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Abstract 

Purpose: To investigate the regulatory role of miR-126 in inflammation-associated gene expression in 
vascular smooth muscle (VSMCs) cells of diabetic rats. 
Methods: Diabetes was induced in rats by intraperitoneal injection of streptozocin (STZ) at a dose of 50 
mg/kg. VSMCs were isolated from the aortic intimal-medial layers of the rats by a standard protocol. 
Expression of miR-126 was determined by quantitative real-time polymerase chain reaction (qRT-PCR) 
and western blotting. Transfection was performed with Lipofectamine 2000 reagent. 
Results: Expression of miR-126 was significantly (p < 0.05) downregulated in the VSMCs of diabetic 
rats. Similarly, expressions of SOD, APX and CAT were downregulated, while those of COX, LOX and 
NOS were significantly upregulated in VSMCs. However, transfection-induced miR-126 overexpression 
in the VSMCs of diabetic rats led to significant (p < 0.05) upregulation of SOD, CAT, APX and 
downregulation of COX, LOX and NOS. TargetScan analysis revealed that miR-126 exerted these 
effects by targeting SIRT1 gene. Furthermore, qRT-PCR and western blotting revealed that miR-126 
overexpression in diabetic VMSCs caused significant (p < 0.05) upregulation of the expression of SIRT-
1. 
Conclusion: The results indicate that miR-126 regulates the expression of inflammation-related genes 
by targeting SIRT-1 genes in vascular smooth muscle cells of diabetic rats. Thus, miR-126 may be 
beneficial in the management of diabetes. 
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INTRODUCTION 
 
Diabetes is a severe metabolic and pathological 
condition which results in non-physiological 
changes in many tissues due mostly to oxidative 
stress [1]. Factors such as increase in the 
population of aged people, consumption of 

energy-rich diets, and sedentary life-styles have 
led to significant increases in the number of 
diabetic cases globally [2]. Diabetes has been 
linked to elevated risk of cardiovascular incidents 
as a result of vascular inflammation and 
atherosclerosis [3]. Diabetic complications are 
also associated with upregulated expressions of 
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inflammatory cytokines and chemokines [4]. 
Although it is well reported that inflammation-
related gene expression contributes to diabetic 
complications, there is hardly any information on 
the regulation of inflammatory gene expression in 
this process [5].  
 
MicroRNAs are small non-coding RNA molecules 
which participate in a wide array of biological 
functions. They regulate the expressions of most 
of the genes, and have been implicated in the 
development of several diseases and disorders 
[6]. Some microRNAs have also been reported to 
exhibit aberrant expressions in diabetics, thus 
making them important targets for the treatment 
of diabetes [7,8]. In the present study, the 
expression of miR-126 was investigated in the 
smooth muscle cells of diabetic rats, and its 
effects on the expression of inflammation-related 
genes were also evaluated. 
 
EXPERIMENTAL 
 
Induction of diabetes  
 
Adult Sprague-Dawley rats (200 ± 14 g) were 
used for induction of diabetes. Diabetes was 
induced in overnight-fasted rats by 
intraperitoneal injection of STZ (50 mg/kg body 
weight, 1 ml/rat) in citrate buffer (0.01 M, pH 4.5). 
Rats in the control group were given citrate buffer 
alone via the same route. The study was 
approved by the animal ethics committee of 
Heping Hospital, Changzhi Medical College 
(approval no. ANM/60A of 2017). 
 
Cell cultures 
 
Vascular smooth muscle cells (VSMCs) were 
derived from the aortic intimal-medial layers of 
diabetic and normal rats as demonstrated earlier 
[9]. The VSMCs were subjected to phenol red-
free M199 treatment containing fetal calf serum 
for 48 h. Finally, the cells were synchronised in 
media containing FCS (0.4 %) for 24 h. 
 
Quantitative real-time polymerase chain 
reaction (qRT-PCR) 
 
Total RNA was isolated from the tissues with 
Trizol reagent and then transcribed into cDNA 
using RevertAid cDNA synthesis kit. The relative 
expression was determined by qRT-PCR [10]. 
 
Transfection 
 
When the VSMCs reached 80 % confluence, 
they were transfected with miR-NC and miR-126 
mimics (10 pmol, Shanghai GenePharma), with 

the help of Lipofectamine 2000 (Invitrogen) as 
per manufacturer’s guidelines [11]. 
 
Western blot analysis 
 
The VSMCs were lysed in lysis buffer and their 
protein concentrations were determined with 
Bradford method. Protein expression was 
measured by western blotting as described 
previously [12]. 
 
Statistical analysis 
 
Data are shown as mean ± SD. Statistical 
analysis was done using Students t-test with 
GraphPad prism 7 software. Values of p <0.05 
were assumed indicative of significant difference. 
 
RESULTS 
 
Expression of miR-126 was downregulated in 
VSMCs 
 
The expression of miR-126 was significantly 
downregulated in VSMCs from diabetic rats, 
when compared to VSMCs from normal control 
rats (p < 0.05). The expression of miR-126 was 
5.5-fold lower in VSMCs from the diabetic rats, 
when compared to the control. 
 
Expression of inflammation-related genes in 
VSMCs 
 
The results showed that the expressions of the 
genes for SOD, CAT and APX were significantly 
downregulated in the VSMCs from diabetic rats, 
relative to VSMCs from the normal rats (p < 0.05, 
Figure 1 A - C). The expressions of SOD, CAT 
and APX were 4.3-, 6.5- and 3.8-fold lower in 
VSMCs from the diabetic rats than those in 
VSMCs from the normal rats. These results were 
further confirmed by the results of western 
blotting (Figure 1 D).Similarly, the expression of 
NOS was significantly (p < 0.05) upregulated 
(5.55-fold) in the VSMCs from diabetic rats when 
compared to the VSMCs from normal rats 
(Figure 2 A - C). Similar trends were observed in 
the expressions of NOS, COX and LOX, as 
revealed from western blotting (Figure 2 D). 
 
Overexpression of miR-126 inhibited the 
expressions of inflammatory genes  
 
To find out the effect of miR-26 on the 
expressions of inflammatory genes, VSMCs from 
the diabetic rats were transfected with miR-NC 
and miR-126 mimics, and the overexpression of 
miR-126 was assessed with qRT-PCR (Figure 3 
A). The results of qRT-PCR and western blotting 
showed that the overexpression of miR-126 
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significantly downregulated the expressions of 
the antioxidant enzymes SOD, CAT and APX 
(Figure 3 B - E),and upregulated the expressions 
of NOS, COX and LOX  as indicated qRT-PCR 
(Figure 4 A - C) as well as western blot analysis 
(Figure 4 D). 
 
MiR-126 exerted its effects by targeting SIRT-
1 
 
Using TargetScan analysis, SIRT-1 was found to 
be the potential target of miR-126. This was 
further confirmed by analysis of the expression of 
SIRT-1. The results revealed that SIRT-1 
expression was downregulated in diabetic 
VSMCs. However, overexpression of miR-126in 
diabetic VSMCs caused significant upregulation 
of the expression of SIRT-1 (Figures 5 A - D). 
 

 
 
Figure 1: Expressions of (A) SOD,  (B) CAT and (C) 
APX in VSMCs of normal and diabetic, as determined 
by quantitative RT-PCR analysis, (D) Expressions of 
SOD, CAT and APX in VSMCs of normal and diabetic 
rats, as determined by western blot analysis. Values 
are presented as mean ± SD (n = 3, *p < 0.05) 
 

 
 
Figure 2: Expressions of  (A) NOS,  (B) COX, and (C) 
LOX in VSMCs of normal and diabetic rats, as 
determined by quantitative RT-PCR analysis, (D) 
Expressions of NOS, COX and LOX in VSMCs of 
normal and diabetic rats, as determined by western 
blot analysis. Values are presented as mean ± SD (n = 
3, *p < 0.05) 

 
 
Figure 3: (A) Overexpression of miR-126 in VSMCs of 
diabetic rats Effect of miR-126 overexpression on the 
expressions of (B) SOD, (C) CAT and (D) APX as 
determined by qRT-PCR analysis, (E) Effect of miR-
126 on the expressions of SOD, CAT and APX, as 
determined by western blot analysis. Values are 
presented as mean ± SD (n = 3, *p < 0.05) 
 

 
 
Figure 4: Effect of miR-126 on the expressions of (A) 
NOS,  (B)  COX and (C) LOX as determined by qRT-
PCR analysis, (D) Effect of miR-126 on the expression 
of NOS, COX, LOX, as determined by western blot 
analysis. The experiments were performed thrice and 
he results are depicted as mean ± SD (n = 3, *p < 
0.05) 
 
DISCUSSION 
 
Diabetes is a severe metabolic disease, and it is 
well established that oxidative stress is one of 
main contributors to the onset of diabetic 
complications [13]. Increased oxidative stress in 
diabetes is due to accretion of free radicals 
and/or compromised antioxidant defence 
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responses [14]. Oxidative stress either leads to 
adaptation or cell injury, resulting in damage to 
DNA, lipids and proteins, accumulation of 
damaged molecules and disruption of cellular 
homeostasis [15]. Moreover, although it is known 
that inflammation-related gene expression 
contributes to diabetic complications, there is 
hardly any information on the regulation of 
antioxidant and inflammatory gene expression in 
diabetes [16].  
 

 
 
Figure 5: (A) TargetScan depicting miR-126 targets 
SIRT-1 Expression of miR-126 in VSMCs from 
diabetic and normal rats, as determined by (B) q RT-
PCR and (C) western blotting. Expressions of miR-126 
in miR-NC and miR-126 mimics transfected VSMCs 
from diabetic rats as determined by (D) q RT-PCR and 
(E) western blotting. Values are presented as mean ± 
SD (n = 3, *p < 0.05) 
 
MicroRNAs are involved in the development and 
progression of several diseases and disorders, 
including, but not limited to cancer and diabetes 
[17]. In the present investigation, the expression 
of miR-126 was investigated in the VSMCs of 
diabetic rats, and it was found that miR-126 
expression was significantly downregulated. 
Diabetes and inflammation are initiated by 
oxidative stress. Therefore, the expressions of 
the antioxidant enzymes play a central role in 
relieving the oxidative stress [18].  
In the present study, it was observed that the 
expressions of SOD, APX and CAT were 
significantly downregulated in the diabetic 
VSMCs. The enzymes COX, LOX and NOS are 
involved in inflammation [19].Their expressions 
were significantly upregulated in the VSMCs, 
which implies that they contributed to the 
inflammation in diabetic VSMCs. To understand 
the role of miR-126, it was overexpressed in the 
diabetic VSMCs. The overexpression of miR-126 
caused significant enhancement in the gene as 
well as the protein expressions of the CAT, SOD 
and APX. Since these enzymes scavenge ROS, 

they are considered important in alleviating 
oxidative stress in diabetes and inflammation 
[19].The enzymes COX, LOX and NOS are 
involved in the generation of AA, prostaglandins 
(PG), leukotrienes (LT), and NO which are 
crucial mediators of inflammation [20]. In this 
study, it was observed that overexpression of 
miR-126 caused significant downregulation of 
these enzymes. Finally, to investigate the target 
of miR-126, it was subjected to TargetScan and 
SIRT-1 was identified as its potential target which 
was further confirmed by RT-PCR and western 
blotting. 
 
CONCLUSION 
 
These results indicate that the expression of 
miR-126 is significantly downregulated in diabetic 
VSMCs. Moreover, miR-126 regulates the 
expression of inflammation-related genes by 
targeting SIRT-1. Therefore, miR-126 is a 
potential and important therapeutic target for the 
management of diabetes. 
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