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Abstract

Introduction: Radiotherapy is utilised in the treatment of many cancers, but its efficacy is limited by normal tissue
toxicity and new radiotherapy techniques are thus urgently sought. The AP endonuclease APE1 is involved in repair
of single strand DNA damage through the break excision repair (BER) pathway and altered levels of APE1 have
been found in some cancers. In this study, we investigated the effects of APE1 inhibition, using the APE1-specific
inhibitor CRT0044876 (CRT), in tumour cells following exposure to either high dose-rate (HDR) or low dose-rate
(LDR) X-irradiation.

Materials and Methods: Treatment efficacy was assessed by clonogenic assay followed by isobologram
analysis to assess potential synergy. Cell cycle distribution was assessed by propidium iodide staining followed by
flow cytometry. Induction of DNA damage and repair was assessed by single cell gel electrophoresis and by H2A.X
phosphorylation.

Results: In isobologram analysis of clonogenic assays, combinations of CRT and both HDR and LDR X-
irradiation resulted in supra-additive levels of cytotoxicity. Cell cycle analysis showed that, while CRT had no effect
on cell cycle distribution, HDR or LDR X-irradiation, and CRT-HDR or CRT-LDR combination treatment induced
significant G2/M arrest. However, CRT-HDR combinations induced significantly less G2/M accumulation than HDR
alone. Analysis of DNA damage indicated that treatment with HDR or LDR X-irradiation and CRT-HDR and CRT-
LDR combinations induced significant double-strand DNA damage. Cells treated with CRT-HDR exhibited a
significant reduction in γH2A.X foci 24 h after treatment compared to 1 h, suggesting induction of DNA repair
mechanisms. However, in cells treated with CRT-LDR, there was no significant difference between H2A.X
phosphorylation at 24 h compared to 1 h, suggesting disruption of dsDNA repair pathways.

Conclusions: Pharmacological inhibition of APE1 enhances the cytotoxicity of high dose-rate and low dose-rate
X-irradiation by different mechanisms.

Keywords: BER inhibition; Dose-rate dependent X-irradiation

Introduction
After surgery, radiotherapy is the most commonly used form of

cancer treatment, and it is estimated that 50% of all patients will
require radiotherapy at some stage in their treatment regimen [1].
While the use of external beam radiation (XBR), using a gamma ray or
X-ray source is the most commonly used form of radiotherapy,
internal radiation sources, either in the form of brachytherapy or
targeted radionuclide therapy (TRT) are also routinely utilised for a
variety of different diseases [2]. However, while the use of different
forms of radiotherapy has proven to be very beneficial to a large
number of patients, the differences in the biological responses elicited
by different types of radiation treatment are less well understood. The
mechanisms by which different types of radiation energies and
particles interact with living matter are complex. Factors such as dose,
dose-rate, production of reactive oxygen species (ROS) and linear
energy transfer (LET) [3,4] can evoke a myriad of different cellular

responses to the delivered radiation and can, therefore, influence the
overall efficacy of the treatment. Furthermore, in the case of TRT,
uptake and retention of the targeting agent, size of the tumour mass
and path length of radioisotope decay are also important
considerations.

Previously, we reported that cells exposed to XBR and TRT in vitro
exhibited different types of direct and radiation-induced biological
bystander effects [5,6], thus demonstrating that exposure to different
forms of radiation can result in different cellular responses. However,
given that the responses elicited by any two types of radiation decay
are multifactorial, attempting to investigate the specific differences
between various radiation exposures is problematic. One approach,
which could help resolve this difficulty, would involve investigating the
effects of exposure to a single type of radiation while changing one
single parameter in order to elucidate differences in the resultant
cellular response to that single change.
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In the case of XBR, one parameter which can easily be altered is the
dose-rate of the radiation. Therefore, in this preliminary study, we
investigated the response of human glioma cells to X-irradiation,
delivered at different dose-rates, in order to gain a better
understanding of differences in cellular response.

Exposure of cells to ionizing radiation can result in the formation of
various types of DNA lesions, such as single-strand DNA and double-
strand DNA breaks (SSB and DSB respectively) and oxidative base
damage. While DSB formation is believed to be the lesion which is
primarily responsible for cellular radiotoxicity [2], the majority of the
damage which is induced by radiation is in the form of clustered
damaged bases [7].

Delivery of radiation at a low dose-rate (LDR), such as that elicited
by radioisotopes used in TRT and brachytherapy, results in an
increased frequency of sub-lethal DNA damage. This is due to the low
frequency of ionisation events, leading to SSB damage which cells are
able to repair efficiently before a second ionisation event can occur and
convert the SSB into a potentially lethal DSB [8]. Therefore, inhibition
of SSB repair mechanisms could increase the longevity of LDR
radiation-induced SSBs, thus increasing the likelihood of a second
ionisation event leading to increased, potentially lethal, DNA damage.

The BER pathway is responsible for the removal and repair of
damaged DNA bases. Previously, we reported that the efficacy of
targeted radionuclides was enhanced by inhibition of PARP-1, a
protein central to the BER pathway [9]. In this study, we investigated
the interaction of XBR with another protein involved in the BER
response, namely the AP endonuclease 1 (APE-1) [10].

Following irradiation, damaged bases are removed by DNA
glycosylases, resulting in the formation of an apurinic/apyrimidinic
(AP) site. APE-1 is a 3-phosphodiesterase which initiates repair of AP
sites by inducing nicks in the phosphodiester backbone of the damaged
DNA strand upstream of the AP site, thus creating 3’-hydroxyl and 5’-
deoxyribose phosphate groups flanking the gap [11]. APE-1 is
associated with nearly all AP site excision activity and therefore plays a
crucial role in the BER pathway [12]. Furthermore, evidence suggests
that APE-1 plays distinct roles in the repair of DNA damage by high
LET, compared to its activity following low LET radiation-induced
DNA damage [13]. We therefore chose to investigate the effects of
pharmacological inhibition of APE-1 in combination with XBR
delivered at different dose-rates.

Material and Methods

Cells and culture conditions
The human glioma cell line UVW was used in this study [14]. Cells

were maintained in Minimum Essential Medium containing 10% foetal
calf serum, supplemented with 100 U/ml penicillin/streptomycin, 2
µg/ml fungizone and 2 mM glutamine and were cultured at 37oC in a
5% CO2 atmosphere. All media and supplements were purchased from
Invitrogen (Paisley, UK).

Treatments
UVW cells were treated with 0-4 Gy external beam radiation (XBR),

delivered using a X-Rad 225 X-irradiation cabinet (Precision Xray Inc.,
Connecticut USA). High dose-rate (HDR) treatments were carried out

at a dose-rate of 2.2 Gy/min and low dose-rate (LDR) treatments at a
dose-rate of 0.22 Gy/min. Following XBR exposure, cells were
incubated at 37oC in 5% CO2 until cells were processed for each
experimental procedure, as described below.

The APE-1 inhibitor CRT0044876 (CRT) was purchased from
Sigma-Aldrich (Poole, UK) and dissolved in DMSO (Sigma Aldrich).
UVW cells were treated with 0-200 μM CRT for 24 hours at 37oC in
5% CO2 before assessment. In the case of combination treatments, cells
were incubated with CRT for 1 hour prior to XBR exposure.

Clonogenic assay
Cells were treated with CRT alone, or in combination with low

dose-rate or high dose-rate XBR as described above. Thereafter,
clonogenic survival was determined as previously described [15].

Synergy analysis
The efficacy of combinations of CRT and either high or low dose-

rate XBR was examined according to the isobologram method of Steel
and Peckham [16-18]. Briefly, from the results of clonogenic assays,
dose-effect curves were plotted. From these curves, the doses of CRT
and XBR which induced 20% toxicity (the IC20 isoeffect points) as
single agents and in combination were determined and plotted
graphically. A line was drawn between the XBR IC20 isoeffect point on
the y-axis and the CRT IC20 isoeffect point on the x-axis, denoting the
theoretical alignment of each agent, which would give rise to an
additive effect. Combination isoffect points which plotted below this
line were therefore suggestive of supra-additive interactions, whereas
any isoffect points which plotted directly onto, or above this line were
suggestive of additive or infra-additive interactions respectively.

Assessment of Cell Cycle Progression by FACS Analysis
Cells were seeded in 25 cm2 flasks and exposed to single drug and

multi-drug combinations as described above. In order to directly
compare the effects on cell cycle progression to the results of
clonogenic assay, the same drug concentrations and incubation times
were used. Cultures were then detatched by the addition of trypsin,
counted using a haemocytometer, washed twice with PBS and
resuspended in PBS at a concentration of 1× 106 cells/ml. Cells were
fixed by addition of 75% (v/v) ethanol for 1 h at 4oC. Fixed cells were
washed twice with PBS and resuspended in 1 ml PBS containing 50
mg/ml propidium iodide (Sigma chemicals, Dorset UK) and 5 μg/ml
RNase A (Qiagen Ltd. W. Sussex, UK). Cells were stained for 3 h at 4oC
before flow cytometry, using a FACSCanto analyser (BD Biosystems,
Oxford, UK). Data were analysed using BD FACSDivaTM software,
version 6.1.3.

Single cell gel electrophoresis
The influence of CRT on the repair of XBR-induced DNA damage

was assessed by single cell gel electrophoresis (SCGE) [19-21]. Briefly,
DNA fragmentation was determined using the Trevigen
CometAssayTM Single Cell Electrophoresis Assay kit (Trevigen Inc.,
Gaithersburg, Maryland, USA), according to the manufacturer’s
instructions. DNA was stained with 1 x SYBR-Green solution
(Trevigen Inc.) and examined by fluorescence microscopy (435-500
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nm) using a Zeiss Axiovert inverted microscope (Carl Zeiss Ltd,
Welwyn Garden City, Hertfordshire, UK).

Images were captured by a Zeiss MC 100 SPOT camera, and saved
by Axiovision 3.0.6.1 software. 100 cells per treatment were analysed
using ImageJ software, version 1.44p (NIH, USA) [22]. The amount of
DNA fragmentation was expressed as the tail moment, which
combined a measurement of the length of the DNA migration with the
relative amount of DNA therein [20,21]. The amount of DNA damage
in treated UVW cells were assessed 1 hour and 24 hours after XBR.

Assessment of Double-strand DNA Breaks (DSBs) by
H2A.X Phosphorylation

Phosphorylation of histone H2A.X at serine 139 (γH2A.X) was
assessed using the H2A.X Phosphorylation Assay Kit (Millipore, Herts.
UK). Briefly, cells were seeded and drug-treated, as described above. 1
h and 24 h after treatment, cells were trypsinised, counted, washed
twice with PBS and fixed by addition of formaldehyde/methanol for 20
min at 4oC. Cells were then washed three times with PBS and
resuspended, at a concentration of 2 × 106 cells/ml, in permeabilization
solution (5% saponin, 100 mM HEPES pH 7.4, 1.4 M NaCl, 25 mM
CaCl2) containing anti-phospho-histone H2A.X (Ser139)-FITC
conjugate for 20 min at 4oC. Fluorescence was measured using a
FACSCanto analyser (BD Biosystems, Oxford, UK). Data were
analysed using BD FACSDivaTM software, version 6.1.3.

Statistical analysis
For clonogenic assays, cell cycle analyses and assessments of

γH2A.X levels, the effects of increasing dose of XBR, at both LDR and
HDR, alone or in combination with CRT, were assessed by 2-way
ANOVA to test for overall differences. Subsequent post-hoc
assessments used Bonferroni post-tests, to account for multiple
comparisons.

In the case of single cell gel electrophoresis, overall differences
between treatment groups was assessed using the non-parametric
Kruskal-Wallis test and pair-wise comparisons by post-hoc analysis
using Dunn’s multiple comparison test. A p value of less than 0.05 was
considered statistically significant. All analyses were carried out using
GraphPad Prism software, version 4.03 (GraphPad Software Inc).

Results

Cytotoxic effects of CRT and XBR as single agents
The cytotoxic effects of CRT and XBR delivered at HDR and LDR

were investigated by clonogenic assay and the results are shown in
Figure 1. Administration of 50-200 μM CRT induced a modest, but
significant dose-dependent reduction in clonogenic survival, compared
to untreated cells (p<0.05). The highest administered dose of CRT (200
μM) reduced UVW colony formation to 81% (Figure 1A).

Likewise, UVW cells exposed to 2 and 4 Gy XBR, delivered at either
a high or low dose-rate exhibited a significant dose-dependent
decrease in clonogenic survival compared to untreated controls
(p<0.0001 and p<0.0001 for HDR and LDR respectively). However,
XBR delivered at a low dose-rate induced significantly less toxicity
than XBR delivered at a high dose-rate (p<0.0001).

Figure 1: Assessment of the cytotoxic effects of (A) CRT and (B)
XBR at HDR and LDR as single agents. Treatments were assessed by
clonogenic assay. The effects of increasing CRT dose were assessed
by 1-way ANOVA. The effects of increasing XBR dose and dose-rate
were assessed by 2-way ANOVA.

Cytotoxic effects of CRT and XBR in combination
The results of treatment with CRT and XBR in combination on the

clonogenic survival of UVW cells are shown in Figure 2. Figure 2A
shows the results of CRT in combination with HDR X-irradiation and
Figure 2B shows the results of CRT in combination with LDR XBR.
From these survival curves, the doses of CRT and XBR which induced
20% toxicity (the IC20 isoeffect points) as single agents and in
combination were determined. Subsequent isobologram analysis of
CRT in combination with high dose-rate and low dose-rate XBR
demonstrated that supra-additive interactions were induced by
combination doses which caused IC20 levels of toxicity. Dose-rate had
no effect on the induction of supra-additivity in UVW cells (Figure 3).
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Figure 2: Assessment of the cytotoxic effects of CRT and XBR at (A)
HDR and (B) LDR in combination. Treatments were assessed by
clonogenic assay.

Figure 3: Interaction between CRT and high dose-rate and low
dose-rate XBR. The results shown in Figure 2 were assessed by
isobologram analysis.

Assessment of Cell Cycle Progression
The impact of HDR and LDR of radiation and CRT treatment alone

and in combination on cell cycle progression were then assessed.
Figure 4 shows the distribution of cells in G2/M following single agent
and combination treatment. Exposure of UVW cells to 100 μM CRT
induced no change in the cell cycle distribution of UVW cells,
compared to untreated controls. In contrast, exposure of UVW cells to
3 Gy XBR, administered at either a high or low dose-rate induced a
significant accumulation in cells in G2/M 24 h after treatment
(p<0.0001 and p<0.0001 for HDR and LDR respectively), compared to
untreated controls. Likewise, cells treated with 100 μM CRT in
combination with 3 Gy XBR exhibited significant G2/M arrest,
irrespective of the dose-rate of X-ray exposure (p<0.0001 and p<0.0001
for CRT-HDR and CRT-LDR respectively). However, while there was
no significant difference in the induction of G2/M arrest between LDR
single exposure and CRT-LDR combination treatment, CRT-HDR
treatment induced significantly less G2/M arrest than HDR alone
(p<0.05). With respect to peturbations of other phases of the cell cycle,
increases in G2/M arrest were accompanied by concurrent reduction in
the proportion of cells in the G1 phase. No significant alterations to the
number of cells in S-phase were observed (data not shown).

Figure 4: The effects of X-IR and CRT treatment on G2/M
accumulation. The effects on UVW cells of CRT and XBR at both
dose-rates were assessed by FACS analysis and differences in G2/M
accumulation induced by CRT and increasing XBR dose and dose-
rate were assessed by 2-way ANOVA. Results show the mean ± sem
of three separate experiments. Statistical significance: one (*) and
three (***) symbols denote p<0.05 and p<0.0001 respectively.

Single cell gel electrophoresis
Single cell gel electrophoresis was carried out in order to investigate

DNA damage following single and combination treatments. The
dynamics of DNA repair was assessed by examining DNA damage
levels 24 h, compared to 1 h, after treatment (Figure 5).

Analysis of DNA damage by SGCE demonstrated that
administration of 100 μM CRT had no significant effect on the
magnitude of DNA damage in UVW cells at either time point.
However, 1 h after treatment, UVW cells treated with 3 Gy XBR
exhibited significant levels of DNA damage, irrespective of the dose-
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rate of exposure (p<0.0001 and p<0.05 for HDR and LDR
respectively). Likewise, administration of 100 μM CRT in combination
with 3 Gy XBR also induced significant DNA damage 1 h after
treatment, irrespective of the dose-rate used (p<0.0001 and p<0.0001
for CRT-HDR and CRT-LDR respectively).

In contrast, 24 h after treatment, while cells treated with HDR, CRT-
HDR and CRT-LDR still exhibited significant levels of DNA damage
(p<0.05, p<0.0001 and p<0.0001 for HDR, CRT-HDR and CRT-LDR
respectively), the levels of DNA damage in cells treated with XBR at a
low dose-rate were not significantly different to untreated controls
(Figure 6).

Figure 5: Assessment of DNA damage at (A) 1 h and (B) 24 h by
single cell gel electrophoresis. 100 cells were assayed per treatment.
For each treatment, boxplots represent the 25th percentile, median
and 75th percentile. Whisker bars show the minimum and
maximum values observed. Statistical significance: one (*) and three
(***) symbols denote p<0.05 and p<0.0001 respectively.

Figure 6: The effects of CRT and XBR treatment on dsDNA damage
and repair were assessed by γH2.AX analysis. Results were analysed
by were assessed by 2-way ANOVA and show the mean ± sem of
three separate experiments. Statistical significance: one (*) and two
(**) symbols denote p<0.05 and p<0.001 respectively.

Assessment of Double-strand DNA Breaks (DSBs) by
H2A.X Phosphorylation

DNA damage and repair was assessed further by investigation of the
induction of DSBs by H2A.X phosphorylation. Analysis of γH2A.X
foci in each treatment group by one-way ANOVA demonstrated that
XBR and combination treatments induced significant increases in
γH2A.X foci 1 h after treatment (p<0.001). When UVW cells were
incubated for 24 h after treatment, significantly reduced levels of
γH2A.X foci compared to 1 h after treatment were observed, following
exposure to HDR, LDR and CRT-HDR, (p<0.001, p<0.05 and p<0.05
for HDR, LDR and CRT-HDR respectively). However, there was no
significant difference in H2A.X phosphorylation observed in UVW
cells treated with CRT in combination with low dose-rate XBR at this
later time point. This suggests that UVW cells exposed to CRT and low
dose-rate XBR exhibited a reduced capacity to resolve γH2A.X foci.

Discussion
We have previously demonstrated that cells exposed to XBR and

TRT in vitro exhibited diverse and distinct biological responses upon
exposure to different types of radiation insult [5,6]. However,
attempting to gain a clearer understanding of the different, specific,
cellular consequences that are induced by exposure to distinct
radiations has proven challenging, due to the wide variety of factors
that are affected by different types of radioactive decay. In order to try
and resolve this issue, we investigated the effects of changing one,
single parameter that can influence the intracellular effects induced by
radiation treatment, namely the dose-rate of exposure. We also wished
to investigate the effects of concurrent inhibition of the BER pathway,
which we have previously shown to enhance the efficacy of targeted
radionuclides in vitro [9].

The results of clonogenic assays demonstrated that exposure to 2
and 4 Gy external beam X-ray radiation (XBR) at a low dose-rate (0.22
Gy/min) was significantly less cytotoxic than exposure to the same
doses of XBR at a high dose-rate (2.2 Gy/min) (p<0.0001, Figure 1).
Treatment with 5-200 μM CRT induced a modest, but significant dose-
dependent reduction in clonogenic survival (p<0.05). The results of
combinations of XBR with the APE-1 inhibitor CRT0044876 (CRT)
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demonstrated that supra-additive cell kill elicited by the combination
of XBR and this pharmacological inhibitor of BER were not affected by
the dose-rate of XBR exposure (Figures 2 and 3).

Cells exposed to radiation often exhibit disruption to cell cycle
progression in vitro and accumulation in the G2-phase is commonly
observed [23].The results of our study demonstrate that treatment with
3 Gy XBR at either dose-rate, either alone or in combination with 100
μM CRT, induced significant accumulation of cells in G2/M, as
measured by FACS analysis (p<0.0001, p<0.0001, p<0.0001 and
p<0.0001 for HDR and LDR, CRT-HDR and CRT-LDR respectively).
Cells exposed to CRT as a single agent exhibited no disruption of cell
cycle progression.

However, while cells exposed to combination treatment involving
low dose-rate XBR exhibited no significant difference in G2/M
accumulation compared to LDR alone, the percentage of cells in G2/M
following CRT-HDR treatment was significantly lower than HDR
alone. This suggests that there was a significant subpopulation of UVW
cells that were unable to arrest in G2/M following exposure to high
dose-rate XBR insults when APE-1 was inhibited. However, this effect
was not observed in cells exposed to combinations involving low dose-
rate XBR, suggesting that abrogation of cell cycle checkpoints was
unaffected by CRT-LDR combinations. This observation demonstrates
a difference in the cellular response to high dose-rate and low dose-
rate XBR. The G2/M checkpoint is important for limiting radiation-
induced toxicity, as it prevents cells with DNA damage from entering
mitosis, thus providing an opportunity for DNA repair, or induction of
apoptosis and preventing the proliferation of damaged cells [23].
Therefore, the presence of a subpopulation of cells which lack this
checkpoint upon exposure to CRT-HDR combinations would increase
the likelihood of mitotic catastrophe [24,25] and/or long-term
genomic instability [26], both of which can result in increased
cytotoxicity and could thus explain the supra-additive cytotoxicity
observed in isobologram analysis of CRT-HDR combinations.
Previous studies have found that APE-1 interacts with the 9-1-1
complex, a mediator of DNA-damage induced G2 arrest [27-29], thus
suggesting a link between BER factors and the G2 checkpoint.
Therefore, it is possible that this pathway is activated at a higher level
in cells exposed to high dose-rate XBR, compared to low dose-rate
XBR and is therefore more susceptible to disruption by inhibition of
APE-1. Future studies will investigate the induction of the BER
pathway following HDR and LDR X-irradiation, in order to
interrogate this hypothesis.

The results of our cell cycle analysis suggest a possible explanation
for the supra-additive interaction of CRT with high dose-rate XBR, but
they give no insight into the cellular response to low dose-rate XBR.
However, the analysis of DNA damage and repair also highlighted
differences in the effects of HDR and LDR irradiation, and provide a
possible explanation for this latter phenomenon. Assessment of DNA
damage by SCGE, which measures single-strand DNA and double-
strand DNA breaks (SSB and DSB respectively) demonstrated that,
whereas exposure to high dose-rate XBR resulted in significant DNA
damage 1 h and 24 h after treatment, cells exposed to low dose-rate
XBR exhibited significant DNA damage only at 1 h after treatment, but
not at 24 h. This suggests that the combined SSBs and DSBs elicited by
low dose-rate XBR were more rapidly reparable than the lesions
induced by high dose-rate XBR. The levels of DNA damage 24 h after
XBR exposure in combination with CRT remained significantly high
irrespective of dose-rate (p<0.0001 and p<0.0001 for CRT-HDR and
CRT-LDR respectively), suggesting that inhibition of APE-1 induced a

retardation of the cellular repair of low dose-rate XBR-induced DNA
damage.

Double-strand DNA breaks are considered to be the most important
DNA lesion with respect to induction of cell death [2]. Therefore, we
decided to investigate the formation and resolution of H2A.X
phosphorylation, which occurs as a consequence of DSB damage [30].
Our studies demonstrated that significant resolution of γH2A.X foci
occurred 24 h after treatment, compared to the levels observed at 1 h,
following treatment with high dose-rate and low dose-rate XBR and
with high dose-rate in combination with CRT. However, cells exposed
to low dose-rate XBR in combination with CRT exhibited no
significant reduction in γH2A.X foci at 24 h compared to 1 h. This
suggests that DSBs induced by low dose-rate XBR are more difficult for
cells to resolve than the DSB lesions induced by high dose-rate XBR.
Induction of BER following SSB formation and base damage is well
established [31], however its role in the DSB response pathway is less
well characterised. Interestingly, it has been previously reported that
APE-1 inhibition resulted in an accumulation of DSB damage, possibly
via the accumulation of unresolved AP sites, leading to replication fork
blockage [32]. This may provide a potential mechanism to explain the
supra-additive cytotoxicity induced by CRT-LDR combinations. It is
possible that exposure to low dose-rate XBR results in complex DSB
lesions which are difficult for the cells to repair efficiently. This could,
theoretically, lead to a greater involvement of BER machinery in the
DNA repair process. In contrast the DSBs induced by high dose-rate
XBR may be more easily and more rapidly repaired, and may not
require activation of the BER pathway. In this scenario, cells exposed to
low dose-rate XBR would be more susceptible to inhibition of APE-1,
which would reduce the efficiency of DNA repair and, consequently,
increase the likelihood of cell death.

Conclusions
Our results demonstrated that X-ray exposure, in combination with

APE-1 inhibition, resulted in supra-additive cytotxicity, irrespective of
the dose-rate utilised. However, the results of cell cycle and DNA
damage analysis suggested that different radiation response
mechanisms were responsible for synergistic interactions in HDR and
LDR-treated cells. APE-1 inhibition in combination with high dose-
rate XBR induced its toxic effects via abrogation of G2 arrest, whereas
the effects of APE-1 inhibition in combination with low dose-rate XBR
were associated with reduced resolution of the DSB repair processes.

These preliminary results highlight differences in cellular response
to distinct radiation insults. Research will continue, in order to gain a
greater insight into the pathways involved in radiation-induced cell
death, with the ultimate aim of improving the efficacy of distinct types
of radiation therapy.
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