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Abstract 

Background: PARP inhibitors (PARPi) kill cancer cells by stalling DNA replication and 

preventing DNA repair, resulting in a critical accumulation of DNA damage. Resistance to 

PARPi is a growing clinical problem in the treatment of high grade serous ovarian carcinoma 

(HGSOC). Acetylation of histone H3 lysine 14 (H3K14ac) and associated histone 

acetyltransferases (HATs) have known functions in DNA repair and replication, but their 

expression and activities have not been examined in the context of PARPi-resistant HGSOC. 

Results: Using mass spectrometry profiling of histone modifications, we observed altered 

H3K14ac enrichment in PARPi-resistant HGSOC cells relative to isogenic PARPi-sensitive 

lines. By RT-qPCR and RNA-Seq, we also observed altered expression of numerous HATs in 

PARPi-resistant HGSOC cells and a PARPi-resistant PDX model. Knockdown of HATs only 

modestly altered PARPi response, although knockdown and inhibition of PCAF significantly 

increased resistance. Pharmacologic inhibition of HBO1 severely depleted H3K14ac but did not 

affect PARPi response. However, knockdown and inhibition of BRPF3, which is known to 

interact in a complex with HBO1, did reduce PARPi resistance. 

Conclusions: This study demonstrates that severe depletion of H3K14ac does not affect 

PARPi response in HGSOC. Our data suggest that bromodomain functions of HAT proteins 

such as PCAF, or accessory proteins such as BRPF3, may play a greater role in PARPi 

response than acetyltransferase functions. 
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Background 

High grade serous ovarian carcinoma (HGSOC) is the deadliest gynecological 

malignancy. It is the fifth most common cause of cancer death in women and has one of the 

highest death-to-incidence ratios of all cancers (1). Most patients initially respond to standard-

of-care cytoreductive surgery and platinum/taxol chemotherapy. The addition of PARP inhibitors 

(PARPi) as first-line maintenance therapy, supported by numerous clinical trials in homologous 

recombination-deficient and -proficient cohorts, has extended progression-free survival intervals 

for many patients (2-4). Despite these advances, over 80% of cases recur and are expected to 

acquire resistance to all available therapies. Since nearly all HGSOC patients will be eligible to 

receive PARPi, it is essential to discover mechanisms of resistance and provide support for 

novel therapies to overcome resistance and improve outcomes. 

Numerous studies and trials have focused on exploiting vulnerabilities to augment or 

restore PARPi sensitivity, including the use of topoisomerase inhibitors (5, 6), cyclin-dependent 

kinase knockdown or inhibition (7, 8), Wnt inhibitors (9), and histone methyltransferase (HMT) 

inhibitors (10), among others [reviewed in (11)]. In the current study we examine histone 

modifications and expression of histone modifying enzymes in the context of PARPi-resistant 

HGSOC. Histone modifications play critical roles in PARPi resistance, as they control access to 

genomic DNA for vital processes including transcription, replication, and repair (12, 13). When 

dysregulated, these same modifications have been shown to contribute to every aspect of 

cancer biology, from early oncogenesis to progression, metastasis, chemoresistance, and 

immune evasion (14-17). Acetylation of histone H3 lysine 14 (H3K14ac) neutralizes the 

positively charged lysine residue and reduces interactions between the histone octamer and 

encircling DNA, thus allowing greater access for transcriptional, replicative, and DNA repair 

machinery (18, 19). As such, H3K14ac is generally a modification associated with 

transcriptionally active chromatin. 
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While H3K14ac is only a single modification, its regulation is complex, as it may be 

catalyzed by numerous histone acetyltransferases (HATs) of different classes including (but not 

limited to) GCN5 and PCAF (encoded by KAT2A and KAT2B, respectively), CBP and P300 

(encoded by KAT3A and KAT3B, respectively), as well as HBO1, also known as MYST2 

(KAT7). H3K14ac is known to be an important factor in the process of single-stranded DNA 

break (SSB) and double-stranded DNA break (DSB) repair. For SSB repair, H3K14 acetylation 

stabilizes chromatin interactions and promotes error-free Nucleotide Excision Repair (NER) 

(20). The structurally similar HATs PCAF and GCN5 promote repair by acetylation of H3K14, 

and also by acetylation of non-histone targets including Replication Protein A1 (RPA1) (21). 

Acetylation of RPA1 by PCAF/GCN5 activates NER and promotes accumulation of DNA repair 

proteins at sites of damage. For DSB, histone acetylation by structurally similar HATs P300 and 

CBP promote chromatin remodeling and recruitment of effectors involved in both homologous 

recombination (HR) and non-homologous end joining (NHEJ) (22, 23). Additionally, P300/CBP 

promote transcription of HR factors BRCA1 and RAD51 recombinase (24). Finally, 

phosphorylated HBO1 has been shown to facilitate recruitment of the NER protein XPC to sites 

of cyclopyrimidine dimers (CPD) and is essential for NER at sites of ultraviolet (UV) irradiation 

damage (25). 

Modifiers of histone acetylation, especially histone deacetylases (HDACs) and HDAC 

inhibitors, have been investigated as therapeutic targets in HGSOC [reviewed in (26)]. However, 

prior to this report, the roles of H3K14ac and these specific HAT enzymes in PARPi resistance 

had not been examined in HGSOC. 

 

Results 

H3K14ac enrichment and expression of histone acetyltransferases are altered in PARPi-

resistant HGSOC cell lines and PDX models 
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Four TP53-mutated HGSOC cell lines (PEO1, OVSAHO, Kuramochi, and OVCA433) 

were subjected to stepwise dose escalation of olaparib to select for resistant cells. PEO1, 

OVSAHO, and Kuramochi are BRCA2-mutated, while OVCA433 are BRCA1/2-wildtype. 

Olaparib resistance was confirmed in each line using dose response colony formation assays. 

Olaparib response in PEO1 (IC50 = 6.4 nM) and PEO1-OR (IC50 = 1223 nM), and mechanisms 

of resistance have been reported (9, 10). Olaparib response curves and IC50 values for 

OVSAHO-OR, Kuramochi-OR, and OVCA433-OR are shown in Supplemental Fig. S1. 

Histones from each parental and olaparib-resistant line were isolated and histone H3 and H4 

modifications were examined via mass spectrometry. We reported these data for PEO1/PEO1-

OR (10), and we include these data for comparison with the three new sensitive/resistant 

isogenic pairs. Notably, H3K14ac was significantly altered in all four resistant lines compared to 

the parental lines (Fig. 1A). Compared to the sensitive counterpart, H3K14ac was elevated in 

PEO1-OR, OVSAHO-OR, and OVCA433-OR, but decreased in Kuramochi-OR. Complete mass 

spectrometry data for PEO1/PEO1-OR are published (10), and data for all marks analyzed in 

the remaining lines are available in Supplemental File 1. We isolated histones from each cell 

line pair and confirmed these results by immunoblotting for H3K14ac and normalizing band 

intensity to total H3 (Fig. 1B).  

 We next examined expression of histone acetyltransferases (HATs) in each 

sensitive/resistant cell line pair. We examined expression of five HATs with known H3K14 

acetylation activity by RT-qPCR, including KAT3B (P300), KAT3A (CBP), KAT2B (PCAF), 

KAT2A (GCN5), and KAT7 (HBO1) (27-32). We found significantly different expression of at 

least two HATs in each cell line (Fig. 1C). For example, PEO1-OR showed upregulation of all 

HATs except KAT3B relative to the olaparib-sensitive PEO1 cells. None of the HATs were 

predictive of up- or down-regulation of H3K14ac in the resistant cell lines. For example, KAT7 

was upregulated in PEO1-OR, Kuramochi-OR, and OVCA433-OR, but H3K14ac was 
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significantly decreased in Kuramochi-OR, while being increased in the other olaparib-resistant 

lines. 

 We utilized GTFB-PDX1009, a BRCA-wildtype patient-derived xenograft (PDX) model of 

HGSOC to establish an additional olaparib-resistant model. Following intraperitoneal injection of 

primary HGSOC ascites samples into immunocompromised NOD SCID gamma (NSG) mice, 

tumor bearing mice were treated daily with olaparib or vehicle control for 21 days and the mice 

were monitored for two months [schematic published in (10)]. After recurrence and necropsy, 

tumor cells isolated from olaparib-treated mice were subsequently shown to be highly olaparib-

resistant (9). We published that histone methyltransferases EHMT1 and EHMT2 were 

upregulated in the olaparib-resistant PDX (10). By RT-qPCR, we found that mRNA expression 

of KAT3A and KAT2A were increased in all four olaparib-treated ascites, while KAT2B and 

KAT3B were upregulated in one and two mice, respectively (Fig. 1D). We further performed 

RNA-Seq to compare the transcriptomes of control mice (#834 and #836) with two olaparib-

treated mice (#827 and #878). RNA-Seq data confirmed significant upregulation of KAT2A 

(GCN5) and KAT3A (CBP) in the olaparib-treated mice (Supplemental Table S1). In summary, 

H3K14 acetylation and HAT expression are altered in PARPi-resistant models of HGSOC, 

including BRCA-deficient and -proficient cell lines, as well as a BRCA-proficient PDX. 

 

Genetic knockdown of HATs in olaparib-resistant HGSOC cells moderately alters 

olaparib response  

As stated above, H3K14ac is associated with multiple DNA repair mechanisms. 

Augmented DNA repair is an important component of PARPi resistance (11), and we have 

previously shown that knockdown or inhibition of epigenetic enzymes such as histone 

methyltransferases can significantly improve olaparib response (10). We therefore chose to 

knock down each HAT highlighted in Fig. 1C and examine olaparib response. Since PEO1-OR 

showed upregulation of 4 of the 5 HATs, we used lentiviral transduction to stably express 
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shRNAs targeting each HAT, or a non-targeting scrambled shRNA as control (shCTRL), in 

these cells. We determined the degree of knockdown for each shRNA relative to shCTRL by 

RT-qPCR (Fig. 2A-E). We then performed dose response colony formation assays. Cells were 

treated with vehicle control or doses of olaparib ranging from 4.8 nM to 30 μM and the olaparib 

IC50 was calculated for each shRNA (Fig. 2F-J and Table 1). Both shRNA against KAT3B 

(P300), one shRNA against KAT3A (CBP), and both shRNA against KAT2A (GCN5) 

significantly reduced the olaparib IC50 relative to shCTRL, although in all cases the level of 

sensitization was modest. Despite differing levels of knockdown, both shRNA against KAT2B 

(PCAF) increased olaparib IC50 in PEO1-OR cells, with shKAT2B#1 showing a significant 

increase of 174% relative to shCTRL. This was a surprising result, as PCAF levels are 

increased in PEO1-OR cells relative to sensitive PEO1. Neither shRNA targeting KAT7 (HBO1) 

showed a significant effect. Olaparib IC50 for all shRNA are shown in Table 1. Depending on the 

shRNA and target, shifts of olaparib response were generally modest, with a surprising increase 

in olaparib IC50 observed with knockdown of PCAF. 

 

Depletion of H3K14ac does not sensitize olaparib-resistant HGSOC cells, but 

bromodomains may play roles in olaparib response 

We next determined if depletion of H3K14ac was sufficient to sensitize PEO1-OR cells 

to olaparib. We determined that 10 μM HBO1 inhibitor WM-3835, characterized by MacPherson 

et al. (33), severely depleted H3K14ac. By immunoblot densitometry, only 27% of H3K14ac 

remained in PEO1-OR cells after a 6-hour incubation (Fig. 3A). We then performed colony 

formation assays using olaparib alone or in combination with 10 μM WM-3835. Despite the 

efficacy of H3K14ac depletion, no change in olaparib IC50 was found between the two 

treatments (Fig. 3B and Table 2). Rather than continuing with direct inhibition of 

acetyltransferase activity, we elected to test if inhibition of the bromodomains (BRD) of HAT 

enzymes had an effect on olaparib response. We performed colony formation assays in PEO1-

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted January 3, 2022. ; https://doi.org/10.1101/2021.12.21.473688doi: bioRxiv preprint 

https://doi.org/10.1101/2021.12.21.473688


OR using olaparib alone or in combination with 2 μM GCN5/PCAF BRD inhibitors L-Moses or 

GSK4027, or 2 μM P300/CBP BRD inhibitor SGC-CBP30. L-Moses and SGC-CBP30 had no 

effect on olaparib IC50, while GSK4027 notably increased olaparib resistance in PEO1-OR cells 

(Fig. 3C and Table 2). This agrees with our data showing that knockdown of PCAF also 

increases olaparib resistance in these cells. 

While the PCAF bromodomain may play a role in olaparib response, it must be noted 

that the GCN5/PCAF BRDs also read H3K36 acetylation and the P300/CBP BRDs read H3K56 

acetylation (34). We therefore chose to specifically inhibit the bromodomains of proteins that 

have direct reading function of H3K14ac. These include Bromodomain Adjacent to Zinc Finger 

Domain 2B (BAZ2B) and proteins in the Bromodomain and PHD-Finger Containing (BRPF)-

family (34). We performed colony formation assays in PEO1-OR cells using olaparib alone or in 

combination with 2 μM BAZ2B inhibitors BAZ2-ICR or GSK2801, or 2 μM pan-BRPF inhibitors 

NI-57 or OF-1 (Fig. 3D). Much like inhibition of PCAF, inhibition of BAZ2B with BAZ2-ICR 

significantly increased olaparib resistance. However, inhibition of BRPF family proteins by OF-1 

significantly decreased the olaparib IC50. Olaparib IC50 and p-values for all inhibitor treatments 

are shown in Table 2. 

 

BRPF3 is elevated in HGSOC and associated with poor outcomes, and may play a role in 

olaparib response 

 BRPF3 is notable among the BRPF family proteins for a known association with HBO1, 

in which it directs a multiprotein complex toward acetylation of H3K14, rather than lysines of 

histone H4 (35). We examined a publicly available microarray dataset comparing mRNA 

expression in normal fallopian tube epithelium (FTE) versus HGSOC. KAT7 (HBO1) trended 

toward elevated mRNA levels in HGSOC (Fig. 4A) but did not quite reach significance. BRPF3 

was significantly elevated in HGSOC compared to normal FTE (Fig. 4B). We also analyzed a 

TCGA microarray dataset of ovarian tumors and analyzed overall survival. Using KMplot (36) 
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we split a cohort of patients into low or high expression of KAT7 (Fig. 4C) or BRPF3 (Fig. 4D). 

We observed that high KAT7 expressing patients trended toward longer overall survival, but 

again did not reach significance. High BRPF3 expressing patients, however, showed 

significantly shorter overall survival than low BRPF3 expressing patients. We used the Cancer 

Science Institute of Singapore Ovarian Database (CSIOVDB) to perform a further meta-analysis 

of HGSOC microarray data (37-39). BRPF3 was significantly upregulated in higher stage and 

grade of HGSOC (Supplemental Fig. S2). A meta-analysis using canSAR Black (40) showed 

BRPF3 has the strongest association with ovarian cancer in combined molecular score, which 

includes mutation score, gene expression, and copy number variation score (Supplemental 

Fig. S3). 

 We examined BRPF3 mRNA expression in our four olaparib-sensitive/-resistant cell line 

pairs. It was increased in PEO1-OR vs sensitive PEO1 but decreased in OVCA433-OR vs 

sensitive OVCA433 (Fig. 4E). BRPF3 was also modestly upregulated in olaparib-treated ascites 

of GTFB-PDX1009 (Supplemental Table S1). We again used lentiviral transduction to stably 

express shCTRL or shRNAs targeting BRPF3 in PEO1-OR. We determined the degree of 

knockdown for each shRNA relative to shCTRL by RT-qPCR (Fig. 4F) and Western blot (Fig. 

4G). While mRNA expression appeared similar between the two BRPF3 shRNA lines, the 

amount of protein in shBRPF3#2 was notably lower. We next compared olaparib response in 

BRPF3 knockdown cells compared to control. Olaparib IC50 for shCTRL in this experiment was 

1036 nM. shBRPF3#1 (IC50 = 938 nM, p = 0.517) did not significantly alter olaparib IC50 in 

PEO1-OR. However, in agreement with better knockdown, shBRPF3#2 (IC50 = 479 nM, p = 

0.0002) did significantly reduce the olaparib IC50 (Fig. 4H). 

  

Discussion 

Regardless of BRCA status, numerous clinical trials show that PARPi have significant 

benefit to both newly diagnosed and recurrent HGSOC cases (2, 3, 41). Going forward, nearly 
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all HGSOC patients will be eligible to receive PARPi, and it is essential to identify and 

specifically target novel vulnerabilities to improve response rates and increase the number of 

patients who can benefit from PARPi treatment. PARPi cause ssDNA breaks and can cause 

replication fork collapse due to altered fork speed and stability (42, 43). Epigenetic modifications 

and enzymes are likely to be important mechanisms of PARPi resistance, as they control 

access to DNA for transcription, replication, and repair. In this report, we employed an unbiased 

proteomic approach to profile the epigenetic landscape of four PARPi-resistant HGSOC cells, 

including BRCA-deficient and -proficient lines. We observed altered enrichment of H3K14ac in 

all four PARPi-resistant lines compared to isogenic PARPi-sensitive cells (Fig. 1A-B). Gene 

expression of HATs was also altered in PARPi-resistant lines, as well as in a PDX model of 

PARPi-treated HGSOC (Fig. 1C-D). Using both genetic and pharmacologic approaches, we 

examined if depletion or inhibition of specific HATs or accessory bromodomain (i.e., H3K14ac 

reader) proteins altered the response to the PARPi olaparib. Notably, severe pharmacologic 

depletion of H3K14ac did not affect PARPi response. However, knockdown or inhibition of 

PCAF increased PARPi resistance. Knockdown and inhibition of BRPF3, a bromodomain 

protein associated with HBO1, modestly sensitized HGSOC cells to olaparib. 

Placing this work in the context of prior studies, we reported an epigenetic mechanism of 

PARPi resistance in HGSOC. Specifically, we showed that H3K9me2 was enriched in PARPi-

resistant HGSOC cell line and PDX models, concomitant with upregulation of euchromatic 

histone-lysine N-methyltransferase-1 and -2 (EHMT1 and EHMT2), the enzymes responsible for 

writing the H3K9me2 mark (10). Genetic knockdown or pharmacologic inhibition of EHMT1/2 

sensitized PARPi-resistant HGSOC cells and ablated both HR and NHEJ DNA repair. H3K9 

methylation is known to be linked to H3K14ac by the triple Tudor domain of SETDB1, which 

may play a role in silencing of active genomic regions (44). We observed significant 

upregulation of both H3K9me2 and H3K14ac in PEO1-OR cells relative to parental, olaparib-

sensitive PEO1. Profiling studies such as chromatin immunoprecipitation (ChIP) will be required 
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to determine if regions of these two marks overlap. H3K9me2 was not as strongly upregulated 

in the three other olaparib-resistant lines, suggesting that a strong linkage of H3K9 methylation 

with H3K14ac may exist only in a subset of HGSOC. Further studies will be necessary to test 

the efficacy of combined inhibition of EHMT1/2 with HAT or BRD inhibitors. 

 Knockdown of specific HATs had only modest effects at sensitizing PEO1-OR to 

olaparib (Fig. 2). Despite PCAF being upregulated in PEO1-OR cells relative to olaparib-

sensitive PEO1, knockdown of PCAF further increased olaparib resistance (Fig. 2H). A prior 

study showed that acetylation of RPA1 by PCAF/GCN5 promoted NER (21), so we would 

expect knockdown of PCAF and/or GCN5 to lessen DNA repair and promote PARPi sensitivity. 

However, another study showed that PCAF and CBP/P300 acetylate p53 in response to DNA 

damage (45). We may surmise that the presence of TP53 mutations in nearly all HGSOC cases 

could alter this response, but further study is required. 

 The severe depletion of H3K14ac by HBO1 inhibitor WM-3835 indicates that the majority 

of H3K14 acetylation in PEO1-OR cells is mediated by HBO1 (Fig. 3A). A prior study 

demonstrated that HBO1 was enriched on the transcriptional start sites of actively transcribed 

genes, and that HBO1 contributed to bulk histone acetylation at these sites (46). In that study, 

HBO1 enrichment correlated with the level of promoter H3K14 acetylation. Given that the 

addition of 10 μM WM-3835 did not affect the olaparib IC50 in PEO1-OR (Fig. 3B), we conclude 

that the acetyltransferase activity of HBO1, and bulk H3K14 acetylation, do not have a major 

effect on PARPi response. Our data also suggest that the genes regulated by HBO1-mediated 

H3K14ac are not involved in PARPi response. However, the prior study also showed that HBO1 

enrichment, despite being correlated with H3K14ac, did not correlate with transcription levels of 

specific genes. Thus, even though WM-3835 severely depletes H3K14ac, transcriptional data 

would be needed to determine if WM-3835 had significant effects on transcription. Further, 

despite other HATs having a lesser role in bulk genomic H3K14ac, it is possible that other HATs 

acetylate histones at other genomic locations and genes, some of which may alter PARPi 
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response. We must also consider that acetylation of non-histone targets by other HATs may 

have effects on PARPi response. ChIP studies of specific loci, and specific targeting with other 

HAT inhibitors will be required to tease out precise effects. 

 Unlike HBO1 acetyltransferase inhibition, the use of BRD inhibitors did affect olaparib 

response. PCAF bromodomain inhibitor GSK2027 increased olaparib resistance in PEO1-OR 

(Fig. 3C), which agrees with increased olaparib IC50 in PCAF knockdown cells (Fig. 2B) and 

indicates that the bromodomain of PCAF, rather than the HAT domain, may play a significant 

role. Also, despite being readers of the same H3K14ac mark, inhibition of BAZ2B or BRPF-

family proteins had opposite effects on olaparib response. Inhibition of BAZ2B with both BAZ2-

ICR increased resistance, while inhibition of the BRPF family with OF-1 decreased resistance 

(Fig. 3D), demonstrating the highly complex regulatory nature of histone modifications. Overall, 

we found that the blunt method of HBO1 inhibition was ineffective at reversing PARPi 

resistance. Changes in IC50 due to BRD inhibition suggest that histone readers and other 

accessory factors in acetyltransferase protein complexes may play a greater role in PARPi 

response than the HATs themselves. The exact subunit composition of such complexes in 

HGSOC, and how these may be altered in acquired PARPi resistance, remain unknown. 

 This concept is further emphasized by the increased expression of BRPF3 in HGSOC 

compared to normal FTE (Fig. 4B) and the association of elevated BRPF3 expression with 

higher ovarian cancer stage and grade (Supplemental Fig. S2), and with worse overall survival 

(Fig. 4D). While OF-1 is a pan-BRPF inhibitor, specific knockdown of BRPF3 effectively 

reduced olaparib IC50 in PEO1-OR, indicating its importance in PARPi response. The protein 

complex containing BRPF3 and HBO1 has been shown to regulate H3K14 acetylation. BRPF3 

was found to be crucial for H3K14 acetylation, as well as loading of CDC45 at DNA origins of 

replication and activation of those origins (47). Since PARPi-induced DSBs are generated 

during DNA replication at collapsed replication forks, this role of BRPF3 in DNA replication 
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suggests a possible mechanism for loss or inhibition of BRPF3 to sensitize olaparib-resistant 

cells. 

 

Conclusions 

Our reported findings highlight the altered epigenetic landscape of PARPi-resistant 

HGSOC, including histone modifications and changes in expression of associated epigenetic-

modifying enzymes. While non-histone targets for acetylation have yet to be examined, our data 

suggest that the reader function of specific bromodomains may play a greater role than 

acetyltransferase domains. In conclusion, specific BRD proteins such as BRPF3, in association 

with HATs, may play a role in PARPi response even if total H3K14ac levels are not predictive or 

associated with resistance. Further examination of HAT complex composition in HGSOC, and 

the activities of each subunit, may reveal novel vulnerabilities. 

 

Methods 

Cell culture, shRNA, and lentivirus 

Cell lines were obtained from the Gynecologic Tumor and Fluid Bank (GTFB) at the University 

of Colorado and were authenticated at the University of Arizona Genomics Core using short 

tandem repeat DNA profiling. Regular mycoplasma testing was performed using MycoLookOut 

PCR (Sigma). HGSOC lines were cultured in RPMI 1640 supplemented with 10% fetal bovine 

serum (FBS) and 1% penicillin/streptomycin. 293FT lentiviral packaging cells were cultured in 

DMEM supplemented with 10% FBS and 1% penicillin/streptomycin. All cells were grown at 

37 °C supplied with 5% CO2. shRNA in pLKO.1 lentiviral vector plasmid were purchased from 

the University of Colorado Functional Genomics Facility. Sequences and The RNAi Consortium 

numbers are listed in Supplemental Table S2. A scrambled non-targeting shRNA was used as 

control (Sigma-Aldrich #SHC016). Lentivirus was packaged as previously described (48) in 

293FT using 3rd generation packaging plasmids (Virapower, Invitrogen) with polyethyleneimene 
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(PEI) transfection in a 1:3 DNA:PEI ratio. Culture supernatant was harvested at 48-72 h post-

transfection and processed through 0.45 µM filters. Viruses encoded a puromycin resistance 

gene. Transduced HGSOC cells were selected in 1 µg/mL puromycin. 

 

Histone modification profiling 

Profiling of histone modifications in olaparib-sensitive and –resistant cells was performed by the 

Northwestern University Proteomics Core. Briefly, we provided frozen pellets of 5 x 106 PEO1 

and PEO1-OR cells. Histone extracts were trypsin digested and histone residues were assayed 

as previously reported (49, 50) by liquid chromatography coupled to mass spectrometry using a 

TSQ Quantiva Ultra Triple Quadrupole Mass Spectrometer. 

 

PDX mouse model of PARPi-resistant HGSOC 

All animal experiments were performed in accordance with the Guide for the Care and Use of 

Laboratory Animals and were approved by the University of Colorado IACUC. Primary ovarian 

cancer sample GTFB1009 (BRCA1/2-wildtype) was provided by the University of Colorado 

Gynecologic Tumor and Fluid Bank. 6 to 8-week-old NOD SCID gamma (NSG) mice (Jackson 

Labs) were given intraperitoneal injections of 5 million GTFB1009 ascites cells each. Following 

a 7-day incubation period, mice were given once daily intraperitoneal injections of 50 mg/kg 

olaparib or vehicle control (10% 2-hydroxypropyl-β-cyclodextrin, Sigma-Aldrich #C0926) for 21 

days. After treatment, tumors were allowed to recur for two months. Mice were then euthanized, 

and ascites were collected for analysis. This model is further characterized in (9). 

 

RNA-Seq of GTFB-PDX1009 

RNA was isolated from olaparib-treated (n = 2) and -untreated (n = 2) GTFB-PDX1009 ascites 

using the RNeasy Plus Mini kit (Qiagen). RNA quality was confirmed using an Agilent 

TapeStation and all RNA used for library preparation had a RIN>9. Libraries were generated 
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and sequencing was performed by Novogene. HISAT (51) was used for alignment against 

GRCh37 version of the human genome. Samples were normalized using TPM (Transcripts per 

Kilobase Million) measurement and gene expression using the GRCh37 gene annotation was 

calculated using home-made scripts. Analysis was performed by the Division of Translational 

Bioinformatics and Cancer Systems Biology at the University of Colorado School of Medicine. 

Data are available at accession GSE131231.  

 

Compounds 

P300/CBP inhibitor SGC-CBP30 (SelleckChem #S7256), PCAF inhibitors GSK4027 (Cayman 

#23421) and L-Moses (Tocris #6251), and BAZ2B inhibitors GSK2801 (SelleckChem #S7231) 

and BAZ2-ICR (Tocris #5266) were purchased from the indicated suppliers. HBO1 inhibitor 

WM-3835 was kindly provided by Jonathan Baell of the Monash Institute of Pharmaceutical 

Sciences (Victoria, Australia) and Professor Mark Dawson of the Peter MacCallum Cancer 

Centre, University of Melbourne (Melbourne, Australia). 

 

Colony formation assay 

2500 cells were seeded per well in 24-well plates and treated with increasing doses of olaparib 

alone or in combination with the indicated compounds. Media and drugs were changed every 

three days until control wells were confluent. Colonies were washed twice with PBS, then 

incubated in fixative (10% methanol and 10% acetic acid in PBS). Fixed colonies were stained 

with 0.4% crystal violet in 20% ethanol/PBS. After imaging, crystal violet was dissolved in 

fixative and absorbance was measured at 570 nm using a Molecular Devices SpectraMax M2e 

plate reader. 

 

Reverse-transcriptase quantitative PCR (RT-qPCR) 
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RNA was isolated from cells using the RNeasy Plus Mini Kit (Qiagen). mRNA expression was 

determined using SYBR green Luna One Step RT-qPCR Kit (New England BioLabs) on a 

C1000 Touch (Bio-Rad) or QuantStudio 6 (Applied Biosystems) thermocycler. Expression was 

quantified by the ΔΔCt method using target-specific primers and glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH) control primers. mRNA-specific primers were designed to span exon-

exon junctions to avoid detection of genomic DNA. Primer sequences are shown in 

Supplemental Table S3. 

 

Immunoblotting 

For histone blots, extracts were made using the Histone Extraction Kit (Abcam #ab113476). For 

total protein, cells were lysed and briefly sonicated in RIPA buffer (150mM NaCl, 1% TritonX-

100, 0.5% sodium deoxycholate, 0.1% SDS, 50mM Tris pH 8.0) supplemented with cOmplete 

EDTA-free protease inhibitors (Roche #11873580001) and phosphatase inhibitors NaF and 

Na3VO4. Protein was separated by SDS-PAGE and transferred to PVDF membrane using the 

TransBlot Turbo (BioRad). Membranes were blocked in LI-COR Odyssey buffer (#927-50000) 

for 1 hour at room temperature. Primary antibody incubation was performed overnight in 

blocking buffer at 4 °C. Membranes were washed 3 times for 5 minutes each in TBST (50 mM 

Tris pH 7.5, 150 mM NaCl, 0.1% Tween-20), then secondary antibodies were applied in 

blocking buffer for one hour at room temperature. Membranes were washed again 3 times for 5 

minutes each in TBST. Bands were visualized using the LI-COR Odyssey Imaging System. 

Primary antibodies were: H3K14ac (Cell Signaling #7627, Rabbit, 1:1000), total H3 (Cell 

Signaling #14269, Mouse, 1:1000), BRPF3 (Abcam #ab69410, Mouse, 1:1000), and β-actin 

(Abcam #ab6276, Mouse, 1:10,000). Secondary antibodies were LI-COR fluorophore-labeled 

secondary goat anti-rabbit (IRDye 680RD or IRDye 800CW, #925-68071 or #926-32211) or 

goat anti-mouse (IRDye 680RD or IRDye 800CW, #926-68070 or #925-32210) at 1:20,000 

dilution. 
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Densitometry 

For immunoblot images captured using the LI-COR Odyssey, band fluorescence intensity was 

analyzed using LI-COR ImageStudio 4. Immunoblots of histone extracts were normalized to 

band intensity of total H3. Immunoblots of total protein lysates were normalized to intensity of β-

actin. 

 

Ovarian cancer dataset analysis 

Microarray data from publicly available ovarian cancer database GSE10971 (52, 53) was 

analyzed to compare gene expression between normal fallopian tube epithelium and high grade 

serous ovarian carcinoma. KMplot (36) was used to interrogate TCGA ovarian cancer gene 

expression data and compare overall survival in high and low expressing patients. CSIOVDB 

(37-39) and canSAR Black (40) were used to further interrogate associations between BRPF3 

and ovarian cancer microarray datasets. 

 

Software and statistical analysis 

Statistical analysis and calculation of P value was performed using GraphPad Prism. 

Quantitative data are expressed as mean ± SD unless otherwise stated. Two-tailed t-test was 

used for single comparisons. Analysis of variance (ANOVA) with Fisher's Least Significant 

Difference (LSD) was used in multiple comparisons. Olaparib IC50 were calculated and 

compared using the Nonlinear regression (curve fit) analysis, log(inhibitor) vs. response (three 

parameters) model, with extra sum-of-squares F-test. For all statistical analyses, the level of 

significance was set at 0.05. 
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TABLE 1 

shRNA Olaparib IC50 (nM) % shCTRL P-value 

shCTRL 2620 - - 

shKAT3B #1 1699 65% 0.016 

shKAT3B #2 1716 65% 0.021 

shKAT3A #1 1672 64% 0.014 

shKAT3A #2 1955 75% 0.099 

shKAT2B #1 4549 174% 0.002 

shKAT2B #2 3409 130% 0.105 

shKAT2A #1 1104 42% < 0.0001 

shKAT2A #2 1704 65% 0.009 

shRNA Olaparib IC50 (nM)   

shCTRL 1593 - - 

shKAT7 #1 1431 90% 0.444 

shKAT7 #2 1348 85% 0.352 
 

Table 1. Olaparib IC50 values of control and HAT knockdown PEO1-OR HGSOC cells. For 

each indicated shRNA, the olaparib IC50 values are shown. Also shown are IC50 percentage 

relative to shCTRL (% shCTRL) and p-value. 
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TABLE 2 

Compound(s) Olaparib IC50 (nM) % Olap. P-value 

Olaparib Only 2479 - - 

Olap. + 10 μM WM-3835 2668 108% 0.711 

Compound(s) Olaparib IC50 (nM) % shCTRL P-value 

Olaparib Only 2280 - - 

Olap. + 2 μM L-Moses 2433 107% 0.739 

Olap. + 2 μM GSK4027 3540 155% 0.019 

Olap. + 2 μM SGC-CBP30 2488 109% 0.719 

Compound(s) Olaparib IC50 (nM) % shCTRL P-value 

Olaparib Only 2436 - - 

Olap. + 2 μM BAZ2-ICR 6547 269% < 0.0001 

Olap. + 2 μM GSK2801 3401 140% 0.108 

Olap. + 2 μM NI-57 3201 131% 0.151 

Olap. + 2 μM OF-1 1379 57% 0.016 
 

Table 2. Olaparib IC50 values of PEO1-OR HGSOC cells treated with olaparib alone or in 

combination with 2 μM bromodomain inhibitors. For each treatment, the olaparib IC50 values 

are shown. Also shown are IC50 percentage relative to olaparib alone (% Olap.) and p-value. 

 

  

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted January 3, 2022. ; https://doi.org/10.1101/2021.12.21.473688doi: bioRxiv preprint 

https://doi.org/10.1101/2021.12.21.473688


FIG. 1 

 

FIG 1. H3K14ac enrichment and histone acetyltransferase expression is altered in 

olaparib-resistant HGSOC cells and a PDX model. (A) Histone extracts from the indicated 

olaparib-sensitive and olaparib-resistant HGSOC cell lines were assayed by mass spectrometry 

for histone modifications. The percentage of acetylated H3K14 is shown for each 

sensitive/resistant pair. (B) Histone extracts from the indicated olaparib sensitive/resistant pairs 

were assayed by Western blotting for H3K14ac and total H3. The H3K14ac:H3 ratio was 

determined by band densitometry and normalized to the olaparib-sensitive line of each pair. (C) 

mRNA from the indicated olaparib-sensitive/-resistant pairs was assayed for HAT expression by 
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RT-qPCR. Target gene expression was determined relative to GAPDH control by ΔΔCt method. 

Each data point represents the average of three PCR reactions. P-values by T-test. (D) Human 

HGSOC PDX cells were injected into NSG mice. After seven days, mice received a 21-day 

treatment course of intraperitoneal vehicle control or 50 mg/kg olaparib. Following treatment, 

tumor cells were allowed to recur over an addition 21 days. Upon necropsy, ascites cells were 

collected. mRNA from ascites cells was analyzed by RT-qPCR for the indicated HATs. Target 

gene expression was determined relative to GAPDH control by ΔΔCt method. Each data point 

represents the average of three PCR reactions. Numbers below bars are mouse ear tag IDs. P-

values were determined by T-test comparing each olaparib-treated mouse (gray bars; #827, 

#877, #878, or #879) to the average of both control mice (white bars; #834 and #846).  *** p < 

0.001; **** p < 0.0001. 
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FIG. 2 

 
FIG 2. Knockdown of HATs shows only moderate alteration of olaparib response in 

PEO1-OR (olaparib-resistant) HGSOC cells. (A-E) PEO1-OR cells were transduced with the 

indicated targeted shRNAs or a non-targeting scrambled shRNA (shCTRL) and then selected in 

puromycin. Knockdown of each HAT was determined by RT-qPCR. mRNA expression was 

determined relative to GAPDH by ΔΔCt method, then normalized to shCTRL for each 

knockdown. P-value by T-test. (F-J) Each shRNA line was seeded at 2500 cells per well in a 24-

well plate and treated with vehicle control or increasing doses of olaparib for eight days, after 

which colonies were fixed and stained with crystal violet. Stain was dissolved and the 

absorbance from each well was read by spectrophotometer, then normalized to vehicle control. 
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FIG. 3 

 
FIG 3. Depletion of H3K14ac does not shift olaparib IC50, but BRD inhibitors moderately 

affect olaparib response in PEO1-OR HGSOC cells. (A) PEO1-OR cells were treated with the 

indicated doses of HBO1 acetyltransferase inhibitor WM-3835 for 6 hours. Histone extracts 

were analyzed by Western blot for H3K14ac and total H3. (B) PEO1-OR in a 24-well plate were 

treated with increasing doses of olaparib with or without 10 μM WM-3835. Colony formation and 

olaparib IC50 were determined as described for Fig. 2F-J. (C-D) PEO1-OR cells in a 24-well 

plate were treated with increasing doses of olaparib with or without 2 μM of the indicated 

bromodomain inhibitors. Colony formation and olaparib IC50 were determined as described for 

Fig. 2F-J. 
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FIG. 4 

 
FIG 4. BRPF3 mRNA expression is elevated in HGSOC relative to normal fallopian tube, 

and elevated expression is associated with worse overall survival. BRPF3 knockdown 

moderately sensitizes PEO1-OR cells to olaparib. (A-B) mRNA expression of KAT7 and 

BRPF3 in microarray dataset GSE10971 was compared between HGSOC and normal FTE. P-

value by T-test. (C-D) TCGA microarray data for KAT7 and BRPF3 were analyzed using KMplot 

and Kaplan-Meier curves were generated for overall survival (N = 655) of High and Low 

expressing patients for each gene. (E) mRNA from the indicated olaparib sensitive/resistant 

pairs was assayed for BRPF3 expression by RT-qPCR. Target gene expression was 

determined relative to GAPDH control by ΔΔCt method. Each data point represents the average 

of three PCR reactions. P-values by T-test. *** p < 0.001; **** p < 0.0001. (F-G) PEO1-OR cells 

were transduced with shRNAs targeting BRPF3 or a non-targeting scrambled shRNA (shCTRL) 

and then selected in puromycin. Knockdown of BRPF3 was determined by RT-qPCR (F) and 

Western blotting (G). mRNA expression in (F) was determined relative to GAPDH by ΔΔCt 
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method, then normalized to shCTRL for each knockdown. P-value by T-test. (H) Cells from F-G 

were treated with increasing doses of olaparib, and colony formation was assayed as in Fig. 2C. 
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