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Preclinical report

Topoisomerase | inhibitor (camptothecin)-induced
apoptosis in human gastric cancer cells and the role
of wild-type p53 in the enhancement of its

cytotoxicity
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Camptothecin (CPT), a human topoisomerase | inhibitor,
blocks DNA replication in human cancer cells. It represents a
promising new class of chemotherapeutic agents with broad
anti-tumor activity. However, its effect on gastric cancer cells
remains unknown. We examined cell growth, apoptosis and
cell cycle phase distribution in gastric cancer cells by
exposing these cells to CPT for up to 72 h. Cell viability
was determined by the Trypan blue exclusion assay. Cell
cycle phase distribution and apoptosis were measured using
flow cytometry, fluorescence microscopy and DNA ladder
assay. Exposure of exponentially growing gastric AGS
cancer cells to CPT induced time-dependent apoptosis and
growth inhibition. Serum starvation-synchronized AGS cells
(about 60% cells in Go/G; phase) showed similar cellular
responses. Analysis of cell cycle phase distribution of AGS
cells treated with CPT for up to 72 h showed no obvious
differences compared to untreated control cells. Although
the induction of apoptosis was noticed in gastric cancer cell
lines both with and without p53, cells lacking p53 showed
less apoptosis compared to those cell lines possessing p53.
Our data show that CPT is capable of inducing gastric cancer
cell growth inhibition and apoptosis. Wild-type p53 may
enhance the cytotoxicity of CPT against gastric carcinoma.
[© 2000 Lippincott Williams & Wilkins.]

Key words: Apoptosis, camptothecin, cell cycle, gastric
cancer, topoisomerase |.

Introduction
Gastric cancer is the second most common tumor type

globally and the fourth in Europe. Although the overall
incidence has been decreasing over the past few
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decades, the incidence of adenocarcinomas of the
proximal stomach and esophagogastric junction is
rising. Gastric cancer presenting at an early stage can
be cured surgically; however, 80% of cases are too
advanced at presentation. Moreover, penetration of
the serosa by the tumor predicts a risk of recurrence of
80-85%." There is considerable interest in the use of
perioperative chemotherapy in gastric cancer where
the aim is to reduce tumor bulk, increase resection
rates, treat micrometastases and thereby improve
survival. As yet there is no one established standard
chemotherapy regimen in advanced gastric cancer and
the benefit of combination chemotherapy over fluoro-
uracil given alone remains controversial.”
Topoisomerases are ubiquitous enzymes that solve
topological problems generated by key nuclear pro-
cesses such as DNA replication, transcription, recombi-
nation, repair, chromatin assembly and chromosome
segregation.’ There are two types of topoisomerases.
Drugs that target the related enzyme topoisomerase
(Topo) II have been in use for some time, including
anthracyclines (e.g. daunomycin) and podophyllotox-
ins (etoposide), but camptothecin (CPT) and its
analogs, the first class of anti-cancer agents to target
Topo I, have only recently been subjected to clinical
trial in human cancer."? Anti-Topo-I drugs have the
advantage that Topo I levels remain high in all phases of
the cell cycle, whereas Topo II varies with the cell cycle
and many slow-growing tumors have low levels of Topo
II. CPTs have the additional advantage of being very
poor substrates for the multidrug resistance ‘pump’
that ejects many compounds from cells. Moreover,
CPTs are not detoxified by a glutathione-dependent
mechanism, as are many of the other anti-cancer drugs.’
CPTs represent promising new class of chemother-
apeutic agents with a novel mechanism of action. It
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has been shown that they have activity against several
gastrointestinal tumors, including a gastric adenocarci-
noma Xenograft.4 Some clinical trials have also shown
promising results in advanced gastric cancer."?

It has been shown that a variety of cancer
chemotherapeutic agents, including CPTs, exert their
effects by inducing apoptotic cell death.>® Indeed, the
ability of tumor cells to respond to damage and
eventually activate the apoptotic program might
determine the ultimate success of cancer therapy.’
Genes involved in neoplastic transformation, such as
p53, the most frequently altered gene in human
cancers, are also involved in the regulation of
apoptosis.>” Wild-type p53 protein has been shown
to be a mediator of different types of apoptosis,
including that induced by several chemotherapeutic
agents such as adriamycin, etoposide and 5-fluorour-
acil.’® In addition, mutations or deletions in the p53
gene have been associated, in vivo and in vitro, with
resistance to apoptosis induced by the same che-
motherapeutic agents.” CPTs have been shown to
induce both p53-dependent or -independent apoptosis
in many cancer cells. >'112 A recent study suggests that
wild-type p53 may enhance CPT cytotoxicity against
some human cells."' However, whether CPT induces
apoptosis in gastric cancer cells and whether cell p53
gene status influences the effect of CPT on gastric
cancer cells are still unknown.

Therefore, this study examined the effect of CPT on
gastric cancer cell growth, cell cycle phase distribution
and apoptosis. The relationship between the effect of
CPT on gastric cancer cells and cell p53 gene status
was also assessed.

Materials and methods

Cell lines and culture conditions

Gastric cancer cell lines AGS, MKN 45, Kato3 and
HSC39 were grown in culture medium, consisting of
RPMI 1640 medium (Gibco, Paisley, UK), 10% fetal calf
serum (FBS; Gibco), penicillin (100 IU/ml; Gibco),
streptomycin (100 pg/ml; Gibco) and L-glutamine (2
mM; Gibco). The cells were maintained in a humidified
atmosphere of 5% CO, and 95% air at 37°C.

Treatment

To examine the effect of CPT on in vitro growth of
AGS cells, exponentially growing and serum-starved
AGS cells were, respectively, treated with culture
medium alone or fresh medium plus 1 ¢M CPT (Sigma,
Poole, UK) for up to 72 h. Cell viability was assessed
by the Trypan blue exclusion method. Cells were
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harvested for the assessment of cell growth and cell
cycle phase distribution. Both detached and adherent
cells were collected for examination of apoptosis.

Flow cytometric analysis

Cell cycle phase distribution was analyzed using flow
cytometry according to a previously published meth-
od."® Briefly, a pool of detached and adherent cells was
washed in phosphate-buffered saline (PBS) and then
the cells fixed in 70% ice-cold (4°C) ethanol overnight.
The cell pellets were re-suspended in 1 ml solution
containing 200 ug/ml ribonuclease (Sigma) and 50 ug/
ml propidium iodide (Sigma) for 60 min at 37°C. Cell
cycle analysis was performed on a FACScan flow
cytometry (Becton Dickinson, Oxford, UK) equipped
with a FACStation and CellQuest software (Becton
Dickinson Immunocytometry Systems, Oxford, UK).
Debris was eliminated from the analysis using a
forward angle light scatter threshold. Cell doublets and
clumps were gated out of the analysis using a dot-plot
display of area and width. In total, 10000 cells were
analyzed for each sample and the apoptotic cells were
considered to constitute the sub-G; cell population. The
induction of apoptosis was confirmed by fluorescence
microscopy with acridine orange (Sigma) staining and
DNA ladder assay as described previously.”‘15 All
experiments were repeated at least 3 times.

Results

Induction of apoptosis and growth inhibition in
gastric AGS cells by CPT

Exponentially growing AGS cells were treated for 0, 0,
12, 24, 48 and 72 h with 1 uM of CPT, the dose
known to affect cell growth and induce apoptosis in
other cancer cells.® Figure 1 shows that CPT induces
apoptosis in AGS cells to a significantly greater degree
than cells treated with medium containing no serum
or untreated control cells.

To confirm the apoptotic nature of the observed cell
death, morphological and molecular parameters were
evaluated. The CPT-treated population (Figure 2A)
shows the characteristic morphological features of
apoptosis. Chromatin condensation at the margins of
the nuclear membrane as well as chromatin granules
resulting from DNA fragmentation are visible. The
pathognomonic feature of apoptosis is the cleavage of
DNA in the internucleosomal regions of chromatin.
Analysis of DNA fragmentation in AGS cells treated
with CPT for 48 h showed DNA ladder formation
(Figure 2B, lane 2), which was absent in untreated
cells (Figure 2B, lane 1).
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Figure 1. Induction of apoptosis in exponentially growing AGS cells after CPT treatment. Exponentially growing AGS cells
were incubated in medium with or without CPT or medium without serum for up to 72 h. Both CPT treatment and serum
starvation caused a significant induction of apoptosis, but the induction in CPT-treated cells was significantly higher compared
to serum starved and untreated AGS cells. The results (mean + SD) represent the average of three or more experiments.

To examine whether cell cycle phase affects the
induction of apoptosis by CPT, AGS cells were serum
starved for 72 h, which led to about 60% cells arrested
in Go/G; phases. Refeeding these cells with medium
alone induced cell cycle progression, but medium
containing CPT caused an enhanced induction of
apoptosis and inhibition of cell cycle progression
(Figure 3).

Effect of CPT on cell cycle progression

Induction of apoptosis is frequently associated with cell
cycle modifications of surviving cells.'® Analysis of cell
cycle phase distributions of AGS cells treated with CPT
revealed that although there was a marked induction of
apoptosis in cells exposed to CPT, there was no
significant difference in cell cycle phase distribution
between cells exposed to CPT and untreated controls.
However, cell proliferation index (P1%) progressively
decreased as apoptosis increased (Figure 4). These
findings indicate that CPT-induced gastric cell growth
inhibition is mainly due to cell death by apoptosis.

Role of p53 in CPT-induced gastric cancer
apoptosis

To test the importance of p53 protein in the induction
of gastric cancer cell apoptosis by CPT, MKN45 (with
wild-type p53 gene), HSC39 (with mutated p53 gene)
and Kato3 (with complete p53 gene deletion) cells'”'®

were further assessed for their responses following
CPT exposure. The DNA contents of these cells were
analyzed by flow cytometry. Figure 5 shows the effect
of CPT on apoptosis in each of the cell lines after 48 h
treatment. All the cell lines showed enhanced induc-
tion of apoptosis following CPT exposure and the
effects were time dependent (Figure 6). However,
Kato3 cells, which lack p53, had significantly reduced
apoptosis compared to the other cell lines, all of which
express p53."7" These data indicate that p53 is not
essential for the induction of CPT-induced apoptosis,
but its presence enhances the cytotoxicity of CPT
towards gastric cancer cells, as has been shown in non-
gastric cancer cells.'" Although the p53 gene in HSC39
cells is mutated, the cells still showed significant
induction of apoptosis in response to CPT treatment.
This finding suggests that the p53 gene mutation in
this cell line may not affect the expression of normal
P53 protein with respect to the induction of apoptosis
or it may be reactivated by CPT as suggested
recently.? Consistent with our findings in AGS cells,
CPT also demonstrated a progressive inhibition in cell
proliferation in MKN45, HSC39 and Kato3 cells, which
was independent of p53 status (Table 1).

Discussion

The ability to activate the apoptotic program is a
mechanism for anti-cancer drugs to destroy tumor cells
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Figure 2. AGS cells were treated with CPT for 48 h.
Fluorescence microscopy shows apoptotic cells (A) and
DNA fragmentation by DNA ladder assay (B). Fluorescence
microscopy with acridine orange staining shows chromatin
condensation and chromatin granules (A). Ethidium bro-
mide-stained agarose gel of electrophoresed DNA from AGS
cells untreated (lane 2) or CPT treated (lane 3). Lane 1
contains a marker.
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Figure 3. Induction of apoptosis in serum-starved AGS cells
after CPT treatment. AGS cells were synchronized by serum
starvation for 72 h and then were refed with medium in the
presence or absence of CPT, or medium without serum for a
further 48 h. Refeeding with medium alone induced cell
cycle progression, but CPT induced a marked enhancement
of apoptosis (sub-Gy/G1 peak) compared to cells continuing
on serum starvation. The results (mean + SD) represent the
average of three or more experiments.

and failure to induce apoptosis is an important cause
of poor response in cancer treatment.”’ We have
shown that CPT inhibited gastric cancer cell lines and
induced apoptosis in several gastric cancer cell lines.
This is consistent with the findings in other cell lines
and suggests that apoptosis is a ubiquitous phenom-
enon following CPT exposure.é’”’]2 The sensitivity of
cells to some anti-cancer agents is dependent on their
position in the cell cycle.?* Typically, asynchronous
cultures consisting of cells in various phases of the cell



100

80 -

Camptothecin-induced apoptosis in gastric cancer cells

‘-T Apoptosis

60 -

40

Apoptotic cells (%)

20

_Y______—’—? Go/Gi

€ PI%
1

0+ t
0 20

40 60 80

Incubation time (h)

Figure 4. The relationship between apoptosis, cell cycle arrest and cell proliferation following CPT exposure. Exponentially
growing AGS cells were incubated in the presence of CPT for up to 72 h. As apoptosis increased, there was a progressive
decrease in AGS cell proliferation index (PI%). However, there was no significant change in cell cycle phase distribution
following CPT exposure. The results (mean+ SD) represent the average of three or more experiments.
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Figure 5. Induction of apoptosis in gastric cancer cell lines
with or without functional p53. Exponentially growing gastric
cancer cells AGS, MKN45, Kato3 and HSC39 were
incubated in the presence or absence of CPT for 48 h.
Apoptosis was quantified using flow cytometry. All cell lines
showed an enhanced induction of apoptosis following CPT
exposure. However, Kato3 cells, which lack p53, had less
apoptosis when compared to the cell lines which contain the
p53 gene. The results (mean + SD) represent the average of
three or more experiments.

cycle are used for studies of anti-cancer agent
sensitivity. When such cultures are treated with anti-
cancer agents, cells in different phases of the cell
cycle may respond differently.”> To assess whether
CPT-induced gastric cancer cell growth inhibition is

cell cycle phase specific, both exponentially growing
and serum starvation synchronized AGS cells, which
contain about 60% Gy/G; cells, were studied. We
found no differences in apoptosis and growth inhibi-
tion between exponentially growing and serum
starvation-synchronized cells, indicating that CPT
anti-gastric cancer activity is not affected by cell cycle.
This may be due to the fact that Topo I is not a cell
cycle-dependent enzyme, remaining at a high level in
all phases of the cell cycle,? 24 and it suggests that CPT
may be clinically effective in slow-growing gastric
tumor cells.

Although the induction of apoptosis on gastric
cancer cells following CPT exposure is not cell cycle
phase specific, the Topo I inhibitor may cause
surviving cell cycle arrest, which varies according to
the cell type.?> *® Del Bino and colleagues compared
the effect of CPT on mouse lymphocytic L1210 cells
and human promyelocytic HL-60 cells.”® They found
that exposure of mouse lymphocytic L1210 cells to
CPT caused a reduction in the rate of cell progression
through S and G, phases of the cell cycle. Some cells
also enter higher DNA ploidy and progress through the
cycle at that ploidy. CPT exerted similar effects on
human lymphocytic MOLT-4 leukemia cells. In con-
trast, treatment of human promyelocytic HL-60 cells
with CPT resulted in the immediate (occurring as early
as 2 h after treatment) death of S and G,/M phase cells;
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Figure 6. Time-dependent induction of apoptosis in gastric cancer cell lines with or without functional p53. Exponentially
growing gastric cancer cells AGS, MKN45, Kato3 and HSC39 were incubated in the presence or absence of CPT. Apoptosis
was quantified using flow cytometry. All cell lines showed a time-dependent induction of apoptosis following CPT exposure.
However, Kato3 cells, which lack p53, showed an obviously lower induction of apoptosis when compared to the cell lines
which contain the p53 gene. The results (mean + SD) represent the average of three or more experiments.

Table 1. Effect of CPT on proliferation of gastric cancer cell lines with or without p53 gene

Treatment 6 h 12 h 24 h 48 h 72 h p values

MKN45 uT 285 28.0 24.0 232 21.8 0.02
CPT 22.6 16.1 9.1 7.2 5.3

AGS uT 46.1 43.6 412 31.4 26.2 0.01
CPT 234 15.7 9.4 6.1 5.7

HSC39 utT 37.3 33.9 36.2 34.3 31.0 0.001
CPT 11.7 84 7.8 82 11.8

Kato3 utT 491 44.9 49.7 46.6 452 0.04
CPT 50.1 35.5 36.0 335 34.6

Exponentially growing gastric cancer cells AGS, MKN45, Kato3 and HSC39 were incubated in the presence or absence of CPT for up to 72 h.
Cell proliferation was assessed as proliferation index (PI%), which was calculated as the percentage of cells in S and G,/M phases. Cell cycle
phase distribution was analyzed using flow cytometry. All the cell lines showed significant inhibition of cell proliferation when compared to
untreated control cells and these changes were independent of cell p53 status. The results (mean) represent the average of three or more
experiments.

UT, untreated control. The p values were calculated using single-factor one-way ANOVA.

the dead cells exhibited decreased DNA stainability
with intercalating dyes, suggestive of DNA degrada-

induced apoptosis, which is likely to be the major anti-
cancer effect of CPT.

tion. These data indicate that there may be tissue
specificity in the response of cells to CPT. We analyzed
the effect of CPT on gastric cancer cell cycle phase
distribution. Like the effects on human promyelocytic
HL-60 cells, we found that the gastric cancer cells
rapidly underwent apoptosis but there was no obvious
cell cycle arrest following CPT exposure. As apoptosis
increased, there was a progressive decrease in cell
proliferation index (PI%). These findings indicate that
gastric cancer cells are highly susceptible to CPT-
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Many chemotherapeutic agents exert their cytotoxic
activity by inducing a p53-mediated apoptotic cell
death.*>° The role of p53 in the cytotoxicity of CPT
against various cancer cells was investigated, and both
p53-dependent and -independent cellular responses
have been reported.?>3'"3* Arah et al. have recently
examined the effect of CPT on human prostate tumor
cells.'" They infected human prostate PC3 cancer
cells, which are null for the p53 gene, with an
adenovirus-expressing human wild-type p53 gene



(Adwtp53). Infection induced the synthesis of wild-
type p53, resulting in growth arrest of PC3 cells. In the
presence of CPT, significant increases in p53 protein
were detected in Adwtp53-infected PC3 cells. While
Adwtp53 and CPT, as single agents, caused apoptosis,
combinations of CPT and Adwtp53 enhanced the
induction of apoptosis in PC3 cells. We have shown
that CPT induces apoptosis in gastric cancer cells both
with or without p53, suggesting that p53 is not
essential for the induction of gastric cancer cell
apoptosis during CPT treatment. However, cells
lacking p53 (Kato3 cells) showed significantly lower
induction rates of apoptosis compared to those cells
with p53. These findings indicate that the presence of
p53 protein may enhance the cytotoxicity of CPT
against gastric cancer cells and introduction of the p53
gene with Topo I inhibitors may offer a clinical
advantage for the treatment of gastric cancer contain-
ing null for the p53 gene.

In conclusion, our data have shown that CPT is able
to induce growth inhibition and apoptosis in several
gastric cancer cell lines. The cellular responses
following CPT exposure are independent of cell cycle
phase distribution. Although p53 did not play an
essential role in the induction of apoptosis, the
presence of this protein may enhance the cytotoxicity
of CPT against gastric cancer cells.
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