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Inositol hexaphosphate limits the migration and
the invasiveness of colorectal carcinoma cells in vitro
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Abstract. Inositol hexaphosphate (IP6), also known as phytic
acid, has been shown to exhibit anticancer effects in a number
of preclinical tumor models. IP6 decreases proliferation by
arresting cells in the GO/G1 phase, inhibits iron-mediated
oxidative reactions, enhances differentiation and stimulates
apoptosis. The present study attempted to characterize the
effect of IP6 on the migration and adhesion of colon cancer
SW620 cells. IP6 was assessed at concentrations of 0.2 and
1 mM during 12, 24 and 48 h of exposure. Migration ability
was measured with the real-time xCELLigence Real-Time
Cell Analyzer Dual Purpose system. The expression of mRNA
and proteins involved in migration and cancer progression
[epithelial cell adhesion molecule, intercellular adhesion
molecule-1, B-catenin, N-cadherin, E-cadherin, matrix metal-
loproteinase (MMP)-2 and MMP-9] was determined by
reverse transcription-quantitative polymerase chain reaction
and western blot analysis. The changes in the expression and
subcellular localization of E-cadherin were determined by
indirect immunofluorescence. IP6 induced a decrease in the
migration ability of the tested SW620 cell line. IP6-treated cells
also showed decreased expression of N-cadherin, increased
levels of E-cadherin and decreased expression of MMP-2
and MMP-9. These results indicated that IP6 has potential
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to modulate the migration ability and expression of markers
associated with invasion in SW620 cells; however, further
analysis is necessary to obtain a detailed understanding of the
mechanism of action.

Introduction

Cancer represents one of the leading causes of morbidity and
mortality globally, with ~14 million new cases and 8.2 million
cancer-associated mortalities in 2012. It has been predicted
that the number of cancer cases will increase from the
recorded 14 million in 2012 to 22 million per year within the
next 2 decades (1). Colorectal cancer (CRC) is the third most
frequent cancer diagnosis in men and the second most frequent
in women worldwide; however, the incidence of CRC varies
significantly among different countries (2). While surgical
resection is a successful treatment modality in the early stages
of this malignancy, the treatment options for the advanced
stages of colorectal cancer remain limited in terms of their
efficiency due to the generalized spread of tumor cells and
their acquired chemoresistance.

Novel strategies to improve cancer treatment have been
intensively investigated, including the search for substances
with anticancer effects. Among the natural extracts with
possible anticancer activity, inositol hexaphosphate (IP6),
also known as phytic acid, represents a promising option.
IP6 has been studied in vivo and in vitro in different types
of cancer tissues and cells, including those of the colon (3),
breast (4), liver (5), prostate (6), skin (7) and bladder (8). In
these studies, IP6 was reported to arrest cellular proliferation
in the GO/G1 phase (9), inhibit iron-mediated oxidative reac-
tions (10), enhance differentiation and stimulate apoptosis (10),
and regulate the process of cellular differentiation (11-13).
Furthermore, published studies have suggested that IP6
may also affect the invasion and migration of cancer cells
in vitro and in vivo. In one previous study, [P6 prevented the
colorectal cancer development and metastatic progression to
the liver in BALB/c mice by altering the expression of several
extracellular matrix proteins, the proteolytic enzyme matrix
metalloproteinase (MMP)-9, and other angiogenic and growth
factors (14). The expression of the matrix metalloproteinases
and tissue inhibitors of MMPs (TIMPs) was also studied in
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an unstimulated and IL-1f3-stimulated colon cancer Caco-2
cell line exposed to IP6. The results showed that IP6 exerts
its inhibitory activity through modulation of MMP and
TIMP gene expression to prevent the migration and invasion
of cancer cells (15). In the breast cancer MDA-MB231 cell
line, treatment with IP6 resulted in a 65% reduction of cell
adhesion to fibronectin and a 37% reduction to collagen, while
also decreasing the number of migrating cells. Additionally,
IP6 significantly inhibited MMP-9 secretion (16) and modu-
lated integrin dimerization, cell surface expression and the
integrin-associated signaling pathway (17). The present study
was designed to evaluate the effect of IP6 on cell migration
and on the expression of adhesion and invasion markers in the
colorectal cancer SW620 cell line.

Materials and methods

Cell culture and treatment. The continuous SW620 cell line
(catalog no. CCL-227; American Type Culture Collection,
Manassas, VA, USA) was routinely maintained in a humidi-
fied 5% CO, atmosphere at 37°C in Dulbecco's modified
Eagle's medium (DMEM) (catalog no. D5796; Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) with 10% fetal bovine
serum (Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) and penicillin/streptomycin (100 U/ml; Gibco;
Thermo Fisher Scientific, Inc.). Stock solutions of IP6 (catalog
no. P5681; Sigma-Aldrich; Merck KGaA) were prepared
in PBS without calcium and magnesium ions and stored in
a refrigerator until use. Since IP6 shows poor solubility in
the standard DMEM with 10% fetal bovine serum, Nutrient
Mixture F-12 Ham (catalog no. N-4888) with 1% FBS and
1% L-glutamine (catalog no. G7513) (both from Sigma-Aldrich;
Merck KGaA) was used in all experiments. Experiments were
repeated at least three times. Cultures were regularly checked
for the presence of mycoplasmas.

Cell migration assay. A cell migration assay was performed
using the xCELLigence Real-Time Cell Analyzer Dual
Purpose (RTCA-DP) system (Roche Diagnostics, Basel,
Switzerland). The upper chamber of CIM-plate 16 were filled
with 1% bovine serum albumin-supplemented Ham's F-12
medium and the lower chamber was filled with Ham's F-12
medium supplemented with 10% FBS. The plate was placed
in an incubator for 1 h (37°C, 5% CO,) for equilibration of
a background. Defined amounts of cells (30,000 cells/100 pl)
with the test substance (0.2 or 1 mM IP6) were added into the
upper chamber, the plates were inserted into the instrument
and the cells were allowed to migrate to the lower chambers
for 24 h. The impedance (corresponding to cell migration) was
measured every 10 min.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Cells were cultivated in the 6-well plates at
a density of 150 000 cells/ml (in 2 ml total volume) for 24 h
(37°C, 5% CO,). Next, the cells were treated for 12,24 and 48 h
with 0.2 and 1 mM concentrations of IP6. RNA was isolated
using TriReagent (Sigma-Aldrich; Merck KGaA) according
to the manufacturer's recommendations. The purity of the
extracted RNA was measured using a NanoDrop ND-2000
UV-VIS spectrophotometer (Thermo Fisher Scientific, Inc.).
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cDNA was synthetized from 0.5 ug extracted RNA using
random hexamers primer, ANTP mix, RiboLock RNase inhib-
itor and M-MULV reverse transcriptase according to the kit
protocol (RevertAid First Strand cDNA Synthesis kit; catalog
no. K1622; Thermo Fisher Scientific, Inc.). cDNA synthesis
started with initial denaturation of 0.5 ug RNA and random
hexamers primer (70°C for 5 min) and continued with other
reagents (whole volume 20 pl) for 5 min at 25°C, for 60 min at
37°C and then for 5 min at 70°C. Obtained cDNA was stored
at -20°C until the qPCR assay.

RT-qPCR of target genes [P-catenin, E-cadherin,
N-cadherin, epithelial cell adhesion molecule (EpCam), inter-
cellular adhesion molecule-1 (ICAM-1), MMP-2, MMP-9] and
a reference housekeeping gene (GAPDH) was performed in
a LightCycler 1.5 Real-Time PCR Detection system (Roche
Diagnostics). cDNA was diluted five times. The assay was
performed using Master mix (whole volume 40 pl; Roche
Diagnostics) containing SYBR-Green (25 ul), forward primer
(1 ul, 10 mM), reverse primer (1 ul, 10 mM) and diethyl
pyrocarbonate water (13 ul). The PCR was initialized with
a denaturation step of 10 min at 95°C, followed by 40 cycles
of amplification as follows: Denaturation for 10 sec at 95°C,
annealing for 15 sec at 60°C and extension for 20 sec at 72°C.
A dissociation protocol with a gradient (0.5°C every 2 sec)
from 65 to 95°C was used to investigate the specificity of the
RT-qPCR and the presence of primer dimers. The amounts of
mRNA of target genes were normalized to the GAPDH refer-
ence gene. Calculations were based on the 222%4 method (18).
The data are expressed as the fold increase of the untreated
cells (=1). Statistical analysis was performed using a one-way
analysis of variance (ANOVA) with Bonferroni's modification.

Western blot analysis. Cells were cultivated in 6-well plates
at a density of 150,000 cells/ml (in 2 ml total volume) for
24 h (37°C, 5% CO,). Next, the cells were treated with 0.2 or
1 mM concentrations of IP6 for 12,24 and 48 h. The cells were
washed with PBS and harvested in ice-cold lysis buffer (50 mM
Tris-HCI, 150 mM NacCl, 10% glycerol, 1% Triton X-100,
2 mM EDTA, 2 mM EGTA, B-glycerophosphate, 50 mM NaF,
10 mM sodium pyrophosphate, 200 uM sodiumorthovanadate
and 2 mM DTT), and the amount of protein in the lysates was
measured by bicinchoninic acid assay. Protein lysates were
diluted with SDS to a final concentration of 1 ug/ul. Lysates
(30 pl) were loaded onto the 10% SDS-polyacrylamide gel
(0.1% SDS) and transferred to a polyvinylidene difluoride
membrane (100 V, 90 min), and then blocked at 25°C for
1.5 h with a solution containing 5% skimmed dry milk,
10 mM Tris-HCI (pH 8.0), 150 mM sodium chloride and 0.1%
Tween-20 (TBST). Membranes were then incubated at 4°C
overnight with the following primary antibodies: Polyclonal
rabbit anti-cluster of differentiation 54/ICAM-1 (catalog
no. 4915; 1:5,000 dilution) polyclonal rabbit anti-f-catenin
(catalog no. 8480; 1:5,000 dilution), polyclonal rabbit
anti-E-cadherin (catalog no. 1395; 1:1,500 dilution), mono-
clonal mouse anti-EpCAM (catalog no. 2929; 1:2,500 dilution)
(all Cell Signaling Technology, Inc., Danvers, MA, USA) and
monoclonal mouse anti-B-actin (catalog no. A5441; 1:10,000
dilution; Sigma-Aldrich; Merck KGaA). This was followed by
washing in TBST (6 times for 5 min each). The membranes
were then incubated with peroxidase-conjugated secondary
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Figure 1. Cell migration assay. Effect of IP6 at concentrations of O (control), 0.2, 1 and 2 mM on the migration ability of SW620 cells during 24 h was measured
by X-CELLigence Real-Time Migration Analysis. Migration ability is expressed as cell index. The data represent the mean + standard deviation from four
biological replicates, selected as representative examples from three independent experiments. IP6, inositol hexaphosphate.

antibodies [1:20,000 dilution; polyclonal swine anti-rabbit
immunoglobulin/horseradish peroxidase (HRP)-conjugated;
catalog no. P039901-2; polyclonal goat anti-mouse immuno-
globulin/HRP-conjugated; catalog no. P044701-2; Agilent
Technologies, Inc., Santa Clara, CA, USA] for 2 h at 25°C,
followed by washing with TBST. Finally, the signal was devel-
oped with an Enhanced Chemiluminescence Prime Western
Blotting Detection Reagent (Amersham; GE Healthcare Life
Sciences, Shanghai, China). The quantity of chemilumines-
cence was detected using Imaging System Gel Logic 2200
PRO (Molecular Imaging, Inc., Ann Arbor, MI, USA).

Immunofluorescence microscopy. Changes in the expression
of E-cadherin in the cells were detected by indirect immuno-
fluorescence. IP6 was tested at concentrations of 0.2 and 1 mM
at three time intervals (24, 48 and 72 h). Treated and control
cells grown in cytospin chambers were rinsed with PBS and
fixed in 2% paraformaldehyde (20 min at room temperature).
Following rinsing in PBS, samples were incubated with
skimmed milk (5% solution in PBS; 30 min, room tempera-
ture) and primary mouse anti-E-cadherin antibody (catalog
no. 14472; 1:100 dilution; Cell Signaling Technology, Inc.) was
added for 2 h at 4°C in the dark. Cells were then rinsed three
times in PBS and Alexa Fluor 488-labeled goat anti-mouse
immunoglobulin G secondary antibody (catalog no. 150113;
1:250 dilution; Abcam, Cambridge, UK) was added for 1 h at
room temperature. At the end of incubation, cells were post-
labeled with 4',6-diamidino-2-phenylindole for 10 min at 4°C,
and then washed in PBS and mounted into Prolong Gold anti-
fade medium (catalog no. 8961; Cell Signaling Technology,
Inc.). Slides were examined using an epifluorescence micro-
scope (Nikon Eclipse E400; Nikon Corporation, Tokyo, Japan)
and the expression of E-cadherin was evaluated using image
analysis software (LUCIA DI Image Analysis System LIM;
Laboratory Imaging Ltd., Prague, Czech Republic) in at least
2,000 cells per sample.

Statistical analysis. Statistical analysis was performed using
one-way ANOVA with Bonferroni's modification using

GraphPad Prism 7 (GraphPad Software, Inc., La Jolla, CA,
USA). Results were compared with control samples (0 mM IP6)
and presented as the mean + standard deviation. P<0.05 was used
to indicate a statistically significant difference. All experiments
were completed in at least two independent replicates (n=2).

Results

Effect of IP6 on migration of SW620 cells. Firstly, the effect
of various IP6 concentrations on the migration of colorectal
cancer SW620 cells was evaluated. The three tested non-toxic
IP6 concentrations (0.2, 1 and 2 mM) were chosen based on
our previous experiments (19) and cytotoxicity testing (half
maximal inhibitory concentration, 3.63 mM IP6). All tested
concentrations significantly decreased the cell migration
of the SW620 cells in a dose-dependent manner (Fig. 1). A
significantly pronounced effect was already observable using
0.2 and 1 mM concentrations (the effect of a 2 mM concentra-
tion of IP6 was comparable with that of a 1 mM concentration
of IP6); therefore these two concentrations were chosen for
further experiments.

Expression of MMP markers. A significant suppression of the
MMPs involved in cancer progression (MMP-2 and MMP-9)
at the mRNA levels was observed at the 24 and 48 h tested
time intervals following treatment with 0.2 and 1 mM concen-
trations of IP6 (Fig. 2).

Expression of adhesion and migration markers. In the next
step, the study focused on the expression of selected adhesion
and migration markers at the mRNA (Fig. 2) and/or protein
levels (Fig. 3). IP6 treatment led to significant decrease in the
N-cadherin levels. Changes in the mRNA levels of EpCAM
and ICAM could be observed only in isolated time intervals
and concentrations (in EpCAM following treatment with 1 mM
IP6 at 48 h and in ICAM-1 following treatment with 1 mM
IP6 at 12 and 24 h), while the mRNA levels of E-cadherin and
[-catenin were not significantly altered by IP6 at all (Fig. 2). In
addition, the protein levels of p-catenin remained unchanged in
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Figure 2. Reverse transcription-quantitative polymerase chain reaction. The changes in relative mRNA expression of molecules involved in cancer progression
(MMP2, MMP9, EpCAM, ICAM, E-cadherin, N-cadherin and -catenin) following treatment with 0, 0.2 and 1 mM concentrations of IP6 for 12, 24 and
48 h. The amounts of mRNA of the target genes was normalized to the GAPDH reference gene. The data are expressed as the fold increase of the untreated
cells (=1). “Significant change of means from three independent experiments performed in duplicates (P<0.05) identified by one-way analysis of variance with
Bonferroni's modification. IP6, inositol hexaphosphate; MMP, matrix metalloproteinase; EpCAM, epithelial cell adhesion molecule; ICAM-1, intercellular
adhesion molecule 1.

[P6-treated SW620 cells in all time intervals and concentrations
compared with the untreated (0 mM IP6) controls (P>0.05).
A significant decrease in EpCAM mRNA expression was
observed only at the highest concentration and time interval

tested, while [CAM-1 expression decreased transiently at 12
and 24 h post-treatment with 1 mM IP6. A significant decrease
in protein levels in comparison to the control group (0 mM IP6)
was observed in EpCAM at the 48-h time interval and at the
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Figure 3. Western blot analysis. Protein expression of ICAM-1, 3-catenin, E-cadherin and EpCAM as determined by immunoblotting analysis in SW620 cells
following treatment with 0, 0.2 and 1 mM IP6 for 12, 24 or 48 h. The proteins were normalized to the -actin housekeeping control, and quantitative analysis
of the bands was determined densitometrically as chemiluminiscence (Int/mm?) on the y-axis. The graphs under the bands refer to relative expression of
individual proteins in treated cells compared with untreated cells (=1). “Significant change of means from two independent experiments (P<0.05) identified
by one-way analysis of variance with Bonferroni's modification. EpCAM, epithelial cell adhesion molecule; ICAM-1, intercellular adhesion molecule-1;

IP6, inositol hexaphosphate.

two tested concentrations, while in ICAM-1, only at the concen-
tration of 0.2 mM IP6 after 48 h. By contrast, a statistically
significant increase in E-cadherin at the protein level was found
after 48 h of treatment (1 mM concentration of IP6).

The study also investigated the subcellular localization
of E-cadherin following IP6 treatment. Immunofluorescence
analysis of E-cadherin expression in [P6-treated SW620 cells
demonstrated significantly increased membrane and cortical
localization of this molecule (Fig. 4), in particular after 48 and
72 h of treatment.

Discussion

It has been suggested that IP6 has a number of biological func-
tions, including a role in signal transduction, cell proliferation

and differentiation (20). The anticancer effect of IP6 has been
demonstrated in cells isolated from colorectal cancer (3),
liver (14), Barrett's oesophagus (21), prostate (22), breast (16),
pancreatic (23), skin (7) and rhabdomyosarcoma (24) tissues,
where IP6 acted chiefly via suppressed proliferation with
concomitantly induced apoptosis.

IP6 has also been shown to exert inhibitory effects on
invasiveness and metastasis. A study on the mouse metastatic
FSA-1 cell line showed that injecting IP6 intraperitoneally
reduced subcutaneously transplanted fibrosarcoma growth in
mice and reduced the number of pulmonary metastases (25).
Another study confirmed the anti-metastatic effect of IP6
on the invasive breast MDA-MB231 cell line via reduced
migration and the inhibition of the secretion of MMP-9 (16).
The follow-up study indicated that the inhibition of cancer
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Figure 4. Immunofluorescence microscopy. Effect of IP6 at concentrations of O (control), 0.2 and 1 mM on E-cadherin expression and localization after 24,
48 and 72 h, as determined by means of immunofluorescence microscopy results. (A) Immunofluorescence detection of E-cadherin in the SW620 cells (green
fluorescence) in control samples and following treatment with IP6 for 24, 48 and 72 h. The nuclei were counterstained with 4',6-diamidino-2-phenylindole
(blue fluorescence) (magnification, x600). (B) Quantification of E-cadherin-exposed cells. Results represent the mean + standard deviation of five experiments.
“P<0.05 compared with the control, using one-way analysis of variance with Bonferroni's modification. IP6, inositol hexaphosphate.

cell adhesion, migration and invasion induced by IP6 may
be mediated by modulating integrin dimerization, cell
surface expression and the integrin-associated signaling
pathway (17).

In the present study, it was found that the concentrations
of 0.2 and 1 mM IP6 significantly inhibited the migration
of SW620 cells during 24 h of treatment, as measured using
the xCELLigence RTCA-DP system. Furthermore, func-
tioning in a time and concentration manner, IP6 affected
the expression of several key molecules involved in cellular
adhesion and epithelial to mesenchymal transition. E-cadherin
is a transmembrane protein mediating cell adhesion via the
E-cadherin-f-catenin-a-catenin complex. A defect in or
loss of E-cadherin expression enables the uncontrolled tran-
scriptional activity of (-catenin in the affected cells, which
is associated with the development of invasive and metastatic
potential (26,27). To this end, a recently published study on
rats with colorectal cancer showed the inhibitory effect of
IP6 on B-catenin activity (28). However, in the present study
using the SW620 cell line, no significant changes were found

in B-catenin expression following IP6 treatment at the mRNA
and protein levels. By contrast, IP6 enabled the increased
expression and membrane localization of E-cadherin in the
treated cells, which would indicate elevated cell adhesion.

N-cadherin belongs to the transmembrane adhesion
proteins whose expression is required for collective cell
migration. Increased N-cadherin levels are correlated with
epithelial to mesenchymal transition and tumor invasion (29).
In the present study, the expression of N-cadherin decreased
at all time intervals upon treatment with 0.2 and 1 mM IP6
concentrations. These changes were further associated with its
subcellular localization (data not shown).

Transmembrane glycoprotein EpCAM is involved in
cellular proliferation, migration and differentiation. It is also
known to be highly expressed in epithelial carcinomas (30).
ICAM-1 is expressed in endothelial cells (31). While normal
colonic cells lack ICAM-1, tumor cells are known to exhibit
increased expression of this molecule. A previous study deter-
mined that increased expression was present in colon cancer
cells and that well-differentiated tumors exhibited the highest
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levels (32). IP6 treatment changed the expression of the two
aforementioned markers, although these changes did not show
a decisively linear trend, suggesting that these molecules are
not a primary marker of IP6 in this model.

MMPs serve an important role in the local and systemic
spread of malignant tumors. MMP-2 and MMP-9 degrade
the extracellular matrix to enable invasion and metastasis of
cells. IP6 has already demonstrated an inhibitory effect on
MMP-9 secretion in breast cancer MDA-MB231 cells (16).
Another study in Caco-2 cells demonstrated an increase in the
expression of MMP-2 mRNA following treatment with 1 mM
IP6 for 1 h, followed by a decrease in the expression at longer
time intervals, while the expression of MMP-9 was neither
constitutively expressed nor induced by IP6 (33). The results
of the present study suggest a significant decrease in MMP-2
and MMP-9 mRNA levels in SW620 cells exposed to IP6 at all
treatment intervals and used doses.

In conclusion, the present results demonstrate the ability of
IP6 to alter the migration, adhesion and invasion in the SW620
cell line. Thus, IP6 is a promising anticancer agent that exerts
its effects on multiple aspects of CRC progression. The reduc-
tion in N-cadherin levels and increase in E-cadherin levels
indicate that one of the IP6 targets could be the reversion of
the epithelial-mesenchymal transition; however, levels of other
EMT markers following IP6 treatment should be investigated
in future studies.
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