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Supplementary Fig. 1 The response of human cancer cell lines to olaparib.  

Dose-response curves after treatment with olaparib as indicated for 7 days. Six human prostate 

cancer (PCa) cell lines (LNCaP, C4-2B, MDAPCa2b, 22Rv1 DU145 and PC-3) and one 

BRCA1-null human ovarian cancer cell line UWB1.289 (UWB1) were used. Data are presented 

as mean  SD (n = 3 biologically independent experiments). 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Fig. 2 The quality control measurements of CRISPR screens in four PCa 

cell lines.  

a, Read counts of mapped and unmapped sgRNAs, number of missing sgRNAs, Gini index 

which is the measurement of read evenness within samples, and principal component analysis 

in each cell line are shown.  



b, Violin plots indicating the distribution of -scores in each screen. Solid lines and boxes inside 

violin indicate median and interquartile range (IQR), respectively. Whiskers inside violin indicate 

the range of 1.5 x IQR. N = 18415 targeted genes in the CRISPR library.  

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Fig. 3 Gene Ontology (GO) analysis of unique genes identified in each 

CRISPR screen after exclusion of common hits.  

Top GO terms enriched in unique negatively selected genes in each cell line after exclusion of 

common hits (upper panel: LNCaP, n = 167; C4-2B, n = 195; 22Rv1, n = 129; DU145, n = 180). 

Top GO terms enriched in unique positively selected genes in each cell line after exclusion of 

common hits (lower panel: LNCaP, n = 211; C4-2B, n = 192; 22Rv1, n = 272; DU145, n = 236). 

N represents number of identified genes in each cell line.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Fig. 4 BRCA1, BRCA2, and PALB2 function as fitness genes.  

Reads counts of BRCA1, BRCA2, and PALB2 sgRNAs from CRISPR screen samples on day 0 

and day 28 with DMSO or olaparib treatment in four cell lines (LNCaP, C4-2B, 22Rv1, and 

DU145). The relative read count on day 0 is defined as 100.  

 

  



 

 

Supplementary Fig. 5 Validation of gene knockout (KO).  

a, Immunoblot analyses of the protein level of each gene as indicated after CRISPR/Cas9 KO in 

C4-2B cells. ACTB (-actin) is a loading control. At least two sgRNAs were used for each gene. 

b, Dose-response curves after treatment with olaparib for AAVS1 control, HELLS-KO, and 

WDR76-KO 22Rv1 and DU145 cell clones. Immunoblot analysis of the HELLS and WDR76 

protein levels in AAVS1 control, HELLS-KO, and WDR76-KO cell clones are shown. Two KO 

cell clones (cl) were selected for each cell viability experiment as indicated. Data are presented 

as mean  SD (n = 3 biologically independent experiments). The p-values were determined by 

comparing two gene-specific KO cell clones to a control AAVS1 cell clone using two-way 

ANOVA.  

 

 

  



 

 

 

 

Supplementary Fig. 6 Flow cytometry gating strategy.  

Gating approach and representative image of cell cycle analysis by flow cytometry are shown. 

Prostate cancer cells were labelled using Click-iTTM EdU Flow Cytometry Kit. Population of each 

cell cycle phase was analyzed using FlowJo Software (Vestion10.7.1).     



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Fig. 7 HRDetect scores in prostate tumors with BRCA and/or MMS22L 

alterations.  

Ranked HRDetect scores (upper panel) in prostate tumors with BRCA and/or MMS22L genomic 

alterations as indicated. Comparison of HRDetect scores (lower panel) between five patient 

groups classified based BRCA and MMS22L status (n = 196, 48, 11, 3, and 9 tumor samples in 

each group, respectively). HRDetect score is calculated using whole-genome sequencing data 

with HRDetect algorithm 1-3. Data are presented as boxplot indicating median, 25th-75th 

percentile (box) and minimum and maximum values (whiskers). The p-values were determined 

using unpaired two-sided t-test. 



 

 

 

 

 

 

 

 

 

 

Supplementary Fig. 8 p53 protein expression in PCa cell lines.  

Immunoblot analysis of endogenous p53 protein expression in PCa cell lines as indicated. 

ACTB (-actin) is a loading control.  

 

  



 

 

 

 

 

 

 

Supplementary Fig. 9 Knockdown of TP53 expression reduces olaparib sensitivity and 

increases DNA damage in MMS22L-KO cells.  

a, Dose-response curves after treatment with olaparib as indicated for 7 days in MMS22L-KO 

C4-2B cells transfected with siRNA against TP53 or negative control (NC). Two MMS22L-KO 

cell lines (sg1 and sg2) were used. The p-values were determined by comparing siTP53 to siNC 

in each MMS22L-KO cell line using two-way ANOVA. Data are presented as mean  SD (n = 3 

biologically independent experiments). Immunoblot analysis showing p53 knockdown efficiency.  

b, Representative images (left panel) and quantification (right panel) of γ-H2AX foci in MMS22L-

KO C4-2B cells transfected with siTP53 or siNC after treatment with olaparib (3 M) for 24 h. 

More than 100 cells were analyzed per condition. Solid lines inside the violin indicate the 

median. The experiment was repeated independently twice with similar results. Scale bar = 5 

m.   

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Fig. 10 AR restoration does not impact olaparib response in AR-negative 

PC-3 cells.  

a, AR-negative (PC-3-GFP) and AR-expressing (PC-3-AR) PC-3 cell lines were generated by 

stably infected viruses containing GFP or AR gene. The AR expression level was determined by 

immunoblot in both cell lines. MMS22L knockdown was confirmed in cells transfected with 

siRNA against MMS22L (#1 and #2) or negative control (NC) for 2 days.  

b, Dose-response curves after treatment with olaparib as indicated for 5 days in PC-3-GFP and 

PC-3-AR cells transfected with siMMS22L or siNC. Data are presented as mean  SD (n = 3 

biologically independent experiments).  

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Fig. 11 DNAscope in situ hybridazation on PCa tissue microarray (TMA). 

Six representative MMS22L DNAscope images from MMS22L wild-type (WT, #104 & #103), 

heterozygous deletion (Hetero, #62 & #54), and homozygous deletion (Homo, #14 & #18) cases 

are presented. Red signals (red arrow) indicate a probe targeting the MMS22L gene on 

chromosome 6q. Blue signals (blue arrow) indicate a chromosome enumeration control probe 

targeting the centromeric region of chromosome 6p (CEP6p). The number of red and blue dots 

were counted, and the ratio of red/blue was calculated. WT, red/blue  0.5; Hetero deletion, 

red/blue between 0.1-0.5; Homo deletion, red/blue  0.1. Scale bar = 20m. 

  



 

 

 

 

 

 

 

 

 

Supplementary Fig. 12 PPP2R2A genomic alterations in PCa.  

Frequency of PPP2R2A mutation and homozygous (Homo) deletion in the TCGA (Firehose 

Legacy) and SU2C/PCF cohorts 4,5. 

 

 

 

 

  



 

 

 

Supplementary Fig. 13 p53- and E2F7-mediated gene regulation in PCa cells.  

a, Genome browser view of p53 ChIP-seq signals at the E2F7 promoter in the indicated cell 

lines. The ChIP-seq data were obtained from publicly available datasets as indicated 6-13. All 

data were obtained from ChIP-Atlas (http://chip-atlas.org) 14. Red arrows indicate the genomic 

region used for ChIP-qPCR validation in Fig. 7d.  

b, Immunoblot analysis of p53 in C4-2B cells after treatment with MDM2 inhibitor (MDM2i) nutlin 

as indicated.  

c, p53 ChIP-qPCR was performed at the E2F7 promoter region in C4-2B cells after treatment 

with nutlin (1 M) or vehicle for 24 h. p53 occupancy was significantly increased at the E2F7 

promoter after MDM2 inhibition. Data are presented as mean  SD of two independent 

experiments.  

d, Cell viability after treatment with olaparib (5 M) in the presence or absence of nutlin (1 M) 

in CHEK2-KO C4-2B cells. Data are presented as mean  SD (n = 3 biologically independent 

experiments). The p-value was determined using unpaired two-sided t-test.  

e, Genome browser view of E2F7 ChIP-seq signals at the promote regions of BRCA1, BRCA2, 

and RAD51 genes in the indicated cell lines. The ChIP-seq data were obtained from publicly 

available datasets as indicated 15-17. All data were obtained from ChIP-Atlas (http://chip-

atlas.org) 14. Red arrows indicate the genomic region used for ChIP-qPCR validation in Fig. 7f.  



 

 

 

 

 

 

 

 

 

 

 

Supplementary Fig. 14 Loss of CHEK2/TP53 has no effect on PCa cell cycle and growth. 

a, Cell cycle analysis in AAVS1 control, CHEK2-KO, and TP53-KO C4-2B cells after treatment 

with DMSO or olaparib (5 M) for 72 hours.  

b, Cell viability of AAVS1 control, CHEK2-KO, and TP53-KO C4-2B cells under regular cell 

culture condition for 5 days. Data are presented as mean  SD (n = 3 biologically independent 

experiments).  

 

 

  



 

 

 

 

 

 

 

 

 

Supplementary Fig. 15 Loss of TP53 increases HRR gene expression.  

Immunoblot analysis of the indicated proteins in AAVS1 control and TP53-KO C4-2B cells after 

treatment with olaparib (1 M) or vehicle for 72h. The protein levels of BRCA1, BRCA2, and 

RAD51 are decreased after olaparib treatment in TP53-intact AAVS1 control cells but remained 

at a high level in TP53-KO cells. The integrated optical density (IOD) values of the indicated 

proteins normalized by ACTB IOD are shown.  

  



 

 

 

 

 

 

 

 

 

Supplementary Fig. 16 Knockdown of E2F7 has no effect on PCa cell growth.   

Immunoblot analyses (left panel) of the E2F7 protein levels in C4-2B and 22Rv1 cells after 

transfection with siRNAs against E2F7 (#1 or #2) or negative control for 2 days. Cell viability 

(right panel) of C4-2B and 22Rv1 cells after transfection with siRNAs as indicated for 5 days. 

Data are presented as mean  SD (n = 3 biologically independent experiments).  

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Fig. 17 Loss of CHEK2 enhances HRR capacity.  

a. Representative images (left panel) showing double immunofluorescence staining of 

concurrent RAD51 (green) and γ-H2AX (red) foci in AAVS1 control and CHEK2-KO C4-2B and 

22Rv1 cells after treatment with olaparib (7 M for C4-2B and 10 M for 22Rv1) for 24 h. 

Quantification of the ratio of RAD51/γ-H2AX foci (right panel). Dots indicate each replicate with 

more than 100 cells analyzed. Data are presented as mean  SD of three biologically 

independent experiments. The p-values were determined using unpaired two-sided t-test. Scale 

bar = 5 m.  

b, Cell viability of TP53-KO C4-2B cells transfected with siRNAs (#1, #2, or #3) against BRCA2 

or negative control. Cells were treated with olaparib (1 M) for 7 days. Data are presented as 

mean  SD (n = 3 biologically independent experiments). The p-value was determined using 

unpaired two-sided t-test. 



 

 

 

 

 

 

 

 

Supplementary Fig. 18 Olaparib treatment induces ATR activity.  

Immunoblot analyses of p-CHK1 and total CHK1 in AAVS1 control and CHEK2-KO C4-2B and 

22Rv1 cells after olaparib treatment as indicated. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Fig. 19 Combination treatment with olaparib and M6620 in AAVS1 control 

and CHEK2-KO xenograft models.  

Tumor growth of AAVS1 control and CHEK2-KO C4-2B and 22Rv1 tumors in each mouse 

treated with the indicated agents (n = 3, 4, 3, 4 in each group for C4-2B AAVS1; n = 4, 5, 4, 4 in 

each group for 22Rv1 AAVS1; n = 4, 4, 4, 4 in each group for C4-2B CHEK2-KO; n = 4, 4, 4, 4 



in each group for 22Rv1 CHEK2-KO). Mean body weight of the mice are shown. Body weight is 

shown as mean  SD of each time point.  
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SUPPLEMENTARY SOURCE DATA 

 

Supplementary Fig. 5a 

Uncropped images of all immunoblots. The dotted rectangles are the areas shown in Fig. 5a. 
Protein expression of each lane is derived from the same protein extraction.  
 

 

  

  



  



Supplementary Fig. 5b 

Uncropped images of all immunoblots. The dotted rectangles are the areas shown in Fig. 5b. 
Protein expression of each lane is derived from the same protein extraction.  



Supplementary Fig. 8 

Uncropped images of all immunoblots. The dotted rectangles are the areas shown in Fig. 8. 
Protein expression of each lane is derived from the same protein extraction. 
 

 

  



Supplementary Fig. 9 

Uncropped images of all immunoblots. The dotted rectangles are the areas shown in Fig. 9. 
Protein expression of each lane is derived from the same protein extraction. 
 

  



Supplementary Fig. 10 

Uncropped images of all immunoblots. The dotted rectangles are the areas shown in Fig. 10. 
Protein expression of each lane is derived from the same protein extraction. 
 

  



Supplementary Fig. 13 

Uncropped images of all immunoblots. The dotted rectangles are the areas shown in Fig. 13. 
Protein expression of each lane is derived from the same protein extraction. 
  



Supplementary Fig. 15 

Uncropped images of all immunoblots. The dotted rectangles are the areas shown in Fig. 15. 
Protein expression of each lane is derived from the same protein extraction. BRCA2, RAD51, 
and ACTB are run on the same gel. BRCA1 and E2F7 are run on the same gel.   



Supplementary Fig. 16 

Uncropped images of all immunoblots. The dotted rectangles are the areas shown in Fig. 16. 
Protein expression of each lane is derived from the same protein extraction. 
 
  



Supplementary Fig. 18 

Uncropped images of all immunoblots. The dotted rectangles are the areas shown in Fig. 18. 
Protein expression of each lane is derived from the same protein extraction. 
 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


