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HE

B 32 R R E HEF47 (ubiquitin-specific protease 47, USP47). 2 i i 83 HH >ik 2 R [F) YR
#11 (glioma-associated oncogene homolog 1, GLI-1) % #+4 #5: [AF-1a (hypoxia inducible factor-1a,
HIF-1a)7E & 3k |7 iR & (gastrointestinal stromal tumor, GIST) H 4 R E RIGRR L. i XA
SR HALSPIEAR M 1035 GISTAH LR FUSP47 GLI-1FHIF-1afI Rk . ST HRIE 5 BE AR ERER
WEHIRER, OV RE R MM, 458: USP47. GLI-1AIHIF-1a#E103%IGISTHLA HHHER
ERHH79.6% (82/103)- 60.2% (62/103)F158.3% (60/103) . =F IR IE S A/ R ERAL
BRI B RER(P<0.05), SEREMIHTR. GLI-IFHIF-1al)Rik 5BHREH K (P<0.05). £7F
&N, USPA7. GLI-LFHIF-laf R4 B #H B AT EE R TRRIL4 (P < 0.05). Spearman
AT 88, USP475GLI-1 (r=0.407,P <0.001). USP475HIF-1a (r = 0.253, P < 0.05) % GLI-1
5HIF-1a (r = 0.338,P < 0. 001)RIAEIEMK. 4iP: USP47. GLI-1LAHIF-1afEGISTHHERE, B=
ERBEIEMR, HREAKPFHSGISTR B HRE L EE SETFHEEHRX. BRERN=2REFTHT
GISTEEWERESEMBUSHNT, FRBEIRTTREE T3 B s BRI .
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Abstract

Objective: To investigate the expression and clinical significance of ubiquitin-specific protease 47
(USP47), glioma-associated oncogene homolog 1 (GLI-1), and hypoxia-inducible factor-1a (HIF-1a)
in gastrointestinal stromal tumor (GIST) tissues. Methods: The expressions of USP47, GLI-1, and
HIF-1a were detected in 103 GIST tissue samples using streptavidin-peroxidase (SP) immunohisto-
chemistry. Their relationships with clinicopathological characteristics and patient prognosis were
analyzed, and the correlations among the expression levels of these three markers were assessed.
Results: The positive expression rates of USP47, GLI-1, and HIF-1« in the 103 GIST tissues were 79.6%
(82/103), 60.2% (62/103), and 58.3% (60/103), respectively. The expression of all three proteins
was associated with tumor size, tumor location, and risk classification (P < 0.05), but not with age
or gender. The expression of GLI-1 and HIF-1a was also associated with mitotic count (P < 0.05).
Survival analysis revealed that the overall survival rates of patients in the high-expression groups
of USP47, GLI-1, and HIF-1a were significantly lower than those in the low-expression groups (P <
0.05). Spearman correlation analysis showed positive correlations between USP47 and GLI-1 (r =
0.407,P <0.001), USP47 and HIF-1a (r = 0.253, P < 0.05), and GLI-1 and HIF-1« (r = 0.338,P < 0.001).
Conclusion: USP47, GLI-1, and HIF-1« are highly expressed in GIST, and their expression levels are
positively correlated with each other. The expression levels of all three proteins are significantly
associated with malignant progression of GIST and patient overall survival. Combined detection of
their expressions may aid in risk stratification and prognosis assessment of GIST patients, provid-
ing potential new targets and a theoretical basis for precise treatment.
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1. 5|8

H W71 5] 5198 (Gastrointestinal stromal tumor, GIST) 2 V8 A4 18 f i WL 1) -5 e, FL R ML) 32 22
5 KIT 8¢ PDGFRA % [K G R H VIR [1]. BRTGITUFARAE, SFhEfakE R EEER
21 IR 5 ¥ JE (Imatinib Mesylate) & — 2097 254 o T T IR WA 4110 71 771 (A B 5 5 @ ) ) I8 FH
KRS T GIST BB WIS, (E R i 4k 1 I 24 % R0 38 100 S Jo 1A K 4D ) AT A2 224 T s RS T s ) 77
RHkER2]. B, RAIRE GIST KAKBEIIH A FHLH], ST SRS Pl bR S A 7 16T
B, BAAEERNIRKE L.

GIST FE M 3E AR 22 8 B W R 4% . BRA% O IRBNRAE AN, —J51Hl, Hedgehog (Hh){E 5 18 % (1) 5
WS AE GIST FISGHE 5 4717 4 A6 8 A (]3] R4 SR o IR AH DG 2L R ()84 1 (Gi-1)fE Hh i@ B 4
KT, HEmREE GIST M@EfaksfE oy g AN VIR 4]. H—T7H, SEFEFRET-1a
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(HIF-1o){E 40 M IE B R E A ST A% OIS B, A CRT DA EE IR 5 28 i (R 2B, iC R
Iv1) 5 P () o g R A B R AR, B 5 BB RN TE[5]. (EZFhSEAIE T, HIF-la 7]
T I B SR A B RO 7 SN 5 GLI-1 M3RIA K ThRE, —# LM “ B4 -Hh 8K 7 22 H %4,
S 3 B R R (VS I R A [6] [ 7] HIX — SRR ) 28 B IS HLAHIAE GIST w2 75 2 4775 f L BRI 47 3k
fi, BRI Z KA. 2R - RABASE L% GLI-1. HIF-lo &AREERZ OIS : 8T
B B-TrCP 45 B3 iz RIEHM AN T2 R M4ERFE K-, J58 WTEH S T pVHL E&412
FAPEIERR, T Nz W AR 2 S 800 R H R BRI IS MR 3 (8] [9]. 1Rz A I m) i 4%
R, X2 RUBE4ERE ARSI <TI0 . ZRERMEEARN 47 (USP47)2 Lz FL
B SR e R 51, USP47 @i LBRA R Iz = AEEA, Mo s et e A B R i
MAGE M . USP47 Rl A5 52 2 FhEU&E FE A (U f-catenin. c-Myc)7E B 6 FF4H A8 A1 45 B iy (e i3k
JR[10]. BFFCIESE, USP4A7 RRAE/N SRAA SN R4 Py S534m il xt 7 1 5 J& UK sk 245 P 24 36 & 1% (CMIL)
YOG TE11], HoAE FERET IR 0 D 5 R N 25 1 GIST ZH43 b (A F K Lok 1 A AR . USP47 7E GIST
HRIL . ThRE LIS Gli-1. HIF-1a 25 QRIS BB 2 A2 BAE R, 78R WiRkIE . Awf 7t
o B AL SEEAG I 103 ) GIST 44Hrf USP47. GLI-1 2 HIF-1a (IR EARIE, RGN =% 584
IRIREESHUR TG IR R, FERI L RIEB MM, BIER GIST BITIE VPl ANEE Al V6 97 SRR 58 (BT 1
S AN 53 T HE A

2. R 55*%
2.1. IGERMAR

W B 22 B E R R 2 — M B E R 2016 4F 1 H~2016 4F 12 AATFEARIGIT i %Rl 52 54 GIST s
FrAs 103 5], FrAF 10%H S E 2, A, 4 um BEELEY) . B B8 RET8 R85 o7 84k I7
HoAr 5B 50 61, Lot 53 61, ik 32~84 &, FHIHFERR 60 &, >60 % 47 ], <60 % 56 fl; KAET B

1169 B, /Ng24 B, EEM3HF, 8% 56, BRiES2F. RIE CHEEBER FURIZBHE T LR
(2017 £ERR)Y SR IO O R AR NITH f& 6 B 43 bR v AT 7> P AR SE 26 1, K7 35 ], i 25 9], =

& 17 Bl
2.2, iRF

H Pt N\ USP47 $i4&(BS72712)I H Bioword Technology A &, Gt A GLI-1 Fif£(sc-51578 1)1 H Santa
Cruz Biotechnology A 7, %t A HIF-1a Fi1A(AB51608)I4L H Abcam A w], SP S AR & & 3
T B AL R A B A

2.3. 5k

FEEARAS, 5 um JEESY) Fr, G AA SP AR A, EODIRREAATI G UL BT, H RIS,
FAERHTEXS IR, Ll PBS WACE —HU/EBAEXT IR . USP47 Yt 2 g i v H B 3 ok N PH M, GLI-1 %
o 20 Pt 5 B4 A B H PR B B A C R PP o 45 & G a5 R PR A 5 L B TR AR EAT 28 B F
5y, WIS AH e 15 2 S B 14> (Immunoreactive Score, IRS), 1F N H R IAK )2 2 EiEEFabr,
HARPEFREDT R : (1) QBRI R H LIS 5 RBERRIE T IR, 0 r(CEE (G, HRT
EEET). | pORE G, S, NGS5 ERIK, [HANEA RN, 2 2@ 6, haERE, T
PEAZSIEW AT W, XL RAF). 3 /r(BRta e, st FHPEE S RH, BUERA); (2) FHE4HM &5 EVE
Gy FRHE 5 A B AR A BE I A0 AR o e 4 ) L E AT VR4, 0 A (FH MR 5 LE<10%) 1 53
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(FHMEAHAE & TE 10%~25%)~ 2 2 (BHEEAHA 5 EE 26%~50%) 3 23 (FHHE4IAE &5 L 51%~75%) 4 2 (BH 41
o5 EE>75%) . HiRE IRS 2505 A RIA K NI E R IR S FEPER IR : IRS <3 73 NKERL, IRS>3 7
N FRIK . B BE 27 [ N SR SR bR 54 S e LA 010 O FRAE[12] [13], JR45 & AHIF 78 sk
W REATIONE, Bz FUE AT Se s KRB AN AR =, R RS 2K,

2.4. BES

B2 B Al H T W A AL B B ARSI . B AEAFIAOS) LA A AL, AEAEI A E S AT
AHER, EFEENFARZ HEIEBEVIR R, ZET B E NAEIEIE TR R, DR AR5 = AN T 5 51
EABENA . KUFHE LR ARIRBE VTSR], Bk BE U7 TR A2 2024 4F 12 A 30 H.
2.5. GitEAE*®

K H SPSS27.0 #1 GraphPad Prism10.0 ¥ {347 4t it %743 #r. USP47. GLI-1 # HIF-1a (31X 51K
Jog BEARFIE F 26 22K 2 K006 o 25472 HT K | Kaplan-Meier 7%, 4108 Eb 8K H Log-rank #6536 . USP47. GLI-
1 Fl HIF-1a 1A FIFHCPE R H Spearman AHICHE S #T . KA Cox EAg KUK [R1 U5 43 B 28 35 Tl fG AH DG R K . P
<0.05 NZERA G L.
3. R
3.1. USP47. GLI-1, HIF-1a £ GIST HRFIE

USP47. GLI-1 l HIF-1a 7E 103 5] GIST 423 FHPERIE 253 A 79.6% (82/103) 60.2% (62/103)FH
58.3% (60/103). fEdlIfb s BB R, USP47 ££ GIST 41 RN T HIPHTERIL, ROV AR
BOERRROBRAE G0, GLI-1 EEAAMBUMEZ R, RIE O BFH ORI SL(; HIF-1a F
BEAE M AR R IE, R BRI R G (B 1),

— i:“ ; "'f-"-f. L .4 1 éf.‘ AR L4 WLy { ‘«k,- s A s o i A
o A TR B 4R (SP 2, %200); B Y9 GLI-1 7 GIST i #eik, sefir T
IR BR R AR S ARAIRA(SP ¥, *200): C 9 HIF-lo 76 GIST 03, & G T MR LA ARG 15 A (SP
%, x200).

Figure 1. Expression of USP47, GLI-1 and HIF-1a in GIST tissues (SP method, x200)
1. USP47. GLI-1 & HIF-1a 7£ GIST B4R AYFRIA(SP $%, x200)

3.2. USP47. GLI-1, HIF-1 a BIFRIASIGKBIBFFHERHE XM

USP47 MR IE 5 faE 432 (P < 0.001)« FiJRIALE (P = 0.003). FRI KNP < 0.001) 2 IEFIE; GLI-1
HIRIE S ERIE (P < 0.001). 0H%P=0.027). FEAEP=0.041). MR KNP =0.001)EIEHH
K HIF-la FI3IE 5 GRS EE /- (P = 0.040) #7302 5P =0.018). iR B (P =0.024). 8 K/NP=0.021)
FIEFX. =ZFHRRE G, FRITOMHE M. dE— 2 0 i kId . &fE4 NIH # USP47. GLI-1.
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HIF-1a [ FE 1K 22(88.1% 71.4% 92.9%) BH it i= T ARG AR S& =@ 4] NIH (19 B 2(73.8% 52.5%
50.8%), P {E4379<0.001, <0.001, 0.040, Z=FHEBEMEGE ).

Table 1. Relationship between the expression of USP47, GLI-1, HIF-1a and the clinical features of GIST (n = 103)
% 1.USP47. GLI-1. HIF-la B35 5 B8 E RE IR HRESHAIEX 0 = 103)

USP47 GLI-1 HIF-1a
I A7 HE AR AR n (1) P 1 P 1 P 1H
U] RH K] BH K] BH
Bt 103 21 82 41 62 43 60
)
5 50 12 38 19 31 24 26
0.377 0.716 0.211
& 53 9 44 22 31 19 34
(D)
<60 56 9 47 20 36 19 37
0.235 0.354 0.079
>60 47 12 35 21 26 24 23
S 5y 2]
AR SfE 26 14 12 19 7 17 9
K& 35 2 33 10 25 13 22
<0.001 0.001 0.040
1 25 4 21 9 16 8 17
= fE 17 1 16 3 14 5 12
¥ 57 3444 (/50HPF)
<5 85 19 66 38 47 40 45
0.282 0.027 0.018
>5 18 2 16 3 15 3 15
Jied Ji R S Ar
= 69 13 56 26 43 24 45
N7 24 2 22 9 15 11 13
EENEN7] 3 2 1 0.003 1 2 0.041 2 1 0.024
o 5 4 1 5 0 5 0
AL 2 0 2 0 2 1 1
b8 e K ELA% (cm)
<2 27 14 13 19 8 17 10
2.1~5 48 5 43 16 32 20 28
0.001 0.001 0.021
5.1~10 15 1 14 4 11 3 12
>10 13 1 22 2 11 3 10
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3.3. USP47. GLI-1. HIF-1a BIFRIEE GIST FiIEHN X%

HE 2024 12 A, PALREVIRE] 54 A H(28~96 1~ H), 103 BIBE U EE . KUjEHE 17 6], K4E
FET- 39 B, 86 i B BV R 2 HE, BETIZ 83.5%. 5 HEAELEH 74.8%. 15 H Kaplan-Meier 41770 1%,
53 35T USP47. GLI-1. HIF-la 5 OS X%, H Log-Rank #4%, 47X} USP47. GLI-1. HIF-la A
[F) ik K I A A7 26 AT LU, USP47 misRib 4R BAE P R B3R T USP47 IRRIBA, ERAZIT
B (X2=4.643,P=0.031); GLI-1 EREMEHDEFAREZMT GLI-1 KEKIEY, ERALRITFEN
(X% =13.303, P = 0.000); HIF-la fm#&iAHEH SRR ERT HIF-la (RFRBY, ZRAERITEE XL
(X2=6.095, P =0.014) (¥ 2). HFFK Cox /riTiEin, MBHRE. oRE5EE DAFIREHKEP <
0.001), 1j USP47. Gli-1 J& HIF-la B35 5 il f5 J0 35 AH G (P > 0.05). 23R Cox [R5 Hr itk — Pk
8¢, MR AR AL > R R GIST B35 Filj5 MR SZ 520 2 (P < 0.01) (4 2).

A B
100, 100 P=0.000
I E Z
k] 50 S S |
£ z T g
£ —— Low expression of USP47 % —— Low expression of GLI-1 § —— Low expression of HIF-1q
2 S £l . .
E —*— High expression of USP47 n‘o’. —— High expression of GLI-1 & —— High expression of HIF-1la
0 1 1 1 1 1 0 1 L L L | 0 1 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Time(months) Time(months) Time(months)

Figure 2. Kaplan-Meier survival curves for overall survival of patients with gastrointestinal stromal tumor based on the ex-
pression of USP47 (A), GLI-1 (B) and HIF-1a (C)

[& 2. USP47 (A)\ GLI-1 (B). HIF-la (C)FIAS BIAiE 8 RIEEE B4 FHIM Kaplan-Meier & fFph%

Table 2. Univariate and multivariate Cox regression analysis of prognostic factors in GIST

%% 2. Cox MABEENZARSTEMEERBIAEHEXER

BRI Cox 4T Z N Cox 4T
I A EEARFAE

HR (95% CI) P1H HR (95%CI) P1H
PG vs &) 1.124 (0.581~2.172) 0.728
I5(<60 % vs 260 %) 0.957 (0.475~1.927) 0.902

JiR e K B AR (em, LA E) 1.590 (1.018~2.484) 0.042 1.775 (1.232~2.556) 0.002

W03 Z4 9 (AN /50HPF, HE4LAF &) 3.092 (1.163~8.225) 0.024 3.562 (1.688~7.517) <0.001
JiebgRg I R R (AE B vs B) 0.861 (0.561~1.326) 0.497
USP47 ik (BATE vs BIHE) 1.275 (0.255~6.384) 0.767
GLI-1 FRIE(BHE vs BHTE) 2.152 (0.834~5.557) 0.113
HIF-1a FIE(FH: vs BAPE) 1.081 (0.445~2.626) 0.863

e BRI MR =1, & =0); FFRE60 F =1, <60 % =0); MEEEHMEEE =1, B =0); USP47/GLI-
I/HIF-1a FIEFHYE =1, BIYE =0).
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3.4. USP47, GLI-1, HIF-1a BFXB9HE XM

Spearman AHK /45 R 2 7x: USP47 5 GLI-1 £ %3 IEAH K (r=0.407, P <0.001), USP47 5 HIF-1a
£ IEMK(r=0.253,P<0.05), GLI-1 5 HIF-la S IEMH(r=0.338, P <0.001) (4 3).

Spearman r=0.407 Spearman r=0.338 Spearman r=0.253
104 P<0.001 104 P<0.001 104 P<0.05
o o o o o > o ° ° ° o o ° °
8 8- 8
- 6 L o s 64 o o o (] o s 69 o o [ o
- - -
(U] I I
() ° 44 ° e e () [ ) 4 ° )
[ . b o o o ° . ° ° °
° ° 29 o o ° ° 24 e e ° ° °
e o o ° ° b o o o ° e o o o ° °
0 * * * T 1 0 * * 4 T 1 0 *— * * T 1
0 2 4 6 8 10 0 4 6 8 10 0 4 6 8 10
USP47 GLI-1 USP47

(A) USP47 expression showed a significant positive correlation with GLI-1 expression; (B) GLI-1 expression was positively
correlated with HIF-1a expression; (C) USP47 expression was positively correlated with HIF-1a expression.

Figure 3. Correlation analysis of USP47, GLI-1, and HIF-1a expression in GIST
[ 3. USP47. GLI-1. HIF-1a 7£ 8 BAi&E B B FRIZRIA B R 74

4. Wig

B it () BB (GIST) A AT MR m B ik, R A R RN AV 438 Rk 245 5 @ i
MR AR [1]. R KIT/PDGFRA 8748 & HAZ G IR B[R K [2], (H i g & & 1 fa e PR 78 GIST &
PRI A 1E ) H 552 30000

Hedgehog (Hh){E i@ 8 1) 5 W UG & GIST 3§58 5AFiE W E 27 THEAl[14], T GLI-1 fE Nz
MIZR BN T, HAREAKCF B [ B B0 IR A5 [15]. TangCM et al. [418F 50 R BUAE GIST &3 o 41
i, Hhi@EBAE THEERA, HS KIT EREWRIEZYIAEIC. @6 Hho@ s, n7Loa e g gn
MK AR ZBRE 1. AR TR, GLI-1 ££ GIST A 4R IBHERIEZ AN 60.2% (62/103), HEm#k
K5 REAZ Sy SR FE I E 4 G S R R AT S5 25 AR (P < 0.05), IX S BEAEAF 7E i “ GLI-1 R IA R GIST
AN R ERRFAE” BIS5 10— B[ 16]. SRAEE SRR ORI BUBURHE, HIF-1o N 4H MR B I AZ O
s, R E AR, R R R CEER R, IRZIFE00 R AR AT (1]
Bai C et al. [18]WF 5t K IR ECIRAS T HIF-1a M1 HIF-2a i FoxM1 ik, 1RFEMIG . ¥, 22,
AWFFEH, HIF-la £E GIST FHIFATE R IAE N 58.3% (60/103), Hmkik SRS AR . GRS %K%
R B YIAH (P 341<0.05) o A 7T AEAE 53 W13t — D B0IE HIF-1a 38055 BE AN RS AHG(P=0.014),
F U HIF-1a AMUE GIST BRI 7, B&EE “WHBHEN" 5 “VRIrikat” s ¥
b4k, HIF-la 5 GLI-1 BJIEAH%% R(r=0.338,P<0.001), A “HL%-Hh B 8 H ML/ GIST HFHIAfE
FEFRAE T E BRI RUE A

AT K I USPAT £E GIST H 1) PP Rk F A 79.6% (82/103), H.w ik 5 Mha 16 16 1 7 4% b Ko
T2 2 FH (P 341<0.05) . AEAF TR, USPAT mRIAMH B H BAFREEZERIL(P=0.031), #—HiF
SEHARIE HRETE GIST R ME[19]. A5 KB USP47 5 GLI-1 (r = 0.407, P < 0.001). HIF-la (r =
0.253, P < 0.05)#) 2 IEAHC, 254 USP47 “Riz Zfufa i m” Wiz 0ohae, mubHEdll: 78 GIST +,
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USP47 A] geid i 3 2372 ARG & 1, 20 5l B HZ sk a2 2 GLI-1 A HIF-1a B E, BLIEZ 2N F1
BEfR, SR AR AN SRR ATRECK T Hedgehog RIS Si@ B HIHIH, 22 GIST
PIHETE . A73E A R TS

Z A F Cox FIANHTEIR, Mg EAMZ SRS GIST BH TG HMSLEmERP < 0.01), X5
NIH & 7 Fbr e A% O Fabn— 30— D I0AIE TR SR B S 8E GIST 5 VAN o A% O b Az

22 b, KW RAEWRRFEAS KPR T USP47. GLI-1. HIF-1a fE GIST Wk KK X, N GIST
(RORE VR T SR A T T I AE R AU B AR . (RN 2 0 ZREAR RSN SENG, 3 — DA 58 =3 (1 4%
BLHIE I R AANME -

= B
A FEHAF BB R K5 — I B = B B 2% i & b (F k5. PJ 2025-08-17).
EL£mAB

CRIERIR RIS T IHE (5 2021xkj139).
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