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BARBEATEF A4% (Gene Ontology, GO)iTRIE S HT MIFE K 4 E £ 517 (Gene Set Enrichment Analysis,
GSEA) i Z R E R TiEE . ALASSOE S/ S Witk Y, BEALARMAN e EALVE N BUR M 7 PR

BT RE AT AR MO UER B — A FIZE XA B MR . 45 5R: ik H686 MR
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Abstract

Objective: To identify key differentially expressed genes (DEGs) in placental tissues from patients
with preeclampsia (PE) compared with normal pregnant women, evaluate their clinical diagnostic
value, and exploratorily construct candidate diagnostic models. Methods: Three PE placental tissue
gene expression datasets, GSE74341, GSE10588, and GSE25906, were downloaded from the Gene
Expression Omnibus (GEO) public database. DEGs were screened, and bioinformatics approaches
were used to perform Gene Ontology (GO) over-representation analysis and Gene Set Enrichment
Analysis (GSEA) to investigate their biological functions. A primary diagnostic model was constructed
using LASSO regression, with random forest and support vector machine models used for sensitivity
analysis. Model performance was evaluated using nested five-fold cross-validation, independent ex-
ternal validation, and leave-one-cohort-out cross-validation. Results: A total of 686 significant DEGs
were identified, including 347 upregulated and 339 downregulated genes. GO enrichment analysis
showed that these DEGs were mainly involved in biological processes such as response to oxygen lev-
els, response to hypoxia, response to decreased oxygen levels, and ossification. GSEA suggested trend-
level enrichment of pathways including adipocytokine signaling, cell cycle, and cell adhesion molecule
interactions. A 13-gene diagnostic panel was constructed using the LASSO algorithm, consisting of
YWHAB, TIMM22, TMEM45A, KARS, QPCT, SDHC, ARHGEF16, CCNH, CLN6, CNOT2, COPS5, EGFR, and
EPC2. Among these, YWHAB, TIMM22, and TMEM45A were stable genes across folds, with selection
frequencies of = 80%. In nested cross-validation within the discovery cohort, the model achieved an
AUC of 0.937, 95% CI: 0.870~0.989, with sensitivity of 0.875, specificity of 0.944, accuracy of 0.912,
and a Brier score of 0.139. In the independent external validation cohort GSE25906, the model
achieved an AUC of 0.659, 95% CI: 0.510~0.803, with sensitivity of 0.696, specificity of 0.703, accuracy
of 0.700, and a Brier score of 0.259. The mean AUC in three-cohort leave-one-cohort-out cross-valida-
tion was 0.654, with a range of 0.513~0.846. Conclusion: This study identified candidate DEGs cen-
tered on YWHAB, TIMM22, and TMEM45A in PE placental tissues and constructed a 13-gene LASSO-
based candidate diagnostic panel. The model showed good discriminative performance within the
discovery cohort; however, external validation and leave-one-cohort-out validation indicated lim-
ited cross-cohort generalizability. Further validation in larger independent cohorts with consistent
phenotypes and standardized platforms is warranted.
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1. 5|

TR AT H(Preeclampsia, PE) 2 i URIARHA 112 KRG INREREAS MG,  DAAEYR 20 FE JG 37 & fa If R f 2
FRNEERFE, vk RAFRAhE . Fre. 27 A M E I ROE, AR A ) LA T )
FHEFR 2 —[1][2]. #ELit, PE KIRFEREIL 4%~8%, EIE RIS, 45 aT A x5 22 g j =2k 4
BRI F i s ma [3] [4]. 4RTM, BT PE Z R, A4 R, SO RN 2 EIR R, H
BRI LI 22 4 1 oK 58 4 B PR 5]

NaEAE AR S 1G ) LAY BAS B K R B, 3 TG ) LIAE K R B MNE R IR IR 4ERF 20 2, K
BT CUF SRR B MR I N R D RERRERS S S S RO DA K S A T R S N R Sk R 2
T PE B ELERE[6]-[8]. Pk, @A TG EELHY, $RIL PE WIAOmALE, FHREA S BUR SRR
PERI>FhR &), MRS, X PE R BRIS R HlEA KR .

WAER, @SN PR PR BN IEIR PE 73 T AL B AG 202 W B R B 44 7 i) L N 5 vk
AR5 HT Gene Expression Omnibus (GEO) % ¥ 2 HI R R RIAEE, 12 HAME B 7101 PE 5
1EH iR 4R (Normal Control, NC) (1) 22 5 R IAFE K, il L S KA A (Gene Ontology, GO)FIJE A4 & &/ #t
(Gene Set Enrichment Analysis, GSEA)457~ Hoib K [ AE M) 2 R AME Sl % . AR Fi kT GEO il
PE 5 NC L AHZIRIAE R, RAEFRENHT. GO FHE/SHIH GSEA #£% PE M T, JF
DL /NS 4 55 %6 % 51+ (Least Absolute Shrinkage and Selection Operator regression, LASSO)|A] -4 7
i IZ WA . 5 — Ik - MR AH LG, B FUE— 0 R AR A2 IR E . Bl A8 UE AT BE — PA
FNAE X0 UE VT AL AR PR R T AL A A2 AL BE /T, DARRAI /NSRS v 4 e A o DAL ) 0t i 8 AR i 4005 R

2. #IRE I
2.1. ERAMETHIETE

L “Preeclampsia” Jy¢#ia N GEO %4 22 (https://www.ncbi.nlm.nih.gov/geo/) AT 2, i iEA N
PE 5 NC A4t 2H 23 1) 34 DR A B 2 B, fe 2890 N — /M7 BA 1 : GSE74341 (PE 15 41, NC 10 f1) . GSE10588
(PE 17 %1, NC 26 #)F1 GSE25906 (PE 23 5], NC 37 ). Hr, GSE74341 5 GSE10588 & F1E N K I
FAZI(PE 32 1, NC36 5], 3% 68 4l), &35 KH sva 2L i) ComBat 5158k, 4 log2 4. Frifk
o REHT RN SIC T NG LT 2 MRE X B[R] — BRI, O B ek 77 Z BRI 4R
RFZHEH

2.2. ZRERATFE

T AL F 5 () GSE74341 1 GSE10588 FIBHERE, B AMBASIILA £ & JF, RA ComBat J7 ikt
TN E . B RIET “stats” F2781E47 F 853 70 #r (Principal Component Analysis, PCA), P-4
FEARBAR 3. K RIES “limma” #2277 &AL 504, DL Benjamini-Hochberg 75 14 1E 2 A
56, ik BI{E B2 N FDR < 0.05 H|log2FC| > 0.5, k7572 S RIAFEK, @i kol B 22 53 525 H A T A
1k
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23. BAEREE ST

AWFEH R IEF “pheatmap” F2/7 8 x] 2 F Bk N ) Fk Bm d AT Rt , @ E 2 PE 5
NC FEA A B RIA A ZE T, RGN PE AR AEY F@ B A . Dhie's £ 53 H R H clusterProfiler
FEFPALSE I, B HEIE R A1k (Gene Ontology, GO)idt RAE 43 B FlI 3 [K] 42 & £ 7 BT (Gene Set Enrichment Anal-
ysis, GSEA). GO it R 547 7 o 4E ¥y id #2(Biological Process, BP). 4l ffi4H 43 (Cellular Component, CC)#/l
731 T fE(Molecular Function, MF). GSEA LUK IS 4 #3EA R R4 limma Gt &8P J5 193 R 81 6k
NN, 27 GO AR KEGG it % 5 AR HEAT & 5 70 Bt - 2 BLRL 30K IE R ] Benjamini-Hochberg 7572
GO IR HT MR IE G P < 0.05 9535 H{H, GSEA 253 [FII LA P {EAT FDR K2 1E45

24. BHIREIES % RRIIE

DA 12645 3] (1) $i 3 22 S A FE DR i BE IR, IR 4% A8 )5 P E AN |log2FCIHE , i HUAT 200 4N JE R4
gL . AR R LASSO BRI N A, BEHLARM AN S M S S BUR T A i e .

RIBRARAINRE A iy 24 R ASE v 1) T 400 R B i B XU, SR F R 28 T 4728 SUBRHIE (nested 5-fold cross-vali-
dation) PPl K LA ZIBL Y e . A2 5 FrH TIRISFEATRINSS SR, NJZ 5 # T LASSO () lambda 2
Al ; lambda &£ A lambda.1se U, DASRASA Mbn BLAS € IO AL . AN EIIZR b, ik
REAE 2 18] A JE— 2D 0T BT 80 NMRFAEEE N A, APZE IR fold AH T — IR, AN SATTREESE . &
ORI ZR. &AM Z fold Hiplk LASSO i i () BE RC SRk #3403, IEFRMIE > 60% (1 L K 2 SN
P e BRI bR EAD o

EEBAFIZ AL BE 11K H B —BA 3128 L E&AIF (Ieave-one-cohort-out cross-validation, LOCO-CV) iAo 4 7k {4
B GSE74341. GSE10588 m{ GSE25906 1 —MBAFIEASMEEIIALE, FHARM A& IFIF4 ComBat £
EJEVERIGRER, (58 VI ZRIRE 5 AE 1% O/ B FAZ B PP BRI R e o JRSZAMTISGIE R F GSE25906 565 A
H, 8 E 2 BRI SR B 1) e 2 LASSO BEAY AT IO, ANEAT B I SR BE P . B BA B Tt wir, X
FIBFE FEHAT DAF N [RIK - z-score ARk, LI/ 6 18] 258 RUFE 22 S0 Tl R 26 R 52 1)

R K A ROC Hi 28 R I £ (Area Under the Curve, AUC) & bootstrap 95% & 15 [X |A](95% Confidence
Interval, 95% CI)iEA7 PEAL , F-7E 295 (Youden)Fa £ s I BB T 11 S BBUS I (Sensitivity) « 5 57 4 (Specificity) «
#EHfH 2 (Accuracy) 1 Brier $F43. AR v R i i B o i A VT Al, T LE I PR 4 3R f e i R SR ith 4 3
(Decision Curve Analysis, DCA) VA . 5% LASSO HER {1 K R £ T #5126 €l (Nomogram),  LA$E =
PR R

25. GEtFESH

FITE BE T3 R R AR 5e . 22 S RIEFE IR LA FDR < 0.05 H|log2FC| > 0.5 4t it2# R -
B AUC 1] 95% (5 X [A]3@ 1 bootstrap HE AL SRAT: HALZE Youden #5850t B R &5 GlUR I . Fp 57
PE. HERRZA Brier 1F4r . AFEA AUC BIHLECK A DelLong fids. XU P < 0.05 NN ZE R B A 41t

3. &R
3.1. ERERADH

PCA £\ 7R, ComBat K IEFTFEALE i sy 23 A P A AE B BN A1 2315, 327 AN A GEO B[] #7 4
HEXRLN ;4 ComBat RIEJE, BABIRIEIE i 7> B B R ss, FEAR DA G & IR 2k 6 90, LA 1o
FTRIEJF IR ILBASI(NC = 36, PE = 32, n = 68), £ 11,965 /MILA IR P ILifidk i 686 1N ii35 7 R RKIE
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F[H(FDR < 0.05 H|log2FC| > 0.5), FH Lif 347 4~ Fif 339 4. kILEERZFRIFLE PE 5 NC 2
AR A, IR 2. 27 REAEEIR, PE 5 NC FEAAE 32 8 22 T N FRA R L30T 95

Z5t, WK 3.
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Figure 1. Batch effect correction for the combined discovery cohort of GSE74341 and GSE10588
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Figure 2. Volcano plot showing differentially expressed genes
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Figure 3. Clustering analysis and functional enrichment of differentially expressed genes in the discovery cohort

E 3. RUMAFIERERERESREEE

3.2. ERFIXEAM GO X GSEA EENH

YR ILAF 686 N2 w3 RIAFER AT GO WRIED . 4R ER, BP JZiH 2 E & T 20K 10 B
(response to oxygen levels). %z i (response to hypoxia). %8 & & & (M R (response to decreased oxygen
levels) 11k (ossification) 5 % H , ##7~ PE JIG#E 4 23rh hEUNHAH SS e sk sl B0 R . ERES RS PE
AR AN L BRI ERAE A A RIS 5500 K A R R Z IR —5. GSEA i —Z WK H Y
JEMTFAL B AL . KEGG-GSEA 453w, Eli A +15 5 i % (Adipocytokine signaling pathway) % i
A, 40 (Cell cycle) A4 A A B 43 741 H.1E F (Cell adhesion molecule interaction) & N iffi#a# . GO-
GSEA S5 7R, WA . A0SR AR . i /MBS I AR K DR HIOUR RE K4 A A I A RSOAH DG 2 Al
EREXBAEESE, 1eor PE RS N -2 41 SR 26 BT A A AR st 72 mT BB A7 7E R R BT,
LK 3,

3. VHIREWES S RREIE

DL S Rk LR HE R R 200 DN EEBEIE Jofgik 2L R, SRR LASSO 3848 [ A 7E i B LA X EAIFAE
BN BT R SR AR T )1 2% . LASSO 7EAFRIAMNEPT NI REBRINE ER, YWHAB 7E 5/5 MM 4MNZEHT
ke, EEESIZE N 100%; TIMM22 F1 TMEMA45A HI1E 415 N4 EHr ik b, &35 % 4 80%.
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I, YWHAB. TIMM22 Fl TMEM45A #5E X 738 XA E AR e NG B BEE o T2 R B BA A1) I 2545 3
F 2 LASSO #7402 13 N : YWHAB. TIMM22. TMEM45A . KARS . QPCT . SDHC . ARHGEF16.
CCNH. CLN6. CNOT2. COPS5. EGFR fil EPC2. f &5 AI# ) 0.088, #%3EK R#%4 %8 YWHAB
=-0.889. TIMM22 = 0.760. TMEMA45A = 0.639. KARS = —0.655.QPCT = 0.293. SDHC = —0.388. ARHGEF16
=0.088. CCNH=-0.086. CLN6=-0.086. CNOT2=-0.014. COPS5=-0.321. EGFR =0.341 1 EPC2 =
—0.227.

LASSO =451 () #r 2 T4 38 X EHIE AUC = 0.937 (95% CI 0.870~0.989), Youden # /L & v 0.490,
BUYE Sy 0.875, KRN 0.944, HERIE Y 0.912, Brier ¥£534 0.139, W 4. VENEUEMESH, BEHL
AR () 58 WG AIE AUC = 0.976 (95% Cl 0.934~1.000), gtk A 0.906, 457144 1.000, #ERIZH
79 0.956, Brier i¥4324 0.061; SCHF A ML AL LA XS IE AUC = 0.976 (95% CI 0.934~1.000), U
PE4 0.938, HEiEy 1.000, #ERHEZEN 0.971, Brier ¥E20 4 0.046. % EF| LASSO HLH HA W4T (M
PEFIAT R, A SO AR R R AT J5 B2 R I E I A W) 24 iR . 7E GSE25906 A7 #hEREGIEBA 51
w5 I BA B 2545 31 () LASSO #5347 Fildll, 25 3 7~ AUC = 0.659 (95% CI0.510~0.803), Youden
BALEIME A 0.600, UK N 0.696, HrF1%k 4 0.703, HERIZ N 0.700, Brier #4> 4 0.259, W& 5. %45
IR RIAE AT BB AT R BE — 8 X 43 B8 7, (H AN RE B RAR T R BLEAZ1] N k8 28 IR IF 45 1,
VLA ES T 6. B NFERES RN H B A A RE RSN nEBH, MABEE NRE Mk Ai2 WA
ELEAET

HE— 20 K H = BB B — DA FI A IR VAR 5 A Z17Z AL g /7. LA GSET74341 4 held-out cohort i, #57Y
AUC =0.513 (95% CI 0.287~0.733), UM 0.333, ¢ 7144 1.000, #Ef#i 2 4 0.600, Brier ¥¥43 4 0.307;
L GSE10588 4 held-out cohort Itf, 1% AUC = 0.846 (95% CI 0.701~0.955), &ty 0.706, 45tk A
0.962, kRN 0.860, Brier 143~ 0.182; LL GSE25906 4y held-out cohort I}, 7 AUC = 0.602 (95%
Cl10.445~0.749), HUEMERA 0.261, KrFMN 0.973, #ERiZ N 0.700, Brier ¥£44 0.340. =BA%I LOCO-
CV ¥ AUC = 0.654, u[ElA 0.513~0.846, ULIE 6. %45 H L7 PE RS 1 S22 Wik U A7 76 B 2 85 DA
G, BEETEARFEE G AN I R BYAL AN AN [R] R AR IR A B 2 [ BRI #2 e 1 3R AR .

B
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Figure 4. Nested cross-validation results of the LASSO logistic regression model in the discovery cohort
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Figure 5. Independent external validation based on the GSE25906 dataset and construction of the final diagnostic model
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Figure 6. Leave-one-cohort-out cross-validation evaluates cross-cohort generalization performance
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