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MiR-200a promotes the survival of cardiac cells and 
improves cardiac injury in chronic heart failure rats

Guiping Wu1, Xiaowen Che2

A b s t r a c t

Introduction: miRNAs play an important role in cardiovascular abnormalities 
such as heart failure. In the present work we evaluated the role of miR-200a 
in the condition of chronic heart failure and also the mechanism involved.  
Material and methods: In the study 180 subjects, among whom 100 were 
reported for chronic heart failure and 80 as normal, were included. ELISA and 
qRT-PCR was done to evaluate levels of HMGB1 and miR-200a in subjects. 
The cardiac hemodynamics and functioning, oxidative stress and expression 
of mediators of inflammation were studied in rats with chronic heart failure 
induced after transfecting them with miR-200a or HMGB1. Luciferase activity 
was measured to establish any correlation between HMGB1 and miR-200a. 
Results: The chronic heart failure patients included in the study showed 
suppressed levels of miR-200a and elevated HMGB1 compared to normal 
subjects. In chronic heart failure rats, the transfection of miR-200a attenu-
ated the cardiac function and other hemodynamic parameters. In addition, 
improvement in oxidative stress as well as inflammatory mediators was ob-
served. The outcomes also confirmed that HMGB1 was the potential target 
of miR-200a. It was also noted that upon transfection miR-200a resulted 
in suppression of protein as well as mRNA levels of HMGB1 in the cardiac 
tissue of chronic heart failure rats. Also overexpression of HMGB1 decreased 
the effects of miR-200a.
Conclusions: The outcomes indicate that miR-200a exerts a protective effect 
on cardiac cell injury via the HMGB1 pathway.

Key words: HMGB1, chronic heart failure, miR-200a.

Introduction

Heart failure (HF) is a  condition with abnormal cardiac function or 
heart structure which leads to inadequacy of oxygen required for nor-
mal metabolic reactions in tissues [1, 2]. Chronic heart failure (CHF) has 
been responsible for deaths worldwide with the progression of HF [3]. 
Even though the research in treating HF has advanced in recent times, 
the mortality rate in patients remains high. Prevalence of diabetes and 
increasing age have led to an increased rate of HF globally [4]. There is an 
urgent need for novel therapies for treating HF.

MicroRNAs (miRs) are small non-coding RNAs measuring 18–25 nt in 
length and are found to be potential gene regulators required for differ-
entiation, proliferation and survival of cells [5]. Hence, miRs are regarded 
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to play an important role in major physiological 
and pathological processes which can contribute 
to development of HF [6]. For example, miR-146b 
has been identified to play a protective role in car-
diac ischemic injury [7]. miR-181-a is reported to 
regulate proliferation and apoptosis in human fi-
broblasts [8]. 

miR-200 has recently have been studied exten-
sively and has been a hot topic of study. The family 
includes miR-200a. miR-200a is considered to be 
an important member, which has attracted more 
attention, as seen in studies. In a previous study 
it was identified that miR-200a targets the RNF11 
gene and could result in regulation of necro-
ptosis in cardiac cells and in animal models [9].  
miR-200a has been identified to be involved in 
a  number of cancer conditions [10–12]. Interest-
ingly, it has been found that miR-200a is a negative 
regulator of high mobility group box-1 (HMGB1) 
and is a potential target of miR-200a [13]. Earlier it 
was reported that HMGB1 is a potential biomark-
er in heart transplantation and cell death in heart 
failure [14]. Looking into the above reports, the aim 
of the study was to evaluate the link between miR-
200a and HMGB1 in heart failure induced rats. 

 
Material and methods

Target population

For the study we included about 180 subjects 
visiting the Department of Cardiology, Shanxi Pro-
vincial People’s Hospital, Taiyuan, China, who in-
cluded about 100 subjects with chronic heart fail-
ure whereas 80 were healthy. All the subjects were 
informed about the study and written consent was 
obtained. The subjects with chronic heart failure 
were confirmed after evaluation by three cardiol-
ogists visiting the department. The cardiologists 
followed the guidelines laid down by the NIHCE; 
also the subjects were graded in accordance to the 
NYHA classification as Class 2 (40 subjects), Class 3 
(29 subjects) or Class 4 (31 subjects). Based on the 
etiology of the disease the subjects with chronic 
heart failure were grouped under the groups show-
ing coronary heart disease (46 subjects), hyperten-
sion (44 subjects) and subjects showing cardio-
myopathy (10 subjects). The subjects showing no 
clinical signs or an abnormal echocardiogram were 
regarded as the control group. All the study proto-
cols were approved by the ethical review board of 
Shanxi Provincial People’s Hospital, Taiyuan, Chi-
na. All the subjects were informed about the study 
and written consent was obtained.

Serum levels of HMGB1 in chronic heart 
failure subjects

Blood was collected from subjects with chronic 
heart failure and also from the control followed 

by centrifugation to separate the serum, which 
was stored at –80°C. ELISA assay was performed 
for measuring the HMGB1 in the serum samples 
using an ELISA kit (Thermo Fisher USA) follow-
ing the supplied instructions. Briefly, about 50 μl 
of serum and standard from the kit were mixed 
and plated on 96-well plates which were previous-
ly coated with HMGB1 antibody. Before HMGB1 
labeling with peroxidase secondary antibody, the 
well plates were rinsed with working buffer sup-
plied with the kit. The reaction was stopped with 
sulfuric acid (100 μl) before measuring the absor-
bance with a  microplate reader at 450 nm. The 
mean absorbance was determined by subtracting 
the readings from the blank.

Isolation of exosome 

For isolating the cells and their fragments, 
the isolated serum was centrifuged at 10000 
rpm for 10 min. The supernatant was collected, 
mixed with thrombin (5 U/ml) and incubated for  
10 min at room temperature. The resultant had 
precipitation buffer added to precipitate the exo-
some. The resultant was again centrifuged for  
25 min at 10000 rpm and re-suspended in nu-
clease free water (20 μl). The obtained resultant 
solution was used for isolation of miR. 

Isolation of RNA 

The RNA from exosome was isolated using an 
RNA isolation kit (Thermo Fisher USA), Briefly, 
lysis buffer (100 μl) was added to the obtained 
exosome pellet and was mixed for 20 s. The re-
sultant mix was stored and settled for 5 min for 
lysis. About 50 μl of ethanol was added and mixed 
for 15 s. The obtained mixture was channelized 
into a spin column then centrifuged at 10000 rpm  
(2 min) and then rinsed at least three times with 
100 μl of washing buffer. The RNA was isolated 
and obtained by eluting with buffer (20 μl).

Quantitative real‑time‑PCR (qRT‑PCR)

For performing RT-qPCR, total RNA was isolated 
from exosomes using Trizol reagent (Invitrogen, 
USA) following supplied instructions. The RT-qPCR 
was done using a Bio-Rad real-time PCR system. 
Briefly, about 5 μl of total RNA was subjected to 
reverse transcription to cDNA using a cDNA syn-
thesis kit (Thermo Fisher USA) using RT primers 
for miRs. The qRT-PCR was done using a  SYBR 
green assay. The sequences of primers are pre-
sented in Table I.

Animal model of chronic heart failure 

All the animal protocols prior to the study were 
approved by the animal ethical review board of 
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Department of Cardiology, Shanxi Provincial Peo-
ple’s Hospital, Taiyuan China. The approval num-
ber was SH1002CH. For developing a rat model of 
chronic heart failure Sprague-Dawley rats (male) 
aged 8 to 10 weeks weighing 225 to 250 g were 
obtained from Shanxi Provincial People’s Hospital, 
Taiyuan China. All the animals were housed under 
controlled conditions of temperature (25°C) and 
humidity (40%). The rats were exposed to a 12-
hour dark/light cycle and free access to pellet 
diet and water ad libitum. For inducing coronary 
heart failure in animals, the coronary artery of 
rats was operated on for ligation of the left ante-
rior descending (LAD) artery between the auricu-
lar appendix and conus arteriosus. The rats after 
surgery received treatment of penicillin (4 mg/
kg) for 3 days. The chronic heart failure rats were 
evaluated for ejection fraction of the left ventricle. 
The rats with ejection fraction less than 45% were 
confirmed to be successfully induced for chronic 
heart failure and were included in the study. 

miR‑200a transfection (in vivo)

miR-200a mimic and plasmid were procured 
from Sigma Aldrich USA. The LV-HMGB1 i.e. HMGB1 
plasmid and negative control were developed in 
GenePharma Ltd China. After the development of 
the chronic heart failure model, the rats were anes-
thetized and were then placed on a  table in supine 
position and then injected with plasmid (2 μl) into 
the tail vein. Twenty-eight days after transfection, 
an electrocardiogram was recorded and other car-
diac parameters were studied.

Evaluation of cardiac function

The animals were subjected to pentobarbital 
anesthesia (2%) and were fastened in a  supine 
state. An echocardiogram (ECG) was taken to eval-
uate the left ventricular posterior wall dimension 
(LVPWD), left ventricular end diastolic dimension 
(LVEDD), left ventricular end systolic diameter 
(LVESD) and interventricular septal dimension 
(IVSD). The fractional shortening (FS) and LVEF 
were studied by ultrasonography. 

Hemodynamic parameter study

After ECG studies, a catheter was introduced in 
the left ventricle via the right carotid artery. Af-
ter this the left ventricular end diastolic pressure 
(LVEDP), left ventricular systolic pressure (LVSP), 
heart rate (HR), ventricular pressure drop rate  
(–dp/dt) and ventricular pressure rise rate (+dp/
dt) were recorded by a physiological recorder.

Ratio of heart tissue weight to total body 
weight 

For this experiment the heart was isolated and 
was stored in normal saline solution for removing 
the blood from it. The heart was dissected into 
the left ventricle with septum, atria and right ven-
tricle and all these parts were weighed. The right 
ventricular mass index (RVMI) and left ventricular 
mass index (LVMI) were compared to the com-
plete body weight. 

Study of oxidative stress and mediators  
of inflammation in cardiac tissues

Oxidative stress was studied in both tissue as 
well as blood samples. After evaluating the heart tis-
sue weight studies, the heart was homogenized in 
tissue homogenizer and centrifuged at 10 000 rpm  
for 10 min. The supernatant was processed for 
analysis of oxidative stress. For determining oxi-
dative stress, activity of the antioxidant enzyme 
SOD was measured; also levels of malondialde-
hyde (MDA) were assessed by the ELISA method 
using a kit following the manufacturer’s protocol. 
In addition to this expression of interleukin-1  
(IL-1) and tumor necrosis factor (TNF-α) was iden-
tified by the ELISA method following the supplier’s 
instructions. 

The blood was processed for removing serum 
by centrifugation. Serum was stored at –80°C. The 
levels of creatine kinase-MB, B-type natriuretic 
peptide, TNF-α, IL-1, SOD and MDA were evaluat-
ed in plasma samples using an ELISA kit following 
the supplied instructions. 

Table I. Primer sequences

Name of gene Forward Reverse

HMGB1 (Rat) TGC AGA TGA CAA GCA GCC TT GCT GCA TCA GGC TTT CCT TT

GAPDH (Rat) CAA GGT CAT CCA TGA CAA CTTTG GTC CAC CAC CCT GTT GCT GTAG

miR-200a (Rat) GCCACCTTTACGGCATCGACG AACTGGAGTACCGCTGGCCA

HMGB1 (Human) AAG GAG AAC ATC CTG GCC TGTC TCC CAG TTT CTT CGC AAC ATCA

GAPDH (Human) CAT GAG AAG TAT GAC AAC AGCCT AGT CCT TCC ACG ATA CCA AAGT

miR-200a (Human) ACGGTACCTACCGTTCGTGAC CCACCTGGAGACTCCGACTG
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Western blot analysis 

For studying the expression of proteins, western 
blot analysis was performed. The proteins were 
separated from the heart tissues and homogenized 
in a tissue homogenizer. The tissue lysate was cen-
trifuged at 10 000 rpm for 10 min. The superna-
tants were further used for experiments. The total 
protein was determined using a protein estimation 
kit (Sigma Aldrich USA). About 20 μg of protein was 
submitted to SDS-PAGE electrophoresis by loading 
it on 10% sodium dodecyl sulfate polyacrylamide 
gel and then transferred to PVDF membranes. The 
membranes were rinsed three times using TTBS 
for 5 min and were then incubated along with 
HRP-conjugated IIry antibody for 60 min. The ex-
pression of proteins was studied by western blot 
analysis, GAPDH was selected as loading control.

Luciferase activity assay

The cDNA sequences of the WT-3’-UTR region 
of HMGB1 and MUT-3’-UTR of HMGB1 were com-
bined and instilled in the p-miR GLO reported plas-
mid. The MUT-3’-UTR or WT-3’-UTR and miR-200a 
mimics or the negative control (NC) were trans-
fected in the 293T cells with the help of Lipofect-
amine 3000 transfection reagent. The luciferase 
activity was evaluated using a dual luciferase re-
porter assay system. 

Statistical analysis 

All the results were presented as mean ± SD. 
The evaluation was performed using one-way 
analysis of variance (ANOVA) or Student’s t test. 
For studying the relation between miR-200a and 
HMGB1 in chronic heart failure subjects, Spear-
man’s rank analysis was done. P < 0.05 was de-
fined to be significant.

Results

Levels of HMGB1 and miR‑200a in serum of 
chronic heart failure and healthy subjects

For studying the levels of HMGB1 and miR-
200a in patients with chronic heart failure and 
normal subjects, a  total of 180 subjects were in-
cluded and blood samples were collected. About  
100 samples were from subjects who report-
ed with chronic heart failure and 80 were nor-
mal healthy control subjects. The ELISA method 
was employed for evaluating the serum levels of 
HMGB1 protein whereas the levels of miR-200a 
and mRNA HMGB1 were studied in serum via qRT-
PCR assay. The outcomes demonstrated that the 
levels mRNA and protein HMGB1 were markedly 
increased in patients with chronic heart failure 
compared to the normal subjects (Figures 1 A, B).  
On the other hand, the levels of miR-200a in serum 

Figure 1. Serum profile of levels of HMGB1 and miR-200a in subjects reported for chronic heart failure. A – Results 
of ELISA analysis for serum levels of HMGB1 protein in chronic heart failure patients. B – qRT-PCR analysis for 
serum mRNA levels of HMGB1 in chronic heart failure subjects. C – qRT-PCR analysis of miR-200a levels in chronic 
heart failure subjects. D – Quantitative analysis showing inverse relation between levels of miR-200a and HMGB1 
in chronic heart failure subjects evaluated by Spearman’s rank correlation. The results are mean ± SE. ***P < 0.001 
compared to control
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were suppressed in subjects with chronic heart 
failure versus the control group (Figure 1 C). Inter-
estingly, an inverse correlation was seen between 
the levels of HMGB1 and miR-200a in the serum 
of 100 chronic heart failure subjects (Figure 1 D).

miR‑200a increases LVSP, +dp/dt, −dp/dt 
and decreases LVEDP and heart rate 

To evaluate the effect of miR-200a on cardi-
ac activity in chronic heart failure rats we trans-
fected the rats with miR-200a or the scrambled 
sequence (negative control). The hemodynam-
ic parameters were evaluated. The outcomes 
showed no significant changes in the hemody-
namic parameters of sham, normal, chronic heart 
failure and NC groups (Figure 2). As anticipat-
ed, the chronic heart failure rats showed higher 
heart rates and LVEDP but suppressed levels of 

+dp/dt, −dp/dt, LVSP compared to sham operat-
ed rats (Figures 2 A–E). However, when compared 
to chronic heart failure rats, the miR-200a over-
expressed rats showed significantly suppressed 
levels of LVEDP and heart rate, and high levels of 
+dp/dt, −dp/dt, LVSP (Figures 2 A–E).

miR‑200a decreased LVESD, LVPWD, LVEDD, 
IVSD and increased FS and LVEF 

The cardiac parameters such as LVESD, LVPWD, 
LVEDD, IVSD, FS and LVEF were recorded in rats by 
performing ultrasonography. It was observed that 
the chronic heart failure rats showed significant-
ly increased levels of LVESD, LVPWD, LVEDD and 
IVSD whereas they demonstrated decreased lev-
els of FS and LVEF (Figures 3 A–F). The results were 
interesting in chronic heart failure rats transfected 
with miR-200a, which showed decreased LVESD, 

LV
SP

 [m
m

 H
g]

H
ea

rt
 r

at
e 

[b
ea

ts
/m

in
]

LV
ED

P 
[m

m
 H

g]
–d

p/
dt

 [m
m

 H
g/

s]

+d
p/

dt
 [m

m
 H

g/
s]

A

C

B

D

E

180

160

140

120

100

80

60

40

20

0

600

500

400

300

200

100

0

16

14

12

10

8

6

4

2

0

7000

6000

5000

4000

3000

2000

1000

0

7000

6000

5000

4000

3000

2000

1000

0

 Normal Sham  Chronic Negative miR-200a
  operated heart  control mimics
   failure   

 Normal Sham  Chronic Negative miR-200a
  operated heart  control mimics
   failure   

 Normal Sham  Chronic Negative miR-200a
  operated heart  control mimics
   failure   

 Normal Sham  Chronic Negative miR-200a
  operated heart  control mimics
   failure   

 Normal Sham  Chronic Negative miR-200a
  operated heart  control mimics
   failure   

Figure 2. miR-200a attenuated the hemodynamic 
parameters in chronic heart failure rats. For the ex-
periment the chronic heart failure rats were trans-
fected with miR-200a mimics or negative control 
for 28 days. A – Evaluation of LVSP. B – Evaluation 
of LVEDP. C – Heart rate. D – –dp/dt. E – +dp/dt. All 
the parameters were compared among five treat-
ment groups of animals. All the results are present-
ed as mean ± SE. *P < 0.05, **P < 0.01 compared 
to normal control. #P < 0.05 compared to chronic 
heart failure rats
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LVPWD, LVEDD, IVSD and increased FS and LVEF 
compared to negative control rats (Figures 3 A–F). 
However, there was no notable difference in the 
cardiac features of sham, normal, miR-NC and 
chronic heart failure rats (Figures 3 A–F).

miR‑200a suppressed the levels of RVMI 
and LVMI

To evaluate the effect of miR-200a on heart 
function in chronic heart failure animals, we eval-
uated the ventricular mass index. The results 
showed that both RVMI and LVMI were increased 
remarkably in chronic heart failure rats compared 
to the sham operated and control rats. It was also 
observed that compared to chronic heart failure 

rats the miR-200a transfected rats demonstrated 
significantly decreased levels of RVMI and LVMI 
(Figures 4 A, B).

miR‑200a decreases the levels of IL‑1, 
TNF‑α, BNP, MDA, CK‑MB and increases the 
activity of SOD in cardiac cells and serum 
of chronic heart failure rats

We evaluated the effect of miR-200a on the 
myocardial infarction markers BNP and CK-MB, 
markers of oxidative stress SOD and MDA, and 
inflammatory mediators IL-1 and TNF-α in chron-
ic heart failure rats (Figures 5 A–F). Likewise, the 
overexpression of miR-200a in chronic heart fail-
ure rats caused significantly decreased serum lev-
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Figure 3. miR-200a attenuated the cardiac function in chronic heart failure rats. The chronic heart failure rats were 
transfected with miR-200a mimics or negative control for 28 days. The animals were evaluated by electrocardio-
gram for: LVESD (A), LVPWD (B), LVEDD (C), IVSD (D), FS (E), LVEF (F). The results were compared among five groups 
with defined treatments. The results are mean ± SE. *P < 0.05 compared to normal rats. #P < 0.05 compared to 
chronic heart failure rats
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els of IL-1, TNF-α, BNP, MDA, CK-MB and increased 
levels of SOD (Figures 5 A–F).

Further in our study we evaluated the effect 
of miR-200a on oxidative stress and mediators of 
inflammation in cardiac cells. The outcomes were 
parallel to those of serum levels; it was observed 
that the levels of MDA (oxidative stress marker) 
along with IL-1, MDA and TNF-α (inflammatory 
mediators) were markedly increased whereas the 
activity of SOD decreased in cardiac cells of rats 
with chronic heart failure compared to sham op-
erated and control rats (Figures 6 A–D). However, 
the cells isolated from miR-200a transfected rats 
showing upregulated miR-200a demonstrated 
a decrease in levels of MDA, IL-1, TNF-α and in-
creased SOD activity compared to cardiac cells of 
chronic heart failure rats (Figures 6 A–D).  

miR‑200a decreased expression of HMGB1 
in cardiac tissues of chronic heart failure 
rats

The results of qRT-PCR and western blot anal-
ysis suggested that the levels of miR-200a were 
suppressed whereas the protein and mRNA lev-
els of HMGB1 were increased in the myocardial 
tissues of chronic heart failure rats compared to 
the sham and control group (Figures 7 A–D). The 
levels of miR-200a were significantly elevated in 
the miR-200a group rats compared to the rest 
of the rats, suggesting the transfection of miR-
200a in rats. It was also found that the trans-
fection of miR-200a caused a reduction in both 
protein and mRNA levels of HMGB1 in myocar-
dial tissues.

HMGB1 is a potential target of miR‑200a 

Previously it has been reported that HMGB1 is 
a potential target of miR-200a by directly binding 
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to the 3’UTR region, which complements the seed 
region of miR-200a [13] (Figure 8 A). In our study, 
the outcome of luciferase assay suggested that 
overexpression of miR-200a caused a significant 
decrease in luciferase activity of wild type and 
not in the cDNA sequence of mutant and HMGB1 
(Figure 8 B). To further confirm the involvement 
of HMGB1 in cardiac activity influenced by miR-
200a, the chronic heart failure rats were transduc-
ed with miR-200a or with miR-200a along with 
HMGB1 overexpressing plasmid. It was observed 
that the protein as well as mRNA levels of HMGB1 
were elevated in the cardiac tissues of chronic 
heart failure HMGB1 transfected rats transfected 
along with miR-200a versus the rats treated with 
only miR-200a (Figures 8 C–E). The results of ELISA 
analysis suggested that as compared to the heart 
failure rats with miR-200a transfection the rats 
transfected with HMGB1 and miR-200a demon-
strated increased levels of IL-1, MDA, TNF-α and 
decreased levels of SOD (Figures 8 F, G).  

Discussion

Recently a number of studies about miR based 
therapies have emerged. To date, numerous miRs 
have been discovered and have been proved to be 
involved in various cardiovascular pathologies. In 
the case of heart failure and other cardiac pathol-
ogies, miRs have been reported to play a  crucial 
role [5, 6]. Studies have shown great potential of 
miRs for their diagnostic as well as therapeutic ap-
proaches in heart failure [15, 16].

Studies about circulating proteins as potential 
markers for diagnostic purposes in heart failure 
have increased our knowledge about this abnor-
mality. The markers includes cardiac specific pro-
teins such as LOX-1, the interleukin class of pro-
teins, TNF-α and brain natriuretic peptide (BNP) 
[17, 18]. With the involvement of advanced tech-
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niques such as qRT-PCR and microarray profiling 
the possibilities of employing miRs for the diag-
nostic as well as therapeutic approach in heart 
failure have increased. Recently these techniques 
have been employed in successfully identifying 
miRs such as miR-125a-5p, miR-190a, miR-638, 
miR-550, miR-211-5p, miR-200a, miR-545-5p and 
miR-494 in patients with heart failure. Among 
these miRs a  few were identified to be involved 
in regulation of essential genes responsible for re-
modeling of the heart [19]. Interestingly, previous 
reports have established that miR-200a exerts pro-
tective action in cardiomyocytes against hypox-
ia-induced apoptosis via suppressing Keap1 [20]. 

HMGB1, also known as High mobility group box 1 
protein, is among one of the major proteins found 
in eukaryotes. The biological potential of this pro-
tein is dependent on its location in cells. HMGB1 
in the nucleus is involved in many important pro-
cesses of DNA such as transcription, stability of 
genes and repair of DNA, and in the cytoplasm it 
is involved in regulation of autophagy. HMGB1 is 
identified to play an important role in processes 
such as proliferation, migration, differentiation, 
inflammation and regeneration of tissues. Due to 
its involvement in a number of important process-
es, HMGB1 has been studied in detail in cardiac 
abnormalities [21]. Earlier reports have emerged 
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Figure 5. miR-200a improves the status of inflammatory factors and oxidative stress in chronic heart failure rats. 
The chronic heart failure rats were transfected with miR-200a mimics or negative control for 28 days after which 
the serum levels of: BNP (A), CK-MB (B), SOD (C), MDA (D), IL-1 (E), and TNF-α (F) were evaluated by ELISA. The 
results are mean ± SE. *P < 0.05, **p < 0.01, and ***p < 0.001 compared with normal rats. #P < 0.05 and ##p < 0.01 
compared to chronic heart failure rats
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Figure 8. miR-200a improved the status of oxidative stress and mediators of inflammation in rats with chronic 
heart failure via targeting HMGB1. A – Binding sequences showing potential binding sites of miR-200a on the  
3’-UTR region of HMGB1 mRNA and the mutant. B – The wild type HMGB1 or the mutant HMGB1 was co-trans-
fected with miR-200a mimics or respective negative control in the 293T cells. The luciferase activity was measured 
after 48 h. C – Relative HMGB1 mRNA levels were evaluated by qRT-PCR in chronic heart failure rats transfected 
with miR-200 mimics or miR-200a mimics + LV-HMGB1 for 28 days. D – Western blot analysis was done to evaluate 
the protein levels of HMGB1 in cardiac tissues. Quantitative results for protein levels of miR-200a. E–H – Results of 
ELISA for levels of TNF-α, IL-1, MDA and SOD in cardiac tissues. The results are mean ± SE. **P < 0.01 in comparison 
with miR-NC group. @P < 0.05 and @@@P < 0.001 compared to defined groups
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which confirmed upregulation of HMGB1 in sub-
jects with myocardial infarction and coronary 
heart disease [22, 23]. Here we evidenced that the 
HMGB1 serum levels and miR-200a were upregu-
lated and downregulated respectively in subjects 
with heart failure compared to normal controls, 
and may hence act as biomarkers in diagnosis of 
heart failure. 

miR-200a is reported to inhibit epithelial mes-
enchymal transition of pancreatic cancer and in-
terestingly HMGB1 is found to be a potential tar-
get of miR-200a [13, 24]. Earlier it was evidenced 
that the proliferation of hepatic carcinoma is de-
pendent on miR-200a via the HMGB1/RAGE axis 
[13]. However, the involvement of miR-200a and 
its target gene HMGB1 in heart failure remains 
unexplored. 

In the present work, we established a chronic 
heart failure model and found that upregulation 
of miR-200a in chronic heart failure rats caused 
downregulation in levels of IL-1, TNF-α and MDA, 
whereas it caused upregulation in activity of SOD 
both in cardiac cells and serum of chronic heart 
failure rats. Oxidative stress is a remarkable fea-
ture of chronic cardiac abnormalities. Cell apopto-
sis and inflammation are the end results of oxida-
tive stress causing fibrosis, cardiac injury and in 
extreme conditions heart failure [25–27]. A num-
ber of studies have suggested that miR-200a halts 
apoptosis in various cancer conditions [28, 29]. 
Also miR-200a has been reported to downregulate 
mediators of inflammation such as IL-1 and TNF-α 
and also suppress the levels of HMGB1 [13]. Our 
results suggested that transduction of miR-200a 
for upregulating the expression of miR-200a de-
creased oxidative stress and expression of medi-
ators of inflammation in cardiac cells and exerted 
a protective effect on cardiac cells against injury in 
chronic heart failure rats [30].

Aiming to find the involved mechanism, we di-
rected our focus on the levels of HMGB1. HMGB1 
is a protein majorly discharged by dead cells [31]. 
HMGB1 is also reported to be an important mark-
er for myocardial infarction [22]. Overexpression 
of HMGB1 causes apoptosis of cardiac cells and 
cardiac fibrosis [31]. Previous reports have con-
firmed HMGB1 as the direct target of miR-200a 
in hepatic cancer [13]. Here for the first time we 
report HMGB1 as a potential target of miR-200a 
in myocardial cells. We evidenced that miR-200a 
caused a significant decrease in expression levels 
of HMGB1 both in vitro and in vivo, and also it was 
noted that forceful expression of HMGB1 dimin-
ished the protective effect of miR-200a in cardiac 
cells as well as in chronic heart failure rats. Hence 
we demonstrated that miR-200a exerts protective 
action on the cardiac activity in chronic heart fail-
ure rats via the HMGB1 axis.

In conclusion, the present work showed that 
upregulation of miR-200a could decrease the 
levels of HMGB1 and also reduce inflammation 
and oxidative stress in cardiac cells. It is found 
that miR-200a leads to promotion and survival of 
cardiac cells by modulating the cardiac injury in 
chronic heart failure rats.  
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