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R E S E A R C H  A R T I C L E

B
ACKGROUND: miR-200a is known to alter trophoblast invasion and spiral artery remodeling, leading to defective 

placentation that causes placental hypoxia, which is the main pathomechanism in early-onset preeclampsia (EOPE). 

Hypoxic placentas cause systemic endothelial dysfunction that is characterized by low production of endothelial 

vasodilator, mainly nitric oxide (NO). On the other hand, defective placentation does not cause late-onset preeclampsia 

(LOPE), making the role of miR-200a expression and NO level as predictors in LOPE questionable. Therefore, this study 

was conducted to compare miR-200a expressions and NO levels in EOPE and LOPE to clarify their role in pathomechanism 

of both types of preeclampsia. 

METHODS: A cross-sectional comparative study was conducted in 62 preeclamptic patients (31 EOPEs and 31 LOPEs). 

Subjects were classi¿ed into EOPE or LOPE groups based on whether the diagnosis of preeclampsia was made at <34 or ≥34 
weeks of pregnancy. miR-200a expression was analyzed using real-time polymerase chain reaction technique, and NO level 

was analyzed using colorimetric assay method.

RESULTS: EOPE and LOPE subjects were equivalent in terms of age and parity (p=0.709 and p=0.066), but signi¿cantly 
di൵erence in gestational age (p=0.000). miR-200a were expressed in 74.2% of EOPE and 41.9% of LOPE subjects (p=0.010). 

Median NO levels were lower in EOPE compared to LOPE subjects (23.75 vs. 106.00 µmol/L) (p=0.027), and lower in 

subjects with detected miR-200a compared to subjects with undetected miR-200a (62.75 vs. 132.25 µmol/L) (p=0.032).

CONCLUSION: miR-200a was more expressed in EOPE compared to LOPE subjects suggesting that it might be a 

signi¿cant in predicting EOPE. While NO level was signi¿cantly lower in EOPE whilst higher in LOPE subjects, hence 
might be potential as a marker to di൵erentiate EOPE and LOPE. 
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Abstract

Introduction

Preeclampsia is a new-onset hypertension and new-onset 

end-organ damage, complicating pregnancy of >20 weeks 

gestation. While the pathophysiology of this complex 
process involves multiple organ systems (1),  many studies 

only focus on the diagnosis and pharmacological treatment 

of preeclampsia (2), thus it leads the disease to be the main 

cause of pregnancy-related complications (3). The exact 

pathomechanism and pathophysiology of the disease have 

not been fully understood yet (4), but it is supposed that 
the initial process of pathogenesis starts in the beginning 

of placentation, which involves trophoblast di൵erentiation, 
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division, migration and invasion (1). Impaired trophoblast 

invasion leading to incomplete spiral artery remodeling is 

responsible for the initial process of placentation defect.(1) 

Hypoxic placenta indirectly caused by incomplete spiral 

artery remodeling releases placental factors into maternal 

blood stream.(5) Therefore, to fully understand the disease, 

study focusing on early events of placental development 

should be performed.(6)

	 In recent years, it was found that several micro-RNAs 

(miRNAs) are highly expressed in most placental originated 

diseases, but the exact mechanism has not been understood 

yet.(7) Of 55 exosomal miRNAs studied, miR-1283 has the 

highest expression in preeclampsia (8), but there was no 

speci¿c data about miR-200a expression. miR-210 was more 
expressed in EOPE subjects compare to LOPE subjects.(9) 

miR-200a was more expressed in preeclamptic subjects 

compare to normal pregnancy subjects, whilst high miR-

200a serum expressions was reported as a good predictor for 

preeclampsia with the sensitivity and speci¿city of 87.3% 
and 96.0% respectively, and was associated with increased 
adverse pregnancy outcome (10), however the comparison 

of miR-200a expression between EOPE and LOPE remains 

unclear. High miR-200a expression leads to impaired 

trophoblast invasion (11,12), a process that underlies the 

failure of spiral artery remodeling, which will then lead to 

hypoxic placenta and endothelial dysfunction. It means that 

miR-200a might have a role in early-onset preeclampsia 

(EOPE) is as initiator of impaired trophoblast proliferation. 

	 Endothelial dysfunction is characterized by low 

production of endothelium-derived relaxing factors 

(EDRF), mainly nitric oxide (NO), leading to imbalance 

between EDRF and endothelium-derived contractile factors 

(EDCF) productions and bioavailabilities. Decreased nitric 

oxide (NO) production lead to elevated vascular tone and 

hypertension.(13) Thus, low NO level may be used as an 

indicator that the pathogenesis of preeclampsia has already 

been in the endothelial dysfunction condition (the beginning 

of stage-2 preeclampsia pathogenesis).

	 While defective placentation is related to EOPE, on 
the other hand, defective placentation does not cause late-

onset preeclampsia (LOPE). High miR-200a has an anti-

inÀammatory e൵ect on the vascular system (11), whilst an 
increasing systemic (vascular) inÀammatory response in 
pregnancy is a main etiopathogenesis of LOPE (14). Due to 
the anti-inÀammatory e൵ect of miR-200a, it can be assumed 
that miR-200a might suppresses/prevents the occurrence 

of LOPE. However, the detailed mechanisms regarding the 

di൵erent between the two types of preeclampsia still need to 
be studied. 

Methods

Study Design and Subjects Reqruitment

An observational study with a cross-sectional comparative 

study design, was conducted to compare miR-200a 

expressions and NO levels between EOPE and LOPE 

subjects. A total 62 cases of preeclamptic patients at Dr. 

M. Djamil Hospital Padang City were enrolled as subjects 

in this study. Subjects were classi¿ed as EOPE subjects if 
the diagnosis of preeclampsia was made at <34 weeks of 
pregnancy, whilst as LOPE subjects if the diagnosis was 

made at ≥34 weeks of pregnancy. There were 31 EOPE and 
31 LOPE subjects. Subjects of EOPE whose pre-pregnancy 

diagnosed as su൵ered from hypertension, diabetes mellitus, 
metabolic syndromes, or autoimmune diseases were 

excluded from this study.

	 Data about subjects’ age, gestational age, gravidity, 

parity, body mass index, blood pressure and vital signs 

were collected using primary survey, while the laboratory 

¿ndings including hemoglobin, leucocyte, thrombocyte, 
liver function test, renal function test, hemostatic function 

test, and blood glucose were collected as blood samples 

from the subjects’ vena cubiti. The protocol of this study 

was approved by Health Research Ethics Committee RSUP 

Dr. M. Djamil Padang (No DP.43/D.XVI.XI/512/2023, 
dated on September 21, 2023).

miR-200a Expression Examination

Trizol reagent (Invitrogen, Waltham, MA, USA) was used 
to extract total RNA from the sample, and then by using the 

Revert Aid First Stand cDNA synthesis kit (miCURY LNA 

RT Kit-339340; Qiagen, Hilden, Germany), the isolated 
RNA was reverse transcripted into complementary DNA 

(cDNA). The expression of miR-200a-3p was determined 

by quantitative real-time polymerase chain reaction (qRT-

	 Given the di൵erence role of miR-200a and NO in the 
pathomechanism of EOPE and LOPE, the role of high miR-

200a expression as predictor, and low NO level as a marker 

of endothelial dysfunction in preeclampsia pathogenesis and 

as a cause of hypertension in LOPE remains questionable. 

Therefore, it is necessary to study the expression of miR-

200a and the level NO in preeclamptic patients, speci¿cally 
EOPE and LOPE patients. This study was conducted to 

compare and to analyze miRNA-200a expressions and NO 

levels in EOPE and LOPE to clarify the role of miR-200a 

in the pathomechanism, and the role of NO in the basic 

mechanism of hypertension.
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Figure 1. miR-200a ampli¿cation. miR-200a gen expressed 

within 30-50 cycles. Process of ampli¿cation was stopped after 50 
cycles.  RFU: Relative Fluorescence Units.

Characteristics of Subjects 

Characteristics of subjects included were participant’s 

age, gestational age, and parity as presented in Table 1. 

Both subjects in the EOPE and LOPE were similar in the 
context of age (p=0.709) and parity number (p=0.066), but 

were signi¿cantly di൵ered in the context of gestational age 
(p=0.000) with LOPE subjects having older gestational 

compared to EOPE subjects.

miR-200a was More Expressed in EOPE 

There was a signi¿cant di൵erence of detected miR-
200a in EOPE and LOPE subjects (p=0.010; CI=95%; 
OR=3.98(1.36-11.67)). miR-200a expression was detected 

in 23 of 31 EOPE (74.2%) and in 13 of 31 LOPE (41.9%) 
subjects, while the remaining subjects showed undetected 

miR-200a expression. There was also a signi¿cant 
di൵erence of miR-200a expression median in EOPE and 
LOPE subjects (p=0.048) (Table 2).

NO Level was Higher in LOPE

There was signi¿cant di൵erence of NO level (p=0.027), with 

median NO level in LOPE subjects was higher compared to 

the EOPE subjects (106.00 vs. 23.75 µmol/L) (Table 2).

NO  Level  in Subjects  with  Detected  and  Undetcted 

miR-200a Expression

To con¿rm whether the di൵erence of NO levels was 
associated to miR-200 expression, further analyzed was 

performed. NO level in subject with detected miR-200a 

expression and in subjects with undetected miR-200a 

expression showed a signi¿cant di൵erence with p=0.032 

(62.75 vs. 132.25 µmol/L, respectively) (Table 3).

Results

PCR) with miRCURY SYBR master mix (Qiagen), in 
according with the manufacturer’s instructions. 2−ΔΔCq 

method was used to calculate the relative expression of 

miR-200a-3p. The primers used were: miR200a-3p 

forward: 5ʹ-TAACACTGTCTGGTAACGATGT and 
reverse: 5ʹ-CATCTTACCGGACAGTGCTGGA; U6 
forward: 5ʹ- CTCGCTTCGGCAGCACA and reverse: 
5ʹAACGCTTCACGAATTTGCGT.(15) miR-200a was 
referred as “detected” if it was expressed in the 30-50 cycles 

of ampli¿cation and was referred as “undetected” if it was 
not expressed within 50 cycles of ampli¿cation. Relative 
Fluorescence Units (RFU) that indicates the amount of 

Àuorescence emitted by sample relative to a reference 
sample or a standard curve, was used to relatively quantify 

miR-200a expression. By conversion of RFU value, it was 
found that miR-200a expression was between 0.00–49.48 
ng/mL. The miR-200a ampli¿cation graph was shown in 
Figure 1.

NO Levels Examination

Serum NO levels were measured by colorimetric method, 

using NO Colorimetric Assay Kit (Catalog No: E-BC-
K035-M; Elabscience, Houston, TX, USA). NO level was 
indirectly measured by nitrate or nitrite, by measuring the OD 

value at 550 nm. The examination was done in accordance 

with the procedure given by manufacturer. Standard curve 

was prepared by diluting 2 mmol/L sodium nitrite standard 

with double distilled water to a serial concentration. The 

dilution gradient was as follows: 0, 10, 20, 30, 40. 60, 80, 
100 µmol/L. As much as 200-300 µL of sodium nitrite 

standard solution was taken with di൵erent concentrations 
to 1.5 mL EP tubes, then 200 µL of reagent-1 was added 

and mixed fully with a vortex mixer. One hundred µL of 

reagent-2 was added and mixed again before being put in 

room temperature for 15 min and centrifuged again at 300 

g for 10 min. As much as 160 µL of supernatant was taken 

to the corresponding wells of microplate for chromogenic 
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reaction. Eighty 80 µL of chromogenic reagent was added 

to each well and oscillated for 2 min and put in room 

temperature for 15 min. The concentration of NO was 

calculated according to the formula based on the OD value 

of the sample.

Discussion

Table 2 shows that miR-200a were expressed in 74.2% 
of EOPE samples and in 41.9% of LOPE samples with 
the median expression of 36.75 ng/mL and 0.00 ng/mL 

respectively, which was signi¿cantly di൵erent. miR-200a 
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Table 2. Qualitative miR-200a expression, quantitative miR-200a expression, and NO level in EOPE and LOPE subjects.

Table 1. Characteristics of subjects.

EOPE

(n=31)

LOPE

(n=31)

30.26±5.58 30.81±5.93 0.709
a

30.42±2.92 37.45±2.30 0.000*
,a

Primiparous 14 (45.2%) 13 (41.9%) 0.066
b

Multiparous 17 (54.8%) 18 (58.1%)

Parity

Onset of Preeclampsia

p -valueCharacteristics

Age (years), mean±SD

Gestational age (weeks), mean±SD

*Signi¿cant if p<0.05, aTested with t-test; bTested with Chi-square test.

EOPE*

(n=31)

LOPE*

(n=31)

Detected 23(74.2) 13(41.9) 0.010*
,a 3.98 (1.36-11.67)

Undetected 8(25.8) 18(58.1)

36.75 (0.00-49.48) 0.00 (0.00-49.28) 0.048*
,b

23.75  (1.25-319.00) 106.00  (31.25-304.25) 0.027*
,b

Quantitative miR-200a expression (ng/mL), median (min-max)

OR

NO level (µmol/L), median (min-max)

Onset of Preeclampsia

p -valueVariables

Qualitative miR-200a expression, n (%)

*Signi¿cant if p<0.05, aTested with Chi-square test; bTested with Mann Whitney-U test.

expression in EOPE subjects is reported to be higher 

than median miR-200a expression in preeclampsia (i.e., 

2.136 ng/mL) (11) and mean miR-200a expression in 

preeclampsia (i.e., 1.655 ng/mL) (10). It suggests that miR-

200a has an important role in the pathogenesis of EOPE. 

miR-200a family was associated with preeclampsia and 

was known to be upregulated in the placenta and plasma 

of preeclamptic patient.(16) miR-200a downregulates 

insuline-like growth factor-2 (IGF2) protein expression in 

trophoblast cells until 80% by directly targets Igf2 3’-UTR 
and represses its expression. miR-200a may also regulates 

endogenous IGF2 protein level through suppression of 

Akt pathway, leading to altered cell survival, division, 

and di൵erentiation. This downregulation of IGF2 protein 
may lead to inadequate trophoblast invasion, inadequate 

spiral artery remodeling, and inadequate placentation.(17) 

Increased expression of miR-200a inhibits the expression of 

endocrine gland derived-VEGF (EG-VEGF), and suppresses 
the extracellular signal-regulated kinase (ERK) pathway, 

so that trophoblast invasion is disrupted.(11) Decreased 

levels of pro-angiogenic factor (mainly VEGF-A) may be 
aggravated by genetic variant of VEGF-A C/A gene, since it 
was associated with preeclampsia.(18) miR-200a inhibitors 

strongly suppressed miR-200a expression and increased 

proliferation, migration, and invasion, as well as suppressed 

trophoblast apoptosis.(12) 

	 The hypoxic placenta releases anti-angiogenic factors 

(mainly sFlt-1) into the maternal circulation. sFlt-1 level 

was signi¿cantly higher in EOPE compared to LOPE.(19) 
Increased anti-angiogenic factor levels (7) accompanied 

by decreased pro-angiogenic factor levels lead to higher 

anti-angiogenic to pro-angiogenic ratio; and this may cause 

systemic endothelial dysfunction, which in turn will cause 

preeclampsia syndrome. Thus, the worsening of pregnancy 

outcomes that are in line with the increasing expression 

of miR-200a indicate that miR-200a plays a role in the 

pathogenesis of early-onset preeclampsia.

	 miR-200a was found in 41.9% of cases of late-
onset preeclampsia, thus miR-200a may have a role in the 

etiopathogenesis of 41.9% of late-onset preeclampsia cases. 
It is assumed that there is a mild placentation defect in late-

onset preeclampsia, and this minimal placentation defect 

does not interfere with the ful¿llment of placental and fetal 
oxygenation. However, after pregnancy or near the end of 

pregnancy (34 weeks and beyond), placenta su൵ers from 
hypoxia due to minimal placentation defect and placental 

aging, accompanied by increased need of placental and fetal 

oxygenation. Thus, a late-onset preeclampsia appears.(20) 

On the other hand, high miR-200a has an anti-inÀammatory 
e൵ect on the vascular system (11), while increasing systemic 
(vascular) inÀammatory response in pregnancy is a main 
etiopathogenesis of late-onset preeclampsia.(14) Due to 
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Table 3. NO level in subjects with detected and 

undetected miR-200 expression.

miR-200a 

Expression

Median (Min-Max) 

(µmol/L)
p- value

Yes 62.75 (0.25-319.00) 

No 132.25 (8.50-292.00)
0.032*

*Signi¿cant if p<0.05, tested with Mann Whitney-U test.

anti-inÀammatory e൵ect of miR-200a, it can be concluded 
that miR-200a suppresses/prevents the occurrence of late-

onset preeclampsia.

	 In this study,  the median serum NO levels were 23.75 

nmol/mL in the early-onset preeclampsia group and 106.00 

nmol/mL in the late-onset preeclampsia group. These two 

levels were signi¿cantly di൵erent. NO level in normal 
pregnancies was 35.1 nmol/mL (21), so NO level in early-

onset preeclampsia was lower, while it was so high over 

normal pregnancies NO level in late-onset preeclampsia. 

NO is produced from the oxidation of l-arginine catalyzed 

by endothelial-nitric oxide synthase (eNOS) to produce 

NO and citrulline.(22) Any mechanism in early-onset 

preeclampsia leading to low eNOS production and/or 

activity may reduce NO production, resulting in low NO 

levels. It is hypothesized that silent information regulator-1 

(SIRT1) found in the endothelium is a target gene of 

miR-200a. SIRT1 may upregulates eNOS activity and 

increases NO production. miR-200a regulates the SIRT1 

gene by binding to the SIRT1 3'-UTR position, resulting 

in posttranscriptional inhibition (23), leading to no eNOS 

upregulation activity and decreased NO production.

	 Hypoxic placental increases ROS production and 

causes oxidative stress (4), and lead to suppresses eNOS 
activity or even damage it (uncoupling). The eNOS-

uncoupling mechanism begins with the initial formation 

of superoxide and is then followed by the formation of 

peroxynitrite (ROS-induced ROS formation).(24) On the 
other hands, the hypoxic placenta releases proinÀammatory 
factors (cytokines and various immune cells) into the 

maternal circulation.(4) eNOS uncoupling may also be 
manifested after being stimulated by various inÀammatory 
mediators.(25) Endothelial cells and macrophages secrete 

arginase, which results in reduced l-arginine and thus 

lowering NO production. In addition, the redox status 

greatly a൵ects the production of asymmetric dimethyl-L-
arginine (ADMA). The role of ADMA is as an endogenous 

inhibitor of eNOS.(26) 

	 NO level in late-onset preeclampsia was so high over 

normal pregnancy NO level. There is no satisfying theory 

can explain this phenomenon. Due to hormonal theory, it 

is supposed that estrogen hormone may activates eNOS 

function through rapid signaling mechanism leading 

to increase eNOS activation, and through longer term 

genomically  regulated  mechanism  leading  to  increase 

mRNA eNOS and its protein. The end product of both 

mechanism is an increasing of NO production.(27) NO 

production is not merely in endothelial cells lining vascular, 

but it also been produced in perivascular adiposite tissue.

(28) Regardless no theory to explain the phenomenon, 

it was realized that low NO levels was not a main cause 

of hypertension in late onset preeclampsia, but it was in 

early-onset preeclampsia. This point of view implicates that 

there should be a di൵erence choice of ¿rst line treatment of 
hypertension between the two types of preeclampsia.

	 Table 3 shows that NO level in miR-200a group 

was signi¿cantly lower than that in non-miR-200a group. 
In accordance with the above discussion about NO level, 

the low NO production may be resulted from inhibition of 

eNOS upregulation by regulation SIRT1 gene, suppression 

of eNOS activity by ROS or by proinÀammatory factors, 
reducing of l-arginine by inÀammatory cell, and suppression 
of NO production by anti-angiogenic factors. All of these 

mechanisms are related to high miR-200a expression. So, 

it can be concluded that low level of NO associates with 

high miR-200a expression, or in other word, the e൵ect of 
high miR-200a expression is not merely to causes impaired 

trophoblast proliferation, migration, and invasion, but leads 

to cause endothelial dysfunction too.

Conclusion

miR-200a was more expressed in EOPE compared to LOPE 

subjects, suggesting that it might have a signi¿cant role 
in pathomechanism of EOPE and can be considered as a 

signi¿cant marker in predicting EOPE. While NO level 
was signi¿cantly lower in EOPE whilst higher in LOPE 
subjects, showing that NO is not involved in EOPE and has 

a signi¿cant role in pathomechanism of LOPE only, and 
hence might be potential as marker to di൵erentiate EOPE 
and LOPE.
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