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Abstract: Esophageal squamous cell carcinoma is one of the common malignant tumors, to systematically and
comprehensively explore the characteristics of differentially expressed genes and immune cells in esophageal carcinoma by
bioinformatics. Four esophageal cancer data sets were obtained from GEO database, and the differences and gene
enrichment were analyzed ,and the selected core genes were further explored. A total of 244 differentially expressed genes
(DEGs) were screened, including 164 up-regulated genes and 80 down-regulated genes, which were mainly enriched in
extracellular region and extracellular space,and related to tumor invasion and metastasis. KEGG results showed that DEGs
were mainly enriched in PI3K-Akt signal pathway and extracellular matrix ( EECM ) receptor interaction signal pathway. And
it was found that three hub genes (CXCL8, MMP9 and MMP13) were highly expressed in ESCC. The results of immune
infiltration showed that macrophages and resting dendritic cells increased significantly, while mast cells and monocytes
decreased significantly. In conclusion,three hub genes and immune infiltrating cells may play an important role in ESCC,
and are expected to become potential tumor markers of ESCC and be used in the diagnosis and treatment of ESCC.

Key words : esophageal carcinoma,biomarker,immune infiltration, bioinformatics analysis
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VAUV I g AR TR YT v O B B A BIRIR AN R A AT R o iR TR T e TR AE TR
I7 BT Yo S e g FLA HE LRIATT RO . A B U IR SR B w1 G 4 e v W AR A
BT 43 M IR (0 B RS, PEAR S Be yA Y7 RSSO0 E JE DR A A R ol o 0 4 R 1 & e, R R A
W B 2E B AN KRB Az I, o7 AU A I g R 41108 B, 0% ESCC ¥ 76 I8 b 22 4 %
FIN2Wr JayT DL RiUE BAA B L

TEABFE H, LR 32 35 B4 £E (gene expression omnibus , GEO) FP i 2 M 22 57 6 3K JE A ((differentially
expressed genes, DEGs) , #R 5 %] X BEFE PRI 1 B2 AR I BORH EAE A0 Ar , 3R B S 22 g i O 36 . B
FT G R  TRTEA T e AIHEAE ESCC PRV I,y ESCC B BUR 2 Wi ARy T R AT JE .

1 MRSk
1.1 BERE®FHE

M GEO #(#& J% (https ://www.ncbi.nlm. nih. gov/ ®1 HREEXER
geo/ ) TR # 4 5l GSET70409 , GSE26886 . GSE161533 Table 1 Details of GEO ESCC data
GSE17351 E/‘J 7;:& TE % ;:t: ﬁ 128 ,fﬁd # zlg , ;E\: EF‘ 64 ’fﬁ” GSE ID Platform ID Tumor Normal Total
= GSE70409  GPL13287 17 17 34
ESCC 412U 64 HilEss HEL(R 1). GSE26886 GPLS70 14 14 28
1.2 ERRIZEEETGIE GSE161533 GPL570 28 28 56

HEFIT R RERY Limma S0PF0LfK 3,402 By OB Gnso s s w0
mRNA [ 25 53 %35. 78 GEO Hoht TS 1Y P AE LI IER FHEZE SR, DL Adjusted P<0.05 H. log2 (544
) > 1 8 log2 (550840 ) <—1 R My B i 47 22 5% R i k. H Sangerbox 72k T H. (http.://
sangerbox.com/Tool ) XfiX 4 PMEHEAE MY L IHF T 4 DGEs 432 5 LA
1.3 GO E&£4## KEGG BT

i DAVID #04% FE (https://david. nciferf. gov/) XF DEGs #F17 I B8 & 4 70 #r, 15 2 A= W) 27 i 72
(biological process,BP) 2l AL 43 ( cellular component, CC) .43 F I HE ( molecular function, MF) fil KEGG {5
T E R, WAL P<0.05 VA,

1.4 ZEHEE{EH (protein-protein interaction, PPI) [ £& #4  Fn& R 4 #7

fili AR LR B STRING™ (hittps ://string—db.org/ ) ¥ DEGs AR PPI 4%, S BUnT {5 5 >0.7 #YE
1. 7F Cytoscape ( 3.8.2) A EEF- ] 404k PPI W25, FH 4342 245 3 1 ( molecular complex detection,
MCODE ) iR EZ 1) PPT PLSHEL. BeAh 3808 ] CytoHubba J b i 6 RS0 fif A% 0o R O
1.5 b EE S HEERIIE

TE GEPIA2 %4 )% (http : // gepia.cancer—pku.cn/ ) Fll ENCORI %4} /% ( http . //starbase.sysu.edu.cn/) H1
UEAZ OB RITE ESCC 4 ANIE# 40 b i) 22 2 3R38 , S0 E H 110g2FC 1 = 1.0 A1 P=0.01. [F]i}, 7E GEPIA2
BRI T ESCC A FRIBBe b A% O JE R R A 1 L.

1.6 ZOERBXMESEFST

i/ GEPIA2 R PRSI TA% O BE R 2[RI A A GV, i ] GEPIA2 B304 2 43 A % 0 2 1R 3R 3R 7K P 19 A
72, R BIEIN IR S ESCC B TR ARG, AR IS AR A 7 2 R BB B0 709% A 30% .
17 GREREDIH

TE Timer2.0 04 % (http ; //timer. cistrome.org/ ) 11 T ESCC B0 FE R ik 54 4N RE (B 21 .
CD8+T 4lfitl . CD4+T 4t MR 4T | F AN AR DC 400) Z R C R, P {H<0.01 Bk B A Giil#
S TR FE R CIBERSORT S 4 BURL A ESCC 2H FIIE F 2 HEA T il 52 (¥ S e P43 PP A

2 #R5he

21 ERERFEIEE

S GSE70409 . GSE26886., GSE161533 .GSE1735 0¥ 4Eh &I T 1 694.3 209 583 .1 889 24 5
L. IEZER 51 941 01 614,328 F1 873 4~ N AKEER 4351 753 .1 595,255 Fil 1 016 />, 38 1 ik 7
Br 4 MRS A FREEER 164 4, FIRERH 80 4~ (K 1A-1B).
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GSE161533 GSE17351 GSE161533 GSE17351
GSE26886  GSE70409 GSE26886

GSE70409

A. W DEGs B. MAADEGs
B1 4 DEEE®LRE DEGs
Fig.1 Identification of the DEGs in 4 GEO datasets

2.2 GO EEHWH KEGG #7ih

GO 734 R s, DEGs A= ¥177 D e 245 2 UK e A0 B AP IR BT 2 5 4840300 L 200 it 6 BRI
T 12 240 L 5 4 L 2 5 A M A I A LD DX 240 B4/ ) B R A B X B R B I A O 5 43 B g =
PSRN A5G, S0 22 Z R A N R | SO D it A 45 oA R TS A W] KEGG 3l i 43 A
B R BE IR £ HUE R AE PISK-Akt {5538 %, AU BT (ECM) SZ AR BLAE FH {5 Sl % (R 2). et
SRR FECEEER R AN 22 R AR 2 25 i b PR R ACHEVE R, Horh 225 e £ 8 1 A TR 22,

%2 DEGs E£4## KEGG BHES T
Table 2 Significantly enriched GO terms and KEGG pathways of DEGs

Category n P Term
GO_BP 21 7.02E-06 G0 :0006508 proteolysis

17 4.05E-03 G0 0055114 oxidation-reduction process

16 3.48E-08 G0:0030198 extracellular matrix organization

16 8.70E-04 GO ;0007155 cell adhesion

13 1.74E-02 G0 0008284 positive regulation of cell proliferation
GO_CC 78 1.07E-11 G0:0070062 extracellular exosome

48 5.31E-08 GO :0005576 extracellular region

44 1.76E-08 G0:0005615 extracellular space

19 1.90E-02 G0 ;0005783 endoplasmic reticulum

18 4.95E-02 G0:0005789 endoplasmic reticulum membrane
GO_MF 18 9.98E-03 G0 ;0005509 calcium ion binding

16 9.32E-07 G0 :0004252 serine-type endopeptidase activity

10 1.04E-03 G0:0016491 oxidoreductase activity

9 2.57E-02 G0:0003779 actin binding

8 5.92E-04 G0 ;0004222 metalloendopeptidase activity
KEGG 10 7.23E-06 hsa05146 Amoebiasis

10 3.15E-02 hsa04151 PI3K-Akt signaling pathway

8 1.12E-04 hsa04512 ECM-receptor interaction

8 1.60E-02 hsa04510 Focal adhesion

7 8.64E-04 hsa05323 Rheumatoid arthritis

1 : BP : biological process; CC: cellular component ; MF ; molecular function

23 ERERAMZEAHEIERASHMLRERERIZI

DEGs (2 FIAH B /E F 8 & STRING 08 Al 2, 8 A 103 A7 508 175 45301 PPL 4% 2745
850K T0.7,P<0.001 (& 2A) . #e4h, FIHH CytoHubba #ifFH1 ) 6 FhE %t PPI M HEA 7 5401, ik
BUAANEEET 10 AR (3R 3) . B 6 R B R ACHE | e Ak i CXCL8 \MMP9 il MMP13 iX 3 M1%
OFEA. R, KB 3 %0 K ELZE MCODE 434 H g [al— BB (181 2B) .
2.4 FEEFRMRIEMIERELRGIE

B T RAE A WS B A BT aE S T 55 M | 7 GEPIA2 B e P i 8 T 3 MO 5L IR 19 22 35 K LA K
55 g e R4 0T AR e 25 SR | 5 1E B 4 M Eb , CXCL8 . MMP9 fil MMP13 7 ESCC ZH 41 it &
K (B 3A-3C) ,fH2 HAG MMP9 Fl MMP13 (93R35 5 I 0953 46 OC (Bl 4A-4C) . FEZ4dE 2 ENCORI
W HIRHIN ESCC th 3 ML O AR 1Y 1B 2 m Rk (R 4) . 3 TEE R, CXCL8 \MMP9 F1 MMP13 ()3
R T IE R B AL, HA A A SUE R
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2 DEGs Hj PPL
Fig.2 PPI of DEGs

F3 6 MERREBHNHEAR 10 HEOER
Table 3 Top 10 hub genes from 6 centrality methods

NO. BottleNeck Stress MNC Radiality Betweenness Degree
1 CXCL8 CXCL8 MMP9 MMP9 CXCL8 MMP9
2 MMP9 MMP9 MMP3 CXCL8 UBE2C CXCL8
3 TLR2 UBE2C CXCL8 MMP3 MMP9 MMP3
4 UBE2C APOE TPX2 MMP13 APOE MMP13
5 COL1A1 MMP13 DTL TLR2 TLR2 UBE2C
6 MMP13 TLR2 MMP13 SERPINE1 COLI1A1 COLIA1
7 APOE MMP3 UBE2C MMP1 MMP13 TPX2
8 BGN COL1A1 CDKN3 1L18 PLA2G7 DTL
9 PLA2G7 PLA2G7 COL3Al1 APOE MMP3 CDKN3
10 CYP2J2 BGN COL1A1 IL1IRN LPCATI1 COL3A1
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Fig. 3 The mRNA expression levels of 3 hub genes in ESCC tissues and normal tissues using GEPIA2
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Fig.4 Correlation between expression of the hub genes and tumor stage in ESCC patients from GEPIA2
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&4 ENCORI H#EEH 3 MaOERMRIE
Table 4 Statistics of expression of the 3 hub genes in ENCORI database

Gene symbol Cancer number Normal number Cancer exp Normal exp Fold change P value FDR
CXCL8 162 11 39.97 1.83 21.86 3.9e-12 6.6e-10
MMP9 162 11 22.86 1.76 12.95 1.8e-7 7.1e-6
MMP13 162 11 13.73 0.19 72.07 1.5e-5 0.000 29

2.5 #ZOEEX ESCC BEMEHEIN

FIFH GEPIA2 i 132X} ESCC HEATAZ OFE R 1) B A A7 43 i, 25 S 7, CXCL8 &1k (P=0.026) 5
B A LIRS AR DG | {H 2 MMPY I MMP13 5 35 0l A A0 G (] 5A-5C) I H ik
I3 MO EERTE ESCC H iR IE BA — & A ENE 1 P<0.05( 8] 5D-5F).

Overall survival Overall survival Overall survival

12 12 12
— Low cxcl8 group = Low mmp9 group = Low mmpl3 group
= High cxcl8 group = High mmp9 group = High mmp13 group
10 & Logrank p=0.024 10 . Logrank p=0.48 10 & Logrank p=0.55
Py HR(high)=1.9 A ] HR(high)=1.2 HR(high)=0.81
p(HR)=0.026 . p(HR)=0.49 | p(HR)=0.53
8 n(high)=55 8 4l = n(high)=55 8 % . n(high)=55
n(low)=55 w n(low)=55 s n(low)=54

Percent survival
o
T
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o
T
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o
T

4 4 4
2 2 2
P i — T T
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Fig. 5 Survival analysis and correlation analysis of the 3 hub genes

2.6 FOEER %R E

TIMER 2.0 8 2 7 Hr 4 SR 3R 0, 3 %O BE R 5 g 4l B2 AH G, CXCL8 5 Mg fder i 5 A yie
YR K- — A O PE. o CXCL8 3Rk 5 PR R4 A CD8+T 241 it FHAR 5 4R 4 A 52 i 522 TE AH G,
5 CDA+T 4 i 0 058 200 Ff 33 ) 52 7 AR OG. T MMIPO HT MMIP 13 555 P4 240 it | 15 5 440 A0 2 bR 4 i
A K (E 6A-6C). CIBERSORT 1543 /R , MO EL WA M1 F M4 i B4 SR 20 M A8 e Sl B v T
AR AE g 2 vb . T B 40 M PR A MY CD8+T 20 I N 3 1 A A 40 e A 988 2 o B 3 AT
(& 7A-7B).

B R A0 I 2 IR I 2 — W i e . 3 H RO 1k ESCC 1Y & A AR e 1Y 43
FHL AT B T 0 VT, 38 D75 2 T 22 VTR B I b s 0 Sk A T A U2 s P

AT R, (5 28 VG % S R g 1) B B A ) 2R 2 — R N I — ik ok i
PRALHE A0 i A1 5T [ g | A0 B 285 B 45 A ST A X 4 AN B E AT LR S AT 2 T DEGs, 45 2R R
DEGs EZAEIAMNX. AHMIAMEI R, T fE 3 2w 755 R (=22 54 7% AH 5 1% 240 it 26 B R 2B 1 K fif . KEGG
{5 5 B o M 45 SR Al S R A IR 1R 28 RN B 1) DI B 38 % v, PI3K-Akt {5553 15 Al ECM A2 1A AH 1E 3 i i
ARTEZ R T S 5 R R R e R .
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Fig.7 Infiltration analysis of 22 immune cells in ESCC group and normal group
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PR 04 FE LA AR 43, 7 B IR SR BT v A T 2 A S A RN 0 U S 4 4R R R IR ) kR
J&. CXCL8 BiARIE e B o SR (0 B0 | 45 1 i A5 2 b g v vl REAE Ry e 307 A s i 0 9 A
LRI, PI3K-Akt {5 518 B E A 1805 IKK Al NF-xB 25 115 S Al B 40 b CXCL8 my k™. L5
&R AEE MMPs, J& T H B2 1 B8 0%, BERE R A DA 1 40 i 4136 S5t (ECM) AL ISR ( BM) 19Kk 244
B AMUAEN NG B RN 20 2 o B0 A5 0 1 AR BT RS AR P () RE A e 5 % 7R 40 4/ 5 B e 1) 2 1o
F CEEE Y. IF HAFSR 45 5 & B, CXCL8 \MMP9 HI MMP13 1] fig 8 i #H H.AE FHAE ESCC o R 4E
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KAAMIK K. Chen 25 fORIFST & 0, MO F1 M1 B E A0 II7E ESCC Hh i 48 ) HL M1 B B 4 g 2
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