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WE:Be WRM/E N - 1 (THBSL) 7RIz 58 5935 S5 IR R
B (TME) BIASCHE, ik A& TCGA H GTEx Budfs A7 Hriz i vh THBS1 135
IR2E 5 MBUE T o TR Iy Al THBS1 15 4 0 20 M 51 il 98 42 67 i
(TMB) 3 LA E #: (MST) 48 2 TME $5 50 A C 1 o @i GEPIA #4)
THBS1 55 H A PR % AH B A T 0 4%, A LV FE ML s O i i 22 o Sy 2 4k
(mIHC) 75 J§ it (PAAD) ZHZUh i 30k, 85R 2 riris s 1 THBSL
mRNA £ 17 i WIAE h 45 22 5 325K (1 P <0.05) , A F1E 9 ML 122
IR (H P <0.001) o A5 AT R TE ZFOE R b SR ) THBS1 33k
HEEARBUG BEMKG(P <0.05), Ll F, THBST 33k 5 g #H 5C m 2T 2
A (CAFs) 32 1 76 B A A 2R B p B BT e ih 22 L (3 P < 0.05) 9f 5
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B ITGAV(r=0.60,P <0.001) ITGB3 (r =0.54,P <0.001) il ITGB1 (r =0. 69,
P <0.001), F7EBRMEAH L S B9 IE , S0 563 (400 o, THBSTIY
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Abstract; Objective To explore the expression of thrombospondin — 1
(THBS1) in pan — cancer and its relevance to tumor microenvironment
(TME). Methods
significance of THBS1 were examined in 33 different types of tumors
using TCGA and GTEx data. The correlation between THBS1 and the
TME various factors like

mutagenesis burden ( TMB ) and microsatellite instability ( MSI) was

The discrepancies in the expression and prognostic

index, immune cell infiltration, tumor

evaluated using computational methods. The potential mechanism was
also dissected by constructing interaction networks of THBS1 with other
by  GEPIA;  this  was
immunohistochemistry ( mIHC ) in pancreatic cancer ( PAAD) tissues.

Results Pan — cancer analysis revealed THBS1 mRNA was differentially

genes validated  using  multiplex
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expressed in 17 common cancer types (all P <0.05) and differential expression of the THBSI protein was observed in
9 cancer types (all P <0.001). Survival analysis indicated that higher THBS1 expression was significantly associated
with poorer patient prognosis in various malignant tumors( P <0.05). THBSI expression was statistically significantly
correlated with cancer — associated fibroblast ( CAFs) infiltration across all cancer types (P <0.05), and positively
associated with the expression of multiple immune checkpoint genes, including CD274 ( P < 0.001 ) . HAVCR2
(P<0.001) ,PDCD1LG2(P <0.001) ,LAG3 (P <0.001) ,PDCD1 (P <0.001) ,CTLA4 (P <0.001) and TIGIT
(P<0.001). These findings suggested that THBS1 may contribute to reduced responsiveness to immunotherapy by
shaping an immunosuppressive tumor microenvironment. Co — expression and enrichment analyses demonstrated that the
integrin genes strongly correlated with THBSI in pancreatic adenocarcinoma ( PAAD) were ITGAV (r = 0.60,
P <0.001) ITGB3 (r =0.54,P <0.001) and ITGB1 (r =0.69, P <0.001). These findings were validated in
pancreatic cancer tissues: immunofluorescence co — localization analysis demonstrated a strong positive correlation
between THBS1 expression and integrin ITGAV (r =0.75,P <0.001). Conclusion This study identifies THBS1 as a

crucial pan — cancer prognostic biomarker and a key regulator of the TME, providing a compelling rationale for its

potential as a therapeutic target in oncology.

Key words: thrombospondin —1; tumor microenvironment; cancer — associated fibroblast; integrin; pan — cancer

fig 928 13 34 5% ( tumor microenvironment, TME) | Ji;
L2 A0 i AP L T (extra cellular matrix, ECM) |, 7E Ifil
AR I U T AR R TR S IR T B AR T 2
S 2R b R e B b R E AR L
e Sz % 7& 1 ( thrombospondins, THBSs ) 5% ji% &2 — 40
A il AP KL i (extra cellular matrix, ECM) & [, &
5N S IR | I AR RN R R A 22 R AR ) o i
B MM N E -] ( thrombospondin - 1,
THBSL) J& 55 1 A9 %8 & ok /Y o, I B 76 I
WO ERAER] . THBST 78 i ik J rp i 42
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I A b i AR P DR i 28 BB RN Y BT S THBSI
08 S R LA AR R i R A R L 52 e iR 2H 2R B
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A2 TR S T AL 1 T k538 e s 8 T X 11 Jo
IRAEE RV 55 L EVREAS 5 BB TEN G0 ABFTEZIE
REFH— PR e e 32 B ottt (fR Bt 5. 2018 fF 15)

Fi A BB B G FE

mSikA  THBSI fifk, I B o2 fE
(collagen type I alpha 2 chain, COLIA2) Fi{A 342
aV T3 (integrin alpha V , ITGAV) Fi iR F1 o — SE1H L
WL3h%E E (alpha - smooth muscle actin, o — SMA ) , 14
HIDEE Abcam 230w A7 5 U6 2 B 5OG R AL L (4
A&, b R ME YRR RA R AR

2% CKX54 {85 B #45%, HA Olympus 24 A
P o
2 XWHIE
2.1 ERRESH

FAAE £ Bk N 5% 3k 73 # °F 5 GEPIA2 (hitp://
gepia2. cancer — pku. cn) UG FE f ) ok H TCGA
(https:// portal. gdec. cancer. gov/) 1 GTEx %X #f £&
(https ://www. gtexportal. org/ ) i) THBS1 mRNA 7£ i
FAHLVMNE F H R P RIBKF JEOE9E THBST ik
5533 b 9 0 28 B BE oy 0 22 ) R AH OGP, R
GEPIA2 /M Hr i : P <0. 01, 110g2FC1 =1 ; $t4fi 25 log2
(FPKM + 1) FrifEfb b 22, U )5 2253 Ao A, 38 F)
PG PR 2 /57 28 B 988 23 A £ 40 %8 ( Clinical Proteomic
Tumor Analysis Consortium, CPTAC) ( https://cptac —
data — portal. georgetown. edu/ ) % THBS1 7£ A [6] 463 i
T E RGBT T T
2.2 WREHSH

F Kaplan — Meier %{ % /& ( http ://kmplot. com/
analysis/ ) ¥FAli THBS1 1232 98 'H i FUS B (i, FH = i
W (85% ) AR AR (15% ) &) 73 v e ik MR X
FAS )25 BIE H. | logFCl > 1,



13092

v T R 25 PR gk R

AL 21 ] 2025 4F 11 7 (B 443 1))

2.3 THBS1 RIE5HREMXFE

AHF 5T i 1 7 Fh LN (TIMER, EPIC, MCP-
counter ,CIBERSORT ,CIBERSORT - ABS , quanTIseq Fl
xCELL ) X 2 95 HH 04 S e R 20 i A THBS1 AR DG 2%
137930 MO, AWFFEIE H i R AR f5 Z 2K (https ://
www. aclbi. com/static/index. html#/ ) ¥4 T THBS1 &
3k 5 vl 28 A% 471 fef (tumor mutational burden, TMB) FiI
0 R LR 4H A F2 2 M ( microsatellite instability , MST)
Z B ARG o
2.4 GERESKTRG

M\ TCGA 4% FE T 3% PAAD 1) RNA - Seq %15
(3 9¢) FER A E s FG R E s . Pearson #5565 4k
THBS1 55 Gy i A i B PR 3R 3K 2Z 8] (14 AH O M I F PEA
TR SEAR N F B, BLAh, ] TIDE %5k X v
T B G 5 /6 25 = BH W (immune checkpoint blockade
ICB) R i iftA7 17 Fiin
2.5 HEERAMZNE. hEEERREST

FH STRING ( https : //string — db. org/) T.HAYE T
PL THBS1 JyrbC 5 24 85 T — 2 F AR 54 M)
2%, [ A GEPIA2 5% 5 THBS1 AHOCHYHE AL
FEX] THBST 28 ol 5& A i 47 1 2 A K18 (gene
ontology , GO) & %77, /)5, /i CancerSEA (http://
biocc. hrbmu. edu. ecn/CancerSEA/) W57 THBS1 5 £ Fif
A DI REZ A B R R o
2.6 % E %% HAKF ( multiplex immunohisto-
chemistry ,mIHC) ;%35 4iF

HAY) R 26 — IR, B R 2 K AR A B
PEFEAT IR TR 22 vhil (pH. 6. 0) HEAT RS 2 T
B4, 16 5 )5 B R 22 v 1 ¥ WX ( phosphate — buffered
saline, PBS) V¥ . A BELIWT N 5P 3 4846 WD I 14, 1)
R4 3% H,0, = RFFE 15 min, PBS Pk, Fif5 1] 3%
TEH I AE L TE £ P 30 min, A5 % BRI AR o
A 10 W8 Bz 5 5 i K (tyramide signal amplification ,
TSA) Jy kAT e W5 76 4 °C R 5 THBSI —3;
FE 1, PBS PRI, U 5 AR Y BRAR A A
fit} ( horseradish peroxidase, HRP) ¥ric i E G T
1 h, b5 5 TYR =700 263K (12200 ke ) 2 i S
5~10 min, PBS ¥, NitAT TR, Y&
3% H,0,Z= R AbF 15 min, PBS ¥%£1%,95 CH B RN
Geop AL BE 10 min, KB E—RBUAE Y, R G
VR VIR BRI T — e e o, R 40y
EF Xt COL1A2 \ITGAV J o — SMA fy—3¢ B X 17 (1)
TSA %Y}, 47,6 — ZKAE -2 - ZRAEm[WE (47,
6 — diamidino —2 - phenylindole, DAPI) 4t #%, PBS ¥

Ve, DLPCHERK B AR, 6 T8, 24 h, I 263550
BIBCREEIS; il InFormv2. 4 BAFHATZH IO
& TR I ENL T
3 FitFAE

£ GEPIA2 Hiff] ANOVA B 41435 1E B
A Z25+ I Spearman SFZANSC R EOIPAL 2 L2 [H]
MK Ao F Kaplan — Meier J5 3 0 A& & & Bl 5
THBS1FA K- HIAH S

# R

1 THBS1 iz EHHIRIE

it % TCGA 1 GTEx % 4 45 & 7 ¥ & B,
THBS1 FIRTE 13 P h ¥ 2 % F M ($4P <0.05) ,
5 BB IR B2 98 (adrenocortical carcinoma, ACC) |
e e PR B b F 9% ( bladder urothelial carcinoma,
BLCA) \'F #5 % bR 40 Jfd 98 #1350 B 93 ( cervical squa-
mous cell carcinoma and intracervical adenocarcinoma,
CESC) .5 f o 4 i1 %55 ( kidney chromophobe, KICH) |
B F SR 40 g 9% ( kidney renal papillary cell carcinoma,
KIRP) . fiili ft 482 ( lung adenocarcinoma, LUAD) . fiili f# R
09 (lung squamous cell carcinoma, LUSC) | B 8145
(ovarian cancer, OV ) | J7 Jjk 22 {4 £ % ( skin cutaneous
melanoma, SKCM ) . B R JIf 45 ( thyroid carcinoma,
THCA) a9 ( thymoma , THYM ) -5 P K& ( endo-
metrial cancer, UCEC) 1= 44 P4 J8 ( uterine carcino-
sarcoma, UCS) ; 7£ 4 FgErp A B2 FiE(¥ P <0.05),
I35 IR ( pancreatic adenocarcinoma, PAAD) (&4
Ji8 (esophageal carcinoma, ESCA ) | it it £ 2 fift 983 ( glio-
blastoma multiforme , GBM ) A1 & P4 §& #£ [ I 7% ( acute
myeloid leukemia, LAML) , 7EH. 4% 16 FhysfiE 25 8 R 75
giitee F 2R TGEIFE L (¥ P>0.05) . 1Ak,
2B T THBS1 3235 55 e g BLIE e 22 1) 7Y
FFEE, A AE B % ( stomach adenocarcinoma, STAD )
(F=3.76,P<0.05) THCA(F =6.45,P <0.001)
LUAD(F =2.78,P <0.05) Fp <5 THBS1 /K- By
BofRe el 129 s M4 s 7 THBS] 7R R IA
KV FAEGE S 2 A GE iR E L. THBSI 1)
SFGATE 8 FhEAE TP B N (¥ P <0.001) , £ 4%
PAAD .GBM ., % 7985 ( colon cancer, COAD ) | iT-4H Jit 95
(liver hepatocellular carcinoma, LIHC) . sk %5 % 1k 48 fify
Ji5 (head and neck squamous cell carcinoma, HNSC) | &
I ME ( kidney renal clear cell carcinoma, RCC) (¥
N598 (breast cancer, BRCA ) #1 LUAD, #X1fii, THBSI &
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FIZIBTE UCEC Hh B EF#IK (P <0.001) ,7E OV |Hij51]
95 ( prostate adenocarcinoma, PRAD) 1 STAD w1, 7E
giite RIS FE (P >0.05),
2 2SS THBS1 RiZS5HamHEX N

WA, THBS1 35715 PAAD (HR =2.3,
P <0.05) .HNSC(HR =1.9,P <0.05) . JxifF% 2% 5l Jisg Joi
J%% ( brain lower grade glioma, LGG) ( HR = 2.3,
P <0.05) . [a] 7988 ( mesothelioma, MESO) (HR =3.4,
P <0.01) UCEC(HR =10,P <0.01) #jZ IR B A X
%4 ( uveal melanoma, UVM) (HR =7.2, P <0.05) .
LAML(HR =3.8,P <0.05) #1 STAD (HR =2.6,
P <0.01) BEMAR OS BEAK, mFRILM THBS]
F PAAD (HR = 2, P < 0.05). ACC (HR = 6.3,
P <0.001) .CESC(HR =3, P <0.05) .KICH(HR > 1000,
P<0.05). UVM (HR = 3.9, P < 0.05) 1 GBM
(HR =2.2,P <0.01) & DFS fEf& N % .
3 THBS1 FRix5%%iZiE.TMB 1 MSI 7£ & i
HYHE K1

WFFE I, THBST 5 [A)JE AE TME Hh 4 92 240 Jifd
Z A ARG HE 5 AE R R TCOC . THBS1 £ih 5 KIRP
(r=0.42,P <0.05) f1 PAAD(r =0.38,P <0.05) i
B 41 i Uik R i i 2 TR B R AH G, T AE BRCA (r =
-0.25,P <0.05) . CESC(r = -0.31,P <0.05),
HNSC(r = =0.28, P <0.05) FI 52 AL A= 58 41 Jd Bk 9
(‘testicular germ cell tumors, TGCT) (r = - 0.35,
P <0.05) 2 AT SC . THBST 33K AV e A OC IR ET
k4 Y ( cancer — associated fibroblasts, CAFs) ¥£ il & ¥&8
SR I B Gei o A ek . A, BiFSE R
B, THBS1 33Kk 5 B BE A 22 1k 41 Y ( dendritic cells
DCs) . T 40 8 ( cytotoxic T lymphocytes ) | Ff. 4% 20 g
(monocytes ) Fl HH AL 41 Y ( neutrophils ) 2 [A] Y 56 5 32
BN ARG

AWIELLRT T THBS1 5 TMB HI MSI 5k 2 [A]
9 M1 % Pk, THBS! % ik f6 THYM (r = 0.45,
P <0.001)%1 ACC(r=0.45,P <0.001) # 5 TMB &
WEFEIEMME, ML UVM(r =0.25,P <0.001) ,CESC
(r=0.20,P <0.01) LIHC(r =0.18, P <0.01)
PAAD (r = 0.15, P < 0.05) fil LUSC (r = 0.12,
P <0.05) 915 TMB &£ & 2% i A ¢, THBS1 Kk TE
MESO (r = 0.22, P < 0.001) # TGCT (r = 0.2,
P <0.001) th 55 MSI 5 6 % i A 5%, 1 76 I 4
( cholangiocarcinoma,CHOL) (r = -=0.25,P <0.001)
RiER B R YR ( diffuse large B — cell lymphoma,
DLBC) (r = 0.20, P <0.001) . LUSC (r = 0. 15,

P <0.001) \ESCA (r =0.12,P <0.01) ,STAD (r =
0.10,P <0.01) MILUAD(r =0. 08, P <0.05) #1155 MSI
S RARE
4 BRIRETHNEERESSHT

T PAAD 5 THBS1 S5 = 3 18 A0 56 DA )
THBS17E PAAD 45 38 16 19 T J 0 T3 000 A0 i, FR AT
R AT T R R E S e BRI R,
THBS1 55 323k 21 1 19 i 988 10 3 vh S s i R I
CD274 .HAVCR2 .PDCD1LG2 LAG3 .PDCD1 . CTLA4
A TIGIT By =38 34 B 3% /& T THBS1 kKRB 4 (¥
P <0.001), UL4h, ff A TIDE 53 50 7 A 35 %
ICBIRYT MY ) Wit o THBS1 & 3K 41 1Y TIDE 43
Thim , RUIFEH: 52 1CB IR YT I I7 U AE A7 R BRI,
DL T,
5 THBS1 HHERIEMEREEBES T

FH STRING %57 T THBS1 AHEAE F Y 53 F M 2% ,
AT T 11 A Gad 520 55 UF 1 A b R & AR R R R
THBS1 45 4 14y F PLG . PCOLCE . COL5A1 , TGFBI |
MMP9 | LRP1 . CD36 . ITGB3 . FN1 . FGA 1 TNFAIP6 .
Fil GEPIA2 ik 5715, THBS1 ({13215 7K E5 CRISPLD2
(r = 0.51, P < 0.001 ). ADAMTS4 (r = 0.41,
P <0.001) LMCD1(r =0.46,P <0.001) .ITGB1 (r =
0.49,P <0.001) ) % PALLD (r =0.45,P <0.001) &
IEAASG ., FEERRIE T 5 THBS1 58 OCHE I A R ILH

True | 20 53

Faise — 70 36

Responder

wilcox.tests P=2.2e-09

TIDE score
i _'""...
.
-

Gl G2
1 T S o e 5 A HE % (TIDE) TF-43 (14 5 46 i
BB OV TN
Figure 1  The immunotherapy response prediction of pancreatic
adenocarcinoma patients based on the tumor immune dysfunction
and exclusion( TIDE) score

G1:THBS1 high expression; G2: THBS1 low expression; Compared with
Gl, """ P<0.0001.
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= ITGAV (r = 0.6, P <0.001),ITGB3 (r = 0.54,
P <0.001) f1 ITGB1 (r =0.69,P <0.001) , 5 i 2] 4
g0 W Ak 5w O¢ Bk BRI 2 COL1IA2 (r = 0.68,
P<0.001) . FN (r = 0.62, P < 0.001) Fil ACTA2
(r=0.73,P<0.001),
6 [EPRES THBS1 HZE %K AN (mIHC) IE
JER g 2 21 5 98 55 21 2 THBST 2] [ 4R34 22 57
B H AL TE 43 (immunoreactive score , IRS) 5443 #7
R R 2 THBSL 11 IRS ¥F53 R 50k 8. 5
(JuH 5 ~12) 554040 THBS1 1) IRS 343 A5
2. 0(FuH 0 ~4) ik S g it 41 24 vh THBSIT 35 1
Rk RFE TS HL (P <0.001) . REETIEILE
o3 s, THBST (143K 5 21> CAFs i 1k & 35 ot
HIIAREY) AR R B IR A OCOC &, A4« 41 il Ak
F K5 COL1A2(r=0.82,P <0.001) .CAFs it 4514
PR o —SMA(r=0.80,P <0.001) M #EAH &
ITGAV(r=0.75,P <0.001),

i

I A B T BRI Ok B R A e Y R T
T LG MIEYT o WF5T THBS1 7E45 FiEAE
F16 2 15 A 3 G I 98 T 6 2 0, % BT IA R
THBS1 e FOmAE Wi & B R i E Bt |, [N
I, FRATXE THBST $E4T T 41 32 988 43 Hr , LA4R 7R 3
TEAS[RVREAE ) 2 A2 % v (R T/ T RIL A

AMF 5 MEEF , THBST mRNA FIE (4 4 576 A [H]
SR 1Y) PR AL SRRV 1F 5 21 R 2 TR AP A (3 5 5
X THBS1 ] R Je: 2 Fft 3G I 114096 BEAR 2590 o
AT I, 1 PAAD 1, THBS1 3£ik5 CAFs frEWY
BEEM S, X — B A A 5 PAAD 4235 1L
TGF - B 5 i Bk A 56, 1% B & ) 2 1l 2
THBS! {154 7% S8 1. GBM iy TME & & M2
g 2 RN S B 4 DC 4, 336 28 4 3 3ot 43
W IL -4 TGF - B 240 7, V55 THBS1 33k 14
DA 58 M AR R S pE R IR AE S o A TSRS,
AN S WS VEGF WT L5 THBS1 J& i Sh e 454,
THBS1# it 254 CD36 Az (R4 il 1 48 9 Je A 4, 1
i VEGF W& 3RIAS5a g PE G THBS1 15304, [
IRV S FIE S o BL RS ERIESS , THBS1 1E
R [ g ol e 0 26 1k 2 5 5 Re 4 S v TME 4541E %54
X

PE—EWESE THBS1 %k 22 Fh g 28 750 ) 1 U 1) 5%
W, 52 ETHIRESE—8, THBS M E ks 5 R E

WG . FEFRATVERE M2 s bRt W88 3], 76 iR
e R8T 4 i 0 £ 229 v THBS1 [ 323k 58Ik Y 0S
F1 DFS #RAH I 5 10 78 HoAth fifrJgg 28 Y v THBS1 (1) 1 ¢
IRATRE RS Hod 1 A OG22 MERERC G, £
WWFSE OS2, THBS1 A LAAE Sy JB2 I 98 i 75 b i
Pyt S 5 BRI TS SR A Ve E LR T Al
it PI3K - Akt {5 S 5@ sl

b JRa PR 835 ( TME ) 7E i 2B 5k P vp 22 e 2
R AR O R . PRI, FRATTIEAS T THBS1 3%
55 R G 2 ] M . 2 R R, 1E RS M
TCGA #HiE T, THBS1 63k 5 CAFs 8- S 38 1E A ¢,
JLH5 CAFs H1 COL1A2 FN 1 ACTA2 3£ K ¥ 315 4H
5%, ZHANG %" iR % B, THBS1 %K1 B b 5
CAFs FUAR I B otk o B9 2% B, I G 8 14 A6 2 S 2
ERORLT, b CAFs 3 i ke 2% fifr 98 THCER 555 M fie g 440
JLE FE 4R AL T A M S PEN L N R BT R, B iR g
THBS| 5 435 5 B H A7 RGO R, AT
XN REAR HEAT T mIHC 3630F , 3£ 457 T THBS1 5
CAFs AHICHE A SENE, WFFE W] THBS 161 BR 5
JRI) 34 58 B 1 R 2T 4E A B R ARk 6 B AR T
THBS1 e 45 4 3005 TGF — B, MY CAFs iy
T AN, THBS1 i REMS IG5 CAFs FiI 22 R i 20
MR a2 RE 1 . ASHFSE R & B THBS]
5 NK 20 1 W 200 6 35 ) 22 ) A A S AR S i
52 RTARTFE 4 AR G o TR AT RE - 4 4 i
T 1) I TR R S G 2 A i S IR A A R e I
R R A3 A O Eb N B A A B ) M (i
2/ HUMRE) A M2 (058 / 42 BeoRg ) AR 2 . BE A
%Al 06V B R S B (B M2 B E A E) 5
THBSLIEAR K , THABFTOH B v il o — e ik
ATRE S SAN ARG o Sl Rt 2 %) THBS1 %
55 IR G2 22 ) R S 7 A S, L 0 7 T 2 i
WL ] THBSL 5 M2 R[5 gk 4 i 1 2. 3% 1E A
St BRI, 1 1 7 ) 40 R R X R 56 R IR TEAE,
HE B AAREY L THBS1 932k F 36 5 15
AT e R bR U R T B A AR A . AE A R rT RE
ANRE IR, FE M | G s 400 ] B 5 A TR B vh
ARSI . Gl UnAE A R R THBS1 5 NK 41
L ) B A PR ST W 0 R85 v S B, R A ] NK
41 A% Dy B8 T BE A2 7E i R 1 R ) R 2 B B A R
Yo

ANERIERFEAEE R R E KRR EEE
SRR, RPEIRIT IR R Z 80 & R T R
BREIR YT B e e K A s A 4 1, X SR S T RE
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L DT B 95 A 0 00 of] 0 306 3 O 5 B 0L, IR R T 24
JHF B JRE B B o G A, T T 40 v e S B
RO RE S BE TR IT B AT AW SRS T T 40
Eifile| + CTLA4 . HAVCR2 . PDCD1 . PDCD1LG2
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