Cell Cycle 13:13,2129-2137; July 1, 2014; © 2014 Landes Bioscience

REPORT

Low ATM protein expression and depletion
of p53 correlates with olaparib sensitivity
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Small-molecule inhibitors of poly (ADP-ribose) polymerase (PARP) have shown considerable promise in the treatment
of homologous recombination (HR)-defective tumors, such as BRCAT-and BRCA2-deficient breast and ovarian cancers. We
previously reported that mantle cell lymphoma cells with deficiency in ataxia telangiectasia mutated (ATM) are sensitive
to PARP-1 inhibitors in vitro and in vivo. Here, we report that PARP inhibitors can potentially target ATM deficiency arising
in a solid malignancy. We show that ATM protein expression varies between gastric cancer cell lines, with NUGC4 having
significantly reduced protein levels. Significant correlation was found between ATM protein expression and sensitivity to
the PARP inhibitor olaparib, with NUGC4 being the most sensitive. Moreover, reducing ATM kinase activity using a small-
molecule inhibitor (KU55933) or shRNA-mediated depletion of ATM protein enhanced olaparib sensitivity in gastric cancer
cell lines with depletion or inactivation of p53. Our results demonstrate that ATM is a potential predictive biomarker for
PARP-1 inhibitor activity in gastric cancer harboring disruption of p53, and that combined inhibition of ATM and PARP-1 is
a rational strategy for expanding the utility of PARP-1 inhibitors to gastric cancer with p53 disruption.

Introduction

Gastric cancer is the second highest cause of cancer death
worldwide, with almost 1 million new cases and 738000
deaths per year.! Gastric cancer is most common in East Asia,
including Japan, Korea, and China, and is a significant health
concern in North America and the European Union. Despite
several therapeutic advances, including modified combination

23 and, more

chemotherapy and chemo-radiation regimens,
recently, biological therapy targeting human epidermal growth
factor 2 (HER2),* outcomes in advanced gastric cancer remain
poor, and the need to develop new treatment approaches is
urgent.

Disruption of DNA repair genes by somatic mutation or
epigenetic silencing has been documented in a variety of human
cancers, and, consequently, DNA damage response pathways
have emerged as potential therapeutic targets.>® One such DNA
damage response gene, ataxia telangiectasia mutated (ATM),
plays a critical role in cellular signaling in response to DNA

double-strand breaks, and its alteration is associated with the
development and progression of several types of human cancers.”!!
Moreover, expression of ATM and other DNA damage response
genes correlates with clinic-pathological outcome in gastric
cancer patients. Consequently, ATM has been proposed to be an
independent prognostic'? and a predictive marker for individual
therapy in advanced gastric cancer patients.'?

The clinical significance of disrupted DNA repair pathways
lies in the potential exploitation of synthetic lethality, best
exemplified by the preferential toxicity of small-molecule
PARP-1 inhibitors in BRCA-deficient tumors.'?
synthetic lethal interactions have been demonstrated between
PARP inhibitors and a number of other genes related to DNA
repair and the DNA damage response, including ATM.!6-20
Moreover, inactivation of ATM together with PARP-I in mice
is embryonic lethal,?! and synthetic lethality between PARP
and ATM has been reported in cells from patients with ataxia
telangiectasia, a cancer predisposition syndrome associated with
loss of both ATAM alleles.”” Based on these observations, we
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postulated that PARP inhibitors might have therapeutic utility
in ATM-deficient malignancies and, subsequently, demonstrated
that the concept of PARP inhibitor synthetic lethality can be
applied to mantle cell lymphoma (MCL) cell lines with loss of
function of ATM.? Moreover, MCL cell lines with disruption of
p53 (mutant p53, deletion of p53, overexpression of dominant-
negative p53, or inhibition by pifithrin) were more sensitive to
the PARP-1 inhibitor olaparib than were MCL cells with wild-
type p53.** Furthermore, the ATM protein kinase inhibitor
KU55933 sensitized MCL cells with disrupted p53 to olaparib,
indicating that the combination of ATM inhibitors and PARP
inhibitors has potential in the treatment of human malignancies
with dysfunctional p53.%

Here, we extend these studies to ask whether olaparib
might have utility in the treatment of gastric cancer harboring
disruption of ATM. ATM deficiency has been reported in up to
60% of gastric cancer and is associated with poor prognosis.'®
Like many other malignancies, gastric cancer also displays a
high rate of p53 mutation.” Therefore, we hypothesized that a
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Figure 1. Relative levels of ATM in the gastric cancer cell lines STKM2,
KATOIIl, AGS, NUGC4, MKN1, MKN28, MKN45, and ISt-1 compared with a
control lymphoblastoid cell line C35ABR (BT) and an A-T patient-derived
lymphoblastoid cell line (L3). (A) Western blots were probed with anti-
bodies to ATM, DNA-PKcs, SMC1, Ku80, and B-actin as indicated and
visualized on a Fuji LAS 4000 imager. (B) ATM protein levels were quanti-
tated, normalized to SMC1 expression and compared with expression in
BT cells. n = 3. Error bars denote SEM.
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significant fraction of gastric cancer cases might benefit from
treatment with PARP-1 inhibitor, either with or without ATM
inhibitor. We demonstrate that the concept of PARP inhibitor
synthetic lethality is applicable to gastric cancer with low ATM
protein expression and disruption or depletion of p53, and that
the combination of PARP and ATM inhibitors has potential
against ATM-proficient gastric cancer with p53 inactivation.

Results

ATM protein expression and DNA damage-induced
signaling varies in gastric cancer cell lines

Whole-cell extracts were prepared from the gastric cancer
cell lines STKM-2, KATO III, AGS, NUGC4, MKNI,
MKN28, MKN45, and ISt-1 as well as control normal human
lymphoblastoid cells (BT) and lymphoblastoid cells from an A-T
patient (L3). Extracts were run on SDS PAGE and probed for
ATM, DNA-PKcs, SMC-1, Ku80, and actin protein expression
(Fig. 1A). Levels of ATM protein expression were normalized to
SMC-1 and expressed relative to BT cells (Fig. 1B). ATM protein
was expressed to varying degrees in all gastric cancer cell lines
examined; however, ATM protein expression was significantly
reduced in NUGC4, MKN45, and AGS compared with the other
cell lines examined. Relative levels of ATM protein expression
in the gastric cancer cell lines (compared with that in BT cells)
were NUGC4 (13.8%), MKN45 (15.3%), AGS (42.8%),
ISt-1 (67.9%), MKN28 (55.7%), STKM-2 (81.1%), KATOIII
(127%), and MKNI1 (67.8%), (Fig. 1B).

To address ATM functionality, cell lines were exposed to
2 Gy ionizing radiation (IR) and harvested after 1 h. Extracts
were prepared as described, and western blots were examined
for ATM-dependent phosphorylation events. Consistent with
the reduced protein expression levels, reduced ATM-1981 auto
phosphorylation was observed in NUGC4 and MKN45 cell
lines (Fig. 2), suggesting that these cell lines have reduced ATM
function. DNA damage-induced p53 serine-15 phosphorylation
was observed in STKM2, AGS, MKNI1, MKN28, and ISt
1, but p53 was undetectable in KATOIII, consistent with the
TP53-null phenotype in this cell line (Table S1). Both p53
phosphorylation and p53 protein levels were low in NUGC4 and
MKN45 following IR treatment, consistent with defective or
reduced ATM function in these cells (Fig. 2).

It is well established that cells lacking ATM are highly
radiation sensitive.”® As a further test of ATM functionality,
the panel of gastric cancer cell lines was exposed to IR and
survival was determined using the clonogenic survival assay.
Consistent with a functional defect in ATM, the NUGC4 cell
line was highly radiosensitive (less than 10% survival after 2 Gy
IR; Fig. 3A). The AGS cell line was also highly radiosensitive
(Fig. 3A), while MKN1, MKN45, and STKM2 cell lines had
intermediate radiation sensitivity, and IST-1, MKN28, and
KATOIII were the most resistant (Fig. 3A). However, relative
ATM protein expression levels only modestly correlated with
sensitivity to IR, with a Spearman correlation coefficient of less
than 0.55 at a variety of IR doses (from 1 to 6 Gy) (Fig. 3B;
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Fig. S1), suggesting that ATM status is not the only determinant
of radiosensitivity in these cell lines.

Low ATM protein expression correlates with olaparib
sensitivity

Next we determined the sensitivity of the cell lines to the
PARP inhibitor olaparib (previously called AZD2881%).
Again, NUGC4 and AGS were the most sensitive of the cell
lines examined (approximately 20% survival after 1 pM
olaparib; Fig. 4A). ISt-1 and MKN45 had intermediate olaparib
sensitivity, while MKN28, MKN1, STKM2, and KATO III
were more resistant (Fig. 4A). The Spearman correlation at I puM
olaparib was 0.8143 (P = 0.0022), indicating good correlation
between ATM protein expression and olaparib sensitivity
(Fig. 4B). Indeed, the correlation constant was at least 0.81 at all
concentrations of olaparib tested (0.3—3 wM, data not shown). In
contrast, protein levels of Mrell, Nbsl, Chk2, Rad51, XRCCl,
53BP1, and PNKP did not correlate with olaparib sensitivity
(Figs. S2 and 3; Table S4).

Disruption of p53 enhances olaparib sensitivity in gastric
cancer cell lines with low ATM protein expression

We have previously shown that ATM-deficient MCL cell lines
with inactivation or loss of p53 are more sensitive to olaparib than
their p53-proficient counterparts, and that inhibition of ATM
in a mutant p53 background also enhances olaparib sensitivity.*
To determine whether p53 deficiency also enhanced olaparib
sensitivity in gastric cancer, the ATM-proficient/p53-proficient
(ATM+/p53+) gastric cancer cell line STKM2, and the ATM-
proficient/p53-deficient (ATM+/p53del) gastric cancer cell
line KATOIII (Figs. 1 and 2; Table S1) were incubated with
increasing concentrations of the ATM inhibitor KU55933 or
DMSO (control) in either the absence or presence of increasing
concentrations of olaparib. Consistent with previous results,
inhibition of both ATM (KU55933) and PARP (olaparib) in
STKM2 (ATM+/p53+) had little effect on cellular viability,
whereas inhibition of ATM

phosphorylation, indicating substantial loss of ATM function
(Fig. S4). Depletion of ATM induced radiosensitivity in both
STKM2 and KATOIII cell lines, i.e., regardless of p53 status
(Fig. 6A and B). In contrast, depletion of ATM enhanced
olaparib sensitivity in KATOIII (p53 mutant) but not STKM-2
(wt-p53) (Fig. 6C and D), consistent with our previous findings
that mutant p53 enhances sensitivity to olaparib in ATM-
defective cells.?*

To further confirm these findings, we depleted p53 in the
parental STMK-2 cells using shRNA (STKM-2-shp53) and
in STKM-2 cells that had previously been depleted for ATM
(STKM-2-shATM/shp53). For these experiments, STKM-2
and STKM-2-shATM cells were infected with lentivirus
expressing shp53 or control shRNA and stable cell lines isolated.
As expected, STMK-2 cells expressing shATM were negative
for ATM protein expression and IR-induced ATM-1981
phosphorylation but showed some IR-induced p53 serine 15
phosphorylation, possibly due to the activity of related kinases
such as DNA-PKcs (Fig. S5, lane 4). Furthermore, STMK-2
cells expressing shp53 or STMK-2 cells expressing shATM/
shp53 had considerably lower p53 expression and reduced serine
15 phosphorylation (Fig. S5, lanes 6 and 8). As predicted by our
earlier results, STKM-2 cells with p53 depletion (STMK-shp53)
were more sensitive to olaparib than STKM-2 control cells
when combined with the ATM inhibitor KU55933 (Fig. 7A
and B). Moreover, STKM-2 with shRNA depletion of both p53
and ATM (STKM-2-shATM/shp53) were more sensitive than
STKM-2 cells with depletion of ATM alone (STKM-2 shATM)
(Fig. 7C).

Mechanism of olaparib induced cell death

We next examined the mechanism of olaparib-induced cell
death in the gastric cancer cell lines. Olaparib induced auto
phosphorylation of ATM (S1981) and DNA-PKcs (S2056) in
STKM-2 and KATOIII cells, consistent with it inducing DNA
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damage (Fig. S5) as we reported previously in MCL.** We
next assayed for apoptosis using Annexin V/propidium iodide
(PI) staining or Annexin V/SYTOX blue staining. Olaparib
alone did not induce apoptosis in either STKM-2 or KATO III
(Fig. S7). Although inhibition of both PARP-1 and ATM had
lictle effect on STKM-2, apoptosis was induced by combination
of PARP and ATM inhibitors on KATO III, which have deletion
of both p53 alleles (Fig. S7D). Apoptosis was also induced by
ATM knockdown in KATO III when treated with olaparib
(Fig. $8). Furthermore, olaparib induced apoptosis in STKM-2
with depletion of p53 (STMK-2-shp53) when combined with
the ATM inhibitor KU55933 (Fig. S9). Thus, olaparib induces
apoptosis in gastric cancer cells when both ATM and p53 have
been inactivated or inhibited.

To investigate the ability of olaparib to induce other forms of
cell death in gastric cancer cells, KATOIII cells with shRNA-
depleted ATM were treated with olaparib (5 wM, 72 h) then

stained for the presence of large, multinuclear cells, indicative
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Figure 3. Clonogenic survival of gastric cancer cells after treatment with
IR. (A) Cells were seeded then irradiated on plates 4 h later. Plates were
incubated 10 d prior to staining. (B) The Spearman’s correlation coeffi-
cient between relative levels of ATM protein and cellular survival by IR
was calculated to be 0.4935. Each point is in triplicate in 3 independent
experiments. Error bars represent SEM.

of aberrant mitoses and mitotic catastrophe.”® As shown in
Figure S10, olaparib induced an increase in multinucleated cells
in gastric cancer cells either depleted of ATM (Fig. S10A) or in
cells in which ATM protein kinase activity had been inhibited
by KU55933 (Fig. S10B), indicating that inhibition of PARP by
olaparib induces genomic instability in ATM-deficient gastric
cancer cells.

To further clarify the role of p53 in sensitivity to olaparib,
we investigated the expression of p53-target genes induced by
olaparib in STKM2 cells with stable knockdown of ATM, p53,
or both ATM and p53, using quantitative RT-PCR (Fig. S11).
Olaparib treatment of STKM2 control cells induced expression of
p21 and PUMA, whereas no significant increases were observed
in either gene in STKM-2 with knockdown of ATM and/or p53,
indicating that p21 and PUMA are ATM/p53 target genes in
these cells. Together, these results suggest that olaparib induces
upregulation of ATM and p53-dependent cell cycle regulation
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Figure 4. Clonogenic survival of gastric cancer cells after treatment with
olaparib. (A) Cells were seeded and 4 h later olaparib as added to 0.1-3.0
1M as indicated. Plates were incubated 10 d prior to staining. (B) The
Spearman correlation coefficient between relative levels of ATM protein
and cellular survival by olaparib was calculated to be 0.8143 (P = 0.0022).
Each point is in triplicate in 3 independent experiments. Error bars rep-
resent SEM.
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and apoptotic pathways, and that in the absence of either ATM
protein, or ATM activity, olaparib triggers multiple cell death
pathways, including apoptosis and mitotic catastrophe.

Discussion

Here we show that ATM protein expression varies in gastric
cancer cell lines, and that those with reduced expression of ATM
protein expression are highly sensitive to the PARP inhibitor
olaparib. In addition, we demonstrate that among the ATM-
deficient gastric cancer cell lines tested, those with inactivation
of p53 had heightened olaparib sensitivity. Furthermore,
inactivation of ATM kinase activity with KU55933 enhanced
sensitivity to olaparib in gastric cancer cells with deletion/
depletion of p53.

PARP inhibitors are a promising next-generation class of anti-
cancer drugs that target DNA damage response pathways.** To
ease their adoption into the clinical setting, predictive markers
of their efficacy have been sought. Encouragingly, it has been
reported that by exploiting synthetic lethality, PARP-1 inhibitors
selectivity kill cancer cells with defects in the homologous
recombination repair (HR) pathway while having little effect
on normal cells. Specifically, breast cancer cell lines deficient in
the HR and the DNA damage response factors BRCA1/BRCA2
are extremely sensitive to PARP-1 inhibitors. Early clinical
trials demonstrating high response rates in BRCA1/2-deficient
cancers?”* suggest that this in vitro observation translates into the
clinical setting. However, triple-negative (ER-, PR-, and HER2-
negative) breast cancers, sometimes inferred as a surrogate for
BRCA-deficient tumors, do not demonstrate such a response®
implying that well-delineated molecular markers of response to
PARP inhibitors are critical for the pharmacological development
of this class of drugs.

Several studies, including work from our laboratory, have
shown that synthetic lethality with PARP-1 inhibitors can be
extended to non-breast cancer cell lines with defects in other
DNA repair and DNA damage response proteins, one of which
is ATM.'"® ATM is important for the maintenance of genome
stability, likely through its roles in regulation of cell cycle
checkpoints® and repair of damage in heterochromatin.?® We
have previously reported that ATM-deficient MCL cell lines have
suppressed DNA damage signaling and are sensitive to PARP-1
inhibitors. Based on these results, we postulated that ATM is
a potential predictive biomarker of PARP-1 inhibitor activity
in malignancies other than MCL.? Others have described a
similar phenomenon in chronic lymphocytic leukemia (CLL).*
In addition to lymphoid malignancies, ATM alteration has been
reported in many human carcinomas, including gastric cancer.
Approximately, 15% of gastric cancers contain ATM gene
alterations, and about 60% of gastric cancer showed decreased
expression of ATM.? Our results suggest that ATM may be an
independent, predictive biomarker of PARP-1 inhibitor sensitivity
in gastric cancer, and that targeting ATM-defective tumors by
PARP-1 inhibition may be applicable in this disease. Indeed, a
recent phase II trial has reported that olaparib plus paclitaxel led

www.landesbioscience.com

to significant improvement in overall survival in gastric cancer
patients, with a larger benefit in those with low ATM levels.”
Our studies raise several questions regarding the mechanisms
underlying ATM expression in gastric cancer cells. The most
well-characterized phenotype associated with loss of ATM is
ataxia-telangiectasia (A-T), an inherited disorder characterized
by neurodegeneration, cancer predisposition, and radiation
36

sensitivity.* In A-T patients, nonsense, frame shift, and splicing
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Figure 5. Sensitivity of STKM-2 (ATM+/p53+) and STKM-2 (ATM+/p53-)
to olaparib in the absence and presence of ATM inhibitor KU55933. ATM-
proficient gastric cancer cell lines (A) STKM2 (p53 wt) and (B) KATO IlI
(p53 del) were incubated with 0.1-3 M olaparib or vehicle control, in the
presence of DMSO vehicle (blue) or increasing concentrations of the ATM
inhibitor KU55933 (brown, 2.5; green, 5, purple, 7.5 wM). Survival was
determined using clonogenic survival assays as described in Figure 3.
Each point is in triplicate in 3 independent experiments. Error bars rep-
resent SEM.

Cell Cycle 2133

Do not distribute.

I0Science.

©2014 Landes B



A KATO Il B Interestingly, a recent study suggests
that mutations in A7M introns, targeted
by microsatellite instability may account
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Figure 6. Sensitivity of gastric cancer cell lines with stable knockdown of ATM to IR and olaparib. cultured under an atmosphere of 5%

ATM-proficient gastric cancer cell lines STKM2 (p53 wt) and KATOIII (p53 mutant) were transfected CO, at 37 °C.

with shATM-expressing vector, and were exposed to the indicated concentrations of IR (A and B) or Transfections

olaparib (Cand D). Survival was determined using clonogenic survival assay as described in Figure 3. Stable transfection of KATOIII

Each pointis in triplicate in 3 independent experiments. Error bars represent SEM. and STKM2 cells was performed with

mutations in A7M are found throughout the gene and often
result in protein truncation.’”* Mutation or deletion of ATM also
occurs in a variety of lymphomas,” in particular MCL;* however,
the cellular mechanisms that result in loss of ATM expression or
function in these tumors remain unclear (see “Note Added in
Proof”). ATM mutation has also been associated with increased
risk of breast cancer.?’ Multiple mechanisms for loss of ATM
expression have been proposed, including epigenetic silencing
and microRNA expression (ref. 42 and references therein). As
a first step to understanding the basis of low ATM expression
in the panel of gastric cancer cell lines used in this study, we
interrogated the Novartis-Broad Institute Cancer Cell Line
Encyclopedia (CCLE)* and Catalogue of Somatic Mutations in
Cancer (COSMIC)* databases for reported mutations in A7M
in gastric cancer cell lines. No A7M mutations were reported for
AGS, MKNI1, or NUGCH4 cell lines, while a mis-sense mutation
(52581I) was reported in KATOIII; however, as shown here,
this mutation does not affect ATM expression or function. No
information was available for Ist-1, STKM-2, or MKN45 cell
lines in either database; however, MKN45 has previously been
reported to harbor an R2832H mutation in ATM (Table S1).
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pSUPER .retro.puro  vectors encoding

short hairpin RNA (shRNA) to either
green fluorescent protein (GFP, control) or ATM, kindly
provided by Dr Y Shiloh, Tel Aviv University, Israel, as previously
described.®® Cells were transfected using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s instructions. The
transfected cells were selected by growth in medium containing
4 pwg/ml puromycin (Sigma-Aldrich), and single-cell populations
were isolated.

For knockdown p53 expression assay, STKM2 was infected
with lentivirus vector encoding control or shp53 shRNA (Open
Biosystems, Thermo Fisher Scientific, ca# V12070603 [control] or
ca# V3LHS_404717, ca# V3LHS_333919, ca# V3LHS_333920
[p53]), under serum-free conditions at a multiplicity of infection
(MOI) between 10 and 20. Cells were selected with 5pg/mL
puromycin. ATM-knockdown STKM2 was also infected with
lentivirus vectors expressing either control shRNA or shp53.

Immunoblots

Cells were lysed in an ice cold NET-N lysis buffer (150
mmol/L NaCl, 0.2 mmol/L EDTA, 50 mmol/L TRIS-HCI
[pH 7.5], and 1% [v/v] NP-40) containing protein phosphatase
and protease inhibitors (1 wmol/L microcystin-LR, 0.2 mmol/L
phenylmethylsulfonyl fluoride, 0.1 wg/mL pepstatin, 0.1 pg/
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mL aprotinin, and 0.1 pwg/mL leupeptin), and
lysed on ice by sonication (2 x 5 s bursts). Total

>

protein (50 pg; as determined by the Detergent-
Compatible Protein Assay [Bio-Rad]
bovine serum albumin as standard) was resolved
by SDS-PAGE and electrophoretically transferred
onto nitrocellulose membranes. Membranes were
blocked with 20% (w/v) skim milk powder in
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Surviving fraction

-e- olaparib/DMSO
- olaparib/KU55933(7.5uM)

STKM-2-control STKM-2-shp53 #3

99)

-

-e— olaparib/DMSO
- olaparib/KU55933(7.5uM)

Surviving fraction

T-TBS buffer (20 mmol/L TRIS-HCI [pH 7.5], 0.1
500 mmol/L NaCl, and 0.1% [v/v] Tween 20) 0
for 1 h and probed with antibodies to total

T T T 0.1 T T
1 2 3 0 1 2 3

olaparib, uM olaparib, uM

proteins or phosphorylated proteins as indicated.
Antibodies to DNA-PKcs and P-$824 KAP-1%° C 1
were generated in house. Antibodies to ATM
(Epitomics), p21 (Santa Cruz,), p53 (Santa Cruz),
SMC-1 (Novus), KAP-1 (Abcam), Beta-actin
(Abcam), Ku80 (Abcam), PARP (Cell Signaling),
53BP1 (Santa Cruz), MREI1 (Cell Signaling,),
NBSI (Cell Signaling), Rad51 (Santa Cruz),
XRCC1 (Cell Signaling), p21 (Santa Cruz),
GADD45alpha (Abcam), PNKP (Bethyl), and
phosphospecific antibodies to ATM (Epitomics),
P-S15 p53 (Cell Signaling) and P-S2056 DNA-

Surviving fraction

0.1

STKM2-shGFP/control
STKM2-shATM/shp53
STKM2-shGFP/shp53
STKM2 shATM/shp53

Fhee

PKes (Abcam) were purchased commercially.
Clonogenic survival assays

1 2
olaparib, uM

w -

Cells were trypsinized, seeded in 4 mL medium
and incubated overnight before treatment with

increasing doses of olaparib (0.1, 0.3, 1, 2, 3 uM)
or an equal volume of vehicle control (DMSO)
to assay for their colony-forming ability. Colonies
(greater than 50 cells) were fixed then stained
with crystal violet as described previously® and
counted 10 d later. Survival curves were plotted

using Prism 6.0 Software (GraphPad). Where

Figure 7. Olaparib sensitivity in gastric cancer cell lines with shRNA knockdown of ATM
and p53. The ATM-proficient gastric cancer cell line STKM-2 (p53 wt) was infected with
lentivirus vector encoding control shRNA (A) or shp53 (B) and incubated with 0.1-3 uM
olaparib in the presence of DMSO vehicle or 7.5 .M of the ATM inhibitor KU55933. (C) ATM-
knockdown STKM-2 cells were infected with lentivirus vector encoding control shRNA or
shp53 and incubated with 0.1-3 wM olaparib. Survival was determined using clonogenic
survival assay as described in Figure 3. Each point is in triplicate in 3 independent experi-
ments. Error bars represent SEM.

indicated, cells were treated with 2, 4, or 6 Gy
IR using a ¥’Cs source Gammacell 1000 tissue irradiator (MDS
Nordion) at a dose rate of 3.7 Gy/min.

Annexin V Assays

Cells were exposed to olaparib (5 pmol/L) with or without
KU55933 (10 pmol/L) and resuspended in Annexin V binding
buffer (10 mmol/L HEPES [pH 7.5], 140 mmol/L NaCl, and
2.5 mmol/L CaCl2) before incubation with FITC Annexin V
(GeneTex) and 5 pg/mL propidium iodide with RNase, or 1 pg/
mL Sytox blue for 5 min and then analyzed by flow cytometry at
the University of Calgary Flow Cytometry Facility.

WST-1 cell proliferation assay

Cells were seeded into 96-well plates at a density of 5 x 10°
cells/well. Cell viability was measured after 24, 48, and 72 h
after seeding using WST-1 Cell Proliferation Reagent (Roche)
according to the manufacturer’s instructions.

Quantitative reverse transcription polymerase chain reaction

RNA was isolated and purified from using TRIzol (Invitrogen)
and RNeasy RNA isolation kit (Qiagen), and 5 pg of RNA
was reverse transcribed using the first-strand ¢cDNA synthesis
kit (BioChain). Real-time PCR using Sybr green (Invitrogen)

www.landesbioscience.com

was performed by 7500 Fast Real-Time PCR System (Applied
Biosystems), and the data was analyzed using Applied Biosystems
7500 Software v2.0.3. Expression was normalized to GUSB
and GAPDH. The sequences of primers used are provided in
Table S2.

Statistical analysis

Statistical analysis for the correlation between the ATM levels
and inhibition of cell growth by PARP-1 inhibitor/olaparib was
performed using GraphPad Prism 6.0 Software using Spearman
correlation. Comparison between each 2 groups was analyzed by
the unpaired Student # test using Microsoft Office Excel software.
P values of < 0.05 were considered statistically significant.

Disclosure of Potential Conflicts of Interest
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Note Added in Proof

Recently, Zhang et al. reported that mutation of genes,
including ATM, in MCL, is related to epigenetics and open
chromatin.>
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