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The novel ATR inhibitor VE-821 increases
sensitivity of pancreatic cancer cells
to radiation and chemotherapy
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DNA damaging agents such as radiotherapy and gemcitabine are frequently used for the treatment of pancreatic cancer.
However, these treatments typically provide only modest benefit. Improving the low survival rate for pancreatic cancer
patients therefore remains a major challenge in oncology. Inhibition of the key DNA damage response kinase ATR has
been suggested as an attractive approach for sensitization of tumor cells to DNA damaging agents, but specific ATR
inhibitors have remained elusive. Here we investigated the sensitization potential of the first highly selective and potent
ATR inhibitor, VE-821, in vitro. VE-821 inhibited radiation- and gemcitabine-induced phosphorylation of Chk1, confirming
inhibition of ATR signaling. Consistently, VE-821 significantly enhanced the sensitivity of PSN-1, MiaPaCa-2 and primary
PancM pancreatic cancer cells to radiation and gemcitabine under both normoxic and hypoxic conditions. ATR inhibition
by VE-821 led to inhibition of radiation-induced G,/M arrest in cancer cells. Reduced cancer cell radiosurvival following
treatment with VE-821 was also accompanied by increased DNA damage and inhibition of homologous recombination
repair, as evidenced by persistence of yH2AX and 53BP1 foci and inhibition of Rad51 foci, respectively. These findings
support ATR inhibition as a novel approach to improve the efficacy and therapeutic index of standard cancer treatments

across a large proportion of pancreatic cancer patients.

Introduction

The pancreas is the tenth most common site of new cancers, being
responsible for 6% of all cancer-related deaths.! Approximately
55% of all patients have distant disease and 25% have regional
spread at the time of diagnosis, with a 5-year overall survival
(OS) of < 5%.! Surgery is the only curative treatment but even if
the tumor is completely resected, patient outcome in eatly stage
disease remains poor.? Additionally, neoadjuvant chemoradiation
is an emerging concept in the management of patients that is
expected to decrease the rate of local failures and prolong survival
by enhancing resectability.?

Several targeted therapeutics have been tested in phase II
and III trials though results to date have been disappointing.
Tipifarnib, an oral farnesyltransferase inhibitor that blocks RAS
signaling, did not show significant improvement in OS when
combined with gemcitabine despite the presence of KRAS muta-
tions in 90% of pancreatic cancers.* Similarly, treatment with
angiogenesis or matrix metalloproteinase inhibitors failed to
prolong survival’® Moreover, no clinical benefit was observed
upon addition of the epidermal growth factor receptor (EGFR)

inhibitor cetuximab to gemcitabine in patients with advanced
pancreatic cancer.” Only a small benefit in median OS (6.24 vs.
5.91 mo) was found with the combination of gemcitabine with
the EGFR inhibitor, erlotinib.”” A possible reason of the limited
success of these targeted therapies in pancreatic cancer could be
that at the time of diagnosis, the tumor has become less depen-
dent on oncogenic signaling than it was during the initial stages
of carcinogenesis."! This lack of success of conventional and
recent targeted therapies clearly shows the need for new strategies
to improve pancreatic cancer treatment.

Radiotherapy and most forms of chemotherapy exert their
cytotoxic effect by causing DNA damage.'>> This damage leads
to activation of the DNA-damage response, involving activa-
tion of cell cycle checkpoint and DNA repair. Two key kinases
involved in DNA signaling are Ataxia-telangiectasia mutated
(ATM) and ATM and Rad3-related (ATR), generally thought to
be involved in recognizing double strand DNA breaks and single
stranded DNA, respectively.

In tumor cells, oncogenic mutations inducing senescence
and replication stress can give selective pressure for developing
mutations in genes involved in DNA damage signaling or repair.
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As a result, tumor cells differ significantly from normal cells in
their DNA damage response (DDR), lacking certain DNA repair
pathways or having a deregulated cell cycle checkpoint signaling.
In fact, defective DNA damage signaling through loss of ATM,
or p53 mutation occurs in 70% of cases of pancreatic cancer.>'*'¢
Single nucleotide polymorphisms (SNPs) of ATM can occur in
up to 95% of patients and have also been shown to correlate with
adverse overall survival.'®

These differences in DNA repair signaling between normal
and tumor cells can potentially be exploited to selectively increase
the sensitivity of cancer cells to DNA damaging agents without
harming normal cells."” It has been hypothesized that cells with
disrupted ATM signaling may become more reliant on ATR.#-2
As p53 mutations abrogate efficient G, checkpoint signaling,
these cells depend on the ATR-activated G,/M checkpoint for
cell cycle arrest in response to DNA damage.?! For this reason,
inhibition of ATR is expected to sensitize tumor cells to DNA
damage but should not sensitize normal cell with wild type p53.®
Furthermore, ATR inhibition is thought to be toxic to cells
with high levels of replication stress, a frequent feature of tumor
cells.?? Despite the attractiveness of ATR as a target for cancer
therapy, potent and selective ATR inhibitors have remained elu-
sive. Recently we reported the characterization of the novel ATR
inhibitor, VE-821, and showed that it sensitizes cancer cells but
not normal cells to chemotoxic treatment.”” In this paper, we
show VE-821 can act as a sensitizer of radiotherapy and chemo-
therapy treatment of pancreatic cancer cells in both normoxic
and hypoxic conditions.

Results

The ATR inhibitor VE-821 radiosensitizes pancreatic tumor
cells. First we wanted to confirm that VE-821 inhibits ATR
signaling in pancreatic cancer cells lines treated with radiation
and/or gemcitabine, both of which are commonly used in pan-
creatic cancer treatment. We assessed phosphorylation of Chkl,
a downstream target of ATR, by western blotting of PSN-1
and MiaPaCa-2 cells. In both cell lines, I wM VE-821 inhib-
ited phosphorylation of Chkl (Ser 345) after treatment with
gemcitabine (100 nM), radiation (6 Gy) or both, at 2 h post-
irradiation (Fig. 1A). Importantly, we confirmed that VE-821
did not inhibit phosphorylation of ATM (Ser1981) or Chk2
(Thr68) under these conditions (Fig. S1A).

Next, we sought to establish suitable doses of VE-821 to use
in radiosensitization experiments in pancreatic cancer cell lines.
To this end, we performed a viability assay across a dose range
of the VE-821 drug with and without radiation in a panel of
pancreatic cancer cell lines, PSN-1, MiaPaCa-2 and PANC-1, all
of which are mutant for p53. As VE-821 is effective in inhibiting
cellular ATR activity within 1 h after drug addition,” a pre-
incubation of 1 h prior to irradiation was chosen for these and
subsequent experiments. Based on earlier data,” a dose range
between 0.1 and 9 wM was chosen. As shown in Figure 1B,
incubation with drug alone was associated with single agent
toxicity above doses of 3 wM in all cell lines tested, whereas a
radiosensitizing effect was observed from 1 WM. Based on these
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results, a concentration of 1 WM VE-821 was chosen for subse-
quent experiments.

Next, we assessed the impact of dose scheduling on the radio-
sensitizing effect in clonogenic assays. PSN-1 cells were treated
with 1 pM VE-821 for various time periods in relation to irra-
diation. In the absence of irradiation, an incubation time of up
to 72 h with drug alone did not decrease plating efficiency sig-
nificantly, whereas continuous exposure to the drug was associ-
ated with increased single agent toxicity (Fig. S1B). When cells
were irradiated in the presence of VE-821, a decrease in surviving
fraction was observed and this radiosensitizing effect increased
as the drug incubation time after irradiation was extended
(Fig. 1C). Interestingly, radiosensitization was still observed
when cells were irradiated in the absence of VE-821 followed by
drug addition at 24 h after radiation, suggesting that VE-821
also acts in the later stages of repair process (Fig. 1C). However,
the radiosensitizing effect was lost when drug was added 48 h
after radiation. As a pre-incubation of 1 h and a total incubation
period of 72 h showed maximum radiosensitization combined
with limited single agent toxicity, this incubation schedule was
used in subsequent clonogenic experiments. We confirmed that
VE-821 caused radiosensitization in the pancreatic lines PSN-1,
MiaPaCa-2 and PANC-1 (Fig. 1D). Importantly, this effect was
also seen in primary pancreatic tumor cells (PancM; Fig. 1D).

VE-821 radiosensitizes tumor cells under hypoxic condi-
tions. Hypoxia is a common feature of pancreatic cancer® and as
hypoxic cells can be up to 3-fold more radioresistant, we sought to
investigate whether the radiosensitizing effect of VE-821 can still
be seen under hypoxic conditions. Using the same dosing sched-
ule as was used under normoxia, we treated PSN-1, MiaPaCa-2
and PancM with 1 wM VE-821 and irradiation under hypoxic
conditions (0.5% O,). To avoid any hypoxia-associated toxic-
ity, cells were treated in hypoxic conditions for a minimum time
period (from 6 h prior to 1 h post irradiation). Treatment with
VE-821 under these conditions did not result in increased toxic-
ity in the absence of irradiation (data not shown). All cell lines
showed increased radioresistance under hypoxic conditions, con-
firming the hypoxic effect in our experimental settings. Addition
of VE-821 reduced survival significantly for all three cell lines
in hypoxia (Fig. 2A and B). These results confirm that VE-821
can radiosensitize tumor cells in hypoxic as well as normoxic
conditions.

VE-821 sensitizes normoxic and hypoxic cells to gem-
citabine. The nucleoside analog gemcitabine is the standard
chemotherapeutic agent in pancreatic cancer. We tested whether
VE-821 would increase the cytotoxic effects of gemcitabine. As
shown in Figure 3A, this was indeed the case, with the strongest
sensitization being observed in the PSN-1 cells.

Because hypoxia markedly reduces the efficacy of chemother-
apy drugs in pancreatic cancer,”** we tested the effect of com-
bining gemcitabine and VE-821 under hypoxic conditions (0.5%
O,). In line with previous findings, we observed an increase
in resistance to gemcitabine treatment in hypoxia, which was
reduced when cells were co-treated with VE-821. We established
that this sensitizing effect could be seen across a range of gem-

citabine doses (Fig. 3B and C).
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Figure 1. For figure legend, see page 1075.
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Figure 1 (See opposite page). VE-821 radiosensitizes pancreatic tumor cells. (A) Western blot analysis of Chk1 inhibition. Cells were treated with

100 nM gemcitabine and 1 wM VE-821 1 h prior to irradiation at 6 Gy as indicated in the graphical representation. Drugs were left for the duration of
the experiment and cells were lysed at 2 h post-irradiation and subjected to western blot analysis. (B) Effect of VE-821 on cell viability of pancreatic
cancer cells with and without radiation treatment. PSN-1, PANC-1 and MiaPaCa-2 cells were treated with increasing concentrations of VE-821 for 72 h.
Cells were irradiated at 4Gy 1 h after VE-821 addition. Cell viability was measured after 10 d and shown as normalized to DMSO-treated cells. (C) Sched-
uling of VE-821 affects radiosensitivity. PSN-1 cells were plated as single cells, treated with 1 wM VE-821 at different time points in relation to 4 Gy
irradiation and assessed for colony formation after 10 d as indicated in the graphical representation. The survival fraction at 4 Gy for each of the treat-
ment schedules was determined by taking into account the relevant plating efficiency of unirradiated cells (see Fig. S1B). (D) Clonogenic survival of
pancreatic cancer cells, MiaPaCa-2, PSN-1, PANC-1 and primary cancer cells PancM in response to irradiation and VE-821 treatment. Cells were treated
according to the 72 h VE-821 treatment regime described in (C) with 1 WM VE-821 added at 1 h prior to irradiation and removed 72 h post-irradiation
and colony-forming ability being assessed after 10 to 21 d. N = 3; *p < 0.05; **p < 0.01 over DMSO-treated control.
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Figure 2. VE-821 radiosensitizes pancreatic tumor cells under hypoxic conditions. (A) Clonogenic survival curves of cells treated with 1 uM VE-821 and
irradiation under hypoxic conditions as indicated in the graphical representation. Plated cells were transferred to hypoxia (0.5% O,) and acclimatized
for 6 h. VE-821 (1 M) was then added at 1 h prior to irradiation and left for 72 h upon which the medium was replaced. Cells were transferred to nor-
moxia at 1 h post-irradiation. (B) Bar graph representation of clonogenic survival of cells after irradiation with 6 Gy and treatment with 1 wM VE-821 in
oxic and hypoxic (0.5% O,) conditions, as shown above and in Figure 1D. N = 3; *p < 0.05; **p < 0.01; ***p < 0.001 over DMSO-treated control.

Finally, as patients often receive gemcitabine combined with ~ chemoradiotherapeutic setting. As shown in Figure 3D, VE-821
radiotherapy for treatment of pancreatic cancer,’ we wanted potentiates the effect of chemoradiation in both PSN-1 and
to establish that VE-821 could still increase tumor kill in a  MiaPaCa-2 cells.
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Figure 3. For figure legend, see page 1077.
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Figure 3 (See opposite page). VE-821 sensitizes pancreatic cancer cells to gemcitabine treatment. (A) Clonogenic survival of cells treated with gem-
citabine and 1 uM VE-821. Cells were treated with increasing concentrations of gemcitabine for 24 h followed by 72 h treatment of 1 wM VE-821. Colo-
ny forming ability was assessed after 10 to 21 d (see graphical representation in E). (B) Clonogenic survival of cells treated with gemcitabine in hypoxia.
Plated cells were transferred to hypoxia (0.5% O,) and acclimatized for 6 h. Cells were then treated with increasing concentrations of gemcitabine for
24 h followed by 72 h treatment of 1 wM VE-821. Hypoxic cells were transferred to normoxia 1 h after VE-821 addition. (C) Bar graph representation of
clonogenic survival after treatment with 20 nM gemcitabine and VE-821 in oxic and hypoxic (0.5% O,) conditions, shown in (A and B). (D) Clonogenic
survival of cells treated with gemcitabine and irradiation. PSN-1 and MiaPaCa-2 cells were treated with 5 nM or 10 nM gemcitabine, respectively, for

24 h, medium was then replaced and 1 M VE-821 was added from 1 h prior to 72 h post 4 Gy irradiation. Colony forming ability was assessed after 10
to 21 d. (n = 3). *p < 0.05; **p < 0.01; ***p < 0.001 over DMSO-treated control. (E) Graphical representation for the treatment regimes used in (A-D).

VE-821 disrupts damage-induced cell cycle checkpoints.
To establish whether VE-821 modifies the cell cycle check-
point that is normally activated after DNA damage, PSN-1
and MiaPaCa-2 cells were pre-treated with VE-821 at 1 h prior
to radiation and their cell cycle profile was subsequently ana-
lyzed at 12 h and 24 h after radiation. In the absence of irradia-
tion, VE-821 caused a decrease in the proportion of cells in the
S-phase (Fig. 4 and Fig. S2A), similarly to what has been shown
before.”” As expected, radiation caused a significant increase of
the proportion of cells in the G,/M phase, indicative of the cell
cycle checkpoint activation (Fig. 4 and Fig. S2A). However, in
VE-821-treated cells, this increase in G,/M phase was much
reduced and delayed, indicating inhibition of the DNA-damage
induced checkpoint. Similarly to normoxia, addition of VE-821
in hypoxic conditions abrogated the G,/M checkpoint post-irra-
diation (Fig. S2B).

VE-821 inhibits repair of DNA damage by homologous
recombination. Diminished DNA repair efficiency can be dem-
onstrated by delayed resolution of post-irradiation YH2AX and
53BP1 foci, which accumulate at sites of DNA breaks. To con-
firm that the ATR inhibitor caused increased DNA damage foci,
MiaPaCa-2 and PSN-1 cells were irradiated at 6 Gy and fixed
and stained for YH2AX and 53BP1 foci at 24 h after irradiation
(Fig. 5A and B). In accordance with the increased radiosensi-
tivity shown earlier, cells pretreated with VE-821 had a higher
number of YH2AX and 53BP1 foci. No significant increase in
foci number was seen in cells treated with VE-821 in the absence
of radiation (data not shown). Interestingly, addition of VE-821
several hours after the radiation dose still led to an increased
number of residual DNA damage foci. These results mirror the
data obtained with the clonogenic survival experiments shown
in Figure 1D, which showed that the drug does not need to be
present during irradiation but rather during subsequent stages of
DNA repair.

To further investigate the radiosensitizing mechanisms of the
ATR inhibitor, we also looked at Rad51 foci, which accumulate
at sites of DNA damage being repaired by homologous recombi-
nation (HRR).” Cells treated with VE-821 prior to irradiation
showed a decrease in Rad51 (Fig. 5C), suggesting that VE-821
inhibits HRR.

Discussion
Pancreatic cancer is the most lethal solid tumor with a five-year
survival rate of less than 5%.' Therapeutic options for this dis-

ease are highly restricted, particularly for non-resectable diseases.
Chemoradiotherapy achieves higher local control rates than
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chemotherapy and leads to better progression-free survival.?®

Thus chemoradiotherapy is under intensive investigation in ran-
domized clinical trials (LAP07, SCALOP). However, chemora-
diotherapy is currently reliant on cytotoxic drugs like gemcitabine
that have considerable effects on normal tissue (reviewed in
ref. 3). This is why more tumor selective radiosensitizing strate-
gies are urgently needed and combinations of radiotherapy with
molecular targeted agents are investigated.

One mechanism of resistance to therapy in pancreatic can-
cer is proficient DNA repair. However it is clear that cancer
cells carry multiple mutations in their DNA repair machinery,
which likely places increased burden on the remaining pathways.
Importantly, 50 to 75% of pancreatic cancers harbor mutations
in p53,%' which is expected to produce an increased sensitivity
to ATR-Chk1 pathway inhibition. In addition it appears that a
number of common oncogenes act to increase replicative stress
which could exert a further burden on remaining DDR path-
ways. Most notably, pancreatic cancer is KRAS mutated in more
than 90% of the cases.>?” Previous work has shown that complete
ATR inhibition in combination with oncogenic RAS expression
synergistically killed tumor cells and was synthetically lethal.?®
Furthermore, pancreatic tumors have been also been shown to
overexpress Rad51, leading to the prediction that they might rely
more heavily on HRR and thus be more sensitive to ATR-Chkl
inhibition than normal cells.?” Consequently, it is possible that
both p53 defective and p53 wild-type tumors may be sensitized
through ATR inhibition. Last but not least, pancreatic cancer
has been shown to be highly hypoxic,”® with emerging evidence
suggesting a critical role for an ATR-driven DDR in survival
from hypoxia and hypoxia-associated radioresistance.'” Taken
together, these findings underscore the potential of ATR inhibi-
tion in pancreatic cancer therapy.

In this report we describe the effects of using the recently
described ATR inhibitor, VE-821, in conjunction with radiother-
apy in pancreatic cancer cells. We showed that ATR inhibition
by VE-821 sensitizes pancreatic tumor cells to radiotherapy. We
also showed that VE-821 synergizes with gemcitabine, the major
chemotherapeutic agent in pancreatic cancer with and without
radiotherapy. Both effects were not only observed in normal oxy-
gen levels but also under hypoxic conditions that are frequently
encountered in pancreatic cancer. Radiosensitization by VE-821
was associated with disruption of damage-induced cell cycle
checkpoints. This resulted in increased persistence of DNA dam-
age, evidenced by persistent YH2AX and 53BP1 foci.

The ATR/Chkl pathway is responsible for reducing replica-
tion stress, as generated by oncogenic signaling.>® Recent studies
have shown that inhibition of ATR results in increased killing
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Figure 4. VE-821 perturbs the irradiation-induced cell cycle checkpoint in pancreatic cancer cells. VE-821 (1 wM) was added 1 h prior to 6 Gy irradiation
and left for the duration of the experiment. Cells were lifted and fixed at 12 or 24 h after irradiation, stained with propidium iodide and analyzed for
cell cycle distribution by flow cytometry. Bar graphs represent mean + SEM (n = 6). Individual DNA histograms of representative samples are shown in

Figure S2A.

of oncogene-driven (K-ras, H-ras and ¢-Myc) tumors, through
exacerbation of replication stress.’** The growth of malignan-
cies harboring oncogenic mutations could be inhibited by genetic
suppression of ATR with minimal impact on normal tissue
homeostasis.*

In line with our observations, clonogenic survival of pancre-
atic cancer cells is reduced with the Chk1/2 inhibitor AZD7762
alone and more dramatically in conjunction with gemcitabine.*
Furthermore, another ATR inhibitor, NUG6027, was shown
to cause chemo- and radiosensitization in breast and ovarian

cancer cell lines, confirming our results with ATR inhibition by
VE-821.% As the sensitization of cancer cells to chemotherapy
and radiotherapy by ATR inhibition is very potent and in some
cases much greater than that seen with Chk1 inhibition (reviewed
in refs. 22 and 36), the discovery of a selective ATR inhibitor
represents a very exciting development. Taken together, our data
strongly support development and evaluation of ATR inhibitors
that can be used in vivo in the preclinical and clinical context in
combination with gemcitabine-radiation in patients with locally
advanced pancreatic cancer.

Figure 5 (See opposite page). VE-821 increases 53BP1 and yH2AX foci number and reduces Rad51 foci formation. Cells were treated with 1 .M VE-
821 at various time points in relation to 6 Gy irradiation, as indicated in the legends and the graphical representation, and fixed at 24 h post-irradiation.
Subsequently, cells were stained for (A) yH2AX and (B) 53BP1 foci and the percentage of cells with more than seven and five foci per cell was quan-
titated, respectively. (C) For analyzing Rad51 foci formation, cells were fixed at 6 h post-irradiation as indicated in the graphical representation and

the percentage of cells with more than nine foci per cell was quantitated. Representative images are shown on the right. N = 4; *p < 0.05 over DMSO

treated controls.

1078 Cancer Biology & Therapy

Volume 13 Issue 11

. Do not distribute

lI0Science

©2012 Landes B



A % of cells with H2AX foci>7

354 *
30+ MiaPaca-2 DMSO MiaPaca-2 VE-821
254
20+ [ bpmso
Il VE-821 at-1h
154 Il VE-821 at +4h
[ VE-821 at +8h
10-
5+ PSN-1 VE-821
MiaPaCa-2
IR Fix cells
-1lh 0 4h 8h 24h
L 1 L L ]
VE-821 at -1h < T >
VE-821 at +4h < >
VE-821 at +8h € >
0, H P> %
B 35- %01 calls Wit SARP1 tocbb MiaPaca-2 DMSQ MiaPaca-2-VE-821
* » >
304
*
254
[ bmMso
204 Bl VE-821at-1h
B VE-821at+4h - . :
Ly T [ VE-821at+8h REIINEWVe] PSN-1 VE-821
104
5-
0
PSN-1 MiaPaCa-2
C % of cells with Rad51 foci >9
20+
MiaPaca-2 DMSO MiaPaca-2 VE-821
15+
—I— 3 Vehicle
Bl VE-821
10+
* *
5+ " ;
'PSﬂi’l_.'.DMSO PSN-1 VE-821
0
PSN-1 MiaPaCa-2
IR Fix cells
-ilh 0 6h
VE-821

Figure 5. For figure legend, see page 1078.
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Methods

Drugs, cell lines and antibodies. The ATR inhibitor VE-821 was
obtained from Vertex Pharmaceuticals under a material transfer
agreement. The drug was dissolved in DMSO in 10 mM ali-
quots and stored at -80°C. Gemcitabine (Eli Lilly) was dissolved
in DMSO and stored in 100 mM aliquots. Pancreatic tumor
cell lines, PSN-1, MiaPaCa-2 and PANC-1 were obtained from
ATCC. Cells were cultured in DMEM containing 4.5 g/l glucose
(Lonza) supplemented with 10% fetal bovine serum (HyClone).
The primary pancreatic cancer cell line PancM (passage 17)
and the culture conditions are described in detail elsewhere.’”
HEPES (I mM; Sigma) was added to cells exposed to hypoxia
to account for pH and glucose alterations. Mouse anti-human
YH2AX (Ser 139) was from Millipore (clone JBW301), rabbit
anti-human Rad51 from Santa Cruz (sc-8349), rabbit anti-human
53BP1, Mouse anti-human Chkl and rabbit anti-human Chkl
phoshoSer345 antibodies and rabbit anti-human Chk2 phos-
phoThr68 were from New England Biolabs, mouse anti-human
B-actin (clone AC-15) rabbit anti-human ATM were from Sigma.
Phospho ATM (Ser1981) antibody was from Epitomics, and total
Chk2 from Millipore. HRP conjugated secondary antibodies
were from ThermoFisher. Alexafluor 488 and Alexafluor 568 con-
jugated secondary antibodies were from Invitrogen.

Irradiation. All in vitro irradiation experiments were per-
formed using an IBL634 cesium irradiator at a dose rate of
0.89 Gy/min at room temperature.

Cell viability assays. MiaPaCa-2, PSN-1 and Pancl (5 x 10%)
were plated in 96-well plates and after 4 h treated with increas-
ing concentrations of VE-821 at 1 h before irradiation with a
single dose of 4 Gy. Medium was replaced 72 h post-irradiation
at which point viability was measured using the using the Alamar
Blue assay (Resazurin substrate, SIGMA). Cells were allowed to
proliferate and cell viability was again analyzed at day 10 for the
different treatment conditions. Cell viability and surviving frac-
tion were normalized to the untreated (control) group.

Clonogenic assay. Clonogenic survival assays were performed
as described before.®® Briefly, logarithmically growing cells were
plated in triplicate in 6-well tissue culture dishes under oxic (21%
0O,) or hypoxic conditions (0.5% O,) using an InVivo, 300 cham-
ber (Ruskinn Technology). Cells were incubated for 6 h before
irradiation under oxia or hypoxia using tightly sealed chambers.
The target O, level was achieved within 6 h of gassing and main-
tained during irradiation, as confirmed by an OxyLite oxygen
probe (Oxford Optronix). Cells irradiated under hypoxia were
exposed to normoxia at 1 h post-irradiation. As standard, VE-821
(1 pM) was added 1 h prior to irradiation (6 Gy) and was washed
away 72 h after irradiation. For the chemotherapy experiments,
cells were initially exposed to increasing concentrations of gem-
citabine (5, 10 and 20 nM) for 24 h before addition of the VE-821
(1 M) for another 72 h. The effect of triple combination of irra-
diation with VE-821 and gemcitabine was examined as well. Cells
were incubated for 10-21 d until colonies were stained with 0.5%
crystal violet and counted in a CellCount automated colony coun-
ter (Oxford Optronix). Clonogenic survival was calculated and

data were fitted in GraphPad Prism 4.0 (GraphPad Software).

1080 Cancer Biology & Therapy

Western blot. MiaPaCa-2 and PSN-1 cells were exposed to
100 nM gemcitabine and/or 1 wM VE-821 drug 1 h prior to irra-
diation with a single dose of 6 Gy. Cells were lysed in RIPA buffer
2 h post-irradiation and subjected to SDS-PAGE electrophore-
sis and immunoblotting. Chemoluminescence (SuperSignal,
Millipore) and film exposure was used to detect antibody bind-
ing. Exposed film was digitized and figures were assembled using
Microsoft PowerPoint.

Nuclear foci analysis. Cells growing in 96-well plates were
treated with 1 wM VE-821 drug 1 h prior to 6 Gy irradiation
and fixed in 3% formaldehyde at multiple time points. Cells
were subsequently permeabilized and blocked in PBS with
0.1% Triton 1% BSA (w/v). Cells were incubated with primary
antibody overnight at 4°C and after a PBS wash incubated with
fluorescently labeled secondary antibody and nuclear stain-
ing with DAPI followed by a PBS wash. Images were acquired
and foci quantitated using the In Cell Analyzer 1000 auto-
mated epifluorescence microscope and analysis software (GE
Healthcare).

Cell cycle analysis. Cells growing in 6-well dishes were treated
with 1 wM VE-821 drug 1 h prior to 6 Gy irradiation. Cells
were incubated for 6 h before irradiation under oxia (21% O,)
or hypoxia (0.5% O,) using tightly sealed chambers. At multiple
time points, cells were lifted in trypsin and fixed in 70% ethanol
and stored at 4°C. Cells were incubated with propidium iodide
(50 pwg/ml in PBS containing 200 pg/ml RNase) for 1 h at room
temperature and analyzed by flow cytometry (FACSort, Becton
Dickinson). Cell cycle phase was quantitated using ModFit Cell
Cycle Analysis software.

Statistical analyses. The values were expressed as means + SD.
The significance of differences between the means was measured
by two-tailed t-test using the GraphPad Prism program version
4.0 (GraphPad Software). A value p < 0.05 was considered statis-
tically significant.

Conclusion

In the present study we demonstrate the potential for VE-821
to sensitize normoxic and hypoxic pancreatic malignant cells to
radiation and chemotherapy. These findings support the testing
of highly specific ATR inhibitors in pancreatic cancer models in
vivo as a conduit to Phase I clinical trials.
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