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ARTICLE INFO ABSTRACT

Keywords: Preeclampsia (PE) is a multi-system disorder that is specific to human pregnancy. Inadequate oxygenation of
Gene e.xpression uterus and placenta is considered as one of the leading causes for the disease. MicroRNA-210(miR-210) is one of
Hypoxia the prime molecules that has emerged in response to hypoxia. The objective of this study was to determine miR-
microRNA-210 . . . . .

Plasa 210 expression patterns in plasma from severe PE and mild PE patients, and how that affects the expression of
Preeclampsia miR-210 target genes. The expression levels of miR-210 were validated using reverse transcription-quantitative

PCR in plasma of severe PE (15) and mild PE (15) patients in comparison to controls subjects (15) with normal
pregnancy. Then, the association between miR-210 and its downstream genes was validated by using human
miR-210 targets RT2 profiler PCR Array. Both the categories (mild and severe) showed significantly high miR-
210 expression levels. Also out of the 84 hypoxia miR-210 associated genes screened using mRNA, 18 genes
were found to be differentially expressed in severe PE whereas 16 genes in mild PE cases with varying magni-
tude. All the genes in both the PE groups were found downregulated in comparison to controls. These down-
regulated genes expressed in both the cases were shown to be participating in immunosuppression, apoptosis,
cell growth, signaling, angiogenesis, DNA repair. This study provides novel data on the genes that work
downstream of miR-210 and how dysregulated expression of miR-210 can affect their expression and in turn
functioning which can be associated with PE risk and severity. This study is the very first to determine the effect
of miR-210 expression levels on associated genes in plasma samples.

1. Introduction

Preeclampsia (PE) is a leading cause of maternal and fetal morbidity
worldwide [1]. The disease is characterized by proteinuria and hyper-
tension [2], approximately affecting 2-8% of pregnant women [3,4].
Several risk factors contribute to the PE pathogenesis, including preg-
nancy age, times, hypertension, anemia, overweight/obesity, urinary
tract infection, and hereditary factors [5,6].

PE pathology is classified into mild and severe. According to ACOG,
mild PE is defined by increased maternal systolic blood pressure
exceeding 140 mm Hg, and/or diastolic blood pressure exceeding 90
mm Hg on two occasions separated by 6-h apart, with a significant
proteinuria (>300 mg of protein in a 24-h urine specimen or >1+ by
dipstick) following 20 weeks of gestation [7]. On the other hand, severe

PE is characterized by an increase in the systolic blood pressure
exceeding 160 mm Hg, and/or diastolic blood pressure exceeding 110
mm Hg on at least 2 occasions 6-h apart, with either evidence of mild
proteinuria, or mild hypertension plus severe proteinuria (>2 g/24-h or
>2+ by dipstick) following 20 weeks of gestation [7]. Coupled with
clinical pressures surrounding the risk of under-diagnosis, this has
resulted in a dilution of diagnostic specificity for PE [8]. Thus, a need to
clarify the underlying pathogenic mechanisms of PE, to unambiguously
distinguish the condition and open the doors to early prognostic and
therapeutic measures.

The pathogenesis of PE is not clearly understood, although it has
been generally believed that an abnormal development of the placenta
at early gestation may be the critical cause of this disease [9]. Specif-
ically, impaired trophoblast invasion and aberrant spiral arterial

Abbreviations: ACOG, American College of Obstetricians and Gynecologists; cDNA, Complementary DNA; HIF, hypoxia inducible factor; KCMF1, potassium
channel modulatory factor 1; mRNA, messenger RNA; miRNA, Micro RNA; PCR, polymerase chain reaction; PE, preeclampsia; RT-PCR, quantitative real time PCR.
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remodeling are thought to decrease uteroplacental perfusion and
excessive placental hypoxia/ischemia, causing the release of soluble
factors or cell debris which further damage the maternal endothelium
[10]. Recently, accumulating evidence has indicated that the abnormal
expression of miRNAs in the placenta is associated with preeclampsia [9,
11,12]. MicroRNAs are 22- to 24-nucleotide noncoding RNAs that
regulate gene expression by seed sequence pairing with the 3'-untrans-
lated region (UTR) of target mRNAs, leading to repressed translation or
induced mRNA cleavage of the target genes [13]. MiRNAs have been
identified as essential mediators of numerous cellular processes [14],
potentially including the response to hypoxia. Moreover, they are re-
ported to play critical roles in the regulation of uteroplacental activities
which participate in the pathogenesis of PE.

Studies have revealed that miR-29b promotes PE via regulating the
apoptosis and invasion of trophoblasts [15]. MiR-126 is downregulated
in the placentas of PE patients, and it correlates with the decreased
expression of vascular endothelial growth factor (VEGF) [16]. MiR-210,
a member of hypoxia-induced miRs, also known as hypoxia-miRs, is
ubiquitously expressed in a variety of cells including mammary
epithelial and trophoblast cells [17]. MiR-210 is specifically induced by
hypoxia-inducible factor-1a during hypoxia [18], and regulates many
hypoxia response pathways, including cell survival, angiogenesis,
mitochondrial metabolism, and DNA repair [19]. MiR-210 can target
and suppress many genes, including the cell cycle regulator E2F tran-
scription factor 3, the receptor tyrosine kinase ligand ephrinA3, the DNA
repair protein RAD52, and the iron-sulfur cluster assembly proteins 1/2
[14,20]. Recent studies revealed that upregulated expression of miR-210
is seen in patients with preeclampsia [21] and demonstrated that
hypoxia-inducible miR-210 might participate in the occurrence of pre-
eclampsia [22]. The repressive effect of miR-210 on primary trophoblast
cell invasion has also been reported [22]. Besides, the study of Luo et al.
[9] revealed that miR-210 could be a potential serum biomarker for
preeclampsia. Their study was the first to report that aberrant miR-210
expression may contribute to the occurrence of preeclampsia by inter-
fering with KCMF1-mediated signaling in the human placental tropho-
blast cells. A recent study has shown an association between
mRNA/miRNA network involving miR-210, miR-20, iron sulfur-cluster
assembly, hypoxia-inducible factor 1a, cytochrome ¢ oxidase-10, phos-
phatase, tensin homolog and DNA repair protein RAD52 expression
levels and potential intrauterine insults like fetal growth restriction
[10]. Despite these findings, the details of the role played by miR-210 in
preeclampsia development remain elusive.

An aberrant miR-210 expression is present not only in solid tumors
and harmed organs but is secreted into the circulation, allowing detec-
tion in plasma [23]. It should be noted that all the studies on the effect of
miR-210 on gene expression to date have focused on only severe PE, and
parallel studies involving mild PE have not been performed. Our earlier
studies show a marked variation in the extent of differential expression
of miR-210 [21]. We speculate this difference can in turn show variation
in its effect on gene expression, according to PE severity and on its
pathogenesis. The present study addresses the miR-210 expression pat-
terns in plasma from severe PE patients compared to mild PE patients,
and how the difference affects the differential expression of miR-210
target genes in both cases. It aims at evaluating potential
hypoxia-induced pathways that may be involved in PE pathophysiology.

2. Materials and methods
2.1. Ethics approval and consent to participate

Informed consent for sample collection were obtained from all par-
ticipants. The project was approved by the Ethics Committee of Sal-
maniya Medical Complex and Arabian Gulf University, Kingdom of
Bahrain (Ethical approval number/Project Number: 32-PI-01/15). The
study was performed following the ethical standards as laid down in the
1964 Declaration of Helsinki and its later amendments. All the design,
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analysis, interpretation of data, drafting, and revisions followed the
Reporting of Observational Studies in Epidemiology (STROBE) state-
ment: guidelines for reporting observational studies, available through
the Enhancing the Quality and Transparency of Health Research
(EQUATOR) network.

2.2. Sample collection

The study was carried out on 30 Arab women with a confirmed
diagnosis of PE, who were recruited into the study between November
2017 and January 2018. Among them, 15 was presented with mild PE
and another 15 presented with severe PE. Blood pressure, gestational
age, and urine protein were assessed to screen PE, which was classified
as per ACOG guidelines [7]. Mild PE patients had systolic blood pressure
>140 mm Hg, diastolic blood pressure >90 mm Hg on 2 occasions
separated by 6 h, and proteinuria (>300 mg of protein in a 24-h urine
specimen or >1+ by dipstick) [7]. On the other hand, severe PE was
confirmed if one or more of these conditions were met: persistent sys-
tolic blood pressure >160 mm Hg and/or diastolic blood pressure >110
mm Hg on least at 2 occasions 6 h apart; proteinuria (>2 g/24 h or >2+
by dipstick); and serum creatinine >106 mmol/1 (except patients whose
serum creatinine was increased before the test), low platelet count
(<105/ml); increased lactate dehydrogenase; elevated liver enzyme
function (ALT, AST), and persistent upper abdominal pain [7]. A total of
15 healthy Arab women were included as controls. Inclusion criteria for
the control group included no previous history of hypertension, car-
diovascular disease, hepatitis, kidney disease, diabetes, and any evi-
dence of intrapartum infection or other complications of pregnancy such
as fetal anomalies or chromosomal abnormalities. All women included
in the study were in their third trimester of pregnancy. Venous blood
samples of study subjects were collected in 4-ml EDTA-K2 tubes, which
were kept at room temperature for 30 min, and then centrifuged at 1000
g for 10 min to collect plasma, which was stored at —40 °C until use.

2.3. Total RNA isolation for extraction of miRNA and mRNA

Total RNA was isolated from plasma using miRNeasy serum/plasma
kit, as per the manufacturer protocol (Qiagen, Valencia, CA). Synthetic
C. elegans miRNA cel-miR-39 (Qiagen, Valencia, CA), was added to de-
natured samples following inhibition of endogenous RNase activity, to
normalize variation in RNA isolation from different samples, as
described [21]. miRNA was eluted with 110 pl elution solution. Simi-
larly, mRNA extraction was done using QIAamp RNA blood Minikit from
fresh blood (Qiagen, Valencia, California, USA), according to the man-
ufacturer’s protocol. Briefly Given the requirements for highly pure and
optimal RNA amounts, all RNA samples will be screened for purity by
measuring optical density (OD) at 260 nm (OD240) and 280 nm (OD2g).
miRNA or mRNA concentration (ug/ml) will be calculated based on the
ODy¢g reading.

2.4. Real-time reverse transcription-polymerase chain reaction for miR-
210 expression assay

MiR-210 expression in control, as well as sSPE and mPE samples, was
performed using 2 pg of total RNA was used for miRNA reverse tran-
scription using the TagMan miRNA Reverse Transcription Kit (Applied
Biosystems, Inc., Foster City, CA, USA). Then, the expression levels of
miRNA were determined on an ABI PRISM 7900HT PCR system (Applied
Biosystems, Foster City, CA, USA) with the following system: for the
quantification, U6 was used to normalize miRNA. Primers of miR-210
were designed as follows: miR-210-forward,5-GTGCAGGGTCCGAGGT-
3, and miR-210-reverse: 5-CTGTGCGTGTGACAGCGGCTGA-3;
U6-forward,5-CTCGCTTCGGCAGCACA-3, and U6-reverse,5-
ACGCTTCACGAATTTGCGT-3. Then, the fold changes of miR-210 were
calculated using the 2724¢t method [24]. Each sample was analyzed in
duplicate, and the mean value was set as the final expression value. The
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final results were reported as relative expression by setting the expression
values of miR-210 in controls as 1 and the expression value of other
samples was calculated relative to this control [25].

2.5. Reverse transcription real-time PCR for RT2 profiler PCR arrays

To carry out the assay of gene targets of miR-210, the conversion of
mature mRNA to ¢cDNA was done by RT? First Strand Kit (Qiagen,
Valencia, California, USA), according to the manufacturer’s protocol.
Briefly, 5 ug of RNA was taken along with 3 pl of buffer and the volume
was made up to 10 pl using RNase-free water. Then 10 pl of reverse
transcription mix was added to it followed by incubation at 42 °C, for 15
min and then immediately reaction was stopped by incubating it at 95 °C
for 5 min. The reaction was done in a PCR thermocycler. Once the re-
action was complete then 82 pl of RNase-free water was added and
subjected to real-time PCR for PCR array studies. Gene expression
detection was be carried out on human miR-210 targets RT2 profiler
PCR Array using RT2 SYBR Green PCR Kit (Qiagen, Valencia, California,
USA) according to the manufacturer’s protocol. RT2 profiler PCR Array
enabled assessment of multiple cDNA samples using real-time PCR. Each
Array plate, apart from 84 genes includes 5 housekeeping genes, a
genomic DNA control, reverse-transcription controls, and contain a
positive PCR control (Human miR-210 Targets gene list, Qiagen,
Valencia, California, USA). Briefly, the reaction mixture for a 96-well
plate was; 1350 pl of 2 X SYBR Green Master Mix, 1248 pl of RNase-
free water and 102 pl of template cDNA. A total of 25 pl of reaction
mixture was added to each well of 96-well plate. The reaction was run on
Applied Biosystems StepOne Plus PCR system as follows: 1 cycle was run
at 95 °C for 10 min and then 40 cycles were run with each cycle con-
sisting of 15 s at 95 °C, 30-40 s at 55 °C and 30 s at 72 °C. Open-array
real-time qPCR analysis software was used to analyze and review the
amplification plots and threshold cycle values obtained. The ACt for
each pathway-focused gene was calculated using the Ct values for the
gene of interest (GOI) and the housekeeping gene used for normalization
(HKG) using the formula: ACy = C§O! _ VO HKG gop every gene, AACy
was calculated using the formula: AACr = ACr (group 2) - ACt (group
1), where group 1 is the control and group 2 is the sPE or mPE samples.
Finally, the fold change for each gene from group 1 and group 2 as 2©
AACD Data analysis was performed with DataAssist™ Software (Applied
Biosystems) through global mean normalization of all genes.

2.6. Statistical analysis

In the current study, SPSS 20.0 software (IBM, SPSS, Chicago, IL,
USA) was used to perform statistical analysis. The characteristics of
study subjects were compared using Student t-test. The significance of
gene amplifications was determined by Mann-Whitney U test for 2 group
comparison, and Kruskal-Wallis test for multiple comparisons; P < 0.01
was considered statistically significant.

3. Results
3.1. Clinical characteristics of study subjects

The main clinical characteristics for the study groups are summa-
rized in Table 1. All subjects in each category were Bahraini Arabs and
all pregnancies were primiparas. There was no significant difference
between maternal age and pre-pregnancy body mass index or smoking
among the study groups and controls. However, the mPE and sPE group
differed significantly in gestational age at delivery, birth weight, blood
pressure protein content in urine, mode of delivery and number of a
female fetus. Studies have shown that the sex of the fetus impacts the
maternal immune and in turn, determines the risk of developing pre-
eclampsia [26].

53

Non-coding RNA Research 6 (2021) 51-57

Table 1
Clinical characteristics of normal and preeclamptic patients.
Characteristics Controls (n Mild Preeclamptic Severe
=15) patients (n = 15) Preeclamptic
patients (n = 15)
Maternal Age (years) 30 (25-35) 32 (29-35) 33(29-37)
Prepregnancy body 24 (22-26) 26 (21-31) 25 (22-29)
mass weight (Kg/
m?)
Gestational age at 39 (37-41) 32 (29-35) 30 (27-33)
delivery (weeks)
Birth weight (Kg) 3.3 2.7 (2.1-3.3) 2.4 (2.1-2.7)
(3.1-3.5)
Systolic Blood 105 143 (140-146) 172 (165-179)
Pressure (mmHg) (90-120)
Diastolic Blood 71 (65-77) 96 (90-102) 112 (95-129)
Pressure (mmHg)
Proteinuria (g/24 h) Normal 2.2 (1.8-2.6) 3.4 (3.0-3.8)
Mode of delivery 10 vaginal 7 vaginal (46%) 4 vaginal (27%)
(67%)
(Cesarean/Vaginal) 5 cesarean 8 cesarean (54%) 11 cesarean
(33%) (73%)
Female fetus (n) 5 (33%) 7 (46%) 10 (66%)
Smoker 0 (0%) 0 (0%) 0 (0%)

Values expressed as median (range) whereas for mode of delivery, fetus gender
and smoking the values are as percentages.
n = number.

3.2. Relative expression of microRNA-210 using real time-PCR

Total miRNA isolated from plasma of controls, mild PE and severe PE
was subjected to real-time PCR using specific miR-210 primers. Based on
P<0.01 and fold change of above 2 cut off, both the sample category
(mPE and sPE) showed significant relative expression in comparison to
control samples (Fig. 1). The mPE showed a fold change of 10.43 (P =
0.005) whereas sPE samples showed an even higher expression with a
fold change of 19.20 (P = 0.003). This indicates that miRNA-210 is
highly upregulated in preeclamptic patients as compared to control
subjects.

3.3. Gene targets of microRNA-210 profiling according to PE severity
versus the controls

To carry out assay of gene targets of miR-210, a pathway focused
RT2 profiler PCR Array was used which allowed assessment of multiple
cDNA samples using mRNA in real-time PCR. Out of the 84 hypoxia miR-
210 associated genes screened, 39 were correctly amplified in plasma of
sPE cases whereas 36 genes in mPE cases versus control subjects (Ct “31).
A total of 45 samples were screened out of which 15 were of control
subjects and 15 of mPE and 15 sPE cases. A good correlation of Ct values
in controls and cases was seen, thereby reinforcing the study consistency
and reliability. Raw data obtained were analyzed by online RT2 PCR
array data analysis software (Qiagen, Valencia, CA). The two case
groups were compared with the control women. All the genes amplified
in both the PE groups were found as downregulated in comparison to
controls. Based on a conservative selection criterion (fold change < 0.5
and p-value <0.01), 18 genes were found to be differentially expressed in
sPE whereas 16 genes in mPE cases with varying magnitude (Fig. 2,
Table 2). Overall, the genes were more downregulated in severe cases
than mild ones and their symbol and function is described in Table 3.

4. Discussion

Preeclampsia has been coined “the disease of theories” since its
precise origin remains elusive. Although, fetal sonography is considered
an important clinical tool for monitoring of the fetus and the mother
[27]. Differential expression of miRNAs in preeclamptic placentae and
plasma has been reported by several groups [9,21] and the molecular
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Fig. 1. Relative expression of microRNA-210

using real time-PCR.

Relative expression of microRNA-210 measured in
mild preeclampsia (mPE)

patient (15) and severe preeclampsia (sPE) patient
(15) plasma samples. The x axis shows the sample
category whereas the y axis indicates the expression
levels of microRNA-210 in each category with
respect to control samples (15). The expression
levels plotted are the mean of all the samples under
each category. The error bars show standard error
of the mean (Mean + SEM).
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Fig. 2. Differentially expressed
microRNA-210 target genes in severe and
mild preeclampsia patients versus con-
trols.
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mechanisms by which these miRNAs participate in the regulation of
placental cell function has elucidated some aspects of the pathogenesis
of preeclampsia related to angiogenesis, apoptosis, or cell cycle of
placental cells [28]. Since a single miRNA is very often involved in
several molecular pathways in pregnancy, we used miR-210 as a model
for the study of miRNA overexpression in PE. Among hypoxia-regulated
miRNA, miR-210 has been reported to be involved in several diseases.
Like McCormick et al. [29] demonstrated that miR-210 is a target of
HIF-1 and HIF-2 and is closely correlated with the prognosis of patients
with renal cancer. MiR-210 is among the top members of a list of miR-
NAs with predominant overexpression in preeclamptic placentae [9]
and maternal plasma at early to mid-gestation [21]. Elucidation of the
underlying mechanisms by which miR-210 exerts its effects is likely to
provide a better understanding of the pathophysiology of PE and un-
cover new targets for therapeutic intervention. In the current study, we
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eclampsia groups i.e., mild and severe, were
found downregulated in comparison to con-
trols. A total of 18 genes were found to be
differential expressed in severe PE whereas
16 genes in mild PE cases with varying
magnitude. The x axis shows all the genes
that were differentially expressed in both the
cases whereas as y axis indicate their fold
change with respect to control samples. The
expression of genes ACVRIB and ADAM-17
was not observed for mild PE.

explored the expression patterns of miR-210 in plasma from sPE patients
and mPE patients, and how the difference in relative expression can
affect the differential expression of miR-210 target genes in both cases.

Our pilot study was concentrated on the expression of miR-210 gene
targets in plasma samples since increased miRNA expression suggests
the downregulation of potential target mRNAs which may contribute to
PE pathophysiology. Using a specific primer and real-time PCR, we
confirmed that miR-210 expression was upregulated in plasma samples
of sPE and mPE as compared to control samples. Interestingly, previous
studies have shown that miR-210 is predominantly elevated in placental
and plasma samples of patients with PE [12,30]. Many pathway studies
have contributed that miR-210 is specifically induced by
hypoxia-inducible factor-1a during hypoxia and regulates many hypoxia
response pathways [18]. Furthermore, we investigated an array of 84
genes that are associated with miR-210 and in both the cases (sPE and
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Table 2
Differentially expressed microRNA-210 target genes in severe and mild pre-
eclampsia plasma samples versus controls.

Gene Symbol Mild PE P <0.01* Severe PE P <0.01*
Fold change Fold change
ACVRIB NA NA 0.283 0.0094
ADAM-17 NA NA 0.089 0.0084
AIFM3 0.421 0.0054 0.378 0.0042
CDKNIC 0.144 0.0034 0.100 0.0076
CASP8AP2 0.445 0.0069 0.345 0.0091
COX10 0.097 0.0053 —1.44 0.0071
E2F3 0.065 0.0042 -1.10 0.0095
EFNA1 0.356 0.0036 0.111 0.0081
EFNA3 0.094 0.0065 -1.02 0.0091
FOXA1 0.466 0.0063 0.236 0.0072
HOXA1 0.064 0.0025 -1.08 0.0079
HOXA9 -1.12 0.0075 -1.94 0.0027
ISCU —1.86 0.0093 —2.54 0.0052
KCMF1 —1.54 0.0034 —2.44 0.0054
NR4A2 -1.99 0.0068 —2.99 0.0019
PTPN2 —-1.05 0.0039 —1.64 0.0062
RAD52 —1.45 0.0025 —-2.12 0.0047
THSD7A -2.24 0.0017 -3.43 0.0053

*P value is for fold change observed for each gene amplified. A conservative
selection criterion (fold change < 0.5 and p value “ 0.01) was considered.
NA: Not Applicable.

Table 3
Details of the genes differentially expressed in preeclamptic patients (mild and
severe) as compared to controls.

Gene Bank Gene Description
Symbol
NM_004302 ACVRIB Activin A receptor, type IB
NM_003183  ADAM-17 metalloproteinase domain gene
NM_144704  AIFM3 Apoptosis-inducing factor, mitochondrion-
associated, 3
NM_001362  CDKNIC Cyclin Dependent Kinase Inhibitor 1C
NM_012115  CASP8AP2 Caspase 8 associated protein 2
NM_001303  COX10 COX10 homolog, cytochrome c oxidase assembly
protein, heme A: farnesyltransferase
NM_001949  E2F3 E2F transcription factor 3
NM_182685 EFNA1 Ephrin-Al
NM_004952  EFNA3 Ephrin-A3
NM_004496  FOXA1 Forkhead box Al
NM_005522 HOXA1 Homeobox Al
NM_152739  HOXA9 Homeobox A9
NM_014301  ISCU Iron-sulfur cluster scaffold homolog
NM_020122  KCMF1 Potassium channel modulatory factor 1
NM_005126  NR4A2 Nuclear receptor subfamily 4, group A, member 2
NM_002827 PTPN2 Protein tyrosine phosphatase, non-receptor type 2
NM_134424  RAD52 RAD52 homolog
NM_015204  THSD7A Thrombospondin, type I, domain containing 7A

mPE), genes were found to be downregulated with a degree of variation.
Based on a strict criterion, 18 genes (ACVRIB, ADAM-17, AIFM3,
CDKN1C, CASP8AP2, COX10, E2F3, EFNA1, EFNA3, FGFRL1, FOXA1,
HOXA1, HOXA9, ISCU, KCMF1, NR4A2, PTPN1, RAD52, THSD7A) were
differentially expressed in sPE and 16 genes (AIFM3, CDKN1C, CAS-
P8AP2, COX10, E2F3, EFNA1, EFNA3, FOXA1l, HOXA1, HOXA9, ISCU,
KCMF1, NR4A2, PTPN2, RAD52, THSD7A) in mPE samples in compar-
ison to controls. Gene type expressed in both the cases was the same
except ACVRIB and ADAM-17 were not seen expressed in the mPE
samples.

ACVRI1Bis an activin A receptor, type 1B gene, downregulated in sPE
samples of our study which codes for transmembrane serine/threonine
kinase activin type-1 receptor forming an activin receptor complex with
activin receptor type-2 (ACVR2A or ACVR2B) [31,32]. The receptor
complex interacts with activin and regulates many physiological pro-
cesses including neuronal differentiation and neuronal survival, extra-
cellular matrix production, immunosuppression [32]. Since the ACVR1B
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portion of the receptor complex act as downstream mediators of activin
signal, therefore, downregulation of its gene would result in overall
blockage of the physiological activities which include many processes
responsible for physiology of normal pregnancy. ACVRIB gene has been
known to be associated with PE [33].

ADAM-17 is a metalloproteinase domain gene that controls various
placental cellular activities. Like our findings, its downregulation has
also been reported in placental samples of preeclamptic patients and
other pregnancy-associated complications in a previous study by Mayor-
Lynn and group [25]. The AIFM3 gene codes for a protein known as
apoptosis-inducing factor mitochondrion-associated 3 which induces
apoptosis [34]. Although AIFM3 is widely expressed in various tissues,
the function of AIFM3 in the occurrence and development progress of PE
has not been reported till date. This is the first study which reports its
differential expression in association with PE. It is widely known that
AIFM3 is a direct target of miR-210 which have been related to the
proliferation of human hepatoma cells [35].  Another
apoptosis-associated gene screened in our study is CASPSAP2 which is
described as caspase 8 associated protein 2 [36]. It acts as a downstream
mediator for CASP8-induced activation of Necrosis Factor-kappa-f and
histone gene transcription and progression through the S phase [36].
Differential expression of CASPSAP2 has been extensively explored in
association with PE and our study provides supporting evidence to the
findings of previous studies [37].

CDKN1C gene known as cyclin dependent kinase inhibitor 1C, helps
in regulating growth and cell cycle. Association of CDKN1C with PE has
been earlier reported by Enquobahrie et al. [38]. However, our findings
were in contrast to their findings as they showed upregulation of the
gene. Another gene expression investigated by Enquobahrie et al. in PE
was downregulation of the NR4A2 gene, which is a nuclear receptor
subfamily 4, group A, member 2, is involved in cell growth and prolif-
eration, connective tissue development and function. Observations of
our study for NR4A2 expression in both mPE and sPE is similar to that of
Enquobahrie et al. study [38].

COX10 a cytochrome c oxidase assembly protein, RAD52 a DNA
repair protein-coding gene and ISCU an iron-sulfur cluster scaffold ho-
molog works downstream of miR-210 is part of the placental hypoxia-
responsive network. Tight regulation of this network is required to
prevent the development of maternal-fetal complications [10]. RAD52 is
a key player in DNA double-strand break repair and homologous
recombination [39]. COX10 gene is involved in the mitochondrial heme
biosynthetic pathway and catalyzes the conversion of protoheme (heme
B) to heme O [40]. The ISCU gene encodes a component of the
iron-sulfur (Fe-S) cluster scaffold which act as cofactors for enzymes,
including those that regulate metabolism, and oxidative stress response
[41]. All these genes mediate the effects of miR-210 participating in
oxidative stress and mitochondrial metabolism, angiogenesis [42], cell
survival [43], DNA repair [10], and cell migration and invasion [30]. All
these genes have not been experimentally demonstrated till date to be
associated with PE and ours is the first study to report so.

Previous studies have revealed that miR-210 could repress tropho-
blast cell invasion and migration via modulating KCMF1 [14], EFNA3,
HOXA9 [30], and THSD7A [9]. In the current study, downregulation of
all these genes along with additional genes belonging to the same fam-
ilies ie E2F3-E2F transcription factor 3, EFNA1-Ephrin-Al (belonging to
ephrin family along with EFNA3) and HOXA1-Homeobox Al(belonging
to homeobox family along with HOXA9) was observed in both mPE and
sPE samples. KCMF1 gene is known to code a 42-kDa zinc finger protein
with a high serine and threonine content. Luo and group were the first to
report significantly lower levels of KCMF1 in preeclamptic placenta
tissues than in gestational week-matched normal placentas, which was
inversely correlated with the level of miR-210 [14]. Their data indicate
that aberrant miR-210 expression may contribute to the occurrence of
PE by interfering with KCMF1-mediated signaling in the human placenta
[14]. A similar study by the same group on placental tissues and
HTR8/SVneo cells showed that hypoxia-inducible miR-210 contributes
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to PE via targeting thrombospondin type I domain-containing 7A
(THSD7A) [9]. THSD7A is expressed in placenta vasculature and um-
bilical vein endothelial cells; promotes focal adhesion assembly and
inducing angiogenesis [44]. Also, a study by Zhang et al. showed
repression in HOXA9 and EFNA3 in response to upregulated miR-210 in
mild and severe preeclampsia placental samples [30]. Another gene
related to trophoblast cells is PTPN2, found differentially downregulated
in both cases of our study. It is a protein tyrosine phosphatase,
non-receptor type 2 and an important member of the protein-tyrosine
phosphatase (PTP) family [45]. PTPN2 is involved in the regulation of
T-cells and its related biological process [45]. The study of Li et al.
showed the hypoxia induces the elevation of miR-210 which then pro-
motes the invasion of trophoblast cells as well as the failure of arterial
remodeling, by downregulating PTPN2, leading to the occurrence and
development of PE via the PDG-FR-Akt signaling pathway [45]. Simi-
larly, FOXA1 is fork head box Al gene that encodes a member of the
forkhead class of DNA-binding proteins that interact with chromatin
[46]. Our findings are supported by the study of Zhu et al., 2020 who
observed expression of FOXA1 in the placentas of early-onset pre-
eclampsia was significantly lower than of normal pregnant women.
Further, in vitro, functional studies showed that silencing FOXA1l
increased apoptosis and inhibited the migration and invasion of
trophoblast cells [47].

Taken together, the present study demonstrated that upregulated
miR-210 plays a critical role in the development of PE by targeting and
downregulating several different genes that otherwise play a vital role in
maintaining the normal physiology of pregnancy. Hence both miR-210
and the downstream genes could serve as potential biomarkers and
therapeutic targets of PE. Some limitations restrict the power of this
study. Firstly, the small sample size which possibly can limit the
detection of an actual number of miR-210 associated genes. Thus a
bigger sample size is needed to replicate and our findings and validate
the involvement of specific genes identified in our stuy. Also, as a dy-
namic event, a single measure of RNA species that is dependent on half-
life, degradation rate and stability may not describe adequately the full
picture of gene expression in PE. Despite few shortcomings, our study
has several strengths. It is the first to determine the effect of miR-210
expression levels on the expression of the associated gene in plasma
samples. Whatever studies done previously have been on placental
samples. Additionally, this study is the only one till date that has been
done on PE samples categorized according to the severity (mPE and
sPE). We were also able to report a few new genes that have not been
earlier experimentally proven to be associated with PE like AIFM3,
COX10, RAD52, ISCU, E2F3, EFNA1 HOXAI.

5. Conclusion

In conclusion, we report here that high expression levels of miR-210
are found in the plasma of PE patients varying in its relative expression
depending on the severity of the disease. We further identify a number of
genes targeted by miR-210 which were differentially downregulated
depending on the PE type. Our study can complement elucidating the
biological function of miR-210, the in-house manager of the hypoxia
pathway. Understanding the expression profile of genes affected by miR-
210 is a step forward towards understanding molecular events that are
associated with PE. This may provide the basis for designing new pre-
vention and treatment strategies to improve reproductive outcomes.
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