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Molecular mechanism of miR-181b in heart disease
due to pregnancy-induced hypertension syndrome
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Abstract. The present study aimed to investigate the molecular
mechanisms of microRNA (miR)-181b in heart disease due
to hypertensive disorders complicating pregnancy (HDCP)
through regulating the expression of metallopeptidase
inhibitor 3 (TIMP3). miR-181b expression was detected by
reverse transcription-quantitative polymerase chain reaction
in peripheral blood samples from patients with HDCP. These
samples were analyzed for clinical pathological character-
istics. The primary cardiomyocytes of rats were cultured in
hypoxic conditions for 24 h, in which miR-181b expression was
detected at different time points. The expression of TIMP3 was
assessed in normal rat cardiomyocytes following transfection
with miR-181b mimics by western blot analysis. The TIMP3
protein was also detected in cardiomyocytes following trans-
fection with TIMP3 short interfering-RNA. The apoptosis rate
of transfected cardiomyocytes was detected by flow cytometry
following 24 h of culture in a hypoxic environment. Luciferase
assay was applied to validate whether miR-181b binds to the
3' untranslated region of TIMP3 mRNA. miR-181b expression
was significantly downregulated in the peripheral blood of
patients with HDCP and the miR-181b expression was nega-
tively associated with the grades of hypertension (P<0.05).
The results of luciferase assay indicated that miR-181b directly
targets TIMP3. The apoptosis rates of rat cardiomyocytes in
the group transfected with miR-181b or TIMP3 siRNA was
significantly lower than the normal control group (P<0.05).
miR-181b may inhibit apoptosis of cardiomyocytes to protect
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myocardial cells through directly targeting TIMP3 genes,
which serve important roles in HDCP.

Introduction

Hypertensive disorder complicating pregnancy (HDCP) is a
rare disease in pregnant women, which is a primary cause of
mortality for pregnant women and perinatal children, although
its pathogenesis remains unclear (1-3). The incidence of HDCP
is increasing, which in turn increases the risk to the health
of pregnant women and perinatal children (4). In China, the
morbidity is ~10% and the incidence rate is 7-12% in other
countries (5,6). Heart disease is one of the diseases induced
by HDCP, the pathological characteristics of which include
myocardial injury and may lead to cardiac failure (7). HDCP
may increase the preload of the heart and induce cardiomyocyte
hypertrophy and eclampsia, which causes damage to myocar-
dial cells and potentially injures the developing fetus (8,9).
The mechanisms remain unclear and therefore, it is valuable
for early diagnosis and treatment to investigate the molecular
mechanisms of myocardial injury induced by HDCP.

miRNA's are a class of post-transcriptional regulators
18-22 nucleotides in length, which serve important roles
in the processes of myocardial cell development, apoptosis
and injury (10-12). A previous study demonstrated that
the miR-181 family served important functions during the
progression of cancer, hypertension, myocardial fibrosis and
other diseases (13). Banzet et al (14) revealed that miR-181b
expression increased when volume became overloaded in
heart. Jiang et al (15) demonstrated that miR-181b expression
was significantly decreased in cardiac fibroblasts when treated
with angiotensin 2 although its mechanism remains unclear.
In the current study, metallopeptidase inhibitor 3 (TIMP3)
was predicted to be a candidate target gene for miR-181b using
bioinformatics methods. TIMP3 is an important inhibitor
of matrix metalloproteinases (MMP), which serve a role
in myocardial injury and ventricular remodeling (15). The
present study aimed to investigate miR-181b expression and
the expression of associated target gene, TIMP3, in myocar-
dial injury, which may help to elucidate the clinical values of
miR-181b in heart disease associated with HDCP.
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Materials and methods

Sample collection. The current study consisted of 46 cesarean
section puerperas with HDCP and 30 normal delivery puer-
peras. The peripheral blood was collected from patients
from February 2013 to November 2014 in Laiwu City
People's Hospital (Laiwu, China; n=14), Affiliated Hospital
of Shandong University of Traditional Chinese Medicine
(Jinan, China; n=17) and Jining No. 1 People's Hospital
(Jining, China; n=15). A single peripheral blood sample was
collected from each patient or control 2 h before delivery.
According to the blood pressure level and clinical classifi-
cation standard in HDCP patients (16), the 46 patients are
classified into grades as follows: 28 patients in grade I, 13
in grade II and 5 in grade III. The average age of patients in
the grade III group was 28.6 years and the median age was
28 years (23.5-35 years). The average age of patients in the
normal control group was 27.5 years old, and the median was
26 years old. The details of patients are presented in Table I.
Prior written and informed consent were obtained from every
patient and the study was approved by the Ethics Review
Board of Laiwu City People's Hospital, Affiliated Hospital
of Shandong University of Traditional Chinese Medicine and
Jining No. 1 People's Hospital.

Primary culture of myocardial cells. A total of 10 female
Sprague Dawley rats aged 5-6 weeks, and weighing 150-200 g
were purchased from Vital River Laboratory Animal
Technology Co., Ltd. (Beijing, China) and were housed at
25°C with 30% humidity and a 12 h light/dark cycle, and with
free access to water and food. After experiment, the animals
were sacrificed by cervical dislocation. The cardiac apex was
removed and washed with normal saline twice from 3-day-old
newborn Sprague Dawley rats by cutting along the sternum
midlines of the chest wall. The tissue was cut into sections
~I mm? using ophthalmic scissors, then washed twice in phos-
phate buffered saline (PBS) without calcium and magnesium
ions. The tissue pieces were moved into 10 ml centrifuge tubes
for digestion by trypsin and type II collagenase. The myocar-
dial cells were collected by centrifugation at 500 x g for 5 min
at room temperature. The collected cells were cultured for
2 days at 37°C in an atmosphere containing 5% CO, with
High glucose-Dulbecco's modified Eagle's medium (DMEM)
containing 10% fetal bovine serum (FBS; BD Biosciences,
Franklin Lakes, NJ, USA).

RNA extraction and reverse transcription from peripheral
blood samples. The supernatant was collected following
centrifugation at 2,000 x g for 10 min at room temperature
from a 5 ml anticoagulated peripheral blood sample from
each patient. A total of 250 ul serum was mixed with 750 ml
TRIzol (Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) to extract total RNA based on the phenol-chlo-
roform method (17). The miR ¢cDNA was synthesized from
total RNA by reverse transcription with an miRNA cDNA
kit (Takara Biotechnology, Co., Ltd., Dalian, China). The
reverse system of miRNA (miScript II RT kit; Qiagen, AB,
Sollentuna, Sweden) included: 5 yl miRNA template, 10 ul
2X miRNA Reaction Buffer mix, 2 ul 0.1% bovine serum
albumin, 2 ul miRNA PrimeScript RT Enzyme Mixture
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Table I. Details of 46 patients with a hypertensive disorder
complicating pregnancy.

Systolic/
diastolic
Age, pressure,

Patient years mmHg Grade Hospital
1 22 148/94 I 1
2 24 152/92 I 2
3 28 145/93 I 1
4 27 147/90 I 3
5 26 144/95 I 2
6 28 147/95 I 2
7 29 152/96 I 3
8 30 152/92 I 2
9 26 143/90 I 1

10 31 144/90 I 3

11 27 148/91 I 2

12 27 149/99 I 1

13 27 154/92 I 1

14 27 151/97 I 2

15 29 152/95 I 3

16 25 146/90 I 3

17 26 143/94 I 3

18 26 149/97 I 2

19 27 150/92 I 1

20 28 151/90 I 1

21 27 152/92 I 2

22 28 141/90 I 2

23 27 140/93 I 2

24 27 142/92 I 3

25 27 144/90 I 3

26 26 151/90 I 3

27 27 143/98 I 2

28 28 145/97 I 1

29 26 165/102 I 3

30 32 161/105 I 2

31 31 165/101 I 1

32 28 162/105 I 1

33 22 170/107 I 2

34 24 171/101 I 3

35 28 161/109 I 1

36 25 165/108 I 3

37 26 168/102 II 2

38 25 167/100 I 3

39 24 165/106 I 1

40 26 170/100 I 2

41 27 164/103 I 3

42 35 180/110 I 1

43 28 180/110 I 1

44 32 180/110 m 2

45 34 210/110 m 2

46 30 185/110 m 3

1, Laiwu City People's Hospital (Laiwu, China); 2, Affiliated Hospital
of Shandong University of Traditional Chinese Medicine (Jinan,
China); 3, Jining NO. 1 People's Hospital (Jining, China).
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(Takara Biotechnology, Co., Ltd.,) and 1 xl H,O. The reac-
tion was completed at 37°C for 60 min with PolyA primer,
then the reaction solution was added to RT RNAase Free
H,O to a total volume of 50 ul. Quantitative detection was
completed according to the manufacturer's protocol as previ-
ously described (18) (miScript SYBR-Green PCR kit; Qiagen
AB). The system included the following: 10 ul gqRT-PCR-Mix,
0.5 ul forward primers and 0.5 ul reverse primers, 5 ul cDNA
and 4 ul ddH,0.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) to detect the expression of miR-181b. The miScript
SYBR-Green PCR kit (Qiagen AB) was used to detect the
expression of miR-181b in peripheral blood samples. U6
was used as internal reference. The primers were as follows:
miR-181b forward, 5~ AACATTCATTGCTGTCGGTGGGT-3'
(reverse primer was provided in the kit without sequence infor-
mation); U6 forward, 5'-CTCGCTTCGGCAGCACA-3' and
reverse, 5" AACGCTTCACGAATTTGCGT-3"; and Uni-miR
primers were provided in the kit without sequence information.
The miRNA reaction system included 10 ul RT-qPCR-Mix,
0.5 ul forward primer and 0.5 pl reverse primer, 5 ul cDNA
and 13 pl ddH,0, to make a total of 30 pl. PCR was performed
using a thermocycler (StepOne Plus; Thermo Fisher Scientific,
Inc.) as follows: 95°C for 10 min followed by 40 cycles of 95°C
for 30 sec and 60°C for 30 sec. Each sample had 3 replicates
and the average was used.

Detecting expression of miR-181b and TIMP3 in primary
cardiomyocytes with anoxia. The primary myocardial cells
were cultured in an environment of 1% O,, 5% CO, and
94% N,. Following 2, 4, 8, 12 and 24 h, cells were collected to
extract total RNA according to the phenol-chloroform extrac-
tion protocol. Following reverse transcription, the expression
of miR-181b and TIMP3 was detected by RT-qPCR. The
primers of TIMP3 were as follows: Forward 5'-GAAGAG
AGTACCGGCATCGG-3' and reverse 5'-CCATTCTCCCCC
TGCCAAAT-3". PCR was performed ysing the StepOne Plus
thermocycler as follows: 95°C for 10 min and 40 cycles of 95°C
for 30 sec, 60°C for 30 sec and 72°C 30 sec, followed by 1 min
at 72°C for extension. The step for detecting miR-181b was
completed as previously described.

Myocardial cell transfection. The primary myocardial
cells were divided into 4 groups based on transfection:
Negative control, miR-181b mimic, miR-181b inhibitor,
and TIMP3-short interfering RNA (siRNA). The cells were
cultured in antibiotic-free H-DMEM medium with 10% FBS at
37°C and transfected at 70% confluence. A total of 25 pmol/ul
negative controls and small interfering RNA and 1.25 or 1 pl
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) was added into Eppendorf tubes containing 50 ul Opti
Memi medium (Thermo Fisher Scientific, Inc.), respectively.
The two tubes were mixed following 5 min of standing,
followed by another 20 min standing at room temperature. The
mixture was added to each well when the cell density reached
70-90%. The H-DMEM medium with 10% FBS was replaced
following 6 h of transfection. Following 48 h of transfection, at
which point the interfering effect was evident, TIMP3 protein
expression was detected by western blot analysis.
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Western blot analysis. Following 48 h transfection, the
primary myocardial cells were washed twice using pre-cooled
PBS, then lysed with radioimmunoprecipitation assay lysis
buffer (Beyotime Institute of Biotechnology, Haimen, China)
with 1% phenylmethylsulfonyl fluoride (Beyotime Institute of
Biotechnology) on ice for 5 min. Mixed with 5X SDS loading
buffer and incubated at 100°C for 10 min, 20 pg of protein was
loaded into SDS-PAGE at 100 V constant voltage. The proteins
were transferred to a polyvinylidene fluoride membrane at
300 mA constant current for 1 h. Following blocking for 1 h
using 5% skim milk at room temperature, the primary anti-
bodies were added to incubate at 4°C overnight. The primary
antibodies used were mouse anti-mouse GAPDH antibody
(ab8245; 1:2,000) and rabbit anti-mouse TIMP3 (ab39184;
1:800). The secondary antibody was horseradish peroxi-
dase-conjugated (HRP) goat anti-rabbit immunoglobulin G
(ab6721; 1:10,000) and HRP goat anti-mouse immuno-
globulin G (ab6789; 1:10,000). All antibodies were purchased
from Abcam (Cambridge, MA, USA). The membrane was
developed and exposed by ECL of the BeyoECL plus kit
(Beyotime Institute of Biotechnology). Quantity One software
version 4.6.2 (Bio-Rad Laboratories, Inc., Hercules, CA, USA)
was used to carry out the quantitative analysis. The experi-
ment was performed in triplicate.

Annexin V-fluorescein isothiocyanate (FITC) staining and
flow cytometry analysis. To investigate the role of miR-181b
in myocardial injury, the present study analyzed the apoptosis
rate of the negative control group, miR-181b mimic group and
TIMP3 siRNA group, all of which were cultured in hypoxia for
24 h. Annexin V-FITC staining was performed according to
the protocol of the FITC Annexin V Apoptosis Detection kit I
(BD Biosciences). Briefly, cells were digested and rinsed with
PBS. 1x10° cells were seeded and incubated for 15 min at room
temperature with 5 ul PI and FITC coupling Annexin V, and BD
FACSVerse flow cytometry (BD Biosciences) was subsequently
used to detect the apoptosis rate of cells in each group. Positive
Annexin v indicates the apoptosis cells are in early stage, while
propidium iodide (PI) positive means the cells are necrotic.
Annexin V and PI double positive indicates that cells are in
late stage apoptosis. The analysis was performed using the BD
FACSuite Software v1.0.3 provided with the flow cytometer.

Dual luciferase assay. Based on the bioinformatics predic-
tion, the mutant 3' untranslated region (UTR) of TIMP3
and the wild-type 3'UTR were synthesized in vitro (Hanbio
Biotechnology Co., Ltd., Shanghai, China) and cloned into the
downstream region of the pMIR-REPORT luciferase vector
(Hanbio Biotechnology Co., Ltd.) using HindIII and Spel
restriction enzymes. HEK293T cells were co-transfected
with miR-181b mimic and wild type TIMP3 3'UTR or the
mutant 3'UTR. Following 24 h transfection, cells were lysed
and luciferase intensity was measured using the GloMax®
20/20 luminometer (Promega Corporation, Madison, WI,
USA). The intensity of Renilla was used as control, and the
protocol of the Dual Luciferase Reporter Gene Assay kit
(Beyotime Institute of Biotechnology) was followed.

Statistical analysis. SPSS 17.0 (SPSS Inc., Chicago, IL,
USA) software was applied for statistical analysis. All data is
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presented as the mean + standard deviation and differences
were determined by two-tailed Student's t-test. P<0.05 was
considered to represent statistically significant differences.

Results

miR-181b expression in peripheral blood samples. To inves-
tigate the roles of miR-181b in HDCP, RT-qPCR was used
to detect miR-181b expression in peripheral blood samples
obtained from HDCP patients and the control. As Fig. 1A
demonstrates, miR-181b expression was significantly lower in
peripheral blood of patients with HDCP compared with the
control puerpera (P<0.05). miR-181b expression was increased
in patients in stage II/III hypertension compared with those
in stage I (Fig. 1B). For detecting the correlation of miR-181b
expression with TIMP3 expression, another 15 patients with
HDCP and 15 healthy individuals were selected from the
aforementioned patients to estimate the expression in blood.
As Fig. 1C demonstrates, TIMP3 was significantly increased
in patients with HDCP, which was negatively associated with
the expression of miR-181b.

Expression of miR-181b and TIMP3 in injured myocardial
cells. To assess the participation of miR-181b in the processes
of hypoxia-injured myocardial cells, RT-qPCR was used
to detect miR-181b expression and TIMP3 expression at
different time points for hypoxia culturing. It was demon-
strated that miR-181b expression was significantly decreased
along with the duration of hypoxia in culturing cells (P<0.05).
The expression of TIMP3 was significantly increased with the
hypoxia time extension (P<0.05). miR-181b expression was
negatively associated with TIMP3 expression, as presented
in Fig. 2.

Expression of TIMP3 in myocardial cells. To investigate
whether miR-181b has an influence on the expression of TIMP3
in myocardial cells, western blot analysis was completed, in
order to detect the expression of TIMP3 protein in different
groups of cells. The proteins were isolated in different
groups of cells transfected with miR-181b mimics, miR-181b
inhibitor and TIMP3 siRNA. It was indicated that TIMP3
protein expression was downregulated when miR-181b was
upregulated (miR-181b mimic group), however the expression
of TIMP3 increased when miR-181b was significantly down-
regulated (miR-181b inhibitor group; P<0.05; Fig. 3A). The
expression of TIMP3 significantly decreased in the TIMP3
siRNA group (P<0.05; Fig. 3B).

The apoptosis influenced by miR-181b and TIMP3. To investi-
gate the influence on apoptosis by miR-181b and TIMP3, flow
cytome-try was applied to detect the rate of apoptotic cells
using Annexin V and PI double staining. As Fig. 4 demon-
strates, following culture in a hypoxic environment for 24 h,
the apoptosis rate of myocardial cells in the miR-181b mimic
group was significantly lower than in the negative control group
(P<0.05). The rate of apoptosis also significantly decreased in
the TIMP3 siRNA group compared with the negative control
group (P<0.05). Combined with the bioinformatics prediction,
it was indicated that miR-181b may inhibit the apoptosis of
myocardial cells through regulating TIMP3 expression.
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Figure 1. Expression of miR-181b in peripheral blood relative to U6 (fold).
The expression of miR-181b was detected using reverse transcription-quan-
titative polymerase chain reaction. (A) Expression of miR-181b increased in
the peripheral blood of patients with HDCP compared with normal control.
(B) miR-181b expression decreased in patients in stage III and IV compared
with stage II hypertension. (C) The expression of TIMP3 was significantly
increased in peripheral blood samples of patients with HDCP. "P<0.05. miR,
microRNA; HDCP, hypertensive disorder complicating pregnancy; TIMP3,
metallopeptidase inhibitor 3.
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Figure 2. The correlation between miR-181b and TIMP3 expressions rela-
tive to controls at specific time points during culture in hypoxia. Assessed
using reverse transcription-quantitative polymerase chain reaction. miR-181b
expression was significantly decreased in a time-dependent manner in asso-
ciation with hypoxia. TIMP3 expression was significantly increased with
the duration of hypoxia. "P<0.05 for miR-181b expression vs. 0 h, "P<0.05
for TIMP3 expression vs. 0 h. miR, microRNA; TIMP3, metallopeptidase
inhibitor 3.

miR-181b directly targets TIMP3 expression. To determine
whether TIMP3 was directly regulated by miR-181b, the lucif-
erase intensity was detected using a dual luciferase assay. As
presented in Fig. 5A, the binding sites of miR-181b seed region
on the TIMP3 3'UTR were mutated in the in vitro synthesized
sequence. The present study identified that the luciferase intensity
was significantly decreased when co-transfected with miR-181b
mimics and TIMP3 3'UTR luciferase vector compared with
the negative control (P<0.05), while no significant difference
between the negative control and the mutant TIMP3 3'UTR
was observed (P>0.05; Fig. 5B). The results of the current study
indicate that miR-181b may directly bind to the ‘seed region’ in
3'UTR of TIMP3 mRNA to regulate TIMP3 expression.
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miR-181b inhibits the apoptosis of myocardial cells. (A) Rate of apoptosis in myocardial cells following transfection with miR-181b was lower

than that of the NC. (B) Rate of apoptosis in myocardial cells following transfection with siR-TIMP3 was lower than that of the NC. "P<0.05 vs. NC. miR,
microRNA; NC, normal control; siR-TIMP3, metallopeptidase inhibitor 3 short interfering RNA; FITC, fluorescein isothiocyanate.
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Discussion

Pregnancy-induced hypertension heart disease is the most
common complication of HDCP, which is the leading cause
of maternal and perinatal heart failure (16). The myocardial
injury is a basic pathological change and manifests as apoptosis,
inhibited proliferation, and necrosis, although the molecular
mechanisms remain unclear (19). Studies indicate that miRNA
serves an important role in myocardial injury (20). miR-150
was reported to protect myocardial ischemia by regulating
apoptosis (21). Chen et al (22) revealed that overexpression
of miR-214 increased myocardial cell injury through down-
regulating itchy E3 ubiquitin protein ligase target gene. In
viral myocarditis, Bao and Lin (23) identified that miR-155
and miR148a protect myocardial cells through repressing
the nuclear factor-kB-signaling pathway. The TIMP3 protein
belongs to the TIMPs family, which serve as inhibitors
for MMPs (24). TIMP3 is the only insoluble protein that
strengthens the protection of the extracellular matrix (ECM),
which participates in tumor metastasis, angiogenesis and other
biological processes such as apoptosis and autophagy (25).
TIMP3 was demonstrated to promote endothelial cell
apoptosis by activating the Caspase signaling pathway (26).
Zhou et al (27) indicated that miR-21 and miR-222 inhibited
the apoptosis of neural cells by downregulating TIMP3. It
was revealed that MMPs are secreted by trophoblastic cells,
which are able to degrade the ECM as a restriction enzyme in
the processes of trophoblastic cell invasion (28). The invasion
degree of trophoblastic cells is associated with the ischemia of
trophoblastic cells, which is the primary cause of HDCP (29).
TIMP3 may combine with MMPs to sustain the balance of
the degradation of ECM in physiological environment (30-32).
The present study hypothesized that abnormally expressed
TIMP3 in the placenta was associated with HDCP in preg-
nancy. However, there are few studies regarding the role of
TIMP3 in myocardial injury.

As an important post-transcriptional regulator, miRNA
is reported to participate the development and progression
of HDCP (33). miRNA broadly exists in body fluid, such as
blood, saliva and urine (34). The current study hypothesized
that miRNA may be regarded as a biomarker. In the present
study, the expression of miR-181b in peripheral blood of
patients with HDCP was analyzed. miR-181b expression
significantly decreased compared with normal puerpera and
the expression was significantly lower in II/III stage than in
stage I of hypertension (P<0.05). A sustained increase in blood
pressure may damage the myocardial cells, which indicates
that miR-181b may be associated with myocardial injury. To
validate this hypothesis, the present study cultured primary
rat cardiomyocytes in vitro and induced myocardial injury
by hypoxia. As the time of hypoxia increased, miR-181b
expression significantly decreased accordingly, while TIMP3
expression was significantly increased (P<0.05). Notably, the
miR-181b sequence in rats is consistent to the sequence of
miR-181b in humans. Bioinformatic predictions indicated that
TIMP3 was one of target genes of miR-181b and based on the
dual luciferase reporter assay, miR-181b may regulate TIMP3
through directly binding to the 3'UTR of mRNA. miR-181b
may serve its functions by directly targeting TIMP3. The
current study further investigated the function of miR-181b
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through transfection with miR-181b mimics and inhibitors:
Revealing that overexpressed miR-181b may inhibit myocar-
dial cell apoptosis in a hypoxic environment and TIMP3 was
downregulated accordingly. Following the downregulation of
TIMP3 by siRNA transfection, the apoptosis rate of myocar-
dial cells was significantly decreased in hypoxia conditions
(P<0.05).

In conclusion, the results of the present study indicate that
miR-181b may protect myocardial cells through targeting
TIMP3 in heart disease induced by HDCP. The downregula-
tion of miR-181b induces the increase of TIMP3 expression,
which promotes the apoptosis of myocardial cells and increases
myocardial injury. However, these results were obtained
in vitro, and further in vivo investigations are still required
The results suggest that the MiR-181b monitor is of clinical
significance in the diagnosis and management of myocardial
injury.
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