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[Abstract] Objective To determine the expression level of TG-interacting factor 1 (TGIF1) in

gastric cancer (GC) and its correlation with prognosis, and investigate the characteristics of immune
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microenvironment of TGIF1-overexpressing GCs and its clinical significance. Methods Integrated analysis
was performed using transcriptomic data from The Cancer Genome Atlas (TCGA), Asian Cancer Research
Group (ACRG), and our in-house GC transcriptome database. Immunohistochemistry (IHC) assay was
employed to compare TGIF1 expression between GC and normal gastric mucosa tissues. Based on Kaplan-
Meier Plotter online database, the correlation between TGIF1 expression and clinical prognosis was evaluated.
Transcriptomic data were analyzed to identify functional enrichment features of GC with high TGIF1
expression. The GENIE3 toolkit and STRING database were utilized to predict TGIF 1-regulated target genes
and protein-protein interaction (PPI) networks, respectively to explore the potential immune-related
signaling pathways regulated by TGIF1. Single-cell RNA sequencing (scRNA-seq) was applied to analyze
TGIF1 (TME)

Results Transcriptomic analysis revealed significantly higher TGIF1 expression in GC tissues compared to

the association between expression and  tumor microenvironment disorder.
normal tissues (P<0. 01). Patients with high TGIF1 expression exhibited poorer clinical prognosis (P<0. 05).
THC assay confirmed elevated TGIF1 expression in GC tissues than normal tissues (P<0.01). GC with high
TGIF1 expression was enriched in immune regulatory pathways, including immunosuppressive cytokines such
as chemokine C-C motif ligand 20 (CCL20). These tumors displayed an immunosuppressive TME,
characterized by abundant immunosuppressive NK cells, mast cells, regulatory T cells (Tregs), myeloid cells,
and exhausted CD8" T cells. Cell interaction analysis suggested that TGIF1-overexpressing GC cells may
engage with Tregs via the CCL20-CCR6 axis. Co-high expression of signature gene sets from these interacting
cells was associated with significantly shorter survival in the patients (P<0.05). Conclusion TGIF1 is
highly expressed in GC tissues and may serve as a biomarker for immunosuppressive TME and poor prognosis.

TGIF1-overexpressing GC cells may interact with multiple immune cells, particularly Tregs, to induce an
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iImmunosuppressive microenvironment.

[ Key words |

gastric cancer; prognosis; tumor immune microenvironment; TGIF1

Supported by the National Key Research and Development Program of China (2023YFC3402102, 2022YFA1105302) and the Project of Postgraduate
Scientific Research Innovation of Chongging (CYS25896). Corresponding authors: WANG Bin, E-mail: wh_tmmu@126. com; QIU Qiu, E-mail:

360894544@qq. com

e TR DLIH A R G g, o 3
U R B T AR T R = A, i PR 7 R 22 TS
AE S BRI — FOE L IR YT O v
T P A S R B I YT AR YA T T 25 B4
M R A S IR S R HLBE , B S iR
FERTH S IR O B A B R R AR
i 96 A 5 IV 5 R BE AT 53 DRy B E AR A 9 v Tl
SRR AT Ry A AR R D A R R
3% (tumor microenvironment ,TME), R A 32 18 i FE2 K,
B AR R e AT AR R RN
e 2 T S o A SR A T A L 75 e B R
TME , 2 7 G028 b 300 0 3 1 Ji2 7 . L S 8 40 o
AN, QR R T AR, 3E A TL-10 F1 TGF-B 411l
ROSE T AR RET B 2 SH YR T £00 D 39 K
il I — S A T 4 T 2 B3 6 T 2 s S g2
PP TME SR 5 i 20 B 40 4e] 375 S fe 9 400 o
TME 201537 AN TE A

I8 A L 2 R R OC B S IR, TR 155 S g 0 o
TME A #HEEEVER .. TCAHHEAERHE T (TG-interacting
factor, TGIF) J& T- A 2% TALE (three-amino acid loop

extension ) [] 25 B SR AR 11 50 2 S IR i O, A9
fb A= K H - B (transforming growth factor beta, TGF-B)
75 A R JEAE 1 (TG—interacting factor 1, TGIF1) .
TGF-B 55 T[] AE 2(TG—interacting factor 2, TGIF2)
FITGCF-B 175 K [FEHE 2 5B X/Y 381 (TG-interacting
factor 2-like, X-linked/Y-linked, TGIF2LX/Y)", H
TGIF1 ¥ LA ML 2, 636 R & s sr e
FETCR-B 5 S5 SR F B " . FarfrseRm,
TGIF1 2 5 FLIE gy e i 4 2 Ff
JoR e MR R R VRIS i R A0 L MG RS RVR 2R AR M
PR REAT R (B TGIF L Ui ] 5% Wi TME FE1E 1 A 35
HE o AW FT I T 38 A i 2 B AR i 2 S 20
o3BT, B TGIFL 12 —AR 7 B e W& R ik JF B
TGIF1 #5335 B i BoA S il 1 TME , & 75 R i i
TP T A0 R AR A RTRE R T T 40 B TCIF & 3R aA
S 54 40 ] 38 i CCL20-CCR6 5 45 o T 41 it B
1B, TR T S B P TME, 305 E R 5 A R
TG o 33X L 25 SR ARy ik — 25 i A 15 g A 92 41 )
TME B PR 52 A7 LA | hy 300 2 S e 1 ) £ V8 A T 130
LiLySe



http://aammt. tmmu. edu. cn Bl 7225 155 R4, 2025, 47(20) 2453

1 #M#E5TE

L1 W R AR R R B S )

AW Y H I S AU R A T BEAE Al R
A A (0 RCH , A4S 120 B E F E R ZH 2R
115 1 S 20 20, ok 3 REAE 7R Rl 224 €8 12 2 rh U U
HENFHZ 8 o ARG E i i Rl 44 0 BE 2 v
D AEHRZE B[ BEAHEH (2025) 55173 5 ]
1.2 BB sk mn 5B R st 27 ARERE &

5HF

X S SR 2 Y R, B FastQC HEAT 5 i
FE 5387 , Fastp ok P8 05T &2 5 , IR0 5 VIBR 3%k )7
H) . B S Hisarz T B, K8 A S % 3L W4
GRCh38 #EAT 51 L X, P ] Samtools T B id &4
Brod R0 SR B HodE i B iE R, s
FeatureCounts T2 X} 5E R A i A7 &t 3 A . #6345
B bR F IR A B I AR AEAL S5 AR AN [R]FE A 1Y TGIF 1
TR KT 5% RS 5% HIREA ST R TGIFL 5 £ 1k
A TGIF IR FR IR A, A limma [ 17 25 57 56 H 43
B [ 22 5 55 K 3R 3K 14 o2 A5 B2 Ak (1og2F C ) 1Y 266 % B
>1, [A] BB A& 81K (false discovery rate, FDR)<0.05],
SR )5 15 FH L AR K (gene ontology, GO ) Fl it #BHE K]
53 H 4 A PF42 4 (Kyoto encyclopedia of genes and
genomes, KEGG) BRI clusterProfiler £ % 22 7 3t
KA T B R A0 BT o I AP i 8 22 S A BSCHE T s 1 2
S Bk A R AT BE R 4R 4R 99 T (gene set enrichment
analysis, GSEA) .
1.3 TGIF1 B 5 B yg 64 &8 2 57

M TCGA B Hla e AR A 36 191 1EH AE A I 412 073 15 i
FEAHY mRNA 2Rk 3%, FECE 1S 2 89 120 41 1F 5 R
AH 115 9] B % AR A B mRNA £ 3K 3%, ACRG
GSE66229 BRI 1 100 {51 1E 5 FF 7 F1 300 141] & 5 11 £
PR35 0 Bl 430 LS TGIFL 7R IE % 5 R 1Y
mRNA FA7KF-
1.4 SskBBNE L ERFS

i FH S e ZH 22 e B HORAG I TGIF 1 7E 555 AN
BRIk Bra Y R 7E 65 CHUAE Atk
3 h, MUK T RN [R) Mk B 2 1t b JB s 7K Ak, K
Jo MR R 22 v DE R 31K . VI i TEAT I IR SN 22 Pl
H A8 8 min FEATHUR B Ve A B R IR BRI A
3% 32 AL MR FE R I 15 min 5 BR T E ALY
FRRGER . TRt 2USE R D 2 2R st AT, 37 °C
EH 1 h, 2 LT S R R BRSSP (se-17800)
MREEC o 1:50,4 "CFF LR K H &R 10 min J5

VR T I BT R ML BT A R T R AR A
Cat No:Kit-5020) ,37 ‘C## 7 1 h, YL 5 #£4T DAB &,
O, AR . BRI R RICE T AR L mE
AP K, SR b R IR B o TGIF]
Uik (sc-17800) 14 [ Santa Cruz Biotechnology 3 F] .

B TSR A G (LS 0 | LU AR AS v 2R
FR &R ARYE G @ PPor - 4 9 T YE(0 43 )
REE (1 70) A (253) AR (370 s a0
T AR5 4 9 <25% (1 43) , 26%~50% (2 43 ) ,
519%~75% (353 ) ,>75% (4 51) o A5 PITIPEo AR AT 1
e S
1.5 TGIF1 4w % ifds e Rk B

i 3 A Ak PR R R B A GENIE3 T B A
DN i PR TGIF 1 5 4B BE PR 2 8] i) 420G &, 45 ¢
FACE B E A 0. 2, It BEXTE 5 OC R YA , il i
R HE e 0 3 8] 425 190 4 vh A R0 BE SR DY . e
TGIF1 & R IR LAY R IR FE I, TGIFT i R Ik 415 4R
(1) B 5 308 (65 114 A DG 32 PR R TG IR 1 5 SRl 45 I 28 1R A
PFERE PR M A2 4R 5 15 3] 1 i R Sl TGIR L 145 IR fe 2
G ML, FHOCHERR R link ET T HALIres il #
JHISTRING #ictla Aty g 4 -2 AR EAE I (PPD 2% 1]
H Cytoscape FAF#EAT AT AL , Cytohubba ffi {17 18 S 4
SR AR T FHT 100 B FE R AZ O JE A
1.6 Sf2mpdh F A K% 0 FRIR S 45

ARWFTEILA TR A AL 1Y 8 1) 1B AR AS
43 AN E KA W {5 B 0 (Genome Sequence Archive,
GSA) B4 FE T 2 HRA000704 , M\ JE P 3% 7k #4812
(Gene Expression Omnibu, GEO) F % GSE183904, M\
R A% 1R 25 9 2 (European Nucleotide Archive, ENA)
§ # PRJEB40416, dna-discovery. stanford. edu T #
Gastric scRNAseq AN FRIBHE 15 2] — R 51 H40 i
SN P EE . i Omicverse T.H AL (1. 6. 10) 47
J A, T DRSS R A 3Rk R PR S Aok
B, HRBR AR IR A0 RN L PR, D R e e AR
R IR A, e 3045 41 986 ML TR 20 M.
5 FH Harmony 5.3 (0. 1. 0)Br IEAS [FIAEAS R HE VR BN
1.7 fompidh MBS REBER

F 48 Omicverse B 7 i e, X =8 & J5 B9 £ 4
HATARUEACAL B o AR J5 X B8 PR 1Y) ik & iE AT I3 — Ak
FHAFEME R0 2R VM IES oA IS
708 e DR R K08 5 v 8 S DAL 5 X BOHE R AT T o a0
J5 L HEEUET 20 4> F2 B4 AT S SR 43 BT 5 B2 Al
O3 BEAR T JEAT A0 M 3R 2 5 A0 24 A T AT Rl AN 55
(uniform  manifold

approximation and  projection,



2454

i 22 K22 41, 2025, 47(20)

http ://aammt. tmmu. edu. cn

UMAP) Xt 4 B (1) 58 288 43 B a4 7 Al 2 [ 24 LA e AT A0
&5 T “ Find AllMarkers” bR ECHU5 A M0 9 22 5 4
RN, AR DL SO 3k 10 20 i T B AR s T
T2l 0T 4R AT R AR B R B 2
IV B A S P e Rk A
1.8 Thmpis

I SC Rk 2 AT 8 8 A 2 1 2 PR 4R T Scanpy
TR LR A 0 AR A RS AT 43, JF H
FHOEAEAT 530 2 AR B AR 40, >0 B e Ry M 4 i
<O Bl 1 B R AR R A
1.9  Zmheid im ot

K H CellChat T~ HL i W7 40 A 18] () AH BV 38 2
Sy MTBCAAR -2 RS BTG P , DL 7S S R) 2 S A 2 1) 1
F AL I e 2 S R A AR
1.10 T 97

fii F§ Kaplan-Meier Plotter 5 4} J% (http : //kmplot.
com/analysis/) [ 5 S 504 , 0 AT TGIFL  TGIF1 8 #5
) IR G S IR D & CCL20" TGIF 1™ ' 8 41 iy
HTCCRO VA 15 M T 4l by s FE R ) A 7K 5 - A R
R ER .
111 %3554

JIT AT BCHE H4 00 FH R B 4. 3. 2 AR E AT 40 AT
Wilcoxon B ke 46 He A 1FE 8 5 B 10 TCIF1 Rik 2 55

DL K TGIF %9 20 A6 45 43 1Y) 2% 5 ; Kaplan-Meier 5 X}
U SRS AR A7 AR AT BN R AR A7 0, R
F R T U] S AT o AL T 2 R
Benjamini-Hochberg 1 1F J5 2%, e #5 4¢ 1E 5 1Y ¢ (H B
Padjust {8 ; log-rank 5 5 bb A8 &5 (R 2R 14 21 1) A 7 i 46
Ze5to P<0.05SHEFAGIFTE L.

2 HR

5

2.1 H#FHETTCIFI A5 FREFEHAL, FHIE

RIR)E £ 48K

W5 TCGA-STAD \ACRG LA I [ 1 15 8 765 3% 40 )
FEEE , AT B L SO IE R B IR S TGIF K%K
B FRIANE O, & TGIFL  TGIF2 78 B 4l 4L 1 =ik
IRV 35 3 TR R AL 41 (P<0. 01, 1A) . T4
I B 5 S 40 80 b (TCGA-STAD ,ACRG) TGIF1
KIKE2 8 F TGIF2 , A SCR AL /0BT TGIF T 1 ¥ 7
SRR TIRE . R Sk Y A g5 R R A T
1E % H B A0 M, TGIFT 7F B 8 40 M b s 3k (P<
0.01, 8 1B) ., 454 Kaplan-Meier Plotter BRI W
TGIF1 ik 5 B B & 0 e ki R A A S S AR
FHICHE , & B0 TGIF &y 3k B 9 A8 5 10 B Ik ik S AR A7
g, A A A 3 46 (P<0. 05, 181 1C) , $27R
TGIF1 i 1k B ik A, BB I R TUs 425

TCGA-STAD ACRG Self-collected Data
£3 Normal=36 g2 Normal=100 £3 Normal=120
E3 GC=412 E3 GC=300 E3 GC=115
a a _a - _a a a
6 ‘ | 10 ] >
c 5 c c 4 I {
9
DI L IR (O S N
5 = . £8| == ‘ =’ 3
o i 4 o - [=%
FoB @ ST | 5 E
2 | r 7 = 1 | E !
‘ o 1| B2 \
1 ) 6 ¥
TGIF1 TGIF2 TGIF1 TGIF2 TGIF1 TGIF2 A
Normal gastric mucosa GC N
2 8 ’
I 7 208 g E 6 2l
M I % <
19 3 2
f Bs 4 B
L s Q :
58 2| .
Al i £ 17} . %
um 25 Hm\_ ok 5]9;]{'& o 25ur_nt_ -
: S S Normal GC B
n=10 n=10

A': Analysis of TGIF family expression levels in normal gastric mucosa and GC tissues using TCGA-STAD, ACRG, and self-
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Figure 1 High expression of TGIF1 in gastric cancer (GC) is associated with poor clinical prognosis
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C: Kaplan-Meier curves for progression-free survival and overall survival in high and low TGIF1 expression groups
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Figure 1(continued)
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A: Flowchart of the analysis strategy for the bulk transcriptome data in this study; B: Immune-related pathways enriched by
GSEA in the TGIF1 high-expression GC subtype; C: Top 6 biological pathways identified by GO and KEGG enrichment
analyses in the TGIF1 high-expression GC subtype. DEG: Differentially expressed genes; GO: Gene ontology; KEGG: Kyoto
Encyclopedia of Genes and Genomes; GSEA : Gene set enrichment analysis; NES: Normalized enrichment score
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Figure 3 Expression of inmunosuppressive genes in gastric cancer (GC) subtype with high-expression TGIF1
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Figure 4 Immunosuppressive microenvironment characteristics of gastric cancer (GC) subtype with TGIF1 high expression
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Figure 5 TGIF1"*" gastric cancer (GC) cells may act on regulatory T cells through the CCL20-CCR6 signaling axis
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