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Down-regulation of miR-9 promotes VEGF expression  
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Abstract: Objective: We aimed to investigate the effects of down-regulating miR-9 on the expression of renal vascu-
lar endothelial growth factor (VEGF) and inflammatory factor release in rats with acute kidney injury (AKI). Methods: 
Twenty Sprague-Dawley rats were assigned to the normal group and 120 rats were injected with glycerin (50% 10 
mL/kg) to induce rhabdomyolysis for creating AKI model. The targeting relationship between miR-9 and VEGF was 
predicted by a bioinformatics website and verified by dual luciferase assay. The AKI model rats were randomized 
into six groups of 20 rats each: model group, NC group (rats were injected with negative control vector), miR-9 mimic 
group (rats were injected with miR-9 overexpression vector), miR-9 inhibitor group (rats were injected with miR-9 
inhibitor), oe-VEGF group (rats were injected with VEGF overexpression vector), and miR-9 mimic + oe-VEGF group 
(rats were injected with both miR-9 and VEGF overexpression vectors). The levels of miR-9 and VEGF and the patho-
logical changes in the renal tissues were examined. The levels of serum creatinine (sCr), blood urea nitrogen (BUN), 
tumor necrosis factor (TNF)-α, interleukin (IL)-6, IL-10, superoxide dismutase (SOD), malondialdehyde (MDA), and 
glutathione peroxidase (GSH-PX) were detected. TUNEL staining was performed to detect the cellular apoptosis in 
the renal tissues. The expression levels of apoptosis-associated proteins, Bax, caspase-3, and Bcl-2, were also mea-
sured. Results: miR-9 could target and inhibit VEGF expression. Compared with the normal rats, the AKI model rats 
exhibited renal tubular epithelial cell swelling, renal interstitial edema, and inflammatory cell infiltration in the renal 
tissues and had higher expression levels of miR-9 and lower levels of VEGF. Meanwhile, the model rats had higher 
apoptosis rate, higher levels of sCr, BUN, TNF-α, IL-6, MDA, Bax, and caspase-3, and lower levels of IL-10, SOD, GSH-
PX, and Bcl-2 than the normal rats (all P<0.05). Inhibiting miR-9 expression or enhancing its target VEGF expression 
could partially reverse the increased inflammation, oxidative stress, apoptosis, as well as functional deficits (all 
P<0.05). Conclusion: Down-regulating miR-9 can reduce the levels of the inflammatory factors and upregulate renal 
VEGF expression, thereby exerting protective effects on the kidney of rats with AKI.
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Introduction

Acute kidney injury (AKI) is a common acute 
critical illness, which can occur for various rea-
sons. The pathogenesis of this disease remains 
unclear, and the incidence of AKI has been 
increasing each year. The disease can be life-
threatening and the mortality rate exceeds 
50% [1, 2]. Therefore, it is essential to investi-
gate the mechanism of AKI in order to provide a 
theoretical basis for an effective treatment of 
this disease.

Vascular endothelial growth factor (VEGF) is a 
factor that can maintain the endothelial func-

tion and induce the endothelium-dependent 
dilatation in renal tubule, thereby promoting the 
survival of renal epithelial cells and exerting 
protective effects on kidney [3-5]. Currently, 
many studies have demonstrated that VEGF is 
significantly downregulated in kidney injuries. 
VEGF can reduce renal cellular necrosis and 
apoptosis through suppressing caspase-3 ex- 
pression, thus reducing kidney injury [6-9]. Mi- 
croRNA (miRNA), which can regulate life activi-
ties by silencing specific genes at the post-tran-
scriptional level, has been a popular research 
topic in recent years [10-12]. In order to investi-
gate whether VEGF has an upstream control 
element to regulate VEGF expression and affect 
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AKI rat model, we searched a bioinformatics 
website and found that miR-9 may target VEGF. 
Some literature documented that miR-9 is 
upregulated in rats’ renal fibroblasts, and inhib-
iting the expression of this miRNA can have pro-
tective effects on renal fibroblasts and attenu-
ate the injury caused by uric acid [13-15]. 
Moreover, some scholars performed a micro- 
array analysis on miRNAs expressed in renal 
tubular epithelium and reported upregulation 
of miR-9 expression in cisplatin-induced renal 
tubule injury [16, 17]. Therefore, we speculated 
that miR-9 expression may be upregulated in 
AKI and cause inflammatory response and kid-
ney damage via inhibiting VEGF expression.

In the present study, we established a rat 
model of AKI and injected the rats with miR-9 
and VEGF vectors to investigate how miR-9 reg-
ulates VEGF and the effect of this miRNA on the 
inflammatory response and kidney damage in 
rats with AKI.

Materials and methods

Animal subjects

A total of 140 healthy specific pathogen-free 
Sprague-Dawley rats were used for the study (6 
weeks of age, 178.26±14.28 g, Vital River, 
China). The rats were raised at 25°C with 45% 
relative humidity. The experiment was approved 
by the Ethics Committee of The First Affiliated 
Hospital of Fujian Medical University.

Grouping and treatment

The rats were equally assigned to seven groups 
of 20 rats each: normal group (normal rats), 
model group (AKI model), NC group (AKI mo- 
del rats injected with negative control vector), 
miR-9 mimic group (AKI model rats injected 
with miR-9 overexpression vector), miR-9 inhib-
itor group (AKI model rats injected with miR-9 
inhibitor), oe-VEGF group (AKI model rats inject-
ed with VEGF overexpression vector), and miR-9 
mimic + oe-VEGF group (AKI model rats inject-
ed with both miR-9 and VEGF overexpression 
vectors). Before model establishment, 50 μg of 
miR-9 mimic (Thermo Fisher Scientific, USA), 
miR-9 inhibitor (Thermo Fisher Scientific, USA), 
negative control vector (Thermo Fisher Sci- 
entific, USA), and VEGF overexpression vector 
(Thermo Fisher Scientific, USA) were inject- 
ed into the rats in the corresponding groups 

through the tail vein. Forty-eight hour after 
injection, the AKI model was established in the 
model, NC, miR-9 mimic, miR-9 inhibitor, oe-
VEGF, and miR-9 mimic + oe-VEGF groups.

AKI model establishment

AKI model was created by injection of 50% 10 
mL/kg glycerin (Acmec Biochemical, China) th- 
rough the bilateral vastus medialis to induce 
rhabdomyolysis [18]. After grouping, all the rats 
were raised for one week to help them adapt to 
their environment and then underwent water 
fast for 24 h before modeling. The rats with 
body weight reduced by 10% were chosen and 
injected with the glycerin. Meanwhile, same vol-
ume of normal saline was injected in the same 
way to the rats in the normal group. The rats 
were then sacrificed. The whole blood samples 
were isolated through retro-orbital blood collec-
tion, and the renal tissues were taken out for 
the subsequent experiments [19].

Dual-luciferase reporter (DLR) assay

The targeting relationship between miR-9 and 
VEGF was analyzed through a bioinformatics 
website (www.targetscan.org) and verified by 
DLR assay. The VEGF DLR vectors with or with-
out mutant miR-9 binding site were construct-
ed and named as PGL3-VEGF mut and PGL3-
VEGF wt, respectively. Two reporter plasmids 
were transfected into HEK 293T cells with renil-
la plasmid and miR-9 or NC plasmids. DLR 
assay was performed after 24 h of transfec-
tion. The cells from each group were first lysed 
and centrifuged at 13,000× g for 1 min fol-
lowed by removal of precipitation and collecti- 
on of the supernatant. Detection of luciferase 
activity was carried out according to the manu-
facturer’s instructions of the kit (E1910, Pro- 
mega, WI, USA). The lysed cells were placed in 
Eppendorf tubes, and 100 μL of firefly lucifer-
ase solution was added to every 10 μL sample. 
After measuring the activity of firefly luciferase, 
100 μL renilla luciferase solution was added for 
detecting the activity of renilla luciferase. Re- 
lative luciferase activity = firefly luciferase activ-
ity/renilla luciferase activity.

Hematoxylin and eosin (HE) staining

The renal tissues from each group were fixed 
with 4% paraformaldehyde (Zibo Qixing, China) 
for 24 h and dehydrated in a gradient of alcohol 
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(80%, 90%, 100%) and normal butyl alcohol 
(Sinopharm Chemical Reagent, China). After- 
ward, the samples were placed in a wax box for 
paraffin embedment at 60°C and sectioned at 
a thickness of 5 μM. The sections were flat-
tened at 45°C and picked up and dried at 60°C 
for 1 h followed by dewaxing in xylene. Next, the 
samples underwent hydration and were stained 
with HE. The sections were first dewaxed and 
hydrated through a gradient of alcohol followed 
by hematoxylin staining (Solarbio, China) for 2 
min and rinse in tap water for 10 s. Subsequen- 
tly, 1% hydrochloric acid alcohol was applied for 
differentiation for 10 s before wash in distilled 
water for 1 min. The sections were then stained 
with eosin (Solarbio, China) for 1 min, rinsed in 
distilled water for 10 s, and dehydrated through 
a gradient of alcohol. Next, the sections were 
cleared in xylene (Sinopharm Chemical Re- 
agent, China), sealed in neutral balsam, and 
placed under a light microscope (XP-330, 
Bingyu Optical Instrument, China) for observing 
the pathological changes. The tubule dilation 
was evaluated and scored based on the follow-
ing criteria: no tubule dilation, 0 point; change 
<25%, 1 point; change within 25-50%, 2 points; 
change >50%, 3 points.

Measurement of biochemical markers

The whole blood samples in each group were 
centrifuged at 1,200× g for 15 min to collect 
the serum. The serum levels of creatinine (sCr) 
and blood urea nitrogen (BUN), as markers for 
renal injury, were measured using the test kits 
(Yaji Biological, Shanghai, China).

ELISA

Levels of tumor necrosis factor (TNF)-α, inter-
leukin (IL)-6, and IL-10 in rats’ serum were mea-
sured according to the manufacturer’s instruc-
tions of the ELSA kit (Abcam, Cambridge, UK), 
and the standard concentration curve was plot-
ted. Levels of TNF-α (ab6671, Abcam, UK), IL-6 
(ab100772, Abcam, UK), and IL-10 (ab100765, 
Abcam, UK) in each group were measured at 
450 nm according to the protocol of the kits.

Measurement of oxidative stress injury in kid-
ney

Renal cortexes (0.01 g) from each group were 
obtained for preparing homogenate with nor-
mal saline. After centrifugation, the superna-
tant was collected to measure the levels of 

malondialdehyde (MDA), glutathione peroxi-
dase (GSH-PX), and superoxide dismutase 
(SOD) by colorimetry (test kit supplier: Kang 
Lang, Shanghai, China).

Terminal deoxynucleotidyl transferase-dUTP 
nick end labeling (TUNEL) staining

TUNEL was performed to detect cellular apop-
tosis in the renal tissues according to the man-
ufacturer’s instructions of the kit (116848- 
17910, Roche, Basel, Switzerland). The renal 
tissues from each group were fixed in 10% 
formaldehyde overnight followed by dehydra-
tion and paraffin embedment and then sec-
tioned at a thickness of 4 μm. The samples 
were placed in numbered glass slides coated 
with polylysine. The cells stained with green 
color were TUNEL-positive cells. DAPI was used 
to stain the cell nuclei. Five paraffin sections 
were made from each sample for staining. Five 
fields were randomly picked on each glass 
slide, and the TUNEL-positive cells and total 
cells were counted and analyzed using Image-
Pro Plus 6.0 software. The ratio of the TUNEL-
positive cell number to the total cell number 
was calculated.

qRT-PCR

The kidneys from each group were collected to 
make homogenate. Total RNA was extracted 
from the tissues using Trizol (Invitrogen, USA) 
and the values of A260/A230 and A260/A280 
were measured with a UV-Vis spectrophotome-
ter (Nanodrop 2000, 1011U, Thermo Fisher 
Scientific, USA) for detecting the quantity and 
purity of the total RNAs. The RNAs were reverse-
ly transcribed into cDNAs according to the man-
ufacturer’s instructions of TaqMan MicroRNA 
Assays Reverse Transcription primer (4427975, 
Applied Biosystems, USA), and the reverse tran-
scription parameters were as follows: 37°C for 
30 min, and 85°C for 5 s. The cDNAs (2 μL) 
were then diluted to 50 ng/μL. The primers for 
miR-9, caspase-3, GAPDH, Bax, U6, and Bcl-2 
were synthesized by Tsingke, China (Table 1). 
qRT-PCR (PCR device: Bio-Rad Laboratories, 
USA) was conducted with the following param-
eters: pre-denaturation at 95°C for 10 min, 
denaturation at 95°C for 10 s, and annealing at 
60°C for 20 s for 35 cycles. The total reaction 
volume was 20 μL including forward primer (10 
μM, 0.8 μL), reverse primer (10 μM, 0.8 μL), 
ROX reference dye II (0.4 μL), SYBR Premix EX 
TaqTM II (10 μL), cDNA template (2.0 μL), and 
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sterile distilled water (6.0 μL). The relative 
expression of miR-9 was normalized to the 
expression of U6, and other mRNAs were nor-
malized to the expressions of GAPDH. The rela-
tive expression level of the target gene was cal-
culated using the 2-ΔΔCt method (ΔΔCt = ΔCtthe 

study groups - ΔCtGAPDH, ΔCt = Cttarget gene - Ctinternal control, 
Ct represented the number of PCR amplifica-
tion cycles).

Western blot

Protein expressions of caspase-3, VEGF, Bcl-2, 
and Bax in renal tissues of each group were 
determined by western blot. After preparing the 
homogenate, total protein was extracted us- 
ing radioimmunoprecipitation assay buffer (BB-
3209, Bebe Bio, China) and separated by SDS-
PAGE. The proteins were transferred to polyvi-
nylidene fluoride (PVDF) membrane at a con-
stant voltage of 80 V, and the membrane was 
incubated in blocking solution for one hour fol-
lowed by reaction with polyclonal primary anti-
bodies of rabbit anti-VEGF (1:1,000, ab53465, 
Abcam, UK), caspase-3 (1:500, ab13847, Ab- 
cam, UK), Bcl-2 (1:2,000, ab196495, Abcam, 
UK), Bax (1:5,000, ab32503, Abcam, UK), and 
GAPDH (1:10,000, ab181603, Abcam UK) in a 
shaker at 4°C overnight. Subsequently, the 
membrane was treated with horseradish perox-
idase-conjugated goat anti-rabbit polyclonal 
IgG (1:20,000, ab97051, Abcam, UK) and agi-
tated at 37°C for 2 h. After wash in PBS at room 
temperature three times (5 min per wash), the 
PVDF membrane was visualized. The relative 
protein expression level = the greyscale value 
of the protein band/the greyscale value of the 
GAPDH band.

Statistical analysis

Statistical software SPSS 21.0 (SPSS Inc., USA) 
was applied for data analysis. Measurement 
data are expressed as mean ± standard devia-
tion, and comparison between groups was con-
ducted by one-way analysis of variance and 
Bonferroni post-hoc test. P<0.05 indicated a 
statistically significant difference.

Results

MiR-9 can target VEGF and inhibit its expres-
sion

The bioinformatics website predicted the exis-
tence of miR-9 binding site on VEGF in rats 
(Figure 1A). To verify this relationship, we con-
ducted DLR assay and found that the lucifera- 
se activity of the group co-transfected with 
Wt-VEGF and miR-9 mimic was much lower 
than the group transfected with NC plasmid 
(P<0.05), which demonstrated that miR-9 can 
target VEGF (Figure 1B). Afterward, we per-
formed qRT-PCR to measure the miR-9 levels in 
the renal tissues of each group (Figure 1C). 
Compared with the normal groups, the other 
groups had higher expression levels of miR-9; 
compared with the model group, the miR-9 
expression levels were higher in the miR-9 
mimic and miR-9 mimic + oe-VEGF groups and 
lower in the miR-9 inhibitor group (all P<0.05). 
These results indicated that we had success-
fully injected the miR-9 overexpression mimics 
and miR-9 inhibitors into the rats. Western blot 
was conducted to determine the VEGF expres-
sion levels in the renal tissues of each group 
(Figure 1D). Compared with the normal group, 
the other groups had lower VEGF protein 
expression levels; compared with the model 
group, the VEGF protein expression levels were 
lower in the miR-9 mimic group and higher in 
the miR-9 inhibitor, the oe-VEGF, and the miR-9 
mimic + oe-VEGF groups (all P<0.05).

Pathological changes in each group

We sectioned the tissues and performed HE 
staining to examine the pathological changes in 
the renal tissues of each group (Figure 2A). In 
the normal group, the renal autopsy exhibited 
normal structure and intact renal tubular epi-
thelial cells, and no evident pathological chang-
es were observed in the renal glomerulus and 
interstitium. In contrast, the renal tissues in the 

Table 1. Primer sequence
Gene Primer sequence (5’-3’)
miR-9 Forward: GGGATAAAGCTAGATAACC

Reverse: GTGCAGGGTCCGAGGT
Caspase-3 Forward: TCTACCGCACCCGGTTACTA

Reverse: TCAAATTCCGTGGCCACCTT
Bcl-2 Forward: CTGCTAAGGAGGCTGGTAGC

Reverse: ACATGCTCAATGCTGAGGCT
Bax Forward: CAGGCGAATTGGCGATGAAC

Reverse: GGGTCCCGAAGTAGGAAAGG
U6 Forward: CGCTTCGGCAGCACATATAC

Reverse: TTCACGAATTTGCGTGTCAT
GAPDH Forward: TGTGAACGGATTTGGCCGTA

Reverse: GATGGTGATGGGTTTCCCGT
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other groups exhibited different degrees of 
pathological changes, including renal tubule 
dilation, glomerular hypertrophy, edema and 
vacuolar degeneration of renal tubular epithe-
lial cells, and interstitial inflammation. We sco- 

red the renal tubule dilation in each group 
(Figure 2B), and the results showed that the 
normal group had lower scores than the other 
groups; the model group had a lower score than 
the miR-9 mimic group and a higher score than 

Figure 1. miR-9 can inhibit VEGF expression. A: The pairing of miR-9 with VEGF as predicted by the bioinformatics 
website; B: miR-9 can target VEGF as confirmed by dual-luciferase report assay; C: Expression levels of miR-9 and 
VEGF determined by qRT-PCR; D: Image of the protein band; E: The protein expression levels of VEGF in each group 
measured by western blot. Compared with the normal group, *P<0.05; compared with the model group, #P<0.05; 
compared with the NC group, &P<0.05; compared with the miR-9 mimic group $P<0.05; compared with the miR-9 
inhibitor group, @P<0.05; compared with the oe-VEGF group, ΔP<0.05. VEGF: vascular endothelial growth factor.
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the miR-9 inhibitor and the oe-VEGF groups; the 
miR-9 mimic + oe-VEGF group had a lower 
score than the miR-9 mimic group (all P<0.05). 
All these results indicated that silencing miR-9 
or overexpressing VEGF can significantly reduce 
the renal tubule dilation, and VEGF overexpres-
sion can partially reverse the tubule dilation 
caused by miR-9 overexpression.

Measurement of biochemical markers in each 
group

Based on the phenotype observation, we con-
cluded that miR-9 and VEGF can regulate the 
pathological features in rat’s kidney. To further 
investigate the effects of miR-9 and VEGF on 
rat’s renal function, we measured the sCr and 
BUN levels in rats’ whole blood samples by col-
orimetry (Figure 3). The results showed that the 
normal group had lower levels of sCr and BUN 
than the other groups (all P<0.05). Compared 
with the model group, the sCr and BUN levels 
were higher in the miR-9 mimic group and lower 
in the miR-9 inhibitor and the oe-VEGF groups 
(all P<0.05). Meanwhile, the miR-9 mimic + oe-
VEGF group had lower levels of Scr and BUN 
than the miR-9 mimic group (both P<0.05).

Levels of inflammatory factors in each group

ELISA was conducted to measure the levels of 
TNF-α, IL-6, and IL-10 in rats’ serum in each 
group (Figure 4). The results showed that com-
pared with the normal group, the other groups 

had higher levels of TNF-α and IL-6 and lower 
levels of IL-10 (all P<0.05). Compared with the 
model group, the miR-9 mimic group had higher 
levels of TNF-α and IL-6 and lower levels of 
IL-10 whereas the miR-9 inhibitor and oe-VEGF 
groups had lower levels of TNF-α and IL-6 and 
higher levels of IL-10 (all P<0.05). The miR-9 
mimic + oe-VEGF group had lower levels of 
TNF-α and IL-6 and a higher level of IL-10 than 
the miR-9 mimic group (all P<0.05).

Oxidative stress in each group

In order to investigate the oxidative stress in 
each group, colorimetry was performed to 
detect the changes in the levels of SOD, MDA, 
and GSH-PX in rats’ renal tissues (Figure 5). 
Compared with the normal group, the other 
groups had higher levels of MDA and lower lev-
els of SOD and GSH-PX (all P<0.05). Compared 
with the model group, the miR-9 mimic group 
had higher levels of MDA and lower levels of 
SOD and GSH-PX, whereas the miR-9 inhibitor 
and the oe-VEGF groups had lower levels of 
MDA and higher levels of SOD and GSH-PX (all 
P<0.05). The miR-9 mimic + oe-VEGF group had 
a lower level of MDA and higher levels of SOD 
and GSH-PX than the miR-9 mimic group (all 
P<0.05).

Cellular apoptosis in each group

Results of TUNEL test showed that compared 
with the normal group, the other groups had 

Figure 2. Pathological changes in rats’ renal tissues. A: Hematoxylin and eosin; B: Tubule dilation in each group. 
Compared with the normal group, *P<0.05; compared with the model group, #P<0.05; compared with the NC group, 
&P<0.05; compared with the miR-9 mimic group $P<0.05; compared with the miR-9 inhibitor group, @P<0.05; com-
pared with the oe-VEGF group, ΔP<0.05. VEGF: vascular endothelial growth factor.
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higher cellular apoptosis rates (all P<0.05). 
Compared with the model group, the miR-9 

and lower mRNA and protein expression levels 
of Bcl-2, whereas the miR-9 inhibitor and the 

Figure 3. Levels of sCr and BUN in rats’ whole blood samples. A: sCr content; B: BUN content. Compared with the 
normal group, *P<0.05; compared with the model group, #P<0.05; compared with the NC group, &P<0.05; compared 
with the miR-9 mimic group $P<0.05; compared with the miR-9 inhibitor group, @P<0.05; compared with the oe-
VEGF group, ΔP<0.05. sCr: serum creatinine; BUN: blood urea nitrogen; VEGF: vascular endothelial growth factor.

Figure 4. Levels of TNF-α, IL-6, and IL-10 in rats’ serum detected by ELISA. 
Compared with the normal group, *P<0.05; compared with the model group, 

#P<0.05; compared with the NC group, &P<0.05; compared with the miR-9 
mimic group $P<0.05; compared with the miR-9 inhibitor group, @P<0.05; 
compared with the oe-VEGF group, ΔP<0.05. TNF: tumor necrosis factor; 
IL: interleukin; ELISA: enzyme-linked immunosorbent assay; VEGF: vascular 
endothelial growth factor.

mimic group had higher apop-
tosis rate and the miR-9 inhibi-
tor and the oe-VEGF groups 
had lower apoptosis rates (all 
P<0.05). The miR-9 mimic + 
oe-VEGF group had lower apo- 
ptosis rate than the miR-9 mi- 
mic group (P<0.05). See Figure 
6.

Expressions of apoptosis-as-
sociated genes in each group

qRT-PCR and western blot we- 
re performed to measure the 
mRNA and protein expressions 
of Bax, caspase-3, and Bcl-2 in 
rats’ renal tissues (Figure 7). 
Compared with the normal 
group, the other groups had 
higher mRNA and protein ex- 
pression levels of Bax and cas-
pase-3 and lower mRNA and 
protein expression levels of 
Bcl-2 (all P<0.05). Compared 
with the model group, the 
miR-9 mimic group had higher 
mRNA and protein expression 
levels of Bax and caspase-3 
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oe-VEGF groups had lower mRNA and protein 
expression levels of Bax and caspase-3 and 
higher mRNA and protein expression levels of 
Bcl-2 (all P<0.05). The miR-9 mimic + oe-VEGF 
group had lower mRNA and protein expression 
levels of Bax and caspase-3 and higher mRNA 
and protein expression levels of Bcl-2 than the 
miR-9 mimic group (all P<0.05).

Discussion

AKI has high morbidity and mortality and can 
occur for various reasons. The disease can be 
life-threatening with a mortality over 50%, and 
the treatment cost is high. In order to reduce 
mortality and save medical resources, it is 
essential to investigate the pathogenesis of AKI 
in order to provide a theoretical basis for effec-
tive treatment of this disease [19-22].

Some studies have demonstrated that VEGF 
can promote the proliferation of vascular endo-
thelial cells and has protective effects on renal 
tubular endothelium, thereby protecting kidney. 
Reduction or loss of VEGF can disrupt the bal-
ance between pro-VEGF and anti-VEGF in the 
body, leading to inflammation [23-27]. In the 
present study, we created a rat model of AKI 
and injected the rats with VEGF overexpression 
vectors. The model group had lower VEGF 
expression level than the normal group, and 
the oe-VEGF group had higher VEGF expression 
level than the model group. In contrast to the 
rats in the normal group, the rats with AKI 
exhibited pathological features including renal 
tubular epithelial cell swelling and renal intersti-
tial edema. Moreover, the AKI rats had lower 

levels of IL-10, SOD, GSH-PX, VEGF, and Bcl-2, 
and higher levels of TNF-α, IL-6, sCr, BUN, MDA, 
caspase-3, and Bax. Compared with the model 
group, the oe-VEGF group had lower degrees of 
tubule dilation, lower levels of sCr, BUN, TNF-α, 
IL-6, MDA, caspase-3, and Bax, and higher lev-
els of IL-10, SOD, GSH-PX, and Bcl-2. These 
results demonstrated that VEGF is downregu-
lated in rats with AKI and its overexpression 
can markedly attenuate kidney injury, protect 
kidney function, and suppress the progression 
of inflammation.

MiR-9 is a miRNA. Some studies have reported 
that miR-9 overexpression can induce renal 
fibroblast apoptosis by promoting caspase-3 
expression, which further damages the renal 
fibroblasts [28-30]. In this study, we created a 
rat model of AKI with miR-9 overexpression or 
miR-9 silencing and found that miR-9 overex-
pression can aggravate tubule dilation, in- 
crease the levels of sCr, BUN, TNF-α, IL-6, MDA, 
caspase-3, and Bax, and decrease the levels of 
Bcl-2, IL-10, SOD, and GSH-PX. After silencing 
miR-9, both tubule dilation and levels of renal 
function markers and inflammatory factors 
improved markedly in the rats, and the expres-
sion levels of caspase-3 and Bax declined and 
the Bcl-2 expression level elevated in the rats. 
These findings showed that miR-9 expression 
can aggravate the renal function of AKI rats 
and promote inflammation, causing damage  
to the kidney. To investigate the relationship 
between miR-9 and VEGF, we searched the bio-
informatics website and found the existence of 
miR-9 binding site on VEGF. DLR assay was per-
formed to confirm that miR-9 can target VEGF. 

Figure 5. Oxidative stress in rats’ renal tissues. A: SOD content; B: MDA content; C: GSH-PX content. Compared 
with the normal group, *P<0.05; compared with the model group, #P<0.05; compared with the NC group, &P<0.05; 
compared with the miR-9 mimic group, $P<0.05; compared with the miR-9 inhibitor group, @P<0.05; compared with 
the oe-VEGF group, ΔP<0.05. MDA: malondialdehyde; SOD: superoxide dismutase; GSH-PX: glutathione peroxidase; 
VEGF: vascular endothelial growth factor.
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Figure 6. TUNEL staining result. A: TUNEL staining result; B: Cellular apoptosis rate. Compared with the normal group, *P<0.05; compared with the model group, 

#P<0.05; compared with the NC group, &P<0.05; compared with the miR-9 mimic group $P<0.05; compared with the miR-9 inhibitor group, @P<0.05; compared with 
the oe-VEGF group, ΔP<0.05. TUNEL: terminal deoxynucleotidyl transferase-dUTP nick end labeling; VEGF: vascular endothelial growth factor.
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MiR-9 overexpression can decrease VEGF ex- 
pression, whereas VEGF overexpression cannot 
affect miR-9 expression. Meanwhile, we creat-
ed a rat model of AKI with both miR-9 and VEGF 
overexpression and observed that compared 
with the miR-9 mimic group, the miR-9 mimic + 
oe-VEGF group had a lower degree of tubule 
dilation, higher levels of IL-10, SOD, GSH-PX, 
and Bcl-2 and lower levels of sCr, BUN, TNF- 
α, IL-6, MDA, caspase-3, and Bax. Therefore, 
miR-9 overexpression in AKI rats can inhibit 
VEGF expression and thus aggravating the 
renal function and causing inflammation and 
injury in the kidney.

In conclusion, the present study has demon-
strated the effects of miR-9 and VEGF on AKI 
model rats and revealed that miR-9, as an 
upstream control element, can negatively regu-
late the VEGF expression. These findings may 
provide some theoretical basis for understand-
ing the pathogenesis of AKI. However, we need 
to note that although the rats in the miR-9 
mimic + oe-VEGF group had much less renal 
damage than the rats in the miR-9 mimic group, 
the results of the various markers in the rats 
treated with both miR-9 and VEGF overexpres-
sion were not as good as those in the rats treat-
ed with VEGF alone, suggesting that VEGF over-
expression cannot fully reverse the kidney dam-
age caused by miR-9. The reasons behind this 
finding are yet to be clarified, and the molecular 
mechanism of miR-9 targeting VEGF needs to 
be further investigated in the future.
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