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Bioinformatics analysis based on relationship between SSP1 and
TGFB1 and occurrence, prognosis, and immune invasion of
esophageal adenocarcinoma

WANG Yuanguo, ZHANG Peng
(Department of Cardio-Thoracic Surgery, General Hospital, Tianjin Medical University,
Tianjin 300052, China)

ABSTRACT Objective: To analyze gene expression data of esophageal adenocarcinoma (EAC) in the
Gene Expression Omnibus (GEO) and The Cancer Genome Atlas (TCGA) databases and clarify the
relationship between the potential core genes and tumor lymphocyte infiltration in the EAC, and to provide
the molecular targets for the diagnosis and treatment of EAC. Methods: The high-throughput chip datasets
GSE13898, GSE26886, GSE74553, and GSE92396, including EAC and normal esophageal tissues,
were downloaded from the GEO database by searching for “esophageal adenocarcinoma”. The limma
package of R software was used to screen the differentially expressed genes (DEGs) in EAC tissue and
esophageal normal tissue, and the common DEGs were obtained through Venn diagram. After the DEGs
were analyzed by STRING database, the results were imported into Cytoscape software to screen the core
genes and construct the protein-protein interaction (PPI) network. The Gene Expression Profiling
Interactive Analysis (GEPIA) database was used to verify the expression levels of core genes. The
UALCAN and Kaplan-Meier Plotter databases were used to analyze the correlations between the core genes
and prognosis and clinical data of the EAC patients. The Tumor Immune Estimation Resource (TIMER)
database was used to analyze the relationship between core genes and tumor immune infiltration. Gene
Ontology (GO) functional and Kyoto Encyclopedia of Genes and Genomes (KEGG) signaling pathway
enrichment analysis were performed to analyze the positively correlated genes of core genes obtained from
the LinkedOmics database. Results: A total of 340 DEGs were obtained from the intersection of DEGs
from the four GEO datasets, including 127 upregulated genes and 213 downregulated genes. After
screening with the STRING database and Cytoscape software, the key core genes with the highest scores
were secreted phosphoprotein 1 (SPP1) and transforming growth factor beta 1 (TGFB1). The GEPIA
database analysis results showed that compared with esophageal normal tissue, the expression levels of
SPP1 and TGFB1 mRNA in cancer tissue were significantly increased (P<C0.01). The 1-year, 3-year,
and 5-year overall survival of the EAC patients in SPP1 low expression group was higher than those in
SPP1 high expression group (HR=10. 1, P<C0. 05; HR=3. 09, P<C0. 05; HR=2. 32, P<C0.05), and the
5-year overall survival of the EAC patients in TGFB1 low expression group was higher than that in TGFB1
high expression group (HR=2.36, P<C0.05). The UALCAN database analysis results showed that
compared with esophageal normal tissue, the expression levels of SPP1 and TGFB1 mRNA in cancer
tissue of the EAC patients with stage [[-[ll and N1-N2 lymph node metastasis were significantly increased
(P<C0.01). The TIMER analysis results showed that the expression levels of SPP1 and TGFB1 mRNA
in cancer tissue of the EAC patients were positively correlated with the infiltration of macrophages (r=
0.353,P<C0.01; r=0. 187, P<C0. 05) and dendritic cells (+=0. 236, P<C0.01; r=0.221,P<C0.01). The
GO and KEGG pathway enrichment analysis results showed that SPP1, TGFB1, and their top 50 positively
correlated genes mainly participated in the biological processes such as cell migration, cell activity, and
angiogenesis, and signaling pathways such as tumor proteoglycans, extracellular matrix (ECM) -receptor

interaction, and phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT). Conclusion: SPP1 and
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TGFBI1 are closely associated with clinical staging, lymph node metastasis, and overall survival of the

EAC patients. High expressions of SPP1 and TGFB1 may lead to the infiltration of the macrophages and

dendritic cells, and change the tumor microenvironment. SPP1 and TGFB1 may become new targets for

the diagnosis and treatment of EAC.
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& % M 8% (esophageal adenocarcinoma,
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EAC B3 B AR AR BT, W T 0 12 55 e R g 1)
g R, SEOHL SRR N 170, AL AAF
WIARE) 1AE 0 EACH BRI HLE v R B a6, H
TEIG IR e LU & B2 W, IR, 23R
T EAC 12 Wi FBUS PEAR 09 4 W 2= hn & . o
WAL B 1 (secreted phosphoprotein 1, SPP1)
PR L < B S B = S R (A O N - S i
(extracellular matrix, ECM) #MX&EH, HFEED)
A k412 1E e 20 i i A A A R An iR T, AR VEAL
B U A R A 22 R R 0 AT e AR
W, kR K I F B (transforming growth
factor-beta 1, TGFBI1) £ e % K L F b Jgd & A v
RAEFEZAEN, e R B, TGFB1 Al LL{E
e ARG, RIS R Al B A AR b R T B
b, £k iR 56 A% 0 A b JRE IS T Ak S 4 B
TGFB1 7] DL i3 w2 A4/ % 2 (interleukin-2,
1L-2) F 43 0 400 461 T 9k B 200 b 34 3 0 AR
SPP1AI TGFB1 5 Z Bl i 4 A e e Ay ¢, (A
5 EAC K Mg e B O R i AW . ADER
SRR VAN e TS RN~
Omnibus, GEO) ¥4 & 73 #r SPP1 #l TGFB1 1
EACHEA N EHEFHAPTREAKEMER, IF
18 53 9 4E 35 N E 3 (The Cancer Genome Atlas,
TCGA) K4 i 56 Uk R 3k K, #8135 SPP1 Al
TGFB1 5 EAC i i JR 4 A A5 52 3590 1) 56 2%
i EAC W12 I FNA TT B A0 3% 4 7 5047 .

1 #EREFE

1.1 GEOHEEALHAABZEERR XM GEO %
J# (http: //www. ncbi. nlm. nih. gov/geo/) LA 5
B “esophageal Adenocarcinoma” #E17 4% . i
PE AT . OmRNA Rk B4 OB % [F i
A5 B HURNE B A2 QA B A% =
AR T 20 ] o Fe 24 0 2 B 4 A DR 7 B8 4R

(Gene Expression

Bioinformatics;

Survival analysis; Prognosis; Tumor

GSE13898 14 %5 64 il EAC 41411 28 il £ 4 1F % 41
41, GSE26886 1% 21 ffl EAC 412U 19 il £ % IF
WAL, GSE7AS5341% 526 EAC 414U 8 i & &
IEH AL, GSE92396 & 124 EAC 4 41H 9 il &
WIER AL, Hph GSE13898 Bl kil i -G 0
Hlumina % K,  GSE26886., GSE74553
GSE92396 4 % ik 157 &5 2 Affymetrix th i o

1.2 #% %32 & A (differentially expressed genes,
DEGs) 9 # B 4o 5~ #7  7£ GEO W ¥l T £ i & /)
Series 48 A FIF & CF, B Perl 3
(5.38.0 hRA) 5 ith I W BREH 24 1 B i B
# A TREE RN — A~ B R B R B e 38 K
M8, I M BR AR A 2 %085 (not available,
NA) Frzs{d, B RECF Y limmad (3.56. 2 f
A BEAT 22 R4y MY o O BE bR MESH P<<0.05, H
log,FC|=1.5, DEGs #fii&J5 , LI—-log,P H 9\ 4k
b, Lhlog,FC R Ak b, R A R F (1 ggplot2
£ (3.3.3MA) 2l kB . SR IFEZ Venn T
H (http://bioinformatics. psb. ugent. be/webtools/
Venn/) %l B (Venn) K, #fi 4 M5 4E M
L [6 DEGs JH T #E— 250 #r .

1.3 % & -% & Z 4 (protein-protein interaction,
PP M % Mft s AR Hik N T IFfE DEGs &
HE AR SRR, 5 LR 315 00 340 > DEGs § A
STRING 7E £ %4 % (https://cn. string-db. org/,
WA 11.5), BAE3>0.4, KI5 305
P 5 A Cytoscape 4 (3.9. 1iA), i#47 PPTIN
26 ph B T AR, SRR T G, R
Cytoscape # /4 H1 () Cytohubba 5 He 55 45 4> 8 F1 o
OB ERE, IFNH MCODE #E e xt & F 1 7 HE
FP . MHE PP, 2% v HF 7 5 i EL I 20 e i R A
BRI Ay O 2 HR A A 0 A

1.4 BSABREZRARSHAEACE LA A S
o R EER KB E M (Gene Expression
GEPIA) % 4 J%
(http://gepia. cancer-pku. cn/) X # .0 & K SPP1
Ml TGFB1 mRNA # ik 22 5 #F 17 4 9k, R H]
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Kaplan-Meier Plotter (4 %= (https://kmplot. com/
analysis/) T LR 5 EACEEWE LR,
LA P<<0. 05 M 22534 et A o

1.5 RABARBREHLEACEFBAR PHCE
B AR R BT RL B 1 21 B i 53 A 9 o 48
P54 M7 171/ (University of Alabama at Birmingham
Cancer Data Analysis Portal, UALCAN) (https: //
ualcan. path. uab. edu/) % #& & 43 #r SPP1 #l
TGFB1 ik 5 EAC 3 I PR 53 1 R0k 2 45 4%
BEMLR., FMAEWMT . OF 3 MWuE &
“TCGA R #; @R o8 R AHE iy A (K 44
SPPLHITGFB1; OfE TCGA ¥4l h it # EAC;
@FE R IR TEARZE P BB 0 b7 . R A5 R R
BLAERE MR, O P<0.05 8 2R A G it
S,

1.6 BCABL eEmRZAMMAEARSN X
B e e E Y E M % PR (Tumor Immune Estimation
Resource, TIMER) 2.0 78 £ % ¥& & (https: //
cistrome. shinyapps. io/timer/) 44 SPP1f TGFB1
5 EAC 3% 98 20 b 22 T 40 0 240 i 4= 18 7K1 19 5C
Fo TEAMT . OB F M fEEeE “FEH" &
Yo, OQFEEENFFS i A SPPIAITGFBL; OFEM
AP PR . OFE S 12 T AR & b 1R R
Bk 4iffe. CDS8+T kL4, CD4-+T kL2
M. ELWEANA . R AR SR A, © 4By
R, MHKRRE (1) SO0MIEMHKKR, 0K

1.7 B ABAALSHANFIBPETER X
H LinkedOmics %4 2 (https: //www. linkedomics.
org/) Ay HiA% L L IE A G R B I R L2 511
A R ARG S E B . Tk SR OFE b A b
Zhk R E R O7E I R4 bk £ RNA T
PR 4R s OB 4R JE R g #:24 SPP1 I TGFB1;
DGETt 2= I kB IR (Pearson) AH GRS 5
O T #5800 B H 5 TEAH G B B s 4, ik >
0 H P<<0. 01 HE44 B 50 fir 6 A o K B 2 149 50 4k (K]
T A DAVID #4iE % (https://david. nciferf. gov/)
AT A KIS (Gene Ontology, GO) ZIAEFI 5T
HEEH 5 ENHA TR 42 F (Kyoto Encyclopedia of
Genes and Genomes, KEGG) {55 i % & %047,
S HT R AR N 2 5 0 A4 W) o7 R RE S 0
PIP<<0. 05 A R A Gt L, RHREAF ggplot2
(e T ERIONES S
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2.1 DEGs # & 4% MG &4, o 5 M
GSE13898, GSE26886. GSE74553 fl GSE92396
B ARAT 10944 (LIEIEEHE 4074, T
6874 ) . 49614 (LiAERE 24634, FiH%
24984 ) . 15664 ( LiRERE 7104, T8
K 856 4~) 17894 (L IL B 3524, T
4374-) DEGs (E 1), il Venn ££ 4k 53 B [ 3
E— b i % 4 A BOHE E 9 2L W) DEGs, :4k15
340 1~ DEGs, HH FiEFER 127 4, TIHZER

Ay Ay N 3= ML S\ e
MXKR, AP<0.05NZERHGIT¥E L. 2134 (El2),

—~ 25 —~ —~ —~
a S A 40 fors
%3 2 g’B CO’B g,B 5
2 2 20 ° 2
| | | 30 |
3 3 T | R
2 2 2 20 g
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A': GSE13898 dataset DEGs volcano map; B: GSE26886 dataset DEGs volcano map; C: GSE74553 dataset DEGs volcano map ;

D: GSE92396 dataset DEGs volcano map. Red dots represented significantly upregulated DEGs, and blue dots represented significantly

downregulated DEGs.

Bl 4MBABEEACHHF DEGS R A FEM

Fig. 1 Expressions of DEGs in EAC tissue in four datasets

2.2 PPI RM&Aiz s EXBE Ff LR 340 4
DEGs § A STRING %4 JF w #t 17 PP1 K 2% 4347,

I8 3 M SR T A Cytoscape #4, 3K45 27247
FO870 411, il i Cytohubba F1 MCODE # e /3
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A': Venn diagram of DEGs in GSE dataset; B: Venn diagram of downregulated DEGs in GSE dataset; C: Venn diagram of upregulated

DEGs in GSE dataset.

B2 4NMBHREEACHAIEFERM DEGs Venn B

Fig. 2 Venn diagram of co-expressed DEGs in EAC tissue in four datasets

Bric e e, Mt PPIMZ A (& 3), K45 1814
o H B . SPP1, TGFB1, IV AR JE o 1 4%
(collagen type IV alpha 1 chain, COL4A1), ZYjhk
EHRBE (versican, VCAN), JEJfi4 8 &A1
(matrix metallopeptidase 1, MMP1), V g Ji o 2
B (collagen type V alpha 2 chain, COL5A2), [ #l
)it a 15% (collagentype 1 alphalchain, COL1A1),
H 4 1 2 (nidogen 2, NID2), X &K o 1 4%
(collagen type Xl alpha 1 chain, COLI12A1), XUHH
BEE A BB (biglycan, BGN), Serpin % H 1 1
(serpin family H member 1, SERPINH1), [ % &
Jiia 14% (collagen type lll alpha 1 chain, COL3A1),
Lumican 5 H £ # (Lumican proteoglycan, LUM),
VI 2 2 J o 3 5 (collagen type VI alpha 3 chain,
COL6A3) , 4 J& & 11 B 4 804 il 77 1 (tissue
inhibitor of metalloproteinases 1, TIMP1), #¢ Ifil i
IR 1 (thrombospondin 1, THBS1), 45%i%&HE
M 11 (cadherin 11, CDHI11), ‘& MEHEH (periostin,
POSTN). # 18 # 0 EEH 430 5 127 A B 3k A
2134 TR, 18 M0 REEYE T L
PEEEA

2.3 EAC & % 5 41 4 ¥ SPP1 # TGFB1 mRNA
R K AKFREAC &4 Fa2H  HEHE MCODE £t
BV oy d o HLAE EAC H T 820 1 2 2 [ SPP1
M TGFBL M#FsExt 4, id GEPTA ¥ 5k 1
mRNA 3 ik K, JE BE x5 £l o0 A 45 R 2R -
EAC B # A 80 (n=182) ™ SPP1 mRNA % ik
K& TR IEHAS (n=286) (log,FC=4.473,
P<<0.01); EACEHMEAL (n=182) 1 TGFB1
mRNA ik K F @ T 8 8 IEH A4 (n=286)
(log,FC=1.846, P<<0.01) (& 4A f14B). X H
Kaplan-Meier Plotter %% #f% J& 43 #1 SPP1 #1 TGFB1

E 3 PPIRSSHTE
Fig. 3 PPI network analysis diagram

mMRNA £iEKFES5EACER ARG M ELER, 40750
i SPP1 mRNAK £ KA EH 1. 3H 54 Bkt
FEWIX T SPP1 mRNA @ #ik4] (HR=10.1, P=
0.006; HR=3.09, P=0.014; HR=2.32, P=
0.038), TGFBI mRNA K%k B #H 54 Bkt
AR T TGFB1 mRNA & &kl (HR=2. 36, P=
0.035), 1fii TGFB1 mRNA {ik 2615 2 2 % 1 i1 3 4F
BMARATE S TGFB1 mRNA & &k i = R
% it 2% % X (HR=0.55, P=0.28; HR=0.65,
P=0.28) (EI4CH14D).

2.4 RARABAEBEKHIEEAC B HE ML P SPP1
#» TGFB1 mRNA & & K-+ i@ id UALCAN W ik
TR T TCGA 4 FE i EAC B35 19 I IK 5%
BE, o3 e BRG PR 43300 L bk 00 45 7 7% 0 031 45 Rt
I i EAC B 40 21h SPP1 Il TGFB1 mRNA %
RTENL . SEEIER AR, IR 1T AT
EAC HB %5  4h SPP1 Ml TGFB1 mRNA ik K
Tt (P<<0.01), 1 ATV EAC /35 8 4141
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A: Expression of SPP1 mRNA in EAC and normal tissues ( TCGA)
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; B: Expression of TGFB1 mRNA in EAC and normal tissues

(TCGA);C: Expression level of SPP1 mRNA ;D : Expression level of TGFB1 mRNA."P<C0.01 compared with normal tissue.
B4 EACHBHEMEI4H SPP1 mRNA Ml TGFB1 mRNA R3AKF K EAC #E BUR 97
Fig. 4 Expression levels of SPP1 mRNA and TGFB1 mRNA in cancer tissue and prognosis analysis on EAC patients

SPP1 Ml TGFB1 mRNA £ ik K F 2% J LG %5
X (P>0.05); SEEIEWHL L, N1IFMN2H
W 5B EAC B & w4 2% SPP1 Al TGFB1

mRNA FikKFETHFE (P<<0.01), NO F1 N3 ik

45 ¥ % EAC 8 3 i 40 21 rp SPP1 Ml TGFB1
mRNA%Lﬂ(SP%#%%VI‘%E\X (P>0.05); 5
EEIEWHS LR, B EACRERAL H SPP1
mRNA #ikKFEFm (P<0.05), @it EAC B&

JEH 2 SPP1 mRNA Rk K FER EHITHE

X (P>0.05), MLt EAC #B % W 4H 4
TGFB1 mRNA # ik /K F F & (P<<0.05) .
LA 5,

2.5 EAC&&BEMLE+T SPP1# TGFB1 mRNA k%
RKE¥FEpEmpzBe AN RAHTIMER2.0
BOHE B AE £k B EAC & i 41 40 b SPPL
TGFB1 mRNA ik /K15 2 Fh 4 55 40 M 12 118 17 O¢
%, 45 B5 . SPP1 mRNA kK5 E W20 i
FIAR ZE AR 40 M 4= 0 52 IE AH G &R (,=0. 353, P<<
0.001; r=0.236, P<<0.01), S4ifgaifE (r=
0.019, P>0.05). BilkEL 4y (r=—0.138, P>
0.05) . CD8+T itk 2 41 ig (r=—0.128, P>
0.05) . CD4+T i 4ifg (»=0.011, P>>0.05)
P PERL A (7,=0.017, P>>0.05) ¥JIAHENE;
TGFB1 mRNA 3£ ik 7K - 5 L g 20 i F R 5k 44
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A: Correlation between SPP1 mRNA and cancer stages; B: Correlation between SPP1 mRNA and nodal metastasis status; C: Correlation

between SPP1 mRNA and gender; D: Correlation between TGFB1 mRNA and cancer stages; E: Correlation between TGFB1 mRNA and

nodal metastasis status; F: Correlation between TGFB1 and gender. "P<<0.05," P<C0.01 compared with normal tissue.

BE5 GRS EAHE EAC BERALR H SPP1LFI TGFB1 mRNA RiEKF
Fig. 5 Expression levels of SPP1 and TGFB1 mRNA in cancer tissue of EAC patients with different clinicopathological

characteristics

BIFMXER (7=0.187, P<<0.05; r=0.221, P<<
0.01), S5zl . BMREAEERMHIECR (=
—0.201, P<<0.01; r=—0.239, P<<0.01), 5
CD8+T ik B 40 i (r=—0.084, P>0.05) .
CDA+T kB4 fe (r=—0.001, P>>0.05) Firh

PERLAH . (r=—0.055, P>0.05) ¥ TCH 6.
UL 6.
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SPP1(Log,TPM)

TGFBI(Log,TPM)

il

J
A —G: Expression level of SPP1 mRNA and immune cell infiltration ; H— N: Expression level of TGFB1 and immune cell infiltration.
A, H: Cell purities; B, I: B lymphocytes; C,J: CD8+ T lymphocytes; D, K: CD4+ T lymphocytes; E,L: Macrophages;F,M: Neutrophils;
G,N: Dendritic cells.

B 6 EACBEWALH SPP1HI TGFB1 mRNA Fik/KFE5 EAC A5 41 f B 1 A 6

Fig. 6 Correlations between expression levels of SPP1 and TGFB1 mRNA and immune cell infiltration in cancer tissue

of EAC patients
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¥ H1 LinkedOmics 4% 2 4845 SPP1 Al TGFB1 9 iF
MISCHER , K22 5 3 (9 HE 44 1 50 07 1F AH 56 38
S, A DAVID %4 FEi# 17 GO T ig #l KEGG
HS T GOTIREE T A R iR . SPPL
M TGFB1 Y& 541 483l (extracellular matrix,
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A: SPP1 positively associated genes involved in biological processes balloon map; B: TGFBI1 positively associated genes involved in

biological processes balloon map.

B 7 SPPLAI TGFBIIEMRIERF K GO T BEE AT
Fig. 7 GO functional enrichment analysis on SPP1 and TGFB1 positively related genes

#1 SPPLIEAIRERE KEGG 558 B F &
Tab. 1 KEGG signaling pathway enrichment analysis on SPP1 positively related genes

KEGG pathway Count Gene

Protein digestion and absorption 8 <20.01 COLI1A1, COL3A1, COL1A2, COL5A1, COL24A1,
COL11AL, COL7A1, COL10A1

AGE-RAGE signaling pathway in diabetic complications 6 <<0.01 COLI1A1, COL3A1, COL1A2, FN1, NOX4, MAPK12

Osteoclast differentiation 6 <<0.01 FCGR3A, FCGR2A, NCF2, TREM2, FCGR1A, MAPK12

Leishmaniasis 5 <20.01 FCGR3A, FCGR2A, NCF2, FCGR1A, MAPKI12

Neutrophil extracellular trap formation 6 <0.01 FCGR3A, FCGR2A, SIGLECY9, NCF2, FCGR1A, MAPK12

Platelet activation 5 <<0.01 COLI1A1, COL3A1l, FCGR2A, COL1A2, MAPKI12

Phagosome 5 <20.01 MSRI1, FCGR3A, FCGR2A, NCF2, FCGRIA

ECM-receptor interaction 4 <<0.01 COLI1A1, COL1A2, SPP1, FN1

Fc gamma R-mediated phagocytosis 4 <<0.01 HCK, FCGR3A, FCGR2A, FCGRI1A

Diabetic cardiomyopathy 5 <20.01 COLI1A1, COL3A1, COL1A2, NCF2, MAPK12

Proteoglycans in cancer 5 <<0.01 COLIA1, COL1A2, PLAU, FN1, MAPK12

Amoebiasis 4 <20.01 COLI1A1, COL3A1, COL1A2, FN1

Relaxin signaling pathway 4 <<0.01 COLI1A1, COL3Al, COL1A2, MAPKI2

Tuberculosis 4 <20.05 FCGR3A, FCGR2A, FCGR1A, MAPK12

Focal adhesion 4 <20.05 COLI1A1, COL1A2, SPP1, FN1

Staphylococcus aureus infection 3 <C0.05 FCGR3A, FCGR2A, FCGRI1A
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#2 TGFBlIEEMRERK KEGG 55 B & £00
Tab.2 KEGG signaling pathway enrichment analysis on TGFB1 positively related genes

KEGG pathway Count P Gene

Focal adhesion 8 <<0.01 COL1A1, CAV2, ACTNI1, CAVI1, COL6A2, TNC, ITGAS5, PGF
Proteoglycans in cancer 6 <20.01 COLI1A1, TGFBI1, PLAU, CAV2, CAVI1, ITGAS

ECM-receptor interaction 4 <0.01 COL1A1, COL6A2, TNC, ITGAS

Protein digestion and absorption 4 <<0.01 COL1A1, COL6A2, COL5A3, COL7A1

PI3K-AKT signaling pathway 5 <<0.05 COL1A1, COL6A2, TNC, ITGAS, PGF

Bacterial invasion of epithelial cells 3 <20.05 CAV2, CAV1, ITGAS

AGE-RAGE signaling pathway in diabetic complications 3 <20.05 COLIA1, TGFBI, SERPINEI1

Amoebiasis 3 <20.05 COLIAL, TGFB1, ACTN1
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