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Abstract. Early‑onset preeclampsia (EOPE) is a serious threat 
to maternal and foetal health. The present study aimed to iden-
tify potential biomarkers and targets for the treatment of EOPE. 
Expression profiles of placenta from patients with EOPE and 
healthy controls (GSE103542, GSE74341 and GSE44711) were 
downloaded from the Gene Expression Omnibus database. 
Integrated analysis revealed 246 genes and 28 microRNAs 
(miRNAs) that were differentially expressed between patients 
with EOPE and healthy controls. Differentially expressed genes 
(DEGs) were primarily enriched in ‘biological processes’, 
such as ‘cell adhesion’, ‘female pregnancy’, ‘extracellular 
matrix organization’ and ‘response to hypoxia’. Significant 
pathways associated with DEGs primarily included ‘focal 
adhesion’, ‘ECM‑receptor interaction’, ‘PI3K‑Akt signaling’ 
and ‘ovarian steroidogenesis’. A Protein‑Protein Interaction 
network of DEGs was constructed using the Search Tool for 
the Retrieval of Interacting Genes/Proteins online database, 
and epidermal growth factor receptor, collagen α‑1(I) chain, 
secreted phosphoprotein 1, leptin (LEP), collagen α‑2(I) chain 
(COL1A2), plasminogen activator inhibitor 1 (SERPINE1), 
Thy‑1 membrane glycoprotein, bone morphogenetic protein 4, 
vascular cell adhesion protein 1 and matrix metallopeptidase 1 
were identified as hub genes. The alterations of hsa‑miR‑937, 
hsa‑miR‑148b*, hsa‑miR‑3907, hsa‑miR‑367*, COL1A2, 
LEP and SERPINE1 in placenta were validated using our 
local samples. Our research showed that the expression of 

hsa‑miR‑937, hsa‑miR‑1486*, hsa‑miR‑3907, hsa‑miR‑367* 
and hub genes in the placenta were closely associated with 
the pathophysiology of EOPE. hsa‑miR‑937, hsa‑miR‑1486*, 
hsa‑miR‑3907, hsa‑miR‑367* and hub genes could serve as 
biomarkers for diagnosis and as potential targets for the treat-
ment of EOPE.

Introduction

Preeclampsia (PE), characterized by hypertension and 
proteinuria, is a pregnancy‑specific disease that can cause 
foetal intrauterine growth restriction and premature birth (1). 
PE can be accompanied by eclampsia, uncontrolled hyperten-
sion or systemic inflammation (2) and has become the leading 
cause of maternal mortality in the United States (3). PE is 
closely associated with genetic background, and the only cure 
for PE is delivering the foetus and placenta (4). Early‑onset 
PE (EOPE) is PE diagnosed before 34 weeks of gestation (5). 
Compared with late‑onset PE (LOPE), EOPE has a higher 
mortality rate  (6) and more often leads to foetal growth 
restriction (7).

MicroRNAs (miRNAs/miRs) are small non‑coding 
single‑stranded RNAs that play important roles in a number 
of diseases, such as malignant tumours (8) and cardiovascular 
diseases (9). miRNAs can bind to target genes and thereby 
inhibit the translation of target genes or promote the degrada-
tion of mRNAs. The analysis of miRNA‑mRNA regulatory 
networks has provided novel insights into the pathogenesis 
of various diseases. For instance, Wang et al (10) discovered 
that miR‑223‑3p can relieve spinal cord injury via negatively 
regulating the expression of receptor‑interacting protein 3.

Microarray technology is useful for detecting the expres-
sion of genes and non‑coding RNAs in a high‑throughput 
manner (11). Microarray technology has been widely employed 
in studying transcriptional alterations in various diseases. For 
example, Huang et al (12) studied traumatic brain injury‑related 
genes with gene expression microarray analysis. Tan et al (13) 
utilized a miRNA expression microarray assay to identify 
miR‑302b‑3p as regulator of skin fibroblast senescence.

Given the large amounts of data generated by microarray 
experiments, integrated analyses yield information of greater 
confidence and content than each experiment individu-
ally (14). In the current study, a comprehensive strategy was 
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employed to analyse gene and miRNA expression microarray 
data concerning EOPE. The aim of the present study was to 
discover novel biomarkers for EOPE diagnosis and new targets 
for EOPE treatment, and to reveal a potential miRNA‑mRNA 
regulatory network contributing to the pathogenesis of EOPE.

Materials and methods

Microarray data collection. ‘Early onset preeclampsia’ was 
used as key word to search the Gene Expression Omnibus 
(GEO, https://www.ncbi.nlm.nih.gov/geo/) database  (15). 
The inclusion criterion for a GEO series was the inclusion of 
microarray data of placenta tissues from patients with EOPE 
and healthy controls. Normalized expression matrixes of 
GSE103542, GSE74341 and GSE44711 (presented in Table I) 
were downloaded for further study.

Identification of differentially expressed genes (DEGs). The 
expression matrixes of GSE74341 and GSE44711 were anno-
tated with official gene symbols and then merged by common 
gene symbols. RankProd (v3.12.0) (16) is an R package that 
employs the rank product method to identify DEGs with 
application in microarray data meta‑analysis. The R package 
metaMA (v3.1.2) (17) combines either P‑values or modified 
effect sizes across different platforms to identify DEGs. 
The merged expression matrix was entered into each of the 
RankProd and metaMA pipelines. The criteria for identifying 
a gene as a DEG was |[fold‑change (FC)]|>2 and percentage 
of false prediction (pfp)<0.05 (RankProd method) or false 
discovery rate (FDR)<0.05 (metaMA method). A Venn 
diagram of DEGs identified by RankProd and metaMA was 
then plotted with using InteractiVenn (http://www.interac-
tivenn.net/) (18). Genes identified as DEGs by both RankProd 
and metaMA were deemed DEGs for the purposes of the 
present study. The clustering heat maps of DEGs were plotted 
using the pheatmap R package (v1.0.12) (19).

Functional annotation of DEGs. The online Database for 
Annotation, Visualization and Integrated Discovery (DAVID, 
v6.8, https://david.ncifcrf.gov/)  (20,21) was used for Gene 
Ontology (GO) (22,23) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) (24) pathway enrichment analyses of the 
DEGs.

Construction of a protein‑protein interaction (PPI) network. 
The list of DEGs was uploaded to the Search Tool for the 
Retrieval of Interacting Genes/Proteins (STRING, v11.0, 
https://string‑db.org/)  (25) database to construct the PPI 
network with the minimum required interaction score set as 
medium confidence (0.400). The PPI network was visualized 
and analysed using Cytoscape (v3.7.1)  (26), and important 
gene modules were identified with the Cytoscape plugin 
MCODE (27).

Identification of differentially expressed miRNAs (DEMs). 
The expression matrix of GSE103542 was processed with the 
R package limma (v3.44.3) (28), according to the developer's 
manual. DEMs were defined according to |log2FC|>2 and 
P<0.05. A volcano plot of the log2(FC) and P‑value of miRNAs 
was plotted using the ggplot2 R package (v3.3.2) (29).

Construction of a DEM‑target DEG connection network. 
Target genes of DEMs were predicted using the miRNAtap R 
package (v1.22.0) (30), which integrates data from the PicTar, 
DIANA, TargetScan, miRanda and miRDB databases as 
previously described (31). Common genes between upregu-
lated DEGs and target genes of downregulated DEMs were 
deemed predicted target DEGs of downregulated DEMs. 
Similarly, overlapping genes between downregulated DEGs 
and target genes of upregulated DEMs were deemed predicted 
target DEGs of upregulated DEMs. The DEM‑target DEG 
network was constructed using the software Cytoscape 
(v3.7.1).

Sample collection. All samples were collected from pregnant 
women who gave birth in The Women's Hospital of Nanjing 
Medical University from January 2019 to December 2019. 
The criteria for EOPE designation were hypertension (blood 
pressure (>140/90 mmHg), proteinuria (≥300  mg/d) and being 
diagnosed prior to 34 weeks of gestation (1,32). The exclusion 
criteria included diabetes, gestational diabetes, pre‑existing 
hypertension, congenital anomalies, infection and alcohol/drug 
use. Healthy matched women with no complications were 
recruited as controls. Clinical information of patients with 
EOPE and healthy controls is listed in Table II. All women 
participating in the study signed informed consent for the 
collection of placenta tissues and clinical information. This 
research was approved by Human Research Ethics Committee 
of The Women's Hospital of Nanjing Medical University 
(Nanjing, China; approval no. KY‑024).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Placenta tissues were dissolved in TRIzol® 
reagent (cat. no. 93289; Sigma‑Aldrich; Merck KGaA), and 
then RNA was extracted using the RNAprep pure Tissue 
Kit (cat. no. DP431; Tiangen Biotech Co., Ltd.) according to 
the manufacturer's instructions. Reverse transcription was 
performed using a PrimeScript™ RT Reagent Kit with gDNA 
Eraser (cat. no. RR047A; Takara Bio, Inc.), according to the 
manufacturer's instructions. gDNA was removed by incubating 
the samples at 42˚C for 2 min; cDNA was then synthesized at 
37˚C for 15 min and 85˚C for 5 sec. RT‑qPCR of the DEGs was 
conducted using a CellAmp™ Direct TB Green® RT‑qPCR 
Kit (cat. no. 3735A; Takara Bio, Inc.) and an ABI ViiA™ 7 
System (cat. no. 4453536; Thermo Fisher Scientific, Inc.). The 
thermocycling conditions consisted of an initial denaturation 
at 95˚C for 30 sec, followed by 40 cycles at 95˚C for 3 sec 
and 60˚C for 30 sec. The primers (Table  III) for collagen 
α‑2(I) chain (COL1A2), leptin (LEP), plasminogen activator 
inhibitor 1 (SERPINE1) and GAPDH were synthesized by 
Generay Biotech Co., Ltd.

For the miRNAs, RT‑qPCR were performed using the 
miRNA 1st Strand cDNA Synthesis Kit (Vazyme Biotech 
Co., Ltd.) and miRNA Universal SYBR qPCR Master Mix 
(Vazyme Biotech Co., Ltd.), according to the manufacturer's 
instructions. gDNA was removed by incubating the samples 
at 42˚C for 2 min, then cDNA was synthesized at 25˚C for 
5 min, 50˚C for 15 min and 85˚C for 5 min. Thermocycling 
conditions for RT‑qPCR consisted of an initial denaturation 
at 95˚C for 5 min, followed by 40 cycles at 95˚C for 10 sec 
and 60˚C for 30 sec. Specific stem‑loop primers and forward 



Molecular Medicine REPORTS  22:  4772-4782,  20204774

primers for hsa‑miR‑937, hsa‑miR‑1486*, hsa‑miR‑3907 and 
hsa‑miR‑367* are listed in Table III. All samples were anal-
ysed in triplicate, and gene expression values were normalized 
to the values of β‑actin using the 2‑ΔΔCq method (33).

Statistical analysis. SPSS 16.0 software (SPSS, Inc.) was 
used for statistical analysis, and GraphPad Prism 5 software 
(GraphPad Software, Inc.) was used to produce figures. 
Quantitative data are presented as the mean  ±  SD. For 
comparisons between two groups, an independent sample 
t‑test was used. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Identification of EOPE‑associated DEGs. After annota-
tion with official gene symbols, 32,078 genes were found in 
GSE74341, and 20,929 genes were found in GSE44711. The 
expression matrixes of GSE74341 and GSE44711 were merged 
based on their 17,834 common genes. The merged expression 
matrix was processed with the R packages RankProd and 
metaMA separately. A total of 276 genes were outputted by 
RankProd, and 2,096 were outputted by metaMA; 246 genes 
were shared between the analyses and identified as DEGs 
(Fig. 1A). A total of 149 upregulated and 97 downregulated 

DEGs were identified in patients with EOPE compared with 
healthy controls (Fig. 1B). The top 30 upregulated and top 30 
downregulated DEGs are shown in Tables IV and V, respec-
tively. To visualize the expression patterns of these DEGs in 
the EOPE and normal control (NC) groups, clustering heat 
maps of DEGs were constructed for GSE74341 (Fig. 1C) and 
GSE44711 (Fig. 1D).

Table I. Details of the microarrays used.

GEO series	 Healthy	 Patients with
number	 controls, n	EO PE, n	 Tissue	 Platform

GSE103542	 8	 11	 Placenta	 GPL23980, miRLink microRNA Arrays v. 16
GSE74341	 5	 7	 Placenta	 GPL16699, Agilent‑039494 SurePrint G3 Human 
				    GE v2 8x60K Microarray 039381 (Feature number version)
GSE44711	 8	 8	 Placenta	 GPL10558, Illumina HumanHT‑12 v4.0 Expression Beadchip

EOPE, early onset preeclampsia; GEO, Gene Expression Omnibus.

Table II. Clinical information of the patients with EOPE 
(n=30) and NCs (n=29).

Clinical characteristics	NC	EO  PE

Maternal age, years	 28.0±1.8	 27.3±2.1
Pregestational BMI, kg/m2	 21.3±2.1	 22.6±1.3
SBP, mmHg	 122.5±5.2	 161.0±3.6a

DBP, mmHg	 76.0±5.1	 112.7±3.2a 
Proteinuria, mg/24 h	N ot tested	 3,065.3±387.3
Gestational age at diagnosis, 	N /A	 31.0±1.0
weeks
Gestational age at delivery, 	 36.0±1.4	 35.0±1.0
weeks
Neonate birth weight, g	 3,007.5±216.3	 2,677.0±147.5

aP<0.01 vs. NC. SBP, systolic blood pressure; DBP, diastolic blood 
pressure; NC, normal controls; EOPE, early onset preeclampsia.

Table III. Primer sequences.

Gene	 Primer sequences (5'→3')

COL1A2	 F: GTTGCTGCTTGCAGTAACCTT
	R : AGGGCCAAGTCCAACTCCTT
LEP	 F: TGCCTTCCAGAAACGTGATCC
	R : CTCTGTGGAGTAGCCTGAAGC
SERPINE1	 F: ACCGCAACGTGGTTTTCTCA
	R : TTGAATCCCATAGCTGCTTGAAT
GAPDH	 F: GGAGCGAGATCCCTCCAAAAT
	R : GGCTGTTGTCATACTTCTCATGG
hsa‑miR‑937‑loop	 GTCGTATCCAGTGCGTGTCGTGGA
	 GTCGGCAATTGCACTGGATACGAC
	 GGCAGA
hsa‑miR‑937	 F: GGGATCCGCGCTCTGACTC
hsa‑miR‑148b*‑loop	 GTCGTATCCAGTGCGTGTCGTGGA
	 GTCGGCAATTGCACTGGATACGAC
	 GCCTGA
hsa‑miR‑148b*	 F: GGGAAGTTCTGTTATACAC
hsa‑miR‑3907‑loop	 GTCGTATCCAGTGCGTGTCGTGGA
	 GTCGGCAATTGCACTGGATACGAC
	 TGTGAG
hsa‑miR‑3907	 F: GGGAGGTGCTCCAGGCTGG
hsa‑miR‑367*‑loop	 GTCGTATCCAGTGCGTGTCGTGGA
	 GTCGGCAATTGCACTGGATACGAC
	A GAGTT
hsa‑miR‑367*	 F: GGGACTGTTGCTAATATGC
Universal reverse	A GTGCAGGGTCCGAGGTATT
primer
U6	 F: CGCTTCGGCAGCACATATACTA
	R : CGCTTCACGAATTTGCGTGTCA

F, forward; R, reverse; miRNA, microRNA; COL1A2, collagen α‑2(I) 
chain; LEP, leptin; SERPINE1, plasminogen activator inhibitor 1.
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Functional annotation of DEGs. To explore the biological 
functions of the DEGs, the list of DEGs was uploaded to the 
DAVID database for GO and KEGG enrichment analysis. 
GO is organized into three ontologies: ‘Cellular Component’ 
(CC), ‘Molecular Function’ (MF) and ‘Biological Process’ 
(BP). In the CC ontology (Fig. 2A), DEGs were primarily 
enriched in the GO terms ‘extracellular region’, ‘extracellular 
exosome’, ‘extracellular space’ and ‘integral component of 
plasma membrane’. In the MF ontology (Fig. 2B), DEGs were 
mainly enriched in the terms ‘calcium ion binding’, ‘receptor 
binding’, ‘heparin binding’ and ‘hormone binding’. In the BP 
ontology (Fig. 2C), DEGs were mainly enriched in the terms 
‘cell adhesion’, ‘female pregnancy’, ‘extracellular matrix orga-
nization’ and ‘response to hypoxia’. KEGG pathway analysis 
(Fig. 2D) indicated that the DEGs were primarily enriched in 
the KEGG pathways ‘focal adhesion’, ‘ECM‑receptor interac-
tion’, ‘PI3K‑Akt signaling’ and ‘ovarian steroidogenesis’. The 
GO and KEGG results suggested that these DEGs were closely 
related to the occurrence and development of EOPE.

PPI network analysis of DEGs. To explore the interactions 
among the DEGs, the list of DEGs was uploaded to the 
STRING database to construct the PPI network. The PPI 
network contained 174 nodes representing 93 upregulated 

DEGs and 81 downregulated DEGs and 488 edges. Significant 
gene modules of the PPI network were identified using the 
Cytoscape plugin MCODE, and the first and second ranked 
modules are shown (Fig.  3A). Degree is a parameter that 
reflects the number of connected nodes with an individual 
node. The larger a node's ‘Degree value’ is, the more likely it 
is that the node is a hub gene. DEGs were ranked according to 
their ‘Degree values’, and top 10 DEGs were considered hub 
genes (Fig. 3B). The hub genes included epidermal growth 
factor receptor (EGFR), collagen α‑1(I) chain (COL1A1), 
secreted phosphoprotein 1 (SPP1), LEP, COL1A2, SERPINE1, 
Thy‑1 membrane glycoprotein (THY1), bone morphogenetic 
protein 4 (BMP4), vascular cell adhesion protein 1 (VCAM1) 
and matrix metallopeptidase 1 (MMP1).

GO analysis was performed to explore the BPs associated 
with module 1, module 2 and hub genes (Fig. 3C). Module 
1 was primarily enriched in the GO terms ‘extracellular 
matrix organization’, ‘positive regulation of T cell prolifera-
tion’ and ‘negative regulation of blood coagulation’. Module 2 
was mainly enriched in the terms ‘positive regulation of cell 
migration’, ‘extracellular matrix organization’ and ‘collagen 
fibril organization’. Hub genes were mainly enriched in the 
terms ‘extracellular matrix organization’, ‘cellular response to 
amino acid stimulus’ and ‘collagen catabolic process’. Of note, 

Figure 1. Identification of DEGs between patients with EOPE and healthy controls. (A) A total of 246 DEGs overlapped in the output between the R packages 
RankProd and metaMA. A total of 277 genes were outputted by RankProd, and 2,096 genes were outputted by metaMA. The 246 shared DEGs were identified 
by Venn diagram analysis. (B) Number of upregulated and downregulated DEGs. There were 149 upregulated DEGs and 97 downregulated DEGs. Clustering 
heat maps of DEGs in (C) GSE74341 and (D) GSE44711. The ordinate presents the DEG names, and the abscissa presents the names of the samples. Samples 
labelled with orange bars are from patients with EOPE, whereas those labelled blue are from healthy controls. Red represents high expression, and blue 
represents low expression. DEGs, differentially expressed genes; EOPE, early onset preeclampsia; NC, normal control.



Molecular Medicine REPORTS  22:  4772-4782,  20204776

module 1, module 2 and hub genes were all enriched in the 
term ‘extracellular matrix organization’, which indicated that 
extracellular matrix organization may play important roles in 
EOPE.

Identification of DEMs and construction of the DEM‑target 
DEG interaction network. The expression matrix of 
GSE103542 was analysed using the R package limma, and 
|logFC|>2 and P<0.05 were applied to define DEMs. A total 
of 28 miRNAs were differentially expressed between patients 
with EOPE and healthy controls, among which 20 miRNAs 
were downregulated and 8 miRNAs were upregulated in 
patients with EOPE compared with controls (Fig. 4A and 
Table VI). A clustering heat map of the DEMs was constructed 
to visualize the differences in the expression patterns of 
miRNAs between the EOPE and NC groups (Fig. 4B).

The target genes of the DEMs were predicted using 
miRNAtap, an R package that integrates sources from the 

PicTar, DIANA, TargetScan, miranda and mirdb databases 
to increase the confidence of prediction. The target DEGs 
were considered DEGs that overlapped with the target 
genes of DEMs. A DEM‑target DEG interaction network was 
constructed to illustrate the connections between the DEMs 
and DEGs (Fig. 4C). There were 80 nodes in the network, 
comprising 59 DEGs (45 upregulated, 14 downregulated) and 
21 DEMs (6 upregulated, 15 downregulated). These nodes 
were connected by 76 edges. The nodes with the largest 
‘Degree values’ were has‑miR‑19a* and has‑miR‑30a, which 
were predicted to regulate the expression of 8 DEGs each.

Local cohort validation of DEM‑target DEG patterns. 
Placenta tissue samples from 30 patients with EOPE and 29 
matched healthy controls were collected for RNA extraction. 
Given that COL1A2, LEP and SERPINE1 were identified as 
hub genes and predicted to be targets of DEMs, the expres-
sion of the DEMs hsa‑miR‑937, hsa‑miR‑148b*, hsa‑miR‑3907 
and hsa‑miR‑367*, and the target DEGs COL1A2, LEP and 
SERPINE1 were validated using RT‑qPCR (Fig. 5). Compared 
with the corresponding expression in the NC group, the 

Table IV. Top 30 upregulated DEGs.

Upregulated genes	L og2FC	 pfp

CRH	 4.14 	 1.19x10‑23

HTRA4	 3.64 	 9.71x10‑22

PSG9	 3.59 	 4.80x10‑18

EBI3	 2.94 	 4.73x10‑18

ADAM12	 2.61 	 3.03x10‑16

LHB	 2.94 	 5.70x10‑16

PRG2	 2.14 	 1.32x10‑15

PAPPA2	 3.02 	 2.90x10‑15

SLCO2A1	 2.50 	 7.08x10‑15

COL17A1	 2.20 	 1.19x10‑14

LEP	 2.82 	 2.16x10‑13

SIGLEC6	 2.28 	 3.42x10‑13

PAPPA	 2.22 	 1.14x10‑12

PSG6	 2.22 	 1.18x10‑12

GDF15	 2.40 	 2.22x10‑12

GPIHBP1	 2.14 	 3.93x10‑12

INHA	 2.18 	 3.77x10‑12

PSG5	 2.15 	 4.34x10‑12

FSTL3	 2.41 	 4.71x10‑12

CA4	 1.80 	 1.05x10‑11

PSG1	 2.18 	 1.15x10‑11

LIMCH1	 2.05 	 1.21x10‑11

ANKRD37	 1.99 	 1.51x10‑11

HTRA1	 2.46 	 1.82x10‑11

PSG3	 2.17 	 1.90x10‑11

QPCT	 2.13 	 2.81x10‑11

ARMS2	 2.07 	 4.86x10‑11

PSG11	 1.91 	 5.98x10‑11

MMP11	 1.96 	 6.26x10‑11

CYP11A1	 1.88 	 1.09x10‑10

DEGs, differentially expressed genes; FC, fold‑change; pfp, 
percentage of false prediction.

Table V. Top 30 downregulated DEGs.

Downregulated genes	 Log2FC	 pfp

CADM3	 ‑2.04 	 1.09x10‑12

SPP1	‑ 1.86 	 1.76x10‑11

BHLHE41	‑ 1.67 	 4.77x10‑10

SPON1	‑ 1.68 	 4.86x10‑10

PDPN	‑ 1.55 	 6.06x10‑10

OLFML3	‑ 1.64 	 6.87x10‑10

CCL13	 ‑1.56 	 9.12x10‑10

VTN	 ‑1.43 	 1.39x10‑9

ALDH1A1	‑ 1.50 	 1.70x10‑9

SRPX	‑ 1.54 	 1.66x10‑9

CXCL14	‑ 1.58 	 2.75x10‑9

DKK1	 ‑1.28 	 3.67x10‑9

SLC16A10	‑ 1.43 	 4.04x10‑9

PCOLCE	‑ 1.46 	 4.38x10‑9

CFD	‑ 1.55 	 4.82x10‑9

SLIT2	‑ 1.53 	 4.81x10‑9

ENPP1	‑ 1.47 	 1.01x10‑8

CPXM1	‑ 1.37 	 1.13x10‑8

THY1	‑ 1.36 	 1.40x10‑8

COL6A2	‑ 1.34 	 1.57x10‑8

PRRX1	‑ 1.54 	 2.76x10‑8

METTL7B	‑ 1.34 	 4.18x10‑8

WNT2	‑ 1.38 	 4.01x10‑8

COL1A1	‑ 1.37 	 5.74x10‑8

DPT	 ‑1.17 	 6.29x10‑8

CES1	‑ 1.24 	 7.55x10‑8

SCUBE2	 ‑1.33 	 1.09x10‑7

FST	‑ 1.18 	 1.83x10‑7

COL6A1	‑ 1.30 	 2.43x10‑7

GPR34	‑ 1.21 	 2.36x10‑7

DEGs, differentially expressed genes; FC, fold‑change; pfp, 
percentage of false prediction.
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expression levels of hsa‑miR‑367*, SERPINE1 and LEP were 
increased significantly in the EOPE group, whereas that of 
hsa‑miR‑937, hsa‑miR‑148b*, hsa‑miR‑3907 and COL1A2 
were decreased significantly in the EOPE group, consistent 
with the microarray results.

Discussion

EOPE is a threat to maternal and foetal health worldwide, 
especially in developing countries (34). The present research 
employed an integrated approach to investigate alterations of 
miRNAs and genes in EOPE. In addition, the connections 
between the altered miRNAs and genes were explored, which 
may help to explain the pathogenesis of EOPE. In the current 
study, a total of 246 DEGs and 28 DEMs were identified, 
among which 59 DEGs and 21 DEMs may have regulatory 
relationships.

The identified DEGs were primarily associated with BPs, 
such as ‘cell adhesion’, ‘female pregnancy’, ‘extracellular matrix 
organization’ and ‘response to hypoxia’. It has been reported 
that an imbalance of MMPs plays a vital role in the forma-
tion of PE (35). In addition, it has been well‑established that 
placenta ischaemia and hypoxia contribute to the development 
of PE (36). The DEGs were mainly enriched in the following 
KEGG pathways: ‘Focal adhesion’, ‘ECM‑receptor interac-
tion’, ‘PI3K‑Akt signaling’ and ‘ovarian steroidogenesis’. The 
PI3K‑Akt signalling pathway is a pro‑survival pathway that 
regulates cell proliferation, differentiation and apoptosis (37). 
PI3K‑Akt signalling is typically dysregulated in numerous 

types of cancer and thus has become an important target for 
anticancer treatment (38). A role of the PI3K‑Akt signalling 
pathway in PE has also been reported. Cudmore et al  (39) 
proposed that inhibition of the PI3K‑Akt signalling pathway 
increased circulating soluble endoglin release and relieved 
endothelial dysfunction in PE.

In the present study, using STRING database and 
Cytoscape, 10 genes (EGFR, COL1A1, SPP1, LEP, COL1A2, 
SERPINE1, THY1, BMP4, VCAM1 and MMP1) were identi-
fied as hub genes that play important roles in EOPE. EGFR 
signalling has been reported to be overactive in PE and to 
promote the secretion of soluble FMS‑like tyrosine kinase‑1, 
which has been implicated in the pathogenesis of PE (40). 
The expression of COL1A1 was found to be closely asso-
ciated with PE (P=0.0011) in a large‑scale study (PE=394, 
NC=631)  (41). SPP1 was found to play a role in cytotro-
phoblast invasion of the maternal vasculature/extracellular 
matrix during non‑preeclamptic placentation (42) and was 
downregulated in the placenta of patients with PE (43). In 
the present research, SPP1 was ranked second in the list 
of downregulated genes, which indicated that SPP1 could 
serve as biomarker of EOPE and that the role of SPP1 in 
PE deserves further investigation. LEP in serum has been 
found to be significantly higher in patients with PE than in 
NCs (PE=430, NC=316) (44). Additionally, serum LEP was 
found to be higher in patients with EOPE than patients with 
LOPE (45). Genetic variants of SERPINE1 have been found 
to be associated with PE (46). MMP‑1 serves as a mediator 
of vasoconstriction and vascular dysfunction in PE  (47). 

Figure 2. Functional annotation of DEGs. GO analysis of DEGs in the categories of (A) CC, (B) MF and (C) BP. The ordinate displays the GO terms, and the 
abscissa presents the numbers of DEGs enriched in the GO terms. The‑log10 (P‑value) is reflected by the colour of the bar. (D) KEGG pathway enrichment of 
DEGs. The ordinate presents the names of the enriched pathways, and the abscissa presents the fold‑enrichment. The number of DEGs enriched in a pathway 
is denoted by bubble size, and the‑log10 (P‑value) is reflected by the bubble's colour. DEGs, differentially expressed genes; GO, Gene Ontology; CC, cellular 
component; MF, molecular function; BP, biological process; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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However, the roles of COL1A2, THY1, BMP4 and VCAM1 
in PE remain unclear.

Increasing evidence has indicated that miRNA dysregula-
tion is responsible for the pathogenesis of EOPE. In the present 
study, 28 placental miRNAs were identified as dysregulated. 
Previous data demonstrated that hsa‑miR‑431 inhibited the 
migration and invasion of trophoblastic cells, which might 

contribute to the onset of PE (48), whereas hsa‑miR‑145* played 
the opposite role (49). Furthermore, Brkić et al (50) revealed 
that hsa‑miR‑218 promotes endovascular trophoblast differ-
entiation and spiral artery remodelling, which implies that 
downregulation of hsa‑miR‑218 in placenta may contribute to 
PE development. Additionally, hsa‑miR‑126* in placenta has 
been reported to be downregulated in patients with PE, which 

Figure 3. Construction of the PPI network and identification of important modules and hub genes. (A) PPI network of the DEGs and the two most important 
modules of the network. Nodes of the PPI network represent DEGs, among which red nodes represent upregulated DEGs and blue nodes represent down-
regulated DEGs. Edges between nodes represent the interactions of proteins encoded by DEGs. (B) Top 25 nodes of the PPI network ranked by Degree value. 
(C) GO analysis of module 1, module 2 and hub genes. Pink bars represent the number of DEGs enriched in the GO term, and the purple circles represent‑log10 
(P‑value). PPI, Protein‑Protein Interaction; DEGs, differentially expressed genes; GO, Gene Ontology.
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is consistent with the microarray results of the present study, 
and the expression of hsa‑miR‑126* has been identified as 
correlated with vascular endothelial growth factor levels (51). 
Furthermore, a previous study indicated that hsa‑miR‑126* is 
essential for the angiogenic properties of endothelial progen-
itor cells in vitro and for placental vasculogenesis in vivo (52). 
In the current study, four DEM‑hub gene pairs were predicted. 

Using local samples, the expression changes of hsa‑miR‑937, 
hsa‑miR‑148b*, hsa‑miR‑3907, hsa‑miR‑367*, COL1A2, LEP 
and SERPINE1 were validated in the placenta of patients with 
PE compared with controls.

With the rapid development of high‑throughput technolo-
gies, numerous studies have been performed to investigate the 
molecular mechanisms of EOPE by examining transcriptional 

Figure 4. Identification of DEMs and construction of the DEM‑target DEG interaction network. (A) A volcano plot of miRNAs in GSE103542, with criteria 
of P<0.05 and |log2FC|=2 applied to identify DEMs. (B) Clustering heat map of DEMs in GSE103542. The ordinate displays the names of the DEMs, and the 
abscissa presents the sample names. Samples labelled with orange bars are from patients with EOPE, whereas those labelled blue are from healthy controls. 
Red represents high expression, and blue represents low expression. (C) Interaction network of DEMs and their target DEGs. Rectangular nodes represent 
DEMs, and oval nodes represent DEGs. Red nodes represent upregulated DEMs, and blue nodes represent downregulated DEMs. Edges between nodes repre-
sent interactions between DEMs and DEGs. miRNA, microRNA; FC, fold‑change; DEMs, differentially expressed miRNAs; EOPE, early onset preeclampsia; 
NC, normal control; DEGs, differentially expressed genes.
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changes. He et al (53), Ma et al (54) and Song et al (55) analysed 
microarray data from GSE44711 to identify candidate markers 
and pathways in EOPE. Owing to the different bioinformatics 
approaches among the studies, the results of the three studies 
varied. Gunel  et al  (56) and Betoni  et al  (57) investigated 
miRNA profiles in the placentas of patients with PE without 
distinguishing EOPE from LOPE, whereas Lykoudi et al (58) 
analysed dysregulated placental miRNAs in patients with 
EOPE. However, the aforementioned studies did not explore 
the regulatory relationships between mRNAs and miRNAs; 
such relationships may contribute to the pathogenesis of EOPE. 
Yang‑Dong et al (59) constructed a miRNA‑mRNA regula-
tory network for EOPE by analysing microarray data from 
GSE103542 and GSE74341. In contrast to this previous study, 
the present study analysed two microarrays comprehensively 
to identify DEGs, thus increasing the strength and validity of 
the results of this study. Furthermore, in the present study, hub 
genes among the DEGs were identified and partially validated 
using RT‑qPCR, which may provide insight into the molecular 
mechanisms of EOPE. Nevertheless, there are a few limitations 

of the current study. This study failed to demonstrate the exact 
functions of these hub genes and the associated mechanisms, 
an important topic that requires further research.

The present research identified DEGs and DEMs associ-
ated with EOPE, and provided insight into the relationships 
between them. EGFR, COL1A1, SPP1, LEP, COL1A2, 
SERPINE1, THY1, BMP4, VCAM1 and MMP1 could serve 
as potential biomarkers of EOPE and treatment targets. 
Furthermore, hsa‑miR‑937, hsa‑miR‑148b*, hsa‑miR‑3907 and 
hsa‑miR‑367* could serve as regulators of COL1A2, LEP and 
SERPINE1, a possibility that warrants further investigation.
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Table VI. List of DEMs.

DEMs	 logFC	 P‑value

hsa‑miR‑1914	 2.03 	 1.03x10‑3

hsa‑miR‑431	 2.01 	 9.02x10‑3

hsa‑miR‑485‑3p	 2.44 	 1.95x10‑2

hsa‑miR‑500b	 2.25 	 2.15x10‑2

hsa‑miR‑145*	 4.62 	 2.21x10‑2

hsa‑miR‑3941	 2.79 	 3.46x10‑2

hsa‑miR‑367*	 3.97 	 3.67x10‑2

hsa‑miR‑875‑3p	 2.76 	 4.95x10‑2

hsa‑miR‑542‑3p	‑ 3.04 	 4.07x10‑5

hsa‑miR‑126*	‑ 2.85 	 1.13x10‑4

hsa‑miR‑544b	 ‑3.40 	 5.93x10‑4

hsa‑miR‑3652	‑ 4.02 	 7.67x10‑4

hsa‑miR‑2276	‑ 2.22 	 5.02x10‑3

hsa‑miR‑937	 ‑2.67 	 5.80x10‑3

hsa‑miR‑3907	 ‑3.07 	 6.70x10‑3

hsa‑miR‑3190	 ‑2.33 	 1.03x10‑2

hsa‑miR‑4253	‑ 2.40 	 1.33x10‑2

hsa‑miR‑1274a	 ‑4.89 	 1.59x10‑2

hsa‑miR‑3942	 ‑2.16 	 1.80x10‑2

hsa‑miR‑1471	 ‑3.92 	 2.13x10‑2

hsa‑miR‑148b*	 ‑2.15 	 3.01x10‑2

hsa‑miR‑218	‑ 2.67 	 3.16x10‑2

hsa‑miR‑1537	‑ 2.51 	 3.26x10‑2

hsa‑miR‑3943	 ‑2.07 	 3.64x10‑2

hsa‑miR‑19a*	 ‑2.56 	 3.69x10‑2

hsa‑miR‑3646	‑ 3.23 	 3.85x10‑2

hsa‑miR‑302a	 ‑2.88 	 3.99x10‑2

hsa‑miR‑30a	 ‑2.31 	 4.19x10‑2

DEMs, differentially expressed miRNAs; FC, fold‑change; miR/miRNA, 
microRNA.

Figure 5. Local cohort validation. Expression of hsa‑miR‑937, hsa‑miR‑148b*, 
hsa‑miR‑3907, hsa‑miR‑367*, COL1A2, LEP and SERPINE1 in placenta 
tissues from NC and EOPE groups as determined via RT‑qPCR. Expression 
levels of GAPDH and U6 snoRNA were used as internal references. **P<0.01 
vs. NC. miRNA, microRNA; COL1A2, collagen α‑2(I) chain; LEP, leptin; 
SERPINE1, plasminogen activator inhibitor 1; NC, normal controls; EOPE, 
early onset preeclampsia; RT‑qPCR, reverse transcription‑quantitative poly-
merase chain reaction.
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