproinsulinm RNA
was quantified by real-time PCR. The GAPDH mRNA level was used
as an internal control. Real-time PCR was performed using the ABI
7000 system (Applied Biosystems, Foster City, CA, USA) according to
the manufacturer’s protocol. The primer sequences were:
preproinsulin forward, 5′-CAACATGGCCCTGTGGATGC-3′;
preproinsulin reverse, 5′-TACAGAGCCTCCACCAGGTG-3′;
preproinsulin probe, 5′-FAM-CCTGCTGGCCCTGCTCGTCCTCT-
TAMRA-3′; GAPDH forward, 5′-GACAGCCGCATCTTCTTG-3′;
GAPDH reverse, 5′-GGCAACAATGTCCACTTTG-3′; GAPDH
probe, 5′-FAM-CAGTGCCAGCCTCG-BHQ1-3′.

Western blotting
Cells were grown in 10-cm dishes to 80% confluence and then

cultured in the presence of 5 μM ponasterone A for 46 h. The cells
were washed twice with Krebs-Ringer buffer (140 mM NaCl, 3.6 mM
KCl, 0.5 mM NaH2PO4, 0.5 mM MgSO4, 1.5 mM CaCl2, 10 mM
HEPES, 2 mM NaHCO3, and 0.1% BSA [pH 7.4]) and incubated in the
same buffer for 2 h. The cells were then stimulated by treatment with
10 nM leptin for 30 min. To prepare protein extracts, cells were
washed with cold PBS twice and lysed in RIPA. After centrifugation at
13,000 rpm for 10 min, the supernatants were collected. Protein
concentration was measured using the BCA Protein Assay Kit from
Pierce. Proteins were separated by electrophoresis in an 8% PAGE gel.
Bands were visualized using the Super Signal West Femto Maximum
Sensitivity Substrate from Pierce and a Kodak X-ray film.

Statistical analysis
Data are presented as mean ± SEM. Statistical differences between

the various groups were determined using Student’s t-test or ANOVA.
P-values less than 0.05 were considered to indicate statistical
significance.

Results

Ponasterone A induces SOCS3 expression in RIN-5AH cells
The RIN-5AH beta-cell line was used to establish cells that

inducible express the SOCS3 protein [14]. To validate this inducible
expression system, cells were incubated with various concentrations of
ponasterone A, and the expression of SOCS3 mRNA was measured by
RT-PCR as a function of time. As shown in Figure 1, the SOCS3
induction was dose- and time- dependent. The maximum expression
of SOCS3 mRNA was observed in the presence of 5 μM ponasteroneA
after 24 h of stimulation. Under these conditions, the levels of SOCS3
mRNA were 4.4-fold higher than those in untreated cells (p<0.05).

Figure 1: Dose-dependent and time-dependent SOCS3 expression
induced by ponasterone A. (A) SOCS3 expression was induced in
RIN-5AH cells by treatment with the indicated concentrations of
ponasterone A for 48 h. The levels of SOCS3 mRNA were
determined by RT-PCR. (B) SOCS3 expression was induced in
RIN-5AH cells by treatment with 5 μM ponasterone A. SOCS3
levels were determined by RT-PCR and plotted as a function of
time. GAPDH was used as an internal control. n=4. *, P<0.05; **,
P<0.01 compared with the control group

SOCS3 expression enhances preproinsulin mRNA levels
Ponasterone A treatment also enhanced preproinsulin expression in

the stable cell line. As shown in Figure 2, the expression of
preproinsulin mRNA was dose- and time-dependent. After 8 h of
treatment with 5 μM ponasterone A, we observed a significant increase
in the preproinsulin mRNA levels, and the maximum effect was
observed between 24 and 48 h (p<0.05). The maximum preproinsulin
level was 4.4-fold higher than that of untreated cells (p<0.05). The
expression of preproinsulin was strongly correlated with the
expression of SOCS3.
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Figure 2: Ponasterone A treatment increased preproinsulin mRNA
levels in RIN-5AH cells that express SOCS3. (A) Preproinsulin
expression was induced in RIN-5AH cells by treatment with the
indicated concentrations of ponasterone A for 48 h. The levels of
preproinsulin mRNA were analyzed by real-time PCR. (B)
Preproinsulin expression was induced in RIN-5AH cells by
treatment with 5 μM ponasterone A. Cells were collected at the
indicated time points, and the levels of preproinsulin mRNA were
determined by real-time PCR. GAPDH was used as an internal
control. N=3. *, P<0.05; **, P<0.01 compared with the control
group

Leptin treatment inhibits the SOCS3 and preproinsulin
mRNA levels

SOCS3 has been proposed to be a mediator of leptin resistance
[15,16]. To further study the correlations between SOCS3, leptin, and
insulin levels, the stable cell line was stimulated with ponasterone A
and leptin. The SOCS3 and preproinsulin mRNA levels were measured
using RT-PCR or quantitative PCR. As shown in Figure 3, in the
absence of ponasterone A, under which condition SOCS3 induction
was not triggered, addition of leptin did not change the preproinsulin
levels.

Figure 3: Leptin suppresses SOCS3 expression and decreases
preproinsulin mRNA levels. SOCS3 expression was induced in
RIN-5AH cells by treatment with 5 μM ponasterone A for 48 h.
Cells were then treated with 10 nM leptin for 12 or 48 h. The levels
of (A) SOCS3 and (B) preproinsulin mRNAs were determined by
RT-PCR or quantitative real-time PCR. GAPDH was used as an
internal control. n=3. **, P<0.01 compared with the control group

However, in the presence of ponasterone A, treatment with leptin
suppressed SOCS3 as well as preproinsulin mRNA expression. The
suppressive effect was time-dependent. After 10 μM leptin treatment

for 48 h, the SOCS3 mRNA level decreased by 58% and the
preproinsulin mRNA level decreased by 40% relative to the levels in
cells not treated with leptin (p<0.01). These data suggest that the
suppressive effects of leptin on insulin are related to SOCS3.

Leptin reduces the suppressive effects of SOCS3 on STAT3
phosphorylation

SOCS3 has been reported to inhibit STAT3 phosphorylation [17].
As shown in Figure 4, ponasteroneA treatment of cells to induce
SOCS3 expression decreased STAT3 phosphorylation. When cells
induced to express SOCS3 were also treated with leptin, the STAT3
phosphorylation levels were similar to the levels in cells not treated
with ponasterone A.

Figure 4: Leptin reduces the suppressive effect of SOCS3 on STAT3
phosphorylation. RIN-5AH cells were cultured in the presence or
absence of 5 μM ponasterone A for 48 h and then were stimulated
with 10 nM leptin for 30 min or left unstimulated. Cell lysates were
separated by SDS-PAGE and analyzed for STAT3 and
phosphorylated STAT3 (STAT3-Tyr). The image shown is
representative of three independent experiments

Discussion
In this study, we used an insulin-producing beta-cell line to create

an ecdysone-inducible system to mimic the interactions among leptin,
SOCS3, and insulin. After incubation with ponasteroneA, exogenous
SOCS3 was expressed in the beta-cell line in a dose- and time-
dependent manner. The effect of ponasteroneA treatment on mRNA
transcription and protein expression in these cells is well established
[14]. Using this system, we investigated the effects of SOCS3
expression and leptin treatment on insulin expression. We found that
SOCS3 affected the preproinsulin mRNA expression, and that
treatment with leptin suppressed SOCS3 mRNA expression and
decreased the preproinsulin mRNA levels.

STAT protein, which is key mediator in leptin signal transduction,
is also suppressed by SOCS3 [17]. STATs have mainly been shown to
transcriptionally enhance gene expression. However, Seufert et al.
found that leptin increases the binding of STAT5b to the upstream
sequences of the rat preproinsulin 1 promoter and inhibits insulin
biosynthesis via transcriptional repression [18]. Furthermore, fructose
increased SOCS3 expression, decreased STAT3 phosphorylation,
increased Pdx1 and insulin gene expression, and induced
hyperinsulinemia both in rats and in INS-1 cells [19]. Quercetin
treatment suppressed the increased SOCS3 level, elevated the reduced
STAT3 level, and improved leptin signalling, thereby protecting beta-
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cell function under high-fructose conditions [19]. In accordance with
the previous studies, in our study, over expression of SOCS3 inhibited
STAT3 phosphorylation and then increased preproinsulin mRNA
expression. However, leptin decreased the SOCS3-induced
preproinsulin expression through enhancement of STAT3
phosphorylation. As previously reported, SOCS3 expression reverses
the stimulatory effect of growth hormones on pancreatic beta-cell
proliferation and insulin secretion. Furthermore, SOCS3 protects
pancreatic beta-cells from IL-1β- and IFN-γ-mediated cytotoxicity but
does not alter insulin levels [14,20]. Based on these results, we propose
that SOCS3 plays multiple roles in pancreatic beta-cells and that it
might be an important mediator of crosstalk between the insulin and
leptin pathways. As the RIN-5AH β-cell line did not induce a
significant amount of insulin release with glucose, we could not
investigate the effect of SOCS3 on glucose-stimulated insulin release.
Further investigations that use islets from SOCS3 transgenic mice will
be conducted to investigate the effect of SOCS3 on preproinsulin
mRNA expression and glucose-stimulated insulin release.
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