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Abstract

Objective: Non-alcoholic steatohepatitis (NASH) is a pathogenesis involving multiple pathophysio-
logical processes, in which cellular senescence plays a key role in the development of NASH. Based
on this, in-depth studies of cellular senescence-related genes and their regulatory networks may
provide new intervention strategies for targeted therapy of NASH. Methods: NASH-related tran-
scriptome sequencing datasets GSE89632 and GSE37031 were obtained from the GEO database, and
WGCNA was used to screen out the gene modules that were highly related to NASH, and they were
enriched and analyzed to elucidate their potential biological functions. Differentially expressed
genes (DEGs) were intersected with the cellular senescence gene sets in the CellAge database to
screen the cellular senescence DEGs. Functional enrichment analysis was performed on the cellular
senescence DEGs to systematically reveal their molecular regulatory networks in NASH. Subsequently,
machine learning algorithms were integrated to screen Hub genes. Finally, ROC curves were con-
structed and AUC was calculated to evaluate the diagnostic efficacy of Hub genes. Results: WGCNA
analysis showed that a total of 10 gene modules were identified, with the black module genes showing
the most significant association with NASH. Enrichment analysis showed that the key module genes
were closely associated with cellular senescence and immune inflammation. Differential analysis of
the training gene set yielded a total of 51 cellular senescence-related DEGs. Further GO and KEGG
analysis showed that cellular senescence DEGs were mainly associated with senescence and im-
mune inflammation. Three machine learning algorithms were performed on the cellular senescence
DEGs, and FOS, MYC and PIM1 were identified as key genes after comprehensive comparison. Diag-
nostic efficacy in the training and test sets was examined by plotting ROC curves. The area under
the ROC curve for the key genes was greater than 0.7 and all three genes were significantly under
expressed compared to the control. Conclusion: By integrating bioinformatics analysis and machine
learning algorithms, the present study finally identified three key regulatory genes, FOS, MYC and
PIM1, which were significantly under expressed in NASH patients and closely associated with im-
mune-inflammatory responses.
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1. 5|8

B kS i 5 M4 B3 (Non-alcoholic Fatty Liver Disease, NAFLD) 2 DL AT P Hg 7 S 5 HE AR A1 T4 itg fig 1l
AR NRFIE ) — RPNV [ 1] TR 14 i 5 14 I %6 (Non-alcoholic Steatohepatitis, NASH) LA A4 fitd fis i
e AN SOREFNBEAT YR LT AEA NHFAE, & ARTRORG 14 AR I3 1) A8 A4 L %2 JH- 40 i e (Hepatocellular Car-
cinoma, HCC)F&AZ ) R B 15[ 2] LAk, NASH & 2 REGW I EEER AR, XiE—2 e T NASH
X ERAE FE TP IR FEIR (3] [4] NASH AR AL A 22 Bl 342 RO AR, B0 g B A 57« S8 I
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G g% JORE U8 L g T8 TR A R A FBAE AR 265, H AT NASH 1897 FBAGH oA R, A3 77 U sy 2&
NASH 7697 B A[6].

HATIAH, NASH & 40 b A7 7E 5 2 R A . NASH A 1) fig 7 BR AR i 3560 R 2Rk Th e g
AR EOL B A SRR, TN EE A RO 1 0 5 R A R S R A (7], TN S R AR A
RS SAR A A I R CRR R AR AR (8], TR TR PEAEER . BbAh, TR A o 2 08 B A S S A G
PRI WE, — 7T, IR ERIR 1 AT BLG] R AR SE DX SOIE S SR AT e RS L ) E TR R
RAE, PN R Z UM RN S B 5 — T TH A BEE I 4 B R] 55 2 WAE T AR AL I 56 R 440 1E At
W, MIMMEHLS ISR AEEM[9] [10]. EARVERZ, MR EIE R0 T R Mo ss, M2
Z MR BN 1] Ban, FFIE 332 2 5 505 W gt i 55 6] S e 40 B i DR < i, gk i Sk sl it
IEAS L AAE . LR AEACAT HCC ik RE[12]0 DRLEHRE [m) S 2 4 M (R A LA, PT RE VR 9T 38 8 AH QR
PR 1 SR o

VG BN — R EA M TR, REWREE S Fhgim 10 2 22500, R R AH 1 7
TEFE S IEEE, e TRz W. TBAGIT BIRE J1[13] [14]. HLAR~ =) 5032 0 AT 38 R A1 2k B AN
A, AR RIS AE AR B[ 15] . IX BRI N N NASH W 78 54k 158 (1) LB AN 7 v

ETULEER, AWHABAEESAEYE B P NS 2 BIER 5 NASH 2 Wi £ K,  NASH
ARG AE YR T SR AL ) B R AR TR ANV AR B A

2. HRER*
2.1. BURAVIRERFITRALIE

PL “Nonalcoholic steatohepatitis” 98 1], M GEO 4l FE H BB 48, 7 & AN AARE B s R A0 4
(1) sEBR/r 045 NASH BF MR AL, 2) FrAERDN 10 N, BHED 5 N AL 2 4
FF& UL B4R B 45 GSES9632 (24 Mt FEXT IR, 19 4~ NASH)HI GSE37031 (7 AMitFExf 4L, 8 4
NASH). )5, M CellAge ¥ Nk 7 279 MMM EEZAHCEE . ¥ M GEO Hds FE T 8k (1) )i 4k s H
R AR “limma” 3T T SR IEANE —4b AR FE DL 25 BRAEAR (8] RSN

2.2. IMEEHERIEME 4T

TR DR HL 33K WX 45 43 #T(Weighted Gene Co-Expression Network Analysis, WGCNA) & —FJE T =il
I SR 2 B R A SR L R SR B U 48 B AE W2 [ 16], BT LU B BEAE o< FIFE R B, AT 48 7~ 78 7E I A= 4
SENURI[17]0 ARYE TOhR BE RN HEI, FRATTAEH R B4 ) “WGCNA” f07E GSE89632 BAFI 4% 13L&
B4, AdiH Pearson SEiETHE S RIS PER 2 RO AH G R 5, AHOC REUR S IR T F — B0 AL
2.3. XEERERNINGEEE ST

HE K AR 18 (Gene Ontology, GO)&H T AEWME B 220 70 5 Fi IR 5 R J I =Wy Dy e I bn 0 R R B¢
T i A2 2 3 F2 (Biological Process, BP). 4l il il 43(Cellular Component, CC) 143 1)) §E(Molecular Function,
MF) =5 TH[18]. H#RHE K 5% K 4] i #H4: 45 (Kyoto Encyclopedia of Genes and Genomes, KEGG )i %43 #7
U0 FH T4 75 3 6 5k PR PE ARV NS 5% Sl h /R, SR TE 2 AR 7S B 19] N TIRARER
FEESE R E A Th REFNIE ¥, A 70/ F R B9 “ clusterProfiler” % ZAR LT GO fl KEGG B #4787 .

2.4. MpREERFTIEEENTGE
fEF R A9 “limma” GLIEZRES NASH ZH A8 X B4 2 (8] 1) 2 S R Ik FE R (DEGs), ik bR
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N: P<0.05, |log2 fold change (FC)| > 0.5. F|H ¥ ZEE¥ DEGs 5 M CellAge Hifs b MU 4R 2
BEREALE . O T IX L DEGs Af#AL, i R A1 “ggplo2” B SR ILE, £ “pheatmap” £
Az AL

25, HRZERREEENINEER S

NTIRANEZY W EEERREEFQIIREAEL, A4 R ) “clusterProfiler” 1% 4 iy %
¥ DEGs #47 GO Al KEGG M EHE 08, Il P<0.05 1 NG TEMEbnE, B3k T al a0 #r.

2.6. HB&%F JEIENGE NASH PR EERRAZEXFERE

SR R B “glmnet” . “randomForest” Al “e1071” A $UAT B/ 48 X6 W 4 AN e B 551
(Least Absolute Shrinkage and Selection Operator, LASSO)iZ# [, [fAL# #k(Random Forest, RF)5.y% &
SCERIAIE AL IE VTRFE 4 B (Support Vector Machine-Recursive Feature Elimination, SVM-RFE)iX = &7k,
KIfik g2 DEGs H & 558 it HISE . fFH “Venn” X = FPHLAS 2= 1 43 &5 34T T/
t, W=HEERMASEE, W NASH 41l %% DEGs 1) Hub K.

2.7. Hub EE S WM EITE

S R A “ggplot2” 4] Hub JEFIMIAEZEIE], PPN I ZREEAMMIASE T NASH Fifg Fext il
FEA Hub BERIFRIA/KE, P<0.05 RaaAREER. I “pROC” L] Z il TIERHIE(Receiver
operating characteristic, ROC) 14k, FF 115 HIZk T i #(Area under the curve, AUC)FI 95% 1] {5 X [H] k&1L,
HzWisiae, AUC BUE#EEE T 1, R Hub BAA T m M Al gus . Rk, 72 R e H AUC >
0.7 7 Hub J& K Dy PAE 2 I 4]

2.8. NASH N GREREASUS T EES X #EENHEXM

CIBERSORT Sk e —fhft TAEW 5 B o B v S R, BERERE 0 A S 5 4 I R AE S L 2R
TR B AR = FE 40 A1 [20] 0 AN TR H CIBERSORT HUE VPG S 2 40 M (IR 1B L, i BRI S s
A AR R (AT R BRAFRY “vioplot” B 26 IR/ NRER ], % NASH ZLAIG E2H 2 18] £ G
PEAR IR 22 5 BEAT AT RRAL s AR AVET A R AR “corrplot” A2

3. 58
3.1, INAREE L FRIARLE 5 B S AR AR B

FH R A “pickSoftThreshold” BRECKIFHKBME, UL REHRIMUEIRE R 0.9 K,
GSE89632 s &£ M s BRI B 4 13 (] 1(a)). MREEHAE M B RME, BT ZUCRKEN, RS
FEAR(E 1(b)), REEEEhAVIRIRNE I BRI, & IF & BRI, &5 3] 10 /MR,
AR — BB 1(0). 85, ¥ 10 DR i 5 NASH 247 Pearson A M (B 1(d))-
i), ORI BIY(MEblack) 5 NASH IR AH G i 5 (r=—0.94, P=2¢-21), XERWILNEE
(3 IR AT R NASH R 9 AL 2 35 A%

3.2. NASH X EERERNEE I

GO iR, HEMEBRTERTS 51 BP T84 Mg s1tb. DNA 45 &5 5 PGt
WA B R -1 I RON (] 2(a)); MF EEEEAE: DNA 5S4 4. RNA BA
B 11 RE 5 DNA G5 &3 T 4555 2b); T2 51 CC EEN: HRiAT IR FEEY. Fas)
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Figure 1. Weighted gene co-expression network analysis and identification of key modules
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i T 51 A4 2 DEGs (14 3(a)). Hrr BIEZER 25 4, R 26 414 3(b)). 8/ “pheatmap”
A4 975126 2 (1) 40 B 5222 DEGs HH AT 50 AN R i/ ZE R I ( 3(e)). b4k, FRATTIEAEH] Spearman AH 5%
PERCIC VP AL T X Lo 4N il 322 DEGs 2 [8] [RAH (] 3(d))s
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B Fik 51 NI Z DEGs 18— AN BAsIER4E, H R 1 “clusterProfiler” 4T GO Al KEGG
BT, DA E U KA TR I AE W) - Th RS AR SR IS S8, DL P < 0.05 1 NTfdkbriE, "TMAILE %
DTSR . GO MR, 4l DEGs EEEH 2242440 IR AY . 4R Rz ATE £

DOI: 10.12677/jcpm.2025.43379 544 s PRANME AL 22 2


https://doi.org/10.12677/jcpm.2025.43379

KA, B

(a)

Biological Process

Fat cell differentiation

Regulation of DNA-binding transcription factor
activity

Cellular response to interleukin-1

Positive regulation of miRNA transcription
Negative regulation of cell cycle
Response to lipopolysaccharide {

Response to extracellular stimulus
Response to molecule of bacterial origin
Response to glucocorticoid

Muscle cell prolferation

Response to interleukin-1

Response to corticosteroid

Response to nutrient levels

Multi-multicellular organism process
Positive regulation of smooth muscle cell
proliferation

©
Transcription regulator complex
Transcription repressor complex
Euchromatin{
RNA polymerase Il transcription regulator complex
CMG complex
DNA replication preinitiation complex
RNA polymerase Il transcription repressor complex
Nuclear chromosome
Condensed chromosorme |
Phosphatidylinositol 3-kinase complex
Endoribonuclease complex
P-body
Organelle outer membrane |
Condensed nuclear chromosome {

Outer membrane {

01

Gene R

02
atio

03

Cellular Components

0.0

01
Gene

02
Ratio

0.3

(b)

Molecular Function

Figure 2. Enrichment analysis of key gene modules
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Figure 3. Screening of differentially expressed genes in cellular senescence
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Figure 4. Enrichment analysis of differentially expressed genes in cellular senescence
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Figure 6. The expression level and diagnostic value of key genes were evaluated
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Figure 7. Immune cell infiltration in NASH
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