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Abstract. The differentiation of colorectal cancer cells is
associated with the arrest of tumor growth and tumor
regression. However, the mechanism of such tumor cell
differentiation has not yet been elucidated. Several adenocarcinoma cell lines, including HT29 which differentiates
only upon stimulation with a differentiation agent, have been
used for the study of colorectal cells. Since we had previously
obtained variable results during analyses of these cells, we
selected several clones of this cell line. In this study, four
clones of the parental HT29 cells, H8, G9, G10 and A3, were
characterized. All of them differentiated upon treatment with
sodium butyrate as the differentiation agent but they appeared
different in their response regarding some of the markers of
differentiation. As revealed by ultrastructural analysis, H8 and
G10 clones formed numerous intercellular cysts with
microvilli whereas these structures were found only
ocassionally in G9 and A3 clones. An elevated level of the
indicator of cell differentiation, CEACAM 1, was found in
H8 and G10 clones and the activity of alkaline phosphatase,
another important marker of colorectal cell differentiation,
was up-regulated and highly increased upon butyrate
treatment in the H8 clone. Phosphorylation of p38 MAPK
was increased in H8 and A3 butyrate-treated clones.
According to the levels of cleaved PARP and activated
caspase-3, the apoptotic response to butyrate appeared similar
in all four clones, while electronoptic analysis revealed that
clones G9 and A3 were more perceptive to butyrate-induced
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apoptosis. In conclusion, our data showed considerable
heterogeneity in morphology and some enzymatic activity of
the cloned cells. This fact may contribute to the evidence that
many HT29 cells possess multipotent information similar to
that of stem cells of the normal intestinal crypt.
Introduction
The cell lines isolated and cultured from human colonic adenocarcinoma have been considered as a useful tool for studying
many questions of cell biology, particularly cell differentiation
in vitro. There are many cell lines derived from human colorectal carcinomas, some of which represent a model for
inducing transient differentiation. In this respect, the HT29
cell line is an excellent subject for such studies, since HT29
cells can differentiate only upon treatment with a differentiation
agent and the differentiation process in these cells seems to
be similar to that observed during the embryonic development
of intestine (1).
In the HT29 cell line, differentiation and a certain degree
of polarization can be induced by various agents, such as
sodium butyrate (2-4), or glucose deprivation (5). However,
the mode and degree of the response of HT29 cells to differentiation and apoptosis-inducing agents appeared to be
relatively heterogenous. Sodium butyrate has significant
physiological relevance to the integrity and function of the
colonic epithelium and may be an important factor in the
pathogenesis of diseases of the colonic epithelium, such as
colorectal cancer and colitis (6). In cancer cell lines, butyrate
exerts several antitumor effects, including inhibition of cell
proliferation, stimulation of cell differentiation and induction
of apoptosis (7).
The finding that a large part of HT29 cells, which are
mostly undifferentiated in standard cell culture, differentiate
when glucose is replaced by galactose in the medium (5),
initiated the isolation of HT29 cell clones in several laboratories. Some clones differentiated into the absorptive cell type
(8-10), others showed mucus-secreting character (11,12).
In previous experiments, we have observed a heterogeneity
of colorectal cancer cells HT29 in response to sodium butyrate
treatment and/or glucose deprivation, two different agents
that can induce transient differentiation and apoptosis in
these cells (13). A population of only one type of these cells
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therefore appeared to be necessary for a detailed study of
transiently induced differentiation in colorectal carcinoma
cells HT29. For this purpose, we have cloned parental HT29
cells to receive cell clones that may provide a better model
for the molecular and morphological study of these cancer
cells.
In the present study, we selected four clones of HT29 cells
(H8, G9, G10, A3) and examined some of their biochemical
and morphological characteristics and responses to butyrateinduced differentiation. The relationship between biochemical
markers of differentiation and ultrastructural characteristics are
discussed.
Materials and methods
Biotinylated anti-mouse polyclonal IgG and the Vectastain
ABC kit were obtained from Vector Laboratories, Burlingame,
USA. Monoclonal antibody anti-CEACAM1, TEC-11 (14),
was from Dr Dráber. Polyclonal anti-PARP, anti-cleaved
PARP, anti-p38, anti-phospho-p38(Thr180/Tyr182)
antibodies were from New England BioLabs. Peroxidaseconjugated secondary anti-rabbit and anti-mouse antibodies
were from Bio-Rad and ECL Western blotting detection kits
were from Amersham. Epoxy resin AGAR 100 was from
Gröpl, Tuln, Austria.
Cell culture and clone isolation. Colorectal cell line HT29
(ATCC, Rockville, MD) and its clones were cultured in Eagle's
minimum essential medium supplemented with 10% foetal calf
serum (FCS) in the absence or presence of 5 mM sodium
butyrate for 5 days. The clones were prepared by end-point
dilution of the parental cells, HT29, seeded in 96-well plates.
Only wells containing one colony growing from a single cell
were maintained, the cells were multiplied and their
characteristic features were analysed. From approximately
15 preliminary characterized clones, the clones C9, H8, A3,
and G10 were subjected to further analysis.
Immunocytochemical analysis. Cells grown on slides either
untreated or treated with 5 mM sodium butyrate for 5 days
were fixed in solution containing 4% paraformaldehyde and
0.2% Triton X-100 in PBS for 10 min at room temperature.
After washing with PBS, the slides were overlayed with 0.2%
Triton X-100 in PBS for 15 min, washed in PBS and treated
with 0.1% sodium azide containing 3% hydrogen peroxide to
inhibit endogenous peroxidase. The cells were incubated overnight with the appropriate primary antibody at 4˚C, washed
with Tris-buffered saline pH 7.6 (TBS) and incubated with
biotinylated secondary antibody for 30 min. The Vectastain
ABC kit was used to reveal antibody-antigen complexes by
the streptavidin-biotin technique and horseradish peroxidase
(HRP) with diaminobenzidine (DAB) was used as an enzymesubstrate system. Finally, slides were counterstained with
Harris' haematoxylin.
Alkaline phosphatase assay. The cells were lysed by sonication in lysis buffer A [10% diethanolamine, 0.5 mM MgCl2
(pH 9.8)]. The lysates cleared by centrifugation at 15000 x g for
3 min were mixed with the substrate for alkaline phosphatase,
4-nitrophenylphosphate disodium (NPP) dissolved in lysis

buffer A (2.8 mg/ml), and the mixtures were incubated for
30 min at 37˚C. The reaction was stopped with 3 M NaOH.
Absorbance at 405 nm was measured with an ELISA reader
and the enzyme activity was calculated using the molar
extinction coefficient (Â405=20.2 μmol-1) obtained from a pnitrophenol calibration curve.
Cell lysis. Cells were lysed in ice-cold extraction buffer B
(25 mM HEPES, 1% Triton X-100, 2 mM EDTA, 0.1 M NaCl,
25 mM NaF, 1 mM sodium orthovanadate, 0.5 mM PMSF,
aprotinin 1 μg/ml) for 60 min, unless otherwise indicated.
The cell extracts were clarified by centrifugation at 12000 x g
for 10 min at 4˚C and supernatants were assayed for protein
concentration. For PARP [poly(ADP-ribose) polymerase] and
caspase-3 analyses, the cells were extracted by adding a boiling
lysis solution (five volumes of the cell pellet) containing 1%
SDS, 10 mM Tris-pH 7.4, 1.0 mM sodium vanadate and boiled
for 5 min. The viscosity was reduced by several passages
through a 22-gauge needle.
Immunoblot analysis. Total proteins (30-60 μg) were subjected
to SDS-PAGE and electrophoretically transferred to nylon
membranes (Immobilon-P, Millipore). Non-specific binding
was blocked with 5% (w/v) milk in PBS-T (phosphate-buffered
saline pH 7.5, 0.1% Tween-20) and the membranes were
analysed with a specific primary antibody. After washing, the
membranes were incubated with the appropriate secondary
antibody. Detection of the analysed proteins was performed
by enhanced chemiluminescence (ECL, Amersham).
Ultrastructural analysis. The cells of HT29 clones, untreated
or treated with 5 mM sodium butyrate for 5 days were analysed.
After fixation in situ for 1 h at 4˚C with 3% glutaraldehyde
in 0.1 M cacodylate buffer pH 7.3, the cells were scraped
off and postfixed for 1 h at 4˚C in 1% OsO4. Fixed cells were
dehydrated in graded ethanol solutions and embedded in epoxy
resin AGAR 100 (Gröpl) as described (15). Ultrastructural
analysis was performed on ultrathin sections stained with
uranyl acetate and lead citrate. The samples were examined
in a JEOL JEM 1200Ex electron microscope.
Results
Four different cell clones, G9, H8, A3, and G10, were selected
from approximately 15 HT29 cell clones for a detailed study
of colorectal cancer cells and their transient differentiation
induced by sodium butyrate. In the present study, the cells of
these clones, untreated or treated with 5 mM sodium butyrate,
were characterized morphologically and biochemically.
Substructural characteristics of HT29 cell clones G9, H8,
A3, and G10. Ultrastructural analysis revealed morphological
differences among individual HT29 cell clones and a heterogeneous pattern of the cells in each clone was observed.
Despite this finding, it was possible to divide the clones into
two phenotypes: i) H8 and G9 clones, and ii) G10 and A3
clones, of the HT29 cell line.
A high percentage of the cells of both H8 and G9 clones
displayed an undifferentiated character, similar to the parental
HT29 cell line. The cells were connected only by desmosomes
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Figure 1. Ultrastructure of the non-treated cells of H8 and G9 clones. Undifferentiated features of H8 and G9 cells (A and B). Intercellular cyst in some cells
of the H8 clone (C). Tight junctional complexes are indicated by arrows. Bars = 1 μm.

Figure 2. Ultrastructure of the non-treated cells of G10 and A3 clones. Goblet-like cells of G10 and A3 clones (A and B). Intercellular cyst in some cells of the
G10 clone (C). Tight junctional complexes are indicated by arrows. Bars = 1 μm.

and devoid of junctional complexes (Fig. 1A and B). Nevertheless, approximately 30% of the cells of the H8 clone were
partially differentiated; indicated by formation of intercellular
cysts, similar to lumina, with a diameter of 4 μm on average,
with well-formed microvilli on their surface (Fig. 1C). The
connections, similar to tight junction, were observed among
the cells surrounding the intercellular cysts. These cysts were
filled either with electron dense material or with small
vesicles. Such cysts were only rarely found in the cells of the
G9 clone (data not shown). Neither markers of apoptosis nor
presence of secreting granules were observed in the analysed
H8 and G9 cell clones.
In G10 and A3 clones, a high proportion of the cells also
revealed undifferentiated features. However, in contrast to
H8 and G9 clones, approximately 15% of G10 cells and 7%
of A3 cells displayed a goblet-like structure with secreting
granula (Fig. 2A and B). The intercellular cysts with oriented
microvilli, approximately 6 μm in diameter, were observed in
30% of the G10 clone cells (Fig. 2C), while they were found
only occasionally in the A3 clone (data not shown). Clumped
chromatin in some of the cells of both these clones suggested
early stages of the apoptotic process.

Effect of sodium butyrate on morphological characteristics of
HT29 cell clones. All four HT29 cell clones responded morphologically to sodium butyrate, but to a different extent.
H8 and G9 cell clones. Upon butyrate treatment, the cells
of the H8 clone revealed only a low percentage of oriented
cells with a brush border on their apical surface, while the
number of intercellular cysts increased considerably. They
were observed in almost 80% of cells. Surrounding cells
possessed an oriented brush border with dense microvilli on
their surface (Fig. 3A) and were connected by structures
similar to tight junction. The cysts of 5.5 μm in diameter found
in this cell clone were filled with electron dense and granular
material. Also, many small vesicles were present inside these
cysts. In contrast, butyrate treatment did not increase the cyst
numbers in the cells of the G9 clone. However, a part of these
cells revealed polarized columnar absorptive cells with a brush
border on their apical surface (Fig. 3B). In the proximity of
the apical surface of oriented cells, some secreting granules
were observed. Rarely found intracellular cysts, with a diameter
of approximately 10 μm, were devoid of any material (data
not shown). The presence of giant mitochondria in some cells
suggested the first stages of apoptosis (Fig. 3C).
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Figure 3. Ultrastructural changes of H8 and G9 cloned cells after NaBT treatment. Intercellular cyst in the cells of the H8 clone (A). Columnar absorptive
cells (B) and giant mitochondrion (C) in the cells of the G9 clone. Bars = 1 μm.

Figure 4. Ultrastructural changes of G10 and A3 cloned cells after NaBT treatment. Columnar absorptive cells (A) and cyst (B) in the cells of the G10 clone.
Cyst present in the cells of A3 cloned cells (C). Bars = 1 μm.

G10 and A3 cell clones. Approximately 30% of G10
clone cells revealed the brush border on their apical surface
after sodium butyrate treatment (Fig. 4A). The number of
goblet-like cells with secreting granules increased markedly.
Huge intracellular cysts, approximately 10 μm in diameter,
were found. The number of these cysts apparently increased
in comparison with the non-treated cells. The dense microvilli
were oriented on the surface of these structures. The electrondense granular and vesicular materials were localized inside
them (Fig. 4B). Moreover, some cysts of 12 μm in diameter
that were almost without microvilli were found in the cells of
the G10 clone as well.
On the other hand, butyrate-treated cells of the A3 clone
were more heterogeneous. Only a small part of these cells
possessed the brush border, but with non-properly organized
microvilli on their surface. The treatment of the cells with
butyrate induced an increasing number of goblet-like cells,
but only slightly in the A3 clone. The amount of intercellular
cysts also increased in the A3 cells upon butyrate treatment,
but was lower compared to the G10 clone. The cysts of 7 μm in
diameter were devoid of electron dense and vesicular material

(Fig. 4C). Later stages of apoptosis were observed in some
cells of this A3 clone.
Analysis of some differentiation markers in HT29 cell clones
G9, H8, A3, and G10. CEACAM1 (carcinoembryonic antigenrelated cell adhesion molecule 1) is considered to be one of
the indicators of differentiation with a tumor-suppressive
function whose expression is down-regulated in many tumors
(16). We examined the presence of CEACAM1 in HT29 cell
clones by immunoblotting (Fig. 5) and by immunohistochemical analysis, which revealed that CEACAM1 was
localized mainly in the cell membrane and intracellular cysts
(data not shown). As seen in Fig. 5, the expression of
CEACAM1 appeared elevated in more differentiated cell
clones, H8 and G10, which more resemble normal enterocytes,
than in the less differentiated clones, G9 and A3, according to
their substructural characterization (Figs. 1A and B; and 2A
and B). Upon butyrate treatment, the expression of CEACAM1
increased in all analysed clones (data not shown).
On the other hand, the activity of alkaline phosphatase
(AP) was changed differently upon butyrate treatment in
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Figure 5. Amounts of CEACAM1 in HT29 clones G9, H8, A3, and G10.
Western blot from the SDS-PA gels of the extracts (40 μg) of the analysed
cells using anti-CEACAM1 antibody.

Figure 6. Examination of the effect of butyrate on alkaline phosphatase (AP)
activity in HT29 clones G9, H8, A3, and G10. The cells were either nontreated (-) or treated (+) with 5 mM sodium butyrate for 5 days. The activity
of AP was analysed as described in Materials and methods. Each point is an
average of duplicate values of two separate experiments.

the individual cell clones (Fig. 6). The presence of a highly
activated AP in the untreated H8 clone seems to be in
agreement with the observation that approximately 30% of
cells of the H8 clone were partially differentiated (Fig. 1C).
Upon butyrate treatment, the hyperstimulation of AP activity
(>20-fold increase) was induced in H8 cells while, in all other
clones (G9, A3, G10), the increase in the enzymatic activity
of AP was much lower (0.5- to 2-fold).
p38 MAP kinase, which is another protein considered as
one of the indicators of differentiation in certain cell types
(17,18), was found phosphorylated and thus activated only
in H8 cells. Upon treatment with butyrate, the increased
phosphorylation of Thr180/Tyr182 residues in the molecule
of p38 MAPK was found in the H8 clone and also in the cells
of the A3 clone (Fig. 7).
An apoptotic response to butyrate in H8, G9, A3, and G10
cell clones was examined by analysis of some biochemical
markers of apoptosis, such as cleavage of PARP (Fig. 8A)
and caspase-3 activation (Fig. 8B). In each of the isolated
clones, the apoptotic response to butyrate treatment was
approximately of the same extent. This is indicated by the
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Figure 7. Analysis of p38 MAPK phosphorylation in HT29 clones G9, H8,
A3, and G10. The cells were either non-treated (-) or treated (+) with 5 mM
sodium butyrate for 5 days. Crude cell extracts were analysed by SDS-PAGE
followed by Western blotting using anti-phospho-p38(Thr180/Tyr182) and
anti-p38 antibodies as indicated.

Figure 8. Examination of the apoptotic response to butyrate treatment in
HT29 clones G9, H8, A3, and G10. The cells were either non-treated (-) or
treated (+) with 5 mM sodium butyrate for 2 days and lysed as described in
Materials and methods; both floating and adherent cells were collected for
protein extraction. Crude cell extracts were analysed by SDS-PAGE followed
by Western blotting using anti-PARP and anti-cleaved PARP antibody (A),
and anti-cleaved caspase-3 antibody (B). The positions of the intact PARP
(Mr=116 kD) fragment of cleaved PARP (Mr=89 kD) (A), and of activated
caspase-3 (Mr=17.19 kD) (B) are indicated.

presence of PARP fragment (Mr=89) and cleaved caspase-3
(Mr=17.9) in the cells of all clones treated with sodium butyrate.
Discussion
In the present study, the cloning of parental HT29 cells was
performed with the expectation to obtain a population of one
type of the cells that may provide a better model for molecular
and morphological studies of these cancer cells. Nevertheless,
morphological, immunocytological and biochemical analyses
of the isolated cell clones showed some differences, particularly
in their morphology and in the activity and expression of
several differentiation markers, such as the presence of
CEACAM1, alkaline phosphatase activity, and phosphorylation
of p38 MAPK. The observation that the density of the HT29
cell culture can influence the final effects of differentiation
induced by glucose deprivation (19), led us to examine HT29
cells untreated or treated with sodium butyrate at different
confluencies. We have found that only confluent culture of
HT29 cells provided the most reproducible results (data not
shown) and, thus, we only used confluent culture of HT29
cells for the analyses in this study.
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Substructural analyses of four clones of the HT29 cell line
showed that the parental population of HT29 cells is heterogenous in several features. This cell line consists of cells that
have a potential to differentiate into distinct cell types as do
cells of the normal intestinal epithelium. The cells from which
H8 and G9 clones were established were changed by induced
differentiation into an absorptive type of cells, while G10 and
A3 clones resembled goblet-like cells after butyrate treatment.
However, cells converging to the same differentiation lineage
can start from various levels of differentiation, since untreated
cells of H8 and G10 clones already contain approximately
30% partially differentiated cells.
The ultrastructural finding that approximately 30% of
cells of the H8 clone were partially differentiated, according
to the presence of the intercellular vacuoles, may explain a
high basic activity of alkaline phosphatase found in these
cells compared to the cells of other clones. These structures
may represent storage units for apical proteins and, therefore,
the initiation sites for differentiation (1). This is in agreement
with the presence of increased amounts of CEACAM1 and
increased phosphorylation of p38 MAPK, the indicators of
cell differentiation, in H8 cells. Immunocytochemical analysis
showed CEACAM1 to be present predominantly in the intercellular vacuoles. It is in concert with the electronoptic finding
of the brush border on the apical surface of these structures
with tight microvilli in which the presence of CEACAM was
demonstrated (20). The profound effect of sodium butyrate
on the enzymatic activity of alkaline phosphatase in the H8
clone suggests that the level of alkaline phosphatase is a very
sensitive marker of differentiation of the absorptive type of
cells.
HT29 cells were found to be relatively resistant to butyrateinduced apoptosis (21). According to the levels of cleaved
caspase-3 and PARP detected in the clones, it appears that
none of the four clones differed significantly in their apoptotic response to butyrate. However, electronoptic analyses
demonstrated that less differentiated clones, G9 and A3, were
more sensitive to butyrate-induced apoptosis; confirmed by
observation of giant mitochondria, indicating the first steps
of apoptosis (22), and clumped chromatin, indicating a late
step of this process.
We intend to use the isolated clones in the further study
of adenocarcinoma cell proliferation and differentiation.
Surprisingly, data obtained from the analysis of HT29 cell
clones again showed a great heterogeneity in the morphology
and biochemical activities of these cloned cells. Huet et al
(23) isolated both absorptive and mucus-secreting cells from
the same clone of the HT29 cell line in the absence of glucose.
Evidently, many HT29 cells contain the same information as
the multipotential stem cells of normal intestinal crypts. Subcloning of the clones characterized in this study is currently
in progress.
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