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Abstract: Objective To investigate the regulatory role of transforming growth factor beta-induced factor homeobox 1 (TGIF1) in
the glioma / glioblastoma(GBM) microenvironment and its impact on immunotherapy response. Methods TGIF1 expression lev-
els, diagnostic utility, prognostic value and predictive capacity for temozolomide, radiotherapy and immunotherapy efficacy were
investigated using the Cancer Genome Atlas (TCGA), Gene Expression Omnibus (GEO) and Chinese Glioma Genome Atlas
(CGGA) databases. A stable TGIF1-knockdown U87 cell line was established using lentiviral technology. Cell proliferation was
assessed using the Cell Counting Kit-8 (CCK-8) and colony formation assays. Cell migration and invasion capabilities were eval-
uated via wound healing and Transwell migration/invasion assays. Results Multi-cohort analyses demonstrated that TGIF1 ex-
pression was significantly higher in glioma tissues compared to low-grade glioma (LGG) and normal brain tissues (£=212.920,
11.418, 41.353), demonstrating superior diagnostic performance (AUC>0.750), with statistically significant differences (all
P<0.05). Patients with high TGIF1 expression exhibited significantly shorter overall survival compared to the low-expression
group (HR=2.02~7.00), and demonstrated significant associations with aggressive clinicopathological features, including histo-
logical subtype (F#=221.044), World Health Organization (WHO) grade (F=257.032), wild-type isocitrate dehydrogenase (IDH)
(+=25.831), 1p/19q non-deletion (#=20.126) and treatment resistance (=5.361), with statistically significant differences (all
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P<0.05). TGIF1 positively correlated with immune scores, M2 macrophage , and neutrophil infiltration (7=0.616, 0.314, 0.254,
all P<0.05), while negatively correlated with memory B cells and CD4 T cells (r=—0.246, —0.226, all P<0.001). Patients with high
TGIF1 expression exhibited reduced responses to temozolomide (HR=2.23), radiotherapy (HR=1.97) and immunotherapy
(HR=4.55), the differences were statistically significant (all P<0.05). TGIF1 knockdown significantly suppressed U87 cell prolifera-

tion , migration, and invasion compared to the control group, the differences were statistically significant (#=8.222, 12.08, 41.11, all

P<0.05). Conclusions TGIF1 drives malignant progression, remodels the immunosuppressive microenvironment, and mediates

treatment resistance in glioma, positioning it as a potential diagnostic biomarker and therapeutic target. Targeting TGIF1 may im-

prove patient prognosis and immunotherapy response.
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T I 5 R 22 4 DDA 2 1 e IR 441 93 (glioblasto-
ma, GBM) 1E AR fe s AL, B R 28
P EIT P, P4 A (median survival time,
MST) A2 154 H PR F AR A7 il 4 il
SEUS , E it i o R B L iR S e M A R
s A2 ) 14 Bl 22 AT S ) 24097 R SRR 9 B S Ak
B YR T 5 S A A s 0 ) (immune checkpoint
inhibitor, ICI) {457 H] B A & 73 £ 4 o e 4, {H
HoG RAR 2547552 BRTFREHE S 43 BB i e B PRl
i 156 HA 12 W K U TR0 B 9 3 AR e, S 5
T e IR A 12 7 R B 4 F BT 52 )

ALK B 155 1(transforming growth
factor beta-induced factor homeobox 1, TGIF 1)/ J % 5%
MR, A e A AR AU A IR T A
(small mother against decapentaplegic, SMAD) il il 4%
K HF B (transforming growth factor beta, TGF- 3 )
H553Y, 12 5004 Wt AZH T « B(nuclear fac-
tor- k B, NF- k B) &G ' 5K W], TGIF1 il
Tf IR AR R | b R - R B A A AR A R i
PIRE BB | 278 SRS 0 an e R L AR/ NG i
RN RN S g 2 N Ry SR 7 AR/
11, TGIF1 7 5 T 9% /GBM H (1 2 A B2 | D Re ML il
NS SRS (A AH BAE F A el A

ARG I 22 41 2 R 5 BT TGIFL#E
JKE 9 /IGBM. HH R IRRHE 2 W e M 05 (A
TRV H 5 10 R BRS80S B R B R I i H g2
TRYT I AR S s [R)A A4 4 TGIF L IR UST 4i
HUAsEAY , MAHMIIE TR | IR 22 S R AV AL gk H AR
YR DhRE, b R /BGM NS HEZ YT L4819 70 F
FRiC AT TEIR Y T A5
1 #REFE
L1 A
LTI RASHG - 2 2024 4F 11 F , % /BGM A
) PR AR5 K T At A T i B PR 2 17 (the
Cancer Genome Atlas, TCGA) (https://portal.gdc.cancer.

gov/), H E i dRE L PR 2H K135 (Chinese Glioma Genome
Atlas, CGGA) (http://www.cgga.org.cn/) FIFE R FIRLi A
1 P& 2 (Gene Expression Omnibus, GEO) (https:/www.
nebi.nlm.nih.gov/geo/), HARPASIE B ILFE 1.

x1 BRYE /GBM BABIEE (n)

e AR FEAL RUEAS BETR

TCGA  TCGA-LGG/GBM 5 701 698

CGGA  CGGA693 NA 657 657

GEO GSE16011 8 276 NA
GSE109857 5 01 NA
GSE43378 NA 50 50
GSE4412 NA 85 85
GSE107850 NA 192 192
PRINA482620 NA 34 34

112 0P8 . AR BT BE AN R AN 22 UR T, 4okl e
¢ 42 (short tandem repeat, STR) % % I 7 JE AAKS ]
WIATCIT 4L .

1.2 BB HRA a0 A 5T A iR A i R
US7 (W VL= IE A BR A FD, 64 I3 (75 [ Pan 24
A, KR DR R & JR 35 57 W (DMEM), Lipofect-
amine2000 7] (5% [ Thermo /A 7)), 8 & - BERF 2 W
P, A (& Gibeo 24 F]), shRNA 18955 75 UKL ( ¢ 5
Santa Cruz Biotechnology % 7)), TRIzol(3& % Invitrogen
8 H]), CCK8 k7 (3 [E ApeXbio A H) 5 18 % 55 1 5]
%5, SYBR green i 5 i (LA MEREA |, TGIF1 4t
1A&(2£ [ Cell Signaling Technology 23 ), H il & -3-
WAL B E A (GADPH) BT A 1 28 = KA 7)) AL A
CellXpert C170 CO, 4fiffi}%5 5748 (72 = Eppendorf A w)),
NanoDrop 2000 73566 % 11(3& [E Thermo Scientific 22
Al), CEX96 715 i PCR X . ChemiDoc MP 4 25 |1
Ei{X (3£ 15 Bio-Rad 2 ), Infinite M200 fifi#7{X i+
Tecan /A )) .
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1.3.1.1 TGIF1 % ik 5 1F 5 12 Wi 2 fE ¥ . % T
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E47 Kaplan-Meier 4= 1743 H1 (R £, “survival” Fl “su-
rvminer” ) A1 B} [B] 4% #i ROC i £k 43 #r(R 2 “tim-
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Cibersort F TIDE B3 P4l S MR KT, 45 52
JF 1 41 B 48 7 8 1 1 (programmed celldeath protien-1,
PD-1). 4fl Jitd 7 14 T bk B 41 Jfd $t J 4(cytotoxic Tlym-
phocyte antigen-4, CTLA-4) 55 G £ K £ i #2 35 S PR-
INA482620 £ i 7 BAF , 4347 TGIF1 5 g 1697 I
BRI
1.3.2 US7 Al i Th g SL 56
1.3.2.1 TGIF 1 @R AT (A Ray e - A2 5 /a e . U7
411 e {5 % A 10g/dUAG 2R 17, 100U/ml 7 %5 % /4%
% R M DMEM $5 32 W, 7E37 °C, 5%(v/v) 1] CO, 5
FER PR SR, M IR E 90% I AT AL AR . UST 41
LA 2 x 10° 4~/ FL3EFP T 6 FLAR, 1 20 M il 5 1 ik
40% ~ 60% I, A 2% 44 &2 %5 (multiplicity of infec-
tion, MOI=10) fit) TGIF1 shRNA 18575 Hiki(shTGIF 1
ZH) =% BA X5 B8 95 25 (shCtrl £H), JE& 2% 8h Ji B i 5¢ 42
R AR S A e YL 72h 5, JINAS o g/ml IS
WS Z LR L 2 ], 48 3 R e % 32
1.3.2.2 TGIF1 # AR R 2 (9 45 1 : RT-qPCR % : TRIzol
B it B 5 RNA, NanoDrop 2000l & 2§ 5 (A
Apgonn=1.8 ~ 2.0) L AT S A 5 5 L H 4P DNA
(cDNA), JZ J3i{£& Z 20ul; 1ul RNA , 5<RT Buffer 4ul , Ran-
dom Primer 1yl #0775 1ul, FARIKZ A ddH,0. R
JHSYBR Select Master Mix ##£17 RT-qPCR 43#, § 1 4%
47+ 95°C 5min, 95°C 30s, 60°C 40s, 7740 1/
W, B JETE 72°C R B 1min, 5 |4))751 . TGIF1 L35
¥ 5°-GGATTGGCTGTATGAGCACCGT-3’, F Wi 5| ¥
5°-GCCATCCTTTCTCAGCATGTCAG -3’; GAPDH I
5| ¥ 5°-GTCTCCTCTGACTTCAACAGCG-3’, F i
214 5°-~ACCACCCTGTTGCTGTAGCCAA-3’, GAPDH
VE R NS 2L 8, SR 27 7 3 11 3 TGIF L f) A X
mRNA £k,

G REEN g . WA RLHANNE, A S e bt
JELE I (RIPA ) 2L f# 30min, 4°C. 10 360r/min
B0 15min, B LT, WHEEARKE N 2ng/pl,

W 30pg MAEM, 4 100g/L + ke BL5 R 4h BN
JsbEER: (SDS-PAGE) & )a, {84551k (300mA
60min ) % R MWB LM (PVDF) X, Sml/dl i
R4y iR B A 1h, A TGIF1 —3T 4 CFE k.
“r Tween [ Tris 2% #hEL 7AW (TBST ) PEHR 3 Ik,
B ALY (HRP) Arid L= IRFE 1he W
525 FH Image J AT KA, GAPDH /E A NS .
1.3.2.3 THAERRIKGI . CCK-8 BEFH 21 . 4%FH 5 x 10°
A~ /L UST 4 L F 96 FL A, 4351l F 0. 24, 48, 72h Jili
A 10g/dl CCK-8ikFI(10 w VL), 37 °C#EEIE E 1.5h,
it A SRS I 450nm &b W ' FE (A), 4 ML A 375 25.(%)=(4
sespst = A ) Ay —A ) X 100% FEREIE LG » 2
Tl 2 x 1074~ /FLA I T 6 FL L, K557 14 K, 4g/dl £
5 S [ %2 20min, 1g/L 45 48 4% 2 30min., i fil B2
Tt = 50441 S REEL, TEREIE LR = e/
FERDAIEL x 100% o )R S50 - REA AL G 2 100%
Jii, 200 w ICHEHE L RIIR, PBS 1Yk 3 W JC Mg B 37
W HEF%E 240, Image TR R 51, 14K =(0h
Fi B —24h 55 F)/0h 75 i x 100%,. Transwell 1% 28 52
55 50 2 x 1074~ /ml 4HAEE TR (200 . 1/ %) 2 Matrigel
142 B 1) Transwell =%, T % 00 & 10ml/dl i i 79
DMEM #5351, 48h )& , AR 25bk LS h AR R 281
Y, PBSPEIRSE H 4g/dl Z R HIEEREE , 1g/L45 e
et AT T REALER S N IREF R EUR R AN 5K
1.4 %3t %54 KHR Studio 4.2.1 Fll Graphpad
Prism 7.0 5K {4 47 Ge 1127 40 B o 1 o B8 BRI
B+ ARUEZE (X +s), 4 IR) PSR FH e K 565 118509 L
i n(%) 7R, 411A] LR FH 2 K 56 o JE Bl xR AR
JH Wilcoxon #k FlAS 56, Bc X #E A R F oK 56, 241
8] Lb 38R 5 22404 . Kaplan-Meier 42 4743 B 2K H
Log Rank P55, #H &P 43 B 2K F Spearman £ 5 .
P<0.05 h 255 HAG R L.

2 HR

2.1 TGIF1 £/ )% 75 /IGBM 4 27 v 4 £ ik S5 fE B
Wi gat  ZBANII2E R0 s, TGIFL £ GBM H
Kk K 27 T LGG B IE #4041 (F=212.920
11.418. 41.353, ¥ P<0.001), W[5 1A ~ C; TGIF1 £
Wi J 98 /GBM £H 21 ROC 14k F I FL(AUC) 43 5]
40.865.0.771.0.931, VWLE 1D ~ F.,

2.2 TGIF1 & %A 5 B2 & 7 /GBM & & & B R G
* % ZB\%I Kaplan-Meier 73 #7 1. 7~ , TGIF1 5 %
IR B E B A A I(0S) i 3 4 45 (HR=7.00, 2.91,
2.02.,2.64, ¥ P<0.05), WK 2A ~ D; TGIF1 Tl &
1. 3R 54 OS [ HER B2 43 71 °h 0.844 | 0.866 F110.806
(TCGA); 0.670. 0.749 F10.774(CGGA); 0.654. 0.772
F110.831(GSE4412);0.616 ,0.815 10.792(GSE43378),
VLK 2E ~ H.,
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