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Poly (ADP-ribose) polymerase-1 inhibition decreases proliferation
through G2/M arrest in esophageal squamous cell carcinoma
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Abstract. Poly (ADP-ribose) polymerase-1 (PARPI1) plays a
vital role in DNA repair and is expected to be an effective
target in various malignancies. The aim of the present study
was to investigate the clinical and biological significance of
PARPI1 expression in esophageal squamous cell carcinoma
(ESCC). Immunohistochemical (IHC) staining was used to
examine the association between PARP1 expression and the
clinicopathological features of 86 patients with ESCC. The
antitumor effect of small interfering RNA against PARP1
(siPARP1) was examined in a proliferation assay, and the
mechanisms of this effect were investigated using western
blot analysis and cell cycle assays. Cox multivariate analysis
revealed that high expression of PARP1 in IHC staining was
a statistically significant independent prognostic factor of
poor overall survival (OS). The adjusted hazard ratio for OS
in the group with high expression of PARP1 was 2.39 (95%
confidence interval, 1.29-4.44; P=0.0051). In vitro assays
showed that siPARP1 significantly decreased proliferation
through G2/M arrest. Furthermore, western blot analysis
showed that PARP1 was associated with the ataxia telangi-
ectasia mutated-checkpoint kinase 2-cell division control 25¢
pathway. The present study suggests that PARP1 expression
has a critical role in ESCC progression, and may be a clinical
therapeutic target.

Introduction

Esophageal cancer is the eighth most common malignancy
and the sixth leading cause of cancer-associated mortality
worldwide (1-3). Even subsequent to combined multimodality
treatment, clinical outcomes remain extremely poor (4,5).
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More effective treatments based on novel mechanisms are
required. DNA repair pathways play a vitally important role
for maintaining genomic integrity. Failure of these pathways
may lead to unrepaired DNA lesions, and the accumulation
of such lesions is associated with genomic instability (6). In
recent years, therefore, the strategy of inhibiting proteins asso-
ciated with DNA repair has shown promise for new treatments
of various malignancies.

Poly (ADP-ribose) polymerase-1 (PARPI) is a 113-kDa
nuclear polymerase that modifies substrates by poly
ADP-ribosylation, and can conjugate ADP from NAD"* to
target proteins, such as histones (7,8). At present, it has been
shown that PARPI1 plays a role in the repair of DNA damage
and is activated by DNA strand breaks, particularly those of
single-stranded DNA (9-11). Numerous studies have reported
that PARPI inhibitors are effective in patients with breast and
ovarian cancer, since the BRCA gene, which is another DNA
repair gene, is frequently mutated (12-14); PARP1 expres-
sion is upregulated to compensate for the impaired DNA
repair (12,15). Previously, PARPI1 inhibitors have received
attention in patients with malignancies other than breast and
ovarian cancer (7,16). However, there are few studies investi-
gating PARPI in esophageal cancer, particularly esophageal
squamous cell carcinoma (ESCC) (17).

The present study aimed to investigate the association
between PARPI expression and prognosis in patients with
ESCC, as well as the effect of inhibiting PARP1 expression on
the proliferation of ESCC cells.

Materials and methods

Clinical tissue samples. Between January 1998 and December
2011, 86 tissue samples were collected from patients who had
undergone radical esophagectomy, without preoperative thera-
pies such as chemotherapy or chemoradiotherapy, for primary
ESCC at the Department of Gastroenterological Surgery,
Osaka University Hospital (Osaka, Japan). Pathological
tumor stage was evaluated using the seventh edition of the
TNM classification established by the Union for International
Cancer Control (18). The present study was approved by the
Ethics Committee of Osaka University Hospital (Suita, Japan)
and written consent was obtained from all the patients in the
present study.



1582

Antibodies. The primary antibodies used for western blot
analysis were obtained from Cell Signaling Technology,
Inc. (Danvers, MA, USA) and were as follows: Rabbit
anti-checkpoint kinase 2 (Chk?2) (catalog no. 2662S; dilution,
1:1,000); rabbit anti-phospho-Chk2 (Thr68) (catalog
no. 26618S; dilution, 1:1,000); rabbit anti-cell division control
(cdc) 25¢ (catalog no. 4688S; dilution, 1:1,000); rabbit
anti-phospho-cdc25¢ (Thr48) (catalog no. 9527S; dilution,
1:1,000); mouse anti-cdc2 (catalog no. 9116S; dilution,
1:1,000); rabbit anti-phospho-cdc2 (Tyrl5) (catalog no. 9111S;
dilution, 1:1,000); and rabbit anti-cyclin Bl (catalog no. 4138S;
dilution, 1:1,000). Mouse anti-PARP1 (catalog no. sc-8007;
immunohistochemistry dilution, 1:50; western blotting
dilution, 1:1,000) was obtained from Santa Cruz Biotechnology,
Inc. (Dallas, TX, USA). Secondary antibodies used for western
blot analysis were obtained from GE Healthcare Life Sciences
(Little Chalfont, UK) and were as follows: Horseradish
peroxidase (HRP)-conjugated sheep anti-mouse IgG (catalog
no. NA931; dilution, 1:100,000) and HRP-conjugated donkey
anti-rabbit IgG (catalog no. NA934; dilution, 1:100,000).

Immunohistochemical (IHC) staining. A mouse anti-PARP1
antibody (catalog no. sc-8007; dilution, 1:50; Santa Cruz
Biotechnology, Inc.) was used. In brief, 4-ym-thick sections of
10% formalin-fixed and paraffin-embedded blocks were used
for immunohistochemistry. These sections were deparaffinized
in xylene, dehydrated in graded ethanol, and heated in 10 mM
citrate buffer (pH 6.0) for 40 min at 95°C for antigen retrieval
by autoclave. Endogenous peroxidase activity was blocked with
0.3% H,0, in methanol. Nonspecific binding was blocked with
horse serum for 20 min using the VECTASTAIN Elite ABC
kit (catalog no. PK-6102, Vector Laboratories, Burlingame,
CA, USA). The sections were incubated overnight with mouse
anti-PARP1 antibody (catalog no. sc-8007; dilution, 1:50, Santa
Cruz Biotechnology, Inc.) at 4°C in a moist chamber. Antibody
staining was visualized with the VECTASTAIN Elite ABC
kit, followed by 3,3'-diaminobenzidine tetrahydrochloride plus
H,0, for 2 min 30 sec. All sections were counterstained with
Mayer's hematoxylin (catalog no. 131-09665; Wako, Osaka,
Japan).

PARPI1 expression was evaluated by the intensity of
stained cancer samples, particularly nuclei, as previously
reported (6). Tonsil tissues collected from patients who had
undergone tonsillectomy between January and December
2011 at the Department of Otorhinolaryngology-Head and
Neck Surgery, Osaka University Hospital (Osaka, Japan),
were used as a positive control. The intensity was scored from
0 to 3 (0, none; 1, weak; 2, moderate; 3, strong). Expression
was considered to be low when scores were O or 1 and high
when scores were 2 or 3. Evaluation was performed by two
double-blinded independent observers, who were unaware of
the clinicopathological data and outcome. When a discrepant
evaluation between the two independent observers was found,
the evaluation was rechecked and discussed.

Cell lines and culture conditions. Human ESCC TEl1, TE4,
TES, TE6, TES, TE9, TE10 and TE11 cell lines were obtained
from the Riken Bioresource Center Cell Bank (Tsukuba, Japan).
All cell lines were cultured in RPMI-1640 (Nacalai Tesque,
Inc., Kyoto, Japan), supplemented with 10% fetal bovine serum
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(Thermo Fisher Scientific, Inc., Waltham, MA, USA) and 1%
penicillin/streptomycin (Thermo Fisher Scientific, Inc.). These
cell lines were incubated in 5% CO, at 37°C.

Small interfering RNA (siRNA) design. siRNA against PARP1
(siPARPI;catalog nos., sc-29437A-C) and nontargeting
siRNA (negative control siRNA; catalog no., sc-37007) were
purchased from Santa Cruz Biotechnology, Inc. The sequence
of siPARPI1 was designed as follows: sc-29437A sense, 5'-GAG
UCA AGA GUG AAG GAA ATT-3' and antisense, 5-UUU
CCU UCA CUCUUG ACU CTT-3"; s¢-29437B sense, 5'-GGU
AUC AAC AAA UCU GAA ATT-3' and antisense, 5-UUU
CAG AUU UGU UGA UAC CTT-3"; s¢c-29437C sense, 5'-GCA
ACA AAC UGG AAC AGA UTT-3' and antisense, 5'-AUC
UGU UCC AGU UUG UUG CTT-3". Cells were cultured to
50-60% confluency. The siRNA oligonucleotides (20 nM) in
Opti-MEM (Thermo Fisher Scientific, Inc.) were transfected
into cells using Lipofectamine RNAIMAX reagent (Thermo
Fisher Scientific, Inc.) and incubated in Opti-MEM, according
to the manufacturer's protocol. Cells were incubated for 48 h
(RT-gPCR and cell proliferation assay) and 72 h (for western
blotting and cell cycle assay) subsequent to transfection.
The transfection efficiency was confirmed by RT-qPCR and
western blot analysis.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total cellular RNA was extracted from cell pellets
with TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. Relevant
complementary DNA was amplified by PCR with the Reverse
Transcription System A3500 (Promega Corporation, Madison,
WI, USA). Reverse transcription was performed at 42°C for
60 min followed by heating at 95°C for 5 min.

The primer sequences were customized by Sigma-Aldrich
(Merck KGaA, Darmstadt, Germany) as follows: PARPI
(accession no. NM_001618) forward, 5'-GAC GAG CTA AAG
AAA GTG TGT TCAA-3' and reverse, 5-GGT CCA AGA
TCG CCG ACTC-3"; GAPDH (accession nos. NM_002046,
NM_0012,56799, NM_001289745 and NM_001289746)
forward, 5-CAA CTA CAT GGT TTA CAT GTTC-3' and
reverse, 5'-AAA TGA GCC CCA GCC TTC-3', which was
used as an internal control.

RT-qPCR was performed using the FastStart DNA Master
SYBR Green I (Roche Diagnostics, Basel, Switzerland) and
LightCycler System (Roche Diagnostics). The cycling condi-
tions were as follows: 1 cycle at 95°C for 10 min followed by
45 cycles at 95°C for 10 sec, 54°C for 10 sec, and 72°C for
10 sec.

Western blot analysis. Cells were resuspended in ice-cold radio-
immunoprecipitation assay buffer (Thermo Fisher Scientific,
Inc.) supplemented with a cocktail of protease/phosphatase
inhibitors (Thermo Fisher Scientific, Inc.). Cells were further
incubated on ice for 10 min and centrifuged at 14,000 x g at 4°C
for 20 min. Subsequent to determination of the protein concen-
tration using Bio-Rad Protein Assay (catalog no., S000006JA;
Bio-Rad Laboratories, Inc., Hercules, CA, USA), the proteins
in each sample were resolved on SDS-PAGE (10% gel; Bio-Rad
Laboratories, Inc.) and transferred onto polyvinylidene difluo-
ride membranes (Merck KGaA). The membranes were washed
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with Tris-buffered saline containing 0.1% Tween-20 (TBST)
and blocked with Blocking One-P (Nacalai Tesque, Inc.)
at room temperature. The membranes were incubated with
respective primary antibodies against different targets at 4°C
overnight. Subsequent to incubation with primary antibodies,
secondary antibodies were added and incubated for 1 h at
room temperature. Subsequent to incubation with secondary
antibodies, signals were detected with ECL Prime Western
Blotting Detection Reagent (GE Healthcare Life Sciences,
Little Chalfont, UK).

Cell proliferation assay. Cells were seeded into 96-well plates
at a density of 5x10° cells/100 ul/well (Costar; Corning Inc.,
Corning, NY, USA) for 24 h, and then transfected with siPARP
(catalog nos. sc-29437A-C) or negative control siRNA (catalog
no. sc-37007). Cell viability was quantified subsequent to 0, 24,
48 and 72 h of transfection by the WST-8 assay using the Cell
Counting Kit-8 (catalog no. 343-07623; Dojindo Laboratories,
Kumamoto, Japan), according to the manufacturer's protocol.
Absorbance was measured at 450 nm with the Model 680XR
Microplate Reader (Bio-Rad Laboratories, Inc.).

Cell cycle assay. The cell cycle was assessed by flow cytom-
etry. First, 96 h prior to analysis, cells were seeded into
6-well plates at a density of 5x10° cells/2 ml/well. A total of
72 h prior to analysis, cells were transfected with siPARP1
or negative control. Subsequent to treatment with siRNA,
cells were harvested, washed twice with PBS, and suspended
with 70% cold ethanol (500 pl) for 30 min on ice. Cells were
washed with PBS, then resuspended with 100 zg/ml RNase A
(Qiagen, Hilden, Germany) for 20 min at 37°C and 25 pg/ml
propidium iodide (PI; Dojindo Laboratories) for 20 min on
ice. Subsequent to treatment, PI fluorescence was analyzed
using FACS Canto IT (BD Biosciences, Franklin Lakes, NJ,
USA). Data from at least 10,000 cells were analyzed using BD
FACSDIVA 7.0 (BD Biosciences). Cell cycle distribution was
calculated with FlowJo software version 8.8.7 (Tree Star, Inc.,
San Carlos, CA, USA).

Statistical analysis. Associations between PARP1 expression
and clinicopathological factors were analyzed using the %> test
for categorical variables and the Mann-Whitney U test for
continuous variables. Overall survival (OS) was defined as the
period from the date of surgery to the date of mortality from
any cause. Survival was estimated using the Kaplan-Meier
method and compared using the log-rank test. The hazard
ratio (HR) for recurrence or mortality in the group with high
expression of PARP1 was estimated using a Cox proportional
hazards model. Multivariate Cox regression analysis was
performed to adjust for potential confounding factors. A
statistically significant difference was indicated by P<0.05.
All reported P-values were two-tailed. All statistical analyses
were performed with JMP Pro 11.2.1 software (SAS Institute,
Cary, NC, USA).

Results
Patient characteristics and expression of PARPI in ESCC

tissues. The present study examined the expression of PARP1
in ESCC tissues by THC staining. The expression PARP1
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Figure 1. Effect of PARP1 expression on prognosis of patients with esophageal
squamous cell carcinoma. (A and B) Low PARP1 expression. (C and D) High
PARPI1 expression. Immunohistochemical staining of PARP1 in esophageal
squamous cell carcinoma is shown at magnifications of (A and C) x40 and
(B and D) x200 . Scale bar, 100 ym. (E) The Kaplan-Meier survival curve
indicates that the overall survival of patients with high expression of PARP1
was significantly worse than that of patients with low expression of PARP1
(P=0.0066). PARP, poly (ADP-ribose) polymerase-1.

in cancer cells was observed in the cytoplasm and nucleus,
but predominantly in the nucleus (Fig. 1A-D). Among the
86 patients with ESCC, low expression of PARP1 was observed
in 54 patients (62.8%) and high expression was observed in
32 patients (37.2%). No significant difference in clinicopatho-
logical features was observed between the patients with low
and the patients with high expression of PARPI1 (Table I).

Association between prognosis and expression of PARPI.
The mean follow-up time for all patients in the present study
was 45.3+41.8 months. The group with high PARP1 expres-
sion had a significantly worse OS compared with patients
with low expression [HR 2.25; 95% confidence interval (CI),
1.23-4.11; P=0.0092; Fig. 1E]. The 5-year OS rate was 31.6%
in the high-expression group and 55.7% in the low-expression
group. Multivariate Cox regression analysis revealed that high
expression of PARP1 was a statistically significant independent
prognostic factor of poor OS, along with pT'3 and 4 and pN1-3
disease (Table II). The adjusted HR for OS in the group with
high PARP1 expression was 2.39 (95% CI, 1.29-4.44; P=0.0051).
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Table I. Association between PARP1 expression and clinicopathological features in 86 patients with ESCC.

PARP1 expression, n

Characteristic Low High Total, n P-value

Total 54 32 86

Age, years 0.7295
<65 24 13 37
=65 30 19 49

Sex 0.4653
Male 46 29 75
Female 8 3 11

Esophageal location 0.2792
Upper 7 7 14
Middle/lower 47 25 72

Histology of SCC 0.6725
Well/moderately differentiated 40 25 65
Poorly differentiated 14 7 21

Venous invasion 0.8681
No 26 16 42
Yes 28 16 44

Lymphatic invasion 0.6351
No 5 4 9
Yes 49 28 77

Depth of tumor invasion 0.9500
pT1-2 24 14 38
pT3-4 30 18 48

Lymph node metastasis 0.3370
pNO 17 7 24
pN1-3 37 25 62

PARP1, poly (ADP-ribose) polymerase-1; ESCC, esophageal squamous cell carcinoma.

PARPI mRNA expression in ESCC cell lines. RT-qPCR
analysis was performed to compare the mRNA expression of
PARPI in the ESCC TEl, TE4, TES, TE6, TES, TE9, TE10
and TEI11 cell lines. The expression of PARP1 mRNA was
the highest in TE9 cells and the second highest in TE6 cells
(Fig. 2A). Accordingly, TE6 and TE9 cells were selected for
subsequent analysis in a PARPI1 inhibition assay. RT-qPCR
and western blot analysis showed that siPARPI1 signifi-
cantly reduced the expression of PARP1 mRNA and protein
compared with negative control cells (Fig. 2B).

Inhibition of PARPI reduces the proliferative activity of ESCC
cell lines. The effects of PARP1 inhibition on the proliferative
activity of ESCC TE6 and TE9 cell lines were examined.
siPARPI1 significantly inhibited cell growth compared with
the negative control siRNA at 24, 48 and 72 h after transfec-
tion (Fig. 2C).

Inhibition of PARPI induces cell cycle arrest in ESCC cell
lines. Subsequently, the effect of siPARP1 on the cell cycle in
ESCC TEG6 and TEO9 cells was examined with flow cytometry.

siPARP1 significantly increased the ratio of cells in the G2/M
phase compared with negative control siRNA (TE6, P<0.01;
TE9, P<0.001) and significantly decreased the ratio of cells
in the GO/G1 phase (TE6, P<0.001; TE9, P<0.01) (Fig. 3A).
These results indicate that siPARP1 affected the G2/M check-
point. Fig. 3B shows the schema of the G2/M checkpoint.
siPARP1-induced G2/M arrest by was investigated by western
blotting with monoclonal antibodies specific for several key
regulators, consisting of Chk2, phosphorylated (p-)Chk?2
(Thr68), cdc25c, p-cdc25¢ (Thrd8), cde2, p-cdc2 (TyrlS)
and cyclin BI. Cells treated with siPARPI showed a notable
decrease in p-Chk?2 (Thr68) and p-cdc25c (Thr48) expression,
and a notable increase in p-cdc2 (Tyrl5) expression compared
with parental and negative control cells (Fig. 3C).

Discussion

In the present study, IHC staining was used to demonstrate that
the expression level of PARP1 was useful in predicting clinical
outcomes in patients with ESCC. Furthermore, it was demon-
strated that inhibition of PARP1 with siPARP1 reduced the
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Table II. Univariate and multivariate Cox regression analyses for overall survival in 86 patients with ESCC.
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Univariate Multivariate
Characteristic HR 95% C1 P-value HR 95% CI P-value
Age, =65 vs. <65 years 124 0.68-2.36 0.4846
Sex, male vs. female 402 1.23-2467 00169 329 0.97-2055 0.0578
Location, middle/lower vs. upper 131 0.69-241 0.3949
Histology of SCC, poorly vs. well/moderately differentiated 148  0.73-2.82 0.2631
Venous invasion, positive vs. negative 147 0.80-2.71 0.2112
Lymphatic invasion, positive vs. negative 257 0.79-1575  0.1315
pT,3-4 vs. 1-2 268 142-535 0.0021  2.10 1.06-4.42 0.0335
pN, 1-3 vs.0 336 1.52-8.88 0.0018  2.66 1.14-7.29 0.0219
PARP1 expression, high vs. low 225 1.23-4.11 0.0092 239 129444 0.0061

PARPI, poly (ADP-ribose) polymerase-1; ESCC, esophageal squamous cell carcinoma; HR, hazard ratio; CI, confidence interval.
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Figure 2. Suppression of PARP1 inhibited ESCC cell growth. (A) RT-qPCR analysis of PAPR1 mRNA expression in the ESCC TEl, TE4, TES, TE6, TES,
TE9, TEI0 and TE11 cell lines. The expression of PARPI mRNA was the highest in TE9 cells and the second highest in TEG6 cells. (B) RT-qPCR and western
blot analysis showed that siPARPI significantly reduced the expression of PARP1 mRNA and protein compared with the NC in TE6 and TE9 cells. (C) Cell
proliferation assay of ESCC cells (TE6 and TE9) comparing NC and KD of PARP1. ESCC cells transfected with siPARP1 showed significantly decreased
proliferation compared with NC (at 24,48 and 72 h). For all experiments, n=5, and KD was compared with NC at each time-point (0, 24,48, and 72 h). "P<0.05.
PARP, poly (ADP-ribose) polymerase-1; ESCC, esophageal squamous cell carcinoma; RT-qPCR, reverse transcription-quantitative polymerase chain reaction;
siPARP1, small interfering RNA against PARPI; NC, negative control; KD, knock-down.

proliferative activity of ESCC cells, and the effect of PARP1
inhibition induced cell cycle arrest at the G2/M phase. At
present, although various anticancer drugs have been widely
used in patients with ESCC, molecular targeted drugs have

not been established as the treatment for patients with ESCC.
The present study also suggests that new molecular targeted
treatment for ESCC using PARP inhibitors may have potential
in a clinical setting.
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Figure 3. Inhibition of PARP1-induced cell cycle arrest at the G2/M checkpoint. (A) Cell cycle analysis of TE6 and TEO cells transfected with siPARP1 (n=3,
cells transfected with siPARP1 were compared with the NC for each cell cycle). Compared with NC, siPARP1 significantly increased the ratio of cells in the
G2/M phase and significantly decreased the ratio of cells in the GO/G1 phase. (B) Schema of ATM-Chk2-cdc25¢ pathways and cdc2/cyclin B1. (C) Western blot
analysis showed that inhibition of PARP1 induced cell cycle arrest at the G2/M checkpoint through the ATM-Chk2-cdc25c¢ pathway. PARP, poly (ADP-ribose)
polymerase-1; siPARP1, small interfering RNA against PARP1; NC, negative control; KD, knock-down; cdc, cell division control; ATM, ataxia telangiectasia

mutated; Chk?2, checkpoint kinase 2.

Previous studies have reported that PARP1 plays a critical
role in responding to DNA damage by activating DNA repair
pathways responsible for cellular survival (11,19). In breast and
ovarian cancers in particular, PARP inhibitors are the most
recent treatment and are highly regarded (12). Additionally,
previous studies have indicated an association between PARP1
and the cell cycle. Jelinic and Levine (16) reported that PARP
inhibitors did not affect homology-directed DNA damage, but
did affect cell cycle arrest at the G2 phase in a human osteosar-
coma cell line. Park et al (7) reported that PARP1 inhibition
significantly attenuated growth and colony formation, and
induced G2/M arrest in gastric cancer cells. Overall, it was
hypothesized that PARP1 inhibition suppressed proliferation
and regulated the cell cycle at the G2/M checkpoint in ESCC.
The present study supported this hypothesis by analyzing
experimental data from proliferation and cell cycle assays.
Flow cytometry showed that PARPI inhibition induced cell
cycle arrest at the G2/M phase. By contrast, no significant
difference in apoptosis was observed between the negative
control group and the siPARP1-treated group (data not shown).
These results were supported by a previous study (7).

In addition, western blotting was used to examine the
detailed mechanisms of G2/M arrest induced by PARP1

inhibition. This analysis showed that PARP1 inhibition inhib-
ited the phosphorylation of Chk2 and cdc25c¢, the latter of which
is responsible for removal of phosphates at Thrl4 and Tyrl5
and the subsequent activation of cdc2 (20,21). Therefore, these
results revealed that siPARP1 induced cell cycle arrest at the
G2/M phase through the ataxia telangiectasia mutated (ATM)
-Chk2-cdc25c¢ pathway, suggesting that PARP1 may interact
with the ATM-Chk2 pathway. PARP1 inhibition has potential
in ESCC therapy by acting via the induction of cell cycle arrest
at the G2/M phase, through the ATM-Chk2-cdc25¢ pathway.

There are several limitations to the present study. One is
the relatively small number of tissue samples from patients
with ESCC, thus restricting the IHC analysis. Additional
multicenter studies involving more patients are required.
Another limitation is that the present study was conducted
strictly in vitro. Additional studies focusing on the effect of
PARP inhibition in vivo are required to investigate the poten-
tial clinical application of the present findings in patients with
ESCC.

In conclusion, the present IHC analysis showed that PARP1
may be an independent prognostic marker in ESCC, and
experiments using ESCC cells demonstrated that PARPI inhi-
bition could induce cell cycle arrest at the G2/M phase through
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