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Corresponding author ABSTRACT

Shaymaa Essam El Feky Background: Targeting DNA repair through inhibition of poly (ADP-
ribose) glycohydrolase (PARG) enzyme is a promising strategy to modulate

Email: cancer resistance to traditional therapy. In the present work, we evaluated the

shaymaa.elfeky@alexu.edu.eqg | possible modifying effect of PARG inhibition in breast cancer cell lines’
response to DNA damage induced by radiotherapy.
Submit Date: 25-11-2024 Methods: Breast cancer cell lines (MCF-7 and MDA-MB-231) were
- 0119, exposed to different doses of ionizing radiation (IR) either with or without
Accepted Date: 01-12-2024 PDDO00017273, a PARG inhibitor, and evaluated cellular response after 48
hours. MTT assay was utilized to evaluate cellular viability, clonogenic
assay, and migration assay were performed, relative gene expression of
PARG and apoptosis-inducing factor (AIF) was evaluated using real-time
PCR, and protein expression of PARG was detected using immunostaining.
Results: Our findings showed that PARGI prior to irradiation treatment
significantly increased PARG expression on both gene and protein levels,
which was accompanied by a significant drop in cellular viability in both cell
lines compared to IR alone. These results were further confirmed by the
upregulated expression of the AIF gene. Cellular clonogenicity and
migration have declined significantly in cells treated with PARGi + IR
combination rather than IR alone.
Conclusions: Our study highlights the effect of PARGI in radio-sensitizing
breast cancer cell lines, emphasizing its role in undermining the mechanisms
of repairing DNA and increasing its sensitivity to IR.
Keywords: PARG; DNA repair; Breast Cancer; Radiotherapy;
Radiosensitizer.

INTRODUCTION significantly to women's mortality worldwide [1].
Breast cancer (BC) ranked second globally in Amongst the different molecular subtypes of BC,
respect of incidence, and it contributes Triple-negative breast cancer is the most aggressive
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BC subtype, representing approximately 10-20% of
all breast cancers, and designated by its poor
outcome with higher metastatic potentials compared
to the other subtypes [2]. Many traditional cancer
treatments target tumor cells by inducing DNA
damage either directly or indirectly causing cellular
death. Agents like ionizing radiation (IR) result in
single and double-strand breaks, mismatches, strand
crosslinks, chemical alteration of nitrogenous bases
or sugar backbone, or other DNA lesions [3, 4].
Nevertheless, several tumors develop a network of
complex defense mechanisms targeting DNA
lesions, including the overactivation of DNA repair
pathways [5]. Therefore, targeting DNA repair
pathways can sensitize tumors to DNA damage-
based therapeutics [6].

Amongst the promising approaches in cancer
treatment, the action of targeting poly(ADP ribosyl)
has attracted considerable attention over the past
few years. The PARylation process starts with Poly
(ADP-ribose) polymerase (PARP) binding to DNA
lesions — either single or double- after receiving a
signal of DNA damage [7]. The PARylation of
chromosomal proteins and poly (ADP-ribose)
(PAR) moieties formation act as a sign for calling
repair factors to the damaged site. Then, for DNA to
be fixed, PAR should be degraded by the enzyme
poly (ADP-ribose) glycohydrolase (PARG), which
is a protein that reverses the action of PARP [8].
This dePARylation mediated by PARG functions as
a crucial downstream phase of the PARylation
process rather than an opposing step. In particular,
PARG is essential for proper cellular repair
mechanisms, DNA single- and double-strand
breaks’ repair, and the release of repair factors from
PARylation clusters at the DNA-damaged locations
[9].

The PARylation process was targeted by many
PARP inhibitors, including olaparib, niraparib,
rucaparib, and other drugs, which target DNA repair
and cause cell death by interfering with DNA repair
in cancer cells [10]. However, resistance against
PARP inhibitors (PARPi) has recently emerged.
Mechanisms of developing PARPi resistance
include homologous repair restoration, BRCA gene
reversion mutations, replication fork stabilization,
and loss of PARP trapping [11]. For this reason,
shifting to PARG inhibitors (PARGi) was one of the
possible options that have shown promising effects
in cancer therapy [12]. It was reported that PARG
inhibition prolongs PARylation at DNA-damaged
sites, traps DNA damage response proteins, and
suppresses cancers that are resistant to PARPIs [13].
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Thus, a plethora of PARGis have emerged in recent
years,s and they were reported to exhibit
encouraging potential as cancer therapies either
alone or when administered concurrently with other
cytotoxic agents [14].

We herein intended to weigh the possible modifying
effect of PARG inhibition using PDD00017273 in
the response of BC cell lines to DNA damage
induced by radiotherapy.

METHODS
Cell culture:
MCEF-7 (invasive ductal carcinoma) and MDA-MB-
231 (triple negative adenocarcinoma) (ATCC,
Virginia, US) were grown in Dulbecco’s modified
Eagle’s medium (DMEM) with 10% (w/v) fetal
bovine serum (FBS), penicillin (100 U/ml ) and
streptomycin (100 U/ml) (Gibco, US). The cells
were incubated in 5% CO, air at 37 °C until 75-80%
confluent monolayer.
Treatment of cell lines:
Plates containing MCF-7 and MDA-231 cells (96,
12 and 6-well plates according to subsequent assay)
were treated with 0.3 uM PDD00017273 (PARGI)
(Sigma Aldrich, US), that was either combined X-
rays at 2, 4, 6, 8 and 10 Gy doses delivered by
Linear Accelerator (PRIMUSTM, Siemens®
Medical Solutions, Inc.). the field of IR exposure
was set to 20x25 cm dimensions, plates were
positioned in the dose isocenter the distance
between the isocenter and IR source was 97 cm, the
dose rate was set to 300 MU/min and a phantom
was used to verify the IR dose homogeneity. All
treatment combinations were done in triplicates.
MTT Assay:
The modifying effect of PARGI on cellular response
to IR was evaluated using the colorimetric MTT (3-
(4, 5-dimethythiazol-2-yl)-2, 5-diphenyltetrazolium
bromide) (SERVA-Electrophoresis GmbH,
Germany ) assay was utilized to assess cellular
viability 48 h after treatment. Culture plates (96
wells) were seeded with 7000 cells and incubated
for 24 h. Forty-eight hours post-treatment, viability
was assessed by adding 100 pL of 5 mg/ml MTT
according to the previously reported method [15].
After four hours, the media was discarded, and the
resultant formazan crystals were dissolved using
100 pL Dimethyl sulfoxide (DMSO, Fisher
Chemical, UK). The intensity of the formed color
was read by a spectrophotometer (Infinite F15
TECAN, Switzerland) at 570 nm. The % of viable
cells was estimated by the equation: Viable cell % =
(OD treated/OD untreated) x 100, where “OD” is
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the optical density. The % of cell viability was
utilized to define the lethal dose (LD50) values of
each treatment. The effectiveness of PARGI in
modifying cellular response to IR was assessed by
calculating the dose modification factor (DMF)
using the equations: DMF¢ = (LD50 of PARGI+
IR)/(Radiation LD50 of IR).

Cell Migration Assay:

Confluent monolayers of MCF-7 and MDA-MB-
231 cells were obtained by seeding 3 x 10° cells in
each well of 6-well plates. To make a straight line
that is free of cells, a cut was made using a pipette
tip before applying the planned treatments. The
scratches were photographed at the beginning and
after 48 h of treatment by an inverted microscope
(Olympus, Japan, x100 magnification) [16]. We
analyzed the scratch area images by Imagel
software and calculated the area of the wound and
the % of wound closure.

Colony-Forming Assay:

The assay was performed by seeding culture plates
(6 wells) with 500 cells/well, allowing growth at the
previously mentioned conditions for six hours and
allowing cells to adhere. Cells were treated as
formerly described for 48 h, then the medium was
replaced with a drug-free medium and followed up
for 10 to 14 days until colonies were formed. To fix
the formed colonies, phosphate-buffered saline
(PBS) was used to wash the colonies, and Crystal
Violet (Sigma-Aldrich, Burlington, MA, USA) was
used to stain the colonies at a concentration of 3%
(w/v). Plates were photographed, and images were
analyzed using ImageJ software to determine the
number of colonies in each group [17].

Evaluation of gene expression by Quantitative
Real-time PCR:

Quantitative real time PCR (gRT-PCR) was used
for the quantitative determination of the relative
expression of PARG and apoptosis inducing factor
(AIF). Isolation of RNA in treated cells was done
using Qiagen RNeasy Mini Kit (Hilden, Germany,
cat#74104) according to the manufacturer's
instructions. RNA concentration in samples and
quality of purification were determined using an
ND2000 Nanodrop Spectrophotometer (Thermo
Fisher Scientific Co, Waltham, Massachusetts,
USA). To prepare complementary DNA (cDNA)
samples, 20 ng/uL RNA samples were reverse
transcribed using the high-capacity cDNA reverse
transcription kit (Life Technologies #4374966). The
thermal cycler conditions were 25 °C for 10 min, 37
°C for 120 min, 85 °C for 5 s, and four °C on hold.

El Feky, S. E., et al

Volume 31, Issue 1, January. 2025

For qRT-PCR, 1ul of cDNA was mixed with 12.5
pul Maxima SYBR Green master mix (Thermo
Fisher Scientific Co, Waltham, Massachusetts,
USA), 1ul of 0.3 uM forward and reverse primers
each, 0.5 pl ROX buffer, and 9 pl nuclease-free
water. The primers’ sequences were: PARG
forward: 3° AGTGGCTTGGAACTCCCATTGAG
5, reverse: 3
ACTTCTCCTGCTCGCAAAAGATC 5°, AIF: 3’
GGCTTCCTTGGTAGCGAACTGG 5°, reverse: 3’
GTCCAGTTGCTGAGGTATTCGG 5°, GAPDH
forward, 5- TCAAGATCATCAGCAATGCC-3'
and reverse, 5'-
CGATACCAAAGTTGTCATGGA-3'. The reaction
conditions were: pre-treatment at 2 min at 50°C,
initial denaturation of 10 min at 95°C, repeated 45
cycles of 15 sec at 95°C (denaturation), 30 sec at
55°C (annealing) and 30 sec at 72°C (extension).
The expression of the PARG and AIF genes was
normalized to the reference gene GAPDH, and the
224 method was used to calculate the fold change.
Determination of PARG protein expression by
immunocytochemistry (ICC):

MCF-7 and MDA-MB-231 cells were grown on
coverslips coated with poly-L-lysine and fixed in 6
well plates after sterilization using UV light for four
h until 75% confluent monolayer was obtained, then
cells were treated as mentioned above. Forty-eight
hours post-treatment, PBS containing 0.1% Tween
20 was used to wash the cells after media removal.
Fixation was then done using 4% paraformaldehyde
in 7.4 pH at room temperature for 10 min. For
permeabilization, incubation of coverslips for 10
min in PBS with 0.1% Triton X. The coverslips
were immersed in heated antigen retrieval buffer
(100 mM Tris, 5% [w/v] urea, pH 9.5, 95°C) for 10
min and washed. For blocking, cells were incubated
cells with 1% BSA, 22.52 mg/mL glycine in PBST
(PBS+ 0.1% Tween 20) for 30 min. PARG
monoclonal antibody (Cell Signaling Technology,
USA) prepared in PBST with 1% BSA was
incubated with cells at a concentration of 1:100
overnight at four °C in a humidified chamber.
Before the incubation with the secondary antibody,
the cells were washed 3 times in PBS for 5 min
each. A secondary antibody was prepared in 1%
BSA, and incubation was done for one hour at room
temperature. To visualize the reaction, a
streptavidin-biotin immunoperoxidase detection kit
and 3-amino-9-ethylcarbazole (AEC) chromogen
(Labvision, USA) based on the manufacturer's
instructions with necessary modifications. Finally,
cells were counterstained with  Meyer's
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hematoxyline (DakoCytomation, Denmark),
mounted, and studied under the light microscope
[18].
STATISTICAL ANALYSIS

Statistical analysis of the obtained data was done
using IBM SPSS software package version 20.0.
(Armonk, NY: IBM Corp). Mean and standard
deviation were used to describe quantitative data,
and the level of statistical significance was judged
at the 5% level. ANOVA test was used to compare
between more than two groups of normally
distributed quantitative variables, and pairwise
comparisons were done using the Post Hoc test
(Tukey) test. Student t-test For normally distributed
guantitative variables.

RESULTS

PARGi Decreased the Cellular Viability of MCF-7
and MDA-MB-231 cells and Induces Apoptosis
When Combined with Ionizing Radiation:

The results in Figure (1a) indicate the percentage of
viable MCF-7 and MDA-MB-231 cells using MTT
assay 48 hr post-treatment, taking the untreated
cells as a control. A dose-dependent decrease in
cellular viability was observed upon exposure to
ionizing radiation with a lethal dose (LD50) of 7.5
and 145 for MCF-7 and MDA-MB-231,
respectively (p<0.05). When cells were treated with
0.3 UM PARGiI prior to irradiation, the viability
decreased significantly with LD50 of 5.4 and 7.7 for
MCF-7 and MDA-MB-231 respectively (p<0.05).
Therefore, PARGI has successfully decreased the
LD50 by a DMF of 1.4 for MCF-7 and 1.9 for
MDA-MB-231.

The results of MTT were further confirmed
by quantitative determination of the relative
expression of AIF. Our results indicate that AIF was
significantly upregulated in MCF-7 and MDA-MB-
231 cells exposed to 4, 6, and 8 grays as compared
to the untreated control cells (p<0.05), peaking at 8
Gy. Treatment of cells with 0.3 pM PARGi
combined with  different radiation  doses
significantly upregulated the gene expression of
AIF as compared to cells treated with radiation
doses alone (p<0.05) (Fig. 1b).

PARGi Downregulated the Expression of PARG
when Combined with Tonizing Radiation Gene and
Protein Levels:

We examined the expression of PARG both

on gene and protein levels, as presented in Figure
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(2a). For both MCF-7 and MDA-MB-231 cells
treated with IR, the relative expression of PARG
was significantly higher than untreated cells,
peaking at 4 Gy and then declining in a dose-
dependent manner (p<0.001). The combination of
IR with PARGI led to a significant decrease in
PARG expression (p<0.001) to a level that it was no
longer significantly higher than the control at 10
Gy. These patterns of expression were also
confirmed by ICC detection of PARG protein in
both cell lines, where the treatment with either IR
has evoked the cellular expression of PARG protein
as compared to untreated control cells and cells
treated with PARGi alone. However, upon a
combination of PARGi with either IR, the level of
PARG protein was drastically downregulated (Fig.
2b).

PARGi suppresses the migration ability of cells
when combined with lonizing Radiation:

The results of wound closure for all
treatment combinations 48 h post-treatment relative
to wound width for control untreated cells at O h are
presented in Figure (3). Regarding the radio-
modifying effect of PARGI on cell migration, a
significant decrease in wound closure was observed
in MCF-7 cells compared to cells exposed to IR
alone. The percentages of wound closure were
66.05% and 46.15% for cells treated with 0.3 uM
PARGiI prior to exposure to 4 Gy and 8 Gy I, R,
respectively. These were significantly lower than
respective groups treated with the same doses of IR
alone (82.73% and 66.81% for 4 Gy and 8 Gy,
respectively) (p<0.05). Nevertheless, the effect of
PARG inhibition on MDA-MB231cells migration
was minimal compared to MCF-7 as it was only
significant for cells exposed to 8 Gy IR as the
wound closure was 66% compared to 100% in cells
exposed to IR alone (p<0.05).

PARGi Impedes the Clonogenic Ability of Cells
when Combined with Tonizing Radiation:

Our results revealed a significant sensitizing
effect of PARG inhibition for IR represented in
decreasing the clonogenic ability of both MCF-7
and MDA-MB-231 cells compared to the control
group (Fig. 4). While the exposure to 8 Gy IR led to
a reduction in the number of colonies to 53.3% and
62.2% for MCF-7 and MDA-MB-231 respectively.
A further reduction in clonogenic ability to 19.0%
and 8.9% for respective cell lines was observed in
PARGi-IR combination groups (p<0.05).
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Figure 1: Viability Assays: a) MTT result of cell viability of control, 0.3 puM PARGi-treated MDA-MB-231 and
MCEF-7 cells either alone or in combination with IR (0, 2, 4, 6, 8, and 10 Gy), b) Graphs of relative gene
expression of AIF in MCF-7 and MDA-MB-231 48 h after being treated with IR (0, 4, 6, 8, or 10 Gy)
with/without 0.3 UM PARGiI, where * represent significant difference from control group, # significant
difference from lower IR dose treated groups,! Represent significant difference from respective PARGi untreated
groups, n=3, p<0.05.
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Figure 2: a) Graphs of relative gene expression of PARG in MCF-7 and MDA-MB-231 48 h after being treated
with IR (0, 4, 6, 8, or 10 Gy) with/without 0.3 uM PARGiI, where * represents a significant difference from the
control group, # significant difference from lower IR dose treated groups,! Represent significant difference from
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respective PARGI untreated groups, n=3, p<0.05. b) Immunostaining of MCF7 cells with PARG antibody for
control and 48 h following treatment with 8 Gy IR, 0.3 uM PARGi, and their combination at 400x
magnification.
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Figure 3: Migration Assay a) Pictures of MCF-7 and MDA-MB-231 cells wound healing assay for control at 0 h
and cells treated with 0, 4, and 8 Gy IR with and without 0.3 uM PARGi 48 h after treatment. b) graphical
presentation of % of wound closure compared to the control group at 0 h, where,! Represent significant
difference from respective IR untreated groups, © represent a significant difference from respective PARGi
untreated groups, n=3, p<0.05.
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Figure 4: Clonogenic Assay a) Pictures of MCF-7 and MDA-MB-231 colonies 48 h after being untreated or
treated with 8 Gy IR with/without 0.3 uM PARGi. b) Figure also shows a graphical presentation of the number
of colonies in each group, where * represents a significant difference from respective IR untreated groups!
Represent significant difference from respective PARGiI untreated groups, n=3, p<0.05.

DISCUSSION

The response of tumors to the damaging effects of
radiotherapy is a major contributing factor in
determining their therapeutic outcomes [19].
Therefore, exploring agents that may reverse the
mechanisms underlying resistance might be a
propitious approach for the evolution of more
effective treatment plans. In the current study, we
showed that PARGI significantly modified cellular
response to IR, which represented decreased cell
viability and induced apoptosis. As IR is known to
induce cellular death by causing single and double-
strand breaks that weaken DNA's integrity,
interference with the DNA repair through PARG
inhibition decreases cellular resistance and renders
the cells more sensitive to traditional therapeutic
agents by a significant factor. These results are
consistent with previous studies reported that after
PARG silencing, sensitized  hepatocellular
carcinoma [20] and ovarian cancer [21] cell lines to
strand breaks induced by X-Ray.

The decrease in cellular viability in
response to PARG inhibition was accompanied by a
significant downregulation of PARG gene
expression in response to combining IR with
PARGiI. As IR induces cellular stress and DNA
breaks, which activates the PARP enzyme to initiate
the repairing pathway, and in turn PARG enzyme is
over-expressed [22], compared to control, to
facilitate PARP enzyme function as the PARylation
cycle's opposing arms, synthesis and degradation,
are represented by PARP and PARG [23], and upon
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using PARGiI PDDO00017273, PARG enzymatic
activity was blocked and its expression was down-
regulated compared to cells treated with IR alone
[24, 25]. Furthermore, many studies have reported
the initial upregulation of PARG mRNA and protein
in malignant cancers compared to its expression in
normal cells [26, 27], which implicates its vital role
in cancer cell survival and that its downregulation
might have a vital role in repair process disruption
and hence induction of cancer cell death.

Our results also indicate that the reduction
in cellular viability and apoptosis induction is
mediated by AIF, which was significantly higher in
cells treated with PARGi prior to radiation. Our
findings here are consistent with Cohausz et al.,
who reported that PARG inhibition could lead to the
augmented signal of AIF gene expression while
using ADP (hydroxymethyl) pyrrolidine-diol as a
PARG inhibitor on mouse embryonic fibroblasts
and human cervical carcinoma cells [28]. PARGI
augments PAR accumulation which increases the
dsDNA breaks in cells treated with IR [29]. Marked
accumulation of PAR leads to decreased NAD+
levels and increased ATP consumption to
resynthesize NAD+, which results in impaired
mitochondrial permeability, the release of AIF and
cytochrome ¢, and activated caspase-independent
cell death or, in other words, AlF-mediated PAR-
dependent cell death [30].

We also showed that PARG targeting
enhanced the effects of radiotherapy on the
reduction of BC cell lines' clonogenic ability. This
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reduction in cellular proliferation is consistent with
the reduction in cellular viability, thus decreasing
the number of colonies following treatment. A
previous study indicated that MDA-MB-231 BC
cells showed the largest response in the clonogenic
survival assay compared with different cell lines
[28]. Previous research also showed that the
combination effect of PARGI and cytotoxic agents
affected the proliferative abilities of different types
of cancer cell lines. It was reported that PARG
knockdown also decreased clonogenic activity in
hepatocellular carcinoma exposed to X-rays [31].
PARGi also slowed down cellular migration,
reaching its maximum level after 48 hours,
depending on the cell line type.

To conclude, our study highlights the role
of PARGI in sensitizing BC cell lines to IR, which
emphasizes its role in undermining DNA repair
mechanisms and increasing their sensitivity to
DNA-damaging agents. The combination of PARGI
with IR decreased cellular viability, increased
apoptotic response, decreased clonogenicity, and
cellular migration compared to cells treated with IR
alone. Further studies on the mechanisms
underlying this response in other BC cell lines,
especially those with PARPi resistance, are
recommended. Our results support the development
of directions to include PARGi-radiotherapy
combinations for better response in cancers that
develop resistance to IR.
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