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Abstract

This paper aims to identify differentially expressed genes (DGEs) in pancreatic cancer tissues using
bioinformatics methods, elucidate the functions and signaling pathways of these DGEs, screen out
signaling pathways related to the extracellular matrix (ECM), determine the relationship between
ECM pathway research and pancreatic cancer, and identify potential biomarkers of the ECM in pan-
creatic cancer. Sample data of pancreatic cancer were downloaded from the Gene Expression Om-
nibus (GEO) database. Based on the chip data from GSE91035, R language was used to screen DGEs
in the data. Gene Ontology (GO) functional annotation and Kyoto Encyclopedia of Genes and Ge-
nomes (KEGG) pathway analysis were performed on the DGEs related to pancreatic cancer. The
GSEA database was utilized to visualize the ECM pathway and identify key genes. The GEPIA2 data-
base was employed to verify the relationship between the expression of these key genes and prog-
nosis. A total of 3023 DGEs were identified, with 1803 upregulated and 1220 downregulated genes.
Among them, genes related to the ECM included COL1A1, LAMB3, COMP, FN1, THBS2, LAMC2, ITGA11,
ITGB6, COL4A5, and HMMR. Verification was conducted to confirm that LAMB3, ITGB6, and HMMR
are associated with the occurrence and development of pancreatic cancer. The DGEs in this dataset
primarily affect the occurrence and development of pancreatic cancer by participating in biological
processes such as antigen processing and presentation, ECM receptor interaction, cell adhesion
molecules, and cell adhesion. It was determined that genes related to the ECM are crucial in pancre-
atic cancer. Through the analysis of DGEs in pancreatic cancer, this study identified genes related to
the ECM as key targets of influence.
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FIRT, BETEN GO T3 PO AT 25 WL R A e 20 2, EM it AR I e 5 PDAC IR A 85
(TME)HAFTE 2 BUR A 43 A 5. PDAC I TME FP & 8 MAF4ERR, WiRE . B URR
M YRR A5 o IR EELTYEIE 5T AT DUTR e Jo B D BE Bt BR A 25 W V8 1B AN 20k 2 iR
Mo BRUEZAb, R TRIA ST (AR 4R B AT A S A AR, (et T . RS . XA
PRIE IR AT B 3 S50 0 T 7 P AR A AL T 290 AR 25 1 [1] . GEM 2 — Rl UL HSR AU,
2 B T R S B (PDAC) i T i . it 5 PDAC 4B A ) DNA 454, M) DNA &K
ARG S, TERNATTROR . BRI, 24 GEM #E PDAC 4ifiil)5, & B S MR N —WEIR
i€ (dFACDP), 4R )5 FR B BR 1 BN =R 5 PE Al i5 (dFACTP) . IXUEATAM AT i A DNA B, Jf7E
DNA &G 5 1L DNA SERUSES, R FEAMMICT[2]. Bl B R AE GEM IR IT H#fsk
ANy, AL 2000/ 41 1B A 2 ZIG)7 P AERR I R R . Forp, 75 P AR TR 265 1 A2 PR V6 T RCR (1 5
BHRRZ—, FANBSSBURE NI RGO K, 5ol 70 s 251 5oy e e 16 7 Hh i)
—ANREEPRAR3]-[5]. HATC 28R 1A R 78 A (GEM) ST ENLE, e —Le AL & GEM 25411
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iz s AQ i, 41 GEM 25 ) S5 ORI 2 W] RE 32 B iz 2 1« AU AN 20 L P9 A5 5 e B 1) 1R 42
BeAh, —LERT R AL, 1E GEM YRYT I RE Y, R JE PR A R AR i e 30K H] DL BUMR 4E L0 GEM 7
AR . REXEPHEE 72, (BHREER D TR e 2im 2, Xt TE# PDAC
XS GEM i 25 1L I K JE VG YT BURZ IR SRR, 38 75 2k — B IR ANTE TR R [6]. AHECT HAth &
PERfR, I SR AT YRI5 AL PDAC ) TR ZURFAL, ORI A 25 4 21 2 22 ol B o 4 i A 4t g 0 2k
JR(ECM)H S, 5 PDAC A d St [FF i 1 IR A B8, 75 PDAC 20t fi] [l (139 25 45 4 2 21K 240 o5 e 4
) 90%, M3 BUBRBRA LI R A ™ E [ 7] [8].

2. 5 HZE
2.1 BERIRRALHE

7£ GEO #if JF (http://www.ncbi.nlm.nih.gov/geo/) N #% Homo sapiens &5 F ¥, 74 GPL22763
(K] mRNA i 7 i 8 GSE91035 i . mRNA TR $dla S 22 AN IEFREARN 22 ML RE A, fEH
R iE & AT 2007, BRIEJG I P 1 < 0.05, |log2FC| > 1 JbsiEfi & 2 57 %4 3 K (Differentially Expressed
Genes), AR U 1) 2 S AR08 2k R R AT Ll T WAL S 2240 #T

22. BRI

HFIH org.Hs.eg.db 1 clusterProfiler P4~ uxf 2 7 Kk ) mRNA 24Tk, F£iE4T 7 Gene Ontology
(GO)Th At & %1 Kyoto Encyclopedia of Genes and Genomes (KEGG)iE i & 4 70 1. XL/ Hrheis 5 B3k
TSR AxTH b 7 fif X 28 mRNA AR5 = SCRPE AL, DAH SIS A FE S8 it T BB S E IS HE . [
B, SRR S IR A T EE A AR, G BRI EIR N . AR I TSR . A
10 T B ST TS AN AN L T B I R
2.3. GSEA BBk

FIH] ReactomePA 1 GseaVis Hi4™ R Wi H 4k GSEA S & 570, Al g 4 /M BT S % X
JRIRIE HOREME, SRIDGEHS P AR S HE TR, W L ARIA T DU E T Rr S 1k

24. EEHEEERAMESH

i3t STRING %4l Xt DEGs Fir 4t i 8t MR 8 1 - SR ELAR NS, . BE— DRk e B
) 10 ANE I, HOuH R RS D R HX 413 (K]

2.5, <BEREEE

I GEPIA2 (http://gepia2.cancer-pku.cn)#4E 2 — 5 56 E mRNA FEH, 363F mRNA K 7E iR e
RIS, FE2 ] Box-plot, fffxe 5 i i BERE S A S AL R . R GEPIA2 #dis % mRNA
FERHEAT A AE 20 B 5% mRNA 5 [R5 i 1 1
3. fIRGER
3.1 BREREHEETHEREHR

H:F GSE91035 A fEim it PCA ISR R i FEA 5 1E W FEA 2 (8] 1) 22 7 M R oR SRR 2
I, Witz a2 e R (1] 1), i ZE R Hr LA 21 3023 4~ DEGs, ifFER 1803 4, TiAZER 1220
ARkl B R (] 2).
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Figure 1. Distribution of PCA samples for pancreatic cancer
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Figure 2. Volcano diagram of differential genes in pancreatic cancer
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3.2. GO #M1 KEGG BEEEN T

Xof 72 S BE DR ) b A B R P R MR R B AT 0 b, XS H#EAT KEGG E4EM GO B A4S R EIRTE
KEGG &4 LA E 43 ECM 20 BAEH, 4HMRGF 707 2ki@ s (4 3), £ LM GO &4 H
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Figure 4. GO enrichment of up-regulation differential genes
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Figure 5. GSEA enrichment pathways related to the extracellular matrix
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Figure 6. Heat map of gene expression in extracellular matrix
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i 470 BT AT 9308 B ) e B PR e P s Ak, FRIDUX = PY/M L[] COL1AL, LAMB3, COMP, FN1,
THBS2, LAMC2, ITGA11l, ITGB6, COL4A5, HMMR, ITGAL, ITGB4THBS1, COL6A1, COL4AL,
COL6A2, COL4A2, SDC1, LAMA4, ITGB7, ITGB3, COL6A3, LAMA3, ITGB5, ITGA4, ITGA10,
ITGA3, HSPG2, LAMB2, ITGB8, TNC, LAMA5, COL6A6, TNN. XX =t PYANHEp 47 & ] 41
b, A R R R AE SR 2 b = DY S0 B A T R DR AR T IR 4, I LA S I = D AN A DR R R 7 ik
JIE PR S 1 (P4 6)

3.4. PPl HE{ER SRAEFELE

BT STRING 40 e 4 44 % 34 /N4 it /036 Joi 35 D] i s A P 2 ARG S 2 1 — 2R A EL AR 2% (141 7))
HE— 2D e A5 B AH OGRS A = 1) 10 ANER 6T N RS (R BV A 4 6 AT o X A 6 PR ) R R B0 6« COLLAL,
LAMB3, COMP, FN1, THBS2, LAMC2, ITGAll, ITGB6, COL4A5, HMMR.

Figure 7. Extracellular matrix gene PPI network
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3.5. <EEREEE

7t GEPIA2 (http:/gepia.cancer-pku.cn/) ¥ 2e 41 735516 A4~ mRNA J PR 6 PR 204 22 S 50 E 734 s
IGUFH ek, AP COL1AL, LAMB3, COMP, FN1, THBS2, LAMC2, ITGALl, ITGB6, COL4AS5,
HMMR AN R [F R A B3 25, eSS IEH M Rk 5 arm 45 R A —8(A 8).

NH GEPIA2 X} 10 A5 40 M A 5 B AR G B R EAT AR A2 i, AEAF I &R HMMR,  ITGBS,
LAMB3 =ANEE K] 5 [ Mg 1) e AR A7 28 FUTE R AR AR 26 0, JF HA R R 52 mi(P < 0.05), H Rk
WifaE 2. HHEN HMMR, 1TGB6, LAMB3 3[R & & iA S 5 R R G % VI 2< (& 9).
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Figure 8. Prognostic levels of core genes in the GEPIA2 database
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Figure 9. Survival analysis of key genes in pancreatic cancer
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4. ¥1ig

AR AR, AR 2 AT 25036 97 1) 6 4 2 328 77 A i 24 1 o X TR 24 40 i EL AT B
R ZERFERRE 7, JF HOR AT AR 5% A8 (EMT) FIRFIEE S0, 5 2 251 25 MR 3 UIAHC[9]. Blan, —
e 28 ok BYD R R BCEAZ B VR T 5 7 AR TR 24 1 435 i s R B9 530 20 A AR Rt LR ) (R A RS, R
KZ RS EMT AHSCHIFRIEI[10] [11]. Bh4h, EMT i8] DL S S0 4 6 3 S IR 40 i S e 7 27 AL HE BT
355 B 98 4 36 3 A1 SRS B | R R 4 L T2 [12] . PDAC BT 2 5 J5 18 A R 1% B S A AL XM
T2 SR BT 4 3 5 P e ) R F 45 G AL ZURT ECM AR o S5 A AR G — B 2R (M AL 2, L5 PR 4 2 1
CRYEANM . S VRN RN e B A S A sy, X RN 2 5 T BRI 5 e (PDAC) IR & e Rt e ik 72
ECM &2 — AWM ZF s TR SRR ES K, A& RIERER. d4EEEn . RE 2SR, 5Mmgii
FHEAE T, S0 25 R 4 P i A K L R BRI RS E F1[13]. EMT #EHFE 5 ECM BB E, EMT #EfE & PDAC
YHHILE GEM PP i #8 o 32 BIME 5 A& S AR ELAE AT P2 A2 52, XA E A 580 EMT MG 1
FARRUR A R AR, BETIEHE T PDAC 400 EMT %8, 3 HIKHT GEM 1LIT ife f1[14]. &I
A&, B EMT MG Tl BR (RVR 7 FEARORRRE b M AR U S AR . XFEZEHE T LT UANER: &
Ja, EMT R 1) 5 i M4 va 7 ME DL A T 78 2 P A . LR, EMIT A4 i e R WURfE, BDEES
ek Je SR A I I B Ak . AL, B R BRI PR ] TR T IR R . RIS, PUs i B AR
AMEIRR EIEAACT E R N T VAT I PRARME[15]. TR SRR K 2 ok B TR AN IR R, {H 3D
B LE S 48 )i PDAC 40N EMT Z I & 2% AV 2AT R0 A PR, MR AR IA IR L1
IR o BRI, FE 28U A R B e — 2P R AN 58 38 BRI 2 IREHR R, 2R 440 I s
A BAMNANL 25 PDAC W AEKAFIY 8L, IEINIE T GEM i 245 L 7= 2E o ik 4, AR B 3389855 T PDAC
X GEM 259 (1) %12 Fl 6 g 71[15] [16].

A iz FHAYNE BB F-Boxr GEO Hidis e v i Ji i s = DR85S v B8 1R 47 40« T GPL22763 it
(1] GSE91035 i 4E, LhAs it i 41 S VRN IE 5 2 4 rp ) BE R RA B 0L, G HE 1) 3023 AN 22 S ik B H &
B 508 28, T 44k, MR E B AP R, IRATHE T 40N R A DGR, %
A T TR AR R A R IEEEAR A . iBid KEGG 5 GSEA 53k [ 771445 8] COL1A1, LAMBS3,
COMP, FN1, THBS2, LAMC2, ITGA1l, ITGB6, COL4A5, HMMR -+t H, f/a4id GEPIA2
B FEIAE R € HMMR, ITGB6, LAMB3 5 i it 15 5 A ¢

B FTR S 2 A AR 5LUR 4 A — RV B A G 5@ B 25 W FUR S 5 A iz 15 1) 3=
BHLHIL7]. HMMR 228 3R 1H E ZERE B R IR 21k, CAIREEH IR & CD44 W] LU Bug
SRC/MEK/ERK, PI3K/AKT/mMTOR, LLK PI3K-4EBP1-SOX2 %55 53 B 4% HoRg 40 f i -1k . 1% iF
FE AR ZE[18]. T 1E i B R BRI £ 2 A 2 — ) HMMR, BUA BFFE T 5 R 45 A=V - Th R o THLH
HHRE D . A AR HMMR 0] LS 20 P9 R« 458 & g i 288 s A 454, 388 HMMR
AIRe S 5B 2L E A [19]. ITGB6 1EA—FRFR I B G R WA, RIFET B AL, EaFERREENT
ZMp b RORUE B VE MR I . TR RESMITI A T AR EEAER, HERE ERESEEARTE
VIR IE[20]-[23]. LAMB3 1F 9 /2R 3% 85 11 7.2 He A J53 40 M 23 () AR B AR R B 1, 2 22 2R
YINETERCy, MG AN B RS AN DL A0 B S A TS [24] . LAMB3 X T450 . MR, M. &
FUURTHT 21 R 4 i (R 2 Ve AN RS R 1R AN AT BRI [25] . 7R FUIR IR AL RE F, LAMB3 @i i
5 c-MET/Akt 55 SHEBRITN. FN LAMB3 Bef 5 A &8 Rk 41 i 12 Wik 7S b 84 [H i
LAMB3 JLER W] 1 5 B S5 P 250 (0 BUBRRE 78 JB i Hhad i S BRUF B LAMB3 1] DL i 15 Pik-Akt
15 5 I ER KA T I 5 5 A e s %) 400 B RS R 2, 5 PDAC 3G | 1R 28 A% 47 M [26]
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[27] o o dee 40 B 03 5T (EC M) D9 iR TR B HOAZ L J o s L B088 S5 AN U RELRS 249095 325 1A W 2 5
b, S B B A SRR e T, ISR . I RS, R IR SR A B
DU e B PR 22 X R ECM (Unids W 5 R ) B K 259 1636 2R 48 DD s BB bR, H
STRUIZ IR, B B i B T R AR LRSI . Rk, 456 Z IS SR (A KBRS & e
TREAL CAR-T ZHffu) 5k R 4% ECM, BT S8 il R AR Ve TS, B i

5. &g

it iE A S B2 Friie 3023 4~ DEGs, i 1803 4, Fif3E[A 1220 4>, H1 KEGG F
GSEA & /15 2 40 M /1 07 R RR IR, 400 8 (R R 08 5 A A7 3 W B0 I 73 31 5 FR e O R B N 2 D) 1)
FK HMMR, ITGB6, LAMB3, —Ffiéfl g 46k o 25 (A 75 R i b 2L R 1A, RS 5 lveE 1R R %
AP RE, ABRRRIE AT T PR AL TR . R, WA R, BEFE EEAK TCGA
L5 GEO H# i H 2 Xt B d AT T B A, BRI A AS R, T REAE LR IBPH 14 45 1L [R] I F 9008 AR IR NAR
LR TE IR AR L B AR, BRI T 45 RAEY AR, KRR FERKEINB IR IIE .
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