ZHEAKFFIR  Acta Universitatis Medicinalis Anhui 2025 Nov;60(11) - 1985 -

) % g BB ] :2025 — 10 - 28 13:56:21
CEMEFHREO

) % h hR H At hitps . //link. enki. net/urlid/34. 1065. R. 20251027. 1506. 003

VR AP DX R R] 6 ik s s ot i s 75

R AT an iR S B
[' M ERKRFAMEFRAEDNFE ST ARFHME, S0 230032;° EFEG ML ETE
FE, AR EGRAMRE TS, BREORAFFC(T), L REFLEFHFRLA, LT 102206 ]

BT BE Gl AW B AT IR IR I RE T AR R DG DX B i TS IO . F5ik R GEO il e g B
Kda sk GSE30219 1 GSE68465, [l it A CTD K41 R i L NI RE AR G RE N 46 o ¥ 5, 12 GSE30219 Kbl rh i it 938 15 988 55 1) 22
SEAIRFEIN (DEGs ) , 5N RESE N AR AR ARG e e RE N o Bt , SR R DAL A2 5 23 T ( GSVA) DAPFAl H D BE AR fL R AE
HET STRING Hifis Al 4 1 B EL A (PPT) W9 2% B A% A 2L 5 9 ( Hub Genes ) . SR 1] SVM-RFE Hil LASSO-Cox [a] )543 474
S T DAY A O DAL 4 i 90 B2 , - 1] GSE6BA6S Kl 4R AT 7 H ik o 3di i CIBERSORT J5 3 73 i AR XU
LH ) S BE A M B R o) X R XU ZH 19 DEGs FEAT DI RE R 5 04T, 18k — 25 05 700 B T PR TRE R O 6 DR 194 i T U 114 S A
SrfRLdl. BER - ILLL Y 361 ANTNIGEERISC AT DEGs , #E— i 7 A QML N TR E . Kaplan-Meier 477734
IR, m AL A AR B E R TR 41 (P <0.000 1), ROC {2k 7 A4 R R W], i B HAT RAF A BNPERE . 1t
S, BRI B XS 355 20 Foh G 93 200 MO S B0 5 DR 5%, 78 17 PR 4 R AR 5K B DR 7 it 88 S 8 folc P 5w A 9 T A o

SRR RTINS R O DR ) A 988 T A R i ) T o R B S 2 ) I (L, g 48 s A T A A A e T Y T

TERL] BT 1Al o

KEER IIGTEE ; il s REET5 0 s A 15 B2 MLaR ) T Ay

FESEE R734.2
XHEARER A XE4HE 1000 - 1492(2025)11 - 1985 — 11
doi:10. 19405/j. cnki. issn1000 — 1492, 2025. 11. 001

PR I — o H A T T S 4 R PR
PERIPR TS YW, T2 ATAE T Tl HER A P be i
R (AR SR 55 PR Bt B Bl R B IR 45
PABARME TG 3 CUnAR 25 i D) o IRLE, I s e A
Yl s Pl A A U 25 5 E A 3 X, XA
PR RS R G BB e

BAWEFE ™ FW, IR IE 5 A0 A 29505 7 1)
FAOG, [ BRI AE DT FEHLAA WAL D HonT B HAT A2
Btk S 2 MR AR AR R . T 2E
IR R, DR TR - 0 M A8 P L ZE P g B Mt
NP R G G L o, IR S i
M HEERRRE SR T2 6. Wi
KW, NI AT S DNA IS W RIe i, 51 & s tl
BEVE SN 5 S5 B 1k — A5k 52 HL ] ) AR

2025 - 09 - 30 #Zk

BRATUH - KSR T E (45 :2020 YFE0202200 )

VEF TR R , 2 BB AE 5
P, L, WA MR, W A S, S AF AR, E-mail
jiangying@ ncpsb. org. cn;
WESG, o, W4, Hoz, WA S, S8 A5 R, E-mail

shenyx@ ahmu. edu. cn

SE N R A A AR LA P B DNA 5145 S i 52
MR BEAh, Liu et al* 3 K B/ BUBTEL 19 25
oM, NIRRT I R G R A TR, AT REVE
S i BB R G AL . PR, T SE e a4
S PR AT SR 988 00 MR, 5 A R T DR T L i
a8 JEE TS VR TEIBE AR , S DA e XU A ARG
7 RN A S SR A B AR , I a5 2R il
AR BRI R TE o

1 #R5FZE

1.1 ZE3EWE A5 M GEO ( Gene Expression
Omnibus, http ;//www. ncbi. nlm. nih. gov/geo/ ) Z{ &
JE R 2T IR BRI A R PRLES Fr £ s 48 GSE30219
il GSE68465 L [ A1 B F) A AS Iy IR £ B0 Hop
GSE68465 1 2y S ¥ 4 Uk 5 o A BiF 98 i F| ] CTD
( Comparative Toxicogenomics Database, http://ctd-
base. org ) B R , R R Je— & TE TR SR
Bats Qs NS AR ) 2 JF BE U8, $2 48t 7Ok Tk
= BN/ E P EAE R A - PR R R DL
~PIR R RN THREBE B o FE T8 N30T
SNIGEEERROCH) 2 515 AL, G AR v o LA 2R



- 1986 -

ZHEA K FFIR  Acta Universitatis Medicinalis Anhui 2025 Nov;60(11)

SBIFFEXT G R R B

1.2 FEERRZEEZRME GCEO HUEEMEL
Bt R CRA 4.4.1) AT AL, XF T
FFAETEE ) Gene Symbol , {8 B H 32 55 Y I MR
FIF “limma” 43065 2 A0 B R A7 DY 237 808 — 4k
SE PR, I DL 2E S AR R B X B (Hog, FCT > 1) Al
Benjamini-Hochberg %7 1E )5 P <0. 05 Rk hnife , %
S L T H T A1 25 R 4 4 2 [R) 1) 25 R R R
(differentially expressed genes, DEGs) , i1 2 k.
1Ly [ 9 4% L 1Y DEGs 64T Al AL s o

1.3 ETREEHEXERRMEZEERGER
HGSVA BEBRES DM it Sangerbox 7Rk T
H KI5 GSE30219 ikt (1) DEGs 5 N AR HEAH
KA 2 515 AL, I =5 1B s A 4k
4 B R 155 pheatmap™ {1 % 52 8 5L [N BEA T
PRI . ] ROHE 5 B GSVA” A X] S B [
47 GSVA ( gene set variation analysis ) i J& & 4E 47
Fro BEFEHIFI O A (Homo sapiens) , 3f-5R ] MSig-
DB KA iy C2 FEHIAE (R “ category ="C2" )
HEATTERE . JH GSVA TH51 4500 I 1Y & 4R 70 5K,
FEAI limma” 43 0] & 48 25 R 047 22 52 40 17, O ik
W AEIE B IR0 215 i 2 2 2 [A) k2 2 S 33K 1138
B R e S A s R AT rT Ak

1.4 % B i H 1 ( Protein-protein interactions,
PPI) MEEHMESHRAREFFE AT LS 20
AZHEFLA i 5k STRING ( https;//string — db. org/)
FE PPL 2%, JF 4 B A BE N 0.4, 85 F A
Cytoscape B (JRAS 3. 10. 2) kA7 AT 9L 73 #7 , IF
i CytoHubba f 4353 3 A %) Hh 6] B2, MR 415 De-
gree (B0 PR EATHE R , fe 2 0 1 ) X 21 & ] ( Hub
genes) , JR5 X SUAK 24 e PRI 5 B2 oK

1.5 ETFHNSHRFIMETERERE AR
JH SVM-RFE ( SZ#¢ f#L - 386 HFRRE T BR ) Fl Las-
so-Cox [A]IH PRI HILAR 2% 2] 7 1AL i s T XU 5
A, B, RIEF M el0717 41503 SVM-RFE
B RIS R B U : SVM = rfeControl ( function
= caretFuncs, method = “cv”
= “svmLinear” ) , 2k ] 10 4738 I IE LA 5 6 7 AiE 4
B TEFEGNh b 52 S E S5 AR Y O I B AR A Sy
AR EY) ;)5 2T R IEF 0 glmnet” £,
B BE WA ] A ARSI R 8 8 , Al
H Lasso-Cox [BIIHT7 L T 708 o BLAMABCE T 10
P3¢ SCHE , 7 AT SR FNAS AR AR o KU PO
AR R = X7, (coef; x Exp;) o HoHt, coef

number = 10, methods

FoR BH B, Exp R R IAME, FIH R &
F 1 maxstat” (3T B L EITE, JFAR I 1Z AR 8T (A
K BB e MU AR XU 21 o Bl £ Sur-
vminer” £ 2 | Kaplan-Meier 4= 77 [} 2% , 75 log-rank
KB5S P AE/N T 0,05, A A g AR XUBS: 4H AR
BTG 2 ARG F BRI R ) 42
FBRAE 5 PR R 26 (receiver operating characteristic,
ROC) RH] R &1 “pROC” 22l , JF it T
[ (area under curve, AUC) , LA A0 5 B 4 0
TR AR A o

1.6 FERKEERMIGIESER 5k iy g
F1R) 5 P TR X e DT fri o o Fs XU A 78 i it
PE B 5T GSE30219 %ifs 46 A il iy KUK 2F 3 24 =X
W H] T GSE68465 % 4fi 4, Xf T - £ B KL Y Gene
Symbol , {{ B H A = 19 4, A “limma” 4
X FERHE R AT U (2 R0 — AR AR PR, I LA 25 S 55
BAEB 45 %7 {E ( 11og, FC 1 > 1) Fll Benjamini-Hoch-
berg %t 1EJ5 P <0.05 Jyfii ge b e , % 5E i 1F il 20
2 5 it 42 2 [ 1 DEGs , 1 J5 13 560 i 4 v i
A PESY o i R A2 Survminer” | “pROC” 454
il Kaplan-Meier 4= 77 {1 2 F1 ROC iy £ P74k 4 )5 45
B FUIRE T

1.7 SRAKEEENERFTESBEEESESH
BT GSE30219 il 4 , 25 v IR A8 7 A i IR
FRAE, 20 A B e 1Y) 7 AN SCBEBE A 5 W ARAR S (2R
2RI TNM 3 1 AT % R ) 46 I R SRR 22 T 1Y
RIR o W IIBEHE 5 5 B i R R ALE (MR AR S S5 A
ZUERA) SRR AT 04 R RIE S
[ ggplo2” B2 I HUIR 18], LA B RE 7R JE R 2R3k 5
G RFFIEZ B SC R o SRR R R 155 “ GSVA” 44
GSE30219 %ds 5 14 = AR XU RS A B 70 4H i#E 17 GSVA
WPEE AR HUH “limma” G0 5 5 A8 PR T 25 55
G3HT 528 HB EARR XU IS: 2 70 e XIS 2H 22 ) 22 S S
AR B o X E H 1Y) 2 S Je R A T AT AR RO, LA
204 78 PV T AH OC 1 il 9 DEGs 7EA [a] XU A
FEH IR R 235 BL S A D REIE B

1.8 HERESWMREBEXESH KA CIBER-
SORT kXt GSE30219 £4in 46 1) 4 92 4 Jfd ¥ 11 7K
-HEAT A3 M, A 2 20 B A e AR XU R A
R LG LA B2 AN [) S e 200 i 22 (8] AR S . R R
£ corrplot” Az AR S FATET , UL 5 B 45 S0 92 41
Z A EOGI . i R AL ggplot2” 23 i 46 A1 A,
Xof 22 T b S5 20 M A e (PR XS, 2H v ) 8 38 22 S i AT
AL R o i R 40" ggstatsplot” , >R ] Spearman



ZHEA K FFIR  Acta Universitatis Medicinalis Anhui 2025 Nov;60(11)

- 1987 -

FHICIE A 7 %, DAl 35 0 1 S5 40 1 =2 18] 4 AH 5%
P, A 7 G 20 A P s TR AT S i 8 S8 U
AP LEAE T AL SR AL o

2 HR

2.1 UHERAR KM 2 57 5008 B B 1Y 0 ik 2 il 2%
EESH R GSE30219 1 Kl 24k, GSE68465
E b i g ik B BARBF S W 1.0 X
GSE30219 % £ o (O RE A AT B BRI T AL B, v
B 245 lfitid 8 H FEAS A 14 BIIEROREAS . fERR
HEALALHIE L2 ) 2 834 > DEGs, UnfE] 2A i
71, 38 3 L R G e 2 R A T T AL R R

E1 #HREEE
Fig.1 Flow chart of the study

ANt CTD B e i e 1o 21 5 IS TR A ¢
MEEI A 2 515 4>, Kt GSE30219 £k 4 v i 1E 1Y
fifidiE DEGs 5 7h Ji 8 AH 56 3k B BUSZ 4 , 3545 361 4>
S (B 2B) , Fl I B S 5L FL R FE R R R A
H A L T T AL R (T8 2C) o BTG, XX
361 NACHEIE R R AT 38 I & AL b, TR Ak 0E R
(1) S5, FOGT ' 4R 1 3 B A T 25 5 AT, i 1
P <0.05 {19 52 3538 %, IF x5 45 gk 17 T AL JE R
(E2D) , BT 20 276 Ml o i 3 s il i 155
% HOE T A0 TGFR {55 % \NOTCH {5538 [#% |
p53 {5 S im i AU T \DNA 1552 K& DNA i {555

O IE I, P T R R AR BCR AR 50l I .
IS4 SR T, TR I A G 35 R AR it oea 1 kAR
KA RE A OCHEVE T, IR 4% T NOTCH  p53 | 4
HIJH T TCFR AR FR Gl 455 5 4 %

2.2 PPI MEMMBMBRAEFERIFIE Fifik
13201 361 2R FE T A STRING 54 2 474
oM, K PPL 2%, Az iy PPT 2% i 359 4>
T RUR 2 925 S5 AR (1B 3A) o ARG HE T Cyto-
scape #{FH1 ) CytoHubba i f£:X%F PPT M 2% #1753
Mt , I8 Degree B3k i 3 A %) 5 B ML b A5 HE
e ve 131 ML IER (8] 3B) , H4 4 131 4
FER R IRRE (B 3C)

2.3 B AR TR G R A o5 B B A TS XURE T AR B

K¥&  FIH SVM-RFE 3L X 131 AHX 2 356 N i
FEOe , a2 H 22 AMFRIESE R (B 4A) o Bifife >R
Lasso-Cox [0] 943 B X AR AE 3 R g — A A A it 1
T ANFHEEEE A TS KBS AT (8] 4B ) |, RS
PB4y A R R XS 34> = 0.009 7 x CENPF +
0.015 0 x EXOI +0.280 4 x GAPDH + 0. 058 6 x
KIF18B +0. 050 9 x LMNB1 +0. 179 9 x MIF +0. 102 0
x TRIP13, {#H] R i 5 19 “ maxstat” 4 115515 21| i
DPERRIBTE A 7. 675, 5 b4 58 25 43 Sy v AU 2 A AR
B o 20 43 A1 R I XU DY 43 5 AR A7 B ]
HEAERAS B T A B mRNA 3R 587K P 2Z (8] 1) 56
Fo WE AC PR, B RS TE2 0 T, JRE AR
AEIB) 408, T 7 S A mRNA 23k 50 2
IR Bt XSS T 43 e 4G Iy R # e Ah B TR
B PP T A T 1 1.3.5 AR AR AR R 1) AUC B
435159 0.74.0.69 F1°0.71 (& 4D) , B %5 H H.
A RAFHIITERE . Kaplan-Meier 25 77 i 2k 43 B 25
TR, 5 e AU 4 A8 A b, AP RUI: 4 R0 2 ) AR
AR (0S) #1255 (log-rank x* =13.0, P <0.001)
(E4E) . Hr,95% BAFIX[H]h 1. 54 ~3.26, K]
HR HEEZ X ENA G EE X, BEa KT 1, Ul
B e DR 20 1) A A7 XU 85 AR XUz 4 ( HR = 2. 24,
95% CI=1.54 ~3.26,P <0.001) , It4h, P {H/NF
0. 05, i — 25 P A= A7 it S 2 W) 22 S W G
2
2.4 E-T GSE68465 %7 £ 16 iF Tl j5 XU e R BY
FTE GSE30219 it 4 vy i iy KU 37 4324 =X
T GSE68465 K4 4 , 155 3o ik 4 v i 58 5 19 XL
B4y, o GSE68465 i di 4 rh 43 & 443 41l i i
EEREAHN 19 FlIE A 250 IR, B KU T
SYIITE R R R A AR (R AR, EL T R



- 1988 - ZHEA K FFIR  Acta Universitatis Medicinalis Anhui 2025 Nov;60(11)

A C D
Up-regulated

50
Down-regulated

45
340
=235
= 30
—=25

20

w15
10
5
0
6 -5-4-3-2-101234S:5
log,(Fold Change)

B GSE30219 1D

2473 361 2154

B2 WHEBEXMEEZESREIEENTER GSVA BREELER
Fig.2 Screening of differential expression genes related to acrolein in lung cancer and GSVA pathway enrichment results
A Volcano plot depicting the differentially expressed genes between normal and lung cancer samples in the GSE30219 dataset; B: Venn diagram
showing the overlap between differentially expressed genes from the GSE30219 dataset and acrolein-related genes from the CTD database; C: Heatmap re-

presenting the expression levels of the intersecting genes; D: GSVA pathway enrichment analysis of acrolein-related DEPs in lung cancer.
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Fig.3 PPI network and hub genes selection results
A PPI network constructed based on the intersecting genes; B: Hub genes identified using the Degree algorithm; C; Heatmap showing the expres-

sion levels of the hub genes.
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Fig.4 Construction of prognostic risk model using machine learning
A: Biomarkers selected using the SVM-RFE algorithm; B: Prognostic risk model constructed through LASSO-Cox regression analysis; C: Changes in
patient survival status and the expression levels of 7 genes’ mRNA with increasing risk scores in the GSE30219 dataset; D: ROC curves for 1-year, 3-

year, and 5-year outcomes based on risk scores; E: Kaplan-Meier survival curves comparing high-risk and low-risk patient groups.
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Fig.5 Validation of the prognostic risk model using the validation cohort
A Changes in patient survival status and the expression levels of 7 genes’ mRNA with increasing risk scores in the GSE68465 validation cohort; B
ROC curves for 1-year, 3-year, and 5-year outcomes based on risk scores in the validation cohort; C: Kaplan-Meier survival curves comparing high-risk

and low-risk patient groups in the validation cohort; H: high-risk; L: low-risk.
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Fig.6 Clinical features and pathway enrichment analysis of high risk and low risk patients

A: Heatmap showing the expression levels of 7 genes in relation to clinical features in the GSE30219 dataset; B: Bar plot depicting the results of chi-

square tests for different histological types; C: Bar plot illustrating the results of chi-square tests for smoking status.
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Fig.7 GSVA pathway enrichment analysis results

of high risk and low risk patients
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Fig.8 Immune infiltration and correlation analysis of high risk and low risk patients
A; Immune infiltration analysis results of high risk and low risk patient groups; B: Correlation heatmap of 22 immune cell types; C: Differential ex-

pression of immune cells between high risk and low risk patients; * P <0.05, **P<0.01, ***P<0.001, ****P<0.000 1 vs Low-risk group.
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Construction of a prognostic model for lung cancer

based on acrolein-related genes
Feng Yiting'?, Ren Liangliang®, Lou Lijuan’, Shen Yuxian', Jiang Ying'’
[ ' Dept of Biochemistry and Molecular Biology, School of Basic Medical Sciences, Anhui Medical University ,
Hefei 230032 ;’State Key Laboratory of Medical Proteomics, Beijing Proteome Research Center,
National Center for Protein Sciences ( Beijing) , Beijing Institute of Lifeomics, Beijing 102206 ]

Abstract Objective To construct and validate a prognostic model for lung cancer based on acrolein-related genes
using bioinformatics methods. Methods Lung cancer datasets GSE30219 and GSE68465 were obtained from the
GEO database, and acrolein-related gene sets were retrieved from the CTD database. Differentially expressed genes
(DEGs) between cancer and adjacent tissues were identified in the GSE30219 dataset. The intersection of these
DEGs and acrolein-related genes was then used to identify candidate genes. Gene set variation analysis ( GSVA)
was performed to assess functional alterations based on the intersection genes. A protein-protein interaction ( PPI)
network was constructed based on the STRING database to identify core hub genes. Subsequently, support vector
machine recursive feature elimination (SVM-RFE) and LASSO-Cox regression analyses were employed to develop a
prognostic model based on acrolein-related genes, which was independently validated using the GSE68465 dataset.
The CIBERSORT algorithm was applied to evaluate the immune cell infiltration characteristics between high- and
low-risk groups, and functional enrichment analysis of DEGs between the two groups was conducted to further ex-
plore the potential molecular mechanisms underlying the prognostic model. Results A total of 361 acrolein-related
DEGs were identified in lung cancer, and 7 key genes were selected for model construction. Kaplan-Meier survival
analysis revealed that patients in the high-risk group had significantly lower survival rates compared to those in the
low-risk group (P <0.000 1). Receiver operating characteristic (ROC) curve analysis demonstrated that the mod-
el possessed good predictive performance. Moreover, immune infiltration analysis indicated that the risk score was
closely associated with multiple immune cell subsets, suggesting a potential role of acrolein-related genes in modula-
ting the lung cancer immune microenvironment. Conclusion The prognostic model for lung cancer based on acro-
lein-related genes demonstrates significant application value in predicting the prognosis of lung cancer, providing
new insights into the potential mechanisms of acrolein in the onset and progression of lung cancer.
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