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Abstract

Obijective: Our study aimed to investigate the potential clinical utility of a poly(ADP-
ribose) polymerase (PARP) inhibitor, veliparib (ABT-888), as a radiosensitizer in the
medication of endometrial carcinoma (EC).

Methods: Human Ishikawa endometrial adenocarcinoma cells were treated with veli-
parib, radiotherapy (RT), or combination treatment. The viabilities, radiosensitivity en-
hancement ratio (sensitizer enhancement ratio (SER), and apoptosis of Ishikawa cells
were, respectively, evaluated by Cell Counting Kit-8 (CCK-8), colony formation experi-
ment, and flow cytometry. The tumor growth was assessed by xenograft mice models.
Western blot assay investigated the expression of DNA damage and apoptosis-related
proteins in vivo and in vitro.

Results: Cell Counting Kit-8 revealed that the 10% inhibition concentration (IC,,) and
50% inhibition concentration (lcso) values of veliparib-treated Ishikawa cells were 1.7
and 133.5 uM, respectively. The SER of veliparib combined with RT was 1.229 in vitro.
Flow cytometry analysis results indicated that the apoptosis rate of the veliparib + RT
group was markedly higher than that of the RT group in vitro (p < 0.05). Furthermore,
in vivo data revealed that veliparib + RT treatment significantly decreased tumor
growth compared with single treatments of veliparib or RT and with the control group
(b < 0.05). Then western blot confirmed the levels of anti-phospho-histone (yH2AX),
caspase-3, and B-cell lymphoma 2 (Bcl-2) associated protein X (Bax) were significantly
higher in the veliparib + RT group, while the level of Bcl-2 was lower compared with
that of the RT group (p < 0.05), both in vivo and in vitro.

Conclusion: Our results indicate that veliparib in combination with RT markedly im-

proved the therapeutic efficiency in human endometrial carcinoma.
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1 | INTRODUCTION

Endometrial carcinoma (EC) is the most frequent type of
reproductive system cancer in women aged 55-65 years around
the world. In the USA, there were 66,570 new cases of EC
diagnosed in 2021, with 12,940 fatalities, and incidence rates
have risen by around 1% per year in recent years.! The number
of women diagnosed with EC will double to 122,000 cases per
year by 2030 if current trends continue in the USA.2 Although
the preferred treatment for EC is staging surgery,® high-risk fac-
tors of early EC mean that additional treatment, such as external
pelvic radiotherapy (RT) or vaginal brachytherapy, is necessary.
Clinical trials have confirmed the significant improvement of local
control obtained by RT but an absence of survival benefit, and
the rationale for the abandonment of RT for intermediate-risk EC
has been confirmed.* As RT is often limited by radiation resis-
tance, it is important to elucidate targeted therapies to improve
radiosensitivity.

Treatments targeting the DNA repair pathway have been
promising for enhancing the effectiveness of RT in tumor cells.’
Poly(ADP-ribose) polymerases (PARPs) are a group of enzymes
that serve a significant role in oncology therapy. Poly(ADP-ribose)
polymerase-1 (PARP-1) was the first to be discovered and is the
most abundant and the best characterized member of the PARP
family.® The main mechanisms of DNA injury repair are as follows:
Base excision repair (BER), nucleotide excision repair, homologous
recombination (HR), mismatch repair, nonhomologous end-joining,
and single strand annealing.” PARP is in involved in BER DNA
damage repair.® DNA fracture can enhance the catalytic activity
of PARP, leading to DNA damage binding to PARP via its notch
site. PARP catalyzes nicotinamide adenine dinucleotide (NAD),
reducing it to (ADP)-ribose and nicotinic acid.? ADP-ribose then
combines with PARP protein, further polymerizing histones and
other DNA repair related proteins, forming the ADP-ribose poly-
mer (PAR) which transfers the DNA repair protein to the site of
damage.10!

It has been manifested that the inhibition of PARP expression
induces lethality in HR pathway-deficient cancer cells, resulting
in apoptosis‘12 A previous study revealed that the PARP inhibitor,
veliparib (ABT-888), may be used as a chemosensitizer in combi-
nation with cytotoxic chemotherapy.’® Furthermore, the study
indicated that veliparib was well tolerated when combined with cy-
totoxic agents at full dosages, unlike most other PARP inhibitors.'*
Additionally, it has been revealed that veliparib elicited a clinical re-
sponse in 37.5% (3 of 8) patients with breast cancer and breast can-
cer 1 (BRCA1) gene mutations in a phase Il clinical trial.® Veliparib
has also been tested in stage | and Il clinical trials in combination
with RT for breast, ovarian, pancreatic, non-small cell lung, rectal
cancers, and glioma.“"22

The aim of our current study was to evaluate the effect of velipa-
rib treatment administered at different concentrations and to assess
Ishikawa cell sensitivity to veliparib when applied in combination
with RT.

2 | MATERIALS AND METHODS

2.1 | Antibodies and reagents

Dojindo Molecular Technologies, Inc. provided the Cell Counting
Kit-8 (CCK-8) assay. System Biosciences offered the Annexin V-
FITC/PI (fluorescein isothiocyanate/propidium iodide) apoptosis
detection kit. Anti-phospho-histone (H2AX; Ser139) was purchased
from ABclonal Biotechnology Co., Ltd. Antibodies against caspase-3,
B-cell lymphoma 2 (Bcl-2), Bcl-2 associated protein X (Bax), and glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH) were purchased
from Proteintech Group, Inc.

2.2 | Cell culture and drug treatments

Human Ishikawa endometrial adenocarcinoma cells were obtained
from the Institute of Obstetrics and Gynecology, Xuzhou Medical
University Affiliated Hospital (Xuzhou, China) and cultured at 37°C
in a humidified atmosphere with 5% CO, in Dulbecco's Modified
Eagle Medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.) sup-
plemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher
Scientific, Inc.) and also 1% penicillin/streptomycin (Gibco; Thermo
Fisher Scientific, Inc.). Veliparib (ABT-888; Target Molecule Corp.)
was dissolved in dimethyl sulfoxide (DMSO; Cayman Chemical
Company) to 10 mmol/L stock solution aliquots and stored at -20°C.
All experiments were operated according to the regulations and

guidelines that pertain to biological studies.

2.3 | Cell counting Kit-8 assay

Ishikawa cells were seeded in 96-well plates at a density of 5000 cells
per well and cultivated for 24 h until cell attachment was seen. In each
group, six wells were set up, and different concentrations of veliparib (O,
0.5,1,2.5,10, 25,50, 100, 125, 150, and 200 pmol/L) were delivered for
24 h at 37°Cin a humidified incubator with 5% CO,,. Following the addi-
tion of 10 pl CCK-8 solution, cells were cultured for another 2 h at 37°C
in a humidified incubator with 5% CO,,. At a wavelength of 450 nm, the
absorbance of each well was measured in optical density (OD). The fol-
lowing formula was used to compute the survival rate: Survival rate was
calculated as follows: (Experimental group OD value of each well/blank
control group OD) x 100%. A subcytotoxic 10% inhibition concentra-

tion (IC, ) was used as a follow-up concentration of veliparib.

2.4 | Colony formation assay

Radiotherapy and veliparib + RT groups were assessed in this experi-
ment. Logarithmic phase cells were inoculated into three wells of a
6-well plate at a density of 800-3000 cells/well. After cells adhered
to the wall of the well plate, veliparib was added to the drug group
(veliparib + RT) 2 h prior to irradiation. Using a 6 MV Precise linear
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accelerator (Elekta), the two groups were irradiated at doses of 0, 2,
4, 6, and 8 Gy as follows: Isocenter irradiation with an X-ray (dose rate
of 1 Gy/min); the center of the irradiation field was 10 x 15 cm. A 1.5-
cm thick equivalent organic glass was placed on the bottle surface.
Irradiated cells were cultivated for 10-14 days at 37°C in 5% CO,,.
After fixation, staining, and dry processing, the number of colonies was
counted (>50 cells per colony) at each dose. The following formula was
used to calculate the survival score (survival fraction; SF): Average col-
ony number of the dose/(number of inoculated cells x inoculation effi-
ciency). The radiation sensitization ratio (sensitivity enhancement ratio;
SER) was calculated as follows: D, (RT group)/D,, (veliparib + RT group).

2.5 | Flow cytometry

Control, veliparib, RT, and veliparib + RT groups were assessed. Cells
were inoculated at 3.5 x 10° cells per well into 6-well plates and grown
for 24 h before receiving 2 Gy irradiation. Veliparib was added to the
drug groups (veliparib and veliparib + RT) 2 h prior to irradiation. Cells
were removed, digested, washed, and centrifuged at 400x g for 5 min
after being cultured for 24 h. Annexin V buffer (500 ul) was added,
cells were resuspended, Annexin V/FITC (fluorescein isothiocyanate)
(5 pl), and propidium iodide (PI; 5 pl) were added. Flow cytometry was
performed to count cells after a 15 min incubation. The right upper and

lower quadrants represent late and early apoptotic cells, respectively.

2.6 | Western blotting of Ishikawa cells

Cells were collected (veliparib was added to drug groups when cells
adhered to the wall of the plates), and radioimmunoprecipitation
assay (RIPA) buffer was used to lyse cells that had been grown for
24 h. The protein concentration in the sample was then adjusted.
Protein samples (45 nug) were isolated using 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with a con-
stant current of 250 mA. After that, samples were transferred to pol-
yvinylidene difluoride (PVDF) membranes, which were then closed
for 2 h before being placed in the first antibody sealing fluid and in-
cubated overnight at 4°C. Membranes were then incubated for 2 h at
4°C with horseradish peroxidase-conjugated immunoglobulin G (IgG)
secondary antibodies (Secondary Antibody Dilution Buffer, 1:1000).
The Enhanced Chemiluminescence (ECL) Plus reagent was used to
develop color. With use of GAPDH as an internal control, Image)
software version 1.52a (National Institutes of Health) was used to
assess the film gray value. Relative target protein expression was cal-

culated as follows: Gray value/gray reference expression value.

2.7 | Tumor xenografts in nude mice

Female BALB/c mice, aged 4 weeks, were purchased from Xuzhou
Medical University's Experimental Animal Center (Xuzhou, China).
The Animal Care and Use Committee of Xuzhou Medical University
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gave its approval to all of the procedures. After 1 week of acclima-
tion in a pathogen-free facility, Ishikawa cells in the logarithmic
phase were processed into single-cell suspensions and implanted
subcutaneously into the right thigh of each mouse (6 x 10° cells/
mouse).?® After 2 weeks, the average tumor size was 220-350 mm?.
Mice were randomly assigned to one of the four groups (n = 6): (i)
vehicle control (10% DMSO in PBS/10% daily for a total of 5 days;
ingested through oral gavage), (i) veliparib (50 mg/kg daily for a total
of 5 days; ingested through oral gavage), (iii) 10 Gy fractionated RT
(2 Gy daily for a total of 5 days), and (iv) veliparib and 10 Gy frac-
tionated RT (5 x 2 Gy fractionated RT). Tumor volume (mm?®) was
determined using the formula: Tumor volume = L x W? x 0.5, where
L denotes the longest axis and W denotes the shortest. Mice were
CO,-sacrificed at the end of the experiment, and tumors were ex-

cised, weighed, and extracted for western blot analysis.

2.8 | Western blot analysis of tumor tissue

Tumor tissue (20 mg) was extracted from mice, after which 100 pl
protein lysis buffer was added. After homogenization, the samples
were centrifuged at 16,000x g for 30 min at 4°C. The supernatant
was obtained to measure protein concentrations. Proteins were sep-
arated by electrophoresis on a 12% SDS-PAGE gel and then trans-
ferred to PVDF membranes (EMD Millipore). After 2 h of blocking,
the samples were put in the primary antibody sealing solution and in-
cubated overnight at 4°C. After washing, the PVDF membranes were
incubated at 4°C with horseradish peroxidase-conjugated secondary
antibodies (Secondary Antibody Dilution Buffer, 1:1000; Wuhan
Boster Biological Technology, Ltd.) for 2 h. Subsequently, enhanced
chemiluminescence (ECL) fluid was added and ImageJ software ver-
sion 1.52a was used to analyze the gray value of images (National
Institutes of Health). The target protein's relative expression was cal-

culated as follows: Gray value/gray reference expression value.

2.9 | Statistical analysis

For statistical analysis, SPSS 19.0 software (SPSS, Inc.) was used, and
data were expressed as the mean + standard deviation. When com-
paring two groups, a t-test was used, and when comparing multiple
groups, a one-way analysis of variance (ANOVA) was used. A statisti-

cally significant difference was defined as p < 0.05.

3 | RESULTS

3.1 | Inhibitory effect of veliparib on Ishikawa cell
proliferation

To investigate the inhibitory effects of veliparib as a single agent
on Ishikawa cellular toxicity, a CCK-8 assay was performed to
evaluate cell proliferation and to calculate cell survival rate with
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a concentration gradient (0, 0.5, 1, 2.5, 5, 10, 25, 50, 100, 125,
150, and 200 umol/L). The experiment was repeated three times.
The results revealed that the OD value of cells in the respective
concentration gradients ranged from 0.79 + 0.01 to 0.27 + 0.01
at a wavelength of 450 nm (p < 0.05; Figure 1A). The survival rate
of cells in the concentration gradient ranged from 100.00 + 0.00%
to 34.31 + 0.02%. The IC,, and 50% inhibition concentration(IC,)
values were 1.7 umol/L and 133.5 umol/L, respectively. The re-
sults revealed that the inhibitory effect of veliparib as a single drug
treatment increased at higher concentrations (p < 0.05; Figure 1B).
However, as veliparib exhibited dose toxicity to Ishikawa cells
in vitro, the low dose IC,, value was selected for subsequent

experimentation.

3.2 | Cellsurvivalin cell colony-
forming experiment

The current study aimed to determine if veliparib treatment en-
hanced the radiation effect of Ishikawa cells via colony forma-
tion assays. Cells in the veliparib + RT group were treated with
veliparib 2 h prior to receiving radiation. The results of the cell
colony-forming experiment revealed that veliparib treatment en-
hanced Ishikawa cell sensitivity to radiation. Additionally, veliparib
treatment reduced the survival of Ishikawa cells treated with ra-
diation, the effect of which was more prominent as the radiation
dose increased. To determine whether veliparib promoted cell
death, the average colony number and survival fraction of the RT
and veliparib + RT groups were calculated (p < 0.05 vs. RT) at Gy
dosages of 0, 2, 4, 6, and 8 Gy (Figure 2A,B). Furthermore, cell sur-
vival curves were plotted according to the single-hit multitarget
model (SF = 1-[1-exp (-D/D)IN; p < 0.05 vs. RT; Figure 2C). The
model's conclusions determined that the D, values of biological
indicators (Gy) in the RT and veliparib + RT groups were 1.654 and
1.346, respectively. The results also indicated that veliparib treat-
ment in combination with RT had a SER of 1.229 (1.654/1.346).
SER was calculated as follows: D, (RT group)/D, (veliparib + RT
group).

3.3 | Veliparib enhances RT-induced cell apoptosis
Ishikawa cell apoptosis was analyzed following exposure to veli-
parib (1.7 pmol/L) or irradiation (2 Gy) via flow cytometry. The re-
sults showed that cells in the veliparib + RT group cultured for 24 h
after 2 Gy irradiation exhibited a significantly higher apoptosis rate
compared with the other three groups (all p < 0.05). The apoptotic
rates of the Ishikawa cells in the veliparib + RT, RT, veliparib, and
control groups were 35.53 + 1.63%, 16.27 + 1.10%, 9.97 + 1.56%,
and 2.13 + 0.42%, respectively (Figure 3). These data indicated that
the cytotoxic and cytostatic effects of veliparib in combination with
irradiation were enhanced when compared with veliparib or irradia-
tion administered alone.
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FIGURE 1 Inhibitory effect of veliparib on the proliferation

of Ishikawa cells, as determined via the CCK-8 assay. (A) The OD
values of Ishikawa cells treated at different concentrations were
determined at a wavelength of 450 nm. (B) Ishikawa cell inhibition
rate was calculated following veliparib treatment at different
concentrations. CCK-8, Cell Counting Kit-8; OD, optical density

3.4 | Veliparib with RT significantly increases
apoptotic protein expression

Veliparib is a PARP-1 and Poly(ADP-ribose) polymerase-2 (PARP-2)
inhibitor,?* and PARP-1 is responsible for nearly 90% of the universal
PAR synthesis following DNA strand breakage.?® Therefore, PARP-1
protein was selected for western blotting to verify our inhibition
efficiency.

To elucidate veliparib's potential role in regulating double strand
break (DSB) repair, yH2AX (a DNA double strand break-related pro-
tein) expression was detected using western blot analysis. Based on
radiation survival assays, veliparib (1.7 pmol/L) was introduced 2 h
prior to irradiation. Irradiation was performed using a dose of 2 Gy
at room temperature. The results demonstrated that yH2AX ex-
pression increased by 6.14 + 0.63% in the veliparib group compared
with the control group (p < 0.05) and increased by 13.16 + 1.69%
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in the veliparib + RT group compared with the RT group (p < 0.05).
The pro-apoptotic proteins Bax and caspase-3, as well as the anti-
apoptotic protein Bcl-2, were analyzed using western blotting to
further clarify the role of veliparib in apoptosis. The results revealed
that the expression of Bax and caspase-3 increased by 7.79 + 1.65
and 6.84 + 1.29%, respectively, and that the expression of Bcl-2 de-
creased by 23.99 + 1.40% in the veliparib + RT group compared with
the RT group in vitro (p < 0.05; Figure 4A,B). Collectively, the results
revealed that veliparib shortage may induce a delay in DNA damage
repair and cause cells to maintain greater yH2AX levels to induce
cell apoptosis.

3.5 | Transplanted tumor volumes and tumor
weights of nude mice

Before treatment, there was no statistically significant difference
in tumor size between the four groups of nude mice (p > 0.05).
During treatment, the growth rate of transplantation tumors in
control and veliparib-treated groups markedly increased com-
pared with the RT and veliparib + RT groups. After treatment, the
volume and weight of transplanted tumors in the veliparib + RT
treatment group (22.5 + 1.76 mm?; 0.19 + 0.049 g) were smaller
compared with the RT group (27 + 0.18 mm?; 0.27 + 0.033 g),
veliparib treatment (445.5 + 46.47mm% 0.56 + 0.042 g) and
control groups (850 + 72.46 mm?; 0.67 + 0.051 g). There were
statistically significant differences between the groups (p < 0.05;
Figure 5A-D).
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3.6 | Veliparib with RT significantly increases
apoptotic protein expression in vivo.

In each treatment group, Western blotting was used to detect the
expression of YH2AX. The results revealed that yH2AX expression
increased by 7.74 + 0.85% in the veliparib group compared with
the control group (p < 0.05) and increased by 20.15 + 0.29% in the
veliparib + RT group compared with the RT group (p < 0.05). To
further define the role of veliparib in apoptosis, the pro-apoptotic
proteins, Bax and caspase-3, and the anti-apoptotic protein, Bcl-
2, were examined via western blotting. The results demonstrated
that Bax and caspase-3 expression increased by 7.55 + 0.27% and
493 + 0.85%, respectively, and the expression of Bcl-2 decreased
by 31.03 + 1.90% in the veliparib + RT group compared with the RT
group (p < 0.05; Figure 6A,B). The current study assessed whether
suppressing PARP-1 makes cancer cells more sensitive to ionizing
radiation by causing apoptosis and/or enhancing DNA damage.

4 | DISCUSSION

The majority of studies hypothesized that the occurrence and devel-
opment of EC involves complex biological processes such as onco-
gene activation and tumor suppressor gene loss. Theoretically, cell
proliferation, invasion, and apoptosis can be regulated via vascular
endothelial growth factor (VEGF), matrix metallopeptidases, Bcl-2
and certain caspases, etc.6 Preliminary clinical studies have revealed
that epidermal growth factor receptor (EGFR) inhibitors, mammalian
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In vitro differential cell apoptosis rate. Apoptotic rate was measured via flow cytometry analysis. Cells in the veliparib + RT

group cultured for 24 h after 2 Gy irradiation exhibited a significantly higher apoptosis rate compared with the other three groups (p < 0.05

vs. all groups)

target of rapamycin (mTOR) inhibitors, phosphoinositide 3-kinase
(P13K)/protein kinase B (Akt)/mTOR pathway related PI3K inhibi-
tors, and Akt inhibitors were effective for the treatment of advanced
and recurrent EC, and further studies are required to confirm these
data.???” However, no successful targeted therapy for EC-related
genes has been demonstrated, making it important to elucidate an
effective target therapy gene. Research has revealed that PARP,
a DNA repair protein-activating factor, has a higher expression in

EC compared with normal endometrial tissue.?® Our earlier experi-
ments also determined that lentivirus-transfected Ishikawa EC cells
with PARP gene silencing are associated with increased radiosensi-
tivity in human EC Ishikawa cells.?’ In this study, veliparib, a PARP
inhibitor, was selected to evaluate the radiosensitivity of Ishikawa
EC cells treated in vitro and in vivo. Our present study proved a
higher proportion of apoptotic cells in the veliparib + RT group,
exhibiting higher expressions of yH2AX, caspase-3, and Bax, and
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FIGURE 6 DNA damage and apoptosis-related protein expression of Ishikawa tumor xenografts. (A) Relative protein levels of yH2AX,
Bax/Bcl-2, and caspase-3 were measured via western blotting after Ishikawa cells were transplanted and treated (2 Gy x 5 d). (B)
Quantification of protein levels. 'p < 0.05 vs. control group. yH2AX, Anti-phospho-histone; Bax, Bcl-2 associated protein X; Bcl-2, B-cell

lymphoma 2; PARP-1, poly (ADP-ribose) polymerase-1

lower expressions of Bcl-2 protein. The radiation sensitization ratio
of the veliparib + RT group was 1.229. It was determined that ve-
liparib exerted radiosensitizing effects on Ishikawa cells. Although
PARP inhibitors have been used in recent years as monotherapy or
in combination therapy for EC,%° veliparib has not been reported to
enhance EC radiosensitivity.

Miyasaka et al.?! utilized the PARP inhibitor, Olaparib, for the
evaluation of EC cell lines. The results indicated that Olaparib inhib-
ited the proliferation of 16 EC cell lines and enhanced their radio-

sensitivity. Recently, Romana et al.?3

reported that a defect in the
HR-related protein, MRE11, may be a cause of EC susceptibility to
PARP inhibitors, indicating that the synthetic death caused by HR
defects may result in PARP inhibitor sensitivity. EC has been proved
to be a homologous recombination-deficient tumor. However, there
is limited knowledge about the clinical significance of HR deficiency
in EC.%? To obtain more convincing experimental results, our re-
search team will further study the correlation between PARP inhibi-
tors and HR defects in EC.

lonizing radiation-induced DNA damage in tumor cells primarily
manifests as single strand breaks (SSBs) and DSBs. Compared with
normal tissue, in patients receiving RT and chemotherapy, the DNA
damage repair pathway is overactivated in tumor cells and serves
a negative regulatory role.3®> PARP serves a key role in BER after
SSBs.2* When PARP is inhibited, SSBs accumulate in cells and are
converted to DSBs by fork folding.“’35 Research has demonstrated
that yH2AX phosphorylation is the most effective biological marker
for the early detection of DSBs,¢ and it plays an important role in the
regulation of apoptosis, as well as being strongly associated to the
development, progression, and drug susceptibility of malignancies,
serving key roles in the regulation of apoptosis.®” The current study
assessed the extent of DNA damage via western blotting, and the re-
sults revealed that Ishikawa cells significantly increased the formation
of DSBs when treated with a low dose of veliparib in combination
with RT in vitro. Olaparib has been revealed to exert a radiosensi-
tization effect on ovarian cancer H460 and H1299 cell lines, and
olaparib combined with RT significantly upregulates the expression
of yH2AX.38 This result is consistent with those of the current study.

Apoptosis is one of the main biological effects of ionizing ra-
diation exerted by tumor cells. Additionally, apoptosis regulates

mitochondrial membrane permeability, releasing active substances
into the cytosol and inducing the caspase cascade and apoptosis
via Bax and Bcl-2.% The current study indicated veliparib in com-
bination with RT significantly induced cell apoptosis compared with
veliparib administered alone, maybe via the Bax/Bcl-2 pathway and
caspase-3 protein, which deserves further study.

A 2-part study to evaluate the incorporation of veliparib into
chemoradiotherapy (CRT) for stage Il non-small-cell lung cancer
showed that veliparib with CRT was feasible and well tolerated.*°
A randomized phase Il trial of veliparib, radiotherapy, and temozolo-
mide in patients with unmethylated O°methylguanine-DNA meth-
yltransferase glioblastoma illuminated that the veliparib-containing
regimen was effective, safe, and well tolerated.?* While veliparib
was investigated for its recent clinical progress at the time, many
other PARP inhibitors have since been studied. Multiple clinical trials
have examined or are examining the safety of PARP inhibitors such
as olaparib (NCT03462342), rucaparib (NCT03521037), and nirapa-
rib (NCT04734665). In brief, PARP inhibitors have great potential
application prospects, and there have been preliminary studies on
endometrial cancer combined with radiotherapy, but veliparib com-
bined with radiotherapy in the treatment of endometrial cancer has
hardly been reported. Our current study provides support for the
use of PARP inhibitors in endometrial cancer radiotherapy research.

In conclusion, the current study confirmed the radiosensitization
effect of veliparib on Ishikawa EC cells and transplanted tumor xe-
nografts. Veliparib enhanced the biological effects of irradiation by
increasing the formation of DSBs and the expression of apoptosis-
related proteins in irradiated Ishikawa cells. However, the further
and precise mechanisms need to be elucidated and validated in more
endometrial cancer cell lines. The findings could pave the way for
the use of PARP inhibitors in combination with RT in the future and
may also provide an enhanced radiosensitization effect for the clini-
cal treatment of EC, inducing apoptosis by inhibiting DNA repair and
increasing DNA DSBs.
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