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Bioinformatics-based screening of pancreatic cancer differential genes and immune
infiltration mechanisms to predict targeting of traditional Chinese medicine
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Abstract: In this study, we first obtained 2 653 differential genes of pancreatic cancer by bioinformatics. Further screening
yielded 10 core differential genes, including COL1A2, involved in signaling pathways such as protein digestion and absorp-
tion. Survival analysis revealed that core difference genes had a significant effect on recurrence-free survival in pancreatic
cancer patients. Immune cell infiltration matrix analysis in pancreatic cancer tissues revealed high levels of CD4 " memory T
cells,M2 macrophages,and dendritic cells,but low levels of CD8 " T cells, with some correlation between the distribution of
various immune cells. Finally, the majority of the effective herbal remedies identified in this study were associated with the liv-
er meridians and were classified as clearing heat, tonifying, and dispelling wind-dampness. Among them, Curcumae Longae
Rhizoma and Descurainiae Semen Lepidii Semen had the strongest connections to the immune pathways and key genes.

Key words : pancreatic cancer ; bioinformatics ;immune infiltration ;survival analysis ; herbal prediction

figg it 45 IR 952 ( pancreatic ductal adenocarcino-
ma,PDAC) i) 4 BR 78 5 25 25 AF g hn T —A%
PL L, $i31 2030 4F, PDAC R Bl R i JiE AH G FE T 1Y
452 RJEH . PDAC i FLAF (1 7 2 A 77 A
8% , It HLimgik 71% 5% W TR 58 2 UTBR 5 L T

sk H 39 :2022-06-06 % B 2022-10-09
FEATE - E R B RN ) TR (C12021B009 ) ; A [
P A 2 B R T I e B R (WY Y2020-02 )
* MEVEH Tel :86-10-84739132 ; E-mail ; zhushij@ hotmail. com

I 2 2 9 IR 0 o 7 805 25 R o L K 3 110 o
TP PDAC B8 B 3 S5 oy (W BR3¢ ) T
SERY FL 1k S 2 28R 40 A IS 3 1 e v G
e A M RE 0 b sl S P . I T, 1 22 W PRI
SR I R IR YT B PDAC U B R T7 R, 1
5O G A A 5 R AE B L o 40k A L B A2
U BAPTIRYT I R SCRAHE 475 A AT e
P

W fei e 3 1 23 M ) R B, i PR 33K 3% 20 A



320 KIRF=YIBE R 5T K

Vol. 35

R T R A TR R 22 S 4 TR R R B AT 8800 s
CIBERSORT J&—7F 4347 B, , B fift 1Ak [ 47 5 4 i
RINA 0 e B A Al A A v A 22 40 1) 8, JF 4R
AR A RS BREHCAH LR
HE A X PDAC 22 94T T 4047 (H Bk
Z 25X T A e AL AR ST 1) T ) R ABIF
¢, LHRAEA Y 25 Wy 7 i 1 Jr i, h EEE X T
PDAC 1 WL B K S5 hE 2 E IR GENR,
[ s e 24 D) 2288 ) AR RE AT 20T TR A=
FEOAEE (EAHRATZHE . PR, ARBFSE A RS
F 304 FE ( gene expression omnibus, GEO ) , 3 #&
PDAC 37 B X 4 URE AR HEAT AH 5C 0 #r , AFE PR K
SAZ ISR HILR , BEAT A A 22 S AR OC o3y, 38
i CIBERSORT [z 4 PR 44 PDAC LU (1) 4
92 A MR AR X i i 5 TN R 7 22 8 A 119 A AL
H 2, i R 25 e I AR R .
1 mBSH®
1.1 ZRERAGIE

L) “Pancreatic Cancer” i i im 2R GEO 3 [H
FRIRGEABUE O 8 25 4. (1) “ Expression profi-
ling by array” (2) “Homo sapien” (3) PDAC Fl4# 55 4H
21, (4)HLUk B A — B B RS IEECAEA . (5)
A RIBIE, (6) B4, 114 Gene Symbol 55
fFR . HBANHE 5] GSE15471 KPR i iy AR b
FEOPTHI RS B, GSE1S4T1 K 4a 48 i ab 3 7 7
Affymetrix U133 plus 2. 0 43K 2H #5404, I
HitA7 7 HE IS A58, A BRI B3R 22,
PRI ST T 78 ARS8 58, Hirh— A4
AAGEE o i 45 I o HE B Bl S A ] RMA 53032 %
T 5 B4 kA7 bR 4. W GEO2R (hup://
www. nchi. nlm. nih. gov/geo/geo2r) 7E £ T. A} Ex-
cel FAFTRGEE B M 4 805 1B Al 80 25 S
IRFEH Tk 25 F 1 log, FC1 = 1 FIKIE P < 0.05
AT 2 SRR AT
1.2 ZEAMKEERINETERE

0 22 S B R b STRING B4 2 4 A 11 1)
4% H A (protein-protein interaction , PPT) {25 A5 51 | -
Pk T A Cytoscape 4, SR Cytoscape i 14
T. H: cyto Hubba H1f) MCC J5 iR 5 B R A &
SRR T A s 1T R OIEF B F T cluster
Profiler” i {4 41 #F 17 25 5 35 [H] 9 5 [ A 48 ( gene
ontology , GO ) 5 5t AR 3 K A1 L K 4H & L 25 (kyoto
encyclopedia of genesand genomes, KEGG) 434, f14&

H:= W35k 72 (biological process, BP) 40 fifi4H /) ( cellular
component, CC) 43T IJHE (molecular function, MF) ,
1.3 BOLEREREKFEER

FIH GEPIA %4 ZE ( hitp ;//gepia. cancer-pku.
en/ ) WA AZ 0 2 S B DR 7 T i 0 v 110 2R K K-, DR
BE B 1EH B ok H TCGA i GTEx idg. gl
(immunohistochemistry , IHC ) 3 i< 1| FHPUAK - Pofiigh
B YRR S, T LS s R BT AR A AR
S ALK K A A 285 F1 &1 3 (hitps -/ www.
proteinatlas. org/) , LA T 1IE % FUEAE 2 40 H b3k
IR KRR B 2257
1.4 BUOERERSKRERESEFLEFNE.HRAE
%275 B HE 5K 14

Kaplan-Meier Plotter %% #% FE ( http://kmplot.
com/analysis/ ) 1 Kaplan-Meier [ £ %} HE 44 6 Fi. 7
A% 0 22 F 3L R 317 5 A 47 % (overall survival , OS)
I K& H 173 (relapse-free survival, RFS) 4341 ; Fll
Fi TIMER %% 3% JZ£ ( https ://cistrome. shinyapps. io/
timer/ ) , A% PC MR A0 IS R R T AL 0 2
SRR B 40 CD4™ T i fifs .CD8 " T 41 i . B 5
DR 20 I W 240 i 5 A 5 240 32 T A 8 P A DG APk o
1.5 FRERG&i= AR B | 522 40 Al (5] 4B X 1 R 4H 8]
EROW

K RO FE7 9f 442 CIBERSORT Jz 451
VEPEAT 22 PO A0 MO SRR AR AR BOE
B AL 1000 YK, >R F Kruskal-Wallis £k HIAS: 35
Xf P < 0.05 BBHEHAT IR 20 br .

%} CIBERSORT Jz & fHE DL P < 0.05 ZAl
TR AT AR A RO R AT A TR A A Y )
Pearson FH ¢ 2R ETHHL, TR PR A 56 L A ok it o
HEX A 2R
1.6 SR AESHT

X AFEA T PCAR 4 A [a) JB i 2H 21 DX IOR Y5
%) e 20 21 K A W A SRR A HEAT fi 92 AN M 22 S 00
BT, BRA5- 90 2H 2R 1) B g2 200 IR T 155 00 B2 R AT o
1.7 BEBRPHGHTN

Coremine Medical ( hitps://coremine. com/medi-
cal/ ) B P — TP A= W B 22 8l 3 - 15
Wk TRV EFARERI R, WMHER
DB AT GO & AR 5 i AH ¢ BP 5 A Coremi-
ne Medical B4 %2 , 7o 51l i 1 B AT ¥ 72 R0 AIL i B
Hhzh, RS P o< 0.01, 9 e il F T AR
BT,



Vol. 35 T SEL PR T L 15 0 27 S 2.5 R T S 8 L U 1 o 25 321
2 #R IRAGUNFEAS , IF HOMS AR RZESLIAT T 78 Ik

2.1 BREBEERER

e GEO %) Ji o i) GSE15471 [N J ik
13038, %8 ok A 36 i PC R, i BEZE AL O i
LI PDAC, LA 20 20 R0 B B DT JE 1) 1E

A = =

®  Down regulated(348)

FEPUE AR s o i e ARG 22 S K N 2 653 A, o
EIREEIN 2 305 A, T IR ZE A 348 AN, i 20 4 B R
TRE DR R 3 A 0 (UL TA) |, 22 57 5 R B A
FIRTEOLCULE 1B)

AQP12B//AQP12A
CBPGR
PDIAZ

LOC102725271//NTM
| | WISPI
THBS2

INHBA
COLTA1

Not changed ®  Upregulated(2305)

17.5

15.0

»
2

o
°

-Log10(adj P-value)
~
o

5.0

25

0.0

5 M) 2

0
Log2 (fold change)

2 4 6

B 1 PDAC EFEERRIEFBERMNLBESSHT

Fig. 1 Heat map and volcano map of differential gene expression in PDAC
1::A:Group A IEH 4141 ; Group B ML B: 22 S BE PN 43 A, i 6 K68 (AL 653078 T JE26 5% . 8. Note: A, Group A is normal

tissue ; Group B is tumor tissue; B:Blue, grey and red indicate down-regulation,no difference,and up-regulation, respectively.

2.2 #Z0EE PP K IEEER

B2 653 422 RIKIEN A STRING, iR
w EARH 0.9, RERICHEHAIL N S 158) PPL, H454)
Praf 3T A Cytoscape B HEAT 1T AL 1K 2 7 36
94 A1 1,160 £ (WK 2) o £ cyto Hubba it
SBVIBCET 10 ALV W AZ ORI, Feak 2 2 B0 B8 (I
3), F B ERUCHET O T R R a2
(collagen type I alpha 2 chain,COL1A2) I Y £
[ a-1(collagen type I alpha 1 chain,COL1A1) IIT %l

ik Jii 45 H a-1 (collagen tpe III alpha 1 chain,
COL3A1) .V B )R8 a-1 (collagen type V alpha 2
chain, COL5A1) .|V B JR 2K a-2 (collagen type V
alpha 2 chain, COL5A2) | EL.A IfiL /M sz v 35 1 35 7
B 285 E M4 JEHE E B 2( ADAM metallopeptidase
with thrombospondin type 1 motif 2, ADAMTS2)  JLf&E
224 (lumican, LUM) .3 4 2% A2 (integrin alpha 2,
ITGA2) £F4EK5 %555 1 1 (matrix metallopeptidase 2,
MMP2) .



322 KERF=YIBER ST K

Vol. 35

2 EREEAP
Fig.2 Differential gene PPI
VE BRI S (R, BB R #5 . Note:The darker the color means the greater the degree

value of the node,the higher the importance.

B3 fZhEAERER
Fig. 3 Core protein gene module
R FZ T S A B R, R ARl . Note: The darker the color means the greater the degree

value of the node,the higher the importance.

2.3 #ZLERFREKEESR

SR T BAE LA L 0 1 R A O R S LA AR
TR E BAENIRYT BAs 08 1, 1007 T
A0 35 R T Je i R 408 30T 20 20 1) 25 S e 3k
GEPIA U4 i 119 43 A1 25 5 S8 7, 10 40 A% 0 3 I
COLIA2 , COL1AI, COL3A1, COL5A1, COL5A2 7£
PDAC 21 ZUrp () 63k 7K P-4 B (5 i 10 3 AR 4 21
(WL 4A ~4E) , ZRAFGI¥E L (P<0.05),
HPA %085 12 i THC 45 31 o, 76 8 11 3238 K F,
COL1A2 .COL1A1,COL3A1 ,COLSAT 7 i fif 98 v (1
Tk TIEW AR 4L (LK 4F ~41) ,COL5A2 fit
ZHIEIE . LR e B LR T L R
(EPaRIE

2.4 ZLEREERNSNEREST . RRRIE
PERT S A% 22 5 B R AT IR s A= A7 3
25 W g R (LBl 5) COL1A2 , COLIAL , COL3AI1
COL5A1 ,COL5A2 JE[H i ik id B 2 R Bl h 4
£ OS(HEFZE/T) A1 RFS (HEBIZESS) , 3F UL I
FEPIXT T RES  HAT B 52w (P < 0.05),
X F B OS I A geit 2% & 3, Ui W %)
PDAC i35 OS RS2, A% .00 25 S5 55 R 3 3R /KT ek
AR JEARSR ST Y SE A R 3R
R0 25 R P R Tl i e iR
TR 78 A e TP, DT T e 4 A A 38, 45 21
WoR(WE6) 3% 5 D% 025 5 3L R 5 g 4l 4
EHAAHE(P <0.05) , k1M fr 7 COL5 A1 FI



Vol. 35 TSR T A WA B 07 A IR s 2 S B TR S i TR AL ] T [ e 2 323

A: COLIA2 B: COLIAI C: COL3AI D: COLSAI E: COL5A2
= - ® 4
d = —* o — —* —
o ., e 5 I
B 4 ) = 3 : EE Y ! . 3 £ . %,
. . | , ] ‘P' : £
p: %, s
& B : . ra . ©
- A ° £ . = 2 S
a6 =2 i e 4 i ’ w
= O = s B . o3 L I S [P
a s 3 T T
= S —a : =1 " ¥ & o
E . g 4 o ¥ . by =
«~ ¥ = ~ - « - "
; % ] 4
= e ° — — ° —_— L —_— =
T
T
PAAD PAAD PAAD PAAD =
(oum(T)=178; num(N)=171) (um(T)=179; rum(N)=171) {umi{T=179; num{N}=171) L i 5 L) (un(T)=179; rum(N)=171)
F: COLIA2 G: COLIAI H: COL3AI 1: COLSAL
ERHH
Normal tissue '-‘
N
L e
Tumor tissue

B4 XEERERBBAAMEZERALFHERERIE

Fig. 4 Differential expression of key genes in PDAC tissues and normal pancreatic tissues
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Fig. 5 Core differential genes and survival analysis

2.5 GO R KEGC ZSEMTER UKL 1N R AU L A AR R S MR S LT

H T HEIN A T B AL 22 RN BN AR A G AR G BRI S 1 A (AR
IHRE R HAR Sk 72, M RIES R 22 3k SEREE, TR 1, KEGG & 42 i A 5 i i £ %2
PRI TAE Wy D e S il Bk ey 20T, 25 Sty W MR I BOIE AL 5 Wi 20 A B 2 AACRH AR
GO A HF( WLIE TA) . Hiv, 3KHL BP 2 950 4%, 54 PBK/Akt {5516 5 | 5 2 55 A0 {5 5 38 #% (L &l
PEARCH ALY TR B b MR S S 7B) -



324 KRFE=YIESE S5TF % Vol. 35

Purty BCe coss Tcat
= 0,200 = ‘partialcor = 0.36|
. Prldn®|| a0, P03 oee o, PR206 [0y, o

Py o erTom CowTon et Hoarors Do ot
- o501l partacor - o483
OF 1 i

FRM 2 I FeB KT
COLSAZ Exprossion Lavel (g2 TPM)  COLSA1 Expression Level (g2 TPM)  COL3A1 Expression Level (ag2 TPM)  COL1AT Exprossion Level (g2 TPM)  COL1AZ Exprossion Level (log2 TPM)

01 02 03 o4 0800
Infilvaton Level

G B K

E6 fiEREESREEINEENEES T
Fig. 6 Correlation analysis of core difference genes and immune cell infiltration

2.6 GREREMEESHIFERXBEESH FRIE (L 9) o

SEH CIBERSORT 2 51 LL P < 0. 05 Ky NK 4iijfs 5 CD8 " T 4fiffd (r = 0.73) . H{bRI%R
TSR AT A, AR B 77 AT EREA R RAIM S CD8 T T AL (r = 0.75) R T 4l 5
EIZEA 35 A~ IE 8 BRARZH 2L, £ 42 4~k PDAC AL SR ML (r = 0.71) JE R4S CD8™ T
M, RN (WA 8) , SIERRMRALAALL, B 4iI(r =0.64) 555 PUBGRIEARDC; M1 F 40 i Fl
MR LH 2% CD8 " T 40 MU IR T A BEAIK L1 CD4 " 3242 3242 T 443 ) S5 A SR A (r = 0.595r =
T 20 M2 Wi SO SF R AR RS . 0. 64) IEALIE KA 5 R IGIE KA M (r =
HE—2 BT T 22 e M AR RE AR T A AL -0.62) Z [l S BLA R SUAHDC (ULIE 10) o

A GO Results of Three Ontologies
extracelular matix organization
extracelular structure organization | L3
collagen fibril organization M cc
cartiage development W v

connective tissue development
endodermal cell ditferentiation

regulation of cel-substrate adhesion
negative regulation of peptidase actvity
collagen-containing extracelkilar matrix
endoplasrmic reticulum lumen

collagen trimer

‘complex of callagen ¥imers

fibrillar collagen trimer

banded collagen fibri

basement membrane

platelet alpha granule

cytoplasmic vesicle lumen

vesicle lumen

extracellular mavix structural constituent
extracellular matix structural constituent conferring
‘tensike strength

collagen binding

glycosaminoglycan binding
peptidase regulator activity
peptidase inhibitor activity
endopeptidase regulator activity
integrin binding
sultur compound binding
endopeptidase inhibitor activity
0 10

Enrichment Score
2218 7( Continued Fig.7)



Vol. 35

TR SR T A WA B 0 8 A IR s 2 S B TR S i SR AL ] T [ e 2 325

Protein digestion and absorption 4

Human papillomavirus infection

AGE-RAGE signaling pathway in diabetic complications

Complement and coagulation cascades { @

Pathway Analysis
ECM-receptor interaction . Gttt
® 75
Focal adhesion . @ 100
® 125
A biasis 1
moebiasis @ . 180
PIBK-Akt signaling pathway { - @) @ s
. pvalue
® 0.00015
0.00010
0.00005
Small cell lung cancer{ @
Pertussis 1 ®

4

8 10

EnrichmentScore (-log10(pvalue))

B 7 GO X KEGGC E&E4HT
Fig. 7 GO and KEGG enrichment analysis
TE  REHOR 5 s, B BRI 22 538K . Note; The larger the circle the higher the percentage,and the darker the color the greater the difference.

R BREEEREESERBEEX COEBENMIIE

Table 1  List of GO enrichment analysis associated with immune infiltration of differential genes in pancreatic cancer
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Table 2 Predicted results of Chinese medicine targeting core differential genes and immune-related biological processes
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