SIK2 drives cisplatin chemoresistance in BRAF-wild-type anaplastic thyroid cancer by phosphorylating AURKB to activate RAD51-dependent homologous recombination
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Supplementary Figure
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Figure S1. SIK2 is upregulated in BRAF-wild-type ATC and promotes tumor cell proliferation
(A) Immunoblot analysis of SIK2 expression in cisplatin-sensitive and cisplatin-resistant ATC samples.
(B) Immunoblot analysis of SIK2 expression in paired normal (N) and tumor (T) tissues from ATC patients.
(C) Representative immunohistochemical staining of SIK2 in paracancerous and tumor tissues.
(D) Quantitative RT–PCR analysis of SIK2 mRNA expression in normal versus tumor tissues.
(E) Quantitative RT–PCR analysis of SIK2 mRNA expression in ATC samples without (M0) or with distant metastasis (M1).
(F) Immunoblot validation of SIK2 knockdown in ACT-1 and CAL-62 cells.
(G) Cell viability assays following SIK2 knockdown in ACT-1 and CAL-62 cells.
(H) Colony formation assays in ACT-1 and CAL-62 cells following SIK2 knockdown.
(I) Quantification of colony numbers in ACT-1 and CAL-62 cells following SIK2 knockdown.
(J) Immunoblot analysis of wild-type SIK2 and kinase-inactive mutant SIK2 (SIK2-TA) expression.
(K) Cell viability assays in SIK2 knockdown ACT-1 and CAL-62 cells overexpressing empty vector (EV), wild-type SIK2 (SIK2-WT), or kinase-inactive SIK2 (SIK2-TA).
(L) Representative images of colony formation assays in SIK2 knockdown ACT-1 and CAL-62 cells overexpressing EV, SIK2-WT, or SIK2-TA.
(M) Quantification of colony numbers in SIK2 knockdown ACT-1 and CAL-62 cells overexpressing EV, SIK2-WT, or SIK2-TA. 
(N-O) Paclitaxel dose–response curves and IC₅₀ values in ACT-1 (N) and CAL-62 (O) cells expressing control or SIK2 shRNAs.
(P-Q) Paclitaxel dose–response curves and IC₅₀ values in ACT-1 (P) and CAL-62 (Q) cells expressing empty vector (EV), wild-type SIK2 (WT), or kinase-inactive SIK2 (TA). Data are presented as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.



[image: ]Figure S2. SIK2 directly interacts with AURKB.
(A) Exogenous co-immunoprecipitation (HA-IP) assays in HEK-293T cells expressing HA-SIK2 and HA-AURKB, showing a physical interaction between SIK2 and AURKB.
(B) Exogenous GST pull-down assays in HEK-293T cells expressing HA-SIK2 and GST-AURKB, further confirming the interaction between SIK2 and AURKB.
(C) In vitro binding assay demonstrating a direct interaction between purified GST-SIK2 protein and AURKB.
(D) Molecular docking analysis illustrating the predicted interaction interface between SIK2 and AURKB, supporting a direct physical association at the structural level.



[image: ]Figure S3. AURKB Thr73 phosphorylation promotes proliferation of ATC cells.
(A) Immunoblot analysis of pAURKB-T73 and total AURKB expression in ACT-1 and CAL-62 cells overexpressing EV, AURKB-WT, T73A, or T73E.
(B) CCK-8 assays showing relative cell viability in ACT-1 and CAL-62 cells expressing the indicated constructs.
(C) Representative colony formation assays in ACT-1 and CAL-62 cells expressing the indicated constructs.
(D) Quantification of colony numbers from (C). 
(E) Representative EdU incorporation assays in ACT-1 cells expressing EV, AURKB-WT, T73A, or T73E. Scale bar, 200 μm.
Data are presented as mean ± SD. **P < 0.01, ***P < 0.001.
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Figure S4. SIK2 overexpression attenuates DNA damage and enhances homologous recombination
(A) Time-course immunoblot analysis of γH2AX in ACT-1 cells expressing EV or HA-SIK2 following cisplatin treatment.
(B) Immunofluorescence staining of γH2AX in ACT-1 cells expressing EV or HA-SIK2 after cisplatin exposure.
(C) Representative comet assay images of ACT-1 cells expressing EV or HA-SIK2 treated with DMSO or cisplatin.
(D) Quantification of comet tail moment in (C).
(E) Quantification of homologous recombination efficiency measured by DR-GFP reporter assay in ACT-1 cells expressing EV or HA-SIK2.
Data are presented as mean ± SD. ***P < 0.001, ****P < 0.0001.



[image: ]Figure S5. SIK2 positively regulates RAD51 protein stability
(A) Immunoblot analysis of RAD51 expression in ACT-1 and CAL-62 cells following SIK2 knockdown.
(B) Immunoblot analysis of RAD51 expression in ACT-1 and CAL-62 cells upon SIK2 overexpression or 300nM 300nM treatment.
(C) CHX chase assays showing RAD51 protein stability in ACT-1 cells overexpressing SIK2.
(D) Quantification of RAD51 protein half-life from (C).
(E) CHX chase assays showing RAD51 protein stability in ACT-1 cells treated with 300nM ARN-3236.
(F) Quantification of RAD51 protein half-life from (E).
(G) Ni-NTA pull-down assays showing reduced RAD51 ubiquitination upon SIK2 overexpression in HEK-293T cells.
(H) Immunoprecipitation analysis of RAD51 ubiquitination in ACT-1 cells overexpressing SIK2. Data are presented as mean ± SD. ***P < 0.001.
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Figure S6. RAD51 is required for AURKB-T73E–mediated DNA repair and cisplatin resistance
(A) Immunofluorescence staining of γH2AX in ACT-1 cells expressing EV+Scr, AURKB-TE+Scr, or AURKB-TE+shRAD51 following cisplatin treatment.
(B) Immunoblot analysis of γH2AX, RAD51, and HA-AURKB expression under the indicated conditions.
(C) Comet assays assessing DNA strand breaks in ACT-1 cells expressing EV+Scr, AURKB-TE+Scr, or AURKB-TE+shRAD51 after cisplatin exposure.
(D) Quantification of comet tail moments from (C).
(E) DR-GFP reporter assays measuring homologous recombination (HR) efficiency under the indicated conditions.
(F-G) Cisplatin dose–response curves and IC₅₀ values in ACT-1 (F) and CAL-62 (G) cells expressing EV+Scr, AURKB-TE+Scr, or AURKB-TE+shRAD51. Data are presented as mean ± SD. ***P < 0.001, ****P < 0.0001.
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Figure S7. In vivo safety and on-target inhibition of the ARN-3236 and cisplatin combination treatment
(A) Representative H&E staining of major organs (heart, lung, spleen, kidney, and liver) from mice treated with DMSO, cisplatin (CDDP), ARN-3236, or the combination.
(B) Representative IHC staining of pAURKB, RAD51, and Ki67 in xenograft tumors from the indicated treatment groups. 
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