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Abstract
Poly(ADP-ribose) polymerase (PARP) senses
DNA breaks and facilitates DNA repair via the
polyADP-ribosylation of various DNA binding and repair
proteins. We explored the mechanism of potentiation
of temozolomide cytotoxicity by the PARP inhibitor
ABT-888. We showed that cells treated with
temozolomide need to be exposed to ABT-888 for at least
17 to 24 hours to achieve maximal cytotoxicity. The
extent of cytotoxicity correlates with the level of
double-stranded DNA breaks as indicated by ;H2AX
levels. In synchronized cells, damaging DNA with
temozolomide in the presence of ABT-888 during the S
phase generated high levels of double-stranded breaks,
presumably because the single-stranded DNA breaks
resulting from the cleavage of the methylated
nucleotides were converted into double-stranded breaks
through DNA replication. As a result, treatment of
temozolomide and ABT-888 during the S phase leads
to higher levels of cytotoxicity. ABT-888 inhibits
poly(ADP-ribose) formation in vivo and enhances tumor
growth inhibition by temozolomide in multiple models.
ABT-888 is well tolerated in animal models. ABT-888
is currently in clinical trials in combination with
temozolomide. (Mol Cancer Res 2008;6(10):1621 – 9)

Introduction
Poly(ADP-ribose) (PAR) polymerase (PARP) catalyzes the
synthesis of PAR, the activity of which was first identified by
Chambon et al. more than 40 years ago (1). Eighteen putative
PARP family members have been identified thus far and their
cellular functions are involved in DNA damage and DNA repair
responses, modulation of chromatin structure, transcription
regulation, DNA telomere maintenance, mitotic control, cellular
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transport, and cell death (2-5). PARP-1 and PARP-2 exert
important functions in sensing DNA damage and facilitating
DNA repair (6-8). PARP-1 preferentially recognizes singlestranded DNA breaks (SSB) caused by oxidative stress,
radiation, topoisomerase I (Topo I) inhibitors, alkylating agents,
etc. (9). The role of PARP-1 has perhaps been best shown in the
base excision repair (BER) process. Whereas PARP-1 has not
been shown to function directly in mismatch repair (MMR) or
nucleotide excision repair, some of the proteins involved in these
processes, such as MSH6 or DNA polymerase q, bind with PAR
via PAR-binding motifs (10). In addition, PARP inhibitors have
been shown to restore the sensitivity of MMR-deficient cells to
temozolomide (11-13), presumably by interfering with the
efficient BER repair of temozolomide-induced damage. Recently, PARP was also shown to be involved in homologous
recombination repair and nonhomologous end-joining repair of
double-stranded breaks (DSB; refs. 14-16).
Up-regulation of PARP-1 expression or activity has been
observed in multiple hematopoetic malignancies and solid
tumor types. For example, PARP mRNA levels were found to
be enhanced in malignant lymphomas but not in normal lymph
nodes or reactive proliferative lymph nodes (17). Elevated
PARP activity was identified in peripheral lymphocytes from
patients with low-grade malignant non – Hodgkin’s lymphoma
(18), hepatocellular carcinomas (19, 20), small-cell lung cancer
lines (21), cervical cancer cells from patients (22), and the
prostate cancer cell line LnCaP (23). Elevated PARP expression
has also been shown to be associated with chemoresistance
(21). These data further indicate that cancer cells may acquire
enhanced PARP activity and pharmacologic inhibition of PARP
has been shown to sensitize cancer cells to cancer therapeutics
both in vitro and in animal models (24-32).
Temozolomide forms methyl adducts in DNA at N7 guanine,
6
O guanine, and N3 adenine. Because the methylpurines (N 7MeG and N 3-MeA) are promptly repaired by the BER system
facilitated by PARP-1 and PARP-2, the cytotoxicity is
predominantly due to the methylation at the O6 position of
guanine, which is not efficiently repaired. O 6-methylguanine
results in a G-T mismatch and activates MMR mechanism,
which cleaves off the thymine. The repair system reinserts
thymine due to the presence of O 6-methylguanine, resulting in
a futile cycle that leads to a persistent strand breakage and
ultimately apoptosis (33, 34). PARP inhibition blocks the
efficient BER pathway and the high levels of SSB eventually
lead to enhanced cell death.
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We hypothesized that the SSB needs to be converted into a
DSB to achieve the maximal cytotoxicity from temozolomide
treatment. It was well recognized that the levels of the
phosphorylated H2AX (gH2AX) provide a good measurement
for DSB (35, 36). gH2AX is an early response to DSB. Upon
DSB, the Mre11/Rad50/NBS1 complex is recruited to the DNA
damage site, which triggers the activation of ATM (37). The
activated ATM phosphorylates Ser139 of the carboxyl tail of
H2AX, and gH2AX plays an important role in the recruitment
of DNA repair proteins such as BRCA1, MDC1, and 53BP1
(38-42). In addition to ATM, ATR and DNA-PKcs are also able
to phosphorylate H2AX (41, 43).
ABT-888 potently inhibits the activities of both PARP-1 (K i =
3.6 nmol/L) and PARP-2 (K i = 2.9 nmol/L; ref. 44). We studied
the effect of ABT-888 on DNA repair and the potentiation of
cytotoxicity induced by temozolomide. Our results suggest that
the cytotoxicity induced by temozolomide is enhanced preferentially when the repair is delayed by ABT-888 long enough so
that the SSBs are converted into DSBs (as measured by gH2AX
levels) through DNA replication. Enhancement of antitumor
activity of temozolomide by ABT-888 was also shown in
melanoma and glioma animal models, representing the two most
important clinical indications for temozolomide.

Results
ABT-888 Potentiates the Cytotoxicity of Temozolomide in
Human Tumor Cell Lines
We have developed a series of benzimidazole compounds
that are potent inhibitors of PARP. ABT-888 is an orally active
compound with good pharmacokinetic properties (44). ABT-888
inhibits PAR formation in cells with an EC50 of 4.5 nmol/L (data
not shown). We studied the combination of temozolomide with
ABT-888 in detail. Two-way titration of both temozolomide and
ABT-888 showed that 50 nmol/L of ABT-888 started to
potentiate temozolomide significantly and the maximal potentiation was achieved at 5 Amol/L of ABT-888 before significant
cytotoxicity was induced by ABT-888 alone. Cell growth
inhibition by temozolomide was potentiated with a maximal
potentiation factor (PF50) of 14.6-fold by ABT-888 (Fig. 1A).
Because the levels of gH2AX reflect the levels of doublestranded DNA breaks, we also examined the levels of gH2AX
in the temozolomide-treated cells. Cells are treated with
temozolomide first for 30 minutes and the extent of DNA
repair 1 hour after the temozolomide treatment is monitored by
gH2AX signal. The gH2AX signal was low in cells treated with
ABT-888 or temozolomide alone as single agents. The addition
of ABT-888 increased dramatically the gH2AX levels in
temozolomide-treated cells, indicating the effect of ABT-888 to
delay DNA repair. Titration of ABT-888 in the gH2AX assay
also showed that the effective dose concentration of ABT-888
in delaying DNA repair is the same as that for the potentiation
of the cytotoxicity of temozolomide (Fig. 1B and C).
Potentiation of Temozolomide Cytotoxicity by PARP
Inhibitor ABT-888 Requires a Conversion of ssDNA
Damages to DSBs
We examined the effect of drug exposure on the extent of
cytotoxicity. HCT116 cells were treated with temozolomide plus

ABT-888 for different lengths of time and then cells were further
incubated in medium without any drugs for the rest of the
remaining 5-day incubation time. As shown in Fig. 2A, a 17hour drug exposure is sufficient to achieve the maximal
potentiation effect (data not shown for 48 and 120 hours). In a
similar experiment where the gH2AX signals were measured,
gH2AX signals reached the maximal level after a 17-hour
incubation, correlating with the Alamar blue assay results
(Fig. 2B). To rule out the possibility that the increase of the
gH2AX signal is due to apoptosis, Z-VAD was included in the
incubation in this experiment. We also investigated whether
apoptosis was induced in HCT116 cells treated with temozolomide/ABT-888 by caspase activity assay. As shown in Fig. 2C,
low caspase activities were observed in cells treated with
DMSO, 0.1 mmol/L, or 0.3 mmol/L temozolomide. However,
significant caspase activities were observed in cells treated with
1 mmol/L temozolomide or all three doses of temozolomide in
the presence of ABT-888 (Fig. 2C). Inclusion of Z-VAD
completely inhibited caspase activity (data not shown).
Our data indicated that ABT-888 facilitates the conversion of
temozolomide-induced SSB to DSB in HCT116 cells. We
further tested this hypothesis in the following experiment.
Synchronized HCT116 spend f12 hours in G1 and f8 to
10 hours in the S phase (Supplementary Data 1). HCT116 cells
were synchronized in G0 by serum starvation and released in the
medium with serum. In treatment I, the cells were released in the
medium with serum for 11 hours to allow cells to progress
through most of the G1 phase. The cells were then treated with
temozolomide and ABT-888 for 7 hours, and, thus, the drug
exposure occurs during the S phase to allow any SSB to be
converted into DSB. In treatment II, the cells were treated with
temozolomide and ABT-888 for 7 hours immediately after being
released from serum starvation, and, thus, the whole drug
exposure occurred during the early G1 phase. The cells were
then incubated in the medium without drugs to allow DNA
repair for several hours before they progress into S phase.
gH2AX measurements indicated that treatment I produced a
much higher level of DSB in temozolomide-ABT-888 combination than treatment II (Fig. 3A). Consistent with this result,
5 Amol/L of ABT-888 potentiates temozolomide by 10.3-fold
in treatment I compared with 2.8-fold in treatment II (Fig. 3B).
A similar effect was observed in HeLa cells released from either
double thymidine block or nocodazole block (Fig. 3C and D). To
confirm that ABT-888 potentiates the effect of temozolomide
through its ability to convert SSBs to DSBs during S-phase
DNA replication, we conducted neutral comet assay on synchronized HeLa cells treated with temozolomide or temozolomide/
ABT-888. The neutral comet assay mainly detects DSBs. As
shown in Fig. 3E, only the combination treatment induced
significant comet tail. These results suggest that a conversion of
SSB into DSB through DNA replication probably enhances
the temozolomide-induced cytotoxicity. These results also suggest that we should select those PARP inhibitors that have long
drug exposure in vivo to achieve optimal antitumor activity.
ABT-888 Potentiates the Antitumor Activity by Temozolomide in Animal Models
The two most important clinical indications of temozolomide are melanoma and glioblastoma. Therefore, we measured
Mol Cancer Res 2008;6(10). October 2008

Downloaded from mcr.aacrjournals.org on May 18, 2021. © 2008 American Association for Cancer Research.

Potentiation of Temozolomide by PARP Inhibitor ABT-888

FIGURE 1. ABT-888 potentiates temozolomide activity in HCT116 cells. A. Potentiation assay was carried out as described in Materials and Methods.
The concentration of ABT-888 in each temozolomide (TMZ ) titration curve is indicated at the right of the graph. B. gH2AX assay was carried out as described
in Materials and Methods. The gate setting was based on the control sample where all the cells were included in the gated area. The same gate setting was
then applied to the treated samples. The gH2AX-positive cells were scored as those that fall outside the gated area, the portion of which is indicated above
the histogram within each graph. The concentration of ABT-888 (Amol/L) in each treatment is indicated above each graph. PI, propidium iodide. C. gH2AX
levels in combinations with different concentrations of ABT-888 and temozolomide. The concentration of ABT-888 (Amol/L) in each treatment is indicated
below each bar graph.
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the efficacy of ABT-888 to potentiate temozolomide in a
B16F10 melanoma syngeneic model and an orthotopic rat 9L
glioma model.
B16F10 murine melanoma was chosen because it represents
a clinically relevant cancer that is relatively insensitive to most
chemotherapeutics. Furthermore, the B16F10 model has
modest sensitivity to temozolomide therapy that recapitulates
the human clinical situation. ABT-888 inhibits PARP in
B16F10 cells with an EC50 of 0.6 nmol/L. It potentiates
temozolomide in delaying DNA repair and reducing cell
survival in a similar fashion as in HCT116 cells (Fig. 4A
and B). ABT-888, administered orally, significantly potentiates
the temozolomide efficacy in a dose-dependent manner. The
combinations of ABT-888 at 25 and 5 mg/kg/d with
temozolomide were significantly more efficacious than temozolomide monotherapy (P < 0.05; Fig. 5A). No increased
toxicity was observed at these doses of ABT-888 + temozolomide (data not shown). We have developed an ELISA that
can detect the formation of PAR in cells and tumors and the
PAR ELISA assay was used to monitor the PARP inhibition in
tumors. Tumors from different treatment groups were harvested
24 hours after the last dosing and PAR levels were measured.
ABT-888 exhibited dose-dependent reduction in PAR levels
even at 24 hours post dosing, indicating the PARP inhibition in

tumors at the efficacious dose (Fig. 5B). Consistent with this
result, we also observed significant levels of ABT-888
accumulated in B16F10 tumors 24 hours post dosing (data
not shown), providing long enough exposure of ABT-888 to
achieve maximal potentiation of temozolomide.
ABT-888 readily crosses the blood-brain barrier (44).
Therefore, we tested its efficacy in potentiating temozolomide
in an orthotopic glioma model, another important temozolomide indication in clinic. To mimic the clinical setting, the
efficacy was tested in rat 9L orthotopic glioma model and the
tumor growth was monitored with magnetic resonance imaging.
In this model, ABT-888 enhances the antitumor activity of
temozolomide. As single-agent treatment, neither temozolomide (17.5 mg/kg, qd) nor ABT-888 (25 mg/kg, bd) has
significant efficacy. However, the combination treatment of the
two agents together reduced tumor growth by 60%, 67%, and
52% more when compared with that of temozolomide treated
group on days 8, 11, and 14, respectively (Fig. 6).

Discussion
PARP is involved predominantly in single-strand DNA
repair, especially through the BER pathway. In this process, the
DNA lesion is recognized by DNA glycosylase, which
hydrolyzes the modified base to yield an apurinic-apyrimidinic

FIGURE 2. DSB converted from
the SSB is more effective in inducing cytotoxicity. A. HCT116 cells
were treated with temozolomide
and/or ABT-888 at the indicated
concentrations for the indicated
time period, followed by incubation
with complete medium without
drugs for a total time of 5 d. B.
HCT116 cells were treated with
1 mmol/L temozolomide, 5 Amol/L
ABT-888, or the combination of
temozolomide and ABT-888 in the
presence of Z-VAD for the indicated
time period. Cells were harvested
and analyzed for gH2AX assay. C.
HCT116 cells were treated with the
indicated concentration of temozolomide in the absence or presence
of 5 Amol/L ABT-888 for 3 d.
Caspase activity assay was carried
out as described in Materials and
Methods.
Mol Cancer Res 2008;6(10). October 2008
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FIGURE 3. ABT-888 facilitates the conversion of temozolomide-induced ssDNA
damages to DSBs. A and B.
HCT116 cells were serum
starved for 48 h, then the cells
were either cultured in complete medium for 11 h (treatment I) or directly (treatment II)
treated with 1 mmol/L temozolomide alone, 5 Amol/L ABT888 alone, or temozolomide+ABT-888 for 7 h. The cells
were harvested immediately
for the gH2AX assay (A) or
cultured in medium without
drugs for a total incubation
time of 5 d for the Alamar blue
assay (B). C and D. HeLa
cells were arrested with either
double thymidine block or
nocodazole as described in
Materials and Methods. Then,
the cells were released in
complete medium for 3.5 h
(nocodazole) or 2 h (thymidine)
followed by the treatment with
1 mmol/L temozolomide or
temozolomide in combination
with ABT-888 for 6 h. Cells
were either harvested immediately for gH2AX assay (C) or
cultured in medium without
drugs for a total incubation
time of 5 d for Alamar blue
assay (D). E. HeLa cells were
synchronized at the S phase
with 2.5 mmol/L thymidine for
16 h. The cells were washed
with PBS and released in complete medium for 2 h. Then, the
cells were treated with DMSO,
1 mmol/L temozolomide, 5
Amol/L ABT-888, or 1 mmol/L
temozolomide/5 Amol/L ABT888 for 30 min. The cells were
further incubated with either
DMSO or 5 Amol/L ABT-888
for another 1 h. Comet assay
was carried out as described in
Materials and Methods. Representative images were shown.
Mol Cancer Res 2008;6(10). October 2008
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(AP) base. The AP base is then removed by AP endonuclease to
generate a nick in the DNA. PARP-1 binds to the nick and
recruits DNA polymerase h (Pol h) and the DNA ligase IIIXRCC1 complex (7, 45, 46) for the repair. Normally,
temozolomide forms methyl adducts in DNA at N7 guanine,
O6 guanine, and N3 adenine. Because the methylpurines
(N 7-MeG and N 3-MeA) are promptly repaired by the BER
system, the cytotoxicity is predominantly due to the methylation at the O6 position of guanine, which is not efficiently
repaired through MMR system. However, cells defective in the
MMR system are unable to generate the persistent strand breaks
and are thus resistant to temozolomide. PARP inhibitors inhibit
PARP1 and PARP2, block the BER pathway, and sensitize the
MMR-deficient cells to temozolomide (11-13), providing a
potentially very effective combination therapy with temozolomide for cancer patients with MMR defects.
We have explored the mechanism of potentiation of
temozolomide cytotoxicity by the PARP inhibitor ABT-888.
Temozolomide activity is potentiated very well by ABT-888. We
showed that in unsynchronized cells, a minimum of 17 to 24
hours of exposure of ABT-888 is required to achieve the
maximal potentiation (Fig. 2A). By contrast, in synchronized
cells, only 7 hours of ABT-888 exposure is sufficient to
efficiently potentiate temozolomide cytotoxicity when the
treatment times overlap during the S phase of the cell cycle.
However, the temozolomide/ABT-888 treatment during the G1
phase generates much less cytotoxicity (Fig. 3). We hypothesized that the temozolomide-induced methylated nucleotides
were not efficiently repaired because the BER system was
blocked by ABT-888. The accumulated SSBs were then further
converted into DSBs during the S phase. Indeed, the DNA DSB
levels, as measured by gH2AX levels, were much higher when
the temozolomide/ABT-888 treatment occurs during the S phase
(Fig. 3). The increased level of DSB correlated with the higher
level of cytotoxicity under this condition (Fig. 3). Therefore, in
an unsynchronized cell population, similar to the in vivo
situation, the requirement for a long incubation of ABT-888 may
reflect the requirement to maintain the high levels of SSB long
enough to be converted into DSB via DNA replication.
A similar concept was introduced by Bryant and Helleday
where they proposed that PARP inhibition leads to defect in
repair of endogenous SSBs, which, in turn, cause collapses in
DNA replication forks (14). The increase of gH2AX levels
upon PARP inhibition was also shown in combination studies
with irradiation, used in this case as a general indicator of DNA
damage (47). However, the current report provides the first
mechanistic study regarding the importance of DSB for
temozolomide-induced cytotoxicity. At the same time, our
studies showed the utility of gH2AX levels as a valid
measurement for the effect of PARP inhibition on DNA repair.
Two main indications of temozolomide in the clinic are the
treatments for melanoma and glioblastoma. We have tested the
potentiation of temozolomide by ABT-888 in these tumor types
in vivo. ABT-888 significantly enhanced the antitumor activity
of temozolomide in both the syngeneic melanoma model in
mice and the orthotopic glioma model in rat. Based on our
study, a PARP inhibitor that has a long half-life or can
accumulate for a long period of time in tumors is preferred for
optimal potentiation of temozolomide. Indeed, that is what we

observed with ABT-888 in vivo (Fig. 5B). In the B16F10
melanoma model, we have also shown that ABT-888 inhibits
PAR formation in tumors at the efficacious dose even at 24
hours post dosing, indicating the mechanism-based efficacy.
These preclinical results provide a scientific rationale for
developing ABT-888 as a chemosensitizer of temozolomide for
melanoma and glioma patients in the clinical setting. ABT-888
has good pharmacokinetic profile across species, especially that
it can cross the blood-brain barrier (44). The favorable
pharmacokinetic profile makes ABT-888 particularly suitable
for combination therapy with temozolomide to treat patients
with intracranial tumors in clinic. ABT-888 is currently in phase
1 trials in patients with melanoma and glioblastoma.

Materials and Methods
Cell Lines
HCT116 colon carcinoma, HeLa cervical carcinoma, and
B16F10 melanoma lines were purchased from the American
Type Cell Collection. All chemicals and Z-VAD were obtained
from Sigma. The caspase-3 substrate Ac-DEVD-FMK was
purchased from Bachem. Temozolomide was obtained from
Dik Drug Co.
Caspase-3 Activity Assay
Two million HCT116 cells were plated in a 10-cm culture
dish. The cells were treated with the indicated concentrations of

FIGURE 4. ABT-888 potentiates the activity of temozolomide in murine
B16F10 melanoma cells. A. Potentiation assay was carried out in B16F10
cells in a 96-well plate with 500 cells per well for 5 d. B. B16F10 cells were
treated with the indicated concentrations of temozolomide and ABT-888.
gH2AX assay was carried out as described in Materials and Methods.
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FIGURE 5. ABT-888 enhances the antitumor activity of temozolomide in murine B16F10 melanoma. A. ABT-888 enhances the antitumor activity of

temozolomide in the B16F10 in vivo model. Temozolomide was administered on an oral, qd  5 schedule on days 6 to 10 at 50 mg/kg/d concurrently with
ABT-888 on an oral, bd  5 schedule at 25, 5, and 1 mg/kg/d. The experiment consists of 10 mice per treatment group; bars, SE. B. ABT-888 inhibits PARP
activity at the efficacious dose measured by PAR ELISA assay. Mice were treated as summarized in A. Tumor samples were harvested 24 h post last dosing
and processed for PAR assay as described in Materials and Methods. Columns, mean pADPr (n = 4 or 5 mice per treatment group); bars, SE. The
percentages of inhibition versus vehicle control are indicated above each bar. *, P < 0.05.

temozolomide or the combination of temozolomide and ABT888. After 3 d, cells were harvested. Six thousand cells from
each treatment condition were diluted in 100 AL culture
medium and placed into 96-well plate in triplicates. Caspase-3
activity assay was carried out as described using the substrate
Ac-DEVD-FMK (48).
Cell Cycle Synchronization
HCT116 cells were serum starved for 48 h (G0). HeLa cells
were treated with nocodazole (100 ng/mL) for 12 h (G2). A
double thymidine block was used to synchronize cells in the
S phase. Cells were treated with 2 mmol/L thymidine for
16 h and released for 8 h, followed by an additional
16-h thymidine block. The cells were then washed thrice with
PBS and released into complete medium. Cell cycle arrest was
confirmed by flow cytometry analysis (BD Biosciences).
cH2AX Assay
Human cancer cells were pretreated with ABT-888 for
30 min, then with DNA-damaging agents for 30 min, followed
by incubation with ABT-888 for an additional 1 hour to allow
DNA repair. After the treatment, the cells were fixed with 250
AL of BD Cytofix/Cytoperm solution (BD Biosciences) at room
temperature for 20 min followed by three times washing with
1 BD Perm/Wash Solution (BD Biosciences). After blocking
with 3% bovine serum albumin for 30 min, the cells were
incubated with the following antibodies in Perm/Wash solution
with washes in between: mouse anti – phospho-histone gH2AX
antibody (1:250; Upstate Biotechnologies) and Alexa 488 goat
anti-mouse IgG(H+L)F(ab¶)2 fragment conjugate (1:200; Invitrogen). The DNA was immunostained with 50 Ag/mL
propidium iodide in staining buffer [PBS without Mg2+ or

Ca2+, 1% heat-inactivated FCS, 0.09% (w/v) sodium azide
(pH 7.4-7.6)] for 10 min in the dark. Immunologic flow cytometry was done to quantify the gH2AX signal. Each data point
is the average of two values. Error bars represent the SD.
Potentiation Assay
Cells were plated at 750 per well in a 96-well plate. Cells
were then cotreated with cytotoxic agents and PARP inhibitors
for 5 d. Alamar blue assay was carried out as per the
manufacturer’s instructions (Biosource, Intl., Inc.). Briefly, the
medium was removed from the plate, and 100 AL of Alamar
blue solution (10% Alamar blue in complete culture medium)

FIGURE 6. ABT-888 enhances the antitumor activity of temozolomide
in the rat 9L glioma orthotopic model. Tumor cells were inoculated into rat
brain as described in Materials and Methods. The vehicle for the
temozolomide and ABT-888 was saline. ABT-888 was administered at
25 mg/kg/dose, bd, orally, on days 2 to 17. Starting on day 4,
temozolomide was administered at 17.5 mg/kg, qd, orally, on day 4 to
8 at 2 h post the morning dose of ABT-888.
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were added to each well. After 3 h, the plate was read on an
fmax Fluorescence Microplate Reader (Molecular Devices), set
at the excitation wavelength of 544 nm and emission
wavelength of 595 nm. Data were analyzed using SOFTmax
PRO software. Each data point is the average of three values.
Error bars represent the SD.
PAR ELISA
pADPr levels in tumors were analyzed by sandwich ELISA.
Tumors were excised from euthanized mice treated in vivo and
protein lysates were prepared as described (44). Immunoplates
(Pierce Endogen) were coated with anti-PAR monoclonal
antibody (Trevigen) in 0.1 mol/L carbonate buffer (pH 9.5)
for 2 h at 37jC. Plates were washed five times in TBS-0.05%
Tween 20/TBST and blocked for 1 h at room temperature with
Superblock (Pierce Endogen). Samples and standards (purified
PAR polymers; BioMol) were incubated overnight at 37jC,
followed by incubation with a rabbit polyclonal anti-PAR
antibody (Trevigen) and subsequently a horseradish peroxidase – conjugated secondary antibody (KPL). The signal was
developed using a SuperSignal Femto for ELISA (Pierce
Endogen). Plates were read using a Spectramax EM plate reader
(Molecular Devices). Each data point is the average of three
values. Error bars represent the SD.
B16F10 Syngeneic Melanoma In vivo Model
All animal studies were conducted in accordance with the
guidelines established by the internal Institutional Animal Care
and Use Committee. ABT-888 was delivered in a vehicle
containing 0.9% NaCl adjusted to pH 4.0. Temozolomide
(Schering-Plough) was formulated using 0.2% hydroxypropyl
methylcellulose. B16F10 cells (6  104) were injected s.c. into
the flank of female C57BL/6 mice (Charles River Laboratories)
as previously described (44). Tumors were measured using
two bisecting diameters and tumor volumes were calculated by
(L  W 2)/2. Mean percentage treated versus control was plotted
and groups were compared by the Student’s t test (two-tailed) to
determine statistical significance (P < 0.05; StatView software,
SAS Institute).
9L Orthotopic Glioma Model
Female Fischer 344 rats (Charles River Laboratories) were
anesthetized with ketamine (80-100 mg/kg, i.p.) and xylazine
(8-10 mg/kg, i.p.). Ten microliters of cell suspension containing
5  105 tumor cells were injected at 2 mm anterior and 2 mm
lateral to bregma and 3 mm deep into right hemisphere of each
rat brain. The burr hole was bone wax-sealed to reduce
extracerebral leakage. The incision was closed with veterinary
adhesive and rats were allowed to recover. Tumor growth was
evaluated using multislice contrast enhanced magnetic resonance imaging with a contrast agent, Magnevist (Bayer
HealthCare Pharmaceuticals) on 8, 11, and 14 d post tumor
inoculation. One-way ANOVA followed by a Dunnett’s test
was done to compare the tumor volumes between each
treatment group and the vehicle group.
Comet Assay
Neutral comet assay kit was purchased from Trevigen and
the assay was carried out according to the manufacturer’s
instruction. Briefly, the cells were harvested and combined with

LMAgarose. Seventy-five microliters of the mixture were
applied to a Comet slide and kept at 4jC in the dark for 10 min.
The slides were immersed in prechilled lysis buffer and left on
ice for 30 min. The slides were washed with Tris-borate EDTA
and placed flat onto a gel tray in a horizontal electrophoresis
apparatus. Electrophoresis was carried out by applying 16 V for
25 min. The slides were washed with water and immersed in
70% ethanol for 5 min. The samples were left in air overnight.
Fifty microliters of SYBR green were placed onto each sample.
Images of the comet assay were photographed with an Axiovert
200M microscope (Carl Zeiss, Inc.).
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