
Abstract. Inositol hexaphosphate (IP6) is a naturally
occurring polyphosphorylated carbohydrate that is found in
food sources high in fiber content. IP6 has been reported to
have significant inhibitory effects against a variety of primary
tumors. We hypothesized that IP6 would inhibit the cell growth
rate of Barrett's adenocarcinoma in vitro. Two Barrett's-
associated adenocarcinoma cell lines, SEG-1 and BIC-1,
were treated with IP6 at 0.5, 1.0 and 5.0 mM concentrations.
Cell viability was measured by MTT assay. Apoptosis and
necrosis were evaluated by the Annexin V FITC assay.
Reductions (P<0.001) in cellular proliferation were observed
in both cell lines. IP6 decreased late apoptosis and necrosis
in BIC cells, whereas in SEG-1 cells, early apoptosis, late
apoptosis and necrosis were all increased by IP6. IP6 decreases
cellular growth by pro-apoptotic mechanisms. Our findings
suggest that IP6 has the potential to become an effective
adjunct for Barrett's adenocarcinoma. Further studies are
needed to evaluate safety and clinical utility of this agent in
patients with Barrett's adenocarcinoma.

Introduction

Gastroesophageal reflux disease and Barrett's esophagus
are considered to be precursors for the development of
esophageal adenocarcinoma. Barrett's, or esophageal
adenocarcinoma, still remains one of the deadliest forms of
gastrointestinal cancer. The mortality rate is greater than 90%
in patients with this disease (1). Most patients are diagnosed
during the advanced stages and survive less than a year (2).
Treatments for this disease, such as surgical resection, chemo-
therapy, and radiotherapy, may improve survival, but
exploration of other alternative and safer treatment modalities
is warranted (2). Chemopreventive agents, such as non-
steroidal anti-inflammatory drugs, cyclooxygenase-2

inhibitors, dietary supplements and N-3 (ω-3) fatty acids are
under investigation (2).

Esophageal adenocarcinoma usually arises from meta-
plastic columnar esophageal epithelium, with all of the
responsible factors remaining unexplained. Increased
proliferation and reduced apoptosis of the Barrett's epithelium
are involved in the carcinogenesis and presumably allow
accumulation and propagation of genetic abnormalities that
lead to malignant transformation. Increased proliferation in
Barrett's esophagus is associated with an increased risk of
progression to carcinoma (3). Therefore, it will be important
to establish the factors that impel proliferation or reduce
apoptosis.

Inositol hexaphosphate (IP6), or phytic acid, is a naturally
occurring polyphosphorylated carbohydrate that is found in
foods high in fiber content such as legumes and cereals (4). It
is quickly absorbed in the gastrointestinal tract (5). IP6 is
also present in almost all mammalian cells, where it regulates
cell function, proliferation and differentiation (5). IP6, a
natural antioxidant (6), has been shown to express significant
inhibitory effects against a variety of primary tumors such as
breast (7,8), colon (9), liver (10), prostate (11-13) pancreas
(14) and melanoma (15). The effects of IP6 have not been
evaluated in Barrett's adenocarcinoma; therefore we hypo-
thesized that IP6 would significantly inhibit the cell growth
rate of Barrett's adenocarcinoma in vitro.

Materials and methods

Inositol hexaphosphate. IP6 (dodecasodium salt) derived
from corn (Sigma Catalog #P8810) was purchased from
Sigma Chemical Co. (St. Louis, MO). IP6 was solubilized in
tissue culture media to the desired and physiologic concen-
trations of 0.5, 1.0 and 5.0 mM/well.

Cell culture and reagents. Human esophageal adenocarcinoma
cells (BIC-1 and SEG-1) were derived from Barrett's-associated
adenocarcinomas of the distal esophagus and generously
provided as a gift by David G. Beer, University of Michigan
(16). The cell lines were maintained as monolayers in DMEM
media with L-glutamine (Invitrogen, Carlsbad, CA), supple-
mented with 10% FBS (ATCC, Manassas, VA) and penicillin/
streptomycin (Biowhittaker Inc., Walkersville, MD), and
maintained in humidified air at 5% CO2 in a 37˚C environ-
ment. Cells were plated in sterile 96-well microtiter plates
at 1x105 cells/ml and incubated for 24, 48 and 72 h with the
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above treatments. An equal volume of vehicle was added
representing the controls.

MTT assay. The MTT colorimetric assay was performed to
detect tumor cell viability after 24, 48 and 72 h of incubation.
MTT, a tetrazolium dye [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide; thiazolyl blue, Sigma] was
added to the each well as described previously (17). Plates
were incubated in the presence of MTT dye for 4 h. Mito-
chondrial dehydrogenase activity reduced the yellow MTT
dye to a purple formazan, which was then solubilized with
acidified isopropanol and absorbance was read at 570 nm on
an ELx800 microtiter plate reader (Biotek Instruments Inc.,
Winooski, VT).

Measurement and detection of apoptosis. Annexin V-FITC
Apoptosis Detection Kit (Biovision Inc., Mountain View, CA)
was used to detect necrotic, early and late apoptotic activity
after 18 h of incubation with 5 mM IP6. After treatment as
outlined above, cells (1x106) were collected and resuspended
in binding buffer, and Annexin V-FITC and propidium iodide
(PI) were added to each sample and incubated in the dark for
5 min. Annexin V-FITC binding was determined by flow
cytometry (Ex=488 nm; Em=530 nm) using FITC signal
detector (FL1) and PI staining by the phycoerythrin emission
signal detector (FL2).

Statistical analysis. Determination of statistical significance
was performed by analysis of variance (18). Post hoc com-
parison of individual concentration means with the control
was completed using the Tukey-Kramer Multiple Comparison
test (19). The data are reported means and standard deviations.

Results

Barrett's adenocarcinoma cell line (BIC). As shown in Fig. 1,
cellular proliferation was significantly reduced in the BIC
cell line by the addition of IP6 at all time-points tested. When
the BIC cells were treated with 0.5 mM/well of IP6, signi-
ficant reductions in cellular proliferation were observed at
24 h (33.3±12.6%), 48 h (51.3±5.1%) and 72 h (48.9±3.6%)
when compared to control (P<0.001). However, with the
addition of 1.0 mM/well IP6, more profound reductions in
cellular proliferation were observed at all time-points tested
(24 h, 77.5±5.2%; 48 h, 89.3±1.9%; 72 h, 90.9±1.8%) when
compared to control (P<0.001). IP6 (5.0 mM/well) also
reduced cellular proliferation at 24, 48, and 72 h (63.2±3.7,
75.5±3.2 and 81.5±2.3%, respectively) when compared to
control (P<0.001).

Barrett's adenocarcinoma cell line (SEG-1). When the
SEG-1 cells were treated with 0.5 mM/well IP6, cellular
proliferation was reduced at 48 h (25.4±6.6%) and 72 h
(13.1±8.5%) when compared to control. A brief increase in
SEG-1 proliferation was noted at the lowest dose (0.5 mM)
and at the earliest time-point but quickly reversed. Marked
reductions in cellular proliferation were seen at the 1.0 mM/
well IP6 dose at all time-points tested (24 h, 63.5±4.2%;
48 h, 87.8±3.2%; 72 h, 88.7±3.1%) (P<0.001). Anti-
proliferative effects were also observed by the addition of

5.0 mM/well IP6 at 24, 48 and 72 h (72.6±4.4, 86.1±1.5 and
87.6±1.0%, respectively) when compared to control (P<0.001),
as shown in Fig. 2.

Apoptosis
Barrett's adenocarcinoma cell line (BIC). As seen in Fig. 3,
late apoptosis was reduced by 5.0 mM IP6 (2.03±0.15%)
when compared to the control (2.93±0.42%, P=0.025) in the
BIC cell line. Necrotic activity was also significantly reduced
when the BIC cells were treated at this dose [(0.64±0.09%)
vs. (1.05±0.17%), P=0.021].

Barrett's adenocarcinoma cell line (SEG-1). In the SEG-1
cell line, increases in both early (2.9±1.18%, P=0.038) and
late (11.9±0.71%, P=0.002) apoptotic activity was observed
with 5.0 mM IP6 when compared to their respective controls
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Figure 1. Cellular growth inhibition of corn-derived IP6 in the Barrett's
adenocarcinoma cell line (BIC). Graph depicts the time course and dose-
dependence of corn-derived IP6. Data shown are means ± standard deviations.

Figure 2. Corn-derived IP6 inhibits cellular growth in vitro in the Barrett's
adenocarcinoma cell line (SEG-1) at all time-points with the exception of
0.5 mM at 24 h which caused a significant proliferative effect. Graph depicts
the time course and dose-dependence of corn-derived IP6. Data shown are
means ± standard deviations.
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(0.69±0.38 and 8.2±0.47%). Necrotic activity was also signi-
ficantly increased with 5.0 mM IP6 (3.8±1.3%, P=0.036) when
compared to the control (1.4±0.42%; Fig. 4).

Discussion

Barrett's esophagus, first described in 1950, occurs when the
distal esophagus becomes partially lined with columnar
epithelium of the intestinal metaplasia subtype. The associated
cancer risk of Barrett's esophagus is widely debated; however,
investigators agree that a 20- to 40-fold increase in cancer
risk exists (20,21). The incidence of Barrett's associated
adenocarcinoma of the esophagus continues to increase in
the United States, with an estimated 15,550 new cases of

esophageal cancer in 2007, with 13,940 of these cases resulting
in death (22). Devesa et al evaluated incidence trends in the
United States and noted a 350% increase in the incidence of
esophageal adenocarcinoma between 1976 and 1994 (23). In
the last seven years the relative mortality rate attributed to
esophageal adenocarcinoma has declined from 98.4% in the
year 2000 to an estimated 89.6% in 2007 (22). This decline
can be attributed to advances in surgical techniques and
treatment modalities. However, both surgical and adjuvant
therapies are of limited efficacy in advanced disease or in
debilitated patients. Prevention, either by medical, dietary or
surgical therapies, remains highly debated. Progress in this
area, however, has been limited by the development of
research models to study the disease. The recent development
of an in vitro model of Barrett's adenocarcinoma has allowed
basic research into its growth and regulation (24).

IP6 is a naturally occurring polyphosphorylated carbohy-
drate found in grains, cereals, nuts, and other food sources
high in fiber content. IP6 is a natural antioxidant and has
been reported to have significant inhibitory effects against a
variety of primary tumors. Additionally, Deliliers et al reported
that IP6 is neither cytotoxic nor cytostatic against normal
cells; rather its effects are cancer cell specific. In a dose
titration of IP6's cytotoxic effects on leukemic progenitors
cells, their group reported that no effect of IP6 was observed
on normal progenitor CD34+ cells derived from bone marrow
(25). No dominant theory exists for the anticancer activity of
inositol compounds. Inositol phosphates, which are present in
almost all mammalian cells, play an important physiologic role
in regulating cell function, proliferation and differentiation (5).

We have previously reported the anti-proliferative effects
of IP6 in the PANC-1 and MIAPACA pancreatic cancer cell
lines, using identical physiologic IP6 doses (14). Herein, we
reported profound reductions in cellular proliferation ranging
from 37.1 to 91.5%. We observed similar results when IP6
was administered to melanoma cells in vitro, with mean
inhibitions of 52% after only 72 h of incubation (15). In our
current study, significant growth inhibition was induced by
the addition of IP6 in vitro to both Barrett's adenocarcinoma
cell lines. These cell lines are useful in that one is wild-type
p53 (SEG1) while the other is mutated (BIC-1). p53 mutation
has been associated with Barrett's aggressiveness, and may
be an early stage in the transformation of benign to malignant
epithelium (26). This data in conjunction with the other
studies cited above indicates that IP6 may have the potential
to become an effective adjuvant treatment for Barrett's
adenocarcinoma.

Among the reported mechanisms by which IP6 exerts its
anti-proliferative effects are through regulation of angiogenesis
and apoptosis. We previously evaluated the effects of in vitro
IP6 administration on VEGF production in the HTB68
melanoma cell line (15). VEGF production was significantly
reduced using IP6 by an astounding 81.7%. These data
indicate that IP6 acts as an anti-angiogenic agent, accounting
for one of the possible mechanisms of action. We have also
previously shown that IP6 increased early and late apoptotic
activity in both PANC-1 and MIAPACA pancreatic cancer
cell lines (14), as well as melanoma. In our current study, we
observed increases in both early and late apoptotic activity in
the SEG-1 cell line. Necrotic activity was also significantly
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Figure 3. Late apoptotic activity and necrosis, as determined by the Annexin V
assay, were significantly reduced when the BIC cell line was treated with
5.0 mM corn-derived IP6. No significant changes were observed in early
apoptosis. Graph summarizes apoptotic activity in the presence of corn-
derived IP6. Data shown are means ± standard deviations.

Figure 4. Apoptotic activity, determined by the Annexin V assay, induced
early and late apoptosis as well as necrosis in the SEG-1 cell line when
treated with 5.0 mM corn-derived IP6. Graph summarizes apoptotic activity
in the presence of corn-derived IP6. Data shown are means ± standard
deviations.
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increased. The observed increases in early apoptotic activity
may indicate that the cells were in a static, non-proliferative
state, while the increases in late apoptotic activity suggests
that the cells were in the final stages of the apoptotic cycle
and that cell death was imminent. The increase in necrosis
observed in the SEG-1 cells indicates that a cytotoxic or
cytostatic method of response was induced by IP6 treatment.
Since apoptosis and necrosis were measured after only 18 h
of incubation, it is possible that any effects of IP6 on these
processes occurred later and were missed at this juncture in
the BIC cell line, or be a function of its mutated p53 status.

The prevalence of IP6 compounds in safe, naturally
occurring foods make it an attractive natural therapy for
dietary and conventional treatment and possible prevention
of esophageal cancer. Their effects in combination with
conventional chemotherapy will be investigated. The results
reported herein also encourage in vivo studies, and possibly
lead to Phase II clinical trials in an effort to determine the
clinical efficacy of these agents in the management or
prevention of this disease.

Treatment of Barrett's adenocarcinoma in vitro with the
common dietary polyphosphorylated carbohydrate IP6
decreased cellular growth by pro-apoptotic mechanisms. Our
findings suggest that IP6 has the potential to become an
effective adjunct for Barrett's adenocarcinoma. Further in vivo
and human studies are needed to evaluate safety and clinical
utility of this agent in patients with Barrett's adenocarcinoma.
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