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Abstract. – OBJECTIVE: To explore the influ-
ence of micro ribonucleic acid (miR)-135a on the 
renal fibrosis in rats with diabetic kidney disease 
(DKD) through the Notch signaling pathway. 

MATERIALS AND METHODS: A total of 30 
male Wistar rats weighing 200-220 g were se-
lected and randomly divided into Control group 
(n=10), diabetes mellitus (DM) group (n=10), and 
miR-13a inhibitor group (n=10). Streptozotocin 
(STZ) was intraperitoneally injected daily to es-
tablish the DM model in rats of both DM group 
and miR-135a group, while normal saline was 
given daily through intraperitoneal injection in 
rats of Control group. After 4 weeks, the rats in 
miR-135a inhibitor group were intraperitoneally 
injected with miR-135a inhibitor, and those in 
Control and DM groups were administrated with 
an equal amount of normal saline. Changes in 
the blood glucose (BG), glycated hemoglobin 
(GHb), serum creatinine (Scr), triglyceride (TG), 
and total cholesterol (TC) of rats were evaluat-
ed, and the pathological changes in the renal 
tissues of DM rats were observed via hematox-
ylin-eosin (HE) staining. Sirius red staining was 
performed to observe the changes in collagen 
fibers in the kidney of all groups of rats. The 
expressions of Notch and Hes1 in the renal 
tissues of rats in each group were detected 
using immunohistochemistry. Immunofluores-
cence assay was employed to detect the pos-
itive expression of Notch in the renal tissues 
of rats. The mRNA expressions of Notch and 
miR-135a were detected via quantitative Reverse 
Transcription-Polymerase Chain Reaction (qRT-
PCR). Finally, Western blotting was conduct-
ed to detect the protein expressions of Notch, 
Notch intracellular domain (NICD) and Hes1.  

RESULTS: Compared with Control group, rats 
in DM group had substantially raised levels of 
BG, GHb, Scr, TG, and TC (p<0.05). HE stain-
ing showed that the rats in Control group had 
renal tubular cells with normal morphology and 
well-defined structure, while those in DM group 
exhibited evident cavitation in the renal tubular 

epithelium. Sirius red staining results manifested 
that the red collagen fibers were evenly distribut-
ed with light staining in the glomeruli and renal 
tubules of rats in Control group. In contrast, 
the collagen fibers of the glomeruli and renal 
tubules of rats in DM group exhibited deep and 
evident red staining. Moreover, compared with 
DM group, rats in miR-135a inhibitor group had 
notably faded red staining in the glomeruli and 
renal tubules of rats, evenly distributed colla-
gen and remarkably decreased fibrotic nodules. 
According to immunohistochemistry detection 
results, the protein levels of Notch and Hes1 in 
the renal tubulointerstitial cells and renal tubular 
epithelial cells of rats in DM group were markedly 
higher than those in Control group. Compared 
with those in DM group, their protein levels were 
remarkably lowered in miR-135a inhibitor group 
(p<0.05). Immunofluorescence assay results re-
vealed that the protein level of Notch in the renal 
tissues of rats in DM group was considerably 
higher than that in Control group (p<0.05), while 
its protein level in miR-135a inhibitor group was 
significantly lower than that in DM group. Accord-
ing to qRT-PCR results, compared with those 
in Control group, mRNA expressions of Notch 
mRNA and miR-135a in the rat kidney tissues 
were substantially raised in DM group (p<0.05), 
and they were notably lowered in miR-13a in-
hibitor group compared with those in DM group 
(p<0.05). Finally, Western blotting results mani-
fested that the protein levels of Notch, NIC, and 
Hes1 in the renal tissues of rats in DM group were 
considerably higher than those in Control group 
(p<0.05), and that their protein expression levels 
in miR-135a inhibitor group were markedly lower 
than those in DM group (p<0.05).  

CONCLUSIONS: Inhibition of miR-135a can re-
duce the renal fibrosis in DKD rats through the 
Notch pathway.
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Introduction

Diabetes mellitus (DM) is a chronic meta-
bolic syndrome caused by insulin insufficiency, 
and diabetic kidney disease (DKD) is one of the 
most severe microvascular complications of DM1. 
Approximately 40% of DM patients suffer from 
DKD, which has become the leading cause of end-
stage nephropathy in developed countries2. The 
major histopathological features of the early-stage 
DKD include mesangial cell proliferation and 
podocyte injury. Eventually, extracellular matrix 
(ECM) proteins are upregulated in the glomerular 
mesangium and renal tubulointerstitium, such as 
glomerulosclerosis and tubulointerstitial fibrosis3. 
Ma et al4 demonstrated that micro ribonucleic acids 
(miRNAs) help to reveal the pathogenesis of DKD.

MiRNAs are a class of small non-coding RNAs 
that can lower the expressions of the target genes, in-
ducing changes in cell proliferation, apoptosis, and 
differentiation in mammal development5. Of note, 
they are stably present in human peripheral blood 
and can resist active RNases6. Dong et al7 manifested 
that the expression profile of miRNAs can be altered 
in various disease states, and that serum miRNAs 
can be detected to confirm the diagnosis of diseases. 
Based on the findings in some studies, serum miR-
135a is substantially raised in DKD patients. Jefferson 
et al8 proved that the level of miR-135a is up-regulated 
in many types of cancers. Ding and Choi9 corroborat-
ed that miR-135a is elevated in human skeletal muscle 
in DM, and that in vivo silencing miR-135a allevi-
ates hyperglycemia and improves glucose tolerance. 
It was found by consulting the genomic database in 
University of Southern California that pre-miR-135a 
is located on human chromosome 310. The above re-
sults suggested that miR-135a may be the characteris-
tic miRNA of DKD.

Although Notch is associated with diverse dis-
eases in organisms, its role in the renal fibrosis in 
DM rats has been rarely reported. The present re-
search explored the role of miR-135a in influencing 
renal fibrosis in DM through the Notch signaling 
pathway, thereby providing a certain experimental 
basis for the treatment of DM induced-renal fibrosis.

Materials and Methods

Laboratory Animals, Main Reagents 
and Instruments

This investigation was approved by the Ani-
mal Ethics Committee of Shanxi Medical Univer-
sity Animal Center. A total of 30 healthy adult 

male Wistar rats weighing 200-220 g were adap-
tively fed in a suitable environment at (22±2)°C 
in a 12/12 h light/dark cycle and normally given 
food and water. They were randomly divided 
into blank control group (Control group, n=10), 
DM group (n=10), and miR-135a inhibitor group 
(n=10). Later, 1% streptozotocin (STZ) solution 
was prepared using sodium citrate buffer. After 
fasting for 12 h, the rats in DM and miR-135a 
inhibitor groups were intraperitoneally injected 
with STZ at 60 mg/kg to establish the DM model. 
At 48 h after injection of STZ, blood was sampled 
from rat tail vein, and the level of blood glucose 
was determined using a blood glucose meter. The 
rats with blood glucose >300 mg/L were diag-
nosed with DM and employed for subsequent re-
search. An equal volume of sodium citrate buffer 
was intraperitoneally injected in rats of Control 
group. After 4 weeks, the rats in miR-135a inhib-
itor group were intraperitoneally injected with 
miR-135a inhibitor, while those in Control and 
DM groups with an equal volume of normal sa-
line, and 24 h later, all the rats were sacrificed.

STZ was purchased from Sigma-Aldrich (St. 
Louis, MO, USA); eosin dyeing solution from 
Shenyang No.5 Reagent Factory (Shenyang, Chi-
na); fluorescence quantitative polymerase chain 
reaction (PCR) reagent and consumables (TaKa-
Ra, Dalian, China); Notch, Notch intracellular 
domain (NICD), and Hes1 monoclonal antibod-
ies (Santa Cruz Biotechnology; Santa Cruz, CA, 
USA); synthesized miR-135a inhibitor (Guang-
zhou RiboBio Co., Ltd., Guangzhou, China); 
RNA extraction kit (Shanghai Sangon Biotech, 
Shanghai, China), confocal microscope and fluo-
rescence quantitative PCR amplifier.

Total RNA Extraction 
and Fluorescence Quantitative PCR

Total RNA was extracted from the renal tissues 
of rats using TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA). Then, the absorbance (A) was measured 
at 260 nm and 280 nm using an ultramicrospec-
trophotometer, and the ratio of A260/A280 represent-
ed the concentration and purity of the total RNAs. 
Qualified RNA samples were reversely transcribed 
into complementary deoxyribonucleic acid (cDNA). 
Quantitative reverse transcription (qRT)-PCR am-
plification was performed using AceQ qPCR SYBR 
Green Master Mix kit under the following condi-
tions: 95°C for 5 min, followed by 40 cycles at 95°C 
for 10 s, 60°C for 30 s and 72°C for 1 min, and finally 
95°C for 10 min. The fluorescence quantitative PCR 
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system comprised 5 μL of PCR Master Mix (2×), 1 
μL of PCR reverse primers, 1 μL of cDNA, and 12 
μL of ddH2O. Finally, the results were obtained by 
calculating 2-ΔΔCt (Table I).

Hematoxylin-Eosin (HE) Staining
After being fixed for 24 h, the kidney samples 

were taken out, washed using clean water, dehydrat-
ed in ethanol, embedded in paraffin, and sectioned. 
Then, the sections were stained with hematoxylin 
at room temperature for 10 min, washed with clean 
water for 30 min and acidified in 1% hydrochloric 
acid for 30 s. After washing in clean water for 30 s, 
samples were stained with eosin at room tempera-
ture for 5 min and dehydrated in ethanol. Finally, the 
sections were sealed using neutral resin in a ventilat-
ed environment, and the changes in the renal tissues 
of rats were observed under a microscope.

Sirius Red Staining
The kidney fixed for 24 h was obtained, 

washed using clean water, dehydrated in etha-
nol, embedded in paraffin, and sectioned. Then, 
the resulting sections were stained with Celestin 
blue dye solution at room temperature for 10 min, 
washed using phosphate-buffered saline (PBS) 
for 30 min, and stained with Sirius red staining 
solution at room temperature for 30 min. After 
washing again with phosphate-buffered saline 
(PBS) for 30 min, sections were acidified in 1% 
hydrochloric acid for 5 s, separated using ethanol 
for 5 s, dehydrated, transparentized, and sealed 
using neutral resin in ventilated environment. Fi-
nally, the changes in the renal tissues of rats were 
observed under the microscope.

Immunofluorescence Assay
After the rats were sacrificed, the renal tissues 

were taken out and prepared into frozen sections. 
The sections were let stand at normal temperature 
for 15 min, washed using PBS for 3 min ×3 times, 
and reacted with 0.3% Triton at room temperature 
for 10 min. After washing again with PBS for 3 

min ×3 times, sections were blocked using goat 
serum at 37°C for 45 min, washed using PBS for 
3 min, and incubated with the diluted correspond-
ing primary antibodies at 4°C overnight. After 
PBS washing for 3 min ×3 times, the sections were 
incubated with the diluted corresponding sec-
ondary antibodies at 37°C for 1 h and washed as 
above. Cell nuclei were stained with 4’,6-diamidi-
no-2-phenylindole (DAPI) for 2 min, and the sec-
tions were washed using PBS for 3 min ×3 times 
and sealed in 3% glycerol. Finally, the resulting 
sections were observed under the laser scanning 
confocal microscope, and images were acquired.

Western Blotting
The rats were sacrificed to remove the kidneys. 

Tissues were washed with PBS twice, ground in 
a pre-cooled mortar with liquid nitrogen, added 
with lysis buffer, and allowed to stand on ice for 
1 h, followed by ultrasonic extraction of total pro-
tein. Subsequently, the total proteins extracted were 
centrifuged at 13,000 rpm for 10 min for the super-
natant, and the protein concentration therein was 
determined by the bicinchoninic acid (BCA) assay 
method (Pierce, Rockford, IL, USA). The same 
amount of protein sample (30 μg) was loaded for 
12% sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE). Then, the gels were 
transferred onto a 0.45 μm polyvinylidene difluoride 
(PVDF) membranes (Roche, Basel, Switzerland). 
The membrane was blocked using 3% bovine serum 
albumin, washed using PBS with Tween 20 (PBST) 
twice (5 min/time), incubated with the correspond-
ing primary antibodies diluted by the antibody dilu-
ent at 4°C overnight, and washed again with PBST 
for 5 min ×3 times. Membranes were incubated 
with the horseradish peroxidase (HRP) labeled-sec-
ondary antibodies diluted by the antibody diluent at 
37°C for 1 h. Finally, enhanced chemiluminescence 
(ECL) fluorescence color development solution was 
added dropwise for color development and quantifi-
cation in ChemiDoc MP gel imaging system.

Statistical Analysis
All experiments were performed in triplicate 

and the results were expressed as mean ± SD (stan-
dard deviation). Statistical Product and Service 
Solutions (SPSS) 16.0 software (SPSS Inc., Chi-
cago, IL, USA) was used for statistical analysis of 
data. The results of intergroup comparison were 
represented as (x±s), and the intergroup compari-
sons were made via one-way analysis of variance 
(ANOVA), followed by post-hoc test. p<0.05 con-
sidered statistically significant differences.

Table I. QRT-PCR primer sequences.

Primer Sequence

MiR-135a 5' TGCACATCCGTGCAGAGAAT 3'
 5' CTGGTTCTGCTTGTTTCGC 3'
Notch 5'-CTGTCCCGTGTCAAGCTGAT-3'
 5'-CCATCCTGGGTTGTGCTCTT-3'
GAPDH 5' AGGTCGGTGTGAACGGATTTG 3'
 5' TGTAGACCATGTAGTTGAGGTCA 3'
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Changes in the Biochemical 
Parameters of Rats

According to the detection results of the bio-
chemical parameters of rats, those in DM group 
had substantially raised levels of blood glucose 
(BG), glycated hemoglobin (GHb), serum creati-
nine (Scr), triglyceride (TG), and total cholesterol 
(TC) compared to Control group, and the differ-
ences were statistically significant (p<0.05) (Ta-
ble II).

HE Staining Results of Rat Kidney Tissues
As shown in Figure 1, the rats in Control group 

had renal tubular cells with normal morphology 
and clear structure, and no interstitial edema, 
while those in DM group exhibited evident cav-
itation in the renal tubular epithelium, evident in-
flammatory cell infiltration in the renal tubuloint-
erstitium, and distinct tubular expansion.

Sirius Red Staining Results 
of Rat Kidney Tissues 

The red collagen fibers were evenly distributed 
and lightly stained in the glomeruli and renal tu-
bules of rats in Control group, while the collagen 

fibers of the glomeruli and renal tubules of rats in 
DM group exhibited deep and evident red stain-
ing, with evidently disordered and wound nodules. 
Moreover, compared with those in DM group, the 
red staining in the glomeruli and renal tubules of 
rats notably faded and collagen was evenly distrib-
uted, with remarkably decreased fibrotic nodules 
in miR-135a inhibitor group (Figure 2).

Immunohistochemistry Detection 
Results of Rat Kidney Tissues

According to the observation under a micro-
scope, the brownish-yellow particles presented 
the positive expression of proteins, and the cell 
nuclei were stained blue. The detection results 
showed that both Notch and Hes1 were not ex-
pressed in the tubulointerstitial cells and renal 
tube epithelial cells of rats in Control group, and 
compared with those in Control group. Positive 
expressions of Notch and Hes1 in the tubulointer-
stitial cells, and renal tube epithelial cells of rats 
were notably enhanced in DM group. Besides, in 
comparison with those in DM group, their protein 
levels were remarkably lowered in miR-135a in-
hibitor group (Figure 3).

Table II. Biochemical parameters of rats.

Note: *p<0.05 vs. Control group. BG: blood glucose, GHb: glycated hemoglobin, Scr: serum creatinine, TG: triglyceride and 
TC: total cholesterol.

Group BG (mmol/L) GHb (%) Scr (μmol/L) TG (mmol/L) TC (mmol/L)

Control 5.41±2.10 1.45±0.85 13.08±3.11 1.29±0.35 2.64±0.66
DM 38.36±2.34* 17.81±1.45* 39.21±4.21* 2.34±0.72* 4.06±0.52*

Figure 1. HE staining results of rat kidney tis-
sues (×100 and ×400). Note: Control: Control 
group and DM: DM group.
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Protein Expression 
of Notch in the Renal Tissues 
of Rats Detected 
Via Immunofluorescence Assay 

It was observed under the laser confocal mi-
croscope that Notch was lowly expressed in the 
rat kidney tissues of Control group, which was 
mainly expressed in the glomerulus and the mi-
nority in the renal tubules. The protein level of 
Notch in the renal tissues of rats in DM group 
was considerably higher than that Control group, 
while its protein expression level in miR-135a in-
hibitor group was significantly lower than that in 
DM group (Figure 4).

Expressions of MiR-135a and Notch 
mRNA in Rat Kidney Tissues

Compared with those in Control group, the 
mRNA expressions of Notch and miR-135a in the 
rat kidney tissues were substantially raised in DM 
group (p<0.05), and they were notably lower in 
miR-13a inhibitor group than those in DM group 
(p<0.05) (Figure 5).

Protein Expressions of Notch, NICD, 
and Hes1 in Rat Kidney Tissues

As showed in Figure 6, the protein levels of 
Notch and the downstream NICD and Hes1 in the 
renal tissues of rats in DM group were consider-

Figure 2. Sirius red staining results of rat kidney tissues (×400). Note: Control: Control group, DM: DM group, and miR-135a 
inhibitor: miR-135a inhibitor group.

Figure 3. Protein expres-
sions of Notch and Hes1 in 
rat kidney tissues (×600). 
Note: Control: Control 
group, DM: DM, and miR-
135a inhibitor: miR-135a in-
hibitor group.
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ably higher than those in Control group (p<0.05). 
Their protein levels in miR-135a inhibitor group 
were markedly lower than those in DM group 
(p<0.05) (Table III).

Discussion

DM has become a chronic metabolic disease 
that endangers the health of people in the world. 

Figure 4. Protein expression of Notch in rat kidney tissues (×800). Note: Control: Control group, DM: DM group, and miR-
135a inhibitor: miR-135a inhibitor group.
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Figure 5. Expressions of miR-135a and Notch mRNA in rat kidney tissues in each group. Note: Control: Control group, DM:
DM group, and miR-135a inhibitor: miR-135a inhibitor group. **p<0.01 vs. Control group.
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According to the statistics of the International 
Diabetes Federation (IDF), the number of DM 
patients worldwide increases year by year and 
is expected to exceed 552 million by 203511. 
DM can cause microvascular lesions, resulting 
in DKD that occurs in 30-47% of end-stage ne-
phropathy cases12. The pathogenesis of DKD 
has not yet been fully clarified. According to 
the findings in a study, the progression of DKD 
is correlated with high blood glucose13. Strict-
ly controlling blood glucose can slow down 
the progression of DKD and improve the re-
nal function of DM patients14. Although blood 
glucose is controlled, the DM patients will 
ultimately experience end-stage nephropathy. 
High blood glucose can induce stress responses 
in the kidneys, such as endoplasmic reticulum 
stress, oxidative stress, mitochondrial dysfunc-
tion, and inflammation response, ultimately re-
sulting in glomerulosclerosis15.

MiRNAs, conservative small non-coding 
RNAs, inhibit the translation of proteins at 
post-transcription level through complementa-
ry base pairing, and the development of multi-
ple diseases is closely associated with the ab-
errant expressions of miRNAs16. The family of 

miR-135, located on human chromosome, con-
sists of miR-135a and miR-135b17, and miR-135 
affects the development and progression of var-
ious diseases. In a study18 conducted in 2015, 
it was found that miR-135 played vital roles in 
the early diagnosis, targeted gene therapy, and 
prognosis judgment of various tumors. Another 
study19 demonstrated that miR-135a is up-regu-
lated in the serum of DM patients, suggesting 
its potential as a marker of DM.

In the present study, DM model in rats was 
constructed by STZ administration, and DM rats 
were injected with miR-135a inhibitor to explore 
the influence of miR-135a on the Notch pathway. 
The detection results of the biochemical param-
eters of DM rats revealed that the BG, GHb, Scr, 
TG, and TC were all elevated considerably in 
DM group (p<0.05). HE staining showed that 
rats in DM group exhibited evident cavitation in 
renal tubular epithelium, evident inflammatory 
cell infiltration in the renal tubulointerstitium, 
and distinct tubular expansion, illustrating that 
the DM rat model was successfully established. 
After injection of miR-135a inhibitor, the colla-
gen in the renal tissues of DM rats was evenly 
distributed with notably alleviated fibrous nod-
ules, which was in agreement with the previous 
study20. Moreover, the immunohistochemistry 
detection results showed that the protein expres-
sion of Notch declined markedly. According to 
the results of the qRT-PCR, the mRNA level 
of Notch was remarkably lowered after knock-
down of miR-135a (p<0.05). Finally, protein 
levels of NICD, and Hesl in the downstream of 
the Notch signaling pathway were detected via 
Western blotting. It was found that the protein 
expressions of Notch, NICD, and Hes1 were no-
tably lowered after the inhibition of miR-135a. 
In summary, inhibition of miR-135a can reduce 
the renal fibrosis in DM rats through the Notch 
pathway.

However, the specific mechanism of the in-
fluence of miR-135a on fibrosis may be asso-

Figure 6. Protein expressions of Notch, NICD and Hes1 
in rat kidney tissues. Note: Control: Control group, DM: 
DM group, and miR-135a inhibitor: miR-135a inhibitor 
group.

Table III. Optical density (OD) of protein bands of Notch, NICD and Hesl 1 in each group.

Note: Control: Control group, DM: DM group, and miR-135a inhibitor: miR-135a inhibitor group. ap<0.05 vs. Control group, 
and bp<0.05 vs. DM group.

Protein OD Control DM MiR-135a inhibitor

Notch Target protein/β-actin 0.84±0.24 4.83±0.33a 1.46±0.44ab

NICD Target protein/β-actin 0.52±0.21 2.95±0.34a 1.68±0.31ab

Hes1 Target protein/β-actin 0.34±0.29 3.82±0.34a 1.28±0.28ab
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ciated with other target genes of miR-135a as 
well. One report21 demonstrated that the level of 
miR-135a rises in the skeletal muscle in human 
DM, and miR-135a over-expression weakens the 
insulin-stimulated phosphorylation and acti-
vation of PI3Kp85α, as well as glucose uptake 
via the IRS2/Akt signaling pathway. Based on 
the results Zeng et al22, miR-135a regulates sev-
eral target genes, including MTSS1, HOXA10, 
SMAD5, and JAK2. This research only verified 
the influence of miR-135a on the Notch signal-
ing pathway, and failed to elucidate the potential 
involvement of another signaling pathway. Our 
findings lay an experimental foundation for the 
subsequent further research on the pathogenesis 
of renal fibrosis in DM.

Conclusions

In summary, inhibition of miR-135a can re-
lieve the renal fibrosis in DKD rats through the 
Notch pathway.
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