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The tumour suppressor gene, phosphatase and tensin homolog (PTEN), is one of the
most commonly mutated genes in human cancers. Recent evidence suggests that
PTEN is important for the maintenance of genome stability. Here, we show that
PTEN deficiency causes a homologous recombination (HR) defect in human tumour
cells. The HR deficiency caused by PTEN deficiency, sensitizes tumour cells to
potent inhibitors of the DNA repair enzyme poly(ADP-ribose) polymerase (PARP),
both in vitro and in vivo. PARP inhibitors are now showing considerable promise in
the clinic, specifically in patients with mutations in either of the breast cancer
susceptibility genes BRCA1 or BRCA2. The data we present here now suggests that
the clinical assessment of PARP inhibitors should be extended beyond those with

BRCA mutations to a larger group of patients with PTEN mutant tumours.

INTRODUCTION

Synthetic lethal approaches to cancer treatment have the
potential to deliver relatively large therapeutic windows and
significant patient benefit (Kaelin, 2005). We, and others, have
previously shown that mutations in either of the tumour
suppressor genes, breast cancer 1 (BRCAI) or BRCA2, are
synthetically lethal with inhibition of the DNA repair enzyme
poly(ADP-ribose) polymerase 1 (PARP1) (Bryant et al, 2005;
Farmer et al, 2005). The exquisite sensitivity of BRCAI or BRCA2
mutant cells to PARP inhibitors (PARPi) forms the rationale
behind clinical trials that are now assessing the potential of
these agents (Ashworth, 2008). The preliminary results from
these clinical trials are promising, with favourable toxicity and
sustained tumour responses to the drug (Fong et al, 2009).
Mutations in the phosphatase and tensin homolog (PTEN)
gene (OMIM 601728) and loss of PTEN expression have both
been associated with a wide range of human tumours (Salmena
et al, 2008). PTEN encodes a phosphatase whose role in the
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control of the phosphoinositide 3 kinase (PI3K) signalling
pathway is well established (Salmena et al, 2008). A new
functional role for PTEN was recently suggested by the
observation that mouse embryonic Pten™~ cells exhibit
genomic instability, a phenotype ascribed to either defects in
RAD51-mediated DNA double strand break repair (DSBR) (Shen
et al, 2007) or defects in cell cycle checkpoints (Gupta et al,
2009). Given that the sensitivity of BRCA mutant cells to PARPi
is most likely explained by a defect in RAD51-mediated DSBR by
homologous recombination (HR) (Farmer et al, 2005; McCabe
et al, 2006), we investigated the possibility that human PTEN
mutant cells also display an HR defect and as a consequence,
PARPI sensitivity. As PTEN loss of function mutations and loss
of PTEN expression are common in a range of hereditary and
sporadic cancers (Salmena et al, 2008), we reasoned that such
data might significantly extend the utility of this class of drugs.

RESULTS

PTEN involvement in HR repair

To model the effect of PTEN null mutations in human tumour
cells, we used isogenically matched wild type and PTEN™”~
HCT116 colorectal tumour cell lines (Lee et al, 2007) as well as
isogenic wild type and PTEN /~ HEC1A endometroid adeno-
carcinoma cells (Waldman, unpublished work). PTEN defi-
ciency in both HCT116 and HECIA lines was achieved by
targeting a truncating mutation to both copies of PTEN at exon 2,
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resulting in an open reading frame encoding only the N-terminal
24 amino acids of the PTEN protein (Lee et al, 2007). First, we
confirmed that PTEN~ human tumour cells express reduced
levels of RADS1 (Fig 1A and Fig S1A of Supporting Information),
as previously documented in mouse Pten null cells (Shen et al,
2007). Extending this observation, we demonstrated that PTEN
mutant tumour cells also had a reduced capacity to form nuclear
RADSI1 foci in response to DNA damage, a surrogate marker of
HR activity (West, 2003) (Fig 1B, Figs S1B and S2 of Supporting
Information). To investigate whether these deficiencies in RAD51
expression and recruitment translated into impaired DSBR by
HR, we measured HR using a reporter assay. This comprised a
previously validated synthetic DNA substrate that bears an
inducible double strand DNA break (DSB; Saeki et al, 2006).
PTEN deficient human tumour cells exhibited a 5-fold reduction
in DSBR by HR when compared to isogenic wild type cells (Fig 1C
and Fig S1C of Supporting Information).

PTEN deficiency sensitizes to PARP inhibitors

Given the HR repair defect of PTEN deficient cells, we tested the
sensitivity of these cells to two DNA-DSB inducers, PARPi and
cisplatin. HCT116 PTEN /" cells were 20 times more sensitive to
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the PARP inhibitor KU0058948 (Farmer et al, 2005) than their
wild type counterparts (compare concentration at which 50% of
cells survive (SFs,) for HCT116 PTEN'* of 1 x 10™° M with SFsq
for HCT116 PTEN =22 of 5 x 10" M, Fig 2A) and up to 25 times
more sensitive to the PARP inhibitor KU0059436/AZD2281/
Olaparib (Evers et al, 2008; Fong et al, 2008) (compare
SFs, HCT116 PTEN'™* of 5x 107°M versus SFs, for HCT116
PTEN /=% of 2x107’M, Fig 2B). We also observed PTEN
selectivity in the HEC1A model (Fig S1D of Supporting Informa-
tion). These PTEN/PARP synthetic lethal associations were
achievable using sub-micromolar concentrations of PARPI, similar
to those required to kill BRCA1 deficient cells (Farmer et al, 2005).

We also assessed the sensitivity of PTEN™~ cells to the
platinum salt, cisplatin. Cisplatin, although less selective than
PARP4, also targets cells with HR deficiency (Tutt et al, 2005).
PTEN~~ cells were five fold more sensitive to cisplatin than
their wild type counterparts (compare SFso HCT116 PTEN™™ of
1x 107> M versus SFs, for HCT116 PTEN 722 of 2x 107°M,
Fig 2C), consistent with the hypothesis that PTEN deficiency
leads to an HR defect that may be targeted. To eliminate the
possibility that these observations were reflective of a general
sensitivity to chemotherapeutics caused by PTEN deficiency, we

Figure 1. PTEN deficiency causes an impairment

of DNA repair by HR.

A. PTEN deficiency causes a reduction in RAD51
expression. Total cell lysates from isogenic
HCT116 colorectal tumour cells were
immunoblotted for PTEN and RAD51. Detection
of B Tubulin is shown as a loading control.
Lysates from parental HCT116 cells were used
(HCT116) along with two individually derived
PTEN™/~ lines (KO35 and K022) and also a
HCT116-derived line bearing a random
integration of the PTEN targeting construct
(neo124). Lysates from PTEN*/~ HCT116 cells are
also shown (Lee et al, 2007).

B. PTEN deficiency causes a reduction in
radiation-induced nuclear RAD51 focus
formation. Cells were exposed to 10 Gy
y-irradiation and nuclear RAD51 foci quantified
8 h later by confocal microscopy (Farmer et al,
2005). Bar chart shows the average number of
cells with >5 foci per nucleus. Error bars
represent three standard deviations of the mean.
* p values versus +IR HCT116 PTEN/"<0.05
(Student’s t-test). All other comparisons returned
non-significant (>0.05) p values.

C. PTEN deficiency causes a reduction in HR as
measured using a synthetic HR substrate. As a
measure of HR activity, a reporter plasmid-based

\g\' & & assay was used comprising two defective copies
& & &
R of GFP, where one serves as a template to restore
N . .
QS," Q-ék an induced DSB in the other. HR between the two

GFP coding sequences results in an intact GFP
coding sequence and cellular fluorescence (Saeki
et al, 2006). Error bars represent three standard
deviations of the mean. " p values versus HCT116
PTEN*/+<0.05 (Student’s t-test).
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Figure 2. PTEN deficiency sensitizes tumour cells to agents that target HR.
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A, B. PTEN deficiency sensitizes cells to drug-like PARP inhibitors. Survival curves for HCT116 cells exposed to the PARP inhibitors KUO058948 (Farmer et al,
2005) or KUO059436 (Evers et al, 2008; Fong et al, 2008). Cells were plated in six-well plates and treated for 15 days, after which SFs were estimated. For
both PARP inhibitors, PTEN '~ SFs were significantly different to both PTEN™"* and PTEN™~ cells (p<0.05 two-way analysis of variance (ANOVA)). No other

comparisons returned significant p values.

C.  PTEN deficiency sensitizes cells to cisplatin (p<0.05 PTEN~ lines versus PTEN™* cells, two-way ANOVA).

D.  PTEN deficiency does not confer sensitization to taxol.

assessed sensitivity to the microtubule poison, paclitaxel
(taxol). Paclitaxel was not selectively lethal to PTEN deficient
cells (Fig 2D), suggesting that the PARPi and cisplatin
sensitivities we observed were more likely reflective of HR
deficiency rather than of general chemosensitivity.

Although PTEN haploinsufficiency effects on tumourigenesis
have been reported, complete loss of PTEN is observed in many
advanced cancers (Salmena et al, 2008). Given this, we thought
it pertinent to assess the effects of PTEN gene dosage upon HR
deficiency and PARPi sensitivity. Using the HCT116 isogenic
system, we demonstrated that PTEN heterozygosity did not
cause the same reduction in RADS51 expression as seen in
PTEN "/~ cells (Fig 1B). Consistent with this observation, the
induction of damage induced nuclear RAD51 foci was not
abrogated in PTEN™~ cells (Fig 1B) and although a marginal
decrease in HR was observed using the synthetic HR assay in
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heterozygous cells (Fig 1C), this decrease did not translate into
PARPi sensitivity (Fig 2B).

To assess the generality of our observations, we examined
PARPi sensitivity in an additional panel of tumour cell lines
(Fig 3, Fig S3 and Tables S1 and S2 of Supporting Information).
Although PTEN mutations are not the only genetic variable
within this diverse tumour cell panel, we observed a clear
distinction in PARPi sensitivity between tumour lines with wild
type PTEN expression, such as DU145 and MCF7, and those
with PTEN deficiency, such as HCC70, PC3, RPMI-7951, A172,
UM-UC3 and MDA-MB-468 (Fig 3A,B and Fig S3 of Supporting
Information). Notably, PARPi sensitivity in PTEN deficient lines
was of a scale similar to that observed in human tumour lines
with BRCA1 silencing (Farmer et al, 2005). With the exception of
the glioma line A172, we also observed consistent cisplatin
sensitivity in PTEN deficient lines (Fig 3C).
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Figure 3. PARP inhibitor sensitivity in human tumour cells.

A. Western blot showing PTEN expression in a panel of human tumour lines.
PTEN mutant lines are shown in red and PTEN wild type lines in black. PTEN
genotypes are as follows: DU145 (prostate), PTEN wild type; MCF7 (breast),
PTEN wild type; PC3 (prostate) p.R55fs"1 homozygous; MDAMB468 (breast),
p.A72fs*5 homozygous; A172 (glioma), p.R55fs*1 homozygous; UM-UC3
(bladder), p.M17404del homozygous; RPMI-7951 (melanoma) p.null,
c.1-79del79 homozygous; HCC70 (breast), p.F90fs*9 homozygous (see
Table S1 of Supporting Information for complete genotypes).

B. PARPi sensitivity in the same cell line panel. For each PTEN null line,
survival was significantly different than in DU145 and MCF7 cells (p<0.05,
two-way ANOVA) (see Fig S3 of Supporting Information for analysis of an
enlarged cell line panel).

C. Cisplatin sensitivity in the same cell line panel. With the exception of A172,
survival of each PTEN null line at 1 uM was significantly different than in
DU145 and MCF7 cells (p<0.05, two-way ANOVA).

© 2009 EMBO Molecular Medicine

We utilized the PTEN deficient prostate tumour cell line PC3,
to assess whether PARPi sensitivity could be abrogated by
ectopic expression of PTEN. As expected, infection of PC3 cells
with an empty retroviral expression construct did not signifi-
cantly modify PARPi sensitivity, nor did transfection of an
expression construct encoding the p.R55fs*1 PTEN allele
normally found in PC3 cells (Fig 4A,B). However, ectopic
expression of full length PTEN in PC3 cells elicited PARPi
resistance of a scale similar to tumour cells with endogenous
wild type PTEN expression (Fig 4A). We also assessed whether
PARPi sensitivity by PTEN was independent of the phosphatase
activity of PTEN. Ectopic expression of the catalytically inactive
C124S PTEN mutant (Maehama & Dixon, 1998; Shen et al, 2007)
also caused PARPiI resistance in PC3 cells (Fig 4A), suggesting
that a non-phosphatase activity of PTEN may determine PARPi
sensitivity. We also analysed whether restoring cytoplasmic
PTEN expression, while suppressing nuclear PTEN expression
could confer PARP inhibitor resistance in a PTEN null cell line,
such as PC3. Here we used ectopic expression of a PTEN cDNA
that bears a mutation (p.K289E) that reduces the shuttling of

=+=PC3 + Wild type PTEN cDNA

H — PC3 + p.C1245 PTEN cDNA
E ~e—PC3 + Wild type RAD51 cDNA
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Figure 4. PARP inhibitor sensitivity in human tumour cells.

A, B. Wild type and catalytically inactive PTEN, both restore PARP inhibitor
resistance, as does expression of RAD51; SFs in PC3 cells infected with
PTEN wild type, PTEN p.C124S or RAD51 cDNA expression constructs
was significantly different than in PC3 + empty vector (p<0.05,
two-way ANOVA). PC3 cells infected with p.K289E cDNA expression
construct did not cause significant resistance. PTEN null PC3 cells were
infected with cDNA expression constructs as shown and exposed to
PARP inhibitor. Western blot and survival curves are shown.
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Figure 5. In vivo efficacy of Olaparib in PTEN deficient xenografts.
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A, B. The clinical PARP inhibitor KUO059436/Olaparib (Evers et al, 2008; Fong et al, 2008) suppresses growth in PTEN /= subcutaneous xenografts (A), but notin
PTEN*/* xenografts (B). PTEN deficient or proficient HCT116 cells were each mixed 2:1 in matrigel and then injected into either bilateral flank of 6-8 week
old female athymic nude mice. After two days recovery, mice were randomized into treatment and control groups, (10 animals per cohort, 20 in total) and
drug dosing initiated. A treatment regime similar to that known to elicit Brca2 selectivity (Farmer et al, 2005) was used. For five consecutive days, single
daily intraperitoneal doses of KU0O059436 (or vehicle) were administered at a dose of 15 mg/kg in HBC (Farmer et al, 2005). This was followed by two
consecutive days of no treatment after which the same treatment cycle was continued until the end of the study. Tumour volumes were measured every four
days from the initiation of drug dosing and the results expressed as fold increase in tumour volume relative to that at the first drug administration. Tumour
volume vehicle treated vs. drug treated, p=0.04 for PTEN™/~ xenografts and p = 0.44 for PTEN™'* xenografts (two-way repeated measures ANOVA).

PTEN into the nucleus (Song et al, 2008) (Fig 4B). Expression of
PTEN p.K289E was able to partially but not completely restore
PARP inhibitor resistance (Fig4A), suggesting that an impairment
of the nuclear localization of PTEN also modulates sensitivity to
PARP inhibitor. Finally, we sought to assess whether the PARPi
sensitivity of a PTEN cell line was RADS51 dependent. Ectopic
expression of RADS1 caused PARP inhibitor resistance in PC3
cells (Fig 4A and Fig S4 of Supporting Information), supporting
the hypothesis that reduced RADS1 expression underlies the
PARP inhibitor sensitivity of PTEN deficient cells.

To assess PARPi selective efficacy in vivo, we xenografted
PTEN deficient HCT116 cells into mice and treated animals with
the PARPi KU0059436 (Olaparib) (Evers et al, 2008) which is
currently undergoing clinical assessment (Fong et al, 2009).
Although xenograft growth in this model was extremely rapid,
growth from PTEN deficient xenografts was suppressed by
KU0059436 when compared to vehicle-treated xenografts
(Fig 5A). Conversely PARPi did not have a similar effect on
the growth of PTEN wild type xenografts (Fig 5B). This provides
preliminary evidence to suggest that our in vitro observations
may extrapolate to an in vivo setting.

DISCUSSION

PARP inhibitors are now showing considerable promise in the
treatment of cancers characterized by genetic deficiencies that
lead to an impairment of HR. For example, observations from a
phase 1 trial of the PARP inhibitor KU0059436/AZD2281/
Olaparib (AstraZeneca) suggest that significant tumour
responses can be achieved in ovarian cancer patients carrying

www.embomolmed.org EMBO Mol Med 1, 315-322

BRCA mutations (Fong et al, 2009). These tumour responses,
demonstrated by both radiological estimation of tumour size
and by the use of biochemical markers of tumour burden, are
sustained and can be achieved without the significant toxicity
normally associated with standard chemotherapeutic regimes
(Fong et al, 2009). These promising results have led to phase II
trials of KU0059436/AZD2281/Olaparib for breast and ovarian
cancers in BRCA mutation carriers (Tuma, 2007). Here, we show
that PARP inhibitors may have utility outside the relatively
small proportion of cancer patients carrying BRCA mutations.
PTEN mutations are common in both endometrial cancers and
glioblastomas and are also found in a significant proportion of
malignant melanomas, prostate, breast, lung and colorectal
tumours (Keniry & Parsons, 2008). In addition, transcriptional
or translational repression of PTEN expression in the absence of
PTEN mutation is also a common characteristic of multiple
tumour types (Wiencke et al, 2007; Yang et al, 2008). The
profound sensitivity of PTEN deficient tumour cells to PARP
inhibitors demonstrated here suggests that clinical assessment
of these agents in a wider context is warranted and perhaps even
in combination with PI3K/AKT inhibitors that have been
already been proposed as a means to target PTEN deficient
tumours (Knight & Shokat, 2007).

Our initial studies suggest that homozygous PTEN mutations
that severely truncate the open reading frame sensitize tumour
cells to PARP inhibitors. For example, glioblastoma, breast and
prostate tumour cell lines bearing homozygous PTEN mutations
that truncate the open reading frame before residue ¢.279 (amino
acid residue 93) are as sensitive to KU0058948, as human tumour
cells with BRCA1 or BRCA2 deficiencies (Farmer et al, 2005;
Turner et al, 2008). Notably, reconstitution of PC3 cells
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(p.R55fs"1 homozygous) with ectopic expression of a catalyti-
cally inactive PTEN allele (p.C124S) was sufficient to restore
PARPi resistance (Fig 4). Therefore, it seems likely that tumour-
associated PTEN missense mutations that only modify catalytic
activity without ostensibly compromising PTEN expression or
non-phosphatase activities may not sensitize tumour cells to
PARP. Conversely, PTEN mutations that severely truncate the
open reading frame or cause instability of the PTEN protein
are more likely to cause PARPi sensitivity. Mutations that
truncate the open reading frame of PTEN before residue 93, as in
the PARPi sensitive HCC70 cell line (p.F90fs*9 homozygous) are
found in a wide variety of tumour types (Table S2 of Supporting
Information), suggesting at least one patient subgroup that
should be rapidly assessed for response to PARP inhibitors in
clinical trials. Tumours that have PTEN deficiency brought about
by PTEN mutations in the C-terminus that compromise protein
stability (Leslie et al, 2008) or non-genetic alterations that cause
changes in PTEN transcription or translation, may also respond
to PARP inhibitors, although considerable work is required to
establish a threshold of PTEN expression below which PARPi
sensitivity occurs. Furthermore, we envisage that the role PTEN
plays in determining response to PARP inhibitors, is mediated by
a nuclear activity of the protein, suggesting that a complete
absence of nuclear PTEN expression, determined by immuno-
histochemical (IHC) detection in biopsy material, could predict
response. This raises the possibility that PARP inhibitors could
specifically be assessed in tumourigenic conditions such as the
more aggressive forms of oesophageal squamous cell carcinoma
(Tachibana et al, 2002), cutaneous melanoma (Whiteman et al,
2002) and colorectal cancer (Trotman et al, 2007; Zhou et al,
2002), where nuclear PTEN expression is absent. Defining
thresholds of IHC detection that are predictive of PARPi response
will be a key in assessing this possibility, and we propose that
combining PTEN IHC with surrogate markers of PARPi
sensitivity, such as the inability to form nuclear RAD51 foci
(Farmer et al, 2005), may allow further refinement of the use of
PARP inhibitors in cancer treatment.

MATERIALS AND METHODS

Materials

PARP inhibitors KUO058948 (Farmer et al, 2005) and KU0059436
(Evers et al, 2008; Fong et al, 2008) (KuDOS Pharmaceuticals/Astra
Zeneca), cisplatin and paclitaxel (Sigma-Aldrich) were used as
described previously (Edwards et al, 2008; Farmer et al, 2005).

Cell culture

Wild type, PTEN™~ and PTEN™'~ HCT116 or HEC1A cells (Kim et al,
2007; Lee et al, 2007) were maintained in McCoy’s 5A medium
(Invitrogen, Glasgow, UK) supplemented with 10% v/v foetal bovine
serum (FBS) (PAA gold, GIBCO). In the case of PTEN™/~ cells, two
individually derived lines were used, (K022 and KO35 for HCT116 and
KO22 and KO16 for HEC1A). For the HCT116 experiments, parental
cells and a HCT116 derived line bearing a random integration of the
PTEN targeting construct (neol24) were used as PTEN wild type
comparators. Two HCT116 PTEN™~ cell lines bearing one targeted

© 2009 EMBO Molecular Medicine

allele (130 and 140) were also analysed. All other cells lines were
obtained from the ECACC (Teddington, UK) and cultured according to
the supplier’s instructions.

Plasmids

The full length coding sequence of PTEN was PCR amplified from a cDNA
IMAGE clone (Geneservice, Cambridge, UK), using a 5" primer harbouring
a Kozak consensus sequence (GCCACC prior to initiating ATG). The
resultant PCR product was cloned into a tag-free pBabe-puro retroviral
expression vector. Mutation of the PTEN cDNA sequence was achieved
using the Quick Change site-directed mutagenesis kit (Stratagene).
Twenty-four hours after infection, cells were selected in 1 mg/I puromycin
(InvivoGen) for three days to remove non-infected cells, then seeded in
six-well plates (at 1500 cells/well) and treated with drug the following
day, as previously described (Edwards et al, 2008; Farmer et al, 2005).

Survival assays

Long-term survival assays were performed as previously described
(Edwards et al, 2008; Farmer et al, 2005). For measurement of
sensitivity to PARP inhibitor, cisplatin or paclitaxel (taxol), exponentially
growing cells were seeded in six-well plates at a concentration
of 1000-2000 cells per well. For PARP inhibitor and taxol
treatment, cells were continuously exposed to the drug with
media and drug replaced every 60 h. For cisplatin treatment, cells were
exposed to the drug at the indicated concentrations for 24 h, washed
twice with phosphate buffered saline (PBS), then normal media
replaced every 3-4 days. After 15 days, cells were fixed and stained
with sulphorhodamine-B (Sigma, St. Louis, USA) and a colorimetric
assay performed as described previously (Edwards et al, 2008).
Surviving fractions (SFs) were calculated and drug sensitivity curves
plotted as previously described (Farmer et al, 2005).

Protein analysis

Whole-cell protein extracts were prepared from cells lysed with
radioimmunoprecipitation (RIPA) buffer (Upstate) supplemented
with protease inhibitor cocktail tablets (Roche, Burgess Hill, UK). Protein
concentrations were measured using BioRad Protein Assay Reagent
(BioRad, Hemel Hempstead, UK). For Western blot analysis, lysates were
electrophoresed on Novex 4-12% gradient bis—tris pre-cast gels
(Invitrogen) and immunoblotted overnight at 4°C with antibodies
targeting the following epitopes: PTEN C-terminus (Cell Signalling,
Danvers, USA), RAD51 (H-92, Santa Cruz Biotech, Santa Cruz, USA),
ACTIN (Santa Cruz Biotech) or B-Tubulin (T4026, Sigma). Incubation
with primary antibody was followed by incubation with a horseradish
peroxidase-conjugated secondary antibody and chemiluminescent
detection of proteins (Amersham Pharmacia, Cardiff, UK).

DSB Repair Assay

DSBR was quantified using a synthetic repair substrate as previously
described (Saeki et al, 2006). Briefly, the DR-green fluorescent protein
(GFP) HR reporter plasmid, containing two differentially mutated GFP-
encoding cassettes, one of which contains a unique IScel restriction
site, was co-transfected into cells alongside a IScel expression vector,
pcBASce (Saeki et al, 2006). Seventy-two hours after transfection, HR
competence was estimated by quantifying the number of GFP positive
cells from a population of 50,000 cells, using flow cytometry (Saeki
et al, 2006).

EMBO Mol Med 1, 315-322 www.embomolmed.org
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PROBLEM:

The tumour suppressor gene, PTEN, is one of the most commonly
mutated genes in human cancers. Selectively targeting cancer-
ous PTEN deficient cells would likely make for an efficient and
relatively safe cancer therapy applicable to the large number of
PTEN deficient cancers. Selective targeting of BRCA1 or BRCA2
deficient tumours has recently been demonstrated with
Olaparib, a high-potency PARP inhibitor. This drug can elicit
sustained responses in BRCA deficient cancers without causing
some of the negative side effects caused by standard
chemotherapies. Tumour cells in BRCA mutant patients have a
defect in the DNA repair process of HR that repairs DSBs and it is
thought that PARP inhibitors target this HR defect by increasing
the formation of DSBs.

RESULTS:

Recent evidence suggests that, like BRCA mutant cells, PTEN
mutant cells are also characterized by an increase in DSBs,

Analysis of RAD51 foci formation

Nuclear RADS51 foci were visualized and quantified by confocal
microscopy as previously described (Farmer et al, 2005). Detection
of gamma (y)-H2AX foci was used a control marker for the formation of
DSBs (data not shown). In brief, cells were grown onto t-lysine coated
cover slips (BD Biosciences, Oxford, UK) and exposed to 10 Gy ionizing
radiation. Eight hours later, cells were fixed, permeabilized and then
co-immunostained with primary antibodies targeting RAD51 (rabbit,
Santa Cruz Biotech) and yH2AX (mouse, Upstate), detected with
fluorescein isothiocyanate (FITC) and Texas red conjugated secondary
antibodies respectively. 4’-6-Diamidino-2-phenylindole (DAPI) staining
was used to detect nuclei. Nuclear foci were visualized by confocal
microscopy and a minimum of 100 fields of view used to estimate
RAD51 focus formation frequency.

Xenografts

HCT116 cells were mixed 2:1 in matrigel (BD Biosciences) and then
injected into the bilateral flanks of 6—8 week old female athymic nude
mice (2 x 10° cells per animal). After two days recovery, mice were
randomized into treatment and control groups, (10 animals per
cohort, 20 in total) and drug dosing initiated. We used a treatment
regime similar to that known to elicit Brca2 selectivity (Farmer et al,
2005). For five consecutive days, single daily intraperitoneal doses of
KU0059436 (or vehicle) were administered at a dose of 15 mg/kg in
2-hydroxypropyl-b-cyclodextrin (HBC, Farmer et al, 2005). This was
followed by two consecutive days of no treatment after which the
same treatment cycle was continued until the end of the study.
Tumour volumes were measured every four days from the initiation of
drug dosing and the results expressed as fold increase in tumour
volume, relative to that at the first drug administration.
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suggesting that drugs that target BRCA mutation could also

be used to target PTEN mutation. We demonstrate that PTEN
deficiency in human tumour cells also leads to suppression

of HR. Using in vitro cell culture and in vivo tumour modelling
in mice, we show that, as in BRCA deficient tumours, the HR
deficiency in PTEN mutant cells can be exploited therapeutically
by Olaparib.

IMPACT:

Our work suggests that this relatively non-toxic anti-cancer drug
can be used to target the large number of PTEN deficient
tumours, significantly extending its previously anticipated
limited spectrum.
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