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1L.1.1 @iz 58E 4K AR RHOHMR EE

A5 VR A AN ZE I JE QBC939 \ RBE 41 il & il AR
B 4 i R HEK293T (R [ AR S2 90 & 40 72 ) o 7 [
JE AR 37 °C 5% AR Y AR M SR AR T SR
AL FE T LR o 58 RO R AR R 1 pLV-
3xFlag-mCherry (2A) Puro-SKI-WT. pLV-mCherry
(2A) Puro-SKI-Mut (539C > T) F1 %} B 2 {& pLV-3x
Flag-mCherry (2A) Puro, T4t RNA (shRNA) £ 45 J1]
T SKIFEHFHAR Y pLV-shRNA-EGFP(2A ) Puro-SKI-#
1. pLV-shRNA-EGFP (2A) Puro-SKI-#4 1 X B 48 {4
pLV-shRNA-EGFP(2A)-NC Il [ & MY A 7
1.1.2 £ ZXA5MNE MHAFmEWAEE
Thermo Fisher 23 7 ; Lipo6000 siRNA /DNA %% it |
55 RIPA SRALAH M 240 0 0 1 i 38 = RA I HOR
ARAF . RIE PO BRIE —dt A X DOERHE
YR AR\ o S5 AT /Y Transwell /N2 1
FH % [El BD Biosciences 2\ 1 ; MonScript™ RT Il All-
in-One Mix i AL H B S FERAGRAF] . 5
5 BT 35 1Y Transwell /N2 W B 35 [E BD Biosciences 2
Al 5 SKILBEJEPE B B T 28 & AR 3 A R R ) (small
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mothers against decapentaplegic homolog, SMAD2)2
SMAD3. SMAD4. # 2 ft SMAD (phosphorylated
SMAD, p-SMAD)2 . p-SMAD3 ., H i 1 -3- i 1% i L i
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
M FLAG #3251 /& (DYKDDDDK epitope tag, FLAG)
HLHR(1:1 000) 1 F 55 5 Proteintech 24 ] ; 52 52Ok
7€ 1 PCR Y ( 2€ [# Applied Biosystems 23 ) , %5 .
QuantStudio 3) ; Y27 B HUEL (3£ [E COIC A H], 5.
XDS-18 %) ; i 241 oA ( 3& [# Thermo Fisher 23 ] ,
45 : Attune CytPix) o

1.2 SREHE

1.2.1  #ysE SKIARE % ki Am R 4912 % S 2
oA B A BURS AR BRI 1:2:3 89 Bl
S [F] e e 2 HEK293T AP . 8 h 5 , e 1B 15 57
FEREFR . FHEYLIE (14 24 h Je 48 h i ] A 4R
R E W IR 0. 45 pm LA 1A 8 A 0 40 A 1
F o BEJ A 6 AR 4 (095 B2 VA VAL, (0K R T 2
AR 30 min, WM RN . 3 dJ5 @ BN
SRR 2R (MR B2 2 mg/L) HEAT U 16 , DA T 2K L 7
i o e 25 B Y B A Al MORE AR o B2, DA SKIT
mRNA 2K /K- R 8 2R 7K P AN i A 36 ik
SKIJE TR E 57 1 Ik MR

1.2.2  Western blot 25 {4554 10% £ 1R 11
R 1 A0 B v S A R B AR SR PIRIR G L 6
FLAREEFLANA 300 pLiZIR -G W , TR0 2545 T it
1730 min (Y2 . 25, kil K AR 2 10 min DR
WS EREAS 20 CHRMF MR, B, 16 10%
JE£ (9 SDS-PAGE J5& b s B IF: S i Hit ok S i 2 22 3
SERHL UK (B AR FLE A 1 h, BlJS 7E 4 CH 5
N F SKI, SMAD2, p-SMAD2, SMAD3, p-SMAD3 .
SMAD4 ,.GAPDH J FLAG —#i (1:2 000) 7 & 2 1%,
WG 20 3R PE TR . T, WX I — P A —
Pr(1:2 500)4RZLMF 1 h, PEG 3K, IFm A A &
HWIEAT A

1.2.3 % J& 3£ 3% & (co-inmunoprecipitation, Co-
IP) 7 S, i FH 40 i ) DR B 5 LR &8 7 RBE F1
QBCO39 R e AR AN ML T, IfFH & A 10% # 1 fig 1)
il 7 B9 W iR £ 22 v W (phosphate-buffered saline,
PBS) AT Uk BEJS , TEIX LA b i A 22
fift 2 W (5 A1 109% B BRI 590 ), OF e vk 1
H 30 min 7,4 “CAAF T, 14 000 r/min £5.0> 15 min,
I3 B B EWE W, T a3 /NS B R A
T 0 35 W 43, WA £ Protein A/G B s b
RIFEE 4 CRIFTARBEE . 25 TR
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PR 3R $EEE, ) TP il Tnput BF 5 A1 43 B0 AGE 2
AR EE BT AR 22 vhi (R RE A0 25 10% A0 2 1 i )
) & F K 3 10 min, 5, i WB
KGN b3 A b ) HARER F1

1.2.4 % B & & 2 & PCR (quantitative real-time
polymerase chain reaction, qPCR) % % W £E 4 g It
VE ST, AL TR UE Y RNA, JF 2060 B2 v D &
HOMR B . H:7 , BEHLS00 ng RNA FEA, [ Horpofm A
2 uL. MonScript™ RT I All-in-One Mix X5 , 15
JC RNase 7K 8% 2 g 24K F R 10 pL, DL AR IEA 735
B RN A cDNA . BEJS , LA cDNA M B A T
qPCR KT, BT A AF S R 5 | W0 1) SKTFEDN, IFLL Ac-
in fE NS I BT A REA B 3N A . SR 2
D5 AR A X ek i R FEA R Ab BEZE AT SKI
SER IR AL

1.2.5 CCK-8 ¥t am e WSE AN
Je AT EE 2 000 A0 AP 2 96 FLARIN , Ik
SE3HCPATS . TEANEEE SR IRIE IS 1.2.3 4.
5K, 4% CCK-8 ¥ AN JE ML 5 7 A 129 1 HL i
H CCK-8 IR, 17 B A AL A 100 pl AR &
Wi, 1.5 W FERERRAY 450 nm KT RS s ),
I % W ' BE (Absorbance, A) ., 2 il 21 ffd A= K i
1.2.6 Zmie-FAHsuE LN miadgss  Ha
MLTTHE , LEH 2 0004~ 4i ffa i Al , R 2RI 3 A
WL ZEFN /N LR ERIE B A R AT UL Y v R i), RS 4
IRBITUNACR . i ] 4% 2 58 W RS W TE 25 0 2 A
I EREAS 30 min, 35 PEJA FEH 0. 5% 45 ff 55 R
FEZ T G445 30 min 5, 38 28 40 B SR A5 R IF
Image) P40 T 180 1) 200 M e B i R AT e 20T
1.2.7 Transwell %34 40 fo 42 2 66 1 |56, A
FITC 355 35 7 B DLHR AN 24 h )5 K 5x10° 441 i
B AR T Transwell iE 8 /N3 N 5 5 G RIS, 76 /N2 Ab
MANA A MG R, B3R 24 h G  HohE
B o 1 4% 22 5 W [ 2 A0 0, 2R FH 0. 5% 445
ml SRV VR TE I R YL 30 min J5 L VE VR RIS
B Bon a8 B 5O0 WA REY L IR A
RS F01 B 20 L B A 2 A DL R R Ge i ie %
i) OERESREN 56

1.2.8 mjath v & & 5%k e i 542 & At
1 BRI DINE , 1. 51074 i F A . 4
241 0 78 2 2R BA B 90% B, 7 22 4 L fik
T RS IR S R il — Ak HE A, 2
J&7  PBS B2 P e L BRANPAE Ry, Ak S RE 5 . e



r [ %71 Y

M EAKFFIR Acta Universitatis Medicinalis Anhui - 2026 Feb;61(2) « 241 -

15 11 )5 AT RE 20 (B O h) K 24 h s i 1 62k B i
BEBEHLE BOFFAEE G 0 X B B . 38 JH Image)
BT EEAS TR s [R]85 R 0 D A I O, A i i
1.2.9 EdUAenlmiadgss  SEMMDIE, L
1 Sx10° /N 4R b, 55 9% 12 he 205, FE AL
AT pL 5-Z B k-2 - [ AR 11 (EAU) T AR , 4k
SEWEE 1.5 he WAEANM, 1) s i Je oK BB, 7R
R AAF T FE 1S min 850 400, B 5 4] PBS 1
VE2UR o T 0. 3% I G e 038 3B W, 76 % B
20 min, PBSYHUE2KJE , LA 500 pL Click 2 )i
TRAW, 7R H 2R A FA5E T # & E 30 min,
F PBS ¥E¥ 2 ¥ o T 2 uL Hoechst 33342 7% 41 jity
Peta W, 76 % I HORE A R ##E 10 min, FRIRH
PBSYETE 2K 38 1 i 2 4 AL A A e T4k 4 e 44
FAE L

1.2.10 AX @ RK&n mie B8 BRI
VE, BEH 1. 5x10° /41 BB A, 15 9% 24 h e, IAE 4
Jd , fifi F 300 ul. PBS T4 , % K HL 22 12 7% A 700
uL T e K 2B, 20 “C4F T B E % . 58
B 2 P R, PBS Wk 2 K, 765 A 20 pg/mL A% W
IR TG A 5 40 pg/mL WLAL P BE 9 500 pl. PBS ¥ W
Hh BT BT AR A IO VE Y, 7 T ELRE SRR T
15 mino e, 38 25 30 X 20 A4S R I e 4 e S 30 43
1.2.11 AX @ Ribnmpes s BT
TE, HEHC 1. 5x10° > A L4l Al , 15 9% 24 h s, 7RG
SRRV LI | ul 1O, I8, IR fil i
24 h, WCAEARREEEAS, TS () PBS 28 i 1k , 4%
J o A A E A T 100 L 5 A 5 2 19 22 i (B 1%
Binding Buffer) 7. 4235, [n] 40 ML B W TH A5 pL
Annexin V-FITC 5 10 pL il fbL N BE , IR R0 &
J&  FE R FREIAEE TR E 15 mine SEHUIE R,
P RE S HROIA 400 L 558 85 5 T IR .
Jei 20 g X SR e A A9 4 L ) 24 e
AR

1.3 EREXMEST AW NEEFRIEE L
7+ M1 2 (gene expression profiling interactive analy-
sis2, GEPIA2) V-5 T #3k1% T 2k A TCGA 1 GTEx
T A 31 s 4 20 B g 55 41 211 RNA-seq 3R 155K
P, I LU B T SKTEE P AE I Jed A 5 A Iy A A (1)
FIRIKT- I 25 51

1.4 SZitERE AP ASI RS
il 21 1i F§ GraphPad Prism 9 {8 58 1, H Fr A 5256
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Piphsr A 3. A it B (I IE S 0 A ELAE
AR/ ) B L ¢ K B HEAT SR T B B S S
B 2H Z [B) Y 22 7 B E I 5 M, P<0. 05 22 R A 4
38

2 HR

2.1 SKIEBRERALTERIEBEESMPES
RET AW T Ok A GEPIA2 A5 s 9 I, 1%
AT TCGA 5 GTEx K3 H (19 RNA I ¥ 15
BT 31 FEAE KW R IE RS BT IR
P4, A 5T X SKIAE Z F0 9 th mRNA /) 3 357K
FHEAT T A Ml . 455 BoR , #E CHOL Y i b, 41
BT B IF AR AS | SKIJE R 5% S P2y 1) £ i W 2%
HOME 1A) o BEAh, SKIFE B 6 e o B 40 it g
G 05 2% 0 g o 9 45 11 o e v 1) At B i T
JEH 2 (K 1B) . Human Protein Atlas Z03E 18 104k
P 7R, 7E CHOL H SKI 4 25 7K B I 8 5 7 1E
WHFALZU(E 1C) o 38 2 A5 16 COSMIC #4is 4 % B
SKITE 22 % Mg v 34 e A2 22 A48 JH v JHF R AH G I 98
SKI W 2878 %k =3 k1 3.12% (K 1D) o 78 Jir A5 2 A%
H, C>T(35. 12%) Fl G>A(26. 76% ) 7588 o i) 58 48
% (K 1E) . % LArid, SKIfE CHOL % Z F i &
Hh R I R AR

2.2 SKIRERERRTREKRNEE #Eil12
o EE LR, LAARAS SKI KL IR i ik I Hige A
1 QBC939 #1 RBE 4 it & . M X # 20 (pLV-3x
Flag) . i:f 3% 35 W A= 1 J 28 45 Y SKT Y 52 56 41 (pLV -
SKI-WT 5 pLV-SKI-Mut 539C > T) 43 5l $2 B T
RNA FIEE 5, P47 T qPCR 4387 AT WB AS I, e 56
UE SKI 1) if 238 MR ARG . 45 R Wos A T2
FIXF B2, SKT 3 2635 40 7F mRNA Fl 8 i ik /K
I F AT (1 4,=3. 127.2. 935, 1,1, =3. 090 ..3. 802,
1 P<0. 05) ; SKI 577 20 mRNA 14K [ Rk K5
T SKI it 2 1K (14, =4. 858, 3. 136, 1,50,= 3. 004,
3.507, ¥ P<0.05) o [F)#F 4, o D\ XF 2
(shNC) L K& Wi A~ A 7] 9 SKT @ A% 41 (shSKI-#1
shSKI-#4) /1 43 Bt AH B 9 RNA F1 8 (1, I 38 1
qPCR AR F1WB Kl SKI 635 7K F- 19254k #iA
SKI'J& , WAL 3] T B 8 19 T B 3 (14, =3. 996,
7.803. 2.898. 3.401, 1,.,,=3. 444, 3.082, 2.911,
3.253, ¥ P<0.05) . Hdhi R WL AL 2 SKIFS € 5
W F Ik K A5 i QBC939 HI RBE 20 ik, WLIAI 2.
2.3 SKIRZE VB ER i PEE = 4 A pY 1 JE sk
71 CCK-8 .EdU 8 A 7 FUZ0 B V- B v 9 52 560 245
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Expression of SK7 in CHOL
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Fig. 1 Expression levels of SKT in tumor tissues and normal tissues

A: The expression of SKI in cholangio carcinoma tissuesand adjacent non-tumor nasobiliarytissues from TCGA-CHOL was analyzed using GEPIA

database; B:The expression of SKI mRNA in the tumor tissues and adjacent non-tumor tissues of 31 types of cancer from TCGA in GEPIA platform; C:

Representative immunohistochemical images of SKI in cholangio carcinoma and normal nasobiliary tissues (Human Protein Atlas Database) x40; D, E:
The mutation of SKI in COSMIC; ACC: Adrenocortical carcinoma; BLCA : Bladder urothelial carcinoma; BRCA : Breast invasive carcinoma; CESC:

Cervical squamous cell carcinoma; CHOL: Cholangio carcinoma; COAD: Colon adenocarcinoma; DLBC: Diffuse large B-cell lymphoma; ESCA:

Esophageal carcinoma; GBM: Glioblastoma multiforme; HNSC: Head and neck squamous cell carcinoma; KICH: Kidney chromophobe; KIRC: Kid-

ney renal clear cell carcinoma; KIRP: Kidney renal papillary cell carcinoma; LAML: Acute myeloid leukemia; LGG: Brain lower grade glioma;

LIHC: Liver hepatocellular carcinoma; LUAD: Lung adenocarcinoma; LUSC: Lung squamous cell carcinoma; OV: Ovarian serous cystadenocarci-

noma; PAAD: Pancreatic adenocarcinoma; PCPG: Pheochromocytoma/paraganglioma; PRAD: Prostate adenocarcinoma; READ: Rectum adenocarci-

noma; SARC: Sarcoma; SKCM: Skin cutaneous melanoma; STAD: Stomach adenocarcinoma; TGCT: Testicular germ cell tumors; THCA: Thyroid

carcinoma; THYM: Thymoma; UCEC: Uterine corpus endometrial carcinoma; UCS: Uterine carcinosarcoma; "P<0. 05 vs Normal group.

WY, SKI LA 1 635 i #1558 T QBC939 A1 RBE
P4 M &R B9 38 58 36 PE (100=2. 900, 2. 966, 1,,,=
3.239,3.723,1,,,=4. 714, 4.839; ¥ P<0.05) , H
SKI K& R 575 e 90t 1) {2 38 5 A0OR 58 T SKIT 5L Al ik
FIR M (1o 5=2. 905.3. 555, 1,,=3. 721 .5.294 ,1,,,,. =
4.927.3.625; 3] P<0.05) . Az , 24 SKI & K 8% il
RGBS, 33 R P 2 B 3 BE g 0 0 T T B (=
3.406. 3.716. 2.756. 2.637, t,,=2.952. 3.865.
3.194.6.691,1,,,=4.822.10.230.10. 730, 11. 620;
¥1P<0.05), WK 3, FrLL SKIFE N i ik 5 i & e
AR AS? I8 200 L R A 2 A T HG 5 A I 0k RS s 40 i
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SKI R, QBC939 F1 RBE 4 il (1) i T~ 7K - i & 44
hn(1=4.487.5.897.3.712.7. 518, #] P<0.05) , UL
& 4B,

2.5 SKI R W] R E % i BB E & 40 A 09 20 B JB) 2
B WAL R BoR, SXTIEAAR L, SKT it
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Fig. 2 Identification of the effects of SKI abnormal expression and mutation in QBC939 and RBE cells

A: The protein levels of SKI in the overexpression, mutation and knockdown groups of QBC939 and RBE cells were detected by WB; B: The

mRNA expression levels of SKI in the overexpression, mutation and knockdown groups of QBC939 and RBE cells were detected by qPCR; "P<0. 05 vs
pLV-3xFlag group; *P<0. 05, #P<0. 01 vs pLV-SKI-WT group; P<0. 05, *¥P<0. 01 vs shNC group.

FIR I MR AR G, B B %) 40 G L 3] B S T B
(t=15.240.2. 892,34 P<0. 05) , [a] i+ S H 41 it %) 1 9]
& T (1=2. 906 . 4. 564, ¥4 P<0. 05) ; H7F SKI %
Az rh G, 1 (1=8. 669 . 2. 772, ¥ P<0.05) F1 S #H (1=
4.145 3. 548,31 P<0. 01) 4 jg Lo 451 () A8 fh 5 ik 3k
HHE R B FRIR A TN AE 2 G, ISk 2= AR A 12
F(P>0.05). WLEISA. AHI, SKIAR)E , IHAS 9
9 M b G, )20 A Y B B 3 3 O (6=3. 241,
13.760.3. 728 .4. 335, ) P<0. 05) , S 17 41 its %% H
W (1=2.516.3.029.3. 706.6. 708, 3] P<0. 05) , {H
RBE 41 it G, 3 () 4 i 45 s A4 n 1, ml B2 S g
b 20 MR SN 4 R 30T 40 M G, L) b e=
3.370.4.321,#) P<0.05) , 5 WA . WK 5B,
DL 25 R4, SKI ik 33K J5 b 35 4 1 IR/ s 240
() G, AT S W E AR , T 28 A8 J5 X5 G, Al S HA i i 1) 1 i
VE R E— 20 1458 SKT AR5 , RS s 4 M i G, Fil S
DR U

2.6 SKIRTRAIRERHFBEEEMARNTIHEE
71 Transwell 2 g 1T 7% 552 56 55 40 i 3 1 52 45 45
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SR 50 B L, SKT L PR i 6308 I RS 9 400 it 3
QBC939 il RBE 19 if #% B& J1 ¥ I (2y,,.,0=4- 724
7.99, bypuni et =3+ 041.3. 219334 P<0. 05) 5 Hid ik
SKIAH ., SKI 5878 J& Yo 1R/ 98 240 e i 7% ) 412 2R
B (a=4. 744 3. 107, Ly =3+ 137
3.652; 31 P<0.05) . UK 6A.6C. HHIZ , SKI m Ik
Je, NEAS 9 4 L 3R 1Y) 3 7% e 0 BRI (24,4,0,0=3- 308
4.425, 3.465. 6.889, Iyipum, =3-878. 3.922,
2.906.5.305; ] P<0.05) . WLI&I 6B.6D. Zf I i
I, SKI AR #F A4S ¥ 4 R Y 3 7%, 1T SKT 98 A8 R IR
— PP T B AR A R AR S, A IR R A0 M b R PR BUE
YEHLS

2.7 SKIRZi@ 3% TGF-p/SMAD4 5 S 18 B
RERBEEREKIIEE i Western blot L5, AW
FEFE QBC939 5 RBE 4l il 2 435 1 SKT 5 K 58
¢ ik Jo % 78 %F SMAD2, SMAD3, p-SMAD2, p-
SMAD3 L) Jz SMAD4 & [ Bt /K ~F- 52 o 45 2%
N, SR H, SKT i Rk R A KK
SMAD2 ,SMAD3 ,SMAD4 ) 5 [ 3 15 7K - A A4S i 5]
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Fig. 3 The impact of SKT abnormal expression and mutation on the proliferation ability of cholangiocarcinoma cells
A': The proliferation ability of the SKI overexpression, mutation and knockdown groups in QBC939 and RBE cells was detected by the CCK-8 assay;
B: The proliferation ability of the SKI overexpression, mutation and knockdown groups in QBC939 and RBE cells was detected by the EdU assay; C: The
proliferation ability of the SKI overexpression, mutation, and knockdown groups in QBC939 and RBE cells was detected by the cell colony formation assay
x40; "P<0. 05, ""P<0. 01 vs pLV-3xFlag group; *P<0. 05, *#P<0. 01 vs pLV-SKI-WT group; “P<0. 05, ““P<0. 01, **“P<0. 001 vs shNC group.
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Fig. 4 The impact of SKI abnormal expression and mutation on theapoptosisability of cholangiocarcinoma cells

A: The apoptosis ability of the SKI overexpression and mutation groups in QBC939 and RBE cells was analyzed by flow cytometry; B: The apopto-
sis ability of the SKI knockdown groups in QBC939 and RBE cells was analyzed by flow cytometry; “P<0. 05, ~“P<0. 01 vs pLV-3xFlag group; "P<0. 05,

#P<0. 01 vs pLV-SKI-WT group; “P<0. 05, **P<0. 01 vs shNC group.
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Fig. 5 The impact of SKI abnormal expression and mutation on the cell cycle of cholangiocarcinoma cells
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A': The cell cycle of the SKI overexpression and mutation groups in QBC939 and RBE cells was analyzed by flow cytometry; B: The cell cycle of the

SKI knockdown groups in QBC939 and RBE cells was analyzed by flow cytometry; "P<0. 05,

"P<0.01, "P<0.001 »s pLV-3xFlag group; *P<0. 05,

#p<0. 01, ™P<0.001 vs pLV-SKI-WT group; $p<0. 05, ¥¥P<0. 01, *¥P<0. 001 vs shNC group.
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Fig. 6 The impact of SKI abnormal expression and mutation on the migration of cholangiocarcinoma cells x40
A, C: The migration abilities of the SKI overexpression and mutation groups in QBC939 and RBE cells were detected by Transwell assay and wound
healing assay; B, D: The migration abilities of the SKI knockdown groups in QBC939 and RBE cells were detected by Transwell assay and wound heal-
ing assay; P<0.05, “P<0. 01 vs pLV-3xFlag group; "P<0. 05, *P<0. 01 vs pLV-SKI-WT group; “P<0. 05, *“P<0. 01 vs shNC group.
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Functional and mechanistic study of proto-oncogene SKI mutations

in promoting cholangiocarcinoma cells tumorigenesis
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(" School of Life Sciences , Anhui Medical University , Hefei 230032; * Academy of Military Sciences ,
Academy of Military Medical Sciences , Beijing 100850; * Medical College, Guizhou University, Guiyang 550025)

Abstract
characteristics of cholangiocarcinoma cell lines QBC939 and RBE, and to explore the underlying molecular mecha-
nisms. Methods

SKI expression and its clinical relevance in cholangiocarcinoma patients. Lentiviral transduction was employed to

Objective To investigate the impact of aberrant SKI expression and its mutations on the biological
The Gene Expression Profiling Interactive Analysis 2 (GEPIA2) database was utilized to analyze
establish QBC939 and RBE cell lines with stable SKI overexpression, mutation, or knockdown. Cell proliferation

was assessed using CCK-8, colony formation, and EdU assays. Apoptosis and cell cycle distribution were analyzed

by flow cytometry. Cell migration was evaluated using Transwell and wound healing assays. The effect of SKI over-
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expression, mutation, or knockdown on key proteins (SMAD2, SMAD3, SMAD4) in the transforming growth fac-
tor-B (TGF-B)/Small mothers against decapentaplegic (SMAD) signaling pathway was examined by Western blot.
Results Compared to SKI overexpression alone, the introduction of SKI mutations significantly promoted S-phase
progression, enhanced proliferation and migration, and inhibited apoptosis. Mechanistically, SKI mutations sup-
pressed the phosphorylation of SMAD2 and SMAD3 proteins, thereby inhibiting the transcriptional activity of the
TGF-B signaling pathway. Conversely, SKI knockedown produced the opposite effects. Conclusion  SKI gene mu-
tation acts as a gain-of-function genetic alteration, exerting an oncogenic role in cholangiocarcinoma cells. The pri-
mary mechanism involves the inhibition of the TGF-B/SMAD signaling pathway, which in turn promotes prolifera-
tion and cell cycle progression, and suppresses apoptosis in QBC939 and RBE cells, ultimately driving tumor pro-
gression.
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