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Intestinal epithelial cells (IEC) form a physical
barrier between the contents of the gut lumen and
the underlying tissues. In addition, these cells appear
to function as an integral component of the mucosal
immune system. IEC may not only serve as targets
for locally produced inflammatory mediators such
as cytokines but also participate in inflammatory or
immune responses in gut by producing and secreting
cytokines and chemokines (1). A lot of evidences
indicate that a dysregulation of mucosal immunity in
the gut as observed in inflammatory bowel disease
(IBD) causes an overproduction of inflammatory
cytokines leading to uncontrolled intestinal inflam-
mation and disruption of epithelial function (2).

IL-8, a member of chemokine family, has been
recognized to play an important but unspecific role
in the pathogenesis of inflammatory diseases of the
intestines. The production of IL-8 by IEC is pro-
moted by various stimuli like bacteria, bacterial
lipopolysaccharides, proinflammatory cytokines
such as IL-1β, TNF-α and oxidative stress (3ñ6). As

a potent chemoattractant and activating cytokine for
neutrophils and other leukocytes, IL-8 participates
in the recruitment and infiltration of these cells in
intestinal mucosa (5). Elevated levels of IL-8 have
been found in the colonic mucosa of people suffer-
ing from ulcerative colitis and Crohn disease (7).
Increased IL-8 expression is observed in both acute
and chronic inflammation (8). Thus, modulating IL-
8 secretion may constitutive a key target of therapy
for chronic inflammatory diseases and related can-
cers in the gastrointestinal tract.

Some nutrient constituents could contribute to
the modulation of gut inflammation and cytokine
secretion. Among dietary agents, phytic acid (inosi-
tol hexakisphosphate, IP6) has been the focus of
interest in the latest years due to its chemopreven-
tive properties against various types of cancer
including colorectal cancer (9, 10). IP6 is a natural-
ly occurring phytochemical abundant in many plants
and various high-fiber foods such as whole grains,
cereals, legumes, soy, oil seeds and nuts (9, 11ñ13).
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It is also found in most mammalian cells at levels
ranging from 10 µM to 1 mM (14). High luminal
concentrations of IP6 reaching 4 mM are present
physiologically in human large gut (15). Several
studies documented the ability of IP6 not only to
reduce the risk of developing cancer but also inhibit
tumor progression in animal cancer models (14). In
addition to its anticancer potential, numerous activi-
ties of IP6 beneficial for human health have been
reported, such as reduction of serum lipids levels
(16), prevention of pathological calcification and
kidney stone formation (17), inhibition of platelet
activation (18), protection of myocardium from
ischemic damage and reperfusion injury (19) and
antioxidative action. Moreover, IP6 has been shown
to have an impact on the inflammatory response
involving regulation of immune cell activity. It
enhances natural killer cell activity in vitro (14),
functions as a neutrophil priming agent (20) and
augments host defense via stimulation of respiratory
burst in stimulated human polymorphonuclear
leukocytes (21). The immunoregulatory role of IP6
has also been demonstrated by our previous and oth-
ersí studies showing that IP6 could modulate the

expression and secretion of cytokines IL-8, IL-6,
TNF-α, TGF-β by epithelial intestinal cells and
peripherial blood mononuclear cells in response to
stimuli such as bacterial LPS and IL-1β (22ñ24). It
has been shown that the regulation of expression and
secretion of cytokines by cells is associated with dif-
ferent intracellular signal transduction pathways
inter alia mitogen-activated protein kinases
(MAPK), protein kinase A (PKA), protein kinase C
(PKC) and those involving protein tyrosine kinases
(PTK) (25, 26).

Since IEC produce IL-8 and increase its secre-
tion in response to IL-1β, the study of the role of
protein kinases in the induction of IL-8 secretion in
human intestinal epithelial cells (Caco-2) was
undertaken in order to get insight into the signal
transduction pathways utilized in IL-8 secretion in
these cells. To investigate whether the modulatory
mechanism of IL-8 secretion by IP6 involves the
regulation of protein tyrosine kinases, we analyzed
the role of PTK signaling pathways in Caco-2 cells
by using phosphotyrosine phosphatase inhibitor
(sodium orthovanadate, OV) and an inhibitor of pro-
tein tyrosine kinase (genistein, GEN). In addition, in
the experiment, total protein tyrosine kinase activity
in both unstimulated and IL-1β-stimulated Caco-2
cells was determined following their treatment with
IP6.

EXPERIMENTAL

Reagents

Inositol hexakisphosphate and interleukin-1β
was obtained from Sigma-Aldrich. Sodium ortho-
vanadate (a protein phosphotyrosine phosphatase
inhibitor) and genistein (a protein tyrosine kinase
inhibitor) were purchased from Calbiochem.

Cell culture 

Caco-2 cells, a human intestinal epithelial cell
line, were obtained from the American Type Culture
Collection (ATCC). Cells were grown in RPMI
1640 medium (Sigma-Aldrich) complemented with
10% fetal bovine serum (FBS; GibcoBRL), 100
µg/ml streptomycin and 100 U/ml penicillin
(Sigma-Aldrich) and 10 mM Hepes (GibcoBRL).
Cell cultures were maintained at 37OC in a humidi-
fied 5% CO2 atmosphere. 

Cell culture treatment for interleukin-8 secretion

determination

To determine IL-8 secretion, Caco-2 cells were
seeded into 24-well tissue culture plates (Nunc) at
an initial density of 1 × 105 cells/well in 1 ml RPMI

Figure 1. Relative secretion of IL-8 by Caco-2 cells incubated with
phytic acid: (A) cells unstimulated with IL-1β, (B) cells stimulat-
ed with IL-1β. The results are expressed as the means ± SD. *p <
0.05 vs. control
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1640 medium complemented with the components
given above. After three days, the culture media
were changed to media with 2% FBS and cells were
then cultured for 2 days. Afterwards, cells were
incubated for 30 min with either 50 µM sodium
orthovanadate or 150 µM genistein before IP6 (1
and 2.5 mM) treatment. Parallel sets of cultures
were treated with 1 ng/ml IL-1β and either sodium
orthovanadate (50 µM) or genistein (150 µM) for 30
min prior to IP6 adding. Separate cultures were
incubated with IP6 only and were preincubated with
1 ng/ml IL-1β for 30 min before IP6 treatment. The
plates were then incubated for 24 h. Control and the
agent treatments were done in triplicate. Culture
supernatants were collected separately for IL-8
immunoassay. Cell monolayers were lysed with
0.1% sodium dodecyl sulfate (SDS, Sigma-Aldrich)
for 5 min in a 24-well plate and centrifuged. The
amount of total cellular protein was measured in
each supernatant by the Bradford reagent (Sigma-
Aldrich) according to the manufacturerís protocol
with albumin as a standard. Colorimetric results
were read on a multiplate reader TRIAD LT (Dynex
Technologies) at a wavelength of 595 nm. 

Mesaurement of interleukin-8

The levels of IL-8 secreted into the culture
supernatants were measured using commercially
available enzyme-linked immunosorbent assay
(ELISA) kits (Quantikine R&D Systems) following
the manufacturerís protocol. All assays of IL-8 con-
centration were performed in triplicate. The stan-
dard curve was prepared with each assay by using
human recombinant IL-8. The method detects at
least 10 pg/ml of IL-8 and does not cross-react with
members of the CXC and CC chemokine families.
Colorimetric results were measured using a plate
reader TRIAD LT (DYNEX Technologies) at a
wavelength of 450 nm. The concentrations of IL-8
were normalized to the total protein content in the
cells and expressed as picograms per milligram of
protein (pg/mg). 

Cell culture treatment for protein tyrosine kinase

activity determination

To determine protein tyrosine kinase (PTK)
activity, Caco-2 cells were seeded into 21.5 cm2

dishes (Nunc) at an initial density of 1 × 106 cells in
RPMI 1640 medium complemented with the com-
ponents given above and allowed to attach and
grow. After three days the culture media were
changed and colonocytes were cultured for two
days. Unstimulated and stimulated with IL-1β cells
for 30 min were incubated with 1 and 2.5 mM IP6

for 24 h. Afterwards, cells were washed twice with
ice-cold PBS and lysed with freshly prepared ice-
cold lysis buffer (50 mM Hepes buffer, pH 7.4 con-
taining 0.1% Triton X-100, 10% glycerol, 1 mM
dithiothreitol, 1 mM sodium vanadate and protease
inhibitor cocktail (Sigma-Aldrich)) for 10 min at
4OC. One mM sodium vanadate solution was previ-
ously activated for maximal activity by adjusting the
pH to 10 with 1 M NaOH and heating until it has
become colorless. Cell lysates were cleared by cen-
trifugation at 10000 × g for 15 min at 4OC and the
supernatants were retained for PTK activity assay
and protein determination.

The activity of protein tyrosine kinase was
measured by non-radioactive Protein Tyrosine
Kinase Assay Kit (Sigma-Aldrich) based on an
ELISA assay and with multiwell plate coated with
PTK-specific polymer substrate. Assay was per-
formed according to the vendorís protocol.
Epidermal Growth Factor Receptor (EGFR) was
used as a positive control for PTK activity. The pro-
tein tyrosine kinase activity of the control and test
samples was assayed in triplicate. Colorimetric
results were measured using a plate reader TRIAD
LT (DYNEX Technologies) at a wavelength of 492
nm. Units of PTK activity in samples were calculat-
ed from the linear part of the PTK standard curve
generated from known quantities of EGFR. The
total amount of protein in each cell lysate was meas-
ured by the Bradford method. Total activity of PTK
in samples was normalized to the total protein con-
tent in the cell lysates (U/mg of protein). 

Statistical analysis

Statistical analysis was performed with the use
of Statistica PL ver. 9.0 Software (StatSoft).
Studentís t-test was used to assess statistical signifi-
cances of difference between two groups. One-way
analysis of variance (ANOVA) with Tukeyís post
hoc test was used to evaluated significances between
examined groups. Results were expressed as the
means ± standard deviation (SD). Differences with a
probability (p) value less than 0.05 were considered
statistically significant. 

RESULTS

Effect of phytic acid on constitutive and IL-1ββ-

stimulated secretion of IL-8 by Caco-2 cells. 

Caco-2 cells constitutively released IL-8 at a
mean amount of 636 ± 55 pg/mg. Secretion of IL-8
was significantly up-regulated upon activation of
cells by IL-1β (13 905 ± 455 pg/mg protein) (p <
0.001). Changes in IL-8 secretion by unstimulated
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and stimulated with IL-1b Caco-2 cells evoked by
IP6 (1 and 2.5 mM) expressed as percent of the cor-
responding control value are shown in Fig. 1A and
1B, respectively. IP6 had a statistically significant,

suppressive effect on constitutive IL-8 release by
cells leading to its 39% and 41.5% decrease
depending on the concentration (1 and 2.5 mM IP6,
respectively) in relation to control. No significant
difference was observed in concentration of IL-8
between cultures treated with 1 and 2.5 mM IP6.
IP6 had also a suppressive, dose-dependent influ-
ence on IL-8 release by cells stimulated with IL-1β,
i.e., 9% (1 mM) and 21% (2.5 mM), respectively.
The down-regulatory effect of IP6 on IL-8 release
by stimulated Caco-2 cells was statistically signifi-
cant (p < 0.05). The differences between inhibitory
effect of 1 and 2.5 mM IP6 on IL-8 secretion by IL-
1β-stimulated cells were statistically significant (p
< 0.05).

Role of protein tyrosine kinases in constitutive

and IL-1ββ-stimulated IL-8 secretion by Caco-2

cells

To evaluate the role of intracellular signaling
pathway involving protein tyrosine kinases in the
regulation of IL-8 secretion by Caco-2 cells, sodi-
um orthovanadate (OV) ñ a protein phosphotyro-
sine phosphatase inhibitor and genistein (GEN) ñ
protein tyrosine kinase inhibitor were used. As
shown in Fig. 2A, incubation of cells with OV did
not influence IL-8 amount released following cells
culturing in the absence of IL-1β (p > 0.05).
However, when IL-1β-stimulated cells were incu-
bated with OV, 1,3-fold increase of IL-8 secretion
(p = 0.0019) was observed (Fig. 2B). Incubation of
cells with genistein resulted in significant inhibition
of IL-8 secretion both in absence and presence of
IL-1β, i.e., by 85.5% and 86%, respectively (p <
0.001). 

Figure 2. Effect of sodium orthovanadate and genistein on IL-8
secretion by unstimulated (A) and stimulated with IL-1β (B)
Caco-2 cells. The results are expressed as the means ± SD. *p <
0.05 vs. control

Figure 3. Effect of (A) IP6, (B) sodium orthovanadate and IP6 and (C) genistein and IP6 on IL-8 release by Caco-2 cells. Results are
expressed in percents of basal IL-8 secretion (control). Values are the means ± SD, *p < 0.05
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Effect of phytic acid in the presence of tyrosine

kinase and phosphatase inhibitors on constitutive

secretion of IL-8 by Caco-2 cells

A multiplicity of cellular signaling pathways can
be involved in the regulation of IL-8 secretion. To
define whether phytic acid can regulate the production
of IL-8 by influencing signaling pathway involving
protein tyrosine kinases, Caco-2 cells were preincu-
bated with sodium orthovanadate and genistein before
IP6 treatment. The data from these experiments are
summarized in Fig. 3. IP6 modified the response of
cells treated with OV (Fig. 3B). The significantly
down-regulatory effect of IP6 on the IL-8 secretion
was weaker in cells preincubated with OV compared
to its effect in cells cultured without OV (Fig. 3B vs.
Fig. 3A). IP6 caused a 39% and 41% decrease in IL-8
concentration in cell culture supernatants (Fig. 3A) in
relation to untreated cultures (Control) and it provoked
only 20% and 26% decrease in IL-8 amounts in cul-
ture supernatants following treatment with OV com-
pared to cells treated with OV only (Fig. 3B).
Incubation of Caco-2 cells with genistein or genistein
plus IP6 resulted in significant inhibition of IL-8
secretion (Fig. 3C). Genistein alone reduced IL-8
secretion by 85% in relation to control. There were not
significant differences between IL-8 amounts in cul-
ture media collected from cells treated with GEN and
cells treated with GEN together with IP6. 

The effect of phytic acid in the presence of tyro-

sine kinase and phosphatase inhibitors on IL-1ββ
stimulated secretion of IL-8 by Caco-2 cells

Furthermore, also the effect of OV and GEN
on IL-8 secretion by cells stimulated with IL-1β was

evaluated. The IL-8 release in response to IL-1β
stimulation was significantly inhibited by IP6 (Fig.
4A). Pretreatment with OV of IL-1β-stimulated
Caco-2 cells attenuated an inhibitory effect of IP6
on IL-8 secretion (Fig. 4B vs. Fig. 4A). IP6 at con-
centrations of 1 and 2.5 mM promoted 11% decrease
in IL-8 release by IL-1β-stimulated cells incubated
with OV compared to cells treated with OV only.
However, the down-regulatory effect of IP6 on the
IL-8 secretion by cells incubated with OV was not
found to be statistically significant compared to cells
treated with OV alone (Fig. 4B). Incubation of stim-
ulated by IL-1β Caco-2 cells with genistein alone or
genistein and IP6 caused a strong inhibition of IL-8
secretion (Fig. 4C). There were no significant dif-
ferences between IL-8 levels in culture media col-
lected from cells treated with GEN alone and cells
incubated with GEN plus IP6.

Effect of phytic acid on tyrosine kinase activity in

Caco-2 cells not stimulated and stimulated with

IL-1ββ
To further examine whether tyrosine kinases

activity could be changed with IP6 treatment, total
tyrosine kinases activity in unstimulated and IL-1β-
stimulated colonocytes treated with IP6 was evalu-
ated in cell-free lysates (Fig. 5). The results indicate
that incubation of cells with IL-1β caused statisti-
cally significant increase of PTK activity compared
to control cells (p = 0.018). As shown in Fig. 5A,
treatment of unstimulated cells with 1mM and 2.5
mM IP6 decreased PTK activity (p = 0.017 and p <
0.001, respectively). No significant differences in
PTK activity between cultures treated with IP6 at 1

Figure 4. Effect of (A) IP6, (B) sodium orthovanadate and IP6 and (C) genistein and IP6 on IL-8 release by Caco-2 cells stimulated with
IL-1β. Results are expressed in percents of basal IL-8 secretion (control). Values are the means ± SD, *p < 0.05
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and 2.5 mM doses were observed. Furthermore, the
data presented in Fig. 5B indicate, that IP6 at con-
centrations of 1 and 2.5 mM caused essential down-
regulation of PTK activity also in cells stimulated
with IL-1β (p < 0.001) and the observed reduction of
PTK activity was greater than in unstimulated cells.
No significant differences in PTK activity between
IL-1β-stimulated cells treated with 1 mM and 2.5
mM IP6 were observed. 

DISCUSSION AND CONCLUSIONS

Epidemiological studies have clearly indicated
an inverse association between dietary fibre and
whole-grain cereal consumption and intestinal can-
cer incidence (12). Furthermore, it was noticed that
only fiber with high IP6 content, such as cereals and
legumes, show negative correlation with colon can-
cer (26). This anti-carcinogenic effect may be attrib-
uted to the antioxidant and anti-inflammatory prop-
erties of bioactive components of fiber such as IP6,
as increased oxidative stress and inflammation are
involved in cancer etiology (27). Patients with long-
standing IBD have an increased risk of developing

colorectal cancer. Therefore, recent trends of pre-
vention and treatment of IBD have focused on
searching for compounds which specifically inhibit
the molecules involved in the inflammatory cascade
(28). One of the major targets for such treatment are
cytokines and their receptors produced by IEC (29,
30). Increasing evidence suggests that dietary fac-
tors can modulate different immune functions of
epithelial cells lining of the gastrointestinal tract
(12, 31). It has been reported that dietary phenolic
compounds may diminish the production of proin-
flammatory cytokines by intestinal epithelial cells
(32). Also long-chain dietary fatty acids modulate
interferon production by intraepithelial lymphocytes
(33). 

Our previous and the present studies have
demonstrated the ability of IP6 to down-regulate of
proinflammatory cytokines secretion by intestinal
epithelial cells Caco-2 (22). This cell line represents
a well-established and widely used model of the
human intestinal epithelium (34). Caco-2 cells were
exposed to pro-inflammatory stimulus IL-1β in
order to mimic an inflamed intestinal epithelium.
IL-1β shares a multitude of proinflammatory prop-
erties and appears to be critical to the amplification
of mucosal inflammation (2). Enhanced expression
of IL-1β in the intestinal tissue has been found in
IBD patients (2, 35). IL-1β is secreted by monocytes
and macrophages and induces IEC to release
inflammatory mediators like IL-8 (2, 22). 

This study has shown that IP6 used at realistic
intestinal concentration modulates the immunologic
function of IEC by decreasing constitutive and IL-
1β-stimulated IL-8 secretion. Such an inhibitory
effect of IP6 would effectively serve to suppress
inflammatory response in the intestinal epithelium. 
The expression and secretion of IL-8 is subject to
complex intracellular control, which involves sig-
naling pathways transmitting signals to the nucleus
through protein kinases (36). Several studies have
suggested that the signaling pathways involving
protein tyrosine kinases played an important role in
the regulation of IL-8 secretion by various cell
types (2, 37). Thus, the aim of this study was to
evaluate whether these signaling pathways play a
role in IL-8 secretion by Caco-2 cells. To investi-
gate the role of PTK in IL-8 secretion, cells were
treated with OV and GEN. OV is an inhibitor of
protein phosphotyrosine phosphatase that can up-
regulate tyrosine kinase-linked signaling through
the inhibition of tyrosine residue dephosphoryla-
tion. GEN is a broad-spectrum, highly specific tyro-
sine kinase inhibitor that blocks both receptor and
non-receptor protein tyrosine kinases (36). OV did

Figure 5. Effect of phytic acid on PTK activity (U/mg of protein)
in Caco-2 cells not stimulated (A) and stimulated with IL-1β (B).
The results are expressed as the means ± SD. *p < 0.05 vs. control
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not induced the secretion of IL-8 by unstimulated
cells, but in case of cells stimulated with IL-1β it
led to a statistically significant increase in secretion
of IL-8 in relation to the control culture. The IL-8
secretion was greatly inhibited by GEN both in
unstimulated and stimulated with IL-1β cells,
which indicates that tyrosine kinases are involved
in both constitutive and IL-1β-stimulated secretion
of IL-8 by Caco-2 cells. The role of protein tyrosine
kinases in stimulated IL-8 secretion by intestinal
epithelial cell line HT-29 was confirmed by other
studies. Genistein and herbimycin almost complete-
ly reduced IL-8 secretion induced by IL-1β, TNF-α
and bacterial enterotoxin in HT-29 cells (28, 36).
The role of tyrosine kinases in IL-8 secretion has
also been confirmed in human endothelial cells (38)
and the retinal pigment epithelial cells stimulated
with glycated albumin (37). 

Furthermore, in the current study, the effect of
IP6 on PTKs dependent IL-8 secretion by unstimu-
lated and IL-1β-stimulated Caco-2 cells was evalu-
ated. Preincubation of cells with OV resulted in a
weaker inhibition of IL-8 secretion by cells incubat-
ed with IP6. No significant differences were
observed in the amounts of IL-8 between cells incu-
bated with IP6 plus GEN and those treated with
GEN alone. This observation indicates that IL-8
secretion by Caco-2 cells depends on tyrosine phos-
phorylation and that IP6 influences IL-8 secretion
by affecting enzymes involved in signal transduc-
tion pathways involving PTKs. 

In IL-1β-stimulated cells preincubated with
OV, IP6 caused a decrease of IL-8 secretion, but
this effect was not statistically significant. In the
presence of OV a weaker inhibitory effect of IP6 on
IL-8 release could be explained by its opposite
effect on the processes of protein phosphorylation.
Sodium orthovanadate eliminates the effects caused
by the presence of phytic acid. In turn, when there
was no phytic acid present, OV enhanced the effect
of IL-1β because it blocked the inactivation of sig-
naling pathways activated by IL-1β (phosphate
cleavage from activated protein was inhibited). As
in the case of unstimulated cells, preincubation of
IL-1β-stimulated cells with GEN before IP6 treat-
ment did not augment further reduction in IL-8
secretion compared to cells treated with genistein
alone. These findings suggest that IL-8 secretion by
IL-1β-stimulated colonocytes is dependent on
PTKs activity and that down-regulatory effect of
IP6 on IL-8 release could involve inhibition of PTK
signaling. 

A few reports documented protein kinases as
molecular targets of phytic acid. IP6 affected such

protein kinases as phosphatidylinositol-3 kinase (39,
40), PKC (41, 42) or MAPK (39, 41, 43). Studies by
Gu et al. (44) showed that IP6 not only decreased the
levels of phosphorylated ERK1/2, JNK1/2 and p38
in human prostate carcinoma PC-3 cells but also
could be effective in blunting both pro-survival and
mitogenic signaling in prostate cancer cells. In the
present study total PTK activity in not stimulated
and stimulated with IL1-β cells treated with IP6 was
measured. Phosphorylation of tyrosine residues on
regulatory proteins by PTKs occurs at multiple steps
in the signaling cascades that regulate the expression
and production of proinflammatory mediators. The
enhanced PTKs activity has been implicated in the
pathophysiology of diseases associated with inflam-
mation including that in IBD (45).

Stimulation of Caco-2 cells with IL-1β caused
significant increase of PTK activity. Gross et al.
(6) reported that incubation of HT-29 cells with IL-
1β or TNF-α did not cause essential changes in
total PTK activity. The authors concluded that the
effects evoked by stimulation of cells with IL-1β or
TNF-α might may be explained by changes in the
intracellular localization of PTKs. In the present
study, it has also been found that IP6 treatment
resulted in an inhibition of PTK activity in Caco-2
cells both unstimulated and IL-1β-stimulated.
These results revealed for the first time that one of
the molecular targets for IP6 in intestinal epithelial
cells Caco-2 are tyrosine kinases. The other molec-
ular targets of this bioactive compound are still to
be identified.

It is evident from the results reported here that
the potent inhibition of PTK activity by IP6 does not
result in almost complete inhibition of IL-8 secre-
tion. It seems that signaling pathways dependent on
phosphorylation of proteins other than protein tyro-
sine kinases are likely to participate in secretion of
IL-8 by Caco-2 cells treated with IP6. 

In conclusion, the present results show that
physiological intestinal concentrations of IP6 may
have an inhibitory effect on IL-8 secretion and one
of the mechanisms of its action is down-regulation
of protein tyrosine kinase signaling cascade. The
results of these studies suggest that IP6 could be one
of the naturally occurring compounds that normally
regulates immune reactivity at the mucosal surface
by a direct effect on the intracellular events involved
in cytokine release in intestinal epithelial cells.
Thus, diets rich in IP6, such as those high in certain
dietary fibers, could be beneficial not only for pre-
venting human malignancies in the colon, but also
for preventing or limiting inflammatory events in
the intestinal epithelium. 



86 JOANNA WAWSZCZYK et al.

Acknowledgment

This work was supported by the Medical
University of Silesia, Katowice, Poland (Grants No.
KNW-1-067/10, KNW-1-022/P/1/0).

REFERENCES

1. Stadnyk A.W.: Can. J. Gastroenterol. 16, 241
(2002).

2. Bosani M., Ardizzone S., Porro G.B.: Biologics
3, 77 (2009).

3. Satsu H., Hyun J.S., Shin H.S., Shimizu M.: J.
Nutr. Sci. Vitaminol. 55, 442 (2009).

4. Fusunyan R.D., Quinn J.J., Ohno Y., MacDermott
R.P., Sanderson I.A.: Pediatr. Res. 43, 84 (1998).

5. Son D.O., Satsu H., Kiso Y., Totsuka M.,
Shimizu M.: Cytokine 42, 265 (2008).

6. Gross V., Andus T., Daig R., Aschenbrenner E.,
Schˆlmerich J., Falk W.: Gastroenterology 108,
653 (1995).

7. Daig R., Andus T., Aschenbrenner E., Falk W.,
Schˆlmerich J., Gross V.: Gut 38, 216 (1996). 

8. Jobin, C., Sartor R.B.: Am. J. Physiol. Cell
Physiol. 278, C451 (2000). 

9. Schlemmer U., Frolich W., Prieto R.M., Grases
F.: Mol. Nutr. Food Res. 53, 330 (2009).

10. Vucenik I., Shamsuddin A. M.: Nutr. Cancer
55, 109 (2006).

11. Bohn L., Meyer A.S., Rasmussen S.K.: J.
Zhejiang Univ. Sci. B. 9, 165 (2008).

12. Fardet A.: Nutr. Res. Rev. 23, 65 (2010).
13. Suzuki T., Hara H.: Nutr. Food Res. 54, 1807

(2010).
14. Matejuk A., Shamsuddin A.: Curr. Cancer Ther.

Rev. 6, 1 (2010).
15. Owen R.W., Weisgerber U.M., Spiegelhalder

B., Bartsch H.: Gut 38, 591 (1996).
16. Jariwalla R.J.: Anticancer Res. 19, 3600 (1999). 
17. Grases F., Costa-Bauz· A.: Anticancer Res. 19,

3717 (1999).
18. Vucenik I., Podczasy J.J., Shamsuddin A.M.:

Anticancer Res. 19, 3689 (1999).
19. Rao, P.S., Liu X.K., Das D.K., Weinstein G.S.

Tyras D.H.: Ann. Thorac. Surg. 52, 908 (1991).
20. Zhang Z., Song Y., Wang X.L.: World J.

Gastroenterol. 11, 5044 (2005).
21. Eggleton P., Penhallow J., Crawford N.:

Biochim. Biophys. Acta 1094, 309 (1991).
22. WÍglarz L., Wawszczyk J., Orchel A., Jaworska-

Kik M., Dzierzewicz Z.: Dig. Dis. Sci. 52, 93(2007).
23. Marks G., Aydos R.D., Fagundes D.J., Pontes

E.R., Takita L.C., Amaral E.G., Rossini A.,
Ynouye C.M.: Acta Cir. Bras. 21, 51 (2006).

24. WÍglarz L., Parfiniewicz B., Mertas A.,
Kondera-Anasz Z., Jaworska-Kik M.,
Dzierøewicz Z.: Pol. J. Environ. Stud. 17, 283
(2008).

25. Hoffmann E., Dittrich-Breiholz O., Holtmann
H., Kracht M.: J. Leukoc. Biol. 72, 847 (2002). 

26. Graf E., Eaton J.W.: Cancer 56, 717 (1985).
27. Bartsch H., Nair J.: Langenbecks Arch. Surg.

391, 499 (2006).
28. Ardizzone S., Bianchi Porro G.: Drugs 65, 2253

(2005).
29. van Deventer SJ.: Aliment. Pharmacol. Ther.

11, 116 (1997).
30. Nakamura K., Honda K., Mizutani T., Akiho H.,

Harada N.: World J. Gastroenterol. 7, 4628 (2006).
31. Son D.O., Satsu H., Kiso Y., Totsuka M.,

Shimizu M.: Cytokine 42, 265 (2008).
32. Sergent T., Piront N., Meurice J., Toussaint O.,

Schneider Y.J.: Chem. Biol. Interact. 188, 659
(2010).

33. Hara Y., Miura S., Komoto S., Inamura T.,
Koseki S., Watanabe C., Hokari R. et al.:
Immunol. Lett. 86, 139 (2003).

34. Van De Walle J., Hendrickx A., Romier B.,
Larondelle Y., Schneider Y.J.: Toxicol. In Vitro
24, 1441 (2010).

35. Epstein J., Docena G., MacDonald T.T.,
Sanderson I.R.: Br. J. Nutr. 103, 824 (2010). 

36. Wu S., Powell J., Mathioudakis N., Kane S.,
Fernandez E., Sears C.L.: Infect. Immun. 72,
5832 (2004).

37. Bian Z., Elner V.M., Yoshida A., Kundel S.L.,
Elner S.G.: Invest. Ophthalmol. Vis. Sci. 42,
1660 (2001).

38. Ding S.Z., Cho C.H., Lam S.K.: Biochem.
Biophys. Res. Commun. 240, 561 (1997).

39. Huang C., Ma W.Y., Hecht S.S., Dong Z.:
Cancer Res. 57, 2873 (1997).

40. Gu M., Roy S., Raina K., Agarwal C., Agarwal
R.: Cancer Res. 69, 9465 (2009). 

41. Vucenik I., Ramakrishna J., Tantivejkul K.,
Anderson L., Ramljak D.: Proc. Am. Assoc.
Cancer Res. 40, 653 (1999).

42. Vucenik I., Ramljak D.: Breast Cancer Res.
Treat. 97, 1 (2006).

43. Zi X., Singh R.P., Agarwal R.: Carcinogenesis
21, 2225 (2000).

44. Gu M., Raina K., Agarwal C., Agarwal R.: Mol.
Carcinog. 49, 1 (2010).

45. Moore B.A., T¸rler A., Pezzone M.A., Dyer K.,
Grandis J., Bauer A.J.: Am. J. Physiol.
Gastrointest. Liver Physiol. 286, G214 (2004).

Received: 26. 09. 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


