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Du et al.: MicroRNA-193b-5p in Hypertensive Disorder Complicating Pregnancy

To explore microRNA-193b-5p diagnostic value and clinical significance in hypertensive disorder 
complicating pregnancy. A total of 120 hypertensive disorder complicating pregnancy patients (observation 
group) in our hospital from January 2020 to December 2021 were enrolled was divided into three 
subgroups: Hypertensive disorders in pregnancy group (42 cases), mild preeclampsia group (43 cases) 
and severe preeclampsia group (35 cases). 120 healthy pregnant women receiving regular perinatal care 
were enrolled in the control group. 120 non-pregnant healthy women receiving physical examination were 
selected as the health control group. MicroRNA-193b-5p and neuregulin-1 levels in three groups were 
detected and association of microRNA-193b-5p and neuregulin-1 levels and clinical features and disease 
course was assessed. Receiver operating characteristic evaluated microRNA-193b-5p diagnostic value for 
hypertensive disorder complicating pregnancy adverse pregnancy outcomes. Serum microRNA-193b-5p 
and neuregulin-1 in observation group presented up-regulation relative to control group and health control 
group (p<0.05), while those in control group exhibited up-regulation relative to health control group 
(p<0.05). Serum microRNA-193b-5p and neuregulin-1 levels in the severe preeclampsia group presented 
up-regulation relative to mild preeclampsia group and hypertensive disorders in pregnancy group 
(p<0.05) and those in mild preeclampsia group presented up-regulation relative to hypertensive disorders 
in pregnancy group (p<0.05). Serum microRNA-193b-5p level in hypertensive disorder complicating 
pregnancy patients with different ages, body mass index at the time of enrollment and prognosis 
presented differential significance (p<0.05) and serum microRNA-193b-5p level in hypertensive disorder 
complicating pregnancy patients with different delivery gestational weeks, gravidity and parity presented 
no significance (p>0.05). Serum neuregulin-1 level in hypertensive disorder complicating pregnancy 
patients with different delivery gestational weeks and prognosis presented differential significance (p<0.05) 
and serum neuregulin-1 level in hypertensive disorder complicating pregnancy patients with different 
body mass index at the time of enrollment, gravidity and parity presented no significance (p>0.05). 
Receiver operating characteristic curve demonstrated that microRNA-193b-5p and neuregulin-1 had 
good predictive performance for adverse pregnancy outcomes of hypertensive disorder complicating 
pregnancy patients. Serum microRNA-193b-5p and neuregulin-1 play a synergistic mechanism in the 
onset and progression of hypertensive disorder complicating pregnancy and have association with the 
onset, progression and prognosis of hypertensive disorder complicating pregnancy, which can be used as 
valuable biomarkers for the diagnosis of hypertensive disorder complicating pregnancy.
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Hypertensive Disorder Complicating Pregnancy 
(HDCP), with an incidence of 5.2 %-8.2 %, majorly 
results in maternal perinatal death[1]. HDCP seriously 
endangers the maternal and infant safety, leading to risk 

elevation of adverse pregnancy outcomes. However, 
its mechanism is unclear[2,3]. MicroRNA-193b-5p 
(miR-193b-5p) is one of the small non-coding single-
stranded RNA members, which is involved in various 
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pathophysiological processes such as the regulation 
of inflammatory response, cell differentiation and 
proliferation, cancer cell proliferation and migration, 
etc.,[4,5]. It has been revealed that high-level miR-193b-
5p is associated with the pathogenesis of HDCP[6,7]. 
Human Neuregulin-1 (NRG-1) belongs to Epidermal 
Growth Factors (EGFs). NRG-1 exerts a vital role in 
vascular pathophysiology. NRG expresses in vascular 
endothelial cells and Vascular Smooth Muscle Cells 
(VSMCs) and also remarkably suppresses VSMC 
proliferation and migration in vitro[8]. Previously, 
NRG-1 participated in the pathogenesis of HDCP[9]. 
Herein, serum miR-193b-5p and NRG-1 levels in 120 
HDCP patients were monitored and their relationship 
with the clinical parameters of HDCP patients and their 
diagnostic value for HDCP were analyzed.

MATERIALS AND METHODS

General data:

A total of 120 HDCP patients (observation group) 
admitted to our hospital from January 2020 to December 
2021 were selected. 

Inclusion criteria: Meet the diagnostic criteria 
of HDCP in the 8th edition of the “Obstetrics and 
Gynecology”[10]; primiparas with a gestational period of 
more than 20 w and singleton gestation and no effective 
treatment before admission. 

Exclusion criteria: Primary renal impairment; primary 
hypertension; complicated with acute and chronic 
infections, including hepatitis, tuberculosis, pneumonia, 
etc.; complicated with chronic diseases such as coronary 
heart disease, diabetes, etc., The patients aged 21-38 y 
old, average (32.26±2.17) y; the delivery gestational 
age was 34-39 w, average (36.57±1.56) w; the Body 
Mass Index (BMI) at the time of enrollment was 22-
29 kg/m2, average (26.89±1.37) kg/m2; gravidity was 
0-5 times, average (2.21±0.16) times and parity was 0-3 
times, average (2.12±0.33) times. 

According to HDCP classification criteria, the 
observation group was divided into three subgroups: In 
the Hypertensive Disorders in Pregnancy (HDP) group 
(42 cases), urine protein was negative, hypertension 
occurred for the first time during pregnancy and blood 
pressure returned to normal within 3 mo postpartum. 
In the mild preeclampsia group (43 cases), urinary 
protein was ≥0.3 g/24 h, diastolic blood pressure ≥90 
mmHg and/or systolic blood pressure ≥140 mmHg 20 
w post-pregnancy and symptoms such as abdominal 
discomfort, blurred vision, headache, etc., may be 
present. In the severe preeclampsia group (35 cases), 

preeclampsia patients had one of the following adverse 
conditions: Urinary protein ≥2 g/24 h; diastolic blood 
pressure ≥110 mmHg and/or systolic blood pressure 
≥160 mmHg; platelet <100×10°/l; liver and kidney 
function damage and persistent headache, epigastric 
pain or neurovisual dysfunction. At the same time, 120 
healthy pregnant women who received regular perinatal 
care in the Obstetrics Department of our hospital during 
the same period were randomly selected as the control 
group. All of them were singleton pregnancy, full-term 
delivery and pregnancy complications were excluded 
by systematic obstetric examination. They aged 20-
39 y old, average (36.21±2.09) y; delivery gestational 
age was 36-40 w, average (37.42±1.26) w; the BMI 
at the time of enrollment was 22-28 kg/m2, average 
(26.01±1.09) kg/m2; gravidity was 0-5 times, average 
(2.11±0.24) times; parity was 0-3 times, average 
(2.27±0.24) times. In addition, 120 non-pregnant 
healthy women who underwent physical examination 
in our hospital during the same period were selected 
as the health control group, aged 21-40 y old, average 
(37.33±2.53) y; the BMI at the time of enrollment 
was 21-28 kg/m2, average (25.85±1.25) kg/m2. Age, 
gravidity, delivery gestational weeks and parity in 
observation group exhibited no significance relative 
to control group (p>0.05) and age and BMI among the 
three groups presented no difference (p>0.05). This 
study was approved by the ethics committee of the 
hospital and all subjects signed the informed consent.

Methods:

Detection of serum miR-193b-5p: The 5 ml of 
cubital venous blood was drawn from the subjects 
after admission, left standing at room temperature 
for 20 min and centrifuged at 3000 r/min for 10 min. 
The centrifugation radius was 15 cm and 3 ml of 
supernatant was collected and placed in a refrigerator 
at -80° for testing. Total RNA was extracted from cells 
by a TaqMan miRNA kit and serum miR-193b-5p level 
was detected by real-time fluorescence quantitative 
Polymerase Chain Reaction (PCR). Primers 
were designed according to the messenger RNA 
(mRNA) sequence of the target gene and the reverse 
transcription product was designed with the software 
Primer express 3.0. miR-193b-5p primers, forward: 
5’-AGGAG GCAGCGCTCTC-3’; reverse: 5’-CTGC-
CCCAGTGCTGCT-3’. After reverse transcription, the 
reverse transcription product was used as a template 
and the amplification was performed on a real-time 
quantitative PCR instrument. Reaction conditions: 85° 
for 3 min, 85° for 20 s and 42° for 40 s, a total of 35 
cycles. The 2-△△Ct method represented miR-193b-5p 
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expression level and the average was taken from three 
times of experiments.

Detection of serum NRG-1 level: The 5 ml of fasting 
cubital venous blood was collected from subjects at the 
time of enrollment and the centrifugation method was 
the same as above. Serum NRG-1 level was detected by 
Enzyme-Linked Immunosorbent Assay (ELISA) with 
the HED-SY96S automatic microplate reader and the 
kit was purchased from Wuhan Service Bio Technology 
Co., Ltd.

Prognosis: Maternal and infant outcomes were tracked 
for all patients and the occurrence of adverse pregnancy 
outcomes such as eclampsia, postpartum hemorrhage, 
maternal death, intrauterine growth restriction, neonatal 
asphyxia, neonatal death, etc., were counted. Those 
with adverse pregnancy outcomes were unfavorable 
prognosis, with a total of 42 cases and those without 
adverse pregnancy outcomes were good prognosis, 
with a total of 78 cases.

Statistical analysis:

Statistical Package for the Social Sciences (SPSS) 
20.0 statistical software was used for data analysis. 
Measurement data that conformed to the normal 
distribution were expressed as x±s. Comparisons among 
multiple groups were performed by variance analysis 
and pair wise comparisons between groups were 
performed using Least Significant Difference (LSD)-t 
test. Count data were expressed as the “n” or percent 
(%) and the comparison between groups was performed 
using the Chi-square (χ2) test. Pearson correlation 

was used for correlation analysis; logistic regression 
was used for risk factor analysis; Receiver Operating 
Characteristic (ROC) curve was used for predictive 
performance evaluation. p<0.05 was considered to be 
statistically significant.

RESULTS AND DISCUSSION

Serum miR-193b-5p and NRG-1 levels in observation 
group presented up-regulation relative to control group 
and health control group (p<0.05), while those in 
control group exhibited up-regulation relative to health 
control group (p<0.05) as shown in fig. 1. 

Serum miR-193b-5p and NRG-1 levels in severe 
preeclampsia group presented up-regulation relative 
to mild preeclampsia group and HDP group (p<0.05) 
and those in mild preeclampsia group exhibited up-
regulation relative to HDP group (p<0.05) as shown in 
fig. 2. 

Serum miR-193b-5p level in HDCP patients with 
different ages, BMI at the time of enrollment and 
prognosis presented differential significance (p<0.05) 
and serum miR-193b-5p level in HDCP patients with 
different delivery gestational weeks, gravidity and 
parity presented no significance (p>0.05). Serum 
NRG-1 level in HDCP patients with different delivery 
gestational weeks and prognosis presented differential 
significance (p<0.05) and serum NRG-1 level in HDCP 
patients of different ages, BMI at the time of enrollment, 
gravidity and parity presented no significance (p>0.05), 
as shown in Table 1.

Fig. 1: MiR-193b-5p and NRG-1 levels in the three groups
Note: *p<0.05 vs. control group and #p<0.05 vs. health control group, ( ) Control group; ( ) Health control group and ( ) 
Observation group

Fig. 2: Relationship between miR-193b-5p and NRG-1 and HDCP severity
Note: *p<0.05, **p<0.01 vs. HDP group and #p<0.05 vs. mild preeclampsia group, ( ) HDP group; ( ) Mild preeclampsia 
group and ( ) Severe preeclampsia group
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Serum miR-193b-5p and NRG-1 levels in bad 
prognosis group presented up-regulation relative to 
good prognosis group (p<0.05) as shown in fig. 3. 

ROC curve analysis showed that serum miR-193b-
5p and NRG-1 had good predictive performance for 
adverse pregnancy outcomes in HDCP patients and 
their Area Under the Curve (AUC) for the diagnosis 
of HDCP was 0.798 (95 % Confidence Interval (CI): 

0.634-0.962) and 0.720 (95 % CI: 0.534-0.905), 
respectively. The miR-193b-5p and NRG-1 values 
corresponding to the maximum value of Youden index 
were the cut-off points of HDCP, which were 1.15 and 
0.117 μg/l, respectively. The sensitivity and specificity 
of diagnosing HDCP at this cut-off value were 73.33 
% and 72.81 % as well as 74.26 % and 71.55 %, 
respectively as shown in Table 2 and fig. 4. 

TABLE 1: CLINICAL PARAMETERS OF HDCP PATIENTS
Clinical 
parameters n MiR-193b-5p t p NRG-1 t p

Age 3.466 0.002 0.462 0.712
>33 y old 64 1.32±0.21 0.15 ±0.05
<33 y old 56 1.08±0.24 0.17 ±0.04
BMI 2.763 0.006 0.502 0.736
>25 kg/m2 71 1.35±0.31 0.15 ±0.04
<25 kg/m2 49 1.07±0.18 0.16 ±0.04
Delivery 
Gestational w 0.538 0.729 6.053 0

>36 w 76 1.23±0.14 0.05 ±0.02
<36 w 44 1.26±0.19 0.14±0.03
Gravidity 0.735 0.538 0.451 0.767
>3 times 49 1.25±0.16 0.15 ±0.04
<3 times 71 1.22±0.19 0.16 ±0.03
Parity 0.275 0.889 0.471 0.809
>3 times 44 1.18±0.29 0.14 ±0.03
<3 times 76 1.20±0.26 0.16 ±0.05
Prognosis 9.108 0 5.367 0
Good 78 0.91±0.25 0.07±0.02
Bad 42 1.42±0.36 0.14±0.05

Fig. 3: MiR-193b-5p and NRG-1 effects on pregnancy outcomes
Note: *p<0.05 vs. good prognosis group, ( ) Good prognosis group and ( ) Bad prognosis group

Indicator Sensitivity 
(%)

Specificity 
(%) Yoden index

Positive 
predictive value 

(%)

Negative 
predictive value 

(%)

Diagnostic 
coincidence 

rate (%)
MiR-193b-5p 72.93 72 0.4493 82.5 59.02 72.6
NRG-1 74.59 75 0.4959 84.38 61.48 74.47

TABLE 2: PREDICTIVE PERFORMANCE OF MiR-193b-5p AND NRG-1 FOR ADVERSE PREGNANCY 
OUTCOMES IN HDCP PATIENTS



www.ijpsonline.com

Special Issue 2, 2022 Indian Journal of Pharmaceutical Sciences 250

As a common complication of pregnancy, HDCP 
has a high incidence. Clinically, the disease is 
mainly affected by pregnant women post-pregnancy 
(20 w) and manifested with edema, hypertension, 
proteinuria, convulsions, coma, etc. Pregnant women 
are in a hypercoagulable state due to increased 
coagulation factor activity, which facilitates placental 
abruption during labor, but can also cause postpartum 
hemorrhage[11]. It has been revealed that untreated 
disease can lead to placental abruption, maternal shock 
and even death[12].

The expression profile of miRNAs changes significantly 
during pregnancy, which is possibly involved in the 
physiological process of pregnancy. In HDCP patients, 
miRNAs also have corresponding changes. The results 
of this study demonstrated that serum miR-193b-5p level 
in HDCP patients presented up-regulation relative to 
control group and health control group and serum miR-
193b-5p level in control group presented up-regulation 
relative to health control group, indicating that miR-
193b-5p involves in HDCP onset and progression. 
Herein, miR-193b-5p level in HDCP patients increased 
with the severity of the disease, indicating that serum 
miR-193b-5p level can reflect the severity of HDCP. 
MiR-193b-5p presents elevation in a variety of tumors, 
mainly promoting cancer progression. For example, 
miR-193b-5p exhibits elevation in non-small cell lung 
cancer and breast cancer, and miR-193b-5p down-
regulation has a inhibitory effect on prostate cancer[13,14]. 
MiR-193b-5p presents up-regulation in colorectal 
cancer, and miR-193b-5p inhibition can significantly 
reduce proliferation of cancer cells[15]. At present, there 
are few reports on whether the changes of miR-193b-
5p expression are related to HDCP. Herein, when miR-
193b-5p was >1.15, it had high diagnostic performance 
in predicting poor pregnancy outcomes of HDCP 
patients (sensitivity: 73.33 %, specificity: 72.81 %, 
AUC: 0.798), indicating that miR-193b-5p is involved 

in the pathophysiological process of HDCP and has a 
high predictive value for poor pregnancy outcomes of 
HDCP patients.

NRG-1 is an Endocrine Gland-derived Vascular 
Endothelial Growth Factor (EG-VEGF)-related 
protein that exerts multiple regulatory roles in the 
heart through an erythroid viral oncogene homolog. 
NRG-1 is synthesized and released by endocardial 
and myocardial microvascular endothelial cells in 
response to mechanical stretch, hypoxia and signaling 
peptides, and is involved in paracrine intercellular 
communication in ventricular tissue[16]. NRG-1 
plays an important role in vascular physiology and 
pathology[17]; NRG-1 distributes in vascular endothelial 
cells and VSMCs, whose receptors locates to potential 
VSMCs[18]; NRG-1 treatment can significantly reduce 
proliferation and migration of VSMCs stimulated by 
platelet derived growth factor in vitro[7]. EG-VEGF 
is a key factor in promoting the invasion of placental 
trophoblasts. EG-VEGF binds to primary cilia to initiate 
a signal cascade and promote placental development. 
NRG-1 elevation can suppress EG-VEGF expression 
and blocks downstream extracellular signal-regulated 
kinase signaling, resulting in insufficient trophoblast 
engraftment. In this study, NRG-1 level significantly 
increased in patients with severe preeclampsia and poor 
prognosis, indicating that NRG-1 elevation was related 
to the condition and prognosis of HDCP patients, 
high-levels NRG-1 predicted HDCP exacerbation and 
poor prognosis. Advanced age and obesity are high-
risk factors for HDCP[19,20], and NRG-1 may play an 
interaction mechanism with HDCP high-risk factors in 
the pathogenesis of HDCP, which promotes the onset 
and progression of HDCP. Herein, when NRG-1 was 
>2.86, it had high diagnostic performance in predicting 
renal function damage in HDCP patients (sensitivity: 
74.26 %, specificity: 71.55 %, AUC: 0.720), indicating 
that NRG-1 is involved in the pathophysiological 

Fig. 4: Predictive performance of miR-193b-5p and NRG-1 for adverse pregnancy outcomes in HDCP patients, ( ) NRG-1 
and ( ) miR-193b-5p
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process of HDCP has a high predictive value for poor 
pregnancy outcomes of HDCP patients.

In conclusion, serum miR-193b-5p and NRG-1 play a 
synergistic mechanism in the onset and progression of 
HDCP and present association with onset progression 
and prognosis of HDCP, which can be used as valuable 
biomarkers for the diagnosis of HDCP.
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