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A B S T R A C T 

Research on miRNA biomarkers in preeclampsia as part of screening, 
diagnosis, and prognosis has been widely conducted, but the results 
show contradictory results and vary based on the type of preeclampsia. 
This study aims to compare the profile of plasma exosome miRNA in 
early onset compared late onset as a preliminary study to identify the 
miRNA profile of preeclampsia patients in Indonesia. The study was 
conducted at Margono Hospital,Indonesia using plasma exosomes 
samples of three patients with early-onset preeclampsia and three 
patients with late-onset preeclampsia and processed with NanoStrings. 
KEGG was used to identify preeclampsia pathophysiological pathways 

by bioinformatic analysis of DIANA-miRPath v3.0 and microT-CDS v5.0. The results showed that the 
characteristics of parity, hemoglobin, systolic and diastolic blood pressure, proteinuria and BMI did not 
differ between EOPE and LOPE. Significantly different variables were the age of the EOPE  (28 ± 5.29) 
vs LOPE (38.67 ± 2.06 mmHg), pregnancy weight gain (10.0 vs 15.33), and fetal weight in EOPE (1550 
± 132 g) vs LOPE (2693 ± 716 g).  The results showed that the 24 miRNAs differed significantly. The 
three highest expression miRNAs in the EOPE group were miR-196b-5p, miR-190a-5p, and miR-515-
3p. In contrast, the three lowest expression miRNAs are miR-3179, miR-181a-5p, and miR-15b-5p. 
Pathway analysis of the upregulated miRNA  involved the ErbB signalling pathway, Proteoglycan in 
cancer, and Lysin degradation. Downregulated miRNA targets  involved in  the HIPPO signalling 
pathway, fatty acid biosynthesis, and TGF-β signalling pathway. Conclusions: The preliminary study 
results indicated significant differences in miRNA expression, suggesting that EOPE is influenced by 
aggressive cellular signaling and metabolic dysregulation, while LOPE is more linked to the disruption 
of growth-inhibiting pathways and fatty acid metabolism. These unique miRNAs establish a robust 
foundation for subsequent validation studies utilizing bigger samples as a prospective biomarker panel. 
 

 
 

1. INTRODUCTION 

 Preeclampsia impacts 2–8% of pregnancies globally. Approximately 46,000 maternal 
fatalities occur annually owing to pre-eclampsia, alongside roughly 500,000 fetal or neonatal 
fatalities. Pre-eclampsia and eclampsia account for roughly 10% of maternal fatalities in Asia and 
Africa and 25% in Latin America (Cresswell et al., 2025). In Indonesia, preeclampsia is the leading 
cause of death: in 2022, the Ministry of Health reported that 801 of the total 3,572 cases of 
maternal death (22.42%) were caused by hypertension during pregnancy (Kemenkes, 2023). 
Preeclampsia can be early onset (EOPE) or late onset (LOPE), depending on when clinical 
symptoms appear (before or after the 34th week of pregnancy). In addition, EOPE has a more 
severe course and accounts for 5–20% of all kinds of preeclampsia. Adverse outcomes for the fetus 
are associated with chronic hypoxia and a high frequency of developmental delay, as well as 
complications in the fetus due to prematurity, including respiratory distress syndrome, infectious 
and inflammatory diseases, intraventricular hemorrhages, cerebral palsy, cognitive retardation, 
autism, psychomotor and behavioral disorders, and/or learning disabilities (Timofeeva et al., 
2023). 
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Single-stranded, medium- to long-length (20–24 nt) noncoding RNAs known as 
microRNAs (miRNAs) regulate gene expression. MiRNAs play a role in regulating various 
physiological processes, and their dysregulation has been linked to the development of several 
diseases, including preeclampsia (Xu et al., 2021; Cirkovic et al., 2021). The expression levels of 
miRNAs in placental tissue increase during pregnancy and throughout placental development. 
miRNAs are crucial for the biological functions of trophoblasts, including trophoblast 
differentiation, invasion, migration, proliferation, apoptosis, angiogenesis, cellular metabolism, 
lipid metabolism, nervous system development, and immune and inflammatory responses (Gu Fu 
et al., 2022; Jairajpuri et al., 2021; Zhou et al., 2020). The abnormal process occurring in placental 
development due to aberrant miRNA expression results in impaired differentiation and apoptosis 
of cytotrophoblasts, incomplete invasion of spiral arteries, and reduced blood flow to and from 
the placenta. Trophoblast necrosis releases cell fragments into the maternal bloodstream, 
subsequently triggering a systemic immunological response and oxidative stress in the placenta. 
Thus, any dysregulation of miRNAs can affect the normal function of target genes in the placenta 
and in other systems (Oh et al., 2020). 

Exosomes, microvesicles, and apoptotic bodies are the mechanisms through which 
miRNAs in the placenta are released into the bloodstream. These miRNAs have been identified in 
the plasma and blood of mothers (Salomon et al., 2017). Plasma miRNAs are beneficial for 
detecting pathological changes in diseases due to their stability, which remains unaffected by 
RNase, pH, and even incubation temperature (Sourvinou, Markou, and Lianidou, 2013). 
Consequently, identifying specific plasma miRNAs may help elucidate the pathophysiology of 
different types of preeclampsia and could potentially lead to the development of biomarkers for 
diagnosing and monitoring the severity of the condition. Next-generation sequencing, 
microarrays, and NanoStrings have been used in various studies to explore miRNAs in 
preeclampsia (Pillay et al., 2019). However, these studies have produced a range of findings 
regarding miRNA expression, suggesting that the pathophysiology of preeclampsia may differ 
across populations. This variability may be linked to individual patient characteristics, lifestyle, 
ethnicity, race, and different environmental exposures (Zhong, Zhu, and Ding, 2019). 

Our objective was to utilize bioinformatic analysis to investigate the miRNA profile in 
order to ascertain which miRNAs were associated with the type of preeclampsia and which 
pathophysiological pathways were predominantly involved in the occurrence of preeclampsia. 
This information may serve as a foundation for the further investigation of preeclampsia, to obtain 
biomarkers for screening, monitoring, and differentiating types of preeclampsia as well as 
providing scientific information on the miRNA profile of early onset and late-onset preeclampsia 
in Indonesia, which has not existed until now. The miRNA profiles that were identified were 
analyzed using NanoStrings technology. This technology simultaneously identifies over 800 
miRNAs and exhibits exceptional digital precision and sensitivity. NanoString technology offers a 
precise representation of miRNA expression in a population, as it does not necessitate 
amplification, such as if using other technologies, namely microarray and next-generation 
sequencing (Pillay et al., 2019) 

 
2. METHOD 

 
This study received institutional, ethical, and regulatory approval from the Medical and 

Health Sciences Faculty of Gadjah Mada University. Patients were recruited from Margono 
Hospital, Purwokerto, Banyumas, Central Java, with informed consent, as required by the 
Declaration of Helsinki.  
 
Study groups 

We enrolled consecutive pregnant women (at 20–40 weeks of gestation) and Consecutive 
expectant women (between 20 and 40 weeks of gestation) were enrolled and subsequently 
divided into two groups: three participants with EOPE and three with LOPE. Preeclampsia was 
defined as the onset of hypertension (systolic blood pressure [BP] ≥ 140 mmHg and diastolic BP 
≥ 90 mmHg at two measurements taken at an interval of at least 4 h) and proteinuria (i.e., ≥ 30 
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mg/mol protein:creatinine ratio, ≥ 300 mg/24 hours, or two or more positive dipstick results) 
after the 20th week of gestation in a patient who was previously normotensive. Severe 
preeclampsia was defined as the presence of at least one of the following signs: pulmonary 
oedema, renal abnormalities (serum creatinine > 1 mg/dL), uteroplacental dysfunction, cerebral 
symptoms (such as persistent headaches and neurological symptoms), visual disturbances, or 
abnormal liver function, enzymes, or platelet counts < 150,000/mL. Patients who did not have 
proteinuria but met one of the aforementioned criteria and had hypertension (BP ≥ 140/90) were 
classified as having severe preeclampsia. Patients are classified as EOPE when preeclampsia 
develops prior to 34 weeks of gestation and as LOPE when it develops after 34 weeks (Magee et 
al., 2022). 

Patients with autoimmune diseases, diabetes mellitus, renal diseases, cardiovascular 
diseases, or infectious diseases were excluded from this study, as were those with multiple 
pregnancies. When the patient came the hospital, vacutainer tubes (EDTA) were employed to 
collect blood. Plasma was obtained by centrifuging the blood at 3,500 × g for 10 minutes. The 
samples were subsequently preserved at −80 °C for exosome extraction.  
 
Exosome isolation 

In order to isolate exosomes, extract total RNA, and separate RNA from proteins, we 
employed a Total Exosome Isolation Kit (Invitrogen, Waltham, MA, USA) and a Total Exosome RNA 
and Protein Isolation Kit (Thermo Fisher Scientific, Waltham, MA, USA), adhering to the 
manufacturer's procedures. Sample preparation entailed the centrifugation of the plasma sample 
at 2,000 × g for 20 minutes at room temperature to remove cells and detritus following defrosting. 
The particle was not disturbed during the transfer of the clear plasma-containing supernatant to 
a new tube. Finally, the containers were centrifuged at 10,000 × g for 20 minutes at room 
temperature to remove any debris. The supernatant containing the purified plasma was 
transferred to a new tube without disturbing the pellet, and isolation was continued. The clarified 
plasma and 0.5 L 1× PBS were combined in the tube and vigorously mixed using a vortex mixer. 
Subsequently, we introduced 0.05 volumes of proteinase K to the sample. The vessel was 
incubated at 37°C for 10 minutes following the vortexing of the sample. Subsequently, we 
introduced 0.2 of the exosome precipitation reagent to the samples (total volume = plasma + PBS) 
and thoroughly mixed the samples by vortexing or inverting. Finally, the samples were incubated 
at 2–8 °C for 30 minutes. The samples were centrifuged at 10,000 × g for 5 minutes at ambient 
temperature following incubation. The supernatant was subsequently discarded and the particle 
containing the exosomes was used for further extraction. The supernatant was removed using a 
pipette. The exosomal RNA was isolated using the Total Exosomal Protein and RNA Separation 
Kit. The exosomal particle was resuspended in the exosome resuspension buffer in accordance 
with the manufacturer's instructions. The total RNA concentration was determined using a 
NanoDrop 2000 spectrophotometer from Thermo Fisher Scientific.  
 
MiRNA testing with the NanoString nCounter system 

Exosomal RNA was analysed in the two sample groups utilising a NanoString nCounter 
SPRINT Profiler (NanoString Technologies, Inc., Seattle, WA, USA). The Quick-RNA Miniprep Kit 
(Zymo Research) was utilised for total RNA extraction. Genomic DNA contamination in RNA was 
eliminated through the application of DNase and RNAClean XP (Beckman Coulter Diagnostics, 
Brea, CA, USA). The RNA sample concentrations were evaluated using a NanoDrop (Thermo 
Scientific) and TapeStation (Agilent Technologies, Inc., Santa Clara, CA, USA). The nCounter Digital 
Analyser documented the reporter probe counts for each sample, and nSolver Software v4.0 
(NanoString Technologies, Inc.) along with the ROSALIND platform (https://www.rosalind.bio/) 
were utilised for subsequent analysis. Prior to data normalisation, the following solver 
parameters were employed to assess the nCounter data imaging quality control metrics: binding 
density, imaging, positive control limit of detection, and positive control linearity. The binding 
densities of the samples ranged from 0.13 to 0.15, whereas the optimal range for the nCounter 
SPRINT system was 0.1 to 1.8 spots per square micron. The normalisation factor altered the 
variations in the quality and quantity of the analyte across the samples. Upon considering various 



Medical and Health Journal Vol. 5 No. 1, Tahun 2025, pp. 214-224  217 
 

 

Herman Sumawan/ Microrna Profile of Plasma Exosomes by Nanostrings in Early Onset Compared Late Onset Preeclampsia: 
Preliminary Study 

degradation states and eliminating input variation through normalisation, the acceptable values 
are confined to the default range of 0.1–10.  
 
Statistical Analysis 

Data and graphics were analysed using nSolver Analysis Software v4.0.7 (NanoString 
Technologies, Inc.). ROSALIND was utilised to calculate the fold changes and p-values through the 
t-test method for comparative analysis. The Benjamini–Hochberg method was employed to 
calculate the adjusted p-value and assess the false discovery rate (FDR). The comparison of miRNA 
ratios between the groups was conducted using nSolver analytic software and the ROSALIND 
platform. The criteria for selecting miRNA ratios included a fold change of at least 1.5 and a false 
discovery rate of 0.05 or lower on the log2 scale. A comprehensive analysis of the Kyoto 
Encyclopaedia of Genes and Genomes (KEGG) pathways was conducted. Analyses were conducted 
utilising the Descriptive Intermediate Attributed Notation for Ada (DIANA)–miRPath (v3.0) and 
microT-CDS (v5.0) algorithms, with a gene union interaction p-value threshold set at < 0.05 and a 
microT threshold of 0.8. All graphics were created and analysed using GraphPad Prism 9 
(GraphPad, Inc., La Jolla, CA, USA). 
 
 
3. RESULT AND DISCUSSION 

Result 
Clinical characteristics of participants 

The comparison of the characteristics of participants in the EOPE and LOPE groups 
showed that parity, BMI, blood pressure, hemoglobin, and proteinuria did not differ significantly 
(Table 1). As expected, gestational age was lower in participants with EOPE than in those with 
LOPE (p < 0.05). Age, gestational weight gain, and fetal weight were higher in those with LOPE 
than in those with EOPE (both p < 0.05). The concentration of exosome RNA did not differ between 
EOPE and LOPE, and the amount was in accordance with the previous study. 
 

Table 1. Clinical characteristics of participants [*significant differences (p < 0.05)]. 
 EOPE LOPE p-value 
Age (years)* 28.00(± 5.29) 38.67(± 2.06) 0.031 
Gestational age (weeks)* 32.00(± 1,73) 37.00(± 2.00) 0.031 
Parity  1.0 (± 1.0) 2.0 (± 1.0) 0.288 
BMI (kg/m2) 25.55 (± 0.67) 32.12 (± 4.74) 0.076 
Gestational weight gain (kg)* 10 (± 1.0) 15.33(± 2.51) 0.02 
Systolic BP (mmHg) 156.00 (± 13.52) 172.00 (± 24.24) 0.375 
Diastolic BP (mmHg) 99.33 (± 9.01) 98.33 (± 10.40) 0.906 
Proteinuria (gr/dl) 333.33 (± 288.67) 108.33 (± 72.16) 0.260 
Hemoglobin (gr/dl) 12.13 (± 3.32) 10.77 (± 1.12) 0.537 
Fetal weight* (gram) 
RNA exosome concentration 
(ng/µL) 

1550 (± 132.28) 
12.47  

2693 (± 716) 
11.78  

0.05 

BP, blood pressure; BMI, body mass index 

Data are presented as mean (± standard deviation). 

The heatmap image in figure 1 shows miRNAs between early-onset and slow-onset 

preeclampsia, where there are 12 miRNAs that are increased in expression and 12 miRNAs that 

decrease in early onset preeclampsia compared to late-onset preeclampsia. Meanwhile, the 

highest fold change of 3 miRNA expression in the upregulated group was miR-196b-5p, miR-

190a-5p, and miR-515-3p. In the downregulation group, miR-3179, miR-181a-5p, and miR-

15b-5p were the miRs with the lowest expression (Figure 2). 
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Figure 1. Heatmap comparison of miRNA expression between preeclampsia early onset (EOPE) and late 
onset (LOPE). Red indicates upregulation, and green indicates downregulation. 

 

Figure 2. Log Fold Change of miRNA expression comparing early onset preeclampsia (EOPE) to late onset 
preeclampsia (LOPE). Red indicates upregulation, while green indicates downregulation. 
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The analysis of the enrichment pathway on predicted gene targets from the three 
upregulated miRNAs (miR-196b-5p, -190a-5p, and -515-3p) revealed significant involvement in 
several important pathways (Figure 3). These include the ErbB signaling pathway, which plays a 
crucial role in cell proliferation, differentiation, and migration. Dysregulation of this pathway is 
associated with the abnormal invasive behavior of trophoblasts. Additionally, the proteoglycans 
in cancer pathway modulates various cellular processes, including adhesion, proliferation, and 
angiogenesis, thereby connecting the microenvironment and cell signaling. The lysine 
degradation pathway is linked to energy metabolism and cellular homeostasis. Disruptions in 
amino acid metabolism have been implicated in endothelial dysfunction. 

 

Figure 3. KEGG pathway upregulated miRNA expression between preeclampsia early onset (EOPE) and 
late onset (LOPE). Red indicates the number of interaction miRNAs, green indicates the number of gene 

targets, and blue indicates significant value (-log10 p-value). 

KEGG pathway analysis of the downregulated miRNA group showed that the most 
significant preeclampsia-related pathways were the HIPPO signalling pathway, fatty acid 
biosynthesis, and the TGF-b signalling pathway (Figure 4). Analysis of the enrichment pathway in 
the predicted gene target of the three downregulated miRNAs (miR-3179, -181a-5p, -15b-5p) 
revealed significant enrichment in a very different pathway, the HIPPO signalling pathway, where 
this pathway is key to controlling organ size and cell proliferation by inhibiting overgrowth. 
Suppression of this pathway can lead to uncontrolled cell proliferation. The metabolic pathway 
plays a crucial role in energy production and cell membrane synthesis during fatty acid 
biosynthesis. Dysregulation of lipid metabolism is a known feature of PE pathogenesis. The TGF-
β signaling pathway has a complex dual role in pregnancy, promoting trophoblast invasion and 
also having immunosuppressive effects. Disruption of this pathway can result in superficial 
implantation. 
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Figure 4. KEGG pathway downregulated miRNA expression between preeclampsia early onset (EOPE) and 
late onset (LOPE). Red indicates the number of interaction miRNAs, green indicates the number of gene 

targets, and blue indicates significant value (-log10 p-value). 

Discussion 
In this study, we compared the miRNA profile of plasma exosomes from individuals with 

EOPE and those with LOPE to identify a biomarker related to its pathophysiology. In the sample 
characteristics, age and weight gain during pregnancy were significantly different between EOPE 
and LOPE. This is in line with previous cohort research where excess body lift occurred more in 
LOPE than in EOPE (Hutcheon et al., 2018). Meanwhile, the age variable in the study of the 
population in Surakarta did not differ significantly between the two groups (Damayanti S, 
Sulistyowati S, and Probandari, 2019). 

We identified 12 downregulated and 12 upregulated miRNAs in women with EOPE 
compared to LOPE. All three upregulated miRNAs (miR-196b-5p, miR-190a-5p, and miR-515-3p) 
have previously been associated with proliferation, invasiveness, and metastasis processes in 
cancer research (Xin et al., 2020). Our findings suggest that this "cancer-like" pattern may also be 
present in EOPE. miR-196b-5p is known to target tumor suppressor genes and may increase cell 
proliferation (Luo, Sun, and Sun, 2019). Another study shows the same result: miR-196b-5p is 
involved in preeclampsia (Bao et al., 2022). The enrichment of the ErbB and proteoglycan 
pathways in cancer derived from this miRNA target reinforces the hypothesis that EO-PE may 
involve trophoblasts that have an uncontrollable and disrupted invasive phenotype, but unlike 
metastatic cancers, the invasion becomes superficial and inadequate, leading to poor spiral artery 
remodeling. This result is consistent with a previous study showing exomiRNAs in preeclamptic 
maternal circulation are connected to biological processes involved in cancer biology. This is 
consistent with the current notion that placental trophoblast and cancer cells can create a milieu 
that promotes immunologic privilege and angiogenesis via molecular pathways that govern 
hyper-proliferation, invasion, angiogenesis, and immunoevasion (Pillay et al., 2019). 

Although the conventional lysine degradation pathways (through saccharopine or 
pipecolic acid) are not directly associated with preeclampsia, studies suggest that alterations in 
lysine, particularly lysine acetylation, play a significant role in the condition. The downregulation 
of lysyl oxidase (LOX), a lysine-modifying enzyme, along with changes in the lysine-specific 
demethylase 5C (KDM5C) pathway, are associated with the development of preeclampsia. This 
evidence indicates that lysine metabolism and modifications play a significant role in the 
pathogenesis of the condition (Shi et al., 2022). Conversely, the downregulation of miR-181a-5p 
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and miR-15b-5p, which generally function as tumor suppressors by modulating cell cycling and 
apoptosis in EOPE, indicates a loss of mechanisms that control cell growth. The downregulation 
of miR-15b-5p, recognized as a negative regulator of angiogenesis, may represent an insufficient 
compensatory mechanism to enhance angiogenesis in an anti-angiogenic context. The reduced 
expression of miR-15b-5p aligns with findings from earlier research (Jairajpuri et al., 2017; Ura et 
al., 2014). MiR-15b-5p promotes the production of proinflammatory cytokines essential for the 
function of human placental immune cells by inhibiting apelin signalling (Yadava et al., 2021). This 
miRNA plays a role in various immunological diseases and induces cell cycle arrest in cervical 
cancer and glioma cell lines through the targeting of cyclin E1 (Mayor-Lynn et al., 2011). Prior 
research indicates that miR-15b suppresses endothelial cell tube formation and trophoblast 
invasion through the downregulation of AGO2 expression. AGO2 is exclusively present in 
cytotrophoblasts and endothelial cells of the placenta, which play a role in trophoblast invasion 
and the development of the endothelial tube (Yang et al., 2016). 

This aligns with the HIPPO enrichment pathway, where suppression of the HIPPO 
pathway can result in excessive yet poorly differentiated trophoblast proliferation, contributing 
to abnormal placentation. The HIPPO signaling pathway was the most significant in 
downregulating miRNAs. The pathway is associated with the TGF-β and WNT signaling pathways, 
which were also significant in this study. TAZ and YAP regulate the HIPPO signaling pathway. 
Consequently, precise management of the quantities and locations of these elements is essential 
for early developmental processes, as well as for tissue stability, healing, and regrowth (Varelas 
2014). YAP regulates CDX2, influencing trophoblast invasion and apoptosis in preeclampsia (Sun 
et al., 2018; Liu et al., 2020). The findings align with previous research indicating that the HIPPO 
signalling pathway is a significant pathway for miRNA downregulation in preeclampsia (Pillay, 
2019). 

Our research identifies another mechanism: the role of lipid metabolism in the regulation 
of fatty acid production. Fatty acids are essential for cell proliferation, cell signaling, and the 
development of important structural and functional characteristics in the fetoplacental unit. Fatty 
acids play a role in the initial phases of placental development by regulating angiogenesis during 
the first trimester (Duttarory and Basak, 2022). Lipids influence preeclampsia by controlling 
vascular and trophoblast activity. Recent evidence suggests that in preeclampsia, miRNAs have a 
role in adipogenesis, where disruption of adiponectin can prevent AMPK functioning and produce 
mitochondrial malfunction and insulin resistance (Hu et al., 2022). 

The main limitation of this study is the small sample size (n=3 per group), which limits the 
statistical strength and generalization of the findings. However, the consistency and magnitude of 
the fold change, as well as the use of nanostring technology, provide confidence for further 
validation studies. Future research should validate these 6 miRNA signatures in a larger 
independent cohort using methods such as RT-qPCR. In vitro and in vivo functional studies are 
also needed to validate specific gene targets and prove a causal relationship between these 
miRNAs and identified pathways. 

 
4. CONCLUSION 

Although preliminary, the data from this study provide valuable molecular insights into 
the pathogenic differences between EOPE and LOPE. The identified signature miRNAs—
consisting of miR-196b-5p, miR-190a-5p, miR-515-3p, miR-3179, miR-181a-5p, and miR-15b-
5p—have the potential to be developed into a non-invasive biomarker panel that can distinguish 
the two PE subtypes early. In addition, bioinformatics analysis leads to a new hypothesis that 
EOPE is not only about "less invasiveness" but may also involve "uncontrolled and irregular 
invasiveness," which is reflected by the activation of cancer-like pathways and suppression of 
growth-inhibiting pathways. This insight could pave the way for targeted therapeutic strategies 
that specifically address the unique biological behaviors of each subtype. Further research is 
needed to validate these findings and explore the clinical implications of such a biomarker panel 
in improving patient outcomes. 
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