Supplementary figure legends

Figure S1. The effect of BETi treatment on the repair of DNA DSBs.

(A) Images of patient-derived explants (PDEs). PCa tissue pieces were incubated on
gelatin sponge in RPMI-1640 culture medium containing 10% FBS, 0.01 mg/ml insulin
and 0.01 mg/ml hydrocortisone. (B) H&E staining of a representative PDE showed PCa
morphology. (C) The epithelial marker pan Cytokeratin (red, 40X) immunofluorescence
staining of a representative PDE. Blue is DAPI. Scale bar, 50 ym. (D) The effect of
OTX015 treatment on NHEJ DNA repair pathway. NHEJ flow cytometry assay was
conducted with OTX015 at indicated dosages in engineered HEK293T cells. Unpaired
two-tailed Student’s t-test was applied (***P < 0.001; **P < 0.01; *P < 0.05; Error bars,
SD of three technical replicates).

Figure S2. The role of BET proteins and the effect of BETi treatment on HR DNA
repair pathway.

(A) HR assay schematic. Engineered HEK293 DR-GFP cells bearing fragments of GFP
was transfected with plasmids harboring I-Scel. Repair of I-Scel induced DNA DSBs via
HR pathway results in the expression of full GFP protein, which can be detected by flow
cytometry. The percentage of GFP positive cells following I-Scel transfection directly
correlates with HR activity in this assay.

(B) Representative flow cytometry images to describe the effect of JQ1 on HR DNA
repair. (C) HR flow cytometry assay was conducted with JQ1 at indicated dosages.
Error bars, SD of three technical replicates. (D) HR flow cytometry assay was
conducted with OTX015 at displayed dosages. Error bars, SD of three technical
replicates. (E) HR pathway activity was measured via flow cytometry in cells treated
with the indicated siRNAs. siBRCA1 and siRAD51 were used as positive controls. Error
bars, SD of three technical replicates. (F) siRNA knockdown validation by QRT-PCR.
Error bars, SD of three technical replicates. (E-F) (p) indicates pooled siRNA. siRNA (1),
(2), (3) or (4) represent the individual siRNA. Unpaired two-tailed Student’s t-test was
applied (***P < 0.001; **P < 0.01; *P < 0.05 for all panels).

Figure S3. The role of BET proteins and the effect of BETi treatment on HR DNA
repair pathway in PCa cell lines.

(A) HR DNA repair pathway activity was analyzed using HR QPCR assay in PCa cell
lines LNCaP, VCaP, 22Rv1 and DU145 upon BETi treatment. (B) HR DNA repair
pathway activity was analyzed using HR QPCR assay in PCa cell lines LNCaP, VCaP,
22Rv1 and DU145 upon various siRNA treatments. (C) siRNA knockdown validation.
Unpaired two-tailed Student'’s t-test was applied for all panels (***P < 0.001; **P < 0.01;
*P < 0.5; Error bars, SD of three technical replicates for all panels).

Figure S4. The role of BET proteins in IR-induced RAD51 foci formation.



(A) Representative images of RADS1 nuclear foci in mock-irradiated or gamma-
irradiated U20S cells. Cells were treated with JQ1 (1 yM or 10 uM) for 24 hrs prior to IR
treatment. Cells were immunostained with an anti-RAD51 antibody (red) and the nuclei
were stained with DAPI (blue). Cells were analyzed 4 hours post IR treatment. Scale
bar = 20 ym. (B) Quantification of RAD51 foci in U20S cells treated with JQ1 for 24 hrs
prior to IR. Cells were analyzed 4 hrs post IR-treatment. (C) Quantification of RAD51
foci in U20S cells that were simultaneously co-treated with JQ1 and IR. Cells were
analyzed 4 hrs post JQ1+IR treatment. (D) Quantification of RAD51 foci in U20S cells
that were treated by dBET1 24 hrs prior to IR. Cells were analyzed 4 hrs post IR-
treatment. (E) The effect of BETi on BET protein level in U20S whole cell lysate (left) or
chromatin fraction (right). (F) The effect of BRD4, BRD3 and/or BRD2 knockdown on
IR-induced RAD51 foci formation in U20S cells. (G) The effect of BRD4 overexpression
on IR-induced RAD51 foci formation in U20S cells. Western blot validates the
overexpression of either flag protein or BRD4 protein. (H)The effect of JQ1 treatment on
RADS51 protein expression in LNCaP cells. (I) Integrated genome view of RAD57 gene
in VCaP cells. Each row represents Chip-Seq data with the indicated antibodies and
treatment. Unpaired two-tailed Student’s t-test (***P < 0.001, **P < 0.01) was applied in
(B,C,D, F &G).

Figure S5. Over-expression of RAD51 promotes HR activity.

(A) Overexpression of RAD51 in U20S cells was verified by QPCR. ***P < 0.001,
Student’s t-test. (B) Representative images for RADS1 foci analysis in U20S cells upon
RADS1 over-expression with or without irradiation (IR 6 Gy). pcDNA3.1 was used as a
mock control. Cells were analyzed 4 hrs post IR treatment. (C) Homologous
Recombination (HR) activity was analyzed upon RADS1 over-expression in LNCaP,
VCaP, 22Rv1 and DU145 PCa cells. ***P < 0.001, **P < 0.01, Student’s t-test. (D)
Over-expression of RAD51 in the four cell lines was verified by QPCR. ***P < 0.001, **P
< 0.01, Student’s t-test.

Figure S6. BETi treatment results in the transcriptional down-regulation of DNA
repair genes.

(A-E) Relative transcript expression of the indicated DNA repair genes upon JQ1
treatment was analyzed by QPCR in LNCaP, VCaP, 22Rv1 and DU145 PCa cells. ***P
<0.001, **P < 0.01, *P < 0.05, Student’s t-test (top panel). Integrated genome view of
the indicated genes in VCaP cells. Each row represents RNA Pol Il Chip-Seq data with
the indicated treatment.

Figure S7. Combination Index (Cl) of JQ1 and CPT in PCa cell lines.

The effect of JQ1 + CPT co-treatment in the four PCa cell lines was tested. Cl > 1
indicates antagonism; Cl = 1 indicates additive effect; Cl < 1 indicates synergism.

Figure S8. DNA fiber assay with dBET1 and LMP400 in LNCaP cells.



(A) Labeling scheme. Cells were pulse-labeled first with IdU (100 uM, 30 min) and then
with CldU (100 uM, 30 min), followed by drug treatment for 5 hrs. (B) The effect of
treatment with dBET1 and/or LMP400 on DNA replication fork stability. The length of
labeled DNA tracks, |dU (red) and CIdU (green), was scored and displayed in scatter
dot plots (left panel). CldU/IdU ratio of each track was calculated and displayed in box-
&-whisker plots (right panel). Boxes: 25th — 75th percentile; Whiskers: 10th — 90th
percentile. Two-tailed Mann-Whitney U test was applied (****P < 0.0001; ***P < 0.001;
**P < 0.01; *P < 0.05; n.s., non-significant).

Figure S9. Expression of TOP1 protein in various cancers.

TOP1 protein expression was analyzed in breast cancer, ovarian cancer, lung
adenocarcinoma and colon cancer. Box plots were adapted from UALCAN (Two-tailed
Student’s t-test; ***P < 0.0001).

Figure S10. Correlation analysis between BRD2/3/4 transcript expression and
TOP1 transcript expression in cancer cell lines.

BRD2/3/4 transcript expression was compared to TOP1 transcript expression using the
Cancer Cell Line Encyclopedia (CCLE) RNA-Seq database.
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Figure S3
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Figure S4
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Supplemental Tables

Table S1. Related to Figure 1A-B. Baseline characteristics of prostate cancer patients whose primary
prostate cancer explants were analyzed.

PCa explant | Gleason PSA Grade Prior

# Score (ng/mL) group treatment
1 7 (3+4) 7.22 2 No
2 7 (4+3) 9.38 3 No
3 7 (4+3) 7.38 3 No
4 7 (3+4) 7.2 2 No
5 9 (4+5) 5.7 5 Yes
6 7 (3+4) 74 2 No
7 7 (4+3) 5.23 3 No
8 7 (3+4) 4.11 2 No
9 7 (4+3) 8 3 No
10 7 (4+3) 13.45 3 No




Table S2. P-values for Figure 1D

Treatment arms Tumor volume, FDR adjusted P-value
(Two-tailed Student’s t-test)

Vehicle vs. RT P =0.030754

Vehicle vs. OTX015 P =0.940579

Vehicle vs. RT+OTX015 P < 0.000025

RT vs. RT+OTX015 P =0.000102

OTX015 vs. RT+OTX015 | P <0.000025

Table S3. P-values for Figure 2B

Treatment arms

Tumor volume, FDR adjusted P-value
(Two-tailed Student’s t-test)

Vehicle vs. RT P =0.904715
Vehicle vs. OTX015 P =0.904715
Vehicle vs. RT+OTX015 | P = 0.000055
RT vs. RT+OTX015 P < 0.000050

OTX015 vs. RT+OTX015

P =0.000208




Table S4. P-values for Figure 4G

LNCaP FDR adjusted P-value

Cell Proliferation assay (Two-tailed Student’s t-test)
DMSO vs. JQ1 P =0.00052

DMSO vs. CPT P <0.0000125

DMSO vs. JQ1+CPT

P <0.0000125

JQ1 vs. JQ1+CPT

P <0.0000125

CPT vs. JQ1+CPT

P <0.0000125

VCaP FDR adjusted P-value

Cell Proliferation assay (Two-tailed Student’s t-test)
DMSO vs. JQ1 P =0.070175

DMSO vs. CPT P =0.515700

DMSO vs. JQ1+CPT P < 0.000017

JQ1 vs. JQ1+CPT P < 0.000017

CPT vs. JQ1+CPT P < 0.000017

22Rv1 FDR adjusted P-value

Cell Proliferation assay (Two-tailed Student’s t-test)
DMSO vs. JQ1 P =0.001633

DMSO vs. CPT P =0.003740

DMSO vs. JQ1+CPT P < 0.000050

JQ1 vs. JQ1+CPT P =0.001750

CPT vs. JQ1+CPT P = 0.000950

DU145 FDR adjusted P-value

Cell Proliferation assay (Two-tailed Student’s t-test)
DMSO vs. JQ1 P =0.34722

DMSO vs. CPT P =0.34722

DMSO vs. JQ1+CPT P =0.03070

JQ1 vs. JQ1+CPT P =0.07230

CPT vs. JQ1+CPT P =0.07230




Table S5. P-values for Figure 5B

Treatment arms

Tumor volume, FDR adjusted P-value
(Two-tailed Student’s t-test)

Vehicle vs. LMP400 P =0.890305
Vehicle vs. OTX015 P =0.174080
Vehicle vs. P <0.000025
LMP400+OTX015
LMP400 vs. P < 0.000025
LMP400+OTX015
OTX015 vs. P = 0.006955
LMP400+OTX015

Table S6. P-values for Figure 5D

Treatment arms

Tumor volume, FDR adjusted P-value
(Two-tailed Student’s t-test)

LMP400+0OTX015

Vehicle vs. LMP400 P =0.231103
Vehicle vs. OTX015 P =0.231103
Vehicle vs. P =0.000415
LMP400+OTX015

LMP400 vs. P < 0.000050
LMP400+OTX015

OTX015 vs. P =0.002507




Table S7. Related to Figures 6A and 6B. Baseline characteristics for those patients.

Radical therapy mCRPC
(None 0, biopsy site:
Histolo
(Adeng.y Gleason T at N at M at Surgery alone 1, 1 Bone,
Age at |carcinoma (1:<or=7 PSAat (diagnosis| ;. o o cicldiagnosis| 2 node, 3
diagnosis| 1 : ’|diagnosis| (1,2,3,4, g g RT alone 2, N
’ 01,U | 01, U |prostatectomy + liver,
2>7) Y ostQ RDT 3
other2) Pl?ostatectomy, + 4 soft tissue,
V5812 65 1 2 65 4 0 1 0 3
V5652 70 1 1 59 3 1 0 0 2
V5648 62 1 2 250 U 1 1 0 2
V5529 63 1 2 94 3 1 0 2 1
V5493 73 1 U 27.42 U U U 0 2
V5484 50 1 2 U 3 0 0 3 4
V5330 68 1 2 95 U U 1 0 4
V5272 59 1 2 129.2 4 1 1 2 4
V5070 58 1 1 2745 1 1 1 0 4
V5288 61 1 1 16.6 1 0 0 2 4




Methods
Immunofluorescence staining

v-H2AX foci analysis in PCa patient derived explants (PDEs) was done using phosphorylated histone H2A.X
(Ser139) antibody (#05-636, Millipore Sigma) using a previously described protocol (1). Explants were treated with
JQ1 (1 uM) one day prior to IR (2 Gy) treatment. PDEs were analyzed 1 hr, and 8 hr post IR treatment.

For RADS1 foci analysis, cells were seeded onto Nunc™ Lab-Tek™ II CC2™ 4-well chamber slides (#154917,
Thermo Fisher) and probed with primary antibody 4 hr post 6Gy or 10 Gy irradiation following published protocols
(2). Chamber slides with cells were first probed with anti-RADS51 primary antibody (#PC130-100ul, Millipore
Sigma), then with secondary antibody (Alexa Fluor Plus 594 goat anti rabbit antibody #A32740, Invitrogen/Thermo
Fisher). Slides were cured overnight with ProLong™ Gold Antifade Mountant with DAPI (#P36934,
Invitrogen/Thermo Fisher). Cells were examined with Deltavision Deconvolution Microscopes (GE
Healthcare/Cytiva) using 40x and 60x oil objectives. Foci were counted using Fuji Image J (64 bit for

windows); >200 nuclei were scored for each treatment group.
DNA fiber assay

The DNA fiber assays were performed in LNCaP and 22Rvl1 cell lines using published protocols (3). Exponentially
growing cells were pulse labelled with 100 uM iodo-deoxyuridine (IdU, #17125-5G, Sigma) for 30 min and 100 uM
chloro-deoxyuridine (CldU, #C6891-100mg, Sigma) for 30 min. Subsequently, drug dilutions were administered
and incubated for 5 hrs. Mouse anti-BrdU/IdU antibody (#347580, BD Bioscience) and rat anti-BrdU/CIdU antibody
(#ab6326, Abcam) were used as primary antibodies to probe DNA fibers. Fluorescence-conjugated antibodies
including Alexa Fluor 488 anti-rat (#A-11006, Invitrogen/Thermo Scientific) and Alexa Fluor 568 anti-mouse (# A-
11004, Invitrogen/Thermo Scientific) were used as secondary antibodies. Fibers were imaged using the Zeiss
Axiolmager M2 (Carl Zeiss Microscopy) and track length were quantified with Zen 2 (Blue Edition) V2.2 software

(Carl Zeiss Microscopy). For statistical analysis, >100 DNA tracks length were quantified for each treatment group.
Cell proliferation assay

Cell proliferation assays were performed using the IncuCyte® S3 Live-Cell Analysis System (Sartorius/ Essen
BioScience). Data analysis was conducted using IncuCyte S3 2018B software (Sartorius/ Essen BioScience)
together with Graphpad Prism version 8 for windows. Combination Index (CI) was calculated using CompuSyn

software (4).
HR & NHEJ flow cytometry assay and HR QPCR assay

HR DNA repair activity was evaluated by transfection of a plasmid harboring an I-Scel endonuclease in engineered
HEK?293 cells expressing a GFP reporter, DR-GFP, followed by flow cytometry analysis as described elsewhere (5).

NHEJ DNA repair activity was evaluated using a flow cytometry protocol as described elsewhere (1).



HR DNA repair activity was also evaluated in LNCaP, VCaP, 22Rv1 and DU145 cells under different treatments
using the HR QPCR assay kit (#35600, Nogen Bioteck Corporation) according to the manufacture’s protocol as
described elsewhere (6). Briefly, cells were first treated with JQ1 (0.1 uM, 1 uM and 10 pM)/DMSO, or transfected
with siBRD family/ siNon-targeting for 24 hrs, subsequently followed by co-transfection with the two HR dl
plasmids (dl-1 and dI-2). Total DNA was extracted by QIAamp DNA Mini Kit (#51304, Qiagen) 24 hrs post-
transfection. QPCR was carried out on QuantStudio 6 Flex Real-Time PCR System (#44856901,
ThermoFisher/Applied Biosystems™) to quantify HR DNA repair activity using extracted DNA and the supplied

primers according to manufacturer’s protocol.
Gene knock-down and gene expression analysis

RNA was extracted from siRNA treated cells using RNeasy Plus Mini Kit (#74136, Qiagen). cDNA synthesis was
conducted using the SuperScript VILO cDNA Synthesis Kit (# 11754050, Thermo Fisher/Invitrogen). Primers for
BRCALI (forward primer GAAACCGTGCCAAAAGACTTC, reverse primer CCAAGGTTAGAGAGTTGGACAC)
and RADS1 (forward primer CAACCCATTTCACGGTTAGAGC, reverse primer
TTCTTTGGCGCATAGGCAACA), BRCA2 (forward primer CACCCACCCTTAGTTCTACTGT, reverse primer
CCAATGTGGTCTTTGCAGCTAT), WRN (forward primer CACAGCAGCGGAAATGTCCT, reverse primer
GAGCAATCACTAGCATCGTAACT), NBN (forward primer CACCTCCAAAGACAACTGCGGA, reverse
primer TCTGTCAGGACGGCAGGAAAGA) and MREI1 (forward primer
CAGTGTTTAGTATTCATGGCAATCATG, reverse primer AATGTCCAAGGCACAAAGTGC) are from Primer
Bank (7). Source and sequences of primers for GAPDH, BRD2, BRD3 and BRD4 are described elsewhere (1).
QRT-PCR was carried out on QuantStudio 6 Flex Real-Time PCR System (#44856901, ThermoFisher/Applied

Biosystems™) to verify the knock-down efficiency and/or relative gene expression.
Irradiation of cultured cells

IR was administered to cells using a Shepherd Mark 1-68 Cesium-137 irradiator (JL Shepherd). Cells were

maintained in a 37°C incubator with 5% COz concentration before and immediately after IR treatment.
Chromatin fractionation assay, Immunoblot analysis and Immunoprecipitation (IP)

Cells were collected 48 hr post transfection of plasmids or 16 hr of BETi treatment and lysed with RIPA buffer
supplemented with protease inhibitor cocktail (#11873580001, cOmplete, EDTA free, Roche). Chromatin
fractionation was performed as previously described (1). Briefly, cells were harvested after 16 hr of JQ1 (1 uM)
treatment and washed with PBS. Cells were suspended for 5 min on ice in the fractionation buffer I (50 mM HEPES,
pH 7.5, 150 mM NaCl, 1 mM EDTA, 5 mM Sodium Butyrate) supplemented with 0.2% Nonidet P-40 and protease
inhibitors (cOmplete, EDTA free, Roche). Following centrifugation at 1000 g for 5 min, the cytoplasmic supernatant
was discarded, then the nuclear pellets were further extracted for 40 min on ice with 150 ul of fractionation buffer 11
(same as fractionation buffer I, except with 0.5% Nonidet P-40). The pellets containing chromatin were obtained by

centrifugation for 15 min at maximum speed at 4°C, and then resuspended in fractionation buffer II.



After determining the concentration of protein, samples were separated on 10% or 12% SDS-PAGE gels and blotted
onto PVDF membranes (Millipore Sigma). Membranes were blocked for 1 hr in 5% non-fat dried milk in TBST and
incubated for overnight with primary antibody (1:1000) at 4°C. The immunoblots were processed by Supersignal
west Pico chemiluminescence kit (#34080, Thermo Scientific), and images were obtained by ChemiDoc Touch
Imaging System (Bio-Rad) and processed by Image Lab Touch (Bio-Rad). The following antibodies were used:
RADS1 (#PC130, Millipore Sigma), Actin (#AC74, Sigma), BRD4 (#A301-985A, Bethyl), BRD3 (#50818,
Abcam), BRD2 (#ab139690, Abcam), TOP1 (#A302-589A, Bethyl), FLAG (#MA1-91878, Thermo Fisher), H2AX
(#2595, Cell Signaling).

For immunoprecipitation (IP), cells were lysed with IP Lysis buffer (Thermo Scientific, 25 mM Tris-HCI pH 7.4,
150 mM NaCl, | mM EDTA, 1% NP-40 and 5% glycerol) containing protease and phosphatase inhibitor cocktail.
The lysates were diluted with an equal volume of the lysis buffer and incubated with 8 ug of BRD4 or TOP1
primary antibody (diluted 1:150) on a rocker for 4 hr at 4 °C. IgG was used as a control. Subsequently, the lysates
were incubated with 50 ul of the Dynabeads protein G (#10003D, Thermo Scientific) for another 2 hr at 4 °C.
Proteins bound to the beads were washed three times in PBS with 0.01% Tween 20. Elution was performed by
heating samples in presence of DTT and protein loading dye. The immunoprecipitated proteins were observed by

immunoblot analysis.
RNA extraction, cDNA synthesis and quantitative RT-PCR (QRT-PCR)

Patient tumor RNA were extracted from a 10 pm section of fresh-frozen tumor biopsy samples using AllPrep
DNA/RNA/miRNA kit (# 80224, QIAGEN) and from FFPE samples using RNeasy FFPE kit (# 73504, Qiagen).
The integrity of the RNA preparations was tested on a TapeStation 4200 (# G2991AA, Agilent), using Agilent High
Sensitivity RNA ScreenTape Assay, as suggested by the manufacturer. cDNA synthesis was performed using the
SuperScript VILO ¢cDNA Synthesis Kit (# 11754050, Invitrogen) and 200ng of total RNA following manufacturer’s
instructions. Quantitative-RT-PCR was carried out on 10 matched HSPC/CRPC samples from same patients in
quadruplicate, each well containing fluorescent probes for TOP1, assay Id Hs01052815_m1 TagMan Gene
Expression Assay (FAM) (Thermofisher) and the control gene RNA 18S ribosomal 5; assay 1d Hs03928990 g1
TagMan Gene Expression Assay (VIC). Quantitative reverse transcription PCR (QRT-PCR) was carried out using
an AriaDx Real-Time PCR System (Agilent). Fold change in TOP1 expression levels was calculated by the
comparative Ct method, using the formula 2"-(AACt).
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