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Abstract: Objective: The aim of the current study was to investigate the clinical significance of peripheral blood miR-
133a and miR-206 in pregnant women with preeclampsia (PE), examining correlation with pregnancy outcomes.
Methods: A prospective cohort study design was used for 89 patients with PE. A total of 70 pregnant women with no
evident anomalies detected during a physical examination were enrolled in the control group. Based on differences
in pregnancy outcomes of patients with PE, they were further divided into the normal pregnancy subgroup (n=55)
and abnormal pregnancy subgroup (n=34). Peripheral blood samples were collected to determine relative expres-
sion levels of miR-133a and miR-206 using quantitative real-time polymerase chain reaction (qRT-PCR). Pearson’s
analysis was performed to identify correlation between miR-133a and miR-206, while multifactor logistic regres-
sion analysis was used to determine risk factors of poor pregnancy outcomes. Results: miR-133a expression was
significantly upregulated in the control group, compared to that in the observation group (P<0.05). Similar results
were observed for expression of miR-206 (P<0.05). Expression of miR-133a and miR-206 was significantly higher in
the normal pregnancy subgroup than in the abnormal pregnancy subgroup (P<0.05). Multifactor logistic regression
analysis revealed miR-133a (OR: 1.204, 95% Cl: 1.058-1.362) and miR-206 (OR: 1.096, 95% Cl: 1.029-1.155) as
independent risk factors of poor pregnancy outcomes. Pearson’s correlation analysis also indicated a positive cor-
relation between miR-133a and miR-206 expression in the peripheral blood of subjects in the two groups (r=0.543,
P<0.001). Conclusion: miR-133a and miR-206 expression is downregulated in the peripheral blood of patients with
PE, possibly correlating with poor pregnancy outcomes associated with PE.
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Introduction uting to endothelial injury and inflammatory
response. It has been recognized as the major
cause of PE development [6]. In addition, PE

development has been correlated with cardio-

Preeclampsia (PE) has an incidence rate be-
tween 2% and 8%, worldwide [1, 2], resulting in

the death of 70,000 pregnant or maternal wo-
men and 500,000 perinatal infants. Pregnant
women with PE usually show hypertension, pro-
teinuria, and systemic multiorgan dysfunction
[3]. Existing evidence [4] indicates that nearly
10% to 20% of pregnant women with gestation-
al hypertension develop PE. PE patients have
been associated with spasming of the small
vessels, inducing endothelial injury and focal
ischemia. This eventually results in the death
of pregnant women and perinatal infants [5].
Currently, the pathogenesis of PE remains un-
known. However, placental dysfunction has be-
en widely recognized as a major factor contrib-

vascular disease, obesity, and other complica-
tions in pregnant women.

With advancement in medical techniques and
progress made in PE-related studies, studies
on PE conducted from the molecular viewpoint
have become a hot topic [7]. MicroRNAs (miRs),
specific non-coding single-chain RNA about 21
nucleotides in length, can degrade the mRNA of
target genes by complementing the 3-UTR
region of target genes, inhibiting expression of
target genes [8, 9]. At present, more than 3,700
miRs have been identified. Bioinformatic analy-
sis shows that more than 30% of the genes in
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Table 1. Primer sequences

Gene Upstream primer Downstream primer
miR-133a 5iR-133 5iR-133
miR-206 5iR-206 5iR-206
ue 56R-206 56R-206

humans are regulated by miRs. Thus, miRs play
key roles in several biological processes, includ-
ing growth, development, cell proliferation and
apoptosis, cell differentiation, and developme-
nt and progression of tumors [10]. Pineles et al.
[11] reported abnormal expression of miRs in
the placenta and correlation between miR and
PE development in pregnant or maternal wo-
men. Moreover, miR-133a, a subtype of miR-
133, and miR-206, are key members of the
myomiR family. Members of the myomiR family
[12] may perform regulatory roles in heart dis-
ease, but correlation of miR-133a and miR-206
with development of PE remains unknown.

Therefore, the current study investigated ex-
pression of miR-133a and miR-206 in the pe-
ripheral blood of pregnant women with PE, ex-
amining pregnancy outcomes of the fetus and
providing a reference for clinical diagnosis and
treatment of PE.

Methods and materials
Clinical data of subjects

The current prospective study enrolled 89 PE
patients admitted to the hospital for treatment
(observation group). Simultaneously, 70 preg-
nant women with no evident anomalies detect-
ed during physical examinations were enrolled
in the control group. In the control group, sub-
jects were aged 24-32 years, with an average
age of 26.81+4.25 years. In the observation
group, subjects were aged 25-36 years, with an
average age of 27.25+5.12 years. Patients in
the observation group conformed to the diag-
nostic criteria of PE set by the International
Society for the Study of Hypertension in Pre-
gnancy (ISSHP) [13]. Study protocols were ap-
proved by the Ethics Committee and all patients
and families provided informed consent.

Inclusion and exclusion criteria for all subjects

Inclusion criteria: Subjects aged above 18 ye-
ars; Subjects with a gestational period longer
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than 20 weeks; Subjects with no congenital im-
munodeficiencies, physical disabilities, or cog-
nitive dysfunction; Subjects willing to cooperate
with treatment protocols and follow-up.

Exclusion criteria: Subjects with primary hyper-
tension, diabetes mellitus, malnutrition, prena-
tal infections, or fetal chromosomal abnormali-
ties; Subjects with one or more malignant tu-
mors; Subjects with other complications devel-
oped during the pregnancy period.

Major reagents and instruments

TRIzol Reagent (15596018, Invitrogen, USA);
TransScript Green miRNA Two-Step gRT-PCR
SuperMix (AQ202-01, TransGen Biotech, Bei-
jing, China); miR-133a and miR-206 primers
(Table 1) (Shanghai GenePharma Co., Ltd, Sh-
anghai, China); ABI7500 PCR apparatus (ABI,
USA); Ultraviolet spectrometer (EU-2800RS,
Shanghai Onlab Instrument Co., Ltd).

Detection of miR-133a and miR-206

At 20 weeks of gestation, 3-mL blood samples
were collected from subjects in the two groups.
They were centrifuged at 3,000 rpm for 10 min-
utes at 4°C to isolate the serum, which was
then stored at -80°C for subsequent experi-
ments. TRIzol Reagent was used to extract total
RNA in the serum of patients, according to
manufacturer instructions. Purities and con-
centrations of the isolated RNA samples were
measured using the ultraviolet spectrometer.
Moreover, agarose gel electrophoresis was per-
formed to determine the integrity of RNA. In
accordance with instructions, reverse tran-
scription was performed using isolated total
RNA. Amplification was carried out with the ABI
7500 PCR apparatus, using the following PCR
reaction system: 0.4 yL upstream primer + 0.4
puL downstream primer + 1 yL cDNA + 0.4 uL
passive reference dye (50x) + 10 uyL 2x
TranStart® Tip Green gPCR SuperMix. The PCR
reaction mixture was then diluted to 20 yL
using ddH,0. PCR protocol included pre-dena-
turation at 94°C for 30 seconds, 40 cycles of
denaturation at 94°C for 5 seconds, and an-
nealing and extension at 60°C. Expression of
target miRs was normalized to that of U6 and
data analysis was performed with the 2#4C
method. For each sample, three replicate wells
were set. The experiment was performed in
triplicate.
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Table 2. Comparison of clinical data between two groups [n (%)]

Statistical methods

Factor Control Observation X2/t P value SPSS 20.0 software
group (n=70) group (n=89) value :

Age (age) 26.81 2725 0659 0511  (BM, New York, USA)
Gestational age of delivery 38.95 3658 9738 <0001  Was used for statisti-
BMI during delivery (kg/m?) 27.05 28.66 3.469 0.001 cal analysis of .Co”eCt_
ed data and images

MABP (mmHg) 86.79 135.96 27.258 <0.001 were prepared using
Neonatal weight (g) 2425.33 3586.47  10.907 <0.001 GraphPad Prism 7. En-
Intraoperative bleeding volume (mL) 76.88 132.81 37.225 <0.001 umeration data, pre-
Urine protein (g/L) 3.58 24,943 <0.001 sented as rates (%),
Smoking history 0.480 0.489 were compared usi-
Yes 20(28.57) 30(33.71) ng Chi-squared tes-
No 50 (71.43) 59 (66.29) ts. Measurement da-
History of alcoholism 0.146 0.703 ta are expressed as
Yes 3 (4.29) 5 (5.62) megn + standard de-
No 67 (95.71) 84 (94.38) viation and were com-
Degree of education 0.155 0.694 pared with indepen-
dent t-tests. Correlati-

> Junior middle school 50 (71.43) 61 (68.54) on between miR-133a
<1 (68.54) school 20(28.57)  28(31.46) and miR-206 was an-
Domicile 0.351 0.554 alyzed with Pearson’s
Village 19 (27.14) 28(31.46) correlation analysis.
City 51 (72.86) 61 (68.54) Risk factors for poor

Evaluation of pregnancy outcomes

According to pregnancy outcomes, patients in
the observation group were further divided into
the normal pregnancy subgroup and abnormal
pregnancy subgroup, in accordance with the
following criteria [14]: (1) Perinatal death (intra-
uterine death, induced labor, or neonatal de-
ath); (2) Neonates admitted to the NICU after
birth; (3) Neonates with an extremely low birth
weight; (4) Neonates with Apgar scores <7 with-
in 5 minutes after birth; (5) Fetuses with limited
intrauterine growth; and (6) Presence of neona-
tal respiratory distress syndrome.

Outcome measures

Major outcome measures: Relative expression
levels of miR-133a and miR-206 were observed
in the peripheral blood of subjects in the two
groups. According to pregnancy outcomes, ch-
anges in relative expression levels of miR-133a
and miR-206 were measured in the peripheral
blood of subjects.

Secondary observation indices: Correlation an-
alysis between miR-133a and miR-206 levels
of patients in the observation group was per-
formed. Risk factors of poor pregnancy out-
comes were determined using multifactor logis-
tic regression analysis.
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pregnancy outcomes,

including fetal distre-
ss, fetal growth restriction, stillbirth, 1- and
5-minute Apgar scores, and neonatal body
weights were identified with multivariate logis-
tic regression analysis. P<0.05 suggests that
differences are statistically significant.

Results

Comparison of clinical data of subjects in the
two groups

Clinical data analysis of subjects in the two
groups indicated that differences in age, smok-
ing history, drinking history, education, and
residence were not statistically significant (P>
0.05). However, differences in gestational peri-
od, body mass index (BMI) at delivery, mean
arterial pressure (MAP), neonatal weight, am-
ount of intraoperative bleeding, and urinary
protein levels showed statistical significance
(P<0.05; Table 2).

Relative expression of miR-133a and miR-206
in the peripheral blood of subjects in the two
groups

Measurement of relative expression levels of
miR-133a and miR-206 in the peripheral blood
of subjects in the two groups showed that miR-
133a expression was significantly upregulated
in the control group, compared to that in the
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Table 3. Relative expression of miR-133a
and miR-206 in the peripheral blood of two
groups of subjects

Group miR-133a miR-206
Control group (n=70) 1.027 1.015
Observation group (n=89) 0.549 0.625
tvalue 21.794 16.670
P value <0.001 <0.001

observation group (P<0.05). Similar results
were observed for expression of miR-206
(P<0.05; Table 3 and Figure 1).

Relative expression of miR-133a and miR-206
in the peripheral blood of subjects in normal
and abnormal pregnancy groups

According to differences in the pregnancy out-
comes, patients were further divided into the
normal pregnancy subgroup (n=55) and abnor-
mal pregnancy subgroup (n=34). Comparison
of relative expression levels of miR-133a and
miR-206 in the peripheral blood of subjects in
the two groups showed that expression of both
miR-133a and miR-206 was higher in the nor-
mal pregnancy subgroup than in the abnormal
pregnancy subgroup. Differences were statisti-
cally significant (P<0.05; Table 4 and Figure 2).

Single-factor analysis for subjects in normal
and abnormal pregnancy groups

Single-factor analysis revealed that differences
in age, mean arterial pressure (MAP), and uri-
nary protein levels (P<0.05) were statistically
significant between normal and abnormal preg-
nancy subgroups. However, differences in body
mass indexes of patients at the time of delivery,
as well as weights of the neonates and intraop-
erative bleeding amounts, were not statistically
significant (P>0.05; Table 5).

Multifactor logistic regression analysis

Multifactor logistic regression analysis revealed
miR-133a (adjusted OR: 1.204, 95% Cl: 1.058-
1.362) and miR-206 (adjusted OR: 1.096, 95%
Cl: 1.029-1.155) as independent risk factors of
poor pregnancy outcomes (Tables 6 and 7).

Correlation analysis between relative expres-
sion of miR-133a and miR-206 in the periph-
eral blood of subjects in the two groups

Pearson’s correlation analysis was performed,
identifying correlation between relative expres-

7386

sion levels of miR-133a and miR-206 in the
serum of patients in the observation group.
Results indicated a positive correlation bet-
ween miR-133a and miR-206 expression in the
peripheral blood of subjects in the two groups
(r=0.543, P<0.001; Figure 3).

Discussion

PE, a common gynecological disease, is a se-
vere complication during the gestational period
in pregnant or maternal women. PE is mainly
characterized by increased diastolic and sys-
tolic pressure, 24 hour proteinuria 2300 mg,
and maternal organ dysfunction after 20 gesta-
tional weeks [15]. According to epidemiological
investigations [16, 17], about 1 million preg-
nant or maternal women die from PE or preg-
nancy-related complications every year, world-
wide, especially in moderate- or low-income
countries. In China, incidence of PE is 9.4%
among pregnant or maternal women. Moreover,
a high mortality rate, second only to that with
postpartum hemorrhaging, has been associat-
ed with PE. In the absence of any appropriate or
in-time treatment, PE may become latent,
developing into eclampsia and severely threat-
ening the health and life of both the pregnant
woman and the fetus [18]. Various factors,
including PE history, hypertension or family his-
tory of hypertension, positive response to anti-
phospholipid antibodies, multiple pregnancies,
aged pregnant women, diabetes mellitus, renal
diseases, obesity, and secondary pregnancy,
have been identified to be involved in the patho-
genesis of PE [19]. Due to implementation of
the two-child policy, the number of aged preg-
nant women has increased, with an increasing
trend in incidence of PE. However, there are
effective methods for prophylaxis, diagnosis,
and treatment of PE.

Scholars have speculated that there is a close
correlation between incidence of PE and pla-
centa. With the delivery of the placenta in the
3" stage of labor, PE can be visibly alleviated.
Patients may even recover without any inter-
vention [20]. The placenta is a complicated
structure that mainly nourishes embryonic
cells. Any anomaly will contribute to decreased
blood perfusion, ischemia, and anoxia of the
placenta, resulting in the delivery of some fac-
tors into the blood circulation, even to vascular
endothelial cells [21]. In addition to correlation
with the placenta, development of PE has been
associated with nutrition, inflammation, insulin
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Figure 1. Relative expression of miR-133a and miR-206 in the peripheral blood of patients in the observation group
and control group. A. Expression of miR-133a in the peripheral blood of the two groups of patients detected by qRT-
PCR. miR-133a expression was significantly higher in the control group than in the observation group. B. Expression
of miR-206 in the peripheral blood of the two groups was detected by qRT-PCR. Expression of miR-133a was signifi-
cantly higher in the control group than in the observation group. ***there was a significant difference between the

two groups (P<0.05).

Table 4. Relative expression of miR-133a and miR-
206 in normal pregnancy subgroup and abnormal
pregnancy subgroups

miR-133a, a member of the miR-133 fam-
ily (miR-133a and miR-133b), has been
classified as miR-133a-1 and miR-133a-2.

Group miR-133a miR-206

There is evidence [26] for low expression

Normal pregnancy subgroup (n=55) 0.630 0.742
Abnormal pregnancy subgroup (n=34)  0.353 0.441
tvalue 12.160 12.655
P value <0.001 <0.001

of miR-133a in multiple tumors, especially
for its obvious inhibitory effects on cell
migration and invasion in tumors. Qiu et al.
[27] found that miR-133a expression was

resistance, and genetic factors [22]. At pres-
ent, the pathogenesis of PE has not been eluci-
dated. In recent years, with advancements in
molecular biology techniques, an increasing
number of in-depth studies have focused on
the pathogenesis and progression mechanisms
of PE. Moreover, miRs are novel molecules that
have been attracted much attention [23]. They
are endogenous non-coding conserved small
single-chain RNA molecules, with a high time-
sequence and specificity [24]. Studies [25]
have shown that miRs can specifically bind to
target genes, participating in the development
and progression of diseases. They are also in-
volved in regulation of major processes, includ-
ing cell proliferation, apoptosis, and growth, as
well as development and progression of tumors.
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different in gastric cancer and that miR-

133a can suppress cell proliferation, mi-
gration, invasion, and cell cycle in gastric can-
cer by targeting Sp1. Moreover, miR-206 plays
key roles in tumors and cardiovascular diseas-
es by regulating cell apoptosis, proliferation,
and differentiation, as well as angiogenesis
[28]. However, whether there is differential
expression of miR-133a and miR-206 in PE
patients has not been reported in previous
studies. The current study evaluated expres-
sion of miR-133a and miR-206 in the peripher-
al blood of pregnant or maternal women with
PE. In the control group, expression of miR-
133a and miR-206 was significantly downregu-
lated, compared to that in the observation
group, suggesting that low expression of miR-
133a and miR-206 may serve as a potential
indicator of PE. This study investigated expres-
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Figure 2. Relative expression of miR-133a and miR-206 in the peripheral blood of patients with abnormal pregnan-
cy outcomes and normal pregnancy outcomes. A. gRT-PCR used to detect miR-133a expression in the peripheral
blood of the two groups of patients, showing a significant difference in expression between patients in the abnormal
pregnancy outcome group and those in the normal pregnancy outcome group. B. Expression of miR-206 in the pe-
ripheral blood of the two groups of patients was analyzed by gRT-PCR. There was a statistically significant difference
in miR-206 expression between the abnormal pregnancy outcome group and normal pregnancy outcome group.
There was a significant difference in miR-206 expression in the peripheral blood between patients with normal
pregnancy outcomes and those with abnormal pregnancy outcomes. ***there was a significant difference between
the two groups (P<0.05).

sion of miR-133a and miR-206 in the peripher- late HIF-1a/Fhl-1 signaling pathways and that it
al blood. Statistically significant differences is involved in hypoxia-induced pulmonary arte-
were observed in comparing low expression of rial hypertension. Furthermore, Jin et al. [32]
miR-133a and miR-206 between normal and detected expression of miR-206 in the serum
abnormal pregnancy groups, suggesting that of 82 patients with heart disease, reporting low
expression of miR-133a and miR-206 is closely expression of miR-206 in the serum. Based on
correlated with pregnancy outcomes. Thus, the findings above, it was speculated that miR-
risk factor analysis was conducted for patients 206 may correlate with the maintenance of
in the observation group, finding that miR-133a blood pressure in patients.

and miR-206 are independent risk factors of

abnormal pregnancy outcomes in PE patients. Correlation analysis was conducted for expres-
There is evidence [29, 30] that miR-133a can sion of miR-133a and miR-206 in the peripher-
inhibit MAPK signaling pathways by targeted al blood of patients in the two observation
regulation of activity/expression levels of LIM groups, finding a positive correlation between
and SH3 proteins. MAPK signaling pathways expression of miR-133a and miR-206. Thus,
affect endothelial function, immunity, inflam- results suggest that miR-133a and miR-206
mation, and cell nourishment. They are even may share common upstream target genes. At
involved in PE pathogenesis. Thus, results sug- present, several studies have focused on the
gest that miR-133a may affect MAPK signaling roles of miRs in PE. In this study, expression of
pathways via regulation of target genes, induc- miR-133a and miR-206 was significantly de-
ing differential expression in PE progression. creased in the peripheral blood of PE patients,
Yue et al. [31] reported that miR-206 can regu- compared to that in healthy pregnant women.
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Table 5. Univariate analysis of normal pregnancy and abnormal pregnancy [n (%)]

Normal pregnancy

Abnormal pregnancy

Factor subgroup (n=55) subgroup (n=34) tvalue P value
Age (age) 26.54 29.84 6.643 <0.001
Gestational age of delivery 36.26 36.78 1.386 0.169
BMI during delivery (kg/m?) 28.38 28.97 0.963 0.338
MABP (mmHg) 121.21 143.94 13.260 <0.001
Neonatal weight (g) 3612.92 3616.65 0.034 0.973
Intraoperative bleeding volume (mL) 133.10+8.86 132.21 0.502 0.617
Urine protein (g/L) 2.48 4.52 13.478 <0.001
Smoking history 0.454 0.500

Yes 20 (36.36) 10 (29.41)

No 35 (63.64) 24 (70.59)
History of alcoholism 0.016 0.900

Yes 3(5.26) 2 (5.88)

No 54 (94.74) 32 (94.12)
Degree of education 0.635 0.425

> Junior middle school 36 (65.45) 25 (73.53)

<5 (73.53) school 19 (34.55) 9 (26.47)
Residence 0.375 0.540

Village 16 (29.09) 12 (35.29)

City 39 (70.91) 22 (64.71)
Table 6. Assignment table However, there were some limi-
Factor Assignment tations of this study. First, the
Age <26 years old =1, >26 years old =0 samples were isolated from the
MABP A continuous variable which is analyzed using raw data peripheral blood by minimal in-

Urine protein A continuous variable which is analyzed using raw data
A continuous variable which is analyzed using raw data
A continuous variable which is analyzed using raw data

miR-133a
miR-206

vasion, but expression of miR-
133a and miR-206 was not de-
tected in the placentas of preg-

Table 7. Multivariate logistic regression analysis

nant or maternal women. Seco-
nd, due to the lack of an in-dep-
th investigation into relevant me-

chanisms, this study was not ab-

Factor B SE L P OR 95% CI le to elucidate the regulatory ro-
Age 0.008 0.014 0.335 0.563 1.009 0.971-1.015 les of miR-133a and MiR-206. Th-
MABP 0.005 0.008 0.352 0.549 1.005 0.993-1.028

Urine protein  0.023 0.054 0.178 0.673 1.029 0.929-1.145
miR-133a 0.187 0.065 9.265 0.002 1.204 1.058-1.362
miR-206 0.098 0.032 8.822 0.001 1.096 1.029-1.155

erefore, present conclusions sh-
ould be verified by future studies
with large sample sizes, in vitro
experiments, and animal experi-

Patients with abnormal pregnancy outcomes
showed a more significant decrease than those
with normal pregnancy outcomes. Risk factor
analysis showed that miR-133a and miR-206
may be independent risk factors of abnormal
pregnancy outcomes in PE patients, suggesting
that miR-133a and miR-206 may serve as
potential observation indices for PE patients
with abnormal pregnancy outcomes.
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ments.

In conclusion, expression levels of miR-133a
and miR-206 are downregulated in the periph-
eral blood of PE patients, possibly correlating
with poor pregnancy outcomes.
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