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Triton X-100 Induces Apoptosis in Human
Hepatoma Cell Lines

Ju Mi Ahn', Se Jong Kim', Hoguen Kim’, Chanil Park’
Won Ho Kima, and Jeon Han Park'

The detergent Triton X-100 was used to establish a model for apoptosis in hepatoma cell lines.
The electrophoresis of DNA extracted from 0.01% Triton X-100 treated hepatoma cell lines
showed DNA ladder formation, a hallmark of apoptosis. The DNA fragmentation appeared within
less than 60 min of the Triton X-100 treatment. Chromatin condensation and apoptotic bodies
were observed by hematoxylin and eosin (H & E) stain, and fragmented nucleosome was detected
by terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labelling (TUNEL) test.
Apoptosis was semi-quantitated by measuring the lactate dehydrogenase (LDH) level for
cytotoxity. It was found that apoptosis had been induced in more than 90% of the cells treated
with Triton X-100 for 150 min. These data show that Triton X-100 efficiently induces the

apoptotic cell death in hepatoma cell lines.
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LDH Introduction

Normal organisms require the regulation of cell
viability, growth and differentiation. Apoptosis, which
has also been called programmed cell death (PCD)
in some biological fields, is a normal physiological
phenomenon that can be observed in various tissues
(Arends and Wyllie, 1991). Cell death may also be
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subjected to mutagenic chemicals or radiation. When
epithelial cells are exposed to carcinogens in the
diet, cells die by physiological means (Duncan and
Heddle, 1984). When the skin is exposed to muta-
genic UV radiation, physiological cell death is used
to remove epidermal cells, rather than letting them
passively slough away (Young, 1987).

Cell death by apoptosis is characterized by phy-
siological and morphological changes. The charac-
teristic morphological features of apoptosis include
condensation of chromatin around the nuclear pe-
rimeter, cell shrinkage, cell membrane blebbing and
release of apoptotic bodies from the cell (Fesus et
al. 1989). Apoptotic DNA degradation produces
DNA fragments in multiples of 185-200 bp length,
which can be visualized as a distinct ladder pattern
in DNA electrophoresis (Gaido and Cidlowski, 1991).

It has been proposed that apoptosis provides a
protective mechanism whereby DNA-damaged or
potentially neoplastic cells are selectively eliminated
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(Nagata and Suda, 1995). Cytotoxic T lymphocytes-
and lymphokine-induced apoptosis of infected hepa-
tocytes during the course of chronic viral hepatitis
are thought to be important for both disease termi-
nation and prevention of hepatocellular transfor-
mation (Natoli et al. 1995). In hepatoma cells,
apoptotic cell death may be activated by various
agents through different pathways. In vivo, it was
reported that chronic dietary restriction induced an
increase in the spontaneous rate of apoptotic cell
death in hepatocytes of B6C3F1 mice, and this
phenomenon was associated with a significant de-
velopment of spontaneous hepatoma (Muskhelishvili
et al. 1995). Serum deprivation (Pandey et al. 1994),
anticancer drugs (Evans and Dive, 1993; Kaneko
and Tsukamoto, 1995), retinoids (Nakamura er al.
1995), transforming growth factor (TGF)-§ (Fukuda
et al. 1993; Bayly et al. 1994; Chuang et al. 1994),
and Ca**-ATPase inhibitor (Tsukamoto and Kaneko,
1993; Kaneko and Tsukamoto, 1994) induced
apoptosis in vitro in hepatoma cell lines.

To evaluate whether Triton X-100, a non-ionic
detergent which is used to lyse cells, induces
apoptosis in hepatoma cell lines, we treated several
hepatoma cell lines with 0.01% Triton X-100. By
analyzing DNA fragmentation and morphological
features of the cells, we provide evidence that Triton
X-100 can induce apoptosis in hepatoma cells.

MATERIALS AND METHODS
Human hepatoma cell lines and cell culture

Hepatitis B virus (HBV) non-productive human
hepatoma cell lines, Hep 3B [ATCC HB 8064, HBs
Ag(+)], Hep G2 [ATCC HB 8065, HBs Ag(-)],
PLC/PRF/5 [ATCC CRL 8024, HBs Ag(+)], and
SK-Hep-1 [ATCC HTB 52] were obtained from the
American Type Culture Collection (ATCC, Rock-
ville, MD, USA). And Hep G2.2.15, a HBV pro-
ductive hepatoma cell line (Puisieux et al. 1995),
was also used. These cells were cultured with
minimal essential medium supplemented with 10%
fetal bovine serum (FBS), 100 U/ml penicillin, and
100 ug/ml streptomycin (Gibco BRL, Grand Island,
NY, USA).
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Treatment of cells with Triton X-100

A total of 2x10° cells were plated onto the 10
cm culture dish. After overnight incubation, the
culture medium was replaced with prewarmed fresh
complete medium. After 4 hr fncubation, the culture
medium was replaced with a fresh serum-free me-
dium to prevent any possible interaction of Triton
X-100 with serum proteins. A 2% stock solution of
Triton X-100 (w/v, Boi-Rad Laboratories, Hercules,
CA, USA) was added to the serum-free culture
medium to make a final concentration of 0.01%
(Borner et al. 1994), then the culture was terminated
after various incubation intervals, 30, 60, 90, and
150 min.

Assay of DNA fragmentation

The cells treated with 0.01% Triton X-100 were
collected and washed with 5 ml phosphate buffered
saline (PBS) and resuspended with 200 ul PBS, then
1 ml of lysis buffer (10 mM Tris, pH 7.6, 10 mM
EDTA, 50 mM NaCl, 0.2% SDS and 200 ug/ml
proteinase K) was added. After overnight incubation
at 42°C with gentle agitation, cell lysate was ex-
tracted with phenol/chloroform. The DNA was pre-
cipitated with isopropanol and separated in 1.2%
agarose gel containing 0.5 ug/ml ethidium bromide.
Gels were photographed under the UV light with
Polaroid 57 type film (Sambrook et al. 1989).

Hematoxylin and eosin stain (H & E stain)

After treatment of the cells with 0.01% Triton
X-100, they were collected and washed with PBS,
and fixed with formalin. Then a paraffin-embedded
cell block was made and H & E stain was per-
formed.

4

Terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick end labelling (TUNEL) test

The TUNEL test was done with the ApopTaq™
kit (Oncor Inc., Gaithersburg, MD, USA) according
to the manufacturer’s instructions. In brief, a 50 ul
cell suspension of 5% 10’ cells/ml, fixed with 4%
paraformaldehyde for 10 min at room temperature
(RT), was air dried on a microscopic slide, then
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washed twice with PBS for 5 min each time. Endo-
genous peroxidase was quenched by covering the
slide with 2% H,0; for 5 min at RT. The slide was
rinsed twice with PBS for 5 min each time, and 1x
equilibration buffer was applied on the slide. After
incubation for 10 sec at RT, excess liquid was tap-
ped off and blot dried. Terminal deoxynucleotidyl
transferase was then added, and then incubated in a
humidified chamber at 37°C for 60 min. The reac-
tion was stopped by immersing the slide in a stop/
wash buffer for 30 min at 37°C. After washing three
times with PBS for 5 min each wash, anti-digoxi-
genin- peroxidase was then applied to the slide,
which was incubated in a humidified chamber for
30 min at RT. For color development, the slide was
washed three times with PBS for 5 min each wash,
diaminobenzidine (DAB) substrate solution was
applied, and then incubated for 5 min at RT. After
washing with distilled water, the slide was mounted.

Lactate dehydrogenase (LDH) assay for cytotoxity

One hundred pl of the culture supernatant from
the culture of cells treated with 0.01% Triton X-100
was collected and added into a 96 well microtiter
plate. After adding 100 yul LDH substrate mixture
containing 4.86 mg/ml L(+) lactic acid, 0.09 mg/ml
phenazine methosulfate (PMS), 0.86 mg/ml NAD",
0.33 mg/ml p-iodonitrotetrazolium violet (INT), and
0.2 M Tris, pH 8.2, the plate was stored in a dark
place for 30 min. Optical density of the reaction was
read at a wavelength of 490 nm (Decker and
Lohmann-Matthes, 1988). The cytotoxicity percen-
tage was calculated as follows:

sample OD-spontaneous OD
total OD-spontaneous OD

% cytotoxicity = X100

Spontaneous OD was obtained from the superna-
tant of non-treated cells, and total OD means OD
of supernatant from completely lysed cells treated
by one drop of 100% Triton X-100. LDH assay was
performed in triplicate for each cell line, and each
triplicate experiment was done twice, and then the
mean +standard error was calculated.

RESULTS
Analysis of DNA integrity

To evaluate whether Triton X-100 induces apop-
tosis in human hepatoma cell lines, cells were
treated with 0.01% Triton X-100, and to determine
the time effect, cells were treated for various time
intervals. Then, DNA was extracted, and agarose gel
electrophoresis was performed. DNA ladder forma-
tion, a typical feature of apoptosis, started to appear
with the 60 min treatment (Fig. 1; lane 7), and this
ladder pattern became more apparent with the 150
min treatment (Fig. 1; lane 5). Therefore, the next
experiment for the induction of apoptosis by Triton
X-100 was done with the 150 min treatment.

After treatment of célls with 0.01% Triton X-100
for 150 min, almost all of the cells were detached
from . the monolayer, and the detached cells were
collected. Induction of apoptosis by Triton X-100
was assessed by DNA integrity analysis with
agarose gel electrophoresis. Fig. 2 demonstrates that
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Fig. 1. DNA agarose gel electrophoresis of SK-Hep-1
cells and PLC/PRF/5 cells. Cells were treated with or
without 0.01% Triton X-100 for various time intervals.
ADNA/Hind III marker (lane 1). Untreated control SK-
Hep-1 cells (lane 2). SK-Hep-1 cells treated with Triton
X-100 for 30 min (lane 3), 90 min (lane 4), 150 min (lane
5). Untreated control PLC/PRF/ 5 cells (lane 6). PLC/
PRF/5 cell treated with Triton X-100 for 60 min (lane
7).
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Fig. 2. DNA agarose gel electrophoresis of Hep 3B cells
and Hep G2 cells. Cells were treated with or without
0.01%, Triton X-100 for 150 min. ¢X-174 RF DNA/Hae
IIl marker (lane 1). Untreated control Hep 3B celis (lane
2). Hep 3B cells treated with Triton X-100 (lane 3).
Untreated control Hep G2 cells (lane 4). Hep G2 cells
treated with Triton X-100 (lane 5).

Triton X-100 induced internucleosomal DNA frag-
mentation typical for apoptosis. These results strong-
ly suggest that Triton X-100 induces apoptosis in
human hepatoma cell lines.

DNA fragmentation was also confirmed by TUNEL
test. The TUNEL test is based on in situ labelling
immunohistochemistry which detects the 3~ -OH
DNA ends generated by DNA fragmentation and
labelled with digoxigenin-dUTP (Gavrieli et al.
1992). Microscopically scattered tumor cells showed
strong, brown, positive staining in their nuclei and
some of them showed fragmented nuclei (Fig. 3).

Morphological features of cell death induced by
Triton X-100

To confirm apoptosis in morphological criteria, H
& E stain was performed. Microscopically, the
SK-Hep-1 cells were large epithelial tumor cells
with abundant cytoplasm and showed remarkable
pleomorphism. The area of zonal necrosis was not
evident. However, scattered individual cells showing
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Fig. 3. TUNEL test for SK-Hep-1 cells. Many tum
cells show positive reaction in the nuclei.

fragmented nuclear and condensed cytoplasmic con-
tents were frequently evident (Fig. 4).

Apoptosis in hepatocellular carcinoma tissues

We also evaluated the TUNEL test using resected
hepatocellular carcinoma tissues embedded in paraf-
fin blocks. We evaluated the area of no necrosis to
find tumor cells in apoptosis as evidenced by posi-
tive staining in their nuclei. The frequency of posi-
tive reaction was remarkably variable between tu-
mors. In some tumors, many of the tumor cells
showed apoptosis while in others, apoptosis was
rarely observed (Fig. 5).

Measurement of cell death induced by Triton
X-100

To quantitate the apoptotic cell death induced by
Triton X-100, the percentage of cytotoxicity was
measured by LDH assay. In this experiment, LDH
activity was measured by enzymatic test through the
conversion of lactate to pyruvate. Fig. 6 shows that
Triton X-100 concentration of 0.01% was enough to
kill more than 90% of the hepatoma cells tested.
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Fig. 4. Microscopic features of SK-Hep-1 cells. Most of tumor cells have large nuclei and abundant cytoplasm. Some
of the tumor cells show fragmented nuclei (arrow).

Fig. 5. TUNEL test for the hepatoma tissues. Some of the tumor cells show positive reaction in the nuclei. Considerable
differences in the amount of positive reaction are evident between tumors. (a) Some tumors frequently show TUNEL

positive tumor cells and (b) some tumors occasionally show TUNEL positive tumor cells.
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Fig. 6. Cell death induced by Triton X-100 in hepatoma
cell lines. After overnight incubation of 10° cells/well,
cells were treated with 0.01% Triton X-100 for 15 min.
Optical density of the reaction mixtures of LDH sub-

strate mixture added to the culture supernatant was mea-

sured at 490 nm. Percent cytotoxicity was calculated.
Each value indicates mean+S.E. of 6 independent ex-
periments.

DISCUSSION

Cell death may occur by either of two mech-
anisms: necrosis or apoptosis. Apoptotic cell death
in normal tissue is a biological phenomenon that
maintains homeostasis of the body systems under
physiological conditions. Apoptotic cell death plays
a major role in the regulation of cell growth and this
process may be activated by various agents through
different pathways (Clarke, 1990; Ellis, 1992; Raff,
1992; Vaux, 1993; Wyllie, 1993). Apoptosis due to
a specific inducing stimulus is considered to be an
actively regulated cell response. A variety of highly
selective cytotoxic agents induce apoptosis only in
those cells having relevant response pathways. Nu-
merous morphological features and biochemical
parameters were reported in the induction of apop-
tosis. Apoptosis is defined by the occurrence of
characteristic morphological changes such as chro-
matin and cytoplasmic condensation, which are typ-
ical morphological results due to internucleosomal
DNA fragmentation. These features distinguish
apoptosis from passive necrotic death (Wyllie, 1992;
Vaux, 1993). However, despite intensive research,
the mechanisms by which the induction of apoptosis
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causes cell death are still poorly defined. Although
the dysregulation of physiological signals and related
mechanisms controlling cell proliferation have been
a major focus in cancer research, recent evidence
suggests that explicit evaluation of apoptosis may be
equally important in understanding multistage car-
cinogenesis (James and Muskhelishvili, 1994).

We report here that Triton X-100 induces cell
death in various hepatoma cell lines. We assessed
the type of cell death in human hepatoma cell lines
on the basis of morphological and biochemical
characteristics after treatment with 0.01% Triton
X-100. DNA agarose gel electrophoresis showed a
typical DNA fragmentation ladder pattern. DNA
extracted from Triton X-100 treated hepatoma cells
showed a ladder pattern consisting of multimers of
180 to 200 bp, indicating extensive DNA cleavage
into oligonucleosomal units by an endogenous endo-
nuclease. This result strongly suggests that Triton
X-100 induces apoptosis in hepatoma cells. Dying
cells, which detached from the cell monolayer,
showed morphological characteristics of apoptosis
such as chromatin condensation, nuclear disintegra-
tion and cellular fragmentation into eosinophilic -
globules. These results provide strong evidence that
the cell death induced by Triton X-100 in human
hepatoma cells is mainly apoptotic. The existence of
many apoptotic cells, which are morphologically
characterized by chromatin margination, was also
seen in the hepatocellular carcinoma tissues. From
these. findings we conclude that apoptosis is frequent
in the sporadic hepatocellular carcinomas in some
patients, however the degree of apoptosis between
those tumors is remarkably different.

It has been reported that Triton X-100 induced
cell death showed similarities to the pattern of cell
death induced by cytotoxic lymphocytes. In both
systems, apoptotic cell death is dependent on ex-
tracellular calcium (Hameed er al. 1989; Shi et al.
1992; Borner et al. 1994). The cytotoxic lymphocyte
granule proteins such as perforin, and serine pro-
teases such as fragmentin and granzyme, are res-
ponsible for the induction of apoptotic cell death.
The serine proteases mediate apoptotic morphology
and DNA fragmentation while perforin facilitates
serine proteases uptake or directly perforating the
target cell membrane (Zychlinsky et al. 1991; Shi
et al. 1992; Shiver et al. 1992). However, it was
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also reported that perforin alone can induce
apoptosis (Hameed ez al. 1989). Since Triton X-100
is widely used to permeabilize cell membrane, it
might be possible that Triton X-100 displays activity
similar to perforin by pore formation in the cell
membrane. Apoptosis induced by Triton X-100
appeared within less than 60 min. Similar obser-
vations were recently described for the induction of
apoptosis in thymoma cells given cold shock
(Kruman et al. 1992), and cell lines of prostate
cancer and colorectal cancer treated with Triton
X-100 (Bomner et al. 1994). The extremely fast
induction of apoptosis in our experiment makes the
following explanation possible: 1) the cellular com-
ponents required for apoptosis already in place were
activated by Triton X-100. 2) Inhibitors of an active
apoptotic pathway were denatured by Triton X-100.
It is also possible that the depletion of serum primed
the cells for apoptosis. A further study would be
necessary to verify the above considerations.

Here we show that the non-ionic detergent Triton
X-100 caused the distinct morphology and internu-
cleosomal DNA fragmentation typical for apoptosis
_ in human hepatoma cell lines. We demonstrate ex-
tensive chromatin cleavage into oligonucleosome-
length fragments (DNA ladder) in various human
hepatoma cell lines, which suggests the activation of
an endogenous endonuclease previously found to be
involved in the process of apoptosis. We also
showed that more than 90% of hepatoma cells were
dead by apoptosis induced by 0.01% Triton X-100.
The clarification of the mechanism of Triton X-100
induced apoptosis will shed further light of the
essential components involving the apoptotic pro-
gram and their regulation in hepatoma cell lines.
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