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Abstract

AIM: To investigate the ability of curcumin to coun-
teract the impact of bile acids on gene expression of
esophageal epithelial cells.

METHODS: An esophageal epithelial cell line (HET-
1A) was treated with curcumin in the presence of
deoxycholic acid. Cell proliferation and viability assays
were used to establish an appropriate dose range for
curcumin. The combined and individual effects of cur-
cumin and bile acid on cyclooxygenase-2 (COX-2) and
superoxide dismutase (SOD-1 and SOD-2) gene ex-
pression were also assessed.

RESULTS: Curcumin in a dose range of 10-100 pumol/L
displayed minimal inhibition of HET-1A cell viability. De-
oxycholic acid at a concentration of 200 pmol/L caused
a 2.4-fold increase in COX-2 gene expression compared
to vehicle control. The increased expression of COX-2
induced by deoxycholic acid was partially reversed by
the addition of curcumin, and curcumin reduced COX-2
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expression 3.3- to 1.3-fold. HET-1A cells exposed to bile
acid yielded reduced expression of SOD-1 and SOD-2
genes with the exception that high dose deoxycholic
acid at 200 pmol/L led to a 3-fold increase in SOD-2
expression. The addition of curcumin treatment partially
reversed the bile acid-induced reduction in SOD-1 ex-
pression at all concentrations of curcumin tested.

CONCLUSION: Curcumin reverses bile acid suppres-
sion of gene expression of SOD-1. Curcumin is also
able to inhibit bile acid induction of COX-2 gene ex-
pression.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Over the past three decades the incidence of esophageal
adenocarcinoma has increased over four-fold, and the cur-
rent five year survival remains only 10%-20%". Esopha-
geal adenocarcinoma is known to develop in the distal
esophagus in the setting of exposure to both bile acids and
low pH”™. The exact cellular mechanisms underlying this
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process are largely unknown. Oxidative stress has been
theorized to play a significant role in the staged progres-
sion from reflux esophagitis to Batrett’s esophagus and
eventually to esophageal adenocarcinoma. Increased levels
of reactive oxygen species (ROS) and oxidative injury have
been detected in esophageal cells exposed to low pH and
bile acids®”, and the level of free radicals in esophageal
tissue has also been associated with the degree of esopha-
gitis[gl. In addition, we have previously shown an associa-
tion between the development of esophageal adenocarci-
noma and increased levels of 8-hydroxy-deoxyguanosine,
an indicator of oxidative damage, using an esophageal
duodenal anastomosis rat model of reflux esophagitjsm.

Based on these findings, compounds with antioxi-
dant properties may hold promise as chemopreventative
agents in the Barrett’s metaplasia-dyplasia-adenocarcino-
ma sequence. Curcumin is a phenolic compound derived
from the plant Curcuma longa. Curcumin is known to
have both anti-inflammatory and antioxidant properties.
A number of animal and 7z vitro models have also shown
curcumin to be a potent chemopreventative agent[m’“].
Previous work by Li e# al' demonstrated in a rat model
of esophageal reflux that intraperitoneal injections of
curcuma aromatic oil, a volatile oil extract of Curcuma
aromatica, helped prevent the development of esophageal
adenocarcinoma. However, the molecular mechanisms
by which curcumin may inhibit the development of
esophageal adenocarcinoma have not been fully defined.

In the current study, HET-1A cells were used as an
in vitro model to study the potential impact of curcumin
on the initial changes induced by bile acids in the esopha-
gus. HET-1A cells are a well characterized, non-cancerous,
SV-40 T-antigen immortalized human esophageal epithe-
lial cell line™. HET-1A cells have been shown to produce
ROS after brief exposures to low pH and to bile acids™".
HET-1A cells develop gene expression changes consistent
with the development of Barrett’s esophagus upon ex-
posure to deoxycholic acid™, and carcinogens have been
found to induce tumorigenic characteristics within these
1o Furthermore, previous work by Rafiee ef al"™ has
shown that curcumin has an anti-inflammatory effect on
HET-1A cells by inhibition of acidic pH-induced secre-
tion of cytokines interleukin (IL)-8 and IL-9.

We tested the hypothesis that curcumin prevents
the bile acid-mediated impairment of HET-1A cellular
mechanisms for managing oxidative stress. Specifically,

cells

we investigated the impact of bile acid and curcumin on
expression of the human gene forms of superoxide dis-
mutase (SOD-7 and SOD-2). The ideal curcumin dose in
combination with bile acid 7 vitro was determined through
cell proliferation and viability testing. Curcumin- and bile
acid-induced alterations of cyclooxygenase-2 (COX-2)
gene expression wete also studied as an additional mecha-
nism of esophageal adenocarcinoma prevention. The aim
of this study was to determine whether curcumin has ef-
fects on esophageal cell gene expression consistent with a
chemopreventative in the setting of bile acid exposure.
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MATERIALS AND METHODS

Chemicals

Curcumin was obtained from LKT Laboratoties, Inc. (St.
Paul, MN). 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazolium (MTT) and cDNA Trizol reagent were
obtained from Sigma Chemical Co. (St. Louis, MO).
5-bromo-2’-deoxyuridine (BrdU) ELISA assay kits were
purchased from Roche Applied Science (Indianapolis,
IN). All other chemicals were purchased from Sigma
Chemical Co. (St. Louis, MO) unless otherwise stated.

Cell culture

HET-1A cells, a SV-40 immortalized human esophageal
epithelial cell line, were acquired from the American Type
Culture Collection and grown in bronchial epithelial
growth media (BEGM) and recommended supplements
(BEGM Bullet Kit) obtained from Lonza Bio Science
(Walkersville, MD). The growth media was also supple-
mented with 10% fetal bovine serum. Cells were grown in
a monolayer and incubated at 37°C in 5% COz2 and 90%
relative humidity.

For cellular proliferation and viability studies, HET-1A
cells were plated in 96-well microtiter plates at a density
of 1 x 10" cells per well and allowed to attach and grow
for 48 h prior to treatment. The cells were treated with
varying doses (100 nmol/L-1 mmol/L) of curcumin dis-
solved in ethanol and added to fresh media for a total eth-
anol concentration that did not exceed 2.5%. Treatment
with deoxycholic acid (in ethanol) at a concentration of
100 pmol/L combined with curcumin was also per-
formed. A vehicle control of media and 2.5% ethanol was
used to study the effect of ethanol, and all treated groups
were compared to this control. Treatments were conduct-
ed for 24 h.

For mRNA expression studies, HET-1A cells were
plated in 6-well plates at a density of 1.5 X 10° cells per
well and grown for 48 h. Curcumin and deoxycholic
acid dissolved in ethanol were added with fresh media at
varying concentrations. The final ethanol concentration
was maintained at 0.2%, and 0.2% ethanol solution was
used as a vehicle control. All studies were performed in
triplicate to confirm reproducibility.

Cell viability and cell proliferation assays
MTT assays were conducted as described previouslym].
Briefly, treated media was aspirated without disrupting the
cells at the bottom of the plate. MTT at a concentration
of 5 mg/ml was dissolved in phosphate buffered saline
(PBS) and added to each well. After incubation at 37°C
for 2 h, the MTT solution was aspirated and the wells
were air-dried. DMSO was added to the wells and the ab-
sorbance was read at 570 nm in a spectrophotometer.
Cell proliferation assay based on incorporation of
BrdU was used to investigate the effect of the various
treatments. After the 24 h treatments, the BrdU ELISA
was performed according to the manufacturer’s directions.
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Gene Forward Reverse

COX-2 5'-CAGGGTTGCTGGTGGTAGGA-3' 5'-CGTTTGCGGTACTCATTAAAAGACT-3'
SOD-1 5'-GTGGCCGATGTGTCTATTGAAG-3' 5'-CGTTTCCTGTCTTTGTACTTTCTT-3'

SOD-2 5-TGGCCAAGGGAGATGTTACAG-3' 5'-CTTCCAGCAACTCCCCTTTG-3'

B-actin 5-TTCAACTTCATCATGAAGTGTGACGTG-3' 5'-CTAAGTCATAGTCCGCCTAGAAGCATT-3'

COX: Cyclooxygenase; SOD: Superoxide dismutase.

RNA extraction and real-time polymerase chain reaction
RNA was isolated using the Ttizol® method (Invitrogen,
Carlsbad, CA). All procedures were carried out in an
RNase free environment. The quality of the RNA was
ascertained by gel electrophoresis and quantitated using
NanoDrop® (NanoDrop Technologies, Wilmington, DE).
The RNA was then diluted to 5 ng/uL concentration and
stored at -80°C until use. Equal amounts of RNA (0.1 ug)
were reverse transcribed using a high-capacity cDNA ar-
chive kit (Applied Biosystems, Forster City, CA) according
to the manufacturert’s instructions.

Primers for quantitative real-time polymerase chain
reaction (RT-PCR) were designed across exon boundaries
to avoid amplification of genomic DNA, using Primer ex-
press® 3.0 software (Applied Biosystems, Foster City, CA)
and synthesized by Integrated DNA Technologies, Inc.,
(Coralville, IA). The sequences of the forward and reverse
primers for each gene tested are listed in Table 1.

The PCR amplification was carried out in a final reac-
tion volume of 20 pL containing 1 X Power SYBR® Green
PCR master mix (Applied Biosystems, CA); 10 nmol/L
each of forward and reverse primers specific for each gene
and 40 ng of cDNA. Quantitative PCR was performed us-
ing a 7300 Prizm (Applied Biosystems, Foster City, CA) us-
ing the relative quantification protocol. The PCR conditions
were: 50°C for 2 min; DNA polymerase activation at 95C
for 10 min; followed by 40 cycles at 95°C for 15 s and 60°C
for 1 min. The 2**“ method was used to determine gene
quantification with human [-actin used as an endogenous
reference gene. Results were expressed as fold change in
gene expression compared to the vehicle control.

Statistical analysis

Relative fold changes in each group were compared us-
ing one-way analysis of variance (ANOVA), followed by
a Tukey’s multiple compatison post test. A P-value < 0.05
was considered significant. All statistical analyses were pet-
formed using SPSS Version 17 (SPSS Inc., Chicago, IL).

RESULTS

Dose response effects of curcumin on cell viability and
proliferation

In order to establish a sub-toxic dose of curcumin, the
influence of curcumin on HET-1A cell viability and pro-
liferation was assessed using both MTT and BrdU assays,
respectively. Similar trends were seen for both BrdU and
MTT assays (Figure 1A and B). Compared to the vehicle
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Figure 1 Effect of curcumin concentration on cell viability and proliferation
at concentration = 100 umol/L (A) and < 10 umol/L (B). HET-1A cells
incubated in 96-well plates at a density of 10 000 cells/well for 24 h demonstrated
decreased cell viability and proliferation in the presence of curcumin at a
concentration = 100 umol/L or < 10 umol/L. The viability and proliferation were
also reduced in the presence of curcumin combined with deoxycholic acid (DCA)
when compared to vehicle control (2.5% ethanol). °P < 0.05 vs vehicle control.
MTT: 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium; BrdU: 5-bromo-2'-
deoxyuridine; DCA: Deoxycholic acid.

control, all concentrations of curcumin tested showed sig-
nificant reduction in cell viability as demonstrated by the
MTT assay (33% to 58% reduction, P < 0.01). The cyto-
toxicity and reduction in proliferation wete higher at con-
centrations greater than 100 pmol/L when compared to
the vehicle control (MTT: 1 mmol/L - 48%, 100 pmol/L
- 58%, P < 0.001; BrdU: 1 mmol/L - 80%, 100 pumol/L
- 73%, P < 0.01) (Figure 1A). However, less cytotoxicity
was seen at curcumin concentrations less than 10 ;,Lmol/ L

(MTT: 30%-40%, P < 0.01), and curcumin did not ad-
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Figure 2 Effect of curcumin and deoxycholic acid on cyclooxygenase-2
gene expression. A: Effect of curcumin on cyclooxygenase-2 (COX-2) gene
expression. HET-1A cells in 6-well plates at a density of 1.5 x 10° cells per well
incubated with curcumin for 24 h showed unaltered gene expression of COX-2
when compared to vehicle control (0.2% ethanol). Error bars: mean £ SD (n =
4); B: Effect of both deoxycholic acid and curcumin on COX-2 gene expression.
HET-1A cells in 6-well plates at a density of 1.5 x 10° cells per well incubated
with deoxycholic acid (DCA) for 24 h showed increased gene expression of
COX-2 with increasing doses of DCA when compared to vehicle control (0.2%
ethanol). The addition of curcumin diminished the increase in gene expression.
Error bars: mean + SD (n = 4).

versely effect cell proliferation at these concentrations, as
demonstrated by the BrdU assay (10%-14% reduction,
P > 0.05) (Figure 1B). When cells were treated with de-
oxycholic acid (100 pmol/L) combined with varying cut-
cumin concentrations, increased cytotoxicity was seen at
each concentration of curcumin tested (Figure 1A and B).
Again, the greatest cytotoxicity was demonstrated at doses
of cutcumin greater than 100 pmol/L (P < 0.001). All
doses of curcumin tested caused synergistic cytotoxicity in
the presence of deoxycholic acid (100 pmol/L).

Combined effects of deoxycholic acid and curcumin on
COX-2 gene expression

We investigated the effects of curcumin on COX-2 gene
expression in HET-1A cells (Figure 2A and B). It was ob-
served that 24 h curcumin treatment alone had minimal
impact on COX-2 mRNA production. The degree of
COX-2 mRNA production was unaltered even at doses
of 100 umol/L. Increased levels of COX-2 mRNA were
observed in HET-1A cells treated with bile acid alone. De-
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oxycholic acid at 200 pmol/L caused a 2.4-fold increase
in COX-2 mRNA levels compared to vehicle control.
The increased expression of COX-2 genes induced by
deoxycholic acid was partially reversed by the addition of
curcumin. It was observed that treatment of HET-1A
cells with deoxycholic acid and curcumin reduced COX-2
mRNA levels 3.3- to 1.3-fold. Curcumin inhibition of bile
acid-induced COX-2 expression was observed at doses
as low as 1 umol/ L. curcumin. This effect was not dose-
dependent, with 50 umol/L curcumin showing the great-
est effect.

Combined effects of deoxycholic acid and curcumin on
SOD-1 and SOD-2 gene expression

Measurements were also made of SOD gene expres-
sion following curcumin treatment of HET-1A cells for
24 h. Two human gene forms of superoxide dismutase
were tested: Cu/ZnSOD (SOD-7) and MaSOD (SOD-2).
Results revealed that cutcumin treatment led to a non-
significant 36% to 52% reduction in SOD-7 expression
at all concentrations of curcumin tested. Curcumin alone
also had a non-significant impact on SOD-2 expression
(Figure 3A). Compared to controls, bile acid treatment
of HET-1A cells yielded consistent reduction of SOD-1
and SOD-2 mRNA production, with the exception that
high dose deoxycholic acid at 200 umol/L led to a 3-fold
increase in SOD-2 expression. Deoxycholic acid inhibited
the expression of SOD-7 (2.8- to 4.0-fold) at concentra-
dons = 50 umol/L (Figure 3B). The addition of curcum-
in treatment reversed this reduction in SOD-7 expression
induced by bile acid at all concentrations of curcumin
tested (Figure 3B). The combined treatment of deoxycho-
lic acid and curcumin resulted in reduced expression of
SOD-2 at concentrations = 50 pmol/L (Figure 3C).

DISCUSSION

The purpose of this study was to investigate the poten-
tial of curcumin as a chemopreventative in the develop-
ment of reflux-induced esophageal adenocarcinoma
using an 7z vitro model of HET-1A human esophageal
epithelial cells. This study demonstrates that curcumin
can attenuate certain effects of bile acid on HET-1A cell
gene expression. Specifically, this analysis reveals that
curcumin is able to partially reverse bile acid suppres-
sion of gene expression of the free radical scavenger
superoxide dismutase in the form of SOD-1; however,
the impact toward SOD-2 was variable. In addition, cut-
cumin was noted to inhibit bile acid induction of COX-2
gene expression in esophageal epithelial cells.

Several factors were taken into consideration to es-
tablish the 7 vitro model. Of the potentially available bile
acids, the cells were exposed to deoxycholic acid because
it has been commonly detected in aspirates of patients
with Barrett’s esophagusm], and deoxycholic acid has
been shown to induce DNA damage in esophageal cells
through oxidative injurym]. Also important to the model
was establishing an iz vitro therapeutic dosage range for
curcumin, as curcumin is known to induce apoptosis in
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Figure 3 Effect of curcumin and bile acid on superoxide dismutase gene
expression. A: Effect of curcumin on superoxide dismutase (SOD)-1 and SOD-2
gene expression. HET-1A cells in 6-well plates at a density of 1.5 x 10° cells per
well incubated with curcumin for 24 h did not show a significant impact on SOD-1
or SOD-2 gene expression. Error bars: mean + SD (n = 4); B: Effect of curcumin
and bile acid on SOD-1 gene expression. HET-1A cells in 6-well plates at a density
of 1.5 x 10° cells per well incubated with deoxycholic acid (DCA) for 24 h showed
a significant decrease in SOD-1 expression. When DCA treatment at 100 pmol/L
was combined with curcumin the suppression in SOD-1 expression was alleviated.
Error bars: mean + SD (n = 4). °P < 0.05 vs vehicle control; C: Effect of curcumin
and bile acid on SOD-2 gene expression. HET-1A cells in 6-well plates at a density
of 1.5 x 10° cells per well incubated with deoxycholic acid (DCA) for 24 h showed
a significant increase in SOD-2 expression at a DCA concentration of 200 umol/L.
The combined treatment of DCA and curcumin showed reduced expression of
SOD-2 at concentrations = 50 pumol/L. Error bars: mean £ SD (n = 4).

both malignant and non-malignant cell types. Curcumin
concentrations less than 10 ;,Lrnol/ L had the least impact
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on esophageal cell viability and proliferation in the pres-
ence of bile acid, and concentrations in the range of
50 umol/L had the most dramatic impact on esophageal
cell gene expression. This dosage range was valid because
only curcumin concentrations greater than 100 pmol/L
showed significant toxicity. The greatest toxicity was seen
in curcumin doses higher than 100 pmol/L in combina-
tion with bile acid, which led to a 2- to 5-fold decrease in
the proliferation and viability of HET 1-A cells.

The results revealed that curcumin did not inhibit the
baseline expression of COX-2 genes by HET-1A cells,
but curcumin did show suppression of bile acid-induced
expression of COX-2 genes. Curcumin has been previ-
ously noted to inhibit both the activity and expression of
COX-2 in colon cancer cells”™) and it has been shown
that curcumin inhibits bile acid-induced COX-2 expres-
sion and activity in esophageal adenocarcinoma and
squamous cell carcinoma cell lines™. Animal models have
shown that COX-2 inhibition can potentially prevent the
development of esophageal adenocarcinoma and Barrett’s
esophagus[zs’%]. Epidemiologic studies have also suggested
that the use of COX-2 inhibitors leads to lower rates
of esophageal adenocarcinoma®”. The use of selective
COX-2 inhibitors has recently fallen out of favor due to
their cardiotoxic side effects™, and non-selective cyclo-
oxygenase inhibitors such as aspirin have potential gastro-
intestinal effects that make them unappealing therapeutic
agents in patients already suffering from reflux. There-
fore, curcumin may represent a safe alternative means of
COX-2 inhibition in patients with GERD.

Curcumin and bile acid treatments of HET-1A cells
revealed variable alterations of SOD gene expression.
Superoxide dismutase is the primary scavenger of super-
oxide anion which has been implicated as the primary re-
active oxygen species involved in reflux-induced oxidative
Sl Impairment of cellular antioxidant mecha-
nisms that manage superoxide anions may contribute to
the processes underlying esophageal mucosal injury by
bile acids. Supplementation with SOD has been found
to be protective against reflux-induced damage of the
esophagus in rats”. Also, decreased activity of MnSOD
has been measured in esophageal tissue of patients with
esophagitis and Barrett’s esophagus[29’34]. Using the esoph-
ageal duodenal anastomosis-based rat model, we have
previously demonstrated a decreased incidence of Bar-
rett’s esophagus and esophageal adenocarcinoma accom-
panied by decreased oxidative injury in rats treated with
Mn(HI)tetrakis(4-benzoic acid) porphyrin (MnTBAP), an
SOD mimetic™.

Curcumin alone had minimal impact on either SOD-7
or SOD-2 expression. Bile acid induced SOD-2 gene ex-
pression, but inhibited SOD-7 gene expression. Curcumin
ameliorated the effect of bile acid on SOD-7, causing a
decrease in the degree of suppression. These findings
are in contrast to previous work using a rat model of bile
reflux demonstrating that esophagitis was associated with
decreased SOD-2 enzyme production and activity and
had no association with the activity and expression of
SOD-1%, Other work by Jiménez e# a/*” found increased
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SOD-1 and SOD-2 expression in esophageal biopsies of
patients with Barrett’s and reflux esophagitis as compared
to normal controls. However, the overall SOD activity
was decreased in patients with esophagitis and Barrett’s
esophagus compared to normal epithelium. In another
investigation using human esophageal biopsy specimens,
Sihvo ez o/ found that only specimens of Barrett’s as-
sociated with dysplasia showed increased SOD activity.
These conflicting data illustrate that complex mechanisms
related to both the timing and extent of bile acid exposure
likely play a role in altering SOD expression and its impact
on the development of esophageal adenocarcinoma. Cut-
cumin as a preservative of SOD-1 expression in the early
phase of bile acid exposure may provide a mechanism for
the chemoprevention of esophageal adenocarcinoma.

A major difficulty of iz vitro studies of reflux and Bar-
rett’s esophagus is the inability to replicate the timing and
nature of acid exposure in the distal esophagus. We were
limited as to the concentration of bile acid that could be
used due to the degree of cellular toxicity in the pres-
ence of curcumin. As a result, the concentrations of bile
acid tested were lower than those that can occur in the
distal esophagus of patients with gastroesophageal reflux,
which have been measured as high as 1 to 2 mmol/L".
Therefore, the bile acid levels tested may have been too
low to induce the degree of gene expression changes that
are experienced 7 vivo. Adjustments were also not made
for varying pH levels of the experiments, and our study
looked at 24 h exposure times to bile acids and curcumin.
Longer exposure times and different pH levels may yield
different results with respect to gene expression.

Curcumin has previously been investigated as a che-
mopreventive agent in a small number of phase I and
phase II trials and found to be safe and well tolerated” ™.
However, a primary impediment to the use of curcumin
has been its poor bioavailability as a result of extensive
metabolization in the human gut™”. This may be less of
a drawback for curcumin use in the esophagus, as initial
exposure to curcumin would occur prior to intestinal me-
tabolism. Also, current work on developing lipolized or
heat-solubilized forms of curcumin may help overcome
this issue™*'. The current study provides a basis for pos-
sible use of curcumin for chemoprevention of esophageal
adenocarcinoma through its effects on bile acid-induced
alterations of COX-2 and SOD gene expression. Curcumin
should be further investigated as a chemopreventative agent
in the setting of reflux esophagitis and Barrett’s esophagus.

COMMENTS

Background

The incidence of esophageal adenocarcinoma has increased dramatically over
the past few decades. Oxidative injury resulting from the reflux of bile acids is
thought to play a role in the development of esophageal adenocarcinoma. Cur-
cumin is a naturally occurring antioxidant derived from the herb turmeric, that
might potentially counteract the effects of bile acids on esophageal cells.
Research frontiers

Curcumin has demonstrated anticancer properties in a variety of tumor types.
Curcumin is also known to impact the gene expression of a variety of enzymes.
This study analyzes the possible effects of curcumin on bile acid-induced al-
terations of gene expression by esophageal cells.
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Innovations and breakthroughs

This study is one of the first to report that curcumin may have chemopreventa-
tive effects on esophageal cells in the presence of bile acids. The results of this
research also suggest a dosage range of curcumin that is effective in altering
esophageal cell gene expression. Understanding this therapeutic dosage range
has important implications for future in vivo studies of curcumin, as it is known
to have limited bioavailability.

Applications

By demonstrating that curcumin effects the production of cyclooxygenase-2
(COX-2) and antioxidant enzymes, this study suggests a possible use for cur-
cumin as a chemopreventative against esophageal adenocarcinoma.
Terminology

HET-1A cells are an epithelial cell line derived from human esophagus. Su-
peroxide dismutase (SOD) is an important enzyme responsible for managing
the reactive oxygen species, superoxide. COX-2 is an enzyme involved in the
formation of certain inflammatory mediators.

Peer review

In this manuscript, the authors determined a basis for possible use of curcumin
for chemoprevention of esophageal adenocarcinoma through its effects on bile
acid-induced alterations of COX-2 and SOD gene expression. This is a very
interesting paper for the scientific community involved in Barrett's esophagus
and Barrett's cancer research. Good design, good technical performance and
critical discussion.
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