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Sitagliptin ameliorates high glucose-induced cell proliferation
and expression of the extracellular matrix
in glomerular mesangial cells
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Abstract. Diabetic nephropathy (DN) is one of the most
important causes that leads to end-stage renal disease and the
efficacy of strategies currently available for the prevention
of DN remains unsatisfactory. Sitagliptin (SIT), which is a
dipeptidyl peptidase-4 inhibitor, exhibited a modest beneficial
effect on glycated hemoglobin levels and is capable of amelio-
rating renal ischemia reperfusion injury. By determining
the expression of transforming growth factor-p1 (TGF-f1),
connective tissue growth factor (CTGF), collagen type IV
(CollV) and fibronectin (FN) levels in high glucose-cultured
glomerular mesangial cells (MCs), the present study aimed
to assess the anti-proliferative and anti-fibrotic effects of SIT
on the therapeutic potential for the prevention of DN and its
mechanism. Specifically, cell proliferation was determined via
cell counting kit-8 assay, and the expression levels of TGF-f1
and CTGF mRNA were detected by reverse transcription
polymerase chain reaction analysis. Furthermore, the secre-
tion of TGF-p1, CTGF, CollV and FN proteins was measured
via enzyme-linked immunosorbent assays. The results demon-
strated that high glucose induced the proliferation of MCs and
enhanced the expression of TGF-f1, CTGF, CollV and FN.
Furthermore, treatment with SIT inhibited cell proliferation
and the expression of TGF-f31, CTGF, CollV and FN induced
by high glucose. In conclusion, SIT inhibits cell proliferation
and the expression of the major extracellular matrix proteins
induced by high glucose, indicating its value for treating or
relieving DN.
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Introduction

Diabetic nephropathy (DN), which is the leading cause
of end-stage kidney failure, is increasing worldwide (1).
Mesangial expansion of DN, caused by the proliferation of
mesangial cells (MCs) and the excessive accumulation of the
extracellular matrix (ECM), is one of the pathological features
of DN (2). Hyperglycemia, which activates multiple intracel-
lular signaling factors and results in abnormalities in blood
flow and the accumulation of ECM (3-5), has been confirmed
as the main initiative factor in the etiology of DN (6), which
is one type of kidney fibrosis disease (7-9). In the clinical
settings, the major ECM proteins, including collagen type IV
(CollV) and fibronectin (FN), are regarded as the markers
of fibrogenesis in numerous kidney fibrosis diseases, such as
DN. However, transforming growth factor-f1 (TGF-f1) and its
downstream mediator connective tissue growth factor (CTGF)
are recognized as fibrogenic cytokines and have a decisive role
in the kidney pathophysiology of DN (10,11). At present, MCs
are considered as the main type of cells that secrete ECM (12).
Therefore, inhibition of MC proliferation and ECM accumula-
tion can be applied as a practical method to treat or delay DN.

However, no therapies that are currently available are able
to retard the progression of end-stage renal failure and novel
treatments in the management of DN are therefore required.
Sitagliptin (SIT) is one of the most well-known incretin
enhancers or gliptins, which increases incretin contents
due to the inhibition of dipeptidyl peptidase-4 (DPP-4)
activity. Previous studies have revealed that SIT may offer
cardiovascular and neuropathic protection by antioxidant,
anti-inflammatory and anti-apoptotic mechanisms (13-19). It
has also been reported that SIT is able to ameliorate renal isch-
emia reperfusion injury in rats (20). However, it is uncertain
whether it has a beneficial effect on DN.

In the present study, the effects of SIT on the proliferation
of MCs, the expression of major ECM (CollV and FN) and
ECM-related genes (TGF-B1 and CTGF) were investigated in
high glucose-cultured MCs. Cell proliferation was determined
via a Cell Counting Kit-8 (CCK-8) assay, the mRNA levels of
TGF-p1 and CTGF genes were detected by reverse transcrip-
tion polymerase chain reaction (RT-PCR) and the levels of
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TGF-p1, CTGF, CollV and FN proteins in the supernatant of
MCs were measured by ELISA.

Materials and methods

Materials. SIT was purchased from Santa Cruz Biotechnology,
Inc. (Dallas, TX, USA). Human glomerular MCs were acquired
from Central South University (Changsha, China). CCK-8
was purchased from Dojindo Molecular Technologies, Inc.,
(Kyushu, Japan). TRIzol reagent was purchased from Thermo
Fisher Scientific, Inc. (Waltham, MA, USA) and TIANScript
RT kit was purchased from Tiangen Biotech Co., Ltd. (Beijing,
China). Upstream and downstream primers of the TGF-f1 and
CTGEF genes were purchased from Shanghai Sangon Biotech
Co., Ltd. (Shanghai, China). TGF-p1 (DRE10095), CTGF
(DRE10422), CollV (DRE10693) and FN (DRE10160) ELISA
kits were purchased from RayBiotech Scientific (Southampton,
UK).

MC culture and treatment. MCs were seeded at 1.0x10° cell/ml
and cultured in Dulbecco's modified Eagle's medium (Gibco;
Thermo Fisher Scientific, Inc.) at 37°C in a humidified
atmosphere containing 5% CO,. During the experiments,
the cells were exposed to a normal concentration of glucose
(NG; 5.56 mmol/l) for 24 h, and divided into five groups
and treated with normal glucose (NG; 5.56 mmol/l), high
glucose (HG; 30 mmol/l glucose), high glucose with low-dose
(0.1 ymol/ml) sitagliptin for the low dose of sitagliptin group
(SITL), high glucose with medium-dose (1 gmol/ml) sita-
gliptin for the medium dose of sitagliptin group (SITM) or
high glucose with high-dose (10 ymol/ml) sitagliptin for the
high dose of sitagliptin group (SITH). SIT was dissolved in
1% (v/v) dimethyl sulfoxide (DMSO) to treat the DMSO group,
which was used as a control to rule out the effect of the vehicle.
In addition, mannitol (MA) was used as a control to exclude
the effect of osmotic pressure. Cells were cultured at 37°C in a
humidified atmosphere containing 5% CO, and harvested for
analysis after 24 and 36 h.

Cell proliferation assay. Cell proliferation was tested using the
CCK-8 colorimetric method. MCs were seeded into 96-well
plates at a density of 1.0x10%/well. After 24 and 36 h, CCK-8
solution was added (10 ul in each well) and cells continued to
be cultured for another 1 h. Absorbance was read at 450 nm
by visible spectrometry (BioTek Instruments, Inc., Winooski,
VT, USA).

RT-PCR. An RT-PCR procedure was performed to examine
the relative mRNA levels of TGF-p1 and CTGF in MCs.
Total RNA was extracted from MCs using TRIzol reagent
according to the manufacturer's instructions. The total RNA
obtained was converted into cDNA using a TIANScript
RT kit. The sequences of the primers used were as follows:
TGF-p1 forward, 5'“ATGTGCAGGATAATTGCTGCC-3'
and reverse, 5“TGGTGTTGTACAGGCTGAGG-3' (182 bp);
CTGF forward, 5'-GCTAAGACCTGTGGAATGGGC-3' and
reverse, 5'-CTCAAAGATGTCATTGCCCCC-3' (383 bp);
and B-actin forward, 5-ATGTCACGCACGATTTCCC-3' and
reverse, 5'-GAGACCTTCAACACCCCAGC-3' (263 bp). The
reaction mixture was incubated at 42°C for 55 min for RT prior
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Figure 1. Cell proliferation rates in sitagliptin-treated mesangial cells at 24 h.
Data are expressed as the mean + standard error of the mean, n=3. “P<0.01
vs. the NG group; 7P<0.01 vs. the HG group; “P<0.05 vs. SITM.NG, normal
glucose; MA, mannitol; HG, high glucose; DMSO, high glucose with 1%
dimethyl sulfoxide; SITL, high glucose with 0.1 ymol/ml sitagliptin; SITM,
high glucose with 1 gmol/ml sitagliptin; SITH, high glucose with 10 zmol/ml
sitagliptin.

to thermal cycling. Cycle conditions of TGF-p1 and CTGF
genes were as follows: Initial denaturation for 3 min at 94°C,
followed by 30 cycles at 94°C for 30 sec, 60°C for 30 sec, 72°C
for 1 min and a final elongation step at 72°C for 5 min. For
[B-actin, the cycling conditions were: Initial denaturation for
3 min at 94°C, followed by 35 cycles at 94°C for 30 sec, 59°C
for 30 sec, 72°C for 1 min and a final elongation step at 72°C for
5 min. RT-PCR products were separated by 1.5% SDS-PAGE,
and the band densities were analyzed using a Tanon-1600R
gel imaging system (Tanon Science and Technology Co., Ltd.,
Shanghai, China). Relative quantities of mRNA of these genes
in MCs that were represented by the ratio of band density of
the objective gene were compared to that of $-actin.

ELISA. Levels of TGF-f1, CTGF, CollV and FN proteins in
the supernatant of MCs were determined by ELISA according
to the manufacturer's instructions. The colorimetric reaction
was measured at 450 nm.

Statistical analysis. Statistical analyses were carried out using
SPSS 16.0 software (SPSS, Chicago, IL, USA). Data were
expressed as the mean + standard error of the mean (n=3).
Statistical analyses were performed using one-way analysis
of variance. P<0.05 was considered to indicate a statistically
significant difference.

Results

Effects of SIT on MC proliferation induced by high glucose.
CCK-8 assay was used to investigate the impact of SIT on
the proliferation of MCs. As demonstrated in Figs. 1 and 2,
MC proliferation was increased after 24 h (P<0.01) and 36 h
(P<0.01) exposure to high glucose. Cell proliferation rates in
the SITL, SITM and SITH groups were significantly lower
than those of the HG group (P<0.05 or P<0.01). However, at
both time points, cell proliferation rates in the MA group were
not significantly different from those in the normal glucose
group (NG), and the DMSO group was almost identical to
the HG group, indicating that no effects were generated by the
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Figure 2. Cell proliferation rates in sitagliptin-treated mesangial cells at 36 h.
Data are expressed as the mean + standard error of the mean, n=3. "P<0.05
and “P<0.01 vs. the NG group; “P<0.05 and #P<0.01 vs. the HG group;
@®P<(.01 vs. SITM. NG, normal glucose; MA, mannitol; HG, high glucose;
DMSO, high glucose with 1% dimethyl sulfoxide; SITL, high glucose with
0.1 pgmol/ml sitagliptin; SITM, high glucose with 1 pgmol/ml sitagliptin;
SITH, high glucose with 10 gmol/ml sitagliptin.
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Figure 3. mRNA levels of TGF-f1 and CTGF in the sitagliptin-treated
mesangial cells at 24 h. (A) Agarose electrophoresis of RT-PCR products
amplified from the total RNA extracts of mesangial cells. 3-actin was
used as the internal standard in each sample. (B and C) RT-PCR data for
the mRNA relative quantity of TGF-B1 and CTGF performed by densi-
tometric analysis. Data are expressed as the mean + standard error of the
mean, n=3. 'P<0.05 and “P<0.01 vs. the NG group; "P<0.05 vs. the HG
group; “P<0.05 vs. SITL. TGF-f1, transforming growth factor-f1; CTGF,
connective tissue growth factor; NG, normal glucose; MA, mannitol; HG,
high glucose; DMSO, high glucose with 1% dimethyl sulfoxide; SITL, high
glucose with 0.1 ygmol/ml sitagliptin; SITM, high glucose with 1 gmol/ml
sitagliptin; SITH, high glucose with 10 ymol/ml sitagliptin; RT-PCR, reverse
transcription-polymerase chain reaction.
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Figure 4. mRNA levels of TGF-B1 and CTGF in the sitagliptin-treated
mesangial cells at 36 h. (A) Agarose electrophoresis of RT-PCR products
amplified from the total RNA extracts of mesangial cells, where 3-actin was
used as the internal standard in each sample. (B and C) RT-PCR data for the
mRNA relative quantity of TGF-B1 and CTGF performed by densitometric
analysis. Data are expressed as the mean =+ standard error of the mean, n=3.
“P<0.05 and “P<0.01 vs. the NG group; P<0.05 and #P<0.01 vs. the HG
group; “P<0.05 vs. SITL. TGF-B1, transforming growth factor-1; CTGF,
connective tissue growth factor; NG, normal glucose; MA, mannitol; HG,
high glucose; DMSO, high glucose with 1% dimethyl sulfoxide; SITL, high
glucose with 0.1 ymol/ml sitagliptin; SITM, high glucose with 1 ymol/ml
sitagliptin; SITH, high glucose with 10 gmol/ml sitagliptin.

osmotic pressure and the vehicle. These results indicate that
administration of SIT significantly suppressed MC prolifera-
tion induced by high glucose.

Effects of SIT on TGF-f1 and CTGF mRNA levels induced
by high glucose. As shown in Figs. 3 and 4, the results of
RT-PCR analysis demonstrated that the mRNA expression
levels of TGF-f1 and CTGF in the HG-treated group were
significantly upregulated compared with the NG group after
24 (P<0.05) and 36 h (P<0.01). After 24 h, the TGF-f31 and
CTGF mRNA levels in the groups treated with SITM and
SITH were significantly lower than those of the HG group
(P<0.05). TGF-p1 and CTGF mRNA levels in the SITL group
were not significantly lower than in the HG group. After 36 h,
the TGF-p1 and CTGF mRNA levels in the SITL, SITM, and
SITH groups were significantly decreased compared with the
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Figure 5. Quantity of TGF-f1, CTGF, CollV and FN proteins in the supernatant of sitagliptin-treated mesangial cells at 24 h. Quantity of (A) TGF-f1.
(B) CTGF, (C) ColIV and (D) FN. Data are expressed as the mean = standard error of the mean, n=3. "P<0.05 and “P<0.01 vs. the NG group; “P<0.01 vs. the
HG group; ®P<0.05 vs. SITM. TGF-f1, transforming growth factor-B1; CTGF, connective tissue growth factor; CollV, collagen type IV; FN, fibronectin; NG,
normal glucose; MA, mannitol; HG, high glucose; DMSO, high glucose with 1% dimethyl sulfoxide; SITL, high glucose with 0.1 ymol/ml sitagliptin; SITM,
high glucose with 1 gmol/ml sitagliptin; SITH, high glucose with 10 gmol/ml sitagliptin.
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Figure 6. Quantity of TGF-f1, CTGF, CollV and FN proteins in the supernatant of sitagliptin-treated mesangial cells at 36 h. Quantities of (A) TGF-p1,
(B) CTGF, (C) CollV and (D) FN. Data are expressed as mean + standard error of the mean, n=3. "P<0.05 and “P<0.01 vs. the NG group; "P<0.01 vs. the
HG group; ®P<0.05 vs. SITM. TGF-f1, transforming growth factor-B1; CTGF, connective tissue growth factor; CollV, collagen type 1V; FN, fibronectin; NG,
normal glucose; MA, mannitol; HG, high glucose; DMSO, high glucose with 1% dimethyl sulfoxide; SITL, high glucose with 0.1 ymol/ml sitagliptin; SITM,
high glucose with 1 gmol/ml sitagliptin; SITH, high glucose with 10 gmol/ml sitagliptin.
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HG-treated group (P<0.05 or P<0.01). No significant changes
between the MA and NG groups were identified in terms of
the gene expression levels and no effects were generated by
the vehicle. These findings indicated that administration of
SIT significantly decreased the mRNA levels of TGF-f1 and
CTGEF under high glucose conditions and that this effect was
concentration-dependent at 24 h.

Effects of SIT on TGF-p1, CTGF, CollV and FN proteins
induced by high glucose. At 24 h, the levels of TGF-p1,
CTGF, CollV and FN proteins in the cell culture superna-
tants of the HG group were significantly increased compared
with the NG group (P<0.05 or P<0.01; Fig. 5). There was no
difference observed between the NG and MA groups and the
HG and DMSO groups in terms of the secretion of these four
proteins, demonstrating that no effects were generated by the
osmotic pressure and the vehicle. CTGF and FN levels in the
group treated with SITH were significantly lower than those
of the HG group (P<0.01). Additionally, the CollV levels
in groups treated with SITL, SITM and SITH were signifi-
cantly decreased when compared with the HG-treated group
(P<0.01). At 36 h, the secretion of these four proteins in the
cell culture supernatants of the HG group were significantly
increased (P<0.01) and no effects were generated by the
osmotic pressure and the vehicle (Fig. 6). Following adminis-
tration of SIT, the TGF-f1, CTGF and FN levels in the SITM
and SITH groups were lower than those of the HG group
(P<0.01). Furthermore, CollV levels in the SITL, SITM and
SITH groups were significantly decreased compared with the
HG group (P<0.01). These results indicated that administra-
tion of SIT significantly decreased TGF-p1, CTGF, CollV
and FN protein levels under high glucose conditions.

Discussion

As one of the most important causes of end-stage renal
disease, DN, also known as nodular diabetic glomeruloscle-
rosis, is characterized by MC proliferation and excessive
accumulation of ECM, which may ultimately lead to chronic
renal failure (21). In the complex mechanisms of DN, the
hyperglycemia-TGF-B1-ECM pathway is important. TGF-p1
is a potent fibrogenic factor that is highly expressed in the
kidneys of diabetic patients (22,23). CTGF, which acts down-
stream of TGF-f1, has been demonstrated to mediate the
expression of ECM proteins in response to various external
perturbations (23-25). In addition, CTGF facilitates TGF-p1
signaling and consequently promotes renal fibrosis (26). It is
evident that coordinated expression of TGF-f31 and CTGF is
crucial for the induction of ECM proteins and thus, for the
development of DN (26). ECM accumulation in the mesangial
area is typically associated with the deposition of CollV and
FN (27). Therefore, reversing changes in MC proliferation
and expression of TGF-f1, CTGF and ECM may be vital in
relieving DN.

As outlined, canonical signal factors, including TGF-f1,
CTGF, FN and CollV, regulate various physiological
processes, including the development of DN. Preclinical
observations and clinical studies have indicated that DPP-4
inhibitors may be a promising strategy for the treatment of
ameliorating renal ischemia reperfusion injury (28). However,
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there is no evidence that SIT has a clear association with DN
thus far.

In the present study, the proliferation of MCs and expres-
sion of TGF-B1 and CTGF were enhanced under high glucose
conditions. Consequently, these changes accelerate the accu-
mulation of CollV and FN proteins. The SIT treatment groups
exhibited significant suppression of cell proliferation and a
reduction in CollV and FN protein levels in response to the
high glucose and SIT conditions. In addition, SIT significantly
decreased the mRNA and protein levels of TGF-f31 and CTGF.

The present study is a preliminary study on the effects of
SIT on DN and the results demonstrates that SIT was able to
ameliorate high glucose-induced cell proliferation and expres-
sion of ECM in glomerular MCs, which may provide a basis
for future research into novel treatments for patients with DN.
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