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Abstract: Background: To evaluate the diagnostic value of circulating plasma exosomal miR-301b-3p and neutrophils (NE*)
for preeclampsia (PE). Methods: The study cohort consisted of pregnant women with Hypertensive disorders of pregnancy (HDP)
who were selected from Guangdong Women and Children Hospital between January 2017 and November 2017. A total of 80
cases with gestational hypertension (GH n=31) and preeclampsia (PE n=49) were chosen at random for each group. Furthermore,
a group of healthy pregnant women was chosen as the control group (Control n=83). Quantitative reverse-transcription PCR
(qRT-PCR) was used to detect the relative expression of miR-301b-3p in exosomes found in maternal plasma. Results: The
antenatal Control group had higher miR-301b-3p expression levels than the GH and PE groups (P <0.05). The ROC curve
analysis indicates a predictive value for case groups (P <0.05). The Pearson correlation analysis indicates an inverse correlation
between miR-301b-3p levels and illness severity in pathological patients (P <0.05). Conclusion: miR-301b-3p is closely

associated with the severity of vascular inflammation in PE.
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1. Introduction

HDP is a prominent cause of severe maternal morbidity and
mortality globally, accounting for 7% of US maternal deaths
[1]. PE is the most dangerous stage of GH, causing maternal
death, severe maternal morbidity, maternal critical care
hospitalization, caesarean section, and preterm birth [2,3].
Disordered inflammatory responses and imbalanced
angiogenic patterns contribute to the pathophysiology [4,5].
The abnormal remodelling of the uteroplacental spiral arteries
causes placental oxidative stress, ischemia, and increased
production of inflammatory and anti-angiogenic factors such
as sFIt1[6]. Placental growth factor and vascular endothelial
growth factor binding are disrupted by sFItl. MicroRNA, a
22-nucleotide short RNA, regulates cell proliferation, death,
differentiation, metastasis, and invasion [7-9]. A growing
body of research indicates that cardiovascular problems
modify circulating miRNA expressions during pregnancy
[10]. Some miRNAs may predict PE onset; however, the
results are uncertain [11]. Most of this research uses animal
models and species-specific placental miRNAs for PE.
Differences in placenta miRNA expression and direction are
discordant with patient variables (e.g., race, gestational week,
presence or absence of delivery, preterm birth or term delivery)
[12]. MiR-301b-3p targets TLR4 and is linked to
inflammation [13]. TLR4 signalling upregulates pro-
inflammatory factors and triggers inflammatory responses
[14]. We statistically analyzed GH and PE women's clinical
data to answer these questions.

2. Material and Methods

(1) Pregnant women and sample collection

From January to November 2017, Guangdong Women And
Children Hospital's obstetrics department admitted 80
pregnant women with HDP, who were separated into two
groups: (1) Gestational Hypertension (GH, n=31; SBP
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>140mmHg and/or DBP > 90mmHg, BP normalized within
12W  postpartum); (2) Preeclampsia (PE, n=49; SBP
>140mmHg and/or DBP >90mmHg with proteinuria 0.3g/24h
or thrombocytopenia (<100x10°L), Kidney injury (blood
creatinine level > 1.1 mg/dl). The control group was the
regular pregnancy group (n=83) with the same physical
evaluation. Clinically, all study participants met the
International Society for the Study of Pregnancy-induced
Hypertension (ISSHP) diagnostic criteria. Acute and chronic
infections, autoimmune illnesses, haematological diseases,
malignancies, and other obstetric problems are excluded.
Pregnancy weeks, plasma haemoglobin (Hb), systolic blood
pressure (SBP), diastolic blood pressure (DBP), 24-hour urine
protein (24UPro), blood creatinine level (Scr), plasma platelet
volume (PLT), glutamate transaminases (ALT, AST), body
mass index (BMI), neonatal birth weight (Neonatal Weight),
D-dimer (D-DIC), fibrinogen level (FIB), and serum Total
Ca?", plasma WBC, and neutrophils (NE*) were recorded. The
review committees of each agency approved the trial, and all
patients gave informed permission.

(2) Plasma collection and RNA preparation

After admission, 10ml of fasting venous blood was
obtained with an EDTA anticoagulant tube in the morning of
the next day before delivery and stored at 15-25 °C or lower.
Exosomes were extracted from 0.6 mL of maternal plasma
samples using the mercury Exosome Isolation Kit-Serum and
Plasma (Exiqon, Woburn, MA, USA, no: 300101) as per
manufacturer's instructions.

(3) MicroRNA extraction

MicroRNA extraction underpins and verifies qRT-PCR.
This experiment used a blood (serum, plasma) miRNA quick
extraction kit (centrifugal column) type III (Bioteke
Corporation) to extract the target gene with less blood and
high-quality miRNA, following the instructions. To
normalize qRT-PCR, 1.6x108 copies/puL of synthetic cel-miR-
39-3p (Qiagen) was spiked before RNA isolation.

(4) RNA concentration determination



UV spectrophotometry was used to quantify miRNA levels
in this investigation. RNA purity was initially assessed using
the OD260/0OD280 ratio. The ratio between 1.8 and 2.0
suggests good RNA quality; more than 2.0 indicates
contamination; less than 1.8 shows degradation.

(5) First-strand cDNA synthesis (miRNA reverse
transcription)

The first strand of ¢cDNA was synthesized using Gene
Copoeia All-in-One ™ miRNA ¢RT-PCR Detection Kit
(cargo number: QP015) and operated in strict accordance with
the instructions.

(6) The miRNAs were quantified by qRT-PCR

Using the GeneCopoeia All-in-One ™ miRNA qRT-PCR
Detection Kit (cargo id: QP015) kit, the design and synthesis
of microRNA and reference cel-miR-39-3p primers were
provided by GeneCopoeia company (number HmiRQP0379)
according to the instructions.

3. Statistical Analysis

Statistics were done using GraphPadPrism 9 (GraphPad
Software, San Diego, CA, USA). Clinical samples were
examined as triplicates, with normally distributed data
expressed as mean + standard deviation (Mean+SD). Skewed
data were log-transformed. A median with an interquartile
range was used to represent skewed data after transformation
and assessed by the Mann-Whitney test. Statistical treatment
included a Student's t-test between the two groups and linear
regression analysis to establish factor correlation. Two groups
and the above data were analyzed using covariance. Chi-
square tests on contingency tables assessed categorical
variables. P-values under 0.05 were significant. The curve
was produced simultaneously during ROC curve analysis to
assess clinical parameter distinction.

4. Results

(1) General clinical data

General clinical data in Table 1 show similar ages in the
control and case groups and no significant difference in
gestational weeks or Hb (P>0.05). Pregnant women's SBP,
DBP, 24UPro, Scr, PLT, ALT, AST, BMI, Neonatal Weight,
D-DIC, FIB, serum Total Ca?>", WBC, and NE* showed
significant (P <0.05) results. The above statistical
characteristics suggest that patients' pathological symptoms
and analytical characteristics are typical of HDP and that BMI,
D-DIC, Fib, and Neonatal Weight had high sensitivity but no
apparent relationship with severity, whereas the 24UPro and
PLT were significantly different in the PE group. However,
SBP, DBP, WBC, NE, and Total Ca?" had high sensitivity and
specificity. WBC elevation is mainly induced by NE*.,

(2) Plasma exosomal miR-301b-3p expression levels in
each group

All quantitative polymerase chain reaction values for Fig.
1 were normalized to cel-miR-39-3p and expressed as fold
change. Melting curve analysis revealed individual peaks in
each sample. The postpartum groups are blood samples of
pregnant women in the Antenatal groups on the 5th day after
delivery. Four samples were lost in the control group, namely
n=79, one sample in GH group was substandard, namely n=30,
and two samples PE group were lost to follow-up, namely
n=47.

Fig.1A & Table.2 Antenatal miR-301b-3p relative
expression levels, into a normal distribution. There was a
difference in the relative expression of plasma miR-301b-3p
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among the three groups (p<0.05), and there was also a
difference between the two groups (p<0.05), with the PE
group having the lowest expression—Postpartum miR-301b-
3p relative expression levels into a normal distribution. The
relative expression difference in plasma miR-301b-3p
between the three groups was significant (P <0.05) and
between pairs (P <0.05), with the PE group having the lowest
expression. Fig. 1B &Table 2. The difference in the relative
expression of miR-301b-3p in plasma exosomes in the same
case group (P <0.05).

(3) Comparison of the diagnostic efficacy of various
clinical indicators on disease severity

In general clinical data, BMI, Neonatal Weight, D-DIC, Fib,
Scr, Hb, ALT, and AST are not highly selective for disease
severity, and the increase in WBC is mainly caused by higher
NE*. HDP can vary. Thus, we compared miR-301b-3p's
relative expression to 24hUPro, PLT, NE*, and Total Ca* Fig.
2A. ROC curve analysis of 24hUPro, PLT, NE*, and Total Ca
in GH cohort for GH diagnosis: AUC area of 24hUPro:0.5663
(95%C1 0.4462-0.6864), PLT:0.5649 (95%CI 0.4403-0.6915),
NE*:0.6403 (95%CI 0.5169-0.7691), Total Ca?":0.7198
(95%CI 0.6227-0.8168), miRNA-301b-3p: 0.7606.HDP
clinical indicators, including 24hUPro and PLT, have low
diagnostic values congruent with clinical symptoms. Thus,
SBP and DBP are primarily utilised to diagnose HDP
clinically; however, their daily fluctuations are large. It
depends on patients' moods, antihypertensive medicines, and
the medical staff's technical level. Thus, a steady, non-
invasive clinical indicator must be used for case group
screening. NE?, Total Ca*', and miR-301b-3p expression
demonstrated higher diagnostic value than other clinical signs.
Figure 2B. ROC curve analysis of 24hUPro, PLT, NE*, and
Total Ca?" in PE cohort for PE diagnosis: AUC area of
24hUPro:0.8865 (95%CI 0.8169-0.9562), PLT:0.6236
(95%CIL  0.5175-0.7296), NE*:0.9189 (95%CI 0.5175—
0.7296), Total Ca?":0.9208 (95%CI 0.8707-0.9670), miR-
301b-3p: 0.9860.Fig.2 shows that NE*, Total Ca®*, and miR-
301b-3p may diagnose HDP and PE accurately and identify
illness severity. Thus, NE*, Total Ca?", and miR-301b-3p are
better diagnostics than 24hUPro and PLT.

(4) Analysis of the relationship between various indicators
and SBP in the preeclampsia group

24hUPro, PLT, NE* Total Ca’', and miR-301b-3p
expression levels have good sensitivity and specificity for
GH/PE diagnosis. What is the correlation between "gold
standard" SBP? In pregnant women with PE, 24hUPro does
not affect SBP: r=0.03, P=0.81. Because of high proteinuria,
24hUPro cannot predict disease severity. PLT and SBP in
pregnant women with PE: r= -0.59, P <0.01 (Fig.3B).
Thrombocytopenia may indicate significant disease
progression, which matches clinical features. NE* is strongly
linked with SBP in pregnant women in the PE group (Fig.3C,
r=0.81, P <0.0001). It shows that NE* is closely associated
with SBP and can predict SBP increases. Figure 3D: Pregnant
women in the PE group had a negative connection between
total Ca?" and SBP (r=-0.67, p<0.0001). Total Ca®>" and SBP
are moderately associated, and a reduction in Total Ca?*
predicts an increase in SBP. In Fig.3E, miR-301b-3p
negatively correlates with SBP (r= -0.85, P <0.0001). This
suggests that miR-301b-3p is correlated with SBP and that its
decrease can anticipate SBP increases.

(5) Correlation Between PLT, Total Ca?*, NE* and miR-
301b-3p Levels

Fig. 4A: PLT-Total Ca?" Correlation in PE Group: r=0.54,



p<0.0001. This fits clinical characteristics. PLT effects might
trigger Total Ca?" reduction. Figure 4B shows a correlation
(r=0.55, p<0.0001) between PLT and miR-301b-3p levels in
the PE group. Thus, miR-301b-3p levels positively connect
with PLT. Figure 4C shows a correlation (r=0.65, p<0.0001)
between the PE group's Total Ca?" and miR-301b-3p
levels.MiR-301b-3p levels are positively associated with
Total Ca?". The correlation between inflammatory measure
NE* and miR-301b-3p levels in the PE group is -0.65, P
<0.0001 (Fig. 4D). Thus, miR-301b-3p levels correlate well
with NE”. Reduced miR-301b-3p levels are linked to
inflammation decline.

5. Discussion

This study examined many detection indicators, including
PLT, WBC, NE#, and Total Ca2+, which differed significantly
among Control, GH, and PE groups (P < 0.05). Meanwhile,
we measured miR-301b-3p expression in the same group
before and after delivery. The PE group showed a
considerable decrease in miR-301b-3p expression before
delivery, with significant differences between the three
groups (P < 0.05). The lowest relative expression levels of
miR-301b-3p in PE within the three postpartum groups (P <
0.05). The case group showed significantly greater miR-
301b-3p expression after delivery (P < 0.05), but the
postpartum case group showed no inhibition. After evaluating
the diagnostic efficacy of illness severity by clinical index, we
observed that NE#, Total Ca2+, and miR-301b-3p were
considerably better than 24UPro, PLT for GH or PE. Our
analysis revealed a strong negative correlation between miR-
301b-3p expression and SBP in PE patients with typical
clinical alterations (r=-0.85, p<0.0001). The diagnostic
effectiveness was much higher than 24UPro and PLT. Our
research revealed a strong correlation between miR301b-3p
and inflammatory index NE# in PE patients (r= -0.65, P
<0.0001), which is linked to PE in numerous studies
[15,16].PE patients' decreased Total Ca2+, and PLT may be
linked to endothelial cell damage and blood
hypercoagulability. This is supported by various
studies[17,18]. MiR-301b-3p was linked with Total Ca2+
(r=0.65, p<0.0001) and PLT (r=0.55, p<0.0001). The low
expression of miR-301b-3p in PE patients may be linked to
endothelial damage and hypercoagulability, not a single
inflammatory trigger. All data suggest that reduced miR-
301b-3p expression is linked with worsening PE. Even
commonly used diagnostic indicators like PAPP-A, PIGF, and
sFIt1 do not prove PE. Because some have the best specificity
and sensitivity when assessed at a set time [19,20]. Early
pregnancy PAPP-A levels showed a strong correlation with
PE[21]. Doppler ultrasound can predict PE. However, recent
investigations of the cardiovascular index have not linked it
to placental perfusion and functional markers, and
cardiovascular indicators did not improve PE screening
[22,23]. Thus, finding additional preeclampsia markers is
sensible.

Recent evidence suggests that miR-301b-3p drives various
types of human cancer, closely related to cancer cell
proliferation, migration, and invasion[24,25]. Under
inflammation and long-term hypoxia, trophoblast cells may
inhibit miR-301b-3p expression, causing HDP pathological
changes. Our research results' rationale is clarified. In low-
calcium diets, oral calcium reduces preeclampsia[26]. Low-
dose aspirin prevents preeclampsia by reducing inflammation
and platelet aggregation[27,28]. Our research has been drug-
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verified, making miR-301b-3p drug research easier—another
benefit. The sample size needs to be raised in this study. Other
deficiencies include the necessity for animal and prospective
cohort studies to verify miR-301b-3p-targeting medicines. In
conclusion, miR-301b-3p can diagnose PE and differentiate
clinical kinds to delay or stop its progression.
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Supplemental Information

Table 1. |The clinical characteristics of the participants (Mean+SD)

Control GH PE

n=83 n=31 n=49 Pl P2 P3 P4

Age (years) 27.31+£5.21 29.20+4.14 32.81+5.37 0.45 0.32 0.06 0.07
Gestational weeks 36.74+1.36 37.37+1.79 37.24+1.53 0.57 0.19 0.07 0.06
Hb(g/L) 119.63£17.72 113.63+15.7 113.4+17.3 0.13 0.27 0.81 0.13
BMI (kg/m?) 23.19+4.04 24.37+3.18 27.01+4.13 0.27 <0.05 0.19 <0.05
D-DIC (mg/L) 0.54+0.17 1.73£0.52 1.97+0.81 <0.05 <0.05 0.11 <0.05
FIB(g/L) 4.42+1.01 5.17+1.31 5.37£1.55 <0.05 <0.05 0.85 <0.05
Neonatal Weight(kg) 3.22+0.69 3.13+0.52 2.91£0.55 0.17 <0.05 0.65 <0.05
24UPro (mg/24h) 137.93+68.71 182.51+71.6 771.93+647.6 0.95 <0.05 <0.05 <0.05
Scr (umol/L) 55.42+17.81 51.28+10.57 59.55+18.63 0.87 <0.05 0.08 <0.05
PLT (10"9/L) 188.83+48.03 179.6£59.65 158.23+£71.55 0.79 <0.05 0.29 <0.05
ALT(U/L) 18.13+6.24 47.58+10.23 55.71£14.05 <0.05 <0.05 0.35 <0.05
AST(U/L) 21.27+6.92 37.25+£7.9 40.7+12.3 <0.05 <0.05 0.38 <0.05
SBP (mmHg) 115.42+11.93 145.7445.74 158.52+12.14 <0.05 <0.05 <0.05 <0.05
DBP (mmHg) 68.25+8.31 72.64+10.73 87.81+£12.37 <0.05 <0.05 <0.05 <0.05
WBC(*10"%/L) 8.57+2.55 11.94+2.47 12.39+2.43 <0.05 <0.05 <0.05 <0.05
NE#(*10"/L) 5.19+1.66 6.73+2.73 9.18+1.93 <0.05 <0.05 <0.05 <0.05
Total Ca*" (mmol/L) 2.2940.21 2.10+0.14 1.94+0.09 <0.05 <0.05 <0.05 <0.05

P, Control vs GH, P,.Control vs PE, P; GH vs PE , P,. Comparison of three groups
Table 2. | Relative expressions of plasma exosomal miR-301b-3p (Mean+SD)
Control GH PE
=83 n=31 =49 Pl P2 P3 P4
Antenatal 1.07£0.33 0.65+0.37 0.33£0.15 <0.05 <0.05 <0.05 <0.05
n=79 n=30 n=47
Postpartum 1.034+0.22 0.87+0.07 0.79+0.08 <0.05 <0.05 <0.05 <0.05
P5 0.83 <0.05 <0.05
P1: Control vs GH, P2: Control vs PE, P3: GH vs PE P4: Comparison of three groups P5: Antenatal vs Postpartum
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Fig 2. ROC curve for the predictiveness of GH, PE. The ROC curve was estimated by entering in the model 24hUPro, PLT,NE*, Total
Ca?*, miR -301b -3p before delivery. AUC: Area Under Curve.
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Fig 3. Correlation analysis between 24hUPro, PLT, NE*, Total Ca?*, miR-301b-3p and SBP (mmHg) in PE(n=49).

A B
2.3 0.6+ r=0.55
*<0.0001

2.2+
& o 0.4-

2.1+
S 2
3 2.0- =
= “ 0.2

1.9

1.8 T T T 1 0.0 T T T 1

0 100 200 300 400 L} 100 200 300 400
PLT PLT
C D
0.6 0.6+ r=-0.65
. p=0.0001

% 0.4+ ‘9,_ 0.4
& &
@ =

0.2 0.2+ -

I
* -
-
0.0 T T T T 1 0.0 T T 1
1.8 1.9 2.0 21 2.2 2.3 0 5 10 15
Total Ca®* NE#

Fig 4. Correlation analysis between PLT, NE#, Total Ca2+ and miR-301b-3p levels in PE(n=49).
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