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Abstract Resistin, known as an adipocyte-specific
secretory factor (ADSF), is implicated to modulate insulin
resistance in rodents. However, the precise role of this
factor for human insulin resistance has remained elusive.
Here, we investigate the relationship between human res-
istin and insulin resistance in hepatocytes and the effect of
Metformin on resistin. In this study, the expression of
resistin in human hepatocytes and hepatic tissues was
examined, and the human resistin eukaryotic expression
vector was constructed and stably transfected in HepG2
cells. Data showed that resistin is expressed in human
hepatocytes and hepatic tissues. Overexpression of human
resistin impaired significantly insulin-stimulated glucose
uptake and glycogen synthesis in HepG2 cells. It also
decreased the expression of insulin receptor substrate 2
(IRS-2) and c-cbl associated protein (CAP), whereas
increased the expression of glycogen synthetase kinase 3/
(GSK-3f). The result suggested that human resistin
induced insulin resistance in hepatocytes by blocking the
two insulin signal transduction pathways of PI-3K/Akt and
of CAP/c-cbl. We also concluded that Metformin reversed
the effect of resistin and downregulated the expression of
resistin in hepatocytes.
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Introduction

Resistin belongs to a gene family found in inflammatory
zone (FIZZ) or in resistin-like molecule (RELM) [1]. Most
researchers accept the effect of resistin of inducing insulin
resistance in rodents [1-6]. However, it is controversial in
the studies of evaluating resistin expression related with
type 2 diabetes in humans [7-11]. Thus, it is necessary to
investigate the effect of human resistin on target cells on
which insulin acts. As we know, the liver, an important
target of insulin, plays a crucial role in regulating glucose
levels in vivo. Hepatic insulin resistance is presumed to be
importantly responsible for the development of type 2
diabetes [12]. Current studies in rodents indicated that
resistin impaired hepatic insulin sensitivity, increased liver
sugar output [13, 14] and downregulated PI/3K insulin
signal transduction pathway [5], which suggests that resi-
stin may directly induce insulin resistance in the liver in
rodents. Furthermore, it was reported that resistin mRNA
was positively and independently correlated with insulin
resistance and hepatic fat [15] in human. Therefore, we
hypothesized that human resistin impairs insulin action in
hepatocytes. In order to investigate the biological effect of
resistin on hepatic glucose metabolism, we examined the
expression of resistin in human hepatocytes and hepatic
tissues, cultured human HepG2 cells with transfected res-
istin, and examined the effect of resistin on insulin-
stimulated glucose utilization and on the expression of
relevant genes. Metformin is a widely used anti-diabetic
agent which improves insulin resistance in liver. It was
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reported that Metformin had no effect on resistin level in
serum [16], but downregulated the expression of resistin in
adipocytes at the transcriptional level [17]. We made fur-
ther experiments to test its action on human resistin at the
post-transcriptional level.

Materials and methods
Construction of expression plasmids

The pGEM-T-human resistin (pGEM-T-hR) clone vector
was a kindly gift from MRC & Asthma UK Centre in
Allergic Mechanisms of Asthma (London, UK). Human
resistin (HR) gene was obtained by PCR amplification from
pGEM-T-hR clone vector. The primers were designed
according to hR gene with the addition of leader sequences
corresponding to the Kpnl and EcoRI restriction enzymes
to facilitate directional cloning into the PcDNA3.1 plas-
mids (Pc-3.1) (Invitrogen). Primer sequences Resistinl and
PCR conditions were shown in Table 1. The sequence of
hR cDNA generated by PCR was confirmed by sequencing
and inserted into plasmid Pc-3.1 following the instruction
of manufacturer. The genotypes of the construction were

named as PcDNA-hR (Pc-hR). Empty Pc-3.1 was used as
control.

Cell culture and stable transfection

HepG2 and 7721 cells (American Type Culture Collection)
were cultured in Dulbecco’s minimal essential medium
(DMEM) containing 25 mM glucose, 10% fetal bovine
serum (FBS) (GIBCO), respectively.

The Pc-hR and Pc-3.1 expression vectors were stably
transfected in HepG2 cells using lipofectamine 2000
reagent (Invitrogen) according to the supplier’s manual. In
order to obtain stable transfection in HepG2 cells, the
medium was changed to the selection DMEM supple-
mented with 800 pg/ml G418 (GIBCO) 72 h after
transfection. After three weeks, the monoclone cell was
selected, amplified, and maintained with 400 pg/ml G418.

Immunocytochemistry staining

Immunocytochemical detection of hR expression was car-
ried out in HepG2 cells as previously described [18] using
mouse anti-human resistin monoclone antibody (R&D
Systems, Inc, 1:50 dilution). The cells were visualized

Table 1 Primers and PCR conditions for semi-quantitative RT-PCR analysis

mRNA Primer pair (5'—3') Annealing No. of cycles Product
temperature (°C) size (bp)

Resistin-1 58 30 352

Forward TCAGGTACCATGGCCATGAAAGCTCTCTGTCTCCTC

Reverse TCGGAATTCTCAGGGCTGCACACGACAGC

Resistin-2 59 35 267

Forward GGGGCTGTTGGTGTCTA

Reverse GCTCCGGTCCAGTCCAT

GSK-3p 58 28 710

Forward GACGCTCCCTGTGATTTATGT

Reverse TAGCCAGAGGTGGATTACTTG

IRS-2 63 30 547

Forward GGCCTCTGTGGAAAATGTCTC

Reverse CTGTGGCTTCCTTCAAGTGATG

CAP 61 28 885

Forward TACATCGAAGGGGAGAAAGTGG

Reverse TCTTTATCATCGTGCCGTCTCC

p-actin 59 25 632

Forward GATGGTGGGTATGGGTCAGAAGGA

Reverse GCTCATTGCCGATAGTGATGACCT

GADPH 58 28 258

Forward AGAAGGCTGGGGCTCATTTG

Reverse AGGGGCCATCCACAGTCTTC
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using a microscope (Olympus) and the immunoreactivity
was identified as brown staining in cytoplasm. The grey
scale value of resistin expression was measured from ran-
domly selected microscope fields from five different wells
of Pc-3.1-transfected and Pc-hR-transfected HepG2 cells,
respectively, and analyzed using image analytical system
HPIAS-1000. At least five fields were selected per well.

Measurement of human resistin secretion

HepG2 cells, HepG2 cells transfected with Pc-3.1 or Pc-hR
plasmids were seeded in 24-well plates (I x 10’ cells/
well), respectively. After incubation with 600 pl of fresh
serum-free medium in the absence or presence of Metfor-
min (200 uM) for 24 h, the medium was used to measure
the amount of resistin secreted by cells by enzyme-linked
immunosorbent assay (ELISA), using a commercial kit
(BioVendor Laboratory Medicine, Inc. Czech Republic).

Glucose uptake assays

The measurements for glucose uptake were performed as
described by Nakamori [19]. Briefly, the HepG2 cells
transfected with Pc-hR and Pc-3.1 plasmids were grown in
serum-free DMEM with 0.2% BSA in the absence or
presence of Metformin (200 pM) for 24 h. Cells were then
incubated with Krebs-Ringer’s Hepes buffer (pH 7.4) with
or without insulin (100 nM) for 30 min at 37°C. Glucose
transport was initiated by addition of 2-Deoxy-D- [2, 6-°H]
glucose (Amersham Biosciences, Barcelona Spain) to a
final assay concentration of 50 uM for 10 min at 37°C.
Assays were terminated by three washes with ice-cold
phosphate buffered solution (PBS). Cells were lysed in
0.4 ml PBS containing 0.1% Triton X-100 for 45 min.
Nonspecific uptake was assessed in the presence of 10 pM
cytochalasin B (Sigma-Aldrich) and subtracted from all of
the measured values. Radioactivity was counted by liquid
scintillation spectroscopy using a Beckman LS 5000 TD
instrument and normalized to protein amount measured
with a Micro BCA protein assay kit (Pierce). Every
experiment set up five reduplicate wells and was repeated
thrice times.

Periodic acid-Schiff (PAS) staining

After fixation (85% of absolute alcohol, 5% of glacial
acetic acid 5% and 10% of formaldehyde), HepG2 cells
were incubated in periodic acid solution for 15 min, fol-
lowed by 20 min’ incubation in Schiff’s reagent. Cells
were counterstained for 2 min with methyl green [20]. The
grey scale value was measured and analyzed using image
analytical system HPIAS-1000 from randomly selected
microscope fields from five different wells of control and

Pc-hR-transfected HepG2 cells, respectively. At least five
fields were selected per well.

Semi-quantitative RT-PCR analysis of mRNA
expression

HepG2 cells, HepG2 cells transfected with Pc-3.1 or Pc-hR
plasmids were treated with or without Metformin (200 pM)
for 24 h. Total RNA was extracted from cells with the use
of Trizol reagent (GIBCO). RNA (1 pg) was reverse
transcribed using Revert Aid H Minus M-MuL V reverse
transcriptase (Helena Biosciences, Europe, Sunderland,
UK) and random hexamers in 20 pl reaction volume,
according to the manufacturer’s instructions. The products
(1 ul of cDNA) were subjected to PCR with ExTaq and
primers. Primer sequences and PCR conditions were shown
in Table 1. The PCR products were separated by electro-
phoresis on agarose gel, visualized by ethidium bromide
staining, and quantitated with gel Image Systems. The
abundance of each specific mRNA was normalized on the
basis of that of f-actin or GADPH mRNA.

In experiments evaluating resistin expression in hepa-
tocytes and liver tissue, total RNA was extracted from
HepG2 cells, 7721 cells, normal hepatic tissue, cirrhosis
tissue and liver cancer tissue and was performed RT-PCR.
For each PCR reaction, a negative control with the same
volume of each RNA instead of cDNA was used, and
meanwhile, amplification was conducted to control DNA
contamination. The positive control for PCR reaction was
performed using pGEM-T-human resistin clone plasmids
as template instead of cDNA. The housekeeping gene was
amplified, i.e. f-actin, as internal reference for gene
expression.

Human resistin primer sequences Resistin2 and PCR
conditions were shown in Table 1. Human resistin mRNA
has four exon. The forward primer was designed in exon2
and the reverse primer was designed in exon4. The hepatic
tissues were provided by liver surgery patients. Normal
liver tissue (three samples) was obtained during surgical
liver resection for hemangiomas of liver. Liver cancer
tissue (three samples) and cirrhosis tissue (two samples)
was collected in the liver transplantation for end-stage liver
cancer or cirrhosis. The tissue histology was assessed by
routine examination. The Human Study Committee of The
Third Clinical College of Ji Lin University approved this
study. Informed consent was obtained either from donors
or from their legal representatives.

Western blot analysis
HepG2 cells, HepG2 cells transfected with Pc-3.1 or Pc-hR

plasmids were treated with or without Metformin (200 pM)
for 24 h. Then they were lysed and performed for Western
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blot as described [21]. In brief, the protein were subjected
to SDS-polyacrylamide gel electrophoresis, electroblotted
onto Immobilon polyvinylidene difluoride membranes
(Millipore) and immunodetected using mouse anti-human
resistin monoclone antibody, rabbit polyclonal antibodies
to insulin receptor substrate (IRS)-2, to glycogen synthe-
tase kinase (GSK)-3p and to c-cbl associated protein (CAP)
(Upstate Biotechnology, Lake Placid, NY), respectively.
The immune complexes were detected with horseradish
peroxidase—conjugated secondary antibodies. The intensity
was determined using densitometry (Genesnap, Syngene,
UK) and each specific protein expression was confirmed
and normalized on the basis of that of f-actin (The Binding
Site, Birmingham, UK).

Statistical analysis

Analyses were carried out using SPSS (SPSS Inc.12.0,
Woking, UK) software. All qualitative data are represen-
tative of at least three independent experiments, with at
least four wells per group per experiment. Quantitative data
are presented as means £ SEM and were compared with
Student’s ¢ test. P < 0.05 was considered statistically
significant.

Results

Expression of resistin in human hepatocytes and hepatic
tissues

Resistin expression in human normal hepatic tissue, hepatic
cirrhosis tissue, hepatoma tissue and human hepatic cell
lines including HepG2 cell line and 7721 cell line was
evaluated using RT-PCR analysis. Products of the expected
sizes were reproducibly observed in positive control, tis-
sues and cell lines above (Fig. 1). No product was detected
in the negative control.

Fig. 1 Expression of resistin in human hepatocytes and hepatic
tissues. Representative mRNA expression of resistin in HepG2 cells
(1), 7721 cells (2), Normal Hepatic Tissue (4), Hepatoma Tissue (5)
and Hepatic Cirrhosis Tissue (6). —RT: Negative control. 3: Positive
control (pGEM-T-human resistin clone plasmids). M: Marker
(DL2000)

Construction of recombinant human resistin expression
vector and overexpression of human resistin in HepG2
cells transfected with recombinant plasmids

Full length of cDNA encoding human resistin (hR) coding
sequences (327 bp) was cloned into PcDNA3.1 (Pc-3.1)
vectors (Fig. 2A). The recombinant plasmids PcDNA-hR
(Pc-hR) and the control plasmids Pc-3.1 were stably
transfected into HepG2 cells. The expression of recombi-
nant human resistin at mRNA and protein levels in HepG2
cells were identified by semi-quantitative RT-PCR analysis
and immunocytochemistry staining, respectively. Com-
pared with the control cells (Fig. 2B and C-a), the
expression of human resistin mRNA and protein was sig-
nificantly increased in HepG2 cells which were transfected
with Pc-hR plasmids (Fig. 2B and C-b). Moreover, the
amount of resistin secreted in the medium was quantitated
by ELISA. As shown in Fig. 2D, the amount of resistin
secreted in the medium of HepG2 cells transfected with Pc-
hR plasmids was much higher than that in the control
medium. The results suggested that the resistin concen-
tration in the medium reflected the intracellular levels of
resistin.

Effects of hR on insulin action in hepatocytes

As shown by the data in Fig. 3A, there was a 33.7%
decrease (P < 0.01) in the basal glucose transport rate in
HepG2 cells overexpressing resistin compared with the
control cells. This effect was more evident after stimulation
with insulin (100 nM). Overexpression of resistin reduced
insulin-stimulated glucose uptake to the extent of 48.2%
(P < 0.001) in HepG2 cells (Fig. 3A). Similar effect of
resistin overexpression was observed in glycogen synthesis
assays. Compared with the control cells, glycogen syn-
thesis of HepG2 cells transfected with Pc-hR vectors was
decreased in the absence of insulin (P < 0.05) (Fig. 3 B-a,
b, e) and significantly decreased in the presence of insulin
(100 nM) (P < 0.01) (Fig. 3 B-c, d, e). These results sug-
gested that resistin disturbed glucose metabolism and
impaired insulin responsiveness directly.

Then, we investigated the effect of overexpression of
resistin on insulin signal transduction pathway. The mRNA
and protein expression of insulin receptor substrate 2 (IRS-
2), glycogen synthetase kinase 3 (GSK-3f) and c-cbl
associated protein (CAP) were evaluated by semi-quanti-
tative RT-PCR analysis and Western blot analysis. As
shown by the data in Fig. 4A, compared with the control
cells, mRNA expression of IRS-2 and CAP was down-
regulated (P < 0.01, respectively) while mRNA expression
of GSK-3f was upregulated (P < 0.01) in HepG2 cells
overexpressing resistin. In consistency with the data of
semi-quantitative RT-PCR analysis, Fig. 4B showed,
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Fig. 2 Construction of recombinant human resistin expression vector
and overexpression of human resistin in HepG2 cells transfected with
recombinant plasmids. (A) A full length of human resistin (hR) coding
sequence was inserted into PcDNA-3.1(Pc-3.1) plasmid. (B) The
expression of hR mRNA in HepG2 cells transfected with Pc-3.1 or
Pc-hR plasmids (semi-quantitative RT-PCR analysis). (C) Represen-
tative expression of hR protein in HepG2 cells transfected with Pc-3.1
(a) or Pc-hR (b) plasmids (immunocytochemistry staining).

compared with the control cells, protein expression of IRS-
2 and CAP was downregulated (P < 0.001, respectively)
while protein expression of GSK-3f was upregulated
(P < 0.01) in HepG2 cells overexpressing resistin.

Effect of Metformin on action and expression of resistin
in hepatocytes

The data indicated the insulin-stimulated glucose uptake of
HepG2 cells overexpressing resistin was significantly
enhanced with Metformin (200 uM) treatment (P < 0.01)
(Fig. 3A). Moreover, compared with the HepG2 cells
overexpressing resistin, Metformin treatment increased
expression of IRS-2, CAP and decreased expression of
GSK-3f (Fig. 4A and B). These results suggested that
Metformin reversed the influence of resistin in hepatocytes.

Furthermore, we examined effect of Metformin on the
expression of resistin in HepG2 cells. As shown in Fig. 5,
compared with the control cells, Metformin treatment
decreased the expression of resistin in HepG2 cells at both
transcription level (Fig. 5A) and protein level (Fig. 5B). In
consistency with the results above, the amount of resistin

(D) Quantitative analysis of resistin secretion by HepG2 cells
transfected with Pc-3.1 or Pc-hR plasmids by enzyme-linked immu-
nosorbent assay (ELISA). Data are means + SEM of values from four
different preparations. HepG2-Pc-3.1: HepG2 cells transfected with
Pc-3.1 plasmids; HepG2-Pc-hR: HepG2 cells transfected with Pc-hR
plasmids. **P < 0.01 versus HepG2 cells transfected with Pc-3.1
plasmids. ***P < 0.001 versus the medium of HepG2 cells transfec-
ted with Pc-3.1 plasmids

secreted in medium was cut down by Metformin treatment
(Fig. 50).

Discussion

Resistin is a low molecular weight cysteine-rich protein
(murine 114 amino acids, human 104 amino acids) secreted
from adipose tissue and it is considered as a link between
obesity and insulin resistance [22]. Even though originally
claimed to be adipose-specific in rodents [1], more recent
reports have suggested that, in human, resistin is also
expressed in multiple other tissues. It is expressed at very
low levels in preadipocytes, endothelial cells, and vascular
smooth muscle cells but abundantly expressed in peripheral
mononuclear cells and bone marrow [23]. The results are
discrepant in the investigations on whether resistin is
expressed in human liver tissue. Lisa Patel [23] and Tatiana
Ort [10] reported that resistin was expressed in fetal liver
tissue but not expressed in adult liver tissue. However,
Bertolani C and his colleagues [24] demonstrated that
resistin is expressed in human normal liver tissue and it is
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Fig. 3 Effects of human resistin on glucose uptake and glycogen
synthesis in HepG2 cells. (A) Glucose uptake assays showing effects
of hR and Metformin on glucose uptake in HepG2 cells. Data are
means = SEM of five experiments and are expressed as fold increase
of glucose uptake. (B: a—e): PAS staining showing effect of hR on
glycogen synthesis in HepG2 cells (magnification 200x). Met:
Metformin. The other abbreviations are the same as Fig. 2

increased in condition of severe fibrosis. Resistin is
expressed low in human normal liver tissue [24] and
investigation methods used were different, which may
contribute to different results in various study groups. In
agreement with the work of Bertolani C [24], our results
suggested that resistin is expressed in human normal
hepatic tissue, hepatic cirrhosis tissue and hepatoma tissue.
As we know, besides hepatocytes, liver tissue contains

other cell types such as Kupffer cells and so on. They all
possibly contribute to expression of resistin. Here, we
indicated for the first time that resistin is expressed in
hepatocyte lines including HepG2 and 7721 cell lines at
transcription level (Fig. 1). Further investigations con-
firmed that resistin is expressed in HepG2 cells at protein
level and is secreted in medium (Fig. 2 and Fig. 5). That
the finding of resisin is expressed in hepatic parenchymal
cells is perhaps helpful to understand the mechanism of
resistin inducing insulin resistance in hepatocytes.

The resistin found at present is a secretory factor and it
should act on target organs in vivo in an endocrine or
paracrine fashion [1]. However, some reports considered
that the activity of recombinant human resistin may be
lower than that of the endogenous one [10, 25, 26], so here
we mimicked the status by transfecting human resistin into
HepG2 cells, which originated from hepatocyte and retains
many characteristics of hepatocytes, to investigate its bio-
logical action on glucose metabolism in hepatocytes. The
results demonstrated that overexpression of human resistin
impaired glucose uptake and glycogen synthesis in HepG2
cells at the baseline and especially marked after stimulation
with insulin (Fig. 3). This indicated that human resistin
directly impaired insulin action in hepatocytes.

It is known that the insulin mediated transposition of
GLUTs mainly depended on two pathways including PI-
3K/Akt and CAP/c-cbl insulin signalling. IRS-2 and GSK-
3 are crucial factors with opposing functions in PI-3K/Akt
insulin signalling pathway. IRS-2 expression improves
insulin sensitivity, but GSK-3f is known as an insulin
signalling inhibitor. CAP is an adaptation protein which
binds cbl, known as one of the substrates of insulin
receptors, to form the complex to assist transduction of
insulin signaling and offers secondary signal paralleled
with PI-3K pathway for transposition of glucose trans-
porter. The two pathways not only act independently but
also interact to regulate transportation of GLUTSs in com-
mon. Obviously, the expression variation of these genes
would influence the action of insulin. Therefore, the
mRNA and protein levels of the above genes were mea-
sured in the current study. In agreement with the work of
Lei et al. [27], we found that GSK-3 mRNA and protein
expression was up-regulated due to overexpression of
resistin in HepG2 cells (Fig. 4), which indicated that resi-
stin downregulated PI-3K/Akt insulin signalling pathway.
Interestingly, our data also show that overexpression of
resistin decreased the mRNA and protein expression of
CAP as well as those of IRS-2 (Fig. 4) in HepG2 cells,
which suggested that resistin also downregulated CAP/c-
cbl insulin signalling pathway. These results demonstrated
that the two insulin signal transduction pathway may be all
involved in the impairment of insulin action caused by
resistin in hepatocytes.
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Fig. 4 Effects of human resistin and Metformin on the expression of
relevant genes of insulin signal transduction pathway. (A) Represen-
tative mRNA expression of relevant genes in HepG2 cells transfected
with Pc-3.1 or Pc-hR plasmids (semi-quantitative RT-PCR analysis).
The amount of each target mRNA was normalized by that of GADPH
mRNA and was expressed relative to the abundance of the target
mRNA in cells transfected with Pc-3.1 plamids. (B) Representative
protein expression of relevant genes in HepG2 cells transfected with
Pc-3.1 or Pc-hR plasmids (Western blot analysis). The amount of
each target protein was normalized by that of S-actin protein and was

It is recognized that altered regulation of the expression
and secretion of resistin might be important in the devel-
opment of insulin resistance. In fact, the various reports
have shown that resistin expression is modulated by a
variety of factors including glucose [22] and other media-
tors known to affect insulin sensitivity, including insulin
[28], TNF-a [29], dexamethasone [30] as well as rosiglit-
azone [17, 22]. There is a great deal of evidence that
rosiglitazone, an insulin sensitizer, downregulated resistin
level in serum [16] and expression of resistin in vitro [17,
22], and antagonized the effect of resistin on insulin sen-
sitivity [5]. Metformin, known as a widely used anti-
diabetic agent for the treatment of type 2 diabetes, was also
reported that it decreased mRNA level of resistin in vitro

protein expression

k
HepG2-Pc-3.1 HepG2-Pc-hR  HepG2-Pc-
hR+Met

expressed relative to the expression of the target protein in cells
transfected with Pc-3.1 plamids. Data are means & SEM of values
from three to five independent experiments. CAP: c-cbl associated
protein. IRS-2: insulin receptor substrate 2. GSK-3f: glycogen
synthetase kinase 3. Met: Metformin. 1: i.e. HepG2-Pc-3.1, HepG2
cells transfected with Pc-3.1 plasmids. 2: i.e. HepG2-Pc-hR, HepG2
cells transfected with Pc-hR plasmids. 3: i.e. HepG2-Pc-hR + Met,
Metformin treated HepG2 cells transfected with Pc-hR plasmids. M:
Marker DL2000. *P < 0.05, **P < 0.01, ***P < 0.001

[17]. Moreover, Metformin enhances insulin action in
hepatocytes [31]. Therefore, its relationship with resistin
was examined in this study. Data showed that Metformin
could reverse the effects of resistin on insulin signalling in
HepG2 cells (Fig. 4) and improved glucose uptake of
HepG2 cells overexpressing human resistin (Fig. 3). Fur-
thermore, Merformin was also implicated to downregulate
the expression of resistin in HepG2 cells at transcription
and translation level (Fig. 5). It maybe contributes to the
mechanism of Metformin resisting the effect of resistin.
In conclusion, this study has demonstrated that human
resistin overexpression impairs glucose transport and gly-
cogen synthesis in hepatocytes. We propose that the
potential mechanism for these effects is resistin-mediated
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Fig. 5 Effect of Metformin on
expression of human resistin in A
hepatocytes. (A) Semi-
quantitative RT-PCR analysis
showing expression of resistin
at transcriptional level in
HepG2 cells in the absence or
presence of Metformin. The
amount of resistin mRNA was
normalized by that of f-actin
mRNA and was expressed
relative to the expression of
resistin mRNA in HepG2 cells.
(B) Western blot analysis
showing expression of resistin
at protein level in HepG2 cells
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. . . - ==
expression of resistin protein in S E o4af o < :.ﬂ 04 F
HepG?2 cells. Data are o & v & &
= 02 > A 02
means + SEM of values from = g g .
three to five independent E 0 T & 0
experiments. (C) Quantitative HepG?2 cells HepG2 cells + X% HepG2 cells HepG2 cells +
analysis of resistin secretion by Met 200uM Met 200uM
HepG?2 cells in the absence or C
presence of Metformin by g 1
enzyme-linked immunosorbent ‘-an | T %
assay (ELISA). Data are g 0.8 = =
means + SEM of values from £ g 0.6 -
four different preparations. Met: E )
Metformin. *P < 0.05, s T 04
##P < 0.01 versus HepG2 cells = 02
Z !
& HepG2 cells HepG2 cells+Met200

impairment of both PI-3K/Akt and CAP/c-cbl insulin sig-
nalling pathway. Metformin inhibits resistin gene
expression and attenuates its action in hepatocytes.
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