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Abstract. Expression levels and significance of miR-184 
and miR-126 in burned rats were investigated. A total of 30 
healthy rats were selected to construct a burn rat model, and 
another 10 healthy rats as the control group. The modeled 
rats were divided into groups I, II and III according to burn 
area, 10 for each group. The reverse transcription-quantitative 
polymerase chain reaction (RT-q.PCR) was used to detect 
the expression of miR-184 and miR-126 in the serum of three 
groups of burned rats, and ELISA was employed to detect 
the expression levels in peripheral blood and the correlation. 
There was no difference in the expression levels of miR-184 
and miR-126 among the four groups of rats before modeling 
(P>0.05). Those of miR-184 and miR-126 at each time point 
were lower than those at the previous one in groups I, II and 
III (P<0.05). There was no significant change in the expres-
sion levels of miR-184 and miR-126 in the control group 
(P>0.05). At the same time point, those of miR-184 and 
miR-126 decreased with the increase of burn degree, and 
the difference was statistically significant between every two 
groups (P<0.05). The results of Pearson's correlation analysis 
revealed that the expression level of miR-184 was positively 
correlated with that of miR-126 (r=0.832, P=0.002). miR-184 
and miR-126 were positively correlated with burn degree 
(r=0.901, P=0.001, r=0.775, P=0.001) and time after burn 
(r=0.732, P=0.004, r=0.753, P=0.002). The expression levels 
of miR-184 and miR-126 decrease in burned rats. The changes 
of their levels may be used as a reference standard for clinical 
efficacy evaluation to evaluate burn degree, preventing burn 
wounds from deepening.

Introduction

Burns, a series of complex pathophysiological changes caused 
by heat such as high-temperature gas, liquid and solid, can 
cause skin tissue damage, pain, loss of tissue fluid and wound 
necrosis, resulting in systemic infection and even death (1). 
Burn wounds, often have deeper burn phenomenon, so avoiding 
burns is very important (2). After severe burns, the increase in 
capillary permeability leads to severe inflammatory response. 
The formation and release of a large number of inflamma-
tory mediators plays an important role in burned rats (3). The 
sustained or excessive release of inflammatory mediators can 
lead to a variety of inflammatory effects, cells activating the 
coagulation system and complement activation, which causes 
damage to endothelial cells and distant organs (4). As a power 
organ of circulation, the structural and functional damage to the 
heart will inevitably promote the occurrence and development 
of burn shock, having become one of the important factors of 
early ischemic hypoxia (5). The prevention and treatment of 
myocardial damage after burns is very important during burn 
treatment. Studies have shown that the application of stem cells 
in local hypoxic myocardial tissues can effectively improve the 
viability of damaged myocardial cells, repair damaged myocar-
dial tissues, and partially improve myocardial function (6). 
With low immunogenicity, multi-directional differentiation, 
easy separation and proliferation, mesenchymal stem cells 
(MSCs) provide a new treatment method for severe burns (7). 
Expressing in the tissues of burned rats, miR-184 and miR-126 
are also abnormally expressed in the process of neovascular-
ization, suggesting that they may be involved in the formation 
of neovascularization (8). It is suggested that they may protect 
the regulation of early burned myocardial injury. Studies have 
shown that involved in key gene regulation, miR-184 and 
miR-126 may be highly expressed in angiogenesis and endothe-
lial cells, regulating angiogenesis via cell signaling pathways 
such as VEGF (9). The abnormal expression is expected to 
become a new target for neovascularization therapy (10).

In this study, miR-184 and miR-126 were studied to 
investigate their expression changes in burned rats and their 
correlation analysis.

Materials and methods

Experimental objects. A total of 40 healthy SD rats (provided 
by the Experimental Animal Center of Guangxi Medical 

Expression levels and significance of  
miR-184 and miR-126 in burned rats

SIDA XU*,  YOUFEN FAN*,  TIANBIN WU  and  PEI XU

Department of Plastic and Burn Surgery, Ningbo No. 2 Hospital, Ningbo, Zhejiang 315010, P.R. China

Received November 26, 2018;  Accepted April 12, 2019

DOI: 10.3892/etm.2019.7578

Correspondence to: Dr Pei Xu, Department of Plastic and 
Burn Surgery, Ningbo No. 2 Hospital, 41 Xibei Street, Ningbo, 
Zhejiang 315010, P.R. China
E-mail: pyf6v9@163.com

*Contributed equally

Key words: burned rat, miR-184, miR-126, expression level, 
correlation



XU et al:  miR-184 AND miR-126 IN BURNED RATS484

University, Guangxi, China) were divided into 4 groups, with a 
body mass of 200±20 g, including male and female, 10 for each 
group. The groups were: normal control, model I, model II and 
model III groups. The difference was not statistically signifi-
cant concerning sex, age and body weight in the four groups of 
rats (P>0.05) (data not shown).

This study was approved by the Ethics Committee of 
Ningbo No. 2 Hospital (Ningbo, China).

Reagents and instruments. PCR kit was purchased from 
Thermo Fisher Scientific (China) Co., Ltd., Shanghai, China; 
RPMI-l640 medium from Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA; 10% fetal bovine serum from 
Shanghai Harling Biotechnology Co., Ltd., Shanghai, China; 
Thiazolyl Blue (MTT) and dimethyl sulfoxide (DMSO) from 
Suzhou Lianxiong Chemical Technology Co., Ltd., Suzhou, 
China; 3.5% chloral hydrate from Qingdao Yulong Seaweed 
Co., Ltd., Qingdao, China; Olympus IX71 inverted fluorescence 
microscope from Beijing Presisi Instrument Co., Ltd., Beijing, 
China; YLS-5Q desktop super temperature control scald 
instrument from Beijing Ruiyisi Technology Co., Ltd., Beijing, 
China; super clean bench from Chongqing Pharmaceutical Co., 
Ltd. Keyihuabo Branch Company, Chongqing, China; ultra-
low temperature refrigerator from Thermo Fisher Scientific, 
Inc. Operations were performed strictly in accordance with the 
respective instructions.

Specimen collection and processing. Two rats were anaesthe-
tised with pentobarbital sodium (30 mg/kg) then sacrificed by 
cervical dislocation at 3, 6, 12, 24 and 48 h before and after 
burn, respectively (11). Abdominal aortic blood was collected 
from the animals, and frozen at -20˚C for testing after serum 
separation.

Construction of burn rat model. In the construction of the 
model, the back hair of rats was shaved, in an area of approxi-
mately 25 cm2. Anesthesia was intraperitoneally injected 
with 3.5% chloral hydrate (10 ml/kg), and then the YLS-5Q 
desktop super temperature control scald instrument was 
used to corporate burns. The wounds in 4 groups were the 
same, and the burned area was 20 cm2. The normal control 
group had no anesthesia and no burns. The hot conditions of 
model I group were: 90˚C for temperature, 15 sec for time and 
1000 g for pressure. Those of model II group were: 80˚C for 
temperature, 15 sec for time and 1000 g for pressure. Those 
of model III group were: 80˚C for temperature, 10 sec for time 
and 500 g for pressure.

RT-PCR detection of expression of miR-184 and miR-126 in 
burned rats. After the above extraction of total mRNA in 

accordance with the real-time PCR kit instructions, the reverse 
transcription synthesis of cDNA was performed. Reaction was 
at 37˚C for 45 min and at 95˚C for 5 min. The cDNA amplifi-
cation reaction system was 20 µl in total: pre-denaturation at 
95˚C for 10 min, denaturation at 95˚C for 10 sec, annealing at 
60˚C for 20 sec and extension at 72˚C for 10 sec, for a total of 
40 cycles, and then extension at 72˚C for 5 min after the comple-
tion of the cycle. U6 was used as a reaction internal reference. 
All the samples were repeated for 3 wells. The results were 
analyzed by 2-∆Cq method (12). The primers for RT-qPCR were 
synthesized by Suzhou Hongxun Biotechnology Co., Ltd., and 
the primer sequences are shown in Table Ⅰ.

ELISA. ELISA was used to detect the expression levels 
of miR-184 and miR-126 in peripheral blood. The detec-
tion method referred to the kit instructions. The miR-184 
and miR-126 detection kits were purchased from Shanghai 
Jingkang Bioengineering Co., Ltd., Shanghai, China.

Observation indicators. The changes of miR-184 and miR-126 
levels were detected after operation, before modeling, at 3, 6, 
12, 24 and 48 h after burn. The relationship between miR-184 
and miR-126 and the burn degree of rats was observed, and the 
correlation between miR-184 and miR-126 analyzed.

Statistical analysis. SPSS21.0 statistical software package 
(Shanghai Kabei Information Technology Co., Ltd., 
Shanghai, China) was used for the statistical analysis of data. 
Measurement data were expressed as (mean ± SD). The t-test 
was used for comparison between two groups, and F test for 
comparison among multiple groups. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Expression level of miR-184. The results of analysis of vari-
ance showed that there was a difference in the 4 groups of 
rats in the expression level of miR-184 at 3, 6, 12, 24 and 
48 h after burn (P<0.05), but no difference before modeling 
(P>0.05). Those of miR-184 at 3, 6, 12, 24 and 48 h after burn 
decreased compared with those before modeling in groups I, II 
and III (P<0.05). Those of miR-184 at 24 h and 48 h after burn 
were higher than those at 6 h after burn in groups I, II and III 
(P<0.05), and those of miR-184 at 48 h after burn were higher 
than those at 12 h after burn in groups I, II and III (P<0.05). 
There was no significant difference in the expression level of 
miR-184 among 4 time points in the control group (P>0.05). 
At the same time point, that of miR-184 decreased with the 
increase of burn degree. The expression levels of miR-184 
were lower in groups I, II and III than those in control group 

Table I. Primer sequences.

 Upstream primer Downstream primer

miR-184 5'-ATCCAGAGACAAGACATGTAC-3' 5'-TTCAGATGTTCTAAGCCTACGG-3'
miR-126 5'-TGGCGGTTTGCGGTGGAC-3' 5'-CCAGTGCAGGGTCCGAGGT-3'
U6 5'-CGCTTCGGCAGCACATATAC-3' 5'-TTCACGAATTTGCGTGTCAT-3'
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at each time point (P<0.05), those of miR-184 were lower in 
groups II and III than those in group I (P<0.05), and that of 
miR-184 was lower in group III than that in group II (P<0.05). 
(Tables Ⅱ and Ⅲ, Fig. 1).

Expression level of miR-126. The results of analysis of vari-
ance showed that there was a difference among the four 
groups of rats in the expression level of miR-126 at 3, 6, 12, 
24 and 48 h after operation (P<0.05), but no difference before 
modeling (P>0.05). Those of miR-126 at 3, 6, 12, 24 and 48 h 
after burn decreased compared with those before modeling in 
groups I, II and III (P<0.05). Those of miR-126 at 24 and 48 h 

after burn increased compared with those at 6 h after burn 
in groups I, II and III (P<0.05), and those of miR-126 at 12 h 
after burn decreased compared with those at 24 h after burn 
(P<0.05). There was no significant difference in the expres-
sion level of miR-126 among the four time points in control 
group (P>0.05). At the same time point, the expression level 
of miR-126 decreased with the increase of burn degree. The 
expression levels of miR-126 were lower in groups I, II and 
III than those in control group at each time point (P<0.05), 
those of miR-126 were lower in groups II and III than those in 
group I (P<0.05), and that of miR-126 was lower in group III 
than that in group II (P<0.05) (Tables Ⅳ and Ⅴ, Fig. 2).

Table II. RT-qPCR detection of expression level of miR-184.

Groups Control group Group I Group II Group III F value P-value

Before modeling 3.41±0.95 3.45±0.94 3.48±0.83 3.45±0.94   0.013 0.998
3 h 3.44±1.10 1.85±0.82 1.76±0.63 1.25±0.51   8.143 0.001
6 h 3.25±0.71 0.67±0.54 1.01±0.51 1.22±0.25   7.791 0.002
12 h 3.01±0.72 0.73±0.28 1.01±0.38 1.05±0.24   8.180 0.001
24 h 3.47±0.58 0.63±0.31 0.82±0.21 0.86±0.21 10.351 0.004
48 h 3.51±0.57 0.52±0.23 0.63±0.39 0.76±0.32   8.242 0.001
F value 0.342 10.362 11.3523 11.595
P-value 0.885   0.001   0.001   0.001

Figure 1. RT-qPCR and ELISA detection of expression level of miR-184. The results of two detection methods showed that the content of miR-184 in the 
control group was relatively stable. That of miR-184 in experimental group (groups I, II and III) showed the lowest value at 6 h after modeling, and then 
gradually increased (P<0.05). Note that time 0 in the figure is before modeling.

Figure 2. RT-qPCR and ELISA detection of expression level of miR-126. The results of two detection methods showed that the content of miR-184 in control 
group was relatively stable. That of miR-126 in experimental group (groups I, II and III) showed the lowest value at 6 h after modeling, and then gradually 
increased (P<0.05). Note that time 0 in the figure is before modeling.
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Correlation analysis of miR-184 and miR-126. The results of 
Pearson's correlation analysis showed that the expression level 
of miR-184 was positively correlated with that of miR-126 
(r=0.832, P=0.002). miR-184 and miR-126 were positively 
correlated with burn degree (r=0.901, P=0.001, r=0.775, 
P=0.001) and time after burn (r=0.732, P=0.004, r=0.753, 
P=0.002).

Discussion

Large-area deep burns have serious effects on the body, 
causing varying degrees of damage to systems that maintain 
the balance and stability of the internal environment (13). The 

immune defense system is also affected, leading to serious 
disorders, which is mainly manifested as severe damage to 
cellular immune function (14). The immune system is the 
first activated body defense response. When immune cells 
release large amounts of pro-inflammatory factors, it releases 
anti-inflammatory factors that inhibit the excessive inflamma-
tion (15). However, lymphocyte injury has a great impact on 
the body's immune response (16). The correlation between the 
expression levels of miR-184 and miR-126 and burn degree 
in rats and time after burn was analyzed, to help clinically 
prevent burn wounds from deepening.

In this study, 3 rat models with different burn degrees were 
constructed. The changes of miR-184 and miR-126 levels in 

Table III. ELISA detection of expression level of miR-184 (ng/ml).

Groups Control group Group I Group II Group III F value P-value

Before modeling 3.81±0.55 3.65±0.74 3.68±0.63 3.52±0.49   0.161 0.922
3 h 3.74±1.12 0.85±0.22 1.76±0.84 2.25±0.41 14.201 0.001
6 h 3.85±0.61 1.07±0.54 1.41±0.61 2.22±0.35 13.248 0.001
12 h 4.01±0.42 0.63±0.26 1.11±0.33 2.06±0.34 14.120 0.001
24 h 4.07±0.28 0.67±0.26 0.92±0.51 1.56±0.71 14.365 0.001
48 h 4.01±0.47 0.57±0.23 0.73±0.44 1.36±0.62 12.364 0.001
F value 0.524 17.052 14.682 15.524
P-value 0.781   0.001   0.001     0.0001

Table IV. RT-qPCR detection of expression level of miR-126.

Groups Control group Group I Group II Group III t value P-value

Before modeling 3.48±0.21 3.59±0.32 3.64±0.41 3.38±0.35   0.264 0.752
3 h 3.58±0.31 0.59±0.08 0.63±0.03 0.75±0.07 13.332 0.001
6 h 3.23±0.21 0.56±0.04 0.56±0.05 0.60±0.05 14.253 0.001
12 h 3.35±0.14 0.50±0.06 0.51±0.04 0.54±0.06 12.041 0.001
24 h 3.49±0.31 0.62±0.07 0.65±0.07 0.68±0.08 13.542 0.001
48 h 3.63±0.44 0.64±0.06 0.74±0.04 0.81±0.08 10.367 0.001
F value 0.347 14.352 12.321 15.213
P-value 0.782   0.001   0.001   0.001

Table V. ELISA detection of expression level of miR-126 (ng/ml).

Groups Control group Group I Group II Group III F value P-value

Before modeling 3.81±0.55 3.65±0.74 3.68±0.63 3.52±0.49   0.256 0.785
3 h 3.74±1.12 2.05±0.52 2.66±0.54 2.86±0.51 12.325 0.001
6 h 3.85±0.61 1.27±0.74 1.81±0.71 2.12±0.55 15.238 0.001
12 h 4.01±0.42 0.93±0.56 1.62±0.43 1.82±0.54 15.131 0.001
24 h 4.07±0.28 0.57±0.36 0.72±0.41 1.06±0.41 13.383 0.001
48 h 4.01±0.47 0.47±0.25 0.53±0.24 0.47±0.25 14.353 0.001
F 0.893 14.262 14.203 10.251
P 0.881   0.001   0.001     0.0001
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burned rats were detected before modeling, at 3, 6, 12, 24 
and 48 h after burn. The results showed that the expression of 
miR-184 and miR-126 in burned rats significantly decreased, 
compared with normal rats, with the increase of burn degree 
(P<0.05). Therefore, it is speculated that with the increase 
of burn degree, a large number of inflammatory factors are 
secreted, downregulating the levels of miR-184 and miR-126 
that have become markers for evaluating burn severity and 
apoptosis, preventing burn wounds from deepening. When 
the body is stimulated by burns, inflammatory factors are 
rapidly activated, reaching a peak in a relatively fast time. If 
the degree of inflammatory response in the body is moderate 
and the changes of inflammatory factor levels are limited, it 
is beneficial to protect the body and relieve body damage and 
infection. Conversely, it may cause secondary damage to the 
tissue, promoting disease development (17,18). In this study, 
the expression levels of miR-184 and miR-126 continuously 
decreased with the prolongation of time after burn, and the 
apoptosis degree in rats was getting higher and higher, indi-
cating that the inflammatory response of rats continues to 
increase, and the secondary injury of burn wounds deepens. 
The results of Pearson's correlation analysis showed that the 
expression level of miR-184 was positively correlated with 
that of miR-126 (r=0.832, P=0.002). miR-184 and miR-126 
were positively correlated with burn degree (r=0.901, P=0.001, 
r=0.775, P=0.001) and time after burn (r=0.732, P=0.004, 
r=0.753, P=0.002). It was reported that reducing the expression 
levels of miR-184 and miR-126 can effectively improve retinal 
and corneal damage caused by alkali burn (19,20). Qiu et al (21) 
have also reported that the elevated level of miR-126 increases 
the risk of sepsis in burn patients. Huang et al (22) have also 
reported that improving the levels of miR-184 and miR-126 can 
improve the cardiac systolic function in burn patients. Their 
conclusions are consistent with our hypothesis that improving 
the levels of miR-184 and miR-126 can protect burn patients. 
In this study, real-time PCR was used to detect the expressions 
of miR-184 and miR-126 in burned rats. It is speculated that 
they are not only present in blood. It was found that the expres-
sion of miR-184 is upregulated in other tissues, such as the 
brain (23). Therefore, miR-184 and miR-126 may participate in 
the process of neovascularization, but its specific mechanism 
of action needs further study and confirmation. We studied a 
burn rat model. The burn condition is different from that of the 
actual patient. Although SD rats have many similarities with 
humans, the conclusion cannot represent the results of clinical 
experiments. Therefore, our conclusions still require more 
clinical experimental data for confirmation.

In summary, the expression levels of miR-184 and miR-126 
decrease in burned rats. The changes of their levels, as a refer-
ence standard for the clinical efficacy evaluation, may be 
used to evaluate burn degree, preventing burn wounds from 
deepening.
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