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Abstract

The objectives of this study are to investigate the effect of miR-30e targeting GLIPR-2 on 

the pathological mechanism of DN. The renal tissues of db/db and db/m mice at different 

age of weeks were stained with PAS. qRT-PCR was applied to detect the expression of 

miR-30e and GLIPR-2, not only in the renal tissues of mice but also in the renal tubular 

epithelial cells (RTECs). By luciferase reporter gene assays, we found the 3′-UTR of the 

GLIPR-2 mRNA as a direct target of miR-30e. The RTECs cultured in high glucose were 

divided into blank control, NC, miR-30e mimics, miR-30e inhibitors,  

miR-30e inhibitor + si-GLIPR-2 and si-GLIPR-2 groups. MTT and flow cytometry were 

utilized to measure the proliferation and apoptosis of RTECs, while qRT-PCR and Western 

blot to detect the expression of GLIPR-2- and EMT-related factors. The following results 

were obtained: In the renal tissues of over 8-week-old db/db mice and the RTECs cultured 

for 6 h in high glucose, miR-30e was downexpressed while GLIPR-2 was upregulated 

in a time-dependent manner. Besides, overexpression of miR-30e and si-GLIPR-2 can 

not only greatly improve the proliferation of RTECs cultured in high glucose, but also 

downregulate the apoptosis rate of RTECs and the expressions of GLIPR-2, vimentin, 

α-SMA, Col-I and FN and upregulate E-cadherin. Moreover, si-GLIPR-2 can reverse the 

proliferation reduction, GLIPR-2 and EMT occurrence caused by the downexpression of 

miR-30e in RTECs. In conclusion, miR-30e is downregulated in DN, and the overexpression 

of miR-30e can inhibit GLIPR-2, promote the proliferation of RTECs and inhibit EMT, 

ultimately avoid leading to renal fibrosis in DN.

Introduction

Diabetic nephropathy (DN), as one of the most common 
complications of diabetes mellitus (DM), is known to be 
one of the important causes of renal failure (Wu  et  al. 
2016). With the incidence increasing year by year, DN has 
become a hard nut for the public health around the world 
(Marshall 2014). According to the estimation of WTO, 
the population of diabetes patients worldwide will reach 

370 million by 2025 and thirty percent of these patients 
will develop into DN (Kainz  et  al. 2015). Generally, the 
distinctive pathological changes of DN include mesangial 
cell proliferation, mesangial widening and abnormal 
accumulation of extracellular matrix (ECM), which will 
result in glomerular sclerosis (GS) and tubulointerstitial 
fibrosis (TIF) and eventually cause chronic renal failure, 
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reducing patients’ quality of life and endangering patients’ 
lives (Brosius  et  al. 2010, Shields & Maxwell 2010). At 
present, traditional therapies to control blood glucose 
and blood pressure, or to block the renin–angiotensin 
system (RAS) can delay the progression of DN, but still 
no effective treatment is available to prevent or reverse 
the progression from DN to renal function failure (Chung 
2015). Therefore, it becomes really important and urgent 
to explore the pathogenesis of DN in depth and recognize 
a new target for DN treatment, which provides new 
insight for the clinical prevention and treatment of DN.

MicroRNA (miRNA), a family of small non-coding 
endogenous RNA (containing about 22 nucleotides), 
can identify the 3′ untranslated region (3′-UTR) of its 
target gene by means of base pairing, and thus inducing 
the degradation of target mRNA and inhibiting the 
translation of proteins (Zhang  et  al. 2015). Besides, 
miRNA plays an important part in many different 
physiological and pathological processes, including the 
growth and differentiation of organism, cell proliferation 
and tumor, inflammation and endocrine diseases (Jackson 
& Levin 2012). To date, a great number of studies have 
found miRNAs to be involved in the development and 
progression of DN (Kato & Natarajan 2012, Simpson et al. 
2016). For instance, miR-216a (Kato  et  al. 2010),  
miR-200a (Wang et al. 2011), miR-29c (Long et al. 2011) 
and miR-25 (Fu  et  al. 2010) can affect the synthesis of 
ECM protein in mesangial cells and the renal tubular 
epithelial-mesenchymal transition (EMT) by regulating 
their target genes, which will lead to the excessive 
accumulation of ECM and induce GS and TIF. Therefore, 
it is hypothesized that these miRNAs can greatly affect 
the pathogenesis and development of DN. Additionally, 
Joglekar and coworkers found that miR-30 family can 
also regulate EMT in cultured human pancreatic islet cells 
in vitro (Joglekar  et  al. 2009b). For example, it has been 
proved that miR-30c can target CTGF and Snail1 to inhibit  
TGF-β1-induced EMT of renal tubular epithelial cells 
(RTECs) (NRK-52E) (Zheng et al. 2016), while miR-30e can 
target UCP2 to reduce the production of TGF-β1-induced 
ECM in tubular epithelial cells, so as to alleviate renal 
fibrosis (Jiang et al. 2013).

GLIPR-2 belongs to the superfamily of CAP proteins 
and is also a kind of Golgi membrane protein (Gibbs et al. 
2008). Baxter and coworkers reported that the expression 
of GLIPR-2 went up remarkably in the glomerulus of 
DN patients, which may induce the EMT of RTECs and 
accelerate renal pathological changes (Baxter et al. 2007). 
With target gene prediction software, we found that 
GLIPR-2 is a direct target of miR-30e. However, it has 

rarely been studied about whether miR-30e is involved in 
TIF by targeting GLIPR-2 of DN patients. Therefore, this 
study explored the association of DN with miR-30e and 
GLIPR-2 to understand the pathological mechanism of 
DN from a new perspective and provide new targets for 
the early diagnosis, treatment and intervention of DN.

Materials and methods

Ethics statement

This study was approved by the Ethics Committee of 
Jining NO.1 People’s Hospital. All animals were raised and 
treated in accordance with the Guide for the Care and Use of 
Laboratory Animals (Carbone 2012) by National Institutes 
of Health of the USA.

Establishment and grouping of DM animal models

Thirty-two 4-week-old male C57BL/KsJ db/db mice with 
type II DM and another 32 db/m mice of the same age 
were included in the experiment. All mice were purchased 
from the Model Animal Research Center of Nanjing 
University. When these mice were at the age of 4-, 8-, 12- 
and 16-week-old, urine of 24 h and blood specimens were 
collected from them (with 8 mice at each time point). 
Then, Thshiba-120FR automatic biochemical analyzer 
(Toshiba Corporation, Tokyo, Japan) was used to detect 
the 24-h urinary albumin excretion (UAE), blood glucose 
(Glu) changes, serum creatinine (Scr) level and blood 
urea nitrogen (BUN) level. Before the mice were killed, 
they were fasted for 12 h, measured for body weight 
(BW) and given 2% pentobarbital sodium (40 mg/kg) by 
intraperitoneal injection. Then, bilateral kidneys were 
taken after laparotomy and connective tissues like blood 
vessels on the renal hilum were removed. Next, the renal 
tissues of one kidney were fixed in 10% neutral formalin, 
embedded in paraffin and sliced into 2-μm sections. Then, 
the tissue sections were given periodic acid-Schiff (PAS) 
staining and observed under the light microscope to find 
out the pathological changes in renal tissues. At the same 
time, the renal tissues of the other kidney were preserved 
in liquid nitrogen for RNA extraction.

Diagnosis of DM in model mice

The diagnosis of nephropathy in diabetic animal models 
was based on the diagnostic criteria recommended by the 
Animal Models of Diabetic Complications Consortium 
(AMDCC) (Brosius  et  al. 2009). Compared with mice of 
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the same sex and age in the control group, db/db mice in 
the DM group was over 100 times higher in proteinuria 
and over 50% lower in G-protein-coupled receptors 
(GPR). Besides, db/db mice in the DM group of our study 
showed renal pathological features, including GS, TIF, 
renal arteriolar hyalinization and over 50% thickening of 
glomerular basement membranes (GBM).

High-glucose-stimulated renal tubular epithelial 
cell model

The mouse RTECs were purchased from the Cell Bank of 
Chinese Academy of Sciences. The RTECs were cultured 
in the medium with glucose concentration of 30 mmol/L 
(DN group), and glucose concentration of 5.6 mmol/L 
(control group) were cultured with. Related indexes were 
determined after the cells were cultured for 6, 12, 24 and 
48 h respectively.

Dual-luciferase reporter gene assay

The target gene analysis of miR-30e was conducted in the 
biological prediction website, microRNA.org, and GLIPR-2 
was confirmed to be a direct target gene of miR-30e. 
Together with TK (thymidine kinase-Renilla reniformis 
luciferase plasmid) as the internal reference plasmid (by 
10 ng/well), the plasmid pcDNA3.l-miR-30e used for 
the overexpression of miR-30e or the empty plasmid 
pcDNA3.l used as control was transfected into RTECs (by 
50 ng/well). Lipo2000 was selected as the transfection 
reagent. About 8 h after transfection, the cells were 
cultured for another 36 h in Dulbecco’s Modified Eagle’s 
Medium (DMEM) containing 5% fetal bovine serum (FBS) 
before being collected to wash three times with phosphate 
buffered saline (PBS). Then, 50 μL of passive lysis buffer 
was added into each well before shaking the culture dish 
for 15 min at room temperature. The luciferase activity 
of GLIPR-2 was tested by Dual-Luciferase Reporter Assay 
System Kit (Promega). Before the activity detection, 10 μL 
of cell lysate was taken and transferred into white 96-well 
plate. Moreover, the luciferase activity of reporter gene 
was measured by Luciferase Assay Reagent II. Stop&Glo 
Reagent was used to activate the fluorescence signal of TK, 
and the luciferase activity ratio of reporter gene to TK was 
the desired result.

Cell transfection and grouping

RTECs cultured in high glucose were divided into the 
following 6 groups: Mock group (transfected with no 

sequences), NC group (transfected with the negative 
control sequence of miR-30e, purchased from Shanghai 
GenePharma Co., Ltd.), miR-30e mimics group 
(transfected with miR-30e mimics, purchased from 
Shanghai GenePharma Co., Ltd.), miR-30e inhibitors 
group (transfected with miR-30e inhibitors, purchased 
from Shanghai GenePharma Co., Ltd.), miR-30e 
inhibitor + si-GLIPR-2 group (transient transfection with 
miR-30e inhibitors + transfection with GLIPR-2 siRNA) 
and si-GLIPR-2 group (transfected with GLIPR-2 siRNA). 
The day before transfection, we obtained high-glucose-
exposed RTECs that are at the logarithmic phase and 
inoculated them into the 6-well plate with 105–106 
cells in each well. Next day, transfection was performed 
by following the instructions for Lipofectamine2000 
(Invitrogen).

MTT assay detects the proliferation of high-glucose-
stimulated renal tubular epithelial cells

RTECs obtained in the logarithmic growth phase were 
seeded into the 96-well plate by 1 × 104 cells/well. After 
adhering to the plate wall, the cells were cultured in 
CO2 incubator at 37C, and the cell proliferation was 
detected at the time points of 24, 48, 72 and 96 h. Then, 
20 μL of 5 mg/mL MTT was added to each well, cells were 
cultured for another 4 h at 37C and the supernatant 
was removed. Next, after adding 150 μL of DMSO into 
each well, the plate was oscillated for 10 min for the full 
dissolution of the crystallization. The Microplate reader 
was utilized to detect the absorbance value (also called 
optical density, OD) of each well under the wavelength 
of 490 nm, and the blank tube was set as zero. The 
experiment would be repeated for 3 times and the OD 
value considered representing the proliferation activity 
of cells.

Flow cytometry detects the apoptosis of high-glucose-
stimulated renal tubular epithelial cells

The RTECs in different transfected groups were washed 
with ice-cold PBS (4C) for 2 times, and then re-suspended 
in 1× binding buffer, resulting in the final concentration 
of 1 × 106 cell/mL. Then, 100 μL of suspension, 5 μL of 
Annexin V-FITC and 5 μL of propidium iodide (PI) were 
added into labeled Falcon tubes and incubated for 
15 min at room temperature. Finally, 400 μL of binding 
buffer was added and then detected by using flow 
cytometry (BD).
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qRT-PCR detects the expression levels of miR-30e-, 
GLIPR-2- and EMT-related factors

The extraction process of total RNA was aligned with 
the instructions of TRIzol Reagent (Invitrogen) and  
qRT-PCR was performed in accordance with the 
instructions of TaKaRa SYBR Prime Script miRNA RT-PCR 
Kit. In addition, U6 sn RNA was the internal reference 
gene for miR-30e and GAPDH the internal reference for 
GLIPR-2, Vimentin, α-SMA, Col-I, FN and E-cadherin.  
And all primers were purchased form Guangzhou  
RiboBio Co., Ltd. (Guangzhou, China). The relative 
expression was calculated by using 2−ΔΔCt to present 
the gene expression ratio of the experiment group 
to the control group. The calculation formula is as 
follows: ΔΔCT = ΔCtexperiment group – ΔCtcontrol group, and  
ΔCt = Cttarget gene – CtU6.

Western blot detects the expression of GLIPR-2 and 
EMT-related proteins

Cells cultured for 24 h were collected from each group 
before adding pre-cooled RIPA lysis solution. The 
homogenate was transferred into a centrifuge tube 
for 10 min of 7500 g centrifugation at 4°C. Then, the 
supernatant was obtained for dilution and protein 
quantitation. In other words, loading buffer was used 
to adjust the concentration and volume of cell proteins, 
and 20 μL samples were given electrophoresis with 70 V 
of electric voltage in 12% polyacrylamide gel. After the 
electrophoresis, cell proteins were transferred to the 
membrane and closed for 1 h at room temperature on 
de-colorization oscillator with TBS-T containing 5% BSA. 
Then, the closure solution was discarded, the membrane 
was placed into a plastic groove and the primary 
antibodies were added for overnight reaction at 4C, 
including anti-GLIPR-2 (1:100, ab122059, Abcam), anti-
Vimentin (1:1000, ab92547, Abcam), anti-α-SMA (1:1000, 
ab108424, Abcam), anti-Col-I (1:1000, ab34710, Abcam), 
anti-FN (1 μg/mL, ab23750, Abcam), anti-E-cadherin 
(1:1000, ab76055, Abcam) and anti-GAPDH (1:1000, 
ab8245, Abcam). Next day, the membrane was rinsed for 
three times with TBS-T for 10 min each time. In the same 
way, diluted secondary antibodies (Abcam) were added for 
1 h of shaking incubation at room temperature. Then, the 
membrane was washed with TBS-T for 15 min × three times. 
A solution and B solution in the Chemiluminescence 
Reagent Kit (Vazyme Biotech Co., Ltd., Nanjing, China) 
were mixed (1:1) and dropped onto the nitrocellulose 

membrane for developing. All immunoblot bands were 
analyzed using the software ImageJ.

Statistical analysis

The data were analyzed with the software SPSS 21.0. 
Measurement data in our study was presented by 
mean ± s.d. ( ± s). The difference between two groups 
was analyzed by using t-test and the comparison among 
multiple groups was analyzed by one-way ANOVA. P < 0.05 
was considered to be with statistical difference.

Results

The changes in the general status and biochemical index 
of db/db mice in DM group

The db/m mice showed good growth status, normal diet, 
alert and active response and shining bright hair. However, 
with the increase of age, db/db mice gradually showed 
symptoms of diabetes including polyphagia, polyuria and 
polydipsia. Besides, their BW increased significantly, their 
hair was fluffy and gray and they become lazy and dull in 
responses.

We observed the biochemical indexes of mice at 
different time points and found that at the age of 4-week, 
db/db mice become fat and showed obvious increase in 
BW when compared with db/m mice (P < 0.05), but no 
significant difference was found in Glu, Scr, BUN and 
UAE (all P > 0.05). At the age of 8-week, db/db mice were 
statistically elevated in BW, Glu, Scr, BUN and UAE (all 
P < 0.05), which can prove the occurrence of proteinuria 
and DN. Thereafter, with the age increase, db/db mice 
showed further increase in BW, Glu, Scr, BUN and UAE 
(all P < 0.05), which suggests the progression of DN in  
db/db mice with the increase of age (Table 1).

Pathological changes of renal tissues in mice

Compared with db/m mice, db/db mice showed no 
obvious abnormality in renal tissues at 4 weeks; but 
showed glomerular swelling and hypertrophy at 8 weeks; 
obvious proliferation of glomerular mesangial cells at 
12 weeks and typical DN pathological changes at 16 
weeks, including hyperplasia and sclerosis of glomerular 
mesangial matrix and K–W nodules. However, there was 
no evident change in renal tissues of db/m mice at different 
age of weeks. These results indicated that 8-week-old  
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db/db mice were at the early stage of DN, and the severity 
of DN was correlated with age (Fig. 1).

Expression of miR-30e and GLIPR-2 in the renal tissues 
and high-glucose-stimulated RTECs

The results of qRT-PCR showed that 4-week-old db/db  
mice had slightly lower expression of miR-30e and 
slightly higher expression of GLIPR-2 than db/m mice of 
the same age (both P > 0.05). However, 8-week-old db/db 
mice showed significant reduction of miR-30e expression 
and obvious upregulation of GLIPR-2 expression when 
compared with db/m mice of the same age (both P < 0.05). 
In addition, with the increase of age, the miR-30e  
expression in renal tissues of db/db mice continued to 
decrease while the GLIPR-2 expression kept increase in a 
time-dependent manner (all P < 0.05). On the other side, 
the miR-30e and GLIPR-2 expression levels of db/m mice 
showed no obvious change at different time points.

Compared with the control group, the miR-30e 
expression was significantly decreased and the GLIPR-2 
expression was significantly increased in the RTECs of 
DN group cultured for 6 h in high glucose (both P < 0.05). 

Meanwhile, the changes were progressing with the 
prolonging high glucose exposure time, and after 48 h of 
high glucose exposure, the miR-30e expression decreased 
to the lowest level while the expression of GLIPR-2 
reached the highest level (all P < 0.05, Fig. 2).

Detection of target relationship between miR-30e  
and GLIPR-2

The biological prediction website microRNA.org 
showed that miR-30e was able to target GLIPR-2, so we 
conduct dual-luciferase reporter gene assay to verify this 
finding. Two types of fluorescence reporter vectors were 
constructed, namely, the mutant type GLIPR-2 3′UTR 
(MUT) with the deletion of miR-30e-binding site and 
the wild-type GLIPR-2 3′UTR (WT). According to the 
result analysis, transfection with miR-30e mimics had no 
obvious impact on mutant type GLIPR-2 3′UTR (MUT) 
(P > 0.05), but can lead to the significant reduction of 
luciferase signal intensity in wild-type GLIPR-2 3′UTR 
(WT) reporter gene vector (P < 0.05, Fig. 3). Therefore, it 
has been proved that GLIPR-2 is the direct target gene of 
miR-30e.

Table 1 Dynamic evaluation and comparison of BW and blood urine biochemical indexes in two groups of mice.

Time (W) Groups BW (g) Glu (mmol/L) Scr (μmol/L) BUN (mmol/L) UAE (μg/24 h)

4 db/m 13.24 ± 0.85 6.08 ± 1.36 14.83 ± 2.30 6.65 ± 0.29 12.29 ± 1.49
 db/db 16.26 ± 1.11* 7.97 ± 1.88 15.36 ± 1.83 6.46 ± 0.94 13.87 ± 2.16

8 db/m 17.74 ± 1.17 5.96 ± 1.51 16.83 ± 1.76 5.84 ± 0.51 13.02 ± 2.66
 db/db 39.29 ± 1.70*# 13.33 ± 2.87*# 31.21 ± 1.89*# 8.90 ± 1.72*# 131.17 ± 0.28*#

12 db/m 21.45 ± 1.67 5.99 ± 1.85 17.22 ± 2.49 6.28 ± 0.91 14.57 ± 1.88
 db/db 43.19 ± 1.20*#& 20.13 ± 2.28*#& 40.00 ± 1.79*#& 10.94 ± 1.39*#& 216.00 ± 5.20*#&

16 db/m 26.38 ± 0.56 7.32 ± 2.00 17.94 ± 3.01 8.05 ± 0.61 15.02 ± 1.31
 db/db 53.97 ± 1.83*#&@ 24.88 ± 2.04*#&@ 47.06 ± 1.82*#&@ 12.28 ± 0.95*#&@ 265.52 ± 5.95*#&@

*P < 0.05 compared with db/m mice of the same age; #P < 0.05 compared with 4-week-old db/db mice; &P < 0.05 compared with 8-week-old db/db mice; 
@P < 0.05 compared with 12-week-old db/db mice.

Figure 1
PAS staining of renal tissues in two groups of 
mice (×400).
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Impact of miR-30e on proliferation of high-glucose-
stimulated RTECs

MTT method was used to measure the proliferation activity 
of RTECs that were stimulated by high glucose. Under the 
exposure to high glucose, the cell proliferation of Mock 
group and NC group decreased gradually with time, and 

no significant difference was observed between the two 
groups (both P > 0.05). Compared with Mock group and 
NC group, upregulating the expression of miR-30e and 
transfecting with si-GLIPR-2 can significantly promote 
the proliferation of high-glucose-exposed RTECs, but 

Figure 2
Expression of miR-30e in renal tissues and 
high-glucose-stimulated RTECs. (A) Comparison of 
miR-30e expression in renal tissues of two groups 
of mice. (B) Comparison of miR-30e expression in 
RTECs cultured with high glucose. (C) Comparison 
of GLIPR-2 expression in renal tissues of two 
groups of mice. (D) Comparison of GLIPR-2 
expression in RTECs cultured with high glucose. In 
picture A and C: *P < 0.05 compared with db/m 
mice of the same age; #P < 0.05 compared with 
the 4-week-old db/db mice; &P < 0.05 compared 
with 8-week-old db/db mice; @P < 0.05 compared 
with 12-week-old db/db mice. In picture B and D: 
*P < 0.05 compared with RTECs of Control group 
at the same time point; #P < 0.05 compared with 
RTECs of DN group cultured in high glucose for 
6 h; &P < 0.05 compared with RTECs of DN group 
cultured in high glucose for 12 h; @P < 0.05 
compared with RTECs of DN group cultured in 
high glucose for 24 h.
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downregulating miR-30e expression can lead to a complete 
opposite result (all P < 0.05). In comparison with the 
miR-30e inhibitor group, miR-30e inhibitor + si-GLIPR-2 
group was significantly elevated in proliferation of RTECs 
(P < 0.05) (Fig. 4).

Impact of miR-30e on apoptosis of high-glucose-
stimulated RTECs

Flow cytometry was performed to evaluate the effect of 
miR-30e on apoptosis rate of high-glucose-stimulated 
RTECs. As demonstrated in Fig. 5, no evident cell apoptosis 
was found in Mock and NC groups (P > 0.05). There was 
an obvious reduction of the apoptosis rate of RTECs in 
miR-30e mimic group and si-GLIPR-2 group, but a marked 
elevation in miR-30e inhibitor group when compared to 
Mock group and NC group (all P < 0.05). Furthermore, the 
apoptosis rate of RTECs in miR-30e inhibitor + si-GLIPR-2 
group was significantly lower than in miR-30e inhibitor 
group (P < 0.05).

Expression of GLIPR-2 and EMT-related factors

The results of qRT-PCR and Western blot were shown 
in Fig.  6. In comparison with the Mock group and NC 
group, miR-30e mimic group and si-GLIPR-2 group were 
markedly decreased in the gene and protein expression of 
GLIPR-2, Vimentin, α-SMA, Col-I and FN, but apparently 
increased in the gene and protein expression of E-cadherin 

(all P < 0.05); however, the results in the miR-30e inhibitor 
group were completely in the opposite direction (all 
P < 0.05). In addition, when compared with the miR-30e 
inhibitor group, miR-30e inhibitor + si-GLIPR-2 group 
showed significant downregulation in the gene and 
protein expression of GLIPR-2, Vimentin, α-SMA, Col-I 
and FN, but obvious upregulation in the gene and protein 
expression of E-cadherin (all P < 0.05).

Discussion

In this study, we applied the db/db mouse, which is an 
animal model, used internationally for DN study due to 
the extremely similarities to the human patients, with 
many features such as high blood glucose, high blood 
lipids and insulin resistance (Sharma  et  al. 2003). In 
consistent with a previous report, with the increase of 
age, db/db mice had significant increase in blood glucose, 
Scr, BUN and UAE and the morphological observation of 
renal tissues showed DN pathological changes, such as 
disordered arrangement of endothelial cells, glomerular 
hypertrophy and mesangial matrix increase (Tesch & Lim 
2011).

Firstly, we found that, with the increase of mice’s age 
and the prolongation of high-glucose stimulation, the 
miR-30e expression was downregulated while GLIPR-2 
expression was upregulated in a time-dependent fashion. A 
previous study showed that miRNA can negatively regulate 
the expression of target gene at the post-transcriptional 
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level through base pairing with the 3′UTR region of target 
genes (Kaucsar et al. 2010). The luciferase reporter assay in 
our study further confirmed that GLIPR-2 is the target gene 
of miR-30e. Additionally, previous studies also found that 
miR-30 was downexpressed in many diseases, including 
breast cancer (Yu  et  al. 2010), myocardial hypertrophy 
(Chen et al. 2014) and liver fibrosis (Roy et al. 2015). As 
shown by Duisters RF’s group, miR-30 was downexpressed 
in myocardial fibrosis by targeting a series of ECM 
mRNA, playing crucial roles in the structural changes 
of ECM in myocardium (Duisters et al. 2009). Moreover, 
miR-30 expression was also decreased in prostate cancer 
specimens, but the overexpression of miR-30 in prostate 
cancer cells can inhibit EMT phenotype so as to control the 
cell migration and invasion (Kao et al. 2014). Furthermore, 
GLIPR-2 was highly expressed in hepatocellular carcinoma 
cells and overexpressed GLIPR-2 may enhance cell 
migration and invasion by promoting EMT (Huang et al. 
2013b). Huang and coworkers revealed that GLIPR-2 
was upregulated in RTECs of TIF and overexpressed 
GLIPR-2 promoted the EMT of HK-2 cells by regulating 
ERK1/2 signaling pathway (Huang et al. 2013a). Besides, 
Baxter RM also confirmed that expression of GLIPR-2 in 

kidney might contribute to the progression of fibrosis by 
increasing the pool of activated fibroblasts (Baxter et al. 
2007). Therefore, we hypothesized that miR-30e  
would decrease in the progression of DN by negative 
regulation of GLIPR-2, which may affect the development 
of TIF, possibly through the induction of EMT.

In addition, EMT in renal epithelial cells is an 
important mechanism for renal fibrosis (Zeisberg & 
Kalluri 2004). Many factors including inflammation and 
oxidative stress, high glucose, activation of RASS system 
and TGF-β1, may induce EMT in renal epithelial cells, 
and eventually renal fibrosis (Hills & Squires 2011, Louis 
& Hertig 2015). To our knowledge, E-cadherin, Vimentin 
and α-SMA are most commonly used biomarkers to 
indicate the occurrence of EMT. For example, E-cadherin 
is a special adhesion molecule protein, which is of critical 
significance in maintaining the structural and functional 
integrity of RTECs (Galichon & Hertig 2011). Specifically, 
the loss of E-cadherin would damage the structural 
integrity of RTECs, activated the interstitial cell phenotype 
(Vimentin) and followed by the re-structuring from 
actin cytoskeleton to stress fibers. Then, epithelial cells 
change from cobblestone shape to long fusiform shape, 
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accompanied by the expression of α-SMA (Sam et al. 2006, 
Lamouille et al. 2014). In addition, fibronectin (FN) and 
collagen I are commonly recognized as the major ECM 
components (Hu et al. 2015), which were increased with 
the accumulation of interstitial ECM and the damage 
of GBM, resulting in the progression of DN (Eberle et al. 
2002). A study supported that miR-30 family can target 
the mRNA of mesenchymal Vimentin to inhibit its 
translation; the removal of miR-30 by anti-miRNA can 
lead to mesenchymal phenotype transformation in 
epithelial cells while the overexpression of miR-30 can 
maintain the phenotype of epithelial cells (Joglekar et al. 
2009a). In addition, transfecting mouse hepatocytes with 
miR-30 could specifically target Snail1 to significantly 
inhibit TGF-β1-induced EMT (Jingcheng et al. 2012). Our 
results showed that GLIPR-2 is the target gene of miR-30e; 
upregulation of miR-30e and transfection with si-GLIPR-2 
can reduce the expression of GLIPR-2, Vimentin, α-SMA, 
Col-I and FN in high-glucose-exposed RTECs and enhance 
the expression of E-cadherin; and the results were in the 
opposite direction when miR-30e was downregulated. Our 
finding indicated that miR-30 can reduce the proliferation 
of mesangial matrix and the deposition of ECM by target 
inhibition of GLIPR-2, thereby inhibiting the occurrence 
of GS and TIF in DN patients.

Furthermore, according to our results, the upregulation 
of miR-30e and the transfection with si-GLIPR-2 can 
significantly increase the proliferation activity of RTECs, 
while reduced expression of miR-30e will decrease their 
proliferative activity. It has been proved that the apoptosis 
and hypertrophy of renal tubular cells, the damage of 
GBM and the accumulation of ECM could all lead to 
high-glucose-induced cell injury (Butcher et al. 1990). Shi 
and coworkers demonstrated that overexpressed miR-30d 
can significantly inhibit the expression of TGF-β-induced 
caspase-3 and the apoptosis of podocytes (Shi et al. 2013) 
and transfected with exogenous miR-30 can significantly 
improve cytoskeleton damage and apoptosis of podocytes 
by Wu (Wu et al. 2013). Above all, miR-30e may activate 
the downstream signaling pathway by binding with 
GLIPR-2 in RTECs, which can alleviate the cell damage 
caused by high-glucose-induced ECM accumulation and 
inflammatory reactions.

In summary, miR-30e can reduce the occurrence of 
high-glucose-induced EMT in RTECs by targeting GLIPR-2, 
possibly because of inhibiting the expression of Vimentin, α-
SMA, Col-I and FN, and improving the protein expression of 
E-cadherin. Hence, this study provides a new perspective for 
the treatment of DN and miR-30e is likely to become a new 
therapeutic target for the treatment of fibrosis in DN patients.
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