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KLF15 suppresses cell proliferation and extracellular 
matrix expression in mesangial cells under high glucose
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Abstract: Excess mesangial extracellular matrix (ECM) and mesangial cell (MC) proliferation is the major pathologic 
feature of diabetic nephropathy. Kruppel-like factor 15 (KLF15) is a member of the KLF transcription factor family 
that plays a critical role in regulating renal fibrosis. However, the role of KLF15 in diabetic nephropathy remains poor-
ly understood. This study was conducted to explore the role of KLF15 in the development and progress of diabetic 
nephropathy in high glucose (HG)-stimulated human MCs. Here, we found down-regulated expression of KLF15 in 
MCs induced by HG. Overexpression of KLF15 significantly inhibited MCs proliferation and ECM production induced 
by HG. Moreover, overexpression of KLF15 inhibited HG-induced ERK1/2 phosphorylation in MCs. In summary, our 
data demonstrate that KLF15 can suppress HG-induced cell proliferation and ECM protein fibronectin expression in 
human MCs via ERK1/2 MAPK signaling. The results provide evidence that KLF15 might be a potential molecular 
target for the treatment of diabetic nephropathy.
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Introduction

Diabetic nephropathy is an important diabetic 
microvascular complication and the major 
cause of disability and death. It is character-
ized by albuminuria, glomerular hypertrophy, 
and progressive accumulation of glomerular 
matrix, culminating in glomerulosclerosis, tubu-
lointerstitial fibrosis, and progressive loss of 
renal function [1]. It has been reported that the 
mesangial cells (MCs) play important roles in 
diabetic nephropathy, being responsible for the 
accumulation of ECM and mesangial expan-
sion. Furthermore, there is increasing evidence 
that high glucose (HG) is one of the major fac-
tors in the development of diabetic nephropa-
thy, and it promotes MC proliferation and 
increased matrix synthesis in vitro [2]. Thus, 
inhibition of HG-induced MC proliferation and 
ECM accumulation is beneficial in the treat-
ment of diabetic nephropathy. 

Kruppel-like factors (KLFs) are DNA-binding 
transcriptional regulators that contain three 

conserved zinc fingers within the carboxyl ter-
minus that bind a putative consensus 5’-C(A/T)
CCC-3’ motif in the promoters and enhancers of 
various genes [3, 4]. Increasing evidence indi-
cates that this family was involved in a variety of 
cellular processes, such as cell differentiation, 
cardiac remodeling, hematopoiesis, angiogen-
esis and stem cell-fate determination [5-8]. 
KLF15 is a member of the KLF transcription fac-
tor family that plays a critical role in regulating 
stress response, cardiac hypertrophy and fibro-
sis [9-12]. Recently, one study showed that 
overexpression of KLF15 repressed basal and 
transforming growth factor-β1 (TGF-β1)-induced 
extracellular matrix in rat renal fibroblasts [13]. 
In addition, Hong et al. reported that the MC 
proliferation was reduced in MCs overexpress-
ing KLF15 in a classic rat anti-Thy1 mesangial 
proliferative nephritis model [14]. However, the 
role of KLF15 in diabetic nephropathy remains 
poorly understood. This study was conducted to 
explore the role of KLF15 in the development 
and progress of diabetic nephropathy in HG- 
stimulated human MCs.
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Materials and methods

Cell culture

Normal human MC line was purchased from the 
Shanghai Academy of Life Sciences (Shanghai, 
China). The cells were cultured in MEM medium 
containing 5% fetal bovine serum (FBS) and 1 
μg/ml of gentamicin (Sigma, St. Louis, MO, 
USA) and maintained at 37°C in 5% CO2 and 
95% air. Cells were sub-cultured when 70-90% 
confluent and used for experiments between 
passages 5-7. At subconfluence, MCs were 
incubated with serum-free MEM medium for 24 
h and then divided into four groups as follows: 
(a) control, where cells were kept in MEM medi-
um without FBS, containing normal glucose 
concentration of 5.6 mM (NG group); (b) high 
glucose, where cells were cultured in MEM 
medium without FBS containing 25 mM glu-
cose (HG group); (c) empty vector group; and (d) 
KLF15 overexpression (KLF15 OE) in 25 mM 
glucose condition. Cells were exposed to above 
conditions for 24 h.

KLF15 plasmid and cell transfection

A cDNA containing the full-length open reading 
frame of KLF15 (pcDNA3.1-KLF15 FLAG) was 
subcloned into an expression vector as previ-
ously described [15]. Empty vector control  
and pcDNA3.1-KLF15 FLAG adenoviral vectors  
were prepared by Shanghai Sangon Co., Ltd 
(Shanghai, China). 

For in vitro transfection, MCs were seeded in 
each well of 24-well microplates, grown for 24 h 
to reach 50% confluence, and transfected with 
EV or KLF15 OE using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA), according to the 
manufacturer’s instructions.

Cell proliferation assay

Cell proliferation was determined using Cell 
Counting Kit-8 (CCK-8) (Beyotime Inst. Biotech, 
China) according to manufacturer’s instruc-
tions. In brief, MCs transfected with empty vec-
tor or KLF15 OE were seeded into 96-well 
plates (1 × 104 cells/well) and incubated with 
25 mM glucose (HG) for 24 h, then incubated 
with WST-8 dye at 37°C. The optical density 
(OD) value of each well was measured at 450 
nm. 

Real-time quantitative PCR

Total RNA was extracted from the cells using 
the TRIzol reagent kit (Invitrogen, Carlsbad, CA) 
and treated with DNAse. 1 μg of treated RNA 
was utilized to synthesize cDNA using the 
SuperScript First-Stand Synthesis system (In- 
vitrogen, Carlsbad, CA). PCR amplification was 
carried out by ABI PRISM 7900 thermocycler 
using SYBR Premix Taq (Applied Biosystems). 
The following primer pairs were used to PCR 
amplification: KLF15, forward 5’-GTTGGGTAT- 
CTGGGTGATAGGC-3’, reverse 5’-TGAGAGTCGG- 
GACTGGAACAG-3’; GADPH, forward 5’-ATCCC- 
ATCACCATCTTCCAG-3’, reverse 5’-CCATCACGC- 
CACAGTTTCC-3’. The reaction conditions was 
as follows: an initial denaturation step at 94°C 
for 2 min, followed by 40 cycles at 94°C for 30 
seconds, 56°C for 30 seconds, and 72°C for 2 
min, and a final elongation step at 72°C for 10 
min. Relative levels of gene expression was 
expressed relative to β-actin and calculated 
using the 2-∆∆CT method [16]. 

Western blot analysis

The total proteins were extracted from MCs 
using the RIPA buffer (Beytime, Shanghai, 
China). The concentration of protein was de- 
termined using a BCA™ Protein Assay Kit 
according to the manufacturer’s instructions 
(Pierce, Rockford, USA). Equal amounts of pro-
tein (50 μg of protein/lane) were separated by 
10% SDS-polyacrylamide gel electrophoresis 
and transferred onto PVDF membranes. The 
membranes were incubated overnight at 4°C 
with anti-KLF15, p21Cip1, p27Kip1, fibronectin, 
p-ERK1/2, ERK1/2 and GAPDH antibodies 
(Santa Cruz Biotechnology, Santa Cruz, CA, 
USA). Then, the membrane was washed and 
incubated for 1 h at room temperature with a 
secondary antibody for 1 h at room tempera-
ture and then visualized by enhanced chemilu-
minescence detection reagents. Relative inten-
sities of protein bands were analyzed by Image 
J Software. 

Statistical analysis

Experiments were carried out at least in tripli-
cate, and the results are expressed as mean ± 
SD. The differences were analyzed by the 
Student’s t test or one-way analysis of variance 
and Student’s t test. A p value of < 0.05 was 
considered to be statistically significant.
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Results

Expression of KLF15 in mesangial cells under 
HG condition

To understand the role of KLF15 in the develop-
ment of diabetic nephropathy, we examined the 
expression pattern of KLF15 in MCs induced by 
HG for 6, 12, 24, and 48 h. As shown in Figure 
1A, KLF15 mRNA expression was significantly 
down-regulated in MCs after HG treatment, 
suggesting that the decreased level of KLF15 
mRNA by HG was time-dependent. Western 
blot analysis also revealed that HG obviously 
decreased the expression of KLF15 protein in 
MCs. These results suggest that KLF15 is 
down-regulated in MCs induced by HG (Figure 
1B). 

KLF15 overexpression inhibits cell proliferation 
in MCs induced by HG

To gain further insight into the role of KLF15 in 
HG-stimulated MCs, we constructed KLF15 ov- 
erexpressing MCs. The transfection efficiency 
was confirmed by RT-qPCR and western blot. 
We found that the expression levels of KLF15 
were significantly increased in MCs after KLF-
15 transfection (Figure 2A and 2B). Then, the 
mesangial cells proliferation was evaluated 
using CCK-8 assay. We found that HG could 
markedly enhance the cell proliferation of MCs, 
as compared with the NG group. However, 
KLF15 overexpression dramatically suppress- 
ed MC proliferation induced by HG (Figure 3A). 
In addition, we also examined the effects of 
KLF15 on HG-regulated expression of cell regu-
latory molecules. Western blot analysis re- 
vealed that exposure to HG resulted in a signifi-

Figure 1. Expression of KLF15 in mesangial cells un-
der high glucose condition. MCs were incubated with 
25 mM glucose (HG) at the indicated times (0-48 h). 
A. The expression of KLF15 mRNA was detected by 
RT-qPCR. B. The expression of KLF15 protein was 
analyzed by Western blot. Data represent means ± 
SD. of three experiments. *P < 0.05 vs. NG group. 
NG, normal glucose.

Figure 2. Determination of transfection efficiency in 
control MCs (empty vector) and KLF15 overexpress-
ing MCs. MCs were transfected with empty vector or 
KLF15 OE for 24 h. The corresponding transfection 
efficiency was detected by RT-qPCR and Western 
blot. A. KLF15 mRNA expression in MCs. B. KLF15 
protein expression in MCs. Data represent means ± 
SD. of three experiments. *P < 0.05 vs. empty vector 
group. OE, overexpression.
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cant reduction of p21Waf1/Cip1 and p27Kip1, com-
pared with NG control. Whereas, KLF15 overex-
pression significantly reversed HG-inhibited 
expression of p21Waf1/Cip1 and p27Kip1 (Figure 
3B). 

KLF15 overexpression reduces the expression 
of fibronectin in MCs induced by HG

Fibronectin upregulation is a molecular hall-
mark of ECM accumulation in diabetic nephrop-
athy, so, we also detected the expression of 
fibronectin in MCs induced by HG. As indicated 
in Figure 4, we observed that the MCs treated 
with HG showed higher level of fibronectin than 
those cultured under NG condition at 24 h. 
Compared to HG-induced overexpression of 
fibronectin in the MCs transfected with empty 
vector, overexpression of KLF15 significantly 
decreased the expression of fibronectin in 
MCs.

Effect of KLF15 on activation of the ERK1/2 
MAPK pathway in MCs

Extracellular signal-regulated kinase 1/2 (ERK- 
1/2) can be activated in MCs exposed to HG 
[17], therefore, we investigated the effect of 
KLF5 on the ERK1/2 MAPK pathway in MCs, we 
transfected KLF15 overexpression into MCs 
exposed to HG medium for 24 h and evaluat- 
ed p-ERK1/2 levels. As indicated in Figure 5, 
the level of p-ERK1/2 increased after HG stim-
ulation, however, p-ERK1/2 expression was de- 
creased in MCs transfected with KLF15 over- 
expression. 

Discussion

Here, we found down-regulated expression of 
KLF15 in MCs induced by HG. Overexpression 
of KLF15 significantly inhibited MCs prolifera-
tion and ECM production induced by HG. 
Moreover, overexpression of KLF15 inhibited 
HG-induced ERK1/2 phosphorylation in MCs. 
KLF15 may be involved in diabetic nephropathy 
by regulating MC proliferation and ECM accu-
mulation via ERK1/2 MAPK signaling.

Figure 3. KLF15 overexpression inhibits cell prolif-
eration in MCs induced by HG. MCs transfected with 
empty vector or KLF15 OE and incubated with 25 
mM glucose (HG) for 24 h. A. Cell proliferation was 
determined by CCK-8 assay. B. The protein levels of 
p21Waf1/Cip1 and p27Kip1 were detected with Western 
blot. Data represent means ± SD. of three experi-
ments. *P < 0.05 vs. NG group, #P < 0.05 vs. HG 
group. NG, normal glucose; OE, overexpression.

Figure 4. KLF15 overexpression reduces the expres-
sion of fibronectin in MCs induced by HG. MCs trans-
fected with empty vector or KLF15 OE and incubated 
with 25 mM glucose (HG) for 24 h. A. Expression of 
fibronectin was analyzed by Western blot. B. Quan-
titative data. Data represent means ± SD. of three 
experiments. *P < 0.05 vs. NG group, #P < 0.05 vs. 
HG group. NG, normal glucose; OE, overexpression.
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Previous studies found that KLF15, a DNA-
binding transcription factor, is highly expressed 
in endothelial and MCs of the kidney, and the 
expression of KLF15 was lower during MC pro-
liferation period in a rat anti-Thy1 mesangial 
proliferative nephritis model [14]. Likewise, our 
data revealed that HG time-dependently down-
regulates mRNA and protein levels of KLF15 in 
MCs, suggesting that KLF15 is implicated in 
the pathogenesis of diabetic nephropathy.

Accumulating amounts of evidence suggest 
that MCs proliferation, which is a characteristic 
of mesangial cell activation, occurs in diabetic 
nephropathy [18-20]. Furthermore, a HG con-
centration has been shown to contribute main-
ly to uncontrolled cell proliferation in MCs, dis-
tal tubular epithelial cells and vascular smooth 
muscle cells in diabetic nephropathy [21]. 
Consistent with these results, in the present 
study, we found that HG enhanced MCs prolif-

eration, whereas, overexpression of KLF15 
ameliorated HG-induced MCs proliferation. 
Moreover, emerging studies have indicated 
that p21Waf1/Cip1 and p27Kip1 were critically 
involved in the G1-phase cell cycle arrest in 
MCs while the cells were exposed to HG in dia-
betic mice [22]. Similarly, in our experiments, 
the results demonstrated that overexpression 
of KLF15 reversed the downregulation of 
p21Waf1/Cip1 and p27Kip1 by HG. These data indi-
cate that KLF15 inhibited HG-stimulated cell 
proliferation and hypertrophy by inhibiting cell 
cycle progression.

ECM production is a key event in the progres-
sion of diabetic nephropathy. When exposed to 
a variety of HG, MCs synthesize ECM proteins, 
which lead to the development of progressive 
renal disease and finally glomerulosclerosis in 
humans and animal diabetic models [23]. 
Similarly, in our experiments, the results dem-
onstrated that HG significantly increased the 
expression of fibronectin. Overexpression of 
KLF15 ameliorated HG-induced the expression 
of fibronectin in MCs, indicating that KLF15 
plays a significant role in ECM accumulation in 
MCs.

ERK1/2 is known as an important kinase in the 
regulation of cell proliferation and protein syn-
thesis [24]. As a member of the MAPK family, it 
has been reported that ERK1/2 is activated in 
glomeruli of diabetic rats as well as in MCs cul-
tured under high-glucose conditions [17, 25]. 
The activation of the ERK1/2 pathway is also 
necessary for HG-induced production of TGF-
β1 and connective tissue growth factor (CTGF) 
in MCs [26]. Besides, several agents reportedly 
could attenuate MCs proliferation and ECM 
synthesis by inhibiting ERK1/2 MAPK signaling 
pathway, such as fenofibrate [27], gremlin [28] 
and eicosapentaenoic acid [29] in the glomeru-
li of diabetic rats or stimulated in MCs upon 
exposure to HG. Therefore, the blockade of 
ERK1/2 MAPK signaling pathway may repre-
sent a new therapeutic target for preventing 
development of diabetic nephropathy. In the 
present study, we found that high concentra-
tions of extracellular glucose stimulated the 
phosphorylation level of ERK1/2 MAPK in MCs. 
However, overexpression of KLF15 inhibited 
HG-induced ERK1/2 phosphorylation in MCs. 
These results suggest that the inhibitory effects 
of KLF15 to HG-induced the expression of fibro-

Figure 5. Effect of KLF15 on activation of the 
ERK1/2 MAPK pathway in MCs. A. MCs transfected 
with empty vector or KLF15 OE and incubated with 
25 mM glucose (HG) for 24 h, and the ERK1/2 phos-
phorylation was determined using phospho-ERK1/2 
specific antibody. B. The ratio of p-ERK1/2/ ERK1/2. 
Data represent means ± SD. of three experiments. 
*P < 0.05 vs. NG group, #P < 0.05 vs. HG group. NG, 
normal glucose; OE, overexpression.
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nectin may be via inhibiting the activation of 
the ERK1/2 MAPK signaling pathway.

In summary, our data demonstrate that KLF15 
can suppress HG-induced cell proliferation and 
ECM protein fibronectin expression in human 
MCs. The results provide evidence that KLF15 
might be a potential molecular target for the 
treatment of diabetic nephropathy.
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