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[ Abstract ]| Objective To mine valid information in public databases through bioinformatics analysis and machine
learning models and to identify candidate genes related to preeclampsia, so as to improve the accuracy of early diagnosis
and provide targets for pathogenesis, diagnosis and treatment research. Methods The RNA-seq datasets of placental tissue
samples of preeclampsia patients and healthy pregnant women were retrieved from the Gene Expression Omnibus, and the gene
expression matrix was obtained after data download, quality control, comparison and quantification through bioinformation
analysis. The differentially expressed genes were screened by DESeq2 1.38.3, the enrichment pathway was determined using
Gene Ontology and Kyoto Encyclopedia of Genes and Genomes, the co-expression network was constructed using weighted
gene co-expression network analysis (WGCNA), and the machine learning prediction model was established by random forest
algorithm. Results A total of 49 common differentially expressed genes were screened from placental tissue samples of 156
pregnant women (70 preeclampsia patients and 86 healthy pregnant women) in 4 datasets and they were significantly enriched
in extracellular regions, positive regulation pathway of follicle-stimulating hormone secretion, hormone activity pathway, and
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cytokine-cytokine receptor interaction pathway, etc. The 49 differentially expressed genes were categorized into 7 co-expression

modules by WGCNA, and key modules highly related to preeclampsia were identified. Six candidate key genes (fms related
receptor tyrosine kinase 1 [FLT1], pappalysin 2 [PAPPA2], protein phosphatase 1 regulatory inhibitor subunit 1C [PPPIRIC],
myosin VIB [MYO7B], long intergenic non-protein coding RNA 2009 [LINC02009], and inhibin subunit a [INFHA]) were

screened. The random forest model based on these 6 key genes had good predictive value for preeclampsia (area under curve was

0.978). Conclusion Preeclampsia may be associated with genes for hormone secretion, immune response, angiogenic factors,

pregnancy-associated plasma proteins, and inhibin, and these genes may be candidate diagnostic markers of preeclampsia.

[ Key words | preeclampsia; biomarkers; weighted gene co-expression network analysis; random forest model

[ Citation ] YAOR, YU D, XUE G. Mining diagnostic markers of preeclampsia based on weighted gene co-expression
network analysis[J]. Acad J Naval Med Univ, 2024, 45(12): 1529-1539. DOI: 10.16781/j.CN31-2187/R.20240049.

FIH AT (preeclampsia ) J2& & IR FE A A9 —
2 RGu ik ki, HAF AUREEIR 20 fLLS
BB & e IR RN AR AR, B0 BT A Il e R
Kie B RS ESONMEE TR, 5 TR IR
2%~8% " o FEI RSB, T A 4 R
KA (GER 34 AN ) A kB (4l 34 s )
BRRENEERE (SETIME . I PRFEBURIE (R TR ) ™,
FFEIE S PO BS99 L £ FH ) ) DR bR ] DA REAIG
TR A BT 2 4 L RTI, ER B] DE AR 2
TG FLHE . FFAR NS AT 25 i BRG] & AT 1
AWrERE T, )R] PCARTE I PR ZE i i A an
T AT Y b AR T I ) Ao, O TR+
TR AT A7 — 2 B R BRAE D, YR —A %0E
I7 IR T TR 2R Gk . PRI T HT )
TR A2 WA B2, T R A R A R
R 53 FHLHI AT e 2SR T AR

H T AR 0 S 0% 2 i R A S I S
GEfgr, HL o3 0 e mT AR I 2 iR 8 1Y) 20 25 Bl 2 AR
1k, BEIG A DI REA 2 — B 2 S B ET
HRRAR T PR, G A s o Tl =7 i 1 ml e R AT
FESPEA R A B TR /NSO 2 A S
g3, VFZ 08 i BIF9E R BRI 28 JURE 19 i 4% 0 A AR
Yy, %31 F (RNA-seq ) A X ALFE S td A1 S
T3 S ATE N S S A AT 2P, RHRZR PR HL
HIAEIbR S WA 2 5 E' . Kaartokallio 457
EXF IR AT IG 20 RNA-seq 2088017 174307, WL
S HI 018 G AR 1078 D RE AN S~y
ZAL, R4 T — sl AT AT A2 W T
WiE 2% SRR HE . Ren %" 38 1 RNA-seq & 3H
TR BN J BY o 1 BT A 20 T PILR AN ], i
RIVEREFIW AT AT e G SRR R EOR IR &= .
X LB 5E R o A I G S8 A 2 5 SR A A5

WA BT R BT BT & R i o AL, DA RO i
W . 2 W AT AR R

Bl 5 45 Bl A= W05 B TR S8 A i o
M, AN FIHAEYE B B aetl m s H & 0
b DA v 308 U P S A2 e e ] A
W Rz e bR, — MR Bae ik e AR 3
AR A AR R, R Ry e 4E 5 2 TRl A AH
KV AE HAE ISR 2% EHXE DA RS . A R P H 3R
ik ™ 4% 43 M1 ( weighted gene co-expression network
analysis, WGCNA ) J&—Ffid AR A B (] 5 0¢
W B s PR 15 B2 D7 15T . WGCONA Y
PEAAE T BERG BE PR R Bdla e Ak ik, A
TR T i 7] fE S U R R AR RO 55 5 W46
WGCNA A -5 50 v 2 AH DG 1 B PRI,
IT BB A% R B B 1 AR 1 25 PR BOC B L D SRR A By 3R
RURFERR R R, 1Z 07 ) 12 W T & Fh i
WFIE, XS Mo A s S W BR Y TR SCA R OCHS
B S AL T B e TR AR 3T R
AT DRI e sl B 9 5, ML AR AR A R 3
TE T HA BRI, Pl G aeiiom, AR
UG, XIS NS (A R I AR B
o B 2 EE R A Y HEARME B . (National Center
for Biotechnology Information, NCBI ) A9J%EK 21k
ZEE%E % ( Gene Expression Omnibus, GEO ) &
MAEK . BTN AN FBIRRE, 5172
T 1) 22 2 2 e 3 H 0 P ) D e 50, it TR
AR TEUR

AWFFEHEA T K H NCBI GEO 1) 4 > RNA-seq
Bt (B S IR AT 22 1 Y i A4
AEAFIE R AR EHSEAR ) | MHEE T
4 EE A 1 22 S RA L PR O ik 26 22 S G
ST TIIRER S, SR iEd WGCNA M T 1



WFELEER AR 2024 4F 12 H, 55 45 %

e 1531 -

TR AT AL IR S, S 5 T AT i AT G
FRISCBEREDIASE IR, T L33k 26 S B L DN 7R B L AR AR T
IR PP AR B IE

1 #EFnT %

1.1 #HEHF®BFLEALE  MNCBI GEO PR
BRAS I 1T 9T S5 Y iR 48 40 21 RNA-seq B Hi 4,
4y 9 i GSE114691. GSE186257. GSE148241 #il
GSE218039. fii F} SRA-Toolkit %X {4 %k J5 4 K di
SRA 3 4, il i Fastq-dump iy 2> 4k % FASTQ ¢
. {8 FastQC A% I b B4 1647 o i P4
I3 3 trim_galore 4 #E 47 ot i il SR IS A
FH Hisat2 B1E8 B2 5 (0 7591 5 N 2K 3L K 40 791
( GRCh38) #47 X}, fifi i FeatureCounts %X {4 %t
SR FR AT i, AT IR B A

1.2 it Eam IR 4.2.3 FA T
7853347 [l R 4.2.3 %4 DESeq2 1.38.3 44,
YOE FIRRT R A 5 IER 22 AG A b 28 7k
KB, [logy(FC)|=1 (Hir FC Ry 22 Akl ) HAL
1 P<<0.05 AN 222 R RINA L . TR 4.2.3
B AtF randomForest 4.7-1.1 43 2 57 7 0 % 57 8 19
BENLAMAIRY, Y28 A 2 0 o B s 4
1 70% Fi1 30% 5L, 83 Predict pREL T AR 7
AT R AME, T R 4.2.3 5 4F pROC 1.18.2
L HIBRE) ROC #hZE, 715 AUC fH DA A5
R T 1 R

1.3 ARFESH FHER. "TILFIEER A
BE%E ( Database for Annotation, Visualization, and
Integrated Discovery; DAVID ) ( https://david.
nciferf.govl ) X 25 IR FE K HEA T HEIAMA (Gene
Ontology, GO) Zr#fr, Wi 5L & AW AEY it

B SrTFOIREMANNEA1s ' . 7E KOBAS 3.0 3
( http://kobas.chi.pku.edu.cn/ ) 4T 5 HARIE A 5 At
K4 H 44 (Kyoto Encyclopedia of Genes and
Genomes, KEGG ) iE & E 424007, it R 4.2.3
B ggplot2 41K P<<0.05 1Y 38 B vl M4k F =i
Bl
1.4 WGCNA A&k &bt SRR it
7 2288 € A8 H (variance stabilizing transformation,
VST) KX He ), FIHIR 42.3 8 /F WGCNA
1.72-1 G gl LRk W 4%, HAT AR AL R IR A =1
26 5 RAR RPN — DR, BRI T
— PP, T AL SR B B (module
membership, MM ) FIJEK {2 Z%: ( gene significance,
GS) PG PR FTRAR S AN S . RIS FIH
modulePreservation pR 1T 5 P 5F 4 Z-summary 15
g7, VAGIBRIRSF R ZE R . ) {4 Cytoscape
3.10.0 HAFXF SCSHERE DR I 28 14 T AT A

2 # R

2.1 AFRAF AR Ak 447 38 K& NCBI
GEO LU £ 5] 4 4> 5 i BT AR OC A Bcdls 4, 3L
H 2 ANECE AR WA TR AR (4 IR 1) Ry R
WA LR RV B PR RO (R 1) o 4 DB
ALHE 156 191 28 10 i £ 4 ZURE 7R 11 RNA-seq 90,
Forr 70 61 T R E AR L 86 B IEH A2
BEAS, B a5 R BoR, TIRATIEE 51EH
PIARY SR B SREAT] 430 2 BT 2R 2K, i H]
TR AT 5 1EH 2 A G S 2] (1 R e ik 22
S (E1A) 5 1 BAERTA B E T W2 ER
LR FIRFENBE Y 2T W TN 22 5 Rk A
(K 1B) .

R1 AN TRATHEXHEENEARER

Tab 1 Basic information of 4 preeclampsia-related datasets

Item GSE114691 GSE148241 GSE186257 GSE218039

Assay type RNA-seq RNA-seq RNA-seq RNA-seq
Tissue source Placenta Placenta Placenta Placenta
Sample size, n

Total 41 41 44 30

Preeclampsia 20 9 26 15

Control 21 32 18 15
Subtype of preeclampsia — Early-onset severe preeclampsia Severe preeclampsia —
Total read count 47 401 50 134 54249 49779

“—"": Not mentioned.



e 1532 - MEREERFFR 2024 4E 12 A, 5545 %

30 ® Preeclampsia ® Control
GSE114691 30 GSE148241 GSE186257 GSE218039
o 20 60
Q
=] g 20 30
£ 10 g g 40
g £ 10 g 20 £
— e < N .
& — > 0 N (
<10 & —10 § : 0
= S 5 S —20 \
— ¥ —
20 <—20 2
o)
—30 s s s s s , — " " " " " n - 0 N A N N — L L L s
—30 —20—10 0 10 20 30 —40—30—20—10 0 10 20 —40 —20 0 20 40 —50 —25 0 25 50
PCAL1: 28% variance PCAL1: 22% variance PCAL1: 22% variance PCA1: 28% variance A
GSE114691 40 GSE148241 5 GSE186257 30 GSE218039
30 [ v 7, Ums | Down:583 ) Up: 110 De 4
725 ‘ 2 30f ! g N 2" .
E Y ‘ > =20 1
< 5 | 3 < |
E 20 i g a1 ERE !
3 =Y 22 E !
2 g g g '
< b — ° b S 10 I »
5 = R R 24 L . = 4
-~ | I 1 1 3
| | 5 -
s 0 L LA N 0 3 i .
9 —50 —25 0 2.5 5.0 -6 =3 0 3 6
log,(fold change) log,(fold change) log,(fold change) log,(fold change) B

B 1 4 MBENERS O (A) MERRIEFEEMHNLE (B)
Fig1 Principal component analysis (PCA) (A) and volcano plot of differentially expressed genes (B) of 4 datasets
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Tab 2 Expression trends and fold change of 49 common differentially expressed genes in 4 preeclampsia-related datasets

log,(fold change)
Gene [Djname Trend
GSE114691 GSE148241 GSE186257 GSE218039
ENSG00000054179|ENTPD2 Up 1.59 2.57 2.37 1.96
ENSG00000061656|SPAG4 Up 2.25 2.38 1.08 2.05
ENSG00000070404|FSTL3 Up 3.60 4.89 2.00 1.69
ENSG00000101000|PROCR Up 1.73 1.97 1.08 1.33
ENSG00000102755|FLT1 Up 3.08 3.62 1.63 2.69
ENSG00000104826|LHB Up 1.75 1.80 1.25 1.75
ENSG00000105205|CLC Up 1.25 1.34 1.14 1.95
ENSG00000115828|QPCT Up 1.95 2.26 1.66 1.17
ENSGO00000116183|PAPPA2 Up 2.42 2.51 1.08 2.07
ENSG00000123999|/INHA Up 2.40 1.29 1.09 1.93
ENSG00000130822|PNCK Up 2.66 2.78 1.42 1.68
ENSG00000148488|ST8SIA6 Up 1.82 1.22 1.02 1.19
ENSG00000149256|TENM4 Up 1.60 1.88 1.18 1.24
ENSG00000150722|PPPIRIC Up 2.03 3.09 1.49 2.56
ENSG00000162753|SLCIC2 Up 1.46 2.44 1.41 1.84
ENSG00000165810|BTNLY Up 3.59 2.56 1.54 2.30
ENSG00000168490|PHYHIP Up 1.87 1.71 1.32 1.25
ENSG00000169495|HTRA4 Up 3.58 4.73 2.34 2.48
ENSG00000169994|MYO7B Up 2.37 3.08 1.28 2.28
ENSG00000171124|FUT3 Up 3.43 2.43 2.71 2.78
ENSG00000171889|MIR31HG Up 1.41 2.07 1.03 3.27
ENSG00000174697|LEP Up 4.59 6.50 2.61 5.17
ENSG00000177628|GBA1 Up 1.42 1.69 1.03 1.10
ENSG00000186806|VSIGI10L Up 1.04 1.93 1.04 1.86
ENSG00000214946|TBC1D26 Up 2.68 3.53 1.43 2.10
ENSG00000237949|LOC102724768 Up 2.21 1.97 1.45 1.95
ENSG00000247095|MIR210HG Up 2.38 2.82 1.09 1.88
ENSG00000277494|GPIHBP1 Up 2.19 1.68 1.53 1.85
ENSG00000283646|LINC02009 Up 4.01 3.53 1.78 4.56
ENSG00000287315|LOC101927401 Up 1.72 1.47 1.07 2.27
ENSG00000224658 Up 6.20 3.79 2.38 2.92
ENSG00000226022 Up 1.49 2.28 1.83 1.56
ENSG00000233002 Up 3.30 3.96 1.54 1.89
ENSG00000237514 Up 2.19 2.74 1.20 2.28
ENSG00000241219 Up 222 1.73 1.12 1.04
ENSG00000254592 Up 1.13 1.72 1.08 1.67
ENSG00000255104 Up 241 3.45 3.18 3.04
ENSG00000279393 Up 2.53 2.98 1.17 1.84
ENSG00000284309 Up 1.92 1.84 1.02 1.58
ENSG00000285424 Up 1.58 1.99 1.35 1.28
ENSG00000286754 Up 2.29 2.16 1.10 3.11
ENSG00000287233 Up 2.08 1.09 1.37 1.74
ENSG00000290531 Up 2.21 1.21 1.09 1.93
ENSG00000291137 Up 1.01 1.50 1.15 1.41
ENSG00000116774|OLFML3 Down —1.19 —1.01 —1.10 —1.49
ENSGO00000117090|SLAMF1 Down —3.02 —2.00 —1.99 —2.98
ENSG00000162706|CADM3 Down —1.31 —2.01 —1.18 —1.71
ENSG00000168329|CX3CR1 Down —1.14 —1.43 —1.47 —1.66

ENSG00000233725|NRAD1 Down —1.17 —2.02 —1.80 —2.67
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Fig 2 Venn diagram (A) and GO (B) and KEGG (C) enrichment analysis results of DEGs in 4 preeclampsia-related datasets
DEG: Differentially expressed gene; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; P,q;: Adjusted P value.
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Fig3 Establishment of a weighted gene co-expression network for preeclampsia-related dataset GSE186257

A: Correlation analysis of the modules with fetal gender and premature delivery; B: A scatterplot of module membership and gene
significance in the blue and brown modules, with the color of the points corresponding to the color of the module to which they
belong; C: Module-eigengene (ME) adjacency heatmap; D: A scatterplot of module membership and gene significance in the blue and
red modules, with the color of the points corresponding to the color of the module to which they belong. ME is defined as the first
principal component of a co-expression module matrix. INHA: Inhibin subunit o; LINC02009: Long intergenic non-protein coding
RNA 2009; MIR31HG: MIR31 host gene; FLT1: Fms related receptor tyrosine kinase 1; MYO7B: Myosin VI B; PPP1R1C: Protein
phosphatase 1 regulatory inhibitor subunit 1C; PAPPA2: Pappalysin 2; FSTL3: Follistatin like 3; LEP: Leptin.
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Fig4 Validation of gene co-expression modules of GSE186257 in GSE114691, GSE148241, and GSE218039

A: The Z-summary score of the co-expression modules of preeclampsia-related dataset GSE186257 in the other 3 datasets (GSE114691,
GSE148241, and GSE218039) (below the blue line represents no conservatism, i.e. Z-summary score<<2); B: The heatmap of
differentially expressed genes in the blue module; C: Visual network of blue module (the thickness of the line represents the weight
of the network between genes, with thicker lines indicating stronger relationships between genes on both sides). VST: Variance
stabilizing transformation; FLT1: Fms related receptor tyrosine kinase 1; LHB: Luteinizing hormone subunit 8; PAPPA2: Pappalysin 2;
INHA: Inhibin subunit a; STS8SIA6: ST8 a-N-acetyl-neuraminide a-2,8-sialyltransferase 6; TENM4: Teneurin transmembrane protein
4; PPPIRIC: Protein phosphatase 1 regulatory inhibitor subunit 1C; MYO7B: Myosin VIB; FUT3: Fucosyltransferase 3; NRADI:
Non-coding RNA in aldehyde dehydrogenase 1A pathway; LINC02009: Long intergenic non-protein coding RNA 2009.
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FigS Screening of key genes related to preeclampsia and prediction efficiency evaluation of random forest model
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LINC02009, INHA, and the random forest model in predicting preeclampsia. FLT1: Fms related receptor tyrosine kinase 1; PAPPA2:
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non-protein coding RNA 2009; INHA: Inhibin subunit o; ROC: Receiver operating characteristic; AUC: Area under curve.
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