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ABSTRACT

Objectives: MicroRNAs have been observed to play a major role in various physiological
processes, for instance, programmed cell death, cell division, pregnancy development, and
proliferation. With the help of profiling of microRNAs in the serum of pregnant women, it is
possible to link alterations in their concentration to the emergence of gestational problems. The
aim of the study was to evaluate the diagnostic potential of MicroRNAs Mi 517 and Mi 526 as
biomarkers in the detection of hypertension and preeclampsia.

Material and methods: The study considered 53 patients who are in their first trimester of a

singleton pregnancy. Participants have been divided into two study groups, one group with



normal pregnancy and another group having the risk of developing preeclampsia or who
developed hypertension or preeclampsia during follow-up constitute the study group. In order to
collect data associated with circulating miRINAs in serum, blood samples have been collected
from the participants of the study.

Results: Based on the univariate regression model, increased expression of Mi 517 and 526 and
parity status (primapara/multipara) has been obtained. The multivariate logistic analysis shows
that independent risk factors for hypertension or preeclampsia are the presence of an R527 and
being a primipara.

Conclusions: The study's findings have revealed that R517s and R526s act as major indicative
biomarkers in the first trimester for the detection of hypertension and preeclampsia. The
circulating C19MC MicroRNA was examined as a potential early indicator of preeclampsia and
hypertension in pregnant individuals.
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pregnancy

INTRODUCTION

Up to 10% of pregnancies can become complicated by hypertensive disorders of
pregnancy, which include preexisting and gestational hypertension, eclampsia, and preeclampsia
[1]. These conditions are a substantial source of perinatal and maternal mortality and morbidity.
Preeclampsia/eclampsia and preeclampsia along with persistent hypertension are all considered
hypertensive diseases of pregnancy (HDP). After 20 weeks of pregnancy, pre-eclampsia,
manifests as hypertension and proteinuria. It appears in between 2 and 10% of pregnancies [2].
Pre-eclampsia is a serious pregnancy complication, and its clinical symptoms start to appear in
the second trimester. Preeclampsia is described as the co-occurrence of hypertension ‘proteinuria
(> 0.3 g of protein in the 24-hour urine sample) and (blood pressure > 140/90 mmHg)’ in an
initially normotensive woman after 20 weeks of pregnancy [3]. Pre-eclampsia is a significant
factor in raising the risk of morbidity and mortality in fetuses or newborns and pregnant women
due to the potential path leading to serious problems, such as proteinuria, convulsions
(eclampsia), and hypertension. Preeclampsia may make future heart and blood vessel
(cardiovascular) illnesses more likely. When a woman has experienced preeclampsia more than

once, she is more vulnerable to developing cardiovascular problems in the future [4]. Pregnancy-



related hypertension and preeclampsia carry concerns for lower placental blood flow. The fetus
can receive less oxygen and fewer nutrients in case the placenta doesn’t receive enough blood.
Premature delivery, delayed growth (intrauterine growth restriction), and low birth weight can be
consequential of the condition [5]. Before giving birth, the placenta in this syndrome separates
from the uterus' inner wall. The risk of placental abruption is elevated by high blood pressure and
preeclampsia. The life of both the mother and the unborn child may be in danger if there is a
severe abruption that results in excessive bleeding. Slowed or reduced fetal growth may be a
result of high blood pressure. The heart, brain, liver, eyes, kidneys, lungs, and other important
organs might suffer damage from poorly controlled high blood pressure. It may even be fatal in
extreme circumstances.

It is essential to identify a successful method to select out women who are likely to
experience a severe case of preeclampsia for the prevention of this condition [3]. The prognostic
indicators that are being considered include markers and biochemical aspects of maternal blood
uterine activity, such as certain proteins, circulating microRNAs and circulating cell-free DNA,
and ultrasonography [6]. The specific microRNAs from a group of non-coding RNAs that are
relevant to this investigation are the main factors (ncRNAs). MicroRNAs (miRNAs) are single-
stranded, 19-25 nucleotide-long RNA molecules. MicroRNAs are crucial in the post-
transcriptional control of gene expression. In a process known as "silencing,” microRNAs
control the expression of more than 60% of all human genes.

MicroRNAs have been found to play a significant role in various physiological processes,
such as programmed cell death, cell division, pregnancy development, and proliferation. It has
been also found to play a role in a variety of pathological processes, including the development
of myocardial infarctions, tumors, reactions to inflammation and infections, and the onset of
chronic diseases [7]. In addition to that, for pre-eclampsia and other pregnancy-related disorders
microRNAs have been identified as regulators of processes that occur throughout pregnancy.
Pregnant women's serum microRNA profiles are different from those of non-pregnant women
[8]. By contrasting the serum profile of microRNAs in non-pregnant and pregnant women, or
between before and after labor, it is possible to distinguish microRNAs associated with
pregnancy and the placenta [9]. Among pregnant women, the microRNA profile in the serum
changes both qualitatively and quantitatively as the trophoblast develops and increases in volume

and mass. According to recent findings, microRNAs may control ‘cell migration in pre-



eclampsia and apoptosis (programmed cell death)’ [10]. Recent research on the pathogenesis of
pregnancy complications linked to the presence of trophoblast (PIRCs, placental insufficiency-
related complications) has revealed that microRNAs can be divided into four categories:
placenta-associated, placenta-specific, circulating, uterine, and placenta-derived [11]. Through
the profiling of microRNAs in the serum of pregnant women, it is possible to link alterations in
their concentration to the emergence of gestational problems [12]. Thus, it is with the help of
observing statistical differences in serum microRNAs expression levels among pregnant women
with healthy pregnancies and women pregnant with pre-eclampsia, which enables selected,
particular microRNAs to serve as safe clinical biomarkers of major complications at the time of
the pregnancy. Studies have put forward the fact that up-regulation of miR-517-5p,miR-520h,
and miR-518b are associated with the risk of later progression of preeclampsia [13]. It has also
been identified in the screening of extracellular miR-517-5p during the first trimester a
significant section of women develop subsequent preeclampsia. It has been mentioned in this
context that the presence of elevated first-trimester plasma levels of miR-517-5p can be
considered predictive of preeclampsia. In the study, it has been mentioned that miR-517-5p
biomarker alone has been observed by the researchers as a predictive performance for
preeclampsia [13]. The researchers also opined that C19MC microRNAs play a considerable role
in the pathogenesis of complications associated with pregnancy. It has been reported in this
context that in maternal circulation during the first trimester or early in the pregnancy C19MC
microRNAs are dysregulated and it can play a role in stimulating preeclampsia and gestational

hypertension [14].

Objectives

The objectives of the current study are to discuss the role of microRNAs and their
biomarkers during pregnancy. It would also focus on identifying the role of microRNAs in pre-
eclampsia development. The researcher would also evaluate the diagnostic potential of
MicroRNAs Mi 517 and Mi 526 as biomarkers in the detection of hypertension and

preeclampsia.

MATERIAL AND METHODS
Study design



Considering the need of the study, the researcher would be conducting a cohort study,
wherein the researcher has considered two study groups, one group with normal pregnancy and
another group having the risk of developing preeclampsia or who developed hypertension or
preeclampsia during follow-up constitute the study group. This paper employs the STROBE

~

guideline for reporting observational studies [15].

Participants

The study considered 53 patients who are in their first trimester, who were selected based
on their availability and the stage of pregnancy of these patients. Herein, the study has
considered only patients in their first trimester having a singleton pregnancy, which acted as an
eligibility criterion for the selection of the participants. Among the chosen study group, 25
patients have been selected with normal pregnancies, who have been noted to not have risk
factors associated with pre-eclampsia or who had not developed pre-eclampsia or hypertension at
the time of follow-up. This section of the study group has been considered the control group for
the study. Another 25 patients considered for the study comprised patients who had developed
preeclampsia or hypertension at the time of follow-up or patients identified as having the risk
factors of preeclampsia or hypertension during the follow-up. This section of the participants has
been considered as the study group. The remaining three patients were excluded from the study
analysis because of the absence of cDNA in the reverse transcription reaction, despite the various
attempts. Four patients were further incorporated into the control group, which comprised a
priori that they had no risk factors associated with developing preeclampsia or hypertension.
Among these four patients, one patient had a stillbirth, and three patients developed gestational

diabetes during pregnancy.

Sampling
For the purpose of determining the microRNA profile from participants of the study,
sterile collection of 9.8 ml of peripheral venous blood (2 x 4.9 mL) has been performed into

tubes with EDTA as an anticoagulant. Sampling has been performed at week 12 (first trimester).

Variables



Regarding the different variables associated with the study, the age of the patient has been
identified as one of the variables. Herein, based on the age of the patients, the age group has been
classified into two groups. One group comprised mothers below the age of 35 years and the other
group comprised the advanced age of mothers who are of 35 years and above. Another variable
is the risk of chromosomal aberrations, wherein, the study considered the risk of chromosomal
aberrations: low risk > 1:1000, intermediate risk 1:300—1:1000; and high < 1:300. PAPP-A
protein MoM is another variable considered for the study, for which, patients having PAPPA

protein MoM less than 0.5-0.4 were identified to have elevated risk of developing preeclampsia.

Measurement

In order to collect data associated with circulating miRNAs in serum, blood samples have
been collected from the participants of the study, which was the source of data for circulating
miRNAs in serum. RNA isolation was the data source for collecting information associated with
a fraction of short RNA fragments. RQ-PCR has been the data source for the miRNA expression
profile, which provided information associated with 40 miRNAs that are associated with
trophoblast. A group of miRINA molecules has been the data source for comparing statistically

significant differences in expression levels between the control and study group.

Methodology for analyzing circulating miRNA’s in serum

Blood samples have been collected from the participants under sterile conditions,
followed by a 1-hour incubation period at room temperature. After collecting the blood samples,
whole blood was centrifuged, for the purpose of separating separate serum from blood morphotic
elements. Followed by collecting the serum which has been frozen at —80 degrees C. RNA
isolation has been conducted with the help of a ready-made RNA isolation kit that is specifically
for the fraction of short RNA fragments. With the help of light absorption at 260 nm in a
spectrophotometer the concentration and purity of RNA have been checked. In order to reduce
the risk of DNA contamination, for a duration of 30 minutes incubation with DNase at 37
degrees C has been performed. For determining the miRNA expression profile, the researcher
has considered RQ-PCR based on Qiagen's dedicated kits. In this study, profiling of 40 miRNAs
has been performed, the expression of which has been identified to be associated with the

presence of trophoblastin in the pregnant population. After evaluating the results derived from



the sample patients who developed preeclampsia and comparing the results of the patients having
physiologically normal pregnancies, a group of miRINA molecules has been selected, for which,
the study has demonstrated statistically significant differences in expression levels. Furthermore,
with the help of qRT-PCR the expression level of the selected miRNA molecules in each group

of women have been rechecked.

Calculations according to the formula R= 2-AACT

For the purpose of determining the relative expression levels of individual miRNAs at the
mRNA level, the AACt comparative method has been implemented in this study, much like the
assessment of ABI-1 gene expression. In this context, in order to implement the AACt
comparative method, the endogenous control miR-423-5p has been implemented. In this
alignment, it has been assumed that the value; of 0.8 <R < 1.2 is indicative of a normal
amplification range (N). For the value of R<0.8 for the test group samples, it is indicative of a
decrease in amplification (). R > 1.2 for test group samples, it has been considered indicative of
an increase in amplification (+). For R = 0 for test group samples, it implies no amplification (0)

for the expression level of individual miRNAs in the group of patients.

Statistical analysis

Quantitative data are presented as a median with an interquartile range, while qualitative
ones are presented as a number of cases with a percentage value. To compare quantitative
variables Mann Whitney U test was used due to the nonnormal distribution of the data assessed
by Shapiro-Wilk test. Only for the age variable T-student test was used due to its normal
distribution. To compare qualitative variables, the Chi-square test was used for data with more
than two categories, while dichotomic variables were analyzed with the use of the Fisher test. To
assess usefulness of investigated miRNA as predictive factors, a general linear model (GLM) and
logistic regression were applied. The predictive ability of the obtained model was analyzed by
the ROC curve with cut off values derived from Youden index. Analysis was performed using

RStudio software (Integrated Development for R. RStudio, PBC, Boston, MA, USA).

RESULTS



The total number of participants who remained for the study is 48. These 48 participants
have been equally grouped for the study into two groups, that is, the control group comprised of
24 patients, and the study group comprised of 24 patients. The mentioned number of participants
for both groups continued till the end of the study. All the participants in both groups were
subjected to follow-up and the sampling was performed at week 12, which is their first trimester

of pregnancy.

Descriptive data

The study comprised women aged in two categories, one group was below the age of 35
years and another group of women was above the above of 35 years. The patients considered for
the study were in the first trimester and had a singleton pregnancy. In regard to the clinical
conditions of the control group, the sample has not developed hypertension or pre-eclampsia
during follow-up, and they were free from any risk factors for pre-eclampsia. In the case of the
study group, the participants had developed hypertension or preeclampsia during follow-up or
were having risk of developing preeclampsia. In the case of three patients in the control group,

they had developed gestational diabetes.

Outcome data

Based on the observed findings from the present study, it has been noted that among all
the factors of PAPP-A protein, hypothyroidism, diabetes mellitus, and gravidity, it is only the
factor of gravidity among the patients, which has been noted to have a statistically significant
association with developed hypertension or preeclampsia among the patients during their first
trimester. The other mentioned aspects associated with the patients have been noted to have no
statistically significant association with developed hypertension or preeclampsia. The aspect of
parity also demonstrated a statistically significant association with hypertension or preeclampsia
among the patients, wherein univariate analysis showed a significantly decreased risk associated
with a plurality. Univariate analysis showed a significantly increased risk of the development of
hypertension or preeclampsia associated with the presence of R517s. The univariate analysis also

demonstrated a significantly increased risk associated with the presence of R526s.

Main results



It has been noted that there exist significant differences in miRNA 517ddct, miRNA
526ddct, and gestational age of delivery between the control and study group. These variables
have been noted to be higher in the study group (Tab. 1).

Based on the collected samples from the participants of the study, the association of
PAPP-A protein, hypothyroidism, diabetes mellitus, and gravidity with the development of
hypertension or preeclampsia during their first trimester was analyzed. With the help of the
analysis, it has been noted that, for none of the factors, apart from gravidity and parity the
association with the development of hypertension or is statistically significant. On conducting
univariate analysis, in context to parity, it has been noted that parity has a statistically significant
association with hypertension or preeclampsia during the first trimester among patients, with
reduced risk of developing the conditions with pluriparity odds ratio (OR) = 0.190; CI 0.04-0.81;
p = 0.016]. This analysis demonstrated that gravidity significantly decreases the risk of
developing hypertension or preeclampsia (OR = 0.050; CI 0.00-0.41; p = 0.001) (Tab. 2).

For R210s when the patients of both the control and the study group were compared it
was noted that, for 14 patients in the control group the percentage derived is 58.33%, (—-R210s),
and for 7 patients it is 29.17% (+R210s), for the study group, among 8 patients it has been
recorded to be 32.00% (—R210s), among 11 patients 44.00% (+R210s) based on which, it could
be inferred that for R210s, no significant differences. For R517s as well, no significant
differences were found between the control and the study group, wherein for 17 patients in the
control group it has been recorded to be 70.83% (—R517s), for 1 patient 4.17% (+R517s) and
when compared to study group it has been recorded to be 24.00% for 6 patients in the study
group (-R517s), 40.00% for 10 patients in this group (+R517s), indicating no significant
differences for R517s between the control and the study group, however, the percentage of
patients having —R517s is significantly higher among the patients of the control group as
compared to the study group, which is indicative of R517s have association with the
development of hypertension or preeclampsia during the first trimester, which is statistically
significant. The univariate analysis demonstrated a significantly increased risk of development of
hypertension or preeclampsia associated with the presence of R517s (OR = 19.44; CI 2.20—
957.22; p = 0.004). The univariate analysis showed also a significantly increased risk of
developing hypertension or preeclampsia (OR = 9.28; CI 1.62—-100.96; p = 0.004) associated
with the presence of R526s.



Based on the univariate logistic regression model, increased expression of Mi 517 and
526 and parity status (primapara/multipara) has been obtained. The analysis shows that
independent risk factors for hypertension or preeclampsia are the presence of an R527 and being

a primipara (Tab. 4). The model characterizes by 82.4% sensitivity and 94.4% specificity (Fig.
1).

DISCUSSION

Based on the results from the current study;, it has been observed that R517s and R526s
act as major indicative biomarkers in the first trimester for the detection of hypertension and
preeclampsia. Herein based on the univariate analysis it has been observed that the presence of
R517s and R526s significantly increases the risk of hypertension and preeclampsia among the

patients.

Limitations
The limited number of patients considered for the study can be regarded as one of the

limitations of this study.

Interpretation

Based on the findings from the current study it can be seen to be aligned with the study
conducted by Hromadnikovaet al. [13], wherein the researchers have stated that through the
profiling of microRNAs in the serum of pregnant women, it is possible to link alterations in their
concentration to the emergence of gestational problems. The researchers have stated in this
context that observing statistical differences in serum microRNAs expression levels among
pregnant women with healthy pregnancies and women pregnant with pre-eclampsia, enables
selected, particular microRNAs to serve as safe clinical biomarkers of major complications at the
time of the pregnancy. The previous findings have provided the observations that up-regulation
of miR-517-5p,miR-520h, and miR-518b is related to the risk of later progression of
preeclampsia. It has also been identified in the screening of extracellular miR-517-5p during the
first trimester a significant section of women develop subsequent preeclampsia [14]. It has been
concluded in that study that the presence of elevated first-trimester plasma levels of miR-517-

5p can be considered as predictive of preeclampsia [13]. The findings of the current study can be



seen to be aligned with the mentioned findings wherein it has been noted that R517s act as a
major indicative biomarker for the detection of hypertension and preeclampsia, wherein a similar
finding has been reported that miR-517-5p biomarker alone has been observed by the researchers
as a predictive performance for preeclampsia [13]. However, the finding of the present study on
miRNA-210 can be seen to be contradicting with the study conducted by Jaszczuk et al. [16],
wherein in the current study it has been noted that miRNA-210 is not statistically significant with
the development of hypertension and preeclampsia. Currently, screening for preeclampsia is
performed using biochemical tests, but the inclusion of new markers may lead to increased
sensitivity and specificity of screening. The mRNA cannot be used to evaluate the entire
population at present due to its expensive cost, but it may be applied to specific cases, such as
high-risk. in addition, soon, we expect to reduce the cost of mRNA evaluation, after which it will
be possible to use it in population screening. Therefore, research to reveal the mechanisms

occurring is important to be able to use mRNA in further diagnostics.

CONCLUSIONS

In the conclusion, it can be stated that pregnant patients' use of biomarkers like C19MC
MicroRNA would help define pregnancy monitoring and put therapies into place. The findings of
the study revealed that independent risk factors for hypertension or preeclampsia are the
presence of an R527s and being a primipara. In this work, the circulating C19MC MicroRNA
was examined as a potential early indicator of preeclampsia and hypertension in pregnant

individuals.
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n | % n | % OR |95% CI p
Hypothyroidism
0 14 58.33 17 68.00
1 10 41.67 8 32.00 0.66 [0.17 246  10.561
Diabetes mellitus
0 21 87.50 21 84.00
1 3 12.50 4 16.00 1.33 10.20 10.18 ]0.100
Gravidity
1 1 4.17 12 48.00
> 1 23 95.83 13 52.00 0.05 10.00 0.41 0.001
Parity
1 4 16.67 13 52.00
> 1 20 83.33 12 48.00 0.19 10.04 0.81 ]0.016
Hypertension
0 24 100.00 23 92.00
1 0 0.00 2 8.00 — — — 0.490
Premature
0 23 95.83 22 88.00
1 1 4.17 3 12.00 3.067 10.23 171.51 ] 0.609
Stillbirth
0 23 95.83 25 100.00
1 1 4.17 0 0.00 — — — —
Age group
0 12 50.00 15 60.00
1 12 50.00 10 40.00 0.672 10.19 2.38 0.571

OR — odds ratio; CI — confidence interval

Table 3. Univariate analysis of risk factors of hypertension or preeclampsia

Control group Study group

n % n | % OR 95% CI P
R210s
— 14 5833 |8 32.00 [0.344 |0.09 [1.25 0.088
+ 7 29.17 |11 44.00 |1.883 0.51 |7.43 0.378
0 3 1250 |6 24.00
R517s
— 17 70.83 |6 24.00 [0.088 0.01 [0.47 0.001
+ 1 4.17 10 40.00 [19.44 2.20 |957.22 0.001
0 2 8.33 3 12.00
R526s
— 17 70.83 |9 36.00 [0.120 0.02 10.59 0.004
+ 2 8.33 12 48.00 [9.288 1.62 |100.96 0.004
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OR — odds ratio; CI — confidence interval

Table 4. Multivariate model of risk factors of hypertension or preeclampsia

estimate |aOR 95% CI p
(Intercept) 0.6620 1.94 1.52 2.47 0.001
primapara 0.5340 1.71 2.21 1.32 0.001
R526s_+ 0.4327 1.54 1.18 2.01 0.003
R517s_+ 0.1487 1.16 0.86 1.57 0.339

CI — confidence interval

Figure 1. Receiver operating characteristic (ROC) curve for the multivariate model; AUC —

area under the curve




