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Abstract

AIM

To investigate the potential role of poly(ADP-ribose)
polymerase 1 (PARP1) in the development of Barrett's
esophagus (BE).

METHODS

A BE mouse model was established to examine the
esophageal morphological changes and molecular
changes. Microarray analysis was performed to compare
the gene expression profiles between BE patients and
healthy controls. gPCR was used to examine the PARP1
expression in cell lines after treatment with H202 and
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bile acids (pH 4). Immunofluorescence staining, comet
assay, and annexin V staining were used to evaluate
the impact of PARP1 activity on cell survival and DNA
damage response after oxidative stress.

RESULTS

The gene expression profile in normal and BE
esophageal epithelial cells showed that PARP1, the
major poly(ADP-ribose) polymerase, was overexpressed
in BE. In the mouse model of BE, positive staining
for NF-xB, yH2AX, and poly(ADP-ribose) (PAR) was
observed. H202 and bile acids (pH 4) increased the
PARP1 mRNA expression level in normal esophageal
epithelial cells. Using shRNA-PARP1 to suppress PARP1
activity decreased the cell viability after treatment with
H202 and bile acids (pH 4), and increased the oxidative
damage as demonstrated by an increase in the levels
of H20, intracellular reactive oxygen species (ROS),
oxidative DNA damage, double-strand breaks, and
apoptosis (P < 0.01).

CONCLUSION

The dysfunction of PARP1 in esophageal epithelial
cells increases the levels of ROS and oxidative DNA
damage, which could be common risk factors for BE
and esophageal adenocarcinoma.

Key words: PARP1; Barrett's esophagus; DNA repair;
Oxidative damage; Bile acids

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we compared the gene ex-
pression profile in normal esophagus and Barrett’s
esophagus (BE), and found that poly(ADP-ribose)
polymerase 1 (PARP1) was overexpressed in BE. In a
BE model, positive staining for NF-«xB, yH2AX, and PAR
was observed. H202 and bile acids (pH 4) increased the
PARP1 mRNA expression level in normal esophageal
epithelial cells. PARP1 inhibition could decrease the
cell viability after bile acids treatment, and increased
the oxidative damage, double-strand breaks, and
apoptosis. Thus, our study demonstrates a novel
molecular mechanism for the role of PARP1 in the
process of Barrett's metaplasia, which sheds a potential
therapeutic role for PARP1 inhibitor in BE.

Zhang C, Ma T, Luo T, Li A, Gao X, Wang ZG, Li F.
Dysregulation of PARP1 is involved in development of Barrett’s
esophagus. World J Gastroenterol 2018; 24(9): 982-991 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v24/19/982.
htm DOI: http://dx.doi.org/10.3748/wjg.v24.i9.982
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mucosal injury and inflammation are major risk factors
for the development of Barrett’s esophagus (BE), a
premalignant condition closely associated with the
development of esophageal adenocarcinoma. BE
is present in 10%-20% of patients with GERD!*.
Although the leading cause of BE is formerly considered
a chronic inflammation, increasing evidence suggests
that oxidative stress-induced DNA damage induces
the apoptosis of esophageal epithelial cells during
the pathogenesis of BE. However, it is unclear why
esophageal epithelial cells are sensitive to oxidative
damage.

Oxidative DNA damage is usually induced by
reactive oxygen species (ROS) primarily generated
from normal intracellular metabolism in mitochondria
and peroxisomes'®”, A number of external hazards
such as ionizing radiation, chemicals, and solar
ultraviolet light can also trigger ROS production. These
active free radicals attack double-strand DNA, inducing
various types of DNA lesions, including DNA single-
strand breaks (SSBs) and DNA double-strand breaks
(DSBs), which may lead to genomic instability!®®.
To cope with these threats, cells have evolved DNA
damage response systems to detect and repair
DNA lesions. As one of the earliest alarm systems
and regulators in DNA damage response, poly(ADP-
ribose) (PAR) participates in the repair of numerous
types of DNA damage including SSBs and DSBs™.
Thus, the cellular metabolism of PAR is critical for DNA
damage response and genomic stability. The reaction
of poly(ADP-ribosyl)ation (PARylation) is catalyzed by
a group of PAR polymerases (PARPs). Using NAD+ as
the substrate, PARPs covalently adds ADP-ribose to
the side chains of arginine, aspartic acid, and glutamic
acid residues in target proteins. After catalyzing
the first ADP-ribose onto the proteins, other ADP-
riboses can be covalently linked and the continuous
reactions produce both linear and branched polymers
known as PAR!’, The structure of PAR has been well
characterized: the ADP-ribose unit in the polymer is
linked by glycosidic ribose-ribose 1’-2’ bonds. The
chain length is heterogeneous and can reach around
200 units with 20-50 units in each branch™.

Although PARylation has been examined both in
vivo and in vitro, the function of PARP1 in esophageal
epithelial cells remains elusive. In this study, we
hypothesized that PARP1 may be involved in the
oxidative damage in the development of BE. We
aimed to investigate the potential role of PARP1 and
PARylation-related DNA damage in the process of BE
in GERD through using a BE mouse model and BE cell
lines. Elucidating the role of PARP1 in BE will provide a
novel therapeutic strategy for this condition.

INTRODUCTION

MATERIALS AND METHODS

Gastro-esophageal reflux disease (GERD) is known
as reflux of gastric acid, usually mixed with bile acids,
into the lower esophagus!*®!. GERD-associated chronic
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GERD model preparation and BE verification
Experiments in 20 male C57BI/6 mice with a mean
weight of 29 g (27-31 g) were performed. All mice
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Table 1 Baseline patient characteristics

Patient characteristic n = 20
Age (mean * SD), yr 56.0 £12.5
Gender, male, (%) 16 (80)
Body mass index (mean + SD), kg/m’ 265+3.1
Barrett’s length (median, IQR), cm 4.7 (3.8-5.5)

Circumferential extent (C) 100%

adapted to the environment 7 d to 10 d after pur-
chase, and then water was banned for 24 h before
the operation. Chloral hydrate (10%; 3 mL/kg) was
administered intraperitoneally for anesthesia. The
lower end of the esophagus was separated and a
longitudinal cut (about 1-1.5 cm) was performed
at the gastroesophageal junction without vascular
region. The anti-reflux barrier of the gastroesophageal
junction was damaged by the operation.

Hematoxylin and eosin staining and
immunohistochemical staining

Animals were sacrificed 3 mo after surgery. Samples
were taken in the operating room of the animal facility
immediately after the animal sacrifice. The entire
stomach and esophagus were removed and immediately
fixed in formalin for at least 24 h. Subsequently,
samples were processed for paraffin embedding and
7 umol/L sections were obtained through a microtome
and put on positive charged slides. Sections of the
lower esophagus were then stained with HE following
a standardized protocol and observed under a light
microscope. The same samples were subjected for im-
munohistochemistry. For immunohistochemical staining,
sections were placed on polylysine-coated slides. After
deparaffinization in xylene and rehydration through
graded alcohol, each section was treated with 1%
hydrogen peroxide for 20 min, and then blocking serum
was applied for 20 min. The slides were incubated
overnight with the primary antibody (yH2AX and NF-xB
at 1:300 and PAR at 1:500) at 4 °C in a closed chamber.
Immunohistochemical staining was performed by the
streptoavidin-biotin-peroxidase complex technique
(Histofine SAB-PO(M) Kit; Nichirei Corp., Tokyo,
Japan). Staining was done with 3,3’-diaminobenzidine
followed by light counterstaining with methyl green and
dehydration.

Cell isolation and culture

Immortalised BE cell lines BAR-T and CP-A (American
Type Culture Collection, ATCC, Manassas, VA, United
States) were cultured with epithelial cell medium 2
(ScienCell, Carlsbad, CA, United States), supplemented
with 5% fetal bovine serum and antibiotics on primaria
plates and flasks (BD Biosciences, Bedford, MA, United
States). The immortalised human esophageal epithelia
cell lines HET1A and EPC2 were obtained from ATCC.
HET1A cell line was cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal

Baishidenge ~ WJG | www.wjgnet.com

984

bovine serum and antibiotics (Invitrogen). EPC2 cells
were grown in keratinocyte SFM medium supplemented
with 40 mg/mL bovine pituitary extract and 1.0 ng/
mL epidermal growth factor (Invitrogen, Carlsbad,
California, United States). All cell lines were grown at
37 °C in 5% carbon dioxide.

Patients

Tissue samples of the lower esophagus from 39
individuals, consisting of esophageal squamous epithelia
from 19 healthy subjects and 20 specimens from
patients with BE, were obtained from the pathological
center of the Xuanwu Hospital or the Second Artillery
General Hospital of Chinese People’s Liberation Army
in China. The baseline characteristics of patients are
shown in Table 1. Gene expression was examined by
whole-human-genome microarrays (Affymetrix, Santa
Clara, CA, United States). Normal healthy esophageal
biopsies were collected from patients with esophageal
pain but diagnosed with normal squamous epithelia
without pathological changes.

All samples were snap-frozen in liquid nitrogen and
stored at -80 C. We obtained tissue specimens from all
subjects with informed written consent (approved by
the local ethics committees of the Xuanwu Hospital and
the Second Artillery General Hospital of Chinese People’
s Liberation Army. Each single specimen included in
this study was histopathologically approved according
to grading and staging results by an experienced
pathologist.

Microarray

Preparation of labeled cRNA and hybridization were
done using the gene chip hybridization, wash, and
stain kit (Affymetrix, Santa Clara, CA, United States).
Two cycle labeling was applied to all samples. In
total, 28 chip data were collected using Gene Chip
Operation Software (GCOS, Affymetrix, United
States). The 39 specimens analyzed consisted of 20
BE and 19 normal esophageal samples. To obtain the
relative gene expression measurements, probe set-
level data extraction was performed with the GCRMA
(Robust Multiarray Average) normalization algorithm
implemented in GeneSpring GX10.2 (Agilent). All data
were log2 transformed.

RNA extraction and qRT-PCR
RNA extraction was carried out using the RNeasy Mini
Kit (Qiagen, Valencia, CA, United States). Total RNA
quality and yield were assessed using a bioanalyzer
system (Agilent 2100 Bioanalyzer; Agilent Technologies,
CA, United States) and a spectrophotometer (NanoDrop
ND-1000; NanoDrop Technologies, DE, United States).
Only RNA with an RNA integrity number > 9.0 was used
for microarray analysis.

For quantification of mRNA expression, qRT-PCR
was performed for three genes plus one control, using
pre-designed gene-specific TagMan probes and primer
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sets purchased from Applied Biosystems.

Comet assays

Single-cell gel electrophoretic comet assays were
performed under alkaline conditions. Briefly, cells were
treated with 100 umol/L H20:2 at 37 °C. For cellular lysis,
the slides were immersed in the alkaline lysis solution
overnight in the dark. Next, the slides were subjected
to electrophoresis at 20 V (0.6 V/cm) for 25 min and
stained in 2.5 mg/mL propidium iodide for 20 min. All
images were taken with a fluorescence microscope and
analyzed with Comet Assay IV software.

Immunofluorescence staining

After treatment with H202, cells were fixed in 3%
paraformaldehyde and permeabilized in 0.5% Triton
X-100 for 30 min at room temperature. Samples were
blocked with 5% goat serum and then incubated in
primary antibody for 1 h. Samples were then washed
with PBS three times and incubated with secondary
antibody for 30 min. After PBS washing, the nuclei
were stained with Hoechst 33258. The signals were
visualized by fluorescence microscopy. We calculated
the number of yH2AX foci per nucleus, and for
quantitative analysis, 15 nuclear foci were selected
to count in each group. For the immunofluorescence
assay of anti-8-oxoguanine (8-OX0G), cells were
exposed to bile acids cocktail (0.1 mmol/L; pH 4)
for 60 min. Cells were then incubated with primary
antibody against 8-OXOG (mouse, 1:200; Millipore)
overnight at 48 °C, followed by incubation with
secondary goat anti-mouse antibody conjugated with
TRITC (1:1000) at room temperature for 45 min.
The slides were mounted using Vectashield with DAPI
(Vector Laboratories, Burlingame, CA, United States)
and viewed under a fluorescence microscope.

Western blot analysis

Cells were harvested and lysed with 100 uL of NETN
300 lysis buffer unless otherwise specified. Soluble
fractions were subjected to Western blot analysis.

Statistical analysis

All experiments were performed in triplicate unless
indicated otherwise. Student’s t-test was used for
statistical analyses, and P < 0.05 was considered
statistically significant.

RESULTS

Increased DNA damage response and inflammation in
the mouse BE model

During the surgical operation, the mortality rate of mice
was 10%, the perioperative mortality rate was 15%,
and 1 wk later, the mortality rate was 10%. The lower
esophagus from the BE mouse model was processed
for staining for yH2AX, NF-«xB, and PAR. In the mouse
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BE model, esophagitis with esophageal erosions and
squamous epithelial thickening with basal cell layer
hyperplasia were seen. Esophagitis was accompanied
by the development of papillary hyperplasia of the
squamous epithelia (Figure 1A). Columnar intestinal-
type metaplasia resembling that of human BE was
seen with erosive esophagitis. No adenocarcinoma or
squamous cell carcinoma was seen. In the immunohi-
stochemistry staining, more positive staining for yH2AX,
NF-xB, and PAR was observed, suggesting the DNA
damage response and inflammation in the BE epithelium.

PARP1 expression is upregulated in the esophageal
epithelial cells of BE

To investigate the gene expression changes during
the development of BE, samples from BE patients
and normal esophagus controls were subjected to
microarray analysis. 20 BE lesions for microarray
analysis were resected from 20 patients with a
mean age of 56 + 12 years between February 2013
and January 2016. Main patient characteristics are
presented in Table 1.

As shown in Figure 2A, PARP1 was one of the up-
regulated genes. Representative expression profile of
PARP1 between the BE patients and normal controls
was also showed in Figure 2B. Besides, PARP1 expre-
ssion in normal esophageal epithelial cell lines (HET1A
and EPC2) and BE epithelial cell lines (CP-A and BAR-T)
was also examined. PAPR1 was increased in CP-A and
BAR-T cell lines.

To investigate whether PARP1 expression levels
can be upregulated by exposure to H202 and acidic
bile acids, we exposed HET1A cells to H202 (100
umol/L) and bile acids (0.1 mmol/L; pH 4) for 30 min.
Following this exposure, cells were washed in PBS and
cultured in regular medium for 30 min, 1 h, 2 h, 4 h,
or 8 h, and mRNA levels were measured by RT-PCR.
In response to this treatment, significant upregulation
of the mRNA levels of PARP1 was observed at 2 h for
H20:2 and at 4 h and 8 h for both H202 and bile acids
(Figure 2C).

PARP1 protects the epithelial cells of BE from H:0:-
induced oxidative stress

We next tested the protective effect of PARP1 against
H202-induced oxidative stress. The knockdown of PARP1
in BAR-T cells (Figure 3A) led to a significantly lower
cell viability following exposure to H202, compared
with controls (P < 0.01 for 100 umol/L, 200 umol/L,
and 400 pmol/L H202; Figure 3B), suggesting that the
downregulation of endogenous PARP1 sensitized the
BAR-T cells to H202-induced oxidative stress. To further
examine the oxidative DNA damage effect after H202
treatment, we performed comet assay analysis. As
shown in Figure 3C, BAR-T cells with PARP1 knockdown
displayed a significantly severe DNA damage signal
upon exposure to 200 pmol/L H202 for 2 h (4.3 £ 0.8 vs
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Control

Barrett's esophagus model

x40

%200

x40

%200

Anti-NF-kB

Control

Barrett's esophagus model

Anti-yH2AX

Control Barrett's esophagus model

Anti-PAR

Figure 1 Establishment of a Barrett’s esophagus mouse model. A: HE staining; B: yH2AX staining; C: NF-kB staining; D: Poly(ADP-ribose) staining.

8.6 + 1.4, P < 0.01).

PARP1 knockdown leads to increased acidic bile acid-
induced H:0: level

We exposed BE epithelial cells to a bile acids cocktail
adjusted to pH 4 and performed the Amplex UltraRed
H20: assay to measure H20: levels. BAR-T cells
with knockdown of endogenous PARP1 displayed
higher H20: levels than control cells transfected with
scrambled shRNA (Figure 4A).

PARP1 protects the epithelial cells of BE from acidic bile
acid-induced oxidative DNA damage

We used immunofluorescence staining for 8-OXO0G,
one of the most identified oxidative DNA damage sites.
On exposure of BAR-T cells with PARP1 knockdown to
bile acids (pH 4), more oxidative DNA damage was
observed than control cells exposed to acidic bile acids
(Figure 4B).

JBaishideng®
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PARP1 protects esophageal epithelial cells from acidic
bile acid-induced DNA damage

Gastric acid, particularly in combination with bile
acids, has been shown to induce DSBs in esophageal
epithelial cells. The immunocytochemical staining for
yH2AX, a reliable marker for DSBs, demonstrated
significantly high levels of positive yH2AX sites
following knockdown of PARP1 in BAR-T cells (19.8%
+ 0.3% vs 42.6% % 7.2%, P < 0.01, Figure 4C) than
in control cells.

PARP1 protects esophageal epithelial cells from acidic
bile acid-induced apoptosis

Because PARP1 expression protected cells from acidic
bile acid-induced DNA damage, it may protect the
epithelial cells of BE from acidic bile acid-induced
apoptosis. BAR-T cells were treated with bile acids (pH
4) for 10 min or 30 min, followed by replacement with
a regular culture medium for 24 h. The ATP-Glo cell
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increased PARP1 expression.

viability assay was then used to determine cell viability
at this 24 h time point. As shown in Figure 4D, the
short-term exposure (10 min) did not change the cell
viability at 24 h. However, the exposure for 30 min
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demonstrated a significant reduction in cell viability in
BAR-T cells lacking PARP1 (82.5% = 2.2% vs 63.0% =+
1.6%, P < 0.05). Consistent with this finding, the cells
with PARP1 knockdown displayed significantly more
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apoptosis after acidic bile acid exposure as indicated
by annexin V assay (P < 0.05, 10 min: 2.1 £ 0.2 vs 6.3
+ 0.8; 30 min: 2.3 £ 0.1 vs 8.5 £+ 1.2, Figure 4E).

DISCUSSION

During pathological events such as excessive and
unrepairable oxidant DNA damage, highly activated
PARPs synthesize large amounts of PAR in a few
seconds. Our results showed that excessive PARP1
expression may probably a resistance factor of BE
epithelial cells to H20: or bile acid-induced oxidative
damage and cell death. In recent years, PARP1
inhibitors have shown promising therapeutic effects
on ovarian cancer, breast cancer™, and neurological
diseases™, and this effect is mainly associated with
the induction of DSBs. Interestingly, pharmacological
inhibition of PARP1 provides significant benefits in
animal models of cardiovascular disorders™. It is
also reported that PARP1 was identified as a direct
target gene of miR-223, which is overexpressed in
BE-associated esophageal adenocarcinoma®. Here,
we demonstrated that PARP1 contributes to genomic
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stability and oxidative stress injury, and positively
regulates the viability of esophageal epithelial cells,
which reveals a potential therapeutic strategy for BE.

GERD is a chronic inflammation of the esophagus
stimulated by repeated acid/bile acids. Esophagitis, of
course, is clinically the major pathological manifestation
as the result from GERD, which is also characterized
with BEM®), It is known that metaplasia is a pathologi-
cal condition that commonly occurs in the presence
of chronic inflammation™”}, including typical Barrett’s
metaplasia™®. In our mouse BE model, esophagitis
and papillary hyperplasia of the squamous epithelia
was observed, suggesting that the manifestation of
GERD occurred. Furthermore, chronic inflammation is
likely to carry an increased risk of cancer via oxidative
damage pathways!*?!, Thus, there is a strong association
between GERD-induced ROS accumulation, chronic
inflammatory infiltration, and BE formation.

Moreover, the BE mouse model also showed
increased positivity for NF-xB, which is a transcription
factor that has been established to play an active
role in inflammation™®®, and there is evidence that it
serves as a key determinant of mucosal inflammation
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and protection™. In particular, NF-xB expression adenocarcinomas, but in only 13% of reflux-injured
has been found in 40%-60% of biopsy specimens  squamous epithelia®*?*!, The level of NF-xB activation
of Barrett metaplasia and in 61%-80% of Barrett’s is correlated with the process from Barrett's mucosal
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metaplasia to carcinogenesis, and indirectly proves
that an inflammatory response might contribute to
carcinogenesis'™. This suggests the possibility that
inflammation-mediated activation of the NF-xB pathway
in a portion of cells, which may regulate the expression
of NF-xB downstream proteins to replace the normal
squamous cells for metaplasia and carcinogenesis.

Both the immunohistochemistry staining results and
cell line results demonstrated that elevated expression
of PARP1 is involved in the pathogenesis of BE. More
importantly, PARP1 is known to be a co-activator of NF-
kB and play a key role in pro-inflammation to contribute
to inflammatory processes through the regulation
of transcription factors®**!: NF-xB is one of the first
mediators of inflammation to be identified as a target
for PARP activity, which was proved to be a binding
partner and also to be PARylated by PARP1. Further,
NF-xB activity was greatly abrogated independent
of upstream activation of NF-xB in PARP-/- mice and
cell lines®”, and PARP1 inhibition reduced the extent
of inflammation by modulating oxidative stress and
impairing the activation of NF-xB and activator protein-1
in an inflammation model®”’, Both PAR and NF-«B
staining increased in the BE mouse model, indicating
the possible correlation between PARP1 activity and NF-
kB. Further molecular mechanistic study in cells could
clarify whether PARP1 regulates NF-xB activity in the
oxidative damage-induced BE.

In conclusion, our study suggests that a high level
of endogenous PARP1 in esophageal epithelial cells
impairs oxidative DNA damage repair, inducing the
death of esophageal epithelial cells during the process
of BE formation. PARP inhibition treatment suppresses
PARP activity and facilitates DNA damage repair in
esophageal epithelial cells by prolonging PARylation.
Thus, PARP1 acts as a mediator of esophageal disease,
and PARylation may play a pivotal protective role as
an antioxidant defense mechanism by maintaining
esophageal epithelial cell function under pathological
conditions of oxidative stress. Hence, PARP inhibitors
may provide a novel clinical treatment for suppressing
BE caused by oxidative damage.

ARTICLE HIGHLIGHTS

Research background

Barrett's esophagus is a major complication of gastro-esophageal reflux disease
(GERD) and an important precursor lesion for the development of esophageal
adenocarcinoma. However, the cellular and molecular mechanisms of Barrett’
s metaplasia remain unclear. It has been demonstrated that poly(ADP-ribose)
polymerases (PARPs)-associated ADP-ribosylation plays an important role in
DNA damage and inflammatory response. Although PARP1-associated ADP-
ribosylation has been examined both in vivo and in vitro, the function of PARP1
in esophageal epithelial cells and Barrett's esophagus has not been illustrated.

Research motivation
In this study, the potential role of PARP1 and PARP1-related oxidative damage
in Barrett's esophagus was investigated.
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Research objectives

The study investigated the potential role of PARP1 in oxidative damage in
Barrett's esophagus, which is urgent and essential for developing therapeutic
targets.

Research methods

Expression of PARP1 gene was analyzed using microarray analysis in
patient esophageal tissue samples. A Barrett’s esophagus mouse model was
established to examine the esophageal morphological changes and molecular
changes. gPCR was used to examine the PARP1 expression in cell lines after
treatment with H202 and bile acids (pH 4). To evaluate the impact of PARP1
activity on cell survival and DNA damage response after oxidative stress,
immunofluorescence staining, comet assay, and annexin V staining were used.

Research results

High expression of PARP1 was associated with Barrett's esophagus. Positive
staining for NF-icB, yH2AX, and poly(ADP-ribose) was observed in the mouse
model of Barrett's esophagus. Knockdown of PARP1 decreased the cell viability
following treatment with H202 and bile acids (pH 4). We further demonstrated
that PARP1 inhibition could increase the oxidative damage as demonstrated
by an increase in the levels of Hz20:, intracellular reactive oxygen species,
oxidative DNA damage, double-strand breaks, and apoptosis.

Research conclusions

The dysfunction of PARP1 in esophageal epithelial cells increases the levels
of reactive oxygen species and oxidative DNA damage, and downregulation of
PARP1 or PARP1 inhibitor may be a potential therapeutic strategy for Barrett's
esophagus.

Research perspectives

This study will provide an example for investigating the relationship between the
oxidative DNA damage and Barrett's metaplasia, and the underlying role of the
PARP1 in Barrett's esophagus. The direction of the future research is to provide
more evidence for developing novel strategies by targeting PARP1 in Barrett’
s esophagus. In our future research, the PARP1-related downstream signaling
pathway (inflammation or DNA damage) will be tested in Barrett's esophagus
epithelial cells or animal models to observe the inhibitory effect of PARP1.
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