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The Effect of Taxol and Arsenic Trioxide in HT-29 Spheroid Cells
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Human colon cancer is the second most fatal disease among a variety of cancers to cause cancer death in U.S.A. and
its incidence rate is currently increased in Korea. Recently, many studies have been being progressed on the efficacy of
diverse combination treatments. But results of these studies in vitro were not similar those in vivo. This study compared
the anticancer reactions between each use of arsenic trioxide and taxol against human colon cancer HT-29 cell line and
combined use of two drugs. And these results compared with the results of HT-29 spheroid cells having similar
characteristics to the solid tumor in vivo. The spheroid of HT-29 cells was formed by using a multicellular spheroid
system and the result was observed through electron microscopy. I vitro cytotoxicity of each use of arsenic trioxide
and taxol was evaluated in HT-29 monolayer cells. The ICs, value for arsenic trioxide was to be 33 uM and taxol was to
be 18 nM. The result treated with the combination of taxol and arsenic trioxide decreased the cytotoxicity on the HT-29
monolayer cells. The spheroid cells represented higher resistance against drugs than the monolayer cells. I demonstrated
DNA fragmentation after incubation with concentrations more than 10 pM arsenic trioxide and 100 nM taxol for 48 h .
on the monolayer cells. But the results of HT-29 cell line treated with the combination of taxol and arsenic trioxide was
the same as the outcome of control samples that were not treated with any drug. And I don't demonstrated DNA
fragmentation on the spheroid cells. These results suggest that apoptosis was not induced in the use of the combination
can be thought as that arsenic trioxide might work as an antagonist to inhibit a taxol mechanism to induce apoptosis.

And the spheroid cells represented higher resistance against drugs than the monolayer cells.
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INTRODUCTION

As recently Korea has developed into an advanced
country, the people have eaten more meat and animal fat,
which has contributed greatly to the rapidly increasing
incidence of colorectal cancer in Korea. According to its
National Cancer Statistical Survey in, the incidence of colo-
rectal cancer was ranked fourth in both the males and the
females; cases with the cancer accounted for no less than
10.3% of the entire cancer patients and are steadily increa-
sing over time; and the resulting death rate was estimated at
approximately 8.9 per a hundred thousand patients. For the
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purpose of cancer treatment, many useful anticancer drugs
have been discovered by picking up synthetic derivatives
or natural materials for a long time. However, because it is
impossible to treat most of advanced tumors with chemical
therapies, developing a new anticancer drug became wei-
ghty in confrontation with cancer nowadays. Experimental
studies on anticancer agent susceptibility are performed in
the two aspects of randomized screening and combination
with well-known anticancer drugs. The National Cancer
Institute abbreviated to NCI (U.S.A.) has used sixty kinds
of cell line panels - customized specially for the types of
disease originated from lung cancer, colorectal cancer, breast
cancer, prostate cancer, ovarian cancer, kidney cancer, brain
tumor, etc. - in selecting a primary anticancer agent (Jiang,
1986). However, outcomes on solid cancers don't show
homeostasis. Actually, such monolayer cells cultured ex vivo
are completely identical with the tissues in the body. Even
if the growth physiology of cells and intercellular connec-
tions appear similar in the monolayer cell-culturing method,
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the cultured cells are characterized not by three-dimensional
structure like that of solid cancer, but by two-dimensional
one. Furthermore, it is never possible to imitate the unique
structure and heterogeneous natures of cancer by means of
cultured monolayer cells. Hence, it cannot be expected to
evaluate correctly the effects of anticancer drugs founded
as the result of in-vivo experiments in special cases, for
example, ischemic solid cancer where it is considered that
several factors, such as oxygen tension, extracellular acidity
(pH), nutrients and metabolites, to affect the effects of che-
motherapy and radiotherapy.

'In order to overcome such the disadvantage, some experi-
mental models intended to represent the three-dimensional
characteristics of cancer were developed, for instance, colla-
geﬁ gel culture, mesh-supported organoid histoculture or
multiceltular spheroid culture. These models are expected to
generate similar conditions to those of cancer and establish
an important basis for drug identification designed to treat
solid cancers due to the type of histoculture based on sphe-
rical cellular overlapping. Of them, spheroid cell culture is
different from collagen-gel culture (Chiung-Tong et al.,
1997) in which cell supernatant is spreaded onto collagen-
gel and histoculture (Hirano et al., 1999; Hirano et al., 2003)
in which the supernatant is embedded in the sponge matrix
containing either cellulose or collagen. For spheroid cell
culture, cellular monolayer is not formed by maintaining
constant spinning without any matrix and cells grow up
densely nto a sort of spherical form (Kobayashi et al., 1993;
Wartenberg et al., 2001; Sonoda et al., 2003). Despite of
their improvements, these sophisticated culture methods also
have the critical disadvantage of demanding techniques and
long time required for such cuiture. For the reason, they
cannot be used as a universal selection method. However,
they have been used restrictively for some special purposes
of research or as a model for secondary selection. Particu-
larly, spheroid cell culture has been used widely as a model
intended for drug selection and search for culture conditions.

Taxol is a natural substance isolated from Taxaceae tree,
Taxus brevifolia which is known very efficacious against
ovarian cancer and breast cancer as well as even other can-
cer cells (Rowinsky, 1995). It is known that taxol inhibits
cellular differentiation (Jordan et al., 1993) and induce cells
to die (Lopes et al., 1993; Bhall et al., 1993; Milas et al.,
1995); concretely speaking, its efficacy and effectiveness are
obtained in the manner of combining directly with micro-

tubules, inhibiting their degradation to stabilize them, and
suppressing cell division at the phase G2/M of cell cycle
(Rieder et al., 1994; Derry et al., 1995; Long et al., 1994).

The harmfulness of arsenic trioxide (As,03) was already
ascertained long before and is well-known at present; if
high-dose arsenic trioxide is taken in the body, highly fatal
result may occur, and repeated or constant exposure to
arsenic trioxide may lead to nervous system disorders, liver
diseases or peripheral vascular diseases, increasing substan-
tially the risk of cancer (Gebel, 2000). On the other hand, a
trace of arsenic trioxide has been employed as a traditional
treatment in the Oriental medicine (Ratnaike, 2003), and it
was revealed that a low level of arsenic trioxide (As;0s)
in the blood is positively effective for treatment of acute
promyelocytic leukemia (APL) (Soignet et al., 1998; Shen
et al., 1997). A recent study reported that arsenic trioxide
nhibits cellular growth depending upon its concentration
in colorectal cancer cell lines including SW480, DLD-1,
COLO0201 and so on as well (Nakagawa et al., 2002; Huang
et al., 2000).

Lately, a study is being conducted, in which several anti-
cancer drugs are properly combihed and administered so
that significant anticancer effects are obtained against the
cancers resistant to individual anticancer drugs (Carles et al.,
1998; Fracasso et al., 2000). There are also ongoing studies
on therapeutic effects of combined drugs having similar
mechanisms of action and studies which expect any addi-
tional effect or synergy by using simultaneously several
kinds of anticancer agents with different targets (Nabholtz
et al,, 2001; Kohn et al., 2001; Manon et al., 2002).

In this study, it was attempted to clarify whether the
results from monolayer cell culture can apply to in vivo
conditions in the manner of preparing similar spheroid cells
to in vivo solid cancer and making a comparison with the
findings in the HT-29 human colorectal cancer cells cul-
tured into monolayer cells, for the purpose of investigate
the effects of arsenic trioxide and taxol on colorectal cancer,
a type of solid cancer when they are administered separately
and in the combined form. Thus, this study involved cultur-
ing a colorectal cancer cell line, HT-29 into spheroid cells,
treating taxol and arsenic trioxide under the same condi-
tions as monolayer cell culture, and comparing the rzsuits,
in order.
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MATERIALS AND METHODS
1. Generation of multicellular tumor spheroids

HT-29 (Human colon cancer) cells were cultured at 37C
in a 5% carbon dioxide atmosphere in RPMI-1640 medium
(Gibco BRL, Grand Island, USA) supplemented with 10%
heat-inactivated fetal bovine serum (Gibco BRL, Grand
Island, USA) and antibiotics. Spheroids were obtained by
inoculating 1.5><10° cells into the wells of a 48-well culture
plate containing 300 ul of RPMI-FBS 10% on a layer of
200 pl of 1% (W/V) agar in PBS (pH 7.4).

2. Transmission electron microscope (TEM)

Spheroid cells were washed with PBS (pH 7.4) and resu-
spended in the same buffer. The cells that were to be pro-
cessed for electron microscopy (JEM 1200 EX-II, JEOL,
Japan) were centrifuged at 400 X g, fixed with 2.5% glhu-
taraldehyde in PBS for 2 h, washed in 0.1 M Caocodylate
(pH 7.4), and fixed with 0.1% OsO; in 0.1 M Caocodylate
for 1.5 h. After fixation, the cells were washed with in 0.1
M Caocodylate, and then dehydrated in graded ethanol.
Next, the cells were impregnated with propylene oxide and
embedded in Polybed 812 (Polyscience, Inc., Warrington,
USA). After incubation at 60°C, the cells were cut and
stained with uranyl acetate and lead citrate.

3. Scanning electron microscope (SEM)

Spheroid cells were washed with phosphate solution (0.1
M, pH 7.4) and fixed in 2.5% cold glutaraldehyde in 0.1 M
phosphate solution at 4°C for 3 h. After washed three times,
the samples were post-fixed in 1.0% osmium tetroxide
(Fluka) for 2 h, pH 7.4. After dehydration with a series of
ethanol gradient (25, 50, 75, 90 and 100%) for 10 min three
times per gradient, the samples were dried in a critical point
dryer and coated with gold on an ion sputter. They were

examined under a scanning electron microscope (JEOL Co.

Tokyo, Japan).
4. DNA extraction and electrophoresis

Samples were washed twice in a solution of 50 mM
Tris-HCI, pH 8.0, 1 mM EDTA, 100 mM NaCl and were
lysed with 500 pl lysis buffer (1% Triton X-100, 50 mM
Tris-HCI, pH 7.5, 20 mM EDTA). Lysates were harvested
by 1,000 Xg for 10 min and the supernatants were incu-

bated for 4 h at 37°C with 50 pug/ml RNase A, 120 ug/ml
proteinase K. Then phenol/chloroform/isoamylalcohol (25:
24:1, Sigma) extracted the DNA. After precipitation, the
pellets were resuspended in 30 ul TE buffer (10 mM Tris-
HCI, pH 8.0, 1 mM EDTA). Each DNA sample was electro-
phoresed through 1.8% agarose gel contained with ethidium
bromide. The gel was visualized by UV fluorescence.

5. Cell culture and in vitro cytotoxicity assay

HT-29 human colon cancer monolayer cells and spheroid
cells were maintained in RPMI-1640 medium that was
supplemented with 10% fetal bovine serum with 100 units/
ml of penicillin, 100 pg/ml of streptomycin. All of the cells
were grown at 37 C in a humidified atmosphere of 5% CO,
Cytotoxicity was measured by the microculture tetrazolium
(MTT) method. Exponentially growing cells were inocu-
lated to 1<10* cells/well using a 96 well microplate that
was supplemented with 100 pl RPMI-1640. For experiments

- that studied cells in plateau phase of growth, the cells were

permitted to grow for a minimum of 72 h before they were
exposed to drugs. The cells were exposed to various con-
centrations of drug. After the treated cells were incubated
for 24 h, 50 ul MTT (1 mg/ml, Sigma) was added and the
plates were incubated at 37°C for 4 h. To dissolve formazan,
100 pl DMSO was added and the plates were measured at
540 nm by spectrometer. The ICs, value was determined by
plotting the drug concentration versus the survival ratio of
the treated cells.

6. Frozen section and DAPI stain

Spheroid cells were washed with PBS (pH 7.4) and
resuspended in the same buffer. The cells were fixed with
0.25% glutaraldehyde in PBS for 10 mins, and stained with
4', 6 diamidino-2-phenylindole (DAPI). The cells were pla-
ced in Tissue-Tek O.C.T. Compound (Sakura) and frozen
in a mixture of dry ice and 2-propanol. Frozen sections,
8-um thick, were prepared with a cryostatic ultramicrotome,
fixed in 4% paraformaldehyde, and examined using fluore-

scence microscope and optical microscope.

RESULTS

1. Observation of spheroid cells by electron micro-
scope

Usually, about three days are required to acquire complete
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spheroid cells. As a result of observing the acquired cells
under scanning electron microscope, it was found that simi-
larly to the shape of in vivo cancer, an approx. 1 mm-dia
spheroid was formed. In addition to that, it was shown that
the spheroid consists of smaller spheroids - like sphere -
where plenty of monolayer cells are accumulated. Each
smaller spheroid cells were generally similar in the aspect
of their size and shape. And, similarly to junctions between
cells in the tissue, intercellular junctions on the surface of
the spheroid was also seen (Fig. 1 A, B). Additionally, as a
result of observation under transmission electron microscope,
it was identified that morphologically diverse cells were
distributed on the center of and around the spheroid cell
owing to their different degrees of growth differentiation,
which results in similar structure to the tissue. Intracellular
structures showed normally well-developed forms. At the
same time, as a result of observing the state of the nuclei, it
could be considered that the cells had been normally diffe-
rentiated well. Junctions between cells were also normaily
formed. Therefore, the overall shape exhibited the similar
features to those of the tissue (Fig. 1 C, D).

ceveoy

Fig. 1. Scanning electron micro-
graph (A, B) and Transmission elec-
tron micrograph (C, D) of HT-29
spheroid cells. A (X75), B (X750),
C (%X6,000), D (><6,000).

Fig. 2. Induction of DNA fragmentation in HT-29 monolayer
cells (A) and HT-29 spheroid cells (B) treated with arsenic trioxide
for 48 h. Lane M, DNA marker; lane 1, control; lane 2, 5 pM As,Os;
lane 3, 10 uM As,05; lane 4, 20 uM As,O;; lane 5, 30 uM As,0s.

2. Induction of apoptosis by arsenic trioxide and taxol

So as to make a comparison with the findings in HT-29
monolayer cell regarding whether arsenic trioxide and taxol
induce apoptosis of HT-29 spheroid cell, the cell was treated
with 5 pM, 10 uM, 20 uM and 30 uM of arsenic trioxide
and with 50 nM, 100 nM, 200 nM and 400 nM of taxol.
For combined administration, it was treated with 20 uM of
arsenic trioxide plus 50 nM, 100 nM, 200 nM and 400 nM
of taxol. 48 hours after the treatment, DNA was isolated,
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Fig. 3. Induction of DNA fragmentation in HT-29 monolayer
cells (A) and HT-29 spheroid cells (B) treated with taxol for 48 h.
Lane M, DNA marker; lane 1, control; lane 2, 50 nM taxol; lane 3,
100 nM taxol; lane 4, 200 nM taxol; lane 5, 400 nM taxol.

Fig. 4. Induction of DNA fragmentation in HT-29 monolayer
cells (A) and HT-29 spheroid cells (B) treated with the combina-
tion of arsenic trioxide and taxol for 48 h. Lane M, DNA marker;
lane 1, control; lane 2, 20 uM As,0; and 50 nM taxol, lane 3, 20
uM As,0O; and 100 nM taxol; lane 4, 20 uM As,O; and 200 nM
taxol; lane 5, 20 pM As,0; and 400 nM taxol.

1.8% agarose gel electrophoresis was performed and DNA
fragmentation was identified. While DNA fragments were
found at the level of 10 UM or higher in the monolayer cell
treated with arsenic trioxide, they were not seen even at 30
uM, the highest level of the treatment group in the spheroid
cell (Fig. 2). And, while the fragments were seen at 100 nM
or higher in the monolayer cell treated with taxol, slight
DNA fragmentation was seen in the spheroid cell (Fig. 3).
At last, for combined treatment with both the drugs, the
considerably decreased DNA fragmentation was identified
in the monolayer cell compared with that treated with taxol
only, whereas no DNA fragmentation was observed in the
spheroid cell (Fig. 4).

3. Cytotoxic effects of arsenic trioxide and taxol

Before determining cytotoxicity of HT-29 spheroid cell,

[~ Monolayer —&- Spheroid|

Cell Survival (%)

O 1 L ] 1 1 3
0 5 10 15 20 25 30

Taxol Concentration (nM}

Fig. 5. Cytotoxic effect of taxol on the monolayer and the sphe-
roid of HT-29 cells. The cells were incubated with indicated con-
centration of taxol for 48 h.

the relation between known cell count and measured optical
density was examined so as to check that it reflects correctly
the stability and the survival cell count of cytotoxicity test
using premix solution. Identified by tryphan blue exclusion
technique, survival cells were divided and put in a 96-well
microplate at the level of 1.25>10% 2.5x10% 5x10%, 1<
10°, 2X10° and 4<10° cells/well, and subsequently, treated
with premix solution to measure their ODs (absorbance). As
a result of drawing a standard curve between the measured
ODs and cell count, it was shown that a directly propor-
tional relation exists within the measured range, suggesting
the survival cell count was reflected well. Based on these
findings, the spheroid cell formed in the 96-well microplate
where 110" cells were divided and put was treated with
arsenic trioxide and taxol, separately and in the combined
form at the same levels as in culturing the monolayer cell.
After 48 hours, treatment with premix solution was perfor-
med, their ODs were measured at 490 nm and the measu-
rements were converted into the unit of % survival. As the
result, for taxol, 18 nM of ICs, value appeared in the mono-
layer cell, whereas resistance to the drug increased signifi-
cantly in the spheroid cell, compared with the monolayer
cell (Fig. 5). Meanwhile, for arsenic trioxide, 33 uM of ICs,
value was indicated in the monolayer cell, whereas similarly
to taxol, resistance to the drug increased significantly in the
spheroid cell, compared with the monolayer cell (Fig. 6).
For combined treatment, while antagonic effect was seen in
the monolayer cell, there was no notable difference in the
spheroid cell, from the experiment group treated with taxol
only (Fig. 7).
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Fig. 6. Cytotoxic effect of arsenic trioxide on the monolayer
and spheroid of HT-29 cells. The cells were incubated with indi-
cated concentration of arsenic trioxide for 48 h.
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Fig. 7. Cytotoxic effect of 20 uM arseinc trioxide with various
concentration of taxol in HT-29 monolayer cells (A) and the sphe-
roid cells (B). The cells were incubated with indicated concen-
tration of taxol for 48 h.

4. Identification of drug penetration

As a result of freezing and sectioning the spheroid cell
cultured in a 48-well microplate, applying DAPI staining to
the resulting sections and observing them under fluorescence
microscope, fluorescence was seen only on the surface, not
inside the spheroid cell (Fig. 8). This finding suggests that
DAPI molecules didn't penetrate into the spheroid cell.

Fig. 8. DAPI staining of HT-29 spheroid cells. The spheroid
cells were fixed and stained with DAPI and viewed by light (A)
and fluorescence (B) microscopy under 400 X magnification.

DISCUSSION

Recently, there are many ongoing studies which expect
additional effects or synergy by combining several kinds of
anticancer agents with different targets so that more effective
anticancer effects are achieved on the cancers resistant to
anticancer agents, and studies on the therapeutic effects
of combined drugs having similar mechanisms of action
(Manon et al., 2002). Thus, this study was intended to in-
vestigate the effects of combined taxol and arsenic trioxide
- both of them are well-known effective anticancer agents
against HT-29 cell line, a cell line of colorectal cancer stea-
dily increasing recently in Korea. As known generally, each
of the agents showed cytotoxic effects in HT-29 human
colorectal cancer cell, however combined administration of
them led to relatively reduced cytotoxic effects.

Recent studies on the i vitro anticancer effects with the
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sixty cell line panels customized for the types of diseases by
the NCI reported that the results of experiments on in vivo
solid cancer maintained homeostasis. For the reason, in this
study, spheroid cell with three-dimensional characteristics
was acquired by means of multicellular spheroid culture
technique. As a result of observing the cultured spheroid
cell, the formed spheroid cell was a spheroid with 1 mm-
diameter size, composed of smaller spheroid cells inside. It
was identified that the biggest spheroid cells consisted of
numerous monolayer cells. In addition, as a result of obser-
ving the inside of the spheroid cell under TEM, it was
shown that the structure of the inside resembled that of the
general tissue. On the basis of these findings, it was found
that there is the possibility for the spheroid cell to be used
as an experimenfal model for study on the effects of anti-
cancer agents on solid cancers.

As aresult of checking whether taxol and arsenic trioxide
induce apoptosis, it was found that they didn't induce apo-
ptosis in therb spheroid cell even at the level where they
induced severely apoptosis in the monolayer cell. Also for
the result of drug cytotoxicity test, it was shown that more
than 80% of the spheroid cell survived even when the ICs
values. in the monolayer cell, that is, 18 nM or higher of
taxol and 33 uM or higher of arsenic trioxide were applied.
In other words, it was revealed that in the case of HT-29
human colorectal cancer cell, its spheroid cell was much
more resistant to the two agents, compared with its mono-
layer cell. A study reported that this high resistance is due
to that the agents are difficult to penetrate into a solid cancer
(Nicholson et al., 1997; Desoize et al., 2000). In this connec-
tion, in this study, fluorescence microscopy was carried out
using smaller DAPI molecules than those of the agents in
order to investigate whether they penetrate into the spheroid
cell. As the result, fluorescence was seen only on the surface
of, not in the cell. This result suggests that the agents whose
molecules are larger than DAPI molecules are never easy
to penetrate into the spheroid cell. Furthermore, it tells why
the spheroid cell is more resistant to the agents compared
to the monolayer cell.

As shown in the above-mentioned results, there are many
differences in the findings of the same experiments between
the monolayer cell and the spheroid cell of HT-29 human
colorectal cancer - the latter resembles a solid cancer more
similarly compared with the former. In other words, it was
found that it is unreasonable to apply the results with the

monolayer cell under in vitro conditions, directly to solid
cancer under in vivo conditions. Accordingly, it may be
given as a conclusion that an experimental model closer to
in vivo solid cancer is required to research the effects of
anticancer agents on solid cancer. At the same time, the
possibility to use the spheroid cell as such an experimental
model was identified. In addition, further studies are to be
performed in the future so as to ascertain the presumption,
derived from the finding in fluorescence microscopy with
DAPI molecules. The increased resistance of the agents
results from that they are not easy to penetrate into solid

cancer.
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