
Figure S1. Set-up of transcriptional analysis. A) Correlation between on-treatment Ki67 (IHC) 
and MKi67 (mRNA) across Z1031/POL cohort. Regression analysis identified p-value and 
Pearson’s correlation coefficient. B) Work flow for transcriptomic analysis. Schematic 
representation of correlation analysis of baseline DDR Gene expression (mRNA) and on-treatment 
Ki67 (mRNA and IHC) and subsequent validation of candidates in METABRIC. ET, endocrine 
treatment. 

 

 



Figure S2. Low CETN2, NEIL2 and ERCC1 RNA levels associate with worse overall survival.  
Forest plot summarizing results of univariate analysis of the thirteen candidate genes in 
METABRIC. Boxes denote hazard ratio (HR) based on overall survival outcome calculated using 
Cox Regression analysis of Proportional Hazards. HR for genes whose dysregulation associated 
with poor survival (p<=0.05) are shown as red boxes. Error bars indicate 95% confidence intervals. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure S3. RNA levels of CETN2, NEIL2 and ERCC1 do not associate with survival in basal-
like or HER2 enriched tumors. Kaplan-Meier curves for disease specific survival of patients 
from METABRIC with HER2-enriched (A-C) and basal-like (D-F) breast cancer whose tumors 
have low RNA levels of CETN2, ERCC1 and NEIL2. The low expressing tumor sets have been 
shown in red. Log rank test was used to determine significance and Cox Regression Proportional 
Hazards generated univariate hazard ratios (HR). 
 

 

 

 

 



Figure S4. Low RNA levels of CETN2, NEIL2 and ERCC1 correlate with worse recurrence-
free survival in ER+ breast cancer patients. Kaplan-Meier curves depicting recurrence-free 
survival of luminal breast cancer patients who were treated with tamoxifen and whose tumors 
harbored low CETN2 (A), NEIL2 (B) and ERCC1 (C) expression from Loi dataset. Log rank test 
was used to determine significance and Cox Regression Proportional Hazards generated univariate 
hazard ratios (HR). 

 

 

 

 

 

 

 

 



 

 

Figure S5. NER, BER, HR and NHEJ genes are enriched for damaging mutations in ER+ 
patient tumors. Histogram depicting inverse log10 values of FDR of over-represented KEGG 
pathways in genesets which harbor damaging (red) or tolerant mutations when compared against 
all protein coding genes in humans using Webgestalt. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S6. Loss of PRKDC associates with poor survival in ER+ breast cancer patients. A-B, 
D) Kaplan-Meier survival curves describing patients whose ER+ tumors harbor mutations (mut) 
or copy number loss (cnl) in all genes from non-homologous end joining (NHEJ) pathways (A), 
or in PRKDC vs other NHEJ genes (B, D) from TCGA (A, B) and METABRIC (D) datasets. Cox 
Regression analysis identified univariate hazard ratios (HR) and log-rank test determined p-values. 
C) Box plot describing PRKDC RNA levels in ER+ tumors with either copy number loss (Loss) 
of, or mutations in, PRKDC. Wilcoxon Rank Sum test determined p-value. 

 
 

 

 

 

 



Figure S7. Expression of replication genes does not significantly inversely correlate with 
on-treatment Ki67 levels in ER+ patient tumors. Correlation plots between replication genes – 
RPA1,2,3,4 and on-treatment Ki67 (On-tx Ki67) along with on-treatment Mki67 (On-tx Mki67 
mRNA) in NeoAI dataset. Adjusted R reflects Pearson’s correlation coefficient. 

  

 

 

 

 

 



Figure S8. ER+ tumors with mutations in SSBR genes associate with higher mutation load. 
Box plot representing comparison of genomic instability index (A-B) and mutation load (C-D) in 
tumors with frameshift/nonsense (FS/NS) or missense (MS) mutations in SSBR (A,C) and 
DSBR (B, D) genes respectively when compared against rest of the tumors. Wilcoxon Rank Sum 
test determined p-values. 

 

 

 

 

 

 



Figure S9. Inhibition of CETN2, NEIL2 and ERCC1 expression in ER+ breast cancer cells 
induces endocrine treatment resistant growth. A&C) qRT-PCR validation of transient siRNA 
and stably selected RNAi-mediated knockdown of CETN2, NEIL2 and ERCC1 in MCF7 (A) and 
ZR75 (C) cells. Results from six independent experiments are depicted. Columns represent the 
mean and error bars the standard deviation. GOI, Gene Of Interest. B, D-F) Dose response curves 
of MCF7 (B) and ZR75 (D-F) cells with transient inhibition of CETN2, NEIL2 or ERCC1 treated 
with estradiol in charcoal-stripped serum (B&D), fulvestrant (E) or 4-hydroxy-tamoxifen (F). 
Student’s t-test comparing IC50 values from three independent replicates for each si-treatment 
against siScr determined p-values. 

 

 

 



Figure S10. Inhibition of CETN2, NEIL2 and ERCC1 expression in ER+ breast cancer cells 
is causal to endocrine treatment resistant growth. A) qRT-PCR validation of transient siRNA-
mediated knockdown of POLM and RAD23B respectively in MCF7 cells. Results from three 
independent experiments are depicted. Columns represent the mean and error bars the standard 
deviation. B-C, E-F) Dose response curves of MCF7 cells with transient inhibition of POLM and 
RAD23B (B-C), or with stably selected RNAi-mediated knockdown of CETN2, NEIL2 or ERCC1 
treated with fulvestrant (B&E) and 4-hydroxy-tamoxifen (C&F). Student’s t-test determined p-
values by comparing IC50 values from three independent replicates for each si-treatment against 
siScr. D) Western blot validation of knockdown of CETN2, ERCC1 and NEIL2 at the protein level 
after stable selection for their respective RNAi in MCF7 cells. Quantification based on 4 
independent experiments. β-actin serves as loading control. 
 

 

 



Figure S11. Dysregulation of CETN2, NEIL2 and ERCC1 expression in ER+ breast cancer 
cells alters regulation of G1/S transition of the cell cycle. A&D) Histograms representing 
percentage of siScr, siCETN2, siNEIL2, siERCC1 and siMLH1 MCF7 cells that are Ki67 (A) and 
PCNA (D) positive after 48 hours of treatment with 100nM of fulvestrant. Columns represent the 
mean and error bars the standard deviation. Student’s t-test determined p-values. B-C) Boxplots 
indicating levels of CDK4 mRNA and PCNA protein level in CETN2, ERCC1, NEIL2, PRKDC 
proficient (CEN+PRKDCwt) and deficient (CEN-PRKDCmut) ER+ breast tumors based on values 
from microarray and RPPA data from TCGA. Wilcoxon Rank Sum test determined p-values. E) 
Histograms depicting percent growth inhibition in fulvestrant and abemaciclib (CDK4/6i)-treated 
MCF7 cells stably selected for RNAi-mediated knockdown of control, CETN2, ERCC1 or NEIL2, 
relative to vehicle treated cells. Columns represent the mean and error bars the standard deviation. 
Student’s t-test determined p-values. 

 
 



Figure S12. ESR1-mediated regulation is not common to CETN2, NEIL2 and ERCC1 in ER+ 
breast cancer cells. Regression plots demonstrating direct correlation between ESR1 and PGR 
expression with that of CETN2, but not with that of NEIL2 or ERCC1 in ER+ patient tumors from 
NeoAI. R represent the Pearson’s Correlation Coefficient. 
 

 


