
Abstract. ß-catenin has a dual function; it is implicated in
intercellular junctions and transcriptional co-activation. Here
we examined the regulation of the expression and localization
of ß-catenin in HT29 colorectal adenocarcinoma cells. Our
results showed that inhibition of PI-3 kinase with wortmannin
was accompanied by a considerably reduced expression of
ß-catenin. This effect was overcome by butyrate and occured
at the protein level, not at the level of mRNA. Moreover, NaBT
significantly increased the phosphorylation of the ribosomal
protein, S6, known to participate in the translational control
of gene expression. This was accompanied by the increased
phosphorylation of p70 S6K and MAPKs, the effector proteins
that are upstream of protein S6 in the distinct signaling path-
ways. These facts indicate that different signaling pathways
may be involved in the regulation of ß-catenin synthesis.
Modulation of ß-catenin expression induced by NaBT appeared
to occur at the level of protein translation, suggesting that
NaBT may act as a translational regulator.

Introduction

ß-catenin is a bifunctional protein that exists in two separate
pools in the cell. ß-catenin localized at the plasma membrane
plays a role in adherens junctions. In the adhesion complex,
the cadherin receptors associate with cytoplasmic proteins of
the catenin family (ß- or Á-catenin) and mediate an interaction
with the cortical actin microfilament network via ·-catenin
(1). The cytosolic soluble pool of ß-catenin is involved in
transition of the Wnt signal from the plasma membrane to the

nucleus, where it acts as a co-activator of the Tcf transcription
factor to stimulate the transcription of Wnt target genes, i.e.
the cell cycle-promoting genes or genes necessary for invasive
growth (2). Structurally, ß-catenin is composed of 12 central
Arm (armadillo) repeats, flanked by C- and N-terminal
domains. The C-terminus contains the DNA-transactivating
domain while the N-terminus contains several conserved
serine and threonine residues. These, if phosphorylated,
target cytosolic ß-catenin for ubiquitination and rapid protein
degradation. CK-1 and GSK-3 have been considered as the
kinases responsible for the phosphorylation of ß-catenin and
they exist in a complex which also includes Axin and APC
protein (3).

In unstimulated non-transformed cells, free ß-catenin is
unstable, labeled for ubiqitination and subsequent destruction
(4). Destabilization of ß-catenin in normal cells is mediated
by a multi-protein complex of GSK-3, APC, PP2A, ß-TrCP
and Axin/Conductin (5). However, in colorectal cancer cells
that express mutated APC, ß-catenin destruction does not occur
(6,7). Under these circumstances, free ß-catenin accumulates
in the cytoplasm and, eventually, functions as a transcriptional
co-activator (4). Until recently, many reports suggested that
the intranuclear translocation and transcriptional activity of
ß-catenin might participate in the initiation of mammalian
tumors. Yet, Hagen et al (8) showed that ß-catenin must first
accumulate in the cytosol before being able to elicit its
signaling activity in the nucleus. It appears that the nuclear
localization of ß-catenin occurs predominantly in the migrating
invasive front of the colorectal carcinoma (9). Thus, ß-catenin's
transcriptional activity seems to be a marker of tumor de-
differentiation and invasiveness rather than its initiation.

The integrity of adherens junctions and the stability of
free ß-catenin appear to be dynamically regulated by tyrosine
phosphorylation. The existence of the adherens junctions can
be disturbed, for example, by the v-src oncogene (10). ß-catenin
appears to be a direct substrate for protein-tyrosine phospha-
tases (PTPs), and PTPs were shown to inhibit cell migration
(11). These data imply that ß-catenin phosphorylated at tyrosine
residues plays a critical role during invasive cell migration.

The problem of the stabilization of free ß-catenin in
developing tumors is yet to be elucidated. After dismantling
the complex, soluble ß-catenin has the ability to bind phos-
phatidyl inositol-3 kinase (PI-3K), which might mediate
the catenin stabilization. In this context, it is an important
fact that a significant increase in PI-3 kinase activity occurs in
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different tumors (12). Class I PI-3 kinases play key roles in
cell proliferation, migration, apoptosis, gene expression and
differentiation (13-15). Classical PI-3 kinases are considered
as bifunctional lipid and serine kinases (16,17), whose specific
product is phosphatidylinositol trisphosphate PI(3,4,5)P3

(18). Many proteins have been defined as direct or indirect
downstream targets for PI-3 kinase (17); the most explored
effectors of PI-3 kinase signaling are PDK-1 and Akt (19).
Our recent results suggested that PI-3 kinase may prevent
differentiation of colorectal cancer cells and that it interacts
with ß-catenin in these cells (20; unpublished data). Therefore,
we aimed to examine whether PI-3 kinase is involved in the
regulation of the expression of ß-catenin in colorectal adeno-
carcinoma cells.

There are many cell lines derived from human colorectal
carcinomas, some of which represent a model for inducing
transient differentiation. The HT29 cell line has been used
frequently because these cells can differentiate only after
stimulation with a differentiation agent. In our experiments,
we used sodium butyrate (NaBT) to induce transient differ-
entiation in HT29 cells. NaBT is a four-carbon short fatty
acid salt produced in vivo in the colonic lumen by bacterial
fermentation of a dietary fiber (21). This compound has
significant physiological relevance to the integrity and
function of the colonic epithelium (22). In cancer cell lines,
NaBT exerts several antitumor effects, including inhibition
of cell proliferation, stimulation of cell differentiation, and
induction of apoptosis (23).

We have previously studied different aspects of the NaBT-
stimulated differentiation of several colorectal adenocarcinoma
cell lines, including HT29 (24-26). Yet, the mode and the
degree of the response of these cells to butyrate treatment
sometimes varied. Therefore, we have established several
clones of the HT29 cell line in order to provide a better
model for molecular and morphological studies of this type
of cancer cells (unpublished data). Data acquired with these
clones should contribute to better elucidation of the molecular
principles of the differentiation process in adenocarcinoma
cells.

Increased protein synthesis is necessary for tumor formation
and progression. The translational control of gene expression,
which is the major regulatory mechanism of protein bio-
synthesis, is mediated by signaling pathways targeting protein
synthesis machinery. It occurs mainly at the level of initiation
by reversible phosphorylation of several initiation factors and
by phosphorylation of S6 protein, a component of the 40S
subunit of eukaryotic ribosomes that is responsible for
binding and decoding mRNA. Ribosomal subunits containing
phosphorylated S6 protein are preferentially recruited into
polysomes, rather than non-phosphorylated subunits (27).

In the present work, we examined the role of PI-3 kinase
in the regulation of ß-catenin expression and intracellular
localization during proliferation and NaBT-stimulated dif-
ferentiation in HT29 colorectal cancer cells. We found that
inhibition of PI-3 kinase by wortmannin significantly reduced
the level of ß-catenin expression. This inihibition was over-
come by NaBT. While neither wortmannin nor NaBT interfered
with the transcription of mRNA for ß-catenin, NaBT appeared
to highly stimulate the phosphorylation of the ribosomal
protein, S6, known to be involved in the control of mRNA

translation. These data suggest that NaBT may affect the
expression of ß-catenin at the level of translation.

Materials and methods

Materials. Tissue culture supplies were purchased from Life
Technologies Inc. Sodium butyrate, wortmannin, phospho-
inositol and Tri-Reagent were from Sigma. Silicagel/Kieselgur
TLC plates were obtained from Merck. ECL detection reagent,
G-Sepharose and [Á-32P]-ATP were from Amersham-Bio-
technologies. The NPP substrate was supplied by Fluka
Chemie. The following primary antibodies were purchased:
monoclonal anti-phospho-tyrosine antibody (PY99) and
polyclonal rabbit anti-p70 S6K from Santa Cruz Biotech-
nologies; monoclonal anti-ß-catenin and anti-phospho-ß-
catenin (Ser37) from Sigma; monoclonal anti-eIF-4E from
Transduction Laboratories; polyclonal rabbit anti-S6 protein
and anti-phospho-S6 protein (Ser235/236) and polyclonal anti-
MAPK p42/44 and anti-phospho-MAPK p42/44 (Thr202/
Tyr204) were from Cell Signaling Technology. HP-conjugated
secondary antibodies against mouse and rabbit IgG were
supplied by Bio-Rad. Anti mouse IgG1 Alexa 488-conjugated
secondary antibody was obtained from Molecular Probes
(Eugene, OR). DAPI dye for staining nuclei was from Roche.
All other chemicals were reagent grade and were obtained
from commercial suppliers.

Cell culture. Human colorectal adenocarcinoma cells, HT29,
or H8 and G9 clones were grown in H-MEM media supple-
mented with 10% fetal calf serum (FCS). For the 48-h
experiments, confluent cells were subsequently washed and
cultured in relevant media containing 2% serum with or
without 5 mM NaBT. At appropriate time points, the cells
were lysed and used for further experiments or fixed and
used for immunocytochemistry.

For some experiments, the confluent cells were treated
with DMSO or with 100 nM wortmannin in medium containing
2% serum and incubated for an additional 48 h. Some cells
were first pre-treated with 100 nM wortmannin for 30 min,
then 5 mM NaBT was added and the cells subsequently
incubated for 48 h.

The cells were lysed at appropriate time points on ice for
30 min in basic buffer B [1% Triton X-100 (v/v); 100 mM
HEPES (pH 7.9); 1 mM ß-glycerolphosphate; 2 mM EGTA;
0.2 mM PMSF; 2 mM benzamidine; 2 mM Na3VO4; and
protease inhibitors, leupeptin, pepstatin and antipain (0.4 μg/ml
each)] unless otherwise indicated. The cell extracts were
cleared by centrifugation at 12,000 x g for 10 min at 4˚C and
supernatants were assayed for protein concentration using the
Bradford method.

Cell fractionation. Cells were lysed with buffer C containing
10 mM HEPES, 1.5 mM MgCl2, 10 mM KCl, 0.5 mM DTT
and 0.5 mM PMSF and subsequently passed 20 times
through a 22 G needle and centrifuged at 560 x g to separate
the cytoplasm from nuclei. This procedure was performed
once more with buffer C supplemented with 0.1% Triton
X-100. The pellet was then lysed with buffer N, consisting of
20 mM HEPES, 25% glycerol, 0.42 M NaCl, 1.5 mM MgCl2,
0.2 mM EDTA, 0.5 mM DTT and 0.5 mM PMSF, in order to
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gain the nuclear fraction. Both cytoplasmic and nuclear lysates
were spun down at 15,300 x g for 15 min. The cytoplasmic
pellet was further lysed with the lysis buffer C supplemented
with 1% Triton X-100 for 30 min and centrifuged to obtain
the membrane fraction.

Immunoblot analysis. For Western blotting, crude cell lysates
(40 μg) or immunoprecipitated proteins (25) were resolved
by SDS-polyacrylamide gel electrophoresis and transferred
onto PVDF membranes. The membranes were blocked with
5% (w/v) milk dissolved in PBS-0.1% Tween buffer and then
the membranes were incubated with appropriate primary
and secondary antibodies diluted with PBS-0.1% Tween
buffer. For detection of bound antibodies, enhanced chemi-
luminescence (ECL) was utilized.

Alkaline phosphatase assay. Cells were lysed by sonication
in a buffer consisting of 10% diethanolamine and 0.5 mM
MgCl2 (pH 9.8). The lysates were cleared by centrifugation
at 15,000 x g for 4 min. Fifty μl lysates containing equal
amounts of protein were mixed with 50 μl NPP substrate for
the alkaline phosphatase dissolved in the lysis buffer (2.8 mg/
ml) and incubated for 30 min at 37˚C. The reaction was
stopped with 50 μl 3 M NaOH. Absorbance (405 nm) values
were measured using an ELISA reader and the enzyme
activity was calculated using the molar extinction coefficient
Â405 = 20.2 μmol-1 obtained from a p-nitrophenol calibration
curve.

PI-3 kinase assay. Cells were extracted in basic buffer B,
described above, that was supplemented with 40 mM ß-
glycerolphosphate and 5 mM DTT, and the assay of PI-3
kinase activity was performed essentially as described by
Vojtechová et al (28). Briefly, protein extracts (2 mg) were
immunoprecipitated overnight at 4˚C with 2 μg of specific
anti-pTyr antibody and 10 μl protein G-Sepharose. Phospha-
tidylinositol was prepared as a stock solution in chloroform.
The solvent was evaporated in vacuo and the lipid was
dispersed by sonication in 20 mM Tris-HCl pH 7.5, 1 mM
EDTA and 5 mM DTT. The immunoprecipitates were pre-
incubated with the lipid solution at 37˚C for 10 min. The
activity of PI-3 kinase was assayed in a reaction mixture
containing 20 mM Tris-HCl pH 7.5, 1 mM EDTA, 5 mM
DTT, 10 mM MgCl2, 100 μM ATP, 25 μg phosphatidylinositol
and 1.5 μCi [Á-32P]-ATP in 50 μl. The reaction was carried
out for 10 min at 37˚C and terminated with 200 μl 1 N HCl,
80 μl methanol and 80 μl chloroform. The mixture was then
centrifuged, the upper phase was removed and the chloroform
phase was washed twice with 200 μl mixture containing 1 N
HCl-methanol (1:1). The chloroform extracts (20 μl) were
spotted on an oxalate-treated Silicagel/Kieselgur TLC plate
and chromatography was performed with n-propanol-2 M
acetic acid (65:35) as the mobile phase. The developed plate
was air-dried and autoradiographed.

Immunocytochemistry. Cells cultured on 4-chamber slides
were washed with PBS and fixed for 20 min with 4% para-
formaldehyde in PBS and subsequently permeabilized with
methanol:acetone (50:50%, vol:vol) for 1 min. After additional
washes with PBS, the cells were blocked with 4% BSA in

0.2% Triton X-100 for 2 h RT. The cells were then incubated
overnight at 4˚C with primary monoclonal antibody, anti-ß-
catenin diluted with the blocking solution at a concentration
1:1,000. Then the cells were stained for 1 h in the dark with a
mixture of secondary anti-IgG1 antibody conjugated with
Alexa 488 (1:1,000) and DAPI nuclear dye (1 μg/ml) diluted
with 4% BSA in 0.2% Triton X-100. Fluorescent images
were captured with a Nikon Eclipse E600W microscope using
Lucia software (Laboratory Imaging, Ltd.).

Northern blot analysis. Total RNA was extracted from cells by
Tri-Reagent and in amounts of 15 μg run on formaldehyde
gels and blotted onto Hybond-N nylon membrane. After
staining with methylene blue to determine the position of 18S
and 28S rRNA markers, membranes were hybridized with
32P-labelled probes under high stringency conditions. The
probe for ß-catenin was kindly provided by Professor W.
Birchmeier (Berlin). As loading controls, S18 and S28 rRNA
were used.

Statistical analysis. The data are presented as the mean of at
least three independent experiments performed in duplicate ±
SD.

Results

Localization and Tyr and Ser phosphorylation of ß-catenin in
HT29 cells. HT29 cells were analysed to ascertain whether
butyrate has any effect on the localization and phosphorylation
of ß-catenin. The presence of total ß-catenin or ß-catenin
phosphorylated either at Tyr residues or at Ser37 in these
cells was examined by Western blotting in the membrane,
cytoplasmic or nuclear fractions of HT29 cells treated or
untreated with 5 mM NaBT.
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Figure 1. Examination of localization and phosphorylation of ß-catenin in
HT29 cells. Western blot analysis using anti-ß-catenin antibody (A and C)
and antibody against ß-catenin phosphorylated at the Ser37 residue (B). In
C, ß-catenin was detected in the samples immunoprecipitated with the anti-
phospho-tyrosine antibody. The analysis was performed with the nuclear
(N), cytoplasmic (C) and membrane (M) fractions of HT29 cells untreated
or treated with 5 mM NaBT for 48 h. Expression of the eIF-4E protein was
used as a control of the cell fractionation (D). T0, cells lysed at their
confluence; T48, cells cultured for 48 h in the media containing 2% serum;
and T48+B, cells cultured in the same medium supplemented with 5 mM
NaBT. For details of the fractionation procedure, see Materials and methods.
Results are representative of three independent experiments.
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As shown in Fig. 1, in HT29 cells, ß-catenin was present
in all three fractions. ß-catenin phosphorylated at serine 37
was prevalently localized to the cell membrane (Fig. 1B)
whereas ß-catenin phosphorylated at tyrosines was detected
mostly in the nucleus in HT29 cells (Fig. 1C). While tyrosine
phosphorylation of ß-catenin decreased significantly after 48-h
treatment of the cells with 5 mM NaBT, ß-catenin phos-
phorylation at serine 37 seemed stable (Fig. 1B). NaBT
treatment appeared to have no effect either on the expression
or intracellular localization of total ß-catenin.

Activity of alkaline phosphatase in different clones of the HT29
cell line. Since, in previous experiments, we obtained variable
results during analyses of human colorectal adenocarcinoma
HT29 cells that differentiate only after stimulation with a
differentiation agent (24,25), we have established several
clones of this cell line differing in several morphological and
molecular markers (unpublished data). For further experiments
in this study, we used two of these clones, H8 and G9.
Regarding alkaline phosphatase activity, which is one of the
indicators of intestinal cell differentiation, clone H8 exerts a
high sensitivity to NaBT and clone G9 exerts a very low
NaBT sensitivity.

A comparison of the AP activities is shown in Fig. 2. In
H8 cells, the activity of AP started to elevate 24 h after the
addition of NaBT to the culture medium, while treatment of
G9 cells with NaBT did not seem to change the activity of
AP (Fig. 2).

PI-3 kinase activity in H8 and G9 clones. The in vitro activity
of PI-3 kinase was determined in the clones, H8 and G9,
incubated with or without 5 mM NaBT for 48 h. As shown in
Fig. 3, PI-3 kinase activity was higher in untreated H8 cells
than in G9 cells. The treatment of H8 cells with NaBT led to
a strongly reduced PI-3 kinase activity (by 60%) while, in G9
cells, NaBT exerted no significant effect on PI-3 kinase activity
(Fig. 3B).

Involvement of PI-3 kinase in the regulation of ß-catenin
expression in H8 cells. To ascertain whether the activity of
PI-3 kinase has an effect on the expression of ß-catenin in
adenocarcinoma cells, we performed several different analyses
of H8 cells cultured in the presence or absence of the selective

inhibitor of PI-3 kinase, wortmannin. For some experiments,
the cells were pre-treated with 100 nM wortmannin and then
treated with 5 mM NaBT.

Immunocytochemical analysis of ß-catenin expressed in
the H8 clone did not show any changes in its intracellular
localization, which corresponds with the findings in the
HT29 original cell line (Fig. 1A). However, the expression of
ß-catenin was significantly reduced upon treatment of H8 cells
with wortmannin (Fig. 4C), indicating that the activity of PI-3
kinase may be responsible for changes in the expression of ß-
catenin in these cells. This observation was not a consequence
of cell death, as documented by a sustained number of nuclei
(Fig. 4C, blue DAPI-stained nuclei).

As shown in Fig. 4B, the treatment of H8 cells with 5 mM
NaBT alone did not have any impact on the expression of
ß-catenin. Surprisingly, in comparison to the cells treated
only with wortmannin (Fig. 4C), addition of 5 mM NaBT to
the cell culture after 30-min pre-treatment with wortmannin
resulted in an increased expression of ß-catenin in H8 cells
(Fig. 4D).

Effect of wortmannin and butyrate on mRNA or protein
expression of ß-catenin. Western blot analysis of the cells
incubated with or without 100 nM wortmannin or with or
without 5 mM NaBT (Fig. 5A) confirmed the immuno-
cytochemical observations described above. The treatment of
H8 cells with wortmannin decreased the amount of ß-catenin
by 27% compared to the amount of ß-catenin in the cells
treated with both wortmannin and butyrate (Fig. 5B).
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Figure 2. Effects of NaBT on the alkaline phosphatase activity of H8 and G9
clones of HT29 cells. Time course of alkaline phosphatase activity in H8
and G9 cells cultured for up to 48 h in media containing 2% serum
supplemented with 5 mM NaBT. The activity of alkaline phosphatase was
assayed in the cell lysates using NPP as a substrate as described in Materials
and methods. Data are the means ± SD of three individual experiments
performed in triplicate.

Figure 3. Examination of the PI-3 kinase activity in H8 and G9 clones. The
cells were incubated for 48 h with or without 5 mM NaBT and the activity of
PI-3 kinase was determined in the anti-phospho-tyrosine immunoprecipitates
from these cells. (A) Chloroform extracts of the lipid products of the reaction
were resolved by TLC as described in Materials and methods. The spots on
the autoradiographs indicate generated phosphatidyl inositol phosphate
(PIP). (B) Data obtained from densitometric analysis of the TLC autoradio-
graph. Black bars represent the cells cultured in the absence of NaBT and
grey bars represent the cells cultured in the presence of 5 mM NaBT. The
values represent means ± SD of three independent experiments.
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To ascertain whether changes in ß-catenin expression
occurred at the level of transcription, Northern blot analysis
of ß-catenin mRNA isolated from the H8 cells non-treated
and treated with wortmannin alone or with wortmannin and
butyrate was performed. No significant changes in the amount
of ß-catenin mRNA upon these treatments were seen in these
cells (Fig. 5C). The amount of each mRNA was related to the
amount of the relevant loaded S28 rRNA (Fig. 5E). These
data suggest that the reduced ß-catenin expression, as a result
of the inhibition of PI-3 kinase activity by wortmannin
(Fig. 4C), may occur at the level of translation and not tran-
scription in H8 cells.

Phosphorylation of ribosomal protein, S6; effect of NaBT.
Since NaBT seemed to have an effect on ß-catenin translation,
we examined the state of phosphorylation of the ribosomal
protein, S6, a component of the 40S subunit of eukaryotic
ribosomes, which is one of the most important control
mechanisms of protein translation. As shown in Fig. 6A
and B, the treatment of both H8 and G9 cells with 5 mM NaBT
highly stimulated the phosphorylation of the ribosomal protein,
S6. In agreement with this finding, the phosphorylation of its
major protein kinase, p70 S6K, was increased by butyrate
treatment in both H8 and G9 cells (Fig. 6C). The state of
activation of p70 S6K was analyzed by means of its migration
on SDS-PAGE (increased phosphorylation and thus activation
of p70 S6K is manifested by lower electrophoretic mobility
on SDS-PAGE) (28). As shown in Fig. 6C, a highly phos-
phorylated form of p70 S6K, represented by the most slowly
migrating protein band Á, was present only in H8 and G9
cells treated with butyrate. In addition, the phosphorylation
of MAPKs (p42/44) that are upstream of another S6 kinase,
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Figure 4. Immunocytochemical analysis of the effect of wortmannin and NaBT on the expression of ß-catenin in H8 cells. The cells were treated with DMSO
as a vehicle, or with 100 nM wortmannin for 30 min and subsequently incubated in the presence or absence of 5 mM NaBT for 48 h. Immunocytochemistry
was performed with these cells using the anti-ß-catenin antibody (green). The nuclei were visualized by DAPI staining (blue). (A) Cells treated with DMSO;
(B) cells treated with 5 mM NaBT; (C) cells treated with wortmannin; (D) cells treated with both wortmannin and NaBT. A representative of three
independent experiments is shown.

Figure 5. Analysis of ß-catenin protein and mRNA expression in wortmannin
and NaBT-treated H8 and G9 cells. (A) Western immunoblotting of ß-catenin
expression in H8 cells treated with DMSO as a vehicle (lane 2), with 100 nM
wortmannin (lane 4) either treated together with 5 mM NaBT (lane 5) or
incubated with NaBT alone (lane 3). (B) Histogram showing densitometric
data obtained from the Western blot analysis of ß-catenin. (C and D) Northern
blot analysis of the expression of ß-catenin mRNA in H8 cells (C) treated
or untreated as in (A). As loading controls for C, 28S and 18S rRNAs are
shown (D). Histogram (E) summarizes densitometric analysis of mRNA for
ß-catenin related to the amount of the relevant S28 rRNA.
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p90rsk, was also stimulated upon treatment of the cells with
NaBT (Fig. 6D), suggesting that p90rsk may be involved in the
phosphorylation of S6 protein induced by butyrate. Similar
findings were observed in the original HT29 cell line (data
not shown). These results indicate that butyrate may be
involved in the translational control of ß-catenin expression
by regulating the phosphorylation of the ribosomal protein,
S6.

Discussion

The objective of this study was to examine the regulation of
the expression and intracellular localization of ß-catenin in
HT29 colorectal adenocarcinoma cells. Staal et al (29) reported
that, in order to transduce Wnt signaling, ß-catenin in the
nucleus must be dephosphorylated on its N-terminus where
Ser37 and 41 residues reside. Our results are in accordance
with these data, since ß-catenin phosphorylated at serine 37 was
found in HT29 cells, predominantly at the plasma membrane,
and almost no Ser37-phosphorylation of ß-catenin was found
in the nucleus. Contrary to the tyrosine phosphorylation of
ß-catenin, its phosphorylation at serine 37 appeared to be
NaBT-independent. We found that the overall tyrosine phos-
phorylation of ß-catenin decreased considerably in HT29
cells after 48-h treatment with 5 mM NaBT. These results
correspond with previous findings that NaBT down-regulates
total cellular tyrosine kinase activity in colon cancer (30).

Recently, ß-catenin has been revealed as one of the key
binding partners for SHP-1 in human intestinal crypt cells
and a substrate for tyrosine phosphatase, SHP-1, in these cells
(31). In this context, it would be interesting to see whether
NaBT stimulates the expression or activity of the tyrosine
phosphatase, SHP-1, as a mechanism to control the dephos-
phorylation of ß-catenin.

The amount of ß-catenin in butyrate-sensitive cells, H8,
treated with wortmannin significantly decreased, indicating
that inhibition of PI-3 kinase is responsible for the reduced
expression of ß-catenin. Despite the fact that the PI-3 kinase
activity considerably declined in H8 cells treated with NaBT,
when wortmannin pre-treatment was followed by the addition
of 5 mM NaBT, the expression of ß-catenin highly increased.
This finding indicates that the expression of ß-catenin is
not dependent only on the activity of PI-3 kinase, since the
decreased synthesis of ß-catenin, evidently induced by the
inhibition of PI-3 kinase activity, was overcome by the effect
of sodium butyrate. Northern blot analysis performed with
mRNA for ß-catenin revealed that this effect occurred at the
level of translation. This is also supported by the observation
of the butyrate-stimulated phosphorylation of the ribosomal
protein, S6. Thus, butyrate may be involved in the control of
protein translation in colorectal cancer cells by regulating the
phosphorylation of the ribosomal protein, S6. The phosphoryl-
ation of protein components of the translational apparatus
provides the most important means of protein synthesis control.
Ribosomal protein S6 is a component of the 40S subunit of
eukaryotic ribosomes and a substrate for the p70 S6 kinase
(p70 S6K), controlled by the mTOR signaling pathway (32).
Also, protein kinase p90rsk, which is downstream of MAPKs in
the Ras/MEK signaling pathway, catalyzes the phosphorylation
of the ribosomal protein, S6 (33). Our findings may therefore
indicate that at least two distinct signaling pathways that
control mRNA translation through the regulation of S6 protein
phosphorylation may be activated upon butyrate treatment in
HT29 cells.

Sodium butyrate is known to upregulate the expression of
some regulatory genes, such as p21 or p27, and some differ-
entiation markers, such as cytokeratin, alkaline phosphatase
and other brush border intestinal enzymes, as well as integrin
ß1 and osteopontin (23). We have shown that ß-catenin could
be another target of NaBT in colorectal adenocarcinoma cells.
So far, NaBT has been reported to alter only the transcription
of a variety of genes by modulating histone acetylation or
DNA methylation (34,35). Therefore, the possibility that NaBT
may be responsible for the regulation of ß-catenin expression
at the level of translation would bring new insights into its
molecular biological function.

It appears that the activities of either AP or PI-3 kinase
of the G9 clone of HT29 cells were not altered by NaBT.
Wortmannin did not cause any changes in ß-catenin expression
in the G9 clone, either (data not shown). On the contrary,
NaBT stimulated the phosphorylation of the ribosomal protein,
S6, as well as that of p70 S6K and MAPKs 1/2 in both H8
and G9 cells. The latter facts might indicate that the NaBT-
induced regulation of protein translation is a general process
in colon cancer cells.

In conclusion, our data indicate that in the regulation of ß-
catenin expression, the PI-3 kinase-dependent pathway may
be involved, together with other, i.e. PI-3 kinase-independent,
signal transduction pathway(s) stimulated by NaBT. The
inhibition of PI-3 kinase, using wortmannin, caused a
considerable decline in the expression of ß-catenin. A very
strongly reduced activity of PI-3 kinase was found in H8 cells
treated with 5 mM NaBT. By contrast, NaBT alone did not
change the level of expression of ß-catenin. However, NaBT
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Figure 6. Effect of NaBT on the phosphorylation of S6, p70 S6K and
MAPK in H8 cells. Western blot analysis of the phosphorylation level of
ribosomal protein, S6, using the antibody against S6 protein phosphorylated
at serine 235/236 (A), and of the total amount of S6 protein using the anti-
S6 protein-specific antibody (B). The phosphorylation of protein kinase,
p70 S6K, was detected using the anti-p70 S6K antibody. Symbols indicate
different phosphorylated forms of the analyzed proteins (C). The phos-
phorylation of MAPK 1/2 was analyzed using the specific antibody
against MAPKs p44/p42 phosphorylated at Thr202/Tyr204 (D). Results are
representative of two independent experiments.
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overcame the wortmannin-stimulated decrease of ß-catenin
expression in H8 cells treated with both agents. These facts
suggest that NaBT could induce ß-catenin expression via the
transduction pathway independent of PI-3 kinase activity.

Another important finding of this study is that the
prevention of the wortmannin-induced decrease of ß-catenin
expression by NaBT occured at the protein level, not at the
level of mRNA. Also, NaBT significantly increased the
phosphorylation of the ribosomal protein, S6, playing an
important role in the regulation of protein translation, and of
its upstream effectors, p70 S6K and MAPKs 1/2. These results
suggest that NaBT acts as a translational regulator, which
may represent another biological function of sodium butyrate
in colorectal adenocarcinoma cells.
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