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Abstract  

 

Mutations in BRCA1/2 increase the risk of developing breast and ovarian cancer. 

Germline BRCA1/2 mutations occur in 8.6-13.7% of unselected epithelial ovarian 

cancers, somatic mutations are also frequent. BRCA1/2 mutated or dysfunctional cells 

may be sensitive to PARP inhibition by synthetic lethality.  The aim of this study is to 

comprehensively characterise the BRCA1/2 status of a large panel of ovarian cancer cell 

lines available to the research community to assist in biomarker studies of novel drugs 

and in particular of PARP inhibitors. 

 

The BRCA1/2 genes were sequenced in 41 ovarian cell lines, mRNA expression of 

BRCA1/2 and gene methylation status of BRCA1 was also examined. The cytotoxicity of 

PARP inhibitors olaparib and veliparib was examined in 20 cell lines. 

 

The cell line SNU-251 has a deleterious BRCA1 mutation at 5564G>A, and is the only 

deleterious BRCA1/2 mutant in the panel. Two cell lines (UPN-251 and PEO1) had 

deleterious mutations as well as additional reversion mutations that restored the protein 

functionality. Heterozygous mutations in BRCA1/2 were relatively common, found in 

14.6% of cell lines. BRCA1 was methylated in two cell lines (OVCAR8, A1847) and 

there was a corresponding decrease in gene expression. The BRCA1 methylated cell lines 

were more sensitive to PARP inhibition than wild-type cells. The SNU-251 deleterious 

mutant was more sensitive to PARP inhibition, but only in a long-term exposure to 
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correct for its slow growth rate. Cell lines derived from metastatic disease are 

significantly more resistant to veliparib (2.0 fold p = 0.03) compared to those derived 

from primary tumours. Resistance to olaparib and veliparib was correlated Pearsons-R 

0.5393, p = 0.0311. 

 

The incidence of BRCA1/2 deleterious mutations 1/41 cell lines derived from 33 

different patients (3.0%) is much lower than the population incidence. The reversion 

mutations and high frequency of heterozygous mutations suggest that there is a selective 

pressure against BRCA1/2 in cell culture similar to the selective pressure seen in the 

clinic after treatment with chemotherapy. PARP inhibitors may be useful in patients with 

BRCA1 deleterious mutations or gene methylation. 

 

Key words – BRCA1/2, ovarian, mutation, methylation, parp inhibitor, olaparib, 

veliparib  
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Introduction 

 

The BRCA1 and BRCA2 proteins play a critical role in DNA damage repair and 

mutations in these genes increase the risk of developing breast and ovarian cancer. 

BRCA1/2 germline mutations have been shown occur in 8.6-13.7% of unselected 

epithelial ovarian cancer patients (Pal et al. 2005; Risch et al. 2001; Rubin et al. 1998). 

The rates of BRCA1 or combined BRCA1/2 mutation are much higher in ovarian cancer 

than in unselected invasive breast cancer 1.42-1.96% ( 2000; Newman et al. 1998; 

Papelard et al. 2000). 

 

Synthetic lethality is the phenomenon whereby cell death results from the loss of function 

of two different gene products, when loss of either gene product in isolation does not. 

This concept has led to the idea that a new class of agents, PARP inhibitors, could be 

effective at treating BRCA1/2 dysfunctional cancers. PARP-1 is thought to be a regulator 

of base excision repair (BER) (Helleday 2011). One model suggests that PARP-1 

inhibition traps one of the single strand break intermediates in the BER process and 

prevents the final ligation step (Helleday 2011). PARP also plays a role at stalled 

replication forks and is often hyper-activated in cells defective in homologous 

recombination repair such as BRCA1/2 mutant or defective cells (Helleday 2011). 

Inhibition of PARP in cells with dysfunctional homologous recombination repair 

therefore results in the inhibition of two major DNA repair pathways. Studies have 

demonstrated this synthetic lethality by inhibiting PARP in cells deficient in BRCA1/2 

(Bryant et al. 2005; Farmer et al. 2005). The results of proof of concept clinical trials of 
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the PARP inhibitor olaparib in breast and ovarian cancer patients with germline 

BRCA1/2 mutations have also been encouraging (Audeh et al. 2010; Tutt et al. 2010). 

 

Recently it has been shown that somatic BRCA1/2 mutations are also frequent in ovarian 

cancer. BRCA1/2 mutations were detected in 18.3% of tumour samples (n=235). Of the 

42 patients found to have a BRCA1/2 mutation in their tumor, germline DNA was 

available from 28. Eleven of these patients (39%) had somatic BRCA1/2 mutations not 

present in the germline (Hennessy et al. 2010). These somatic BRCA1/2 mutations may 

expand the cohort of ovarian cancer patients which may benefit from treatment with 

PARP inhibitors. PARP inhibitors may also be useful in sporadic ovarian cancer patients 

which have other non-mutation defects in the BRCA1/2 pathways in their tumours, such 

as loss of gene or protein expression which can occur in up to 90% of patients (Russell et 

al. 2000).  

 

To understand the role of BRCA1/2 mutations in ovarian cancer and study potential 

therapeutic strategies including the use of PARP inhibitors, suitable cell lines are needed. 

A previous study has characterised BRCA1/2 status in a large panel of breast cancer cell 

lines (Elstrodt et al. 2006). Our study characterises the mutation, expression and 

methylation status of BRCA1/2 in 41 ovarian cancer cell lines. The responsiveness to 

PARP inhibitors olaparib and veliparib was examined in a subset of 20 cell lines.
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Results 

 

BRCA1 Mutation Screening 

The clinical characteristics of the ovarian tumors from which the cell lines were 

established are presented in Table 1.  Sequencing of BRCA1 revealed 18 different 

alterations in the gene sequence among 41 human ovarian cell lines (Table 2). The 

majority of alterations are nonpathogenic polymorphisms as described by the Breast 

Cancer Information Core (BIC) mutation database (http://research.nhgri.nih.gov/bic/). 

Three novel mutations in BRCA1 were identified in this study 1199del29, 2921 G>A, 

and 2925 G>A (Table 3). These variants have not been previously identified and are not 

present in the BIC or Myriad Genetics databases. 1199del29 is deleterious as it results in 

a frameshift and a premature stop codon; 2132 G>A is a polymorphism and 2136 G>A is 

a variant of unknown significance.  

 

Deleterious BRCA1 mutations were identified in 4 ovarian cell lines IGROV-1, UPN-

251, HI0180 and SNU-251 (Tables 2 and 3). The deletion of an adenine at position 2080 

in the IGROV-1 cell line, leads to a premature stop of protein translation at amino acid 

700. However, IGROV-1 is heterozygous not homozygous for the 2080delA BRCA1 

mutation (Figure 1A) as previously reported (Foray et al. 1999). The germline genotype 

of BRCA1 in the patient who IGROV-1 was derived from is unknown, so we cannot 

determine if this mutation is germline or somatic (Benard et al. 1985; Fajac et al. 1996). 

The immortalised ovarian epithelial cell line HI0180 (Sood et al. 2002) has a suspected 
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deleterious mutation at IVS21+1G>C, the first base after exon 21. However, this 

mutation is also heterozygous. 

 

The 1199del29 mutation in BRCA1 is defined as deleterious as it results in a frameshift 

causing a premature stop codon.  UPN-251 has the 1199del29 mutation however there is 

an additional mutation (1246delA), which restores the reading frame of the protein 

(Figure 1C). Therefore, despite having two mutations that would independently be 

deleterious, the UPN-251 cell line likely has a functional BRCA1 due to the combination 

of the two mutations. We believe this is an example of a deleterious mutation, followed 

by a reversion mutation.  

 

SNU-251 has a homozygous deleterious mutation at 5564G>A which converts a 

tryptophan to a stop codon truncating the protein in exon 23. SNU-251 was developed 

from malignant ascites fluid from a Korean patient with endometrioid ovarian carcinoma 

(Yuan et al. 1997). The germline BRCA1 status of this patient is unknown. 

 

BRCA2 Mutation Screening 

Sequencing of BRCA2 revealed 33 different alterations in the gene sequence among 43 

human ovarian cell lines (Tables 3 and 4). Similar to BRCA1 the majority of alterations 

are nonpathogenic polymorphisms. Five novel mutations in BRCA2 were identified in 

this study (Table 3). 3624A>G, 4542C>T, 4680C>T are polymorphisms. 5192A>T and 

5193C>T are reversion mutations correcting a deleterious mutation, explained below.  
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Deleterious BRCA2 mutations were identified in 5 ovarian cell lines IOSE80, OC316, 

OVCA432, OVCA433 and PEO1 (Tables 3 and 4). The deletion of an adenine at position 

5579 in the OC316 cell line, leads to a premature stop of protein translation at amino acid 

1790. However, OC316 is heterozygous, not homozygous for the 5579delA BRCA2 

mutation. The germline genotype of BRCA2 in the patient who OC316 was derived from 

is unknown (Alama et al. 1996). The deleterious mutations in IOSE80, OVCA432, and 

OVCA433 are also all heterozygous.  

 

The PEO1 cell line has a BRCA2 homozygous mutation 5193C>G, which would 

normally result in a stop codon at amino acid 1655. However, the PEO1 cell line has 

another mutation 5192A>T which prevents the stop codon. We believe that this is an 

example of a reversion mutation. The cell lines PEO4 and PEO6 were established from 

the ascites fluid of the same patient as PEO1 after further treatment with chemotherapy 

(Langdon et al. 1988). The PEO4 and PEO6 cells have a different mutation at 5193, it is 

now a thymine and the 5192A>T mutation seen in PEO1 is gone. This appears to be a 

different reversion mutation at the same site. 

 

LOH, methylation and QPCR 

Loss of heterozygosity (LOH) was common at both the BRCA1 and BRCA2 locus (Table 

3). Out of the 34 cell lines examined 15 had a LOH at BRCA1 and 10 had a LOH at 

BRCA2 (44% and 29% respectively). Of the 6 cell lines with heterozygous deleterious 

mutations, 5 were examined for LOH. All of these cell lines (IGROV-1, IOSE80, OC316, 

OVCA432, and OVCA433) did not show LOH at the respective BRCA1/2 locus. 
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Methylation was examined on the BRCA1 gene in all 41 cell lines and was found in 2 

cell lines A1847 and OVCAR8 (Table 3). The methylated cell lines had a corresponding 

decrease in gene expression of BRCA1 (Figure 2). The deleterious mutated cell line 

SNU-251 had similar BRCA1 gene expression to the wild-type cell lines. The premature 

stop codon results from a single base change and this does not have an impact on the 

length of the mRNA produced.  

 

Cytotoxicity and growth assays 

A panel of 20 cell lines was chosen to examine the relationship between BRCA1 

mutation, methylation and resistance to PARP inhibition. The following cell lines were 

examined, deleterious mutation (SNU-251), methylated (OVCAR8 and A1847) and 17 

wild-type cell lines. The IC50s of olaparib in the cell line panel is shown in Figure 3A. 

The methylated cell lines OVCAR8 and A1847 were more sensitive than the wild-type 

cells on average to olaparib supporting the synthetic lethality theory between BRCA1 

dysfunction and PARP inhibition (Figure 3B). Unexpectedly, SNU-251, the mutated cell 

line, was the second most resistant to olaparib. The SNU-251 cells were the slowest 

growing cell line in the panel tested with a doubling time of 3.32 ± 0.85 days (Figure 3C). 

In the 7-day cytotoxicity assay the SNU-251 cells only divide twice, the other cell lines 

divide 3-4 times. The methylated cell lines are on average slower growing than wild-type 

cells but this difference was not significant (Figure 3D). To compensate for the slower 

growth rate the SNU-251 cells were examined with a 2 week cytotoxicity assay. This 

longer exposure time gives an equivalent number of cell doublings to the rest of the cell 
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panel in a 1 week assay. SNU-251 with a 2 week exposure is relatively sensitive to 

olaparib (Figure 3A & 3B). 

 

The results for veliparib were similar (Figure 3E); however a higher dose of veliparib was 

needed than olaparib to achieve an IC50 across the cell line panel. The IC50s of olaparib 

and veliparib are also correlated in the panel, Pearsons-R 0.5393, p = 0.0311. The 

methylated cell lines OVCAR8 and A1847 were also on average more sensitive to 

veliparib than wild-type cells (Figure 3F). SNU-251 was also relatively resistant to 

veliparib in a 1 week cytotoxicity assay and more sensitive in a 2 week assay. Two cell 

lines were relatively sensitive to both olaparib and veliparib (A2780 and ES-2), and 

OVCAR420 was highly resistant to both agents. However, the next most resistant cell 

lines were different for olaparib (OVCAR432, HEY, IGROV-1) compared to veliparib 

(SKOV3, UPN-251). 

 

T-tests were used to analyse if the clinical characteristics of the patients the cell lines 

were derived from were related to the response of the cell lines to parp inhibitors (Table 

5).  Cell lines derived from primary tumors cells were significantly more sensitive to 

veliparib (p = 0.03) than cells from metastases, including A2780 and ES-2 cells. The 

response to olaparib was not significant as the cell line IGROV-1 responded differently to 

A2780 and ES-2 and was more resistant to Olaparib. Cell lines which were derived from 

patients after receiving chemotherapy tended to be more resistant to veliparib than cells 

derived after chemotherapy, 1.83-fold p = 0.08. All other factors were non-significant in 

this relatively small sample set.
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Discussion 

 

When BRCA1/2 mutations are detected in cell lines they represent either a germline 

mutation or a somatic mutation in the tumour, or a combination of both. Currently in 

clinical practice BRCA1/2 mutations are screened for in the germline with a blood test. 

This test is more economical, does not require tumor tissue and addresses the issue of 

familial risk of breast and ovarian cancer. However, with the advent of PARP inhibitors 

as a potential targeted therapy for BRCA1/2 mutated cancer additional tumour testing for 

somatic mutations may become a new standard as a significant number of somatic 

mutations are present in ovarian cancers (Hennessy et al. 2010). 

 

The results of this study show that deleterious BRCA1/2 mutations are rare in ovarian 

cancer cell lines, only 1/41 cell lines studied (2.4%). The clinical characteristics of the 

patients the ovarian cell lines were derived from is presented in Table 1. Five cell lines in 

the panel represent later stages of cancer progression in patients cell lines were already 

derived from (HOC-7, PEA2, PEO4, PEO6, PEO14). Three cell lines are immortalised 

ovarian epithelial cells, HIO180, IOSE29 and IOSE80. Therefore, our panel of 41 cell 

lines represents 33 different ovarian cancer patients and the BRCA1/2 deleterious 

mutation rate per patient the cell lines were derived from is 1/33 (3.0%).   

 

The histology of the cell line panel (Table 1) is reflective of clinical ovarian cancer; only 

one cell line is of non-epithelial origin, PA-1 which was derived from a germ-cell tumour 

(Hills et al. 1989). Therefore 32/33 patients that the cell lines were derived from had 
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epithelial ovarian cancer (97.0%), which is similar to the reported clinical rates of 

epithelial ovarian cancer (~90.0%) (Colombo et al. 2009). Out of the patients where the 

subtype of epithelial ovarian cancer is known (20), serous dominates over other epithelial 

subtypes in the cell line panel 14/20 (70.0%), slightly lower than what is seen in the clinic 

(~80-85%) (Colombo et al. 2010). This discrepancy is likely due to many cell lines being 

classified as adenocarcinoma, rather than into epithelial subgroups. Interestingly, 

although the majority of BRCA1 mutations occur in serous ovarian cancer (Berchuck et 

al. 1998; Lakhani et al. 2004) the SNU-251 BRCA1 mutant is derived from an 

endometrial ovarian tumour (Yuan et al. 1997). The PEO1, PEO4 and PEO6 cell lines 

which have reversions of a BRCA2 mutation are of also of serous origin from the same 

patient (Langdon et al. 1988)  

 

Deleterious BRCA1 mutations have also been shown to be rare in breast cancer cell lines, 

3/41 (7.3%) (Elstrodt et al. 2006). However, due to the higher reported rates of 

deleterious BRCA1/2 mutations in unselected invasive ovarian versus unselected 

invasive breast cancer patients (11.7-15.3% versus 1.71%) (Pal et al. 2005; Papelard et al. 

2000; Risch et al. 2001; Rubin et al. 1998), one would expect to see a higher number of 

cell lines with mutations in ovarian cancer when comparing unselected cell-line panels of 

similar size. This is in contrast to what we have observed; this discrepancy may be in part 

due to random sampling, the cell models we have studied may have been derived more 

often from patients without BRCA1/2 mutations; or there may be factors selecting against 

these mutations during adaption to cell culture.  
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Unusually, heterozygous mutations in BRCA1/2 were seen in 4 ovarian cancer cell lines 

studied (IGROV-1, OC316, OVCAR432 and OVCAR433), representing a frequency of 

4/33 (12.12%). Heterozygous mutations in BRCA1/2 were also seen in two of the 

immortalised ovarian cell lines IOSE80 and HI0180. LOH was studied in all of the 

heterozygous mutated cancer cell lines and no LOH were observed (Table 3). One 

explanation for why heterozygous BRCA1/2 mutations may be observed in a cancer cell 

line is the cancer patient the cells were derived from was a BRCA1/2 mutation carrier but 

a second mutation in BRCA1/2 was not part of the carcinogenesis of their tumour. Breast 

cancers in patients who are heterozygous for BRCA1/2 are rarely ER+. However, there is 

a subset of patients that are both (Foulkes et al. 2004; Tung et al. 2010b), these patients 

may be ER+ because their cancer occurred due to hormonal carcinogenesis rather than 

loss of the second BRCA1/2 allele. One study examined 77 breast cancer patients women 

with BRCA1 germline mutations, 12 tumours remained heterozygous (15.5%), and 8 of 

these were ER+ (Tung et al. 2010a). It appears that heterozygous BRCA1/2 mutations 

may be more common in breast cancer where the lifetime risk of sporadic disease is 

higher than ovarian cancer, 1 in 8 vs. 1 in 72 (National Cancer Institute. 2010). In 

contrast to our observations with cell lines, of the BRCA1/2 mutant ovarian tumours 

identified to date by Myriad Genetics, only ~1/100 is heterozygous (Timms 2011).  

 

When BRCA1/2 mutated cells are treated with chemotherapeutics, one mechanism of 

resistance that can occur is a reversion of the deleterious mutation. This has been shown 

to occur in cancer cell lines (Sakai et al. 2008) as well as in cancer patients after 

treatment with platinum-based chemotherapy (Swisher et al. 2008). This demonstrates 
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that when the selective pressure of drug treatment is applied to BRCA1/2 mutated cells a 

common occurrence is a reversion of the mutation. The development of cell lines from 

tumour tissue is a process that involves multiple levels of selective pressure. Primary 

culture protocols involve physical disruption of the tissue, enzymatic digestion and 

selection of attached colonies in tissue culture. The more robust the cell, the more likely 

it is to survive the process. Cells without the full complement of DNA repair pathways, 

such as BRCA1/2 mutants may be at a disadvantage.  

 

Loss of the second BRCA1/2 allele has also been shown to be heterogeneous within a 

tumour from BRCA1/2 mutation carriers (Martins et al. 2012). Mutations in BRCA1, 

PTEN and p53 were analysed at the single cell level in 55 BRCA1-associated breast 

tumours. Based on the frequency of each mutation loss of PTEN was the most common 

‘first’ carcinogenic event associated with a basal-like subtype rather than BRCA1 

(Martins et al. 2012). When a cell line is isolated from a heterogeneous tumour from a 

BRCA1/2 carrier cells with PTEN and p53 mutations could have been more robust in 

culture and BRCA1/2 mutated cells did not survive in the established cell line.  

 

The heterozygous BRCA2 mutated cell line OC316 was derived from the malignant 

ascites of a cancer patient who had already received multiple rounds of chemotherapy 

(Alama et al. 1996) (Table 1). The metastasis and treatment with chemotherapy may have 

provided enough selective pressure for BRCA2 heterozygous cells to dominate the 

population. IGROV-1 was derived from an untreated primary tumour (Benard et al. 1985) 

and its heterozygosity may be explained by an alternate path of tumorigenesis. IGROV-1 
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is PTEN null (Cruet-Hennequart et al. 2003) but p53 wild-type (Casalini et al. 2001). It is 

possible that the primary tumour IGROV-1 was derived from was a mixture of PTEN and 

BRCA1 mutant cells and the PTEN mutation survived the selective pressure of cell 

culture.  

 

The reversion mutations in UPN-251, PEO1, PEO4 and PEO6 are also evidence of a 

selective pressure against BRCA1/2 mutations. In the PEO4 and PEO6 cells, the 

reversions occurred after the patient received further chemotherapy (Langdon et al. 

1988). In the PEO1 cells, we see an additional variation compared to that reported by 

Sakai et al (Sakai et al. 2009), 5192>T which has been previously reported by Stronach et 

al and has been seen in other unselected stocks of PEO1 (Stronach et al. 2011). Our 

PEO1 cells were of relatively high passage number (p119) at the time of analysis for 

BRCA1/2 mutation. Stronach et al hypothesise that 5192>T exists as a sub-dominant 

population within the original PEO1 line given that the same mutation has been reported 

to emerge independently either following selection with cisplatin (Sakai et al. 2009) or 

spontaneously following long term cell culture. It has also been shown that PEO4 and 

PEO6 are genetically diverse from PEO1, consistent with the selection of a pre-existing 

resistant subclone rather than the transformation of PEO1 into PEO4/6 (Cooke et al. 

2010). In the UPN-251 cells, we don’t know if these reversions occurred in vivo or in 

vitro. However, the UPN-251 cells were derived from a patient who had failed frontline 

platinum/taxol as well as salvage taxol, which may have provided the selective pressure 

for the reversion (Hamilton 2012). 
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The scientists who established SNU-251 commented on the difficulty developing cell 

lines from ovarian cancer patients, their success rate was only 17% (Yuan et al. 1997). 

Another BRCA1-mutated ovarian cell line (UWB1.289) was developed from a patient 

with a particularly aggressive cancer (DelloRusso et al. 2007). The authors of this study 

commented on the difficulty of establishing BRCA1 mutated cell lines in cell culture and 

speculate that the aggressiveness of this patient’s tumour may have facilitated the 

propagation of this particular deleterious mutated cell line in vitro (DelloRusso et al. 

2007). 

An unselected breast cancer cell-line panel was skewed towards the triple-negative 

subgroup, 21/48 cell lines studied (43.75%) (Kao et al. 2009), higher than the incidence 

of triple negative breast cancer (TNBC) in unselected invasive breast cancer (12.4%) 

(Bauer et al. 2007). One would expect that BRCA1 mutations would be enriched in the 

panel as BRCA1 mutated tumours are common in TNBC (20.93%) (Merkel et al. 1989). 

However, BRCA1 mutations were relatively uncommon 2/14 (14.2%) of the TNBC cell 

lines examined (Kao et al. 2009). This suggests that the clinical aggressiveness of TNBC 

may make development of cell lines easier in the laboratory, but that the presence of 

BRCA1/2 mutations hinders the development of cell lines, resulting in a bias in the 

available cell lines. 

 

The SNU-251 BRCA1 deleterious mutated cell line was relatively resistant to PARP 

inhibition in a 1 week cytotoxicity assay (Figure 3A,E). This is the opposite of what was 

predicted by the synthetic lethality theory between PARP inhibition and BRCA1/2 

dysfunction. The SNU-251 cell line is likely to have many changes in its DNA repair 
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mechanisms in addition to the BRCA1 mutation and more detailed study is needed to 

understand any DNA repair defects present. The deleterious mutation is also located near 

the end of the gene sequence and may have little impact on protein function. However, 

SNU-251 has a very slow growth rate compared to the other cell lines in the panel 

(Figure 3C). One of the causes of toxicity from PARP inhibitors is the generation of 

DSBs at collapsed replication forks (Rouleau et al. 2010). It is possible that the slow 

growth rate masks the true sensitivity of the cell line as the cells do not go through as 

many cell divisions as their wild-type counterparts. When SNU-251 was examined with a 

2-week cytotoxicity assay their sensitivity to both olaparib and veliparib increases and 

they are more sensitive than wild-type cells. 

 

The rate of BRCA1 methylation in the cell line panel 2/33 different patients (6.0%) is 

similar to the observed rate clinically in ovarian tumours 12/98 (12.2%) (Baldwin et al. 

2000). BRCA1 methylation status has been shown to be stable in recurrent ovarian 

cancers (Baldwin et al. 2000).  The BRCA1-methylated cell lines OVCAR8 and A1847 

were more sensitive to PARP-inhibition than wild-type cell lines (Figure 3B, F). These 

cells also had a lower expression of BRCA1 mRNA (Figure 2). This data supports the 

synthetic lethality theory between PARP inhibition and BRCA1 dysfunction. This 

observation needs to be expanded upon but examining BRCA1 methylation may be 

relevant to predicting sensitivity to PARP inhibitors.  

 

Two BRCA1/2 wild-type unmethylated cell lines were relatively sensitive to both 

olaparib and veliparib (A2780 and ES-2). This demonstrates that parp inhibitors may be 
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useful for the treatment of a broader spectrum of patients with ovarian cancer. Cells lines 

derived from metastases were significantly more resistant to veliparib than cells derived 

from primary tumours (Table 5). This is consistent with the concept that pathways that 

govern invasion and metastasis overlap with drug resistance (Liang et al. 2002). It is 

interesting that this observation is only the case for veliparib and not olaparib, suggesting 

a divergent mechanism of resistance between the two parp inhibitors. Some of the most 

resistant cell lines were different for olaparib (OVCAR432, HEY, IGROV-1) compared 

to veliparib (SKOV3, UPN-251). One possible explanation for this difference in 

resistance mechanisms may be due to the expression of ABC transporters. There has been 

some evidence for olaparib being a P-glycoprotein substrate in an animal model 

(Rottenberg et al. 2008) and for veliparib not being a P-glycoprotein substrate in a 

transfected cell line (Li et al. 2011). 

 

Some studies have suggested that BRCA1/2 heterozygosity has a distinct phenotype and 

is associated with increased sensitivity to DNA damaging agents (Warren et al. 2003). 

Other studies have shown no difference in DNA repair capacity in response to radiation 

in BRCA1/2 heterozygotes (Nieuwenhuis et al. 2002). In this study we found no 

difference in the response of the BRCA1/2 +/- cell lines to the parp inhibitors olaparib 

and veliparib compared to wild-type cells (Table 5). 
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Conclusions 

 

We provide herein detailed BRCA1/2 status in a large panel of ovarian cancer cell lines 

to facilitate in vitro studies of parp inhibitors and other DNA damaging agents. The 

incidence of BRCA1/2 deleterious mutations in 1/41 cell lines, from 33 patients (3.0%) is 

much lower than the population incidence. The reversion mutations and high frequency 

of heterozygous mutations (14.6%) suggest that there is a selective pressure against 

BRCA1/2 mutations during adaption to cell culture similar to the selective pressure seen 

in the clinic after treatment with chemotherapy. PARP inhibitors may be useful in 

patients with BRCA1 deleterious mutations or gene methylation but further studies of this 

observation are needed. Some BRCA1/2 wild-type cells are also sensitive to PARP 

inhibition, particularly those derived from primary tumors. Further research is needed to 

determine which patients who are BRCA1/2 wild-type will benefit from treatment with 

PARP inhibitors.  
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Methods 

 

Cell Culture 

Cell lines HOC1, HOC7, HOC8, and IGROV1 were grown in DMEM (Invitrogen, Grand 

Island, NY, USA # 11995) 10% FBS (Hyclone, Logan, Utah, USA  #sv30014.03); 

OAW42 and CAOV3 were grown in DMEM 10% FBS with the addition of sodium 

pyruvate (Sigma St. Louis, MO, USA, #S8636), 20ug/mL insulin (Invitrogen #12585-

014), L-glutamine (Sigma #G7513) or NEAA (Sigma #M7145)/glucose respectively. 

FUOV1 was grown in DMEM:F12 (Invitrogen #11330) 10% FBS. OVCA420, 

OVCA432, OVCA433 were grown in EMEM (ATTC, Manassas, VA, USA, #30-2003) 

10% FBS; SW626 was grown in Leibovitz’s L15 (ATTC #30.2008) 10% FBS with no 

CO2. IOSE29 and IOSE80 were grown in M199:MCDB105 (Invitrogen #11150, Sigma 

#M6395) 5% FBS. ES2 cells were grown in McCoy's 5a (Invitrogen #116600) 10% FBS 

with L-glutamine. DOV13 were grown in MEM (Invitrogen #11095) 10% FBS with 

NEAA. EFO27 were grown in RPMI (ATCC #41458) 20% FBS with the addition of L-

glutamine, NEAA and Na Pyruvate; HTB121, was grown in RPMI 20% FBS with the 

addition of 10µg/ml insulin. The remainder of cells were grown in RPMI-1640 10% FBS, 

the following cell lines had additives 2mM L-glutamine (HEY, OVCA5, OVCAR3, 

OVCAR8, A2780, OC316,); 2mM L-glutamine and 10µg/ml insulin (SNU-251and UPN-

251). All cell lines were fingerprinted in the MD Anderson CCSG supported cell line 

characterisation core to establish identity. 
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DNA Extraction 

DNA extractions were performed using the Qiagen QIAamp DNA mini kit “Appendix B: 

Protocol for Cultured cells” spin column protocol adding 0.4 mg RNaseA to each sample 

prior to the AL buffer step. 

 

RNA Extraction 

All cell lines were grown in Advanced RPMI plus 3% FBS and 1% 

penicillin/streptomycin 24-48 hours prior to harvesting cells.  RNA was extracted using 

the Qiagen RNeasy mini kit “Animal cells spin” protocol using a QIAshredder for 

homogenisation and the optional on-column DNase digestion. 

 

BRCA1/2 Analysis 

BRCA1/2 mutation screening and qPCR was performed as previously published 

(Hennessy et al. 2010).  

 

BRCA1 Promoter Methylation qPCR Assays 

The Methyl-Profiler DNA Methylation PCR Array System (SA BioSciences) was used to 

quantify methylation levels following the manufacturers recommended protocol. DNA 

methylation-sensitive and methylation-dependent restriction enzymes were used to 

selectively digest unmethylated or methylated genomic DNA, respectively. Post-digest 

DNA was quantified by real-time PCR using primers flanking the regions of interest, 

BRCA1 (MePH28472-1A). The relative concentrations of differentially methylated DNA 

are determined by comparing the amount of each digest with that of a mock digest.   



23 
 

 

Cytotoxicity-Proliferation Assays 

To determine the resistance to chemotherapy drugs, cells were plated into flat-bottomed, 

96-well plates at the cell density shown of 1 x 103cells/well and allowed to attach 

overnight. Slower growing cells (SNU-251) were plated at 2 x 103cells/well. Olaparib 

(AZD2281) and veliparib (ABT888) were purchased from Selleck Chemicals (Boston, 

MA, USA) and made up in DMSO. Wells were treated in triplicate with serial dilutions 

of drug in a final volume of 200µL. Drug-free controls were included in each assay. 

DMSO controls were also performed for each cell line. Plates were incubated for a 

further 5 days at 37°C in a humidified atmosphere with 5% CO2 and cell viability was 

determined using an acid phosphatase assay (Martin and Clynes 1993). For consistency, 

all cell lines for cytotoxicity and growth assays were growth in RPMI 10% FCS 

containing L-glutamine and sodium bicarbonate (Sigma-R8758). Insulin (10µg/ml) was 

and Sodium pyruvate (1mM) was added to SNU-251. No antibiotics were used in the cell 

culture. The 2 week SNU-251 cytotoxicity assays followed the same procedure, the 

media containing drug was changed after 1 week of incubation.  

 

Growth Assays 

To determine the growth rate of each cell line 1 x 104 cells were plated in 2ml of media in 

6-well plates. Duplicate wells were trypsinised and counted every day for 4 days. Data 

was graphed using Graphpad Prism and doubling time interpolated. 
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Figure Legends 

Figure 1 – Sequence diagrams for BRCA1/2 deleterious mutations.  

A) Top: SNU-251 showing homozygous mutation W1815X (5564G>A)  

     Bottom: BRCA1 wild-type sequence 

B) Top: IGROV-1 showing heterozygous deletion - 2080delA 

     Bottom: BRCA1 wild-type sequence  

C) Top: UPN-251 showing homozygous deletions - 1199del29 + 1246delA reversion 

mutation. Bottom:  BRCA1 wild-type sequence 

 

Figure 2 – Quantitative PCR of BRCA1 in ovarian cell line panel. Wild-type cells are 

shown with blue circles, methylated cells with green circles and the deleterious mutation 

with a red circle. 

 

Figure 3 – Cytotoxicity and doubling time in ovarian cell line panel. Wild-type cells are 

shown with blue bars, methylated cells with green bars and the deleterious mutation with 

a red bar. A) Cytotoxicity of olaparib in 17 ovarian cancer cell lines. B) Average 

cytotoxicity of olaparib by cell and assay type. C) Doubling time of 17 ovarian cancer 

cell lines. D) Average doubling time by cell type. E) Cytotoxicity of veliparib in 17 

ovarian cancer cell lines. F) Average cytotoxicity of veliparib by cell and assay type.  
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Table 1 – Clinical characteristics of ovarian tumors from which cell lines were established.  

   Pre-Isolation Post-Isolation  

Cell Line Original Tumor Histology Isolated From Treatment Received  

 
Response Treatment 

Received  

Response References 

59M Endometriod/Clear Cell  Ascites  None N/A IFO, MEL PR, Died (Hills et al. 1989) 

A1847 Undifferentiated carcinoma Metastasis Unknown Unknown Unknown Unknown (Aaronson 2012) 

A2780 Unknown Primary Tumour None N/A Unknown Unknown ( 2012a) 

CAOV3 Adenocarcinoma  Unknown Unknown Unknown Unknown Unknown ( 2012c) 

DOV13 Adenocarcinoma Unknown Unknown Unknown Unknown Unknown (Young et al. 1995) 

EFO27 

Mucinous  Solid Metastasis None N/A Unknown Unknown (Kunzmann and 

Hozel 1987) 

ES2 Serous/Clear Cell  Primary Tumour None N/A Chemotherapy Refractory ( 2012b) (Sikic 2012) 

FUOV1 Serous  Primary Tumour None N/A CIS, ASR, CYC Responded (Emoto et al. 1999) 

HEY 

Serous  Peritoneal Deposit and 

Xenograft 

Radiotherapy, Radium CR CIS, ADR, CHL Died (Buick et al. 1985; 

Hills et al. 1989) 

HI0180 Normal OSE  Normal OSE N/A N/A N/A N/A (Sood et al. 2002) 

HOC1 Serous  Ascites MEL, CIS, ADR, CYC PR, PR None N/A (Buick et al. 1985; 

Mackillop et al. 

1983) 

HOC7~ Serous  Ascites MEL, CIS, ADR, CYC PR, PR Unknown Unknown (Buick et al. 1985; 

Mackillop et al. 

1983) 

HOC8 Serous  Ascites MEL PR   (Filmus et al. 1986; 

Filmus and Buick 

1985) 

IGROV1 Endometriod/Clear Cell  Primary Tumour None N/A Unknown Unknown (Benard et al. 1985) 

IOSE29 Normal OSE  Normal OSE + SV40 N/A N/A N/A N/A (Wong et al. 2004) 

IOSE80 Normal OSE  Normal OSE + SV40 N/A N/A N/A N/A (Choi et al. 2005) 

ML46 

Serous  Primary Tumour + 

SV40 

Unknown Unknown Unknown Unknown (Yu et al. 2007) 

MPSCI Serous  Unknown Unknown Unknown Unknown Unknown (Pohl et al. 2005) 

OAW28 Adenocarcinoma  Ascites CIS, MEL NR, NR Unknown Died (Hills et al. 1989) 

OAW42 Serous Ascites  CIS CR Unknown PD, Died (Hills et al. 1989) 

OC316 Serous  Ascites CIS, ETO, CYC, TAX PD, SD Epirubicin PD (Alama et al. 1996) 

OCC1 Clear Cell  Ascites Unknown Unknown Unknown Unknown (Wong et al. 1990) 

OVCA420 Serous  Unknown Unknown Unknown Unknown Unknown (Syed et al. 2001) 



OVCA432 Serous  Unknown Unknown Unknown Unknown Unknown (Syed et al. 2001) 

OVCA433 Serous  Unknown Unknown Unknown Unknown Unknown (Syed et al. 2001) 

OVCAR5 Adenocarcinoma  Unknown None N/A Unknown Unknown (Schilder et al. 1990) 

OVCAR3 

Serous  Ascites CYC, CIS, DOX Unknown Unknown Unknown (Hamilton et al. 1983; 

Hills et al. 1989; 

Schilder et al. 1990) 

OVCAR8 Adenocarcinoma  Unknown CAR PD Unknown Unknown (Schilder et al. 1990) 

OVCAR1

0 

Adenocarcinoma  Unknown CIS, CAR PD Unknown Unknown (Schilder et al. 1990) 

PA1 Germ Cell Tumor  Ascites  Chemotherapy  NR Unknown Died (Hills et al. 1989) 

PEA1
 

Adenocarcinoma  Pleural Effusion None N/A CIS, PDM Relapsed (Langdon et al. 1988) 

PEA2*
 

Adenocarcinoma  Ascites CIS, PDM Relapsed Unknown Unknown (Langdon et al. 1988) 

PEO1
 

Serous  Ascites CIS, CHL, 5-FU CR CIS, CHL, 5-FU CR (Langdon et al. 1988; 

Sakai et al. 2009) 

PEO4#
 

Serous  Ascites CIS, CHL, 5-FU CR Higher dose CIS PD (Langdon et al. 1988; 

Sakai et al. 2009) 

PEO6#
 

Serous  Ascites CIS, CHL, 5-FU, CIS CR, PD None Died (Langdon et al. 1988; 

Sakai et al. 2009) 

PEO14 Serous  Ascites None N/A CIS, CHL Relapsed (Langdon et al. 1988) 

PEO23@ Serous  Ascites CIS, CHL Relapsed Unknown Unknown (Langdon et al. 1988) 

SKOV3 Adenocarcinoma  Ascites  THI Unknown Unknown Unknown (Hills et al. 1989) 

SNU251 Endometriod  Ascites CYC, ADR, CIS Unknown Unknown Unknown (Yuan et al. 1997) 

SW626 Adenocarcinoma  Primary Tumor or 

Ovarian Metastasis 

Unknown Unknown Unknown Unknown ( 2012d; Furlong et 

al. 1999) 

UPN251 Unknown Unknown Pt/TAX, TAX NR Unknown Unknown (Hamilton 2012) 

ADR – Adriamycin, CAR- Carboplatin, CIS – Cisplatin, CHL – Chlorambucil, CR – Complete Response,  CYC – Cyclophosphamide, DOX – Doxurubicin, 

ETO – Etoposide, MEL – Melphalan, N/A – Not Applicable, NR – No Response, OSE – Ovarian Surface Epithelium, PD – Progressive Disese, PR – Partial 

Response, PDM – Prednimustine, Pt – Platinum, TAX – Taxol, THI – Thiotepa. ~Same patient as HOC-1, *Same patient as PEA1, #Same patient as PEO1, 

@Same patient as PEO14. 



Table 2 – BRCA1 sequence variants among ovarian cell lines 

Variant Nucleotide change Exon Predicted 

protein 

effect 

Type of 

variant 

Number 

mutations 

in 

Ovarian 

Cell lines 

No. 

in 

BIC  

1 1186A>G 11 Q356R Poly  1 82 

2 1199del29 

(ctcagagaatcctagagatactgaagatg) 

11 Frameshift 

and then 

premature 

stop at 

base 1218. 

Deleterious 1 0 

3 1246delA 11 Stop 393 Deleterious 1 4 

4 2080delA 11 Stop 700 Deleterious 1 31 

5 2196G>A 11 D693N Poly 7 16 

6 2201C>T 11 S694S Poly  22 14 

7 2430T>C 11 L771L Poly  21 25 

8 2577A>G 11 K820E Poly 1 28 

9 2731C>T 11 P871L Poly 24 30 

10 2921G>A 11 Q934Q Poly 1 0 

11 2925G>A 11 D936N Unclassifie

d 

1 0 

12 3232A>G 11 E1038G Poly 20 37 

13 3238G>A 11 S1040N Poly 1 42 

14 3667A>G 11 K1183R Poly 22 32 

15 4427T>C 13 S1436S Poly 21 35 

16 4956A>G 16 S1613G Poly 22 40 

17 IVS21+1G>C (First base after 

exon 21, ie intron 22) 

21 Splice 

Variant 

Suspected 

Deleterious 

1 0 

18 5564G>A 23 W1815X Deleterious 1 0 



Table 3 – BRCA1/2 mutation, methylation and LOH analysis of ovarian cell lines 

 BRCA1 BRCA2 

Cell Line LOH Gene variants Mutation 

status 

Methylated LOH Gene variants Mutation 

status 

59M Yes None 

Wild-type 

 

No No 5,8,11,25 

Wild-type 

 

A1847 Yes 5,6,7,9,12,14,15,16 Yes Yes 5 

A2780 No 9 No No 2,9,11,20,25 

CAOV3 ND None No ND 1,10,23 

DOV13 No 6,7,12,14,15,16 No No 11,25,26,33 

EFO27 No 9 No No 1,10,14,21,23 

ES2 ND 5,6,7,9,12,14,15,16 No ND 11,25,33 

FUOV1 Yes None No No 11,25,33 

HEY No 1,6,7,9,12,14,15,16 No No 1,10,23 

HI0180 ND 6,7,9,14,15,16,17* No ND 1,10,23 

HOC1 No 6,7,9,12,14,15,16 No No 1,5,10,23 

HOC7 No 6,7,9,12,14,15,16 No No 1,5,10,23 

HOC8 ND 6,7,9,12,14,15,16 No ND 10,23 

IGROV1 No 4*,6,7,9,12,14,15,16 No No 1,10,13,23 

IOSE29 No 6,7,9,12,14,15,16 No No 5,25 

IOSE80 No 6,7,9,12,14,15,16 No No 1,23,31* 

ML46 No None No No None 

MPSCI No 6,8,9,14,16 No No 10,11,23,25,32 

OAW28 ND 6,7,9,12,14,15,16 No ND 1,10,23 

OAW42 No None No No 5,11,25 

OC316 No 5,6,7,9,12,14,15,16 No No 5,18,19*,25 

OCC1 No None No No 11,25 

OVCA420 No 9 No No 10,11,22,23,25,33 

OVCA432 Yes 9 No No 5,25,28,30* 

OVCA433 Yes None No No 5,25,28,30* 

OVCAR5 No 5,6,7,9,12,14,15,16 No No 5,11,25 



OVCAR3 Yes None No Yes 1,10,23 

OVCAR8 Yes 5,6,7,12,14,15,16, Yes Yes None 

OVCAR10 ND 9,10,11 No ND 3,9,11,20,24,25,27 

PA1 No 13 No No 5,12,25 

PEA1
 

Yes None No Yes 1,10,23 

PEA2
 

Yes None No Yes 1,10,23 

PEO1 Yes 6,7,9,12,14,15,16 No Yes 11,15@,16#,25 

PEO4 Yes 6,7,9,12,14,15,16 No Yes 11,17@,25 

PEO6
 

Yes 6,7,9,12,14,15,16 No Yes 11,17@,25 

PEO14 ND 5,6,7,9,12,14,15,16 No ND 1,5,10,23,25 

PEO23 Yes 5,6,7,9,12,14,15,16 No No 1,5,10,23,25 

SKOV3 No None No No 1,10,21,23 

SNU251 ND 18 Mutant No ND 5,25,29 

SW626 Yes None Wild-type 

 

No Yes 4,6,7,9 

UPN251 Yes 2#,3# No Yes 5,25 

* Heterozygous deleterious mutation. # Homozygous Deleterious mutation compensated for by another reversion mutation  

@ Reversion Mutation Numbered gene variants for BRCA1 and BRCA2 refer to Tables 2 and 4 respectively. 

 



Table 4 – BRCA2 sequence variants among ovarian cell lines 

Variant Nucleotide change Exon Predicted 

protein 

effect 

Type of 

variant 

Number 

mutations 

in 

Ovarian 

Cell lines 

No. 

in 

BIC  

1 5'UTR203G>A n/a No effect Poly 16 12 

2 602A>G 4 D125G Uncertain 1 0 

3 IVS5-9insT (in intron 5 

upstream of exon 6) 

6 No effect Favour Poly 1 2 

4 1093A>C 10 N289H Poly 1 9 

5 1342C>A 10 H372N Poly 16 9 

6 1593A>G 10 S455S Poly 1 7 

7 2457T>C 10 H743H Poly 1 3 

8 3031G>A 11 D935N Poly 1 114 

9 3199A>G 11 N991D Poly 3 3 

10 3624A>G 11 K1132K Poly 18 0 

11 4035T>C 11 V1269V Poly 14 3 

12 4097G>A 11 C1290Y Poly 1 47 

13 4542C>T 11 V1438V Poly 1 0 

14 4680C>T 11 D1484D Poly 1 0 

15 5192A>T  11 Y1655L Poly 1 0 

16 5193C>G  11 Stop 1655 Deleterious 1 21 

17 5193C>T 11 Y1655Y Poly 2 0 

18 5427C>T 11 S1733S Poly 1 2 

19 5579delA 11 Stop 1790 Deleterious 1 7 

20 5932G>A 11 D1902N Poly 2 87 

21 5972C>T 11 T1915M Poly 2 0 

22 6575A>G 11 H2116R Poly 1 88 



23 7470A>G 14 S2414S Poly 18 10 

24 7829C>T 15 A2534V Favour Poly 1 5 

25 IVS16-14C>T (in intron 16 

upstream of exon 17) 

17 None Poly 25 15 

26 8688A>C 19 V2820V Poly 1 0 

27 9145C>T 22 R2973C Favour Poly 1 14 

28 IVS24-16T>C (intron 24 

upstream of exon 25) 

25 None Poly 3 6 

29 IVS26-19G>A (intron 26 

upstream of exon 27) 

27 None Poly 1 0 

30 10204A>T 27 Stop 3326 Poly 3 293 

31 10323delCins11 27 Stop 3369 Poly 1 11 

32 10349C>T 27 T3374I Poly 1 8 

33 10462A>G 27 I3412V Poly 4 110 

 



Table 5 – Response of BRCA1/2 wild-type, unmethylated cells to parp inhibitors based on patient characteristics of original tumors. 

 Number 

of Cell 

Lines 

Mean 

Olaparib 

IC50  

Fold T-test Mean 

Veliparib 

IC50  

Fold T-test 

Primary Tumour 3 2.44 ± 3.14   24.82 ± 29.06   

Metastatic Disease 6 2.92 ± 1.49 1.19 0.87 59.76 ± 11.12 2.00 0.03 

Chemotherapy Naïve * 4 2.96 ± 2.76   31.69 ± 27.42   

Chemotherapy Pre-treated* 7 2.91 ± 1.40 0.99 0.98 58.15 ± 17.71 1.83 0.08 

Responder to Chemotherapy 4 2.92 ± 1.79   59.00 ± 12.67   

Non-Responder to Chemotherapy 4 2.74 ± 1.60 0.93 0.89 45.53 ± 30.48 0.77 0.45 

Serous Histology 6 3.50 ± 3.59   34.91 ± 32.84   

Non-Serous Histology 2 3.03 ± 1.71 0.86 0.80 44.90 ± 20.04 1.28 0.61 

BRCA1/2 +/+ 15 2.29 ± 1.75   42.00 ± 25.99   

BRCA1/2 +/- 4 3.98 ± 1.87 1.73 0.14 42.30 ± 23.68 1.01 0.96 

BRCA1/2 -/- (reverted) 2 3.18 ± 2.22  1.38 0.54 68.71 ± 13.32 1.63 0.20 

*Prior to isolation of the cell line 



A B

C

Figure 1



0 1 2 3 4 5

Wildtype

Deleterious Mutation

Methylated

BRCA1 DeltaCt

Figure 2



M
ut
at
ed
 2
 W
ee
ks

M
et
hy
la
te
d

W
ild
ty
pe

M
ut
at
ed
 1
 W
ee
k

0

5

10

15

A
v
e
ra
g
e
 O
la
p
a
ri
b
 I
C
5
0
 (
u
M
)

A
27
80

C
A
O
V
3

E
S
-2

S
N
U
-2
51
 2
 w
ee
ks

O
V
C
A
R
8

H
O
C
1

P
E
O
1

O
V
C
A
R
43
3

S
K
O
V
3

O
V
C
A
R
10

D
O
V
13

O
C
31
6 

O
A
W
42
 

A
18
47

O
V
C
A
R
5

U
P
N
-2
51

O
V
C
A
R
43
2
H
E
Y

IG
R
O
V
-1

S
N
U
-2
51
 1
 w
ee
k

O
V
C
A
R
42
0

0

10

20

30

O
la
p
a
ri
b
 I
C
5
0
 (
u
M
)

A B

C D

E F

A
27
80
E
S
-2

O
V
C
A
R
43
3

O
V
C
A
R
8

C
A
O
V
3

O
V
C
A
10

S
N
U
-2
51
 2
 W
ee
ks

O
V
C
A
R
43
2

D
O
V
13

H
O
C
1

O
V
C
A
R
5

A
18
47

IG
R
O
V
-1

P
E
O
1

S
N
U
-2
51
 1
 w
ee
k
H
E
Y

O
C
31
6 

O
A
W
42

S
K
O
V
3

U
P
N
-2
51

O
V
C
A
42
0

0

20

40

60

80

100

120

V
e
li
p
a
ri
b
 I
C
5
0
 (
u
M
)

M
ut
at
ed
 2
 W
ee
ks

M
et
hy
la
te
d

W
ild
ty
pe

M
ut
at
ed
 1
 W
ee
k

0

20

40

60

80

100

120

A
v
e
ra
g
e
 V
e
li
p
a
ri
b
 I
C
5
0
 (
u
M
)

H
E
Y

A
27
80

S
K
O
V
3

O
V
C
A
R
43
3

O
C
31
6 

O
V
C
A
10
E
S
2

IG
R
O
V
-1

O
A
W
42

H
O
C
1

U
P
N
-2
51

D
O
V
13

O
V
C
A
42
0

O
V
C
A
R
-8

O
V
C
A
R
43
2

C
A
O
V
3

A
18
47

P
E
O
1

S
N
U
-2
51
 

0

1

2

3

4

5

D
o
u
b
li
n
g
 T
im
e
 (
D
a
ys
)

W
ild
ty
pe

M
et
hy
la
te
d

M
ut
at
ed

0

1

2

3

4

5

D
o
u
b
li
n
g
 T
im
e
 (
D
a
ys
)


