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(2A) Puro-SKI-Mut (539C > T) F1 %} B 25 {& pLV-3x
Flag-mCherry (2A) Puro, T4t RNA (shRNA) 42 4f H
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mothers against decapentaplegic homolog, SMAD2)2 .,
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SMAD, p-SMAD)2 . p-SMAD3 i1 - 3- 1 1% i St
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B (& TA) o BEAh, SKIFEE A5 I8 e R 41 iR
AV 2% 0 2 B 98 A5 11 o g v i ekt B 2 S T
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3.996. 7.803. 2. 898, 3.401, 1,,,,=3. 444, 3.082,
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Expression of SKI in CHOL
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Fig. 1 Expression levels of SKI 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; LUSC: Lung squamous cell carcinoma; OV: Ovarian serous cystadenocarcinoma; PAAD: Pancreatic adenocar-

cinoma; PCPG: Pheochromocytoma/paraganglioma; PRAD: Prostate adenocarcinoma; READ: Rectum adenocarcinoma; 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
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DL 4B,
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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 SK/ in the overexpression, mutation and knockdown groups of QBC939 and RBE cells were detected by qRT-PCR; *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.
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F(P>0.05). WLIEISA. AHR, SKI @R )5 , IHAE 5
90 M b G, 1040 Y B B W E O (=3. 241,
13.760.3. 728 .4. 335, 44 P<0. 05) , S W i 4 o %% H
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3.922.2.906.5.305;44 P<0.05), WLIK6B.6D, %
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Fig. 3 The impact of SKI abnormal expression and mutation on the proliferation ability of cholangiocarcinoma cells x40

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; 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

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 vs pLV-3xFlag group; *P<0. 05,
#p<0. 01, " P<0.001 vs pLV-SKI-WT group; &p<0. 05, ¥¥P<0. 01, ¥¥¢pP<0. 001 »s 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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Objective To investigate the impact of aberrant SKI expression and its mutations on the biological char-

acteristics of cholangiocarcinoma cell lines QBC939 and RBE, and to explore the underlying molecular mecha-

nisms. Methods

The Gene Expression Profiling Interactive Analysis 2 (GEPIA2) database was utilized to analyze

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

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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