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Fas, a member of the tumor necrosis factor receptor/nerve growth factor receptor family, induces
apoptosis by crosslinking with Fas ligand or anti-Fas antibody in a variety of cultured cells, We
examined the expression of Fas antigen and its mediation of apoptesis in six human pastrie carcinoma
cell lines. Flow cytometric analysis and western blotting revealed relatively high expression of Fas
antigen in MKN-74 (wild-type p53 gene) and MKN-45 (wild-type), followed by MKN-1 (mutated),
MEKN-7 (mutated) and KATO-III (deleted). MKN-28 (mutated) showed minimal expression of the
antigen. The expression was apparently enhanced by interferon-y, except for MKN-1 and MKN-28.
Anti-Fas antibody (100 ng/ml) induced nuclear fragmentation characteristic of apoptosis. Apoptesis
occurred in a delayed fashiom and the apoptotic index at 72 h was approximately 60% in MKN-74,
35% in MKN-45, and 20% in MKN-1 and KATO-III. A DNA ladder was noted in MKN-74 at 72 h.,
Expression levels of P53 and P21** did not change for up to 48 h in MKN-74. The biological effects
did not correlate with endogenocus Bcl-2 expression. These results indicated that a) Fas antigen is
variably expressed in human cultured gastric carcinoma cells, b) the protein transduces an apoptotic
signal which leads to delayed cell death, and c) susceptibility to the antibody correlates well with the

expression level of Fas antigen,
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Apoptosis is a distinct form of cell death, different
from necrosis,'™ by which cells are actively eliminated
from normal and neoplastic tissue. Apoptosis plays a
major role during development, embryogenesis, regula-
tion of the immune system, and carcinogenesis, as well as
in the maintenance of tissue homeostasis.” Various pro-
tein molecules or oncogenes and suppressor genes are
involved in the process of apoptosis, including p33, myc,
ras, c-fos, bcl-2, bax, p21"¥ and the Fas/Fas ligand
system,*®

Fas is a 45 kDa cell surface protein, which is expressed
in thymocytes, activated T and B cells, normal liver,
heart and lung, as well as in several tumors.>!? Fas
belongs to the TNFR (tumor necrosis factor receptor)/
NGFR (nerve growth factor receptor) family, which
includes CD27, CD30, and CD40.'"” Repeating cysteine-
rich extracellular domains characterize the members of
this family. Fas and TNFR also contain a unique cyto-
plasmic region, termed the death domain, that is essential
for initiating a cytolytic response.

The binding of agonistic anti-Fas antibody or Fas
ligand to Fas antigen results in transduction of a cyto-
Iytic signal into the cell, followed by apoptosis. This was
well examined in a variety of leukemia/lymphoma cell
lines in vitro.'*'¥ Fas-mediated apoptosis has been shown
to be induced within a few hours after anti-Fas antibody
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treatment. This mode of apoptosis is considered to be
affected by Bcl-2, and to occur in a cell-cycle-indepen-
dent manner.!> %

On the other hand, little is known about the expression
or the role of the Fas antigen in epithelial tumor cells,
including human gastric cancer. In this study, we ex-
amined the expression of Fas antigen in six human cul-
tured gastric cancer cell lines. P53 and P21%*" levels were
also analyzed during the process of apoptosis induced by
anti-Fas antibody. To our knowledge, this is the first
report to demonstrate that expression of Fas antigen
mediates signal transduction for apoptosis in human gas-
tric carcinoma cell lines.

MATERIALS AND METHODS

Cell lines Six cell lines derived from human gastric
cancer were used. Table I summarizes histological type
and p53 gene status, which has been reported else-
where.'” All the cells were cultured in RPMI 1640
(Cosmo Bio, Tokyo) containing 10% fetal bovine serum,
2 mM glutamine and 100 U/ml penicillin in a humidified
5% €0, incubator at 37°C. Cells were passaged twice
weekly and routinely examined for mycoplasma contam-
ination.

Flow cytometric analysis The gastric cancer cells (3%
10%) were preincubated in the presence or absence of 50
JRU/ml interferon-y (IFN-y: Shionogi, Osaka) for 24 h.
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Table I. Human Gastric Cancer Cell Lines
. \ Fas expression®
Cell line Histology 253 status” -
FACSort western blotting
MEKN-1 adenosquamous mutated ++ ++
MKN-7 well mutated + +
MKN-28 well mutated + +
MEKN-45 poorly wild type ++ ++
MKN-74 well wild type ++ ++
KATO-IIT scirrhous complete deletion + +

a) p33 gene status has been reported elsewhere.'”
b} Expression levels are graded as (—) to (++).

The cells were incubated with 1 yg of anti-Fas mono-
clonal antibody (clone DX2; Pharmingen, San Diego,
CA) for 30 min at 4°C, and washed twice with phos-
phate-buffered saline (PBS). Next, the cells were incu-
bated with 1: 20 dilution of FITC-labeled anti-mouse &
antibody (Southern Biotechnology Associates, Inc., Bir-
mingham, AL} for 30 min on ice. Finally, the cells were
washed twice with PBS and resuspended in 1ml of PBS.
Fluorescence was quantified using a FACSort (Becton
Dickinson, San Jose, CA).

Cell viability and detection of apoptotic cells Approxi-
mately 53X 10° cells were seeded in 28 cm® dishes. The
cells were incubated with 50 JRU/ml IFN-y in fresh
medium for 24 h, followed by washing twice with PBS.
Then, the cells were incubated with 100 ng/ml anti-Fas
antibody in fresh medium for 12, 24, 48 and 72 h. After
exposure to anti-Fas antibody, the cells were trypsinized
and harvested. Cell viability was counted by trypan blue
staining. Apoptotic cells were assessed morphologically
by staining with Hoechst 33258 using cells fixed with
Clarke fixative (ethanol : acetic acid = 3:1). Apoptotic
index {AI) was defined as follows: Al = 100 X apoptotic
cells / 200 cells. We also conducted Wright and Giemsa
staining for morphological observation of nuclei.

DNA fragmentation The cultured cells (5X10°) were
exposed to 100 ng/ml anti-Fas antibody for 12, 24, 48,
and 72 h. Then, the cells were trypsinized, washed twice
with PBS, and suspended in lysis buffer (25 mM Tris-HCl
pH 8.0, 5 mM EDTA, 25 mM NaCl, 0.5% SDS, 100 xg/
ml proteinase K). After incubation overnight at 37°C,
DNA was extracted with phenol/chloroform and pre-
cipitated with isopropanel according to siandard proto-
cols. Finally, DNA was dissolved in TE buffer. One
microgram of DNA was analyzed by electrophoresis on
2% agarose gel containing 0.5 ¢g/ml ethidium bromide
and visualized under ultraviolet (UV) illumination.
Western blotting The cells were washed in PBS and
solubilized in lysis buffer (50 mM Tris-HC1 pH 7.4, 125
mM NaCl, 0.1% NP-40, 5 mM NaF, 1 mM PMSF, 1 ng/
ml leupeptin, 10 ng/ml soybean trypsin inhibitor, 1 ng/
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ml aprotinin, 10 ng/ml N-tosyl-L-phenylalanyl chloro-
methyl ketone) for 60 min on ice. Lysates were centri-
fuged at 2,500g for 5 min. The protein concentration was
determined by means of the Bradford protein assay (Bio-
Rad Lab., Richmond, CA) using bovine serum albumin
as the standard. Thirty micrograms of protein was re-
solved by electrophoresis on 12% polyacrylamide gels,
electrotransferred to a polyvinylidene difluoride filter
(Millipore, Bedford, MA), then blotted with mouse
monoclonal antibody for Bel-2 (1:50 dilution; clone: 124;
Dako, Copenhagen, Denmark), P53 (1:200 dilution;
clone: 1801; NOVO, Newecastle, UK) and P21%*" (1:25
dilution; clone 2G12; Pharmingen, San Diego, CA).
Blots were developed with peroxidase-labeled anti-mouse
IgG (1:2000 dilution; MBL Co., Nagoya) using an en-
hanced chemiluminescence system (ECL Detection
System; Amersham, Bucks, UK).

RESULTS

Expression of Fas antigen in human gastric cancer cell
lines First, we examined expression levels of Fas antigen
by FACSort and western blotting. As shown in Fig. 1,
Fas antigen was variably expressed in all 6 cell lines
examined. MKN-74 and MKN-45 showed high expres-
sion levels, followed by MKN-1, MKN-7 and KATO-
ITI, in contrast to the minimal expression in MKN-28.
The cell lines were treated with INF-y at the dose of 50
JRU/ml, which did not affect the viability of the cells
examined, as shown in Fig. 2. INF-y apparently en-
hanced the expression of the antigen in MKN-7, MK N-
45, MKN-74, KATO-III. The enhanced expression levels
of these four cells were comparable to the reported
level of the Jurkat E-6 lymphoid cell line, which is sensi-
tive to anti Fas antibody-induced apoptosis.'” On the
other hand, INF-y had no or little effect on MKN-1 and
MEKN-28.

Western blot analysis showed higher expression of Fas
antigen in MKN-1, MKN-45 and MKN-74, followed by
MKN-7, MKN-28 and KATO-III (Fig. 3). The results
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Fig. 1. Flow cytometric analysis of Fas antigen in the six
cell lines. Background reactivity was that of cells stained with
FITC-conjugated second antibody only. a, Background, b,
basal level without IFN-y treatment, ¢, enhanced expression
of Fas antigen by treatment with 50 JRU/ml IEN-y for 24 h.

coincided well with those obtained by FACSort, except
for KATO-III, in which a lower expression level was
noted in the western blot, in contrast to the relatively
higher level by FACSort.

Table I summarizes the expression of Fas antigen in

the six cell lines examined; the highest expression was
noted in MKN-74 and MKN-45, both of which carry the
wild-type p53 gene.”® On the other hand, apparent Fas
antigen expression was also found in MKN-1 and MKN-
7, carrying the mutated p53 gene, and in KATO-III with
the p53 gene deleted. In fact, KATO-III did not express
P53 (Fig. 3). Thus, Fas expression did not necessarily
correlate with the p53 gene status or the histological type
of cells.
Induction of cell death with anti-Fas antibody treatment
As described above, a single treatment whth 30 JRU/ml
INF-r did not affect cell viability. Consecutive treatment
with INF-y and anti-Fas antibody, however, clearly
decreased the viability of the cells examined.
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Fig. 2. Effect of IFN-y on the viability of MKN-45 and
MEN-74 cells. Cells were incubated for 24 h with only 50
JRU/ml IFN-y, with only 100 ng/ml anti-Fas antibody, and
with both.
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Fig. 3. Eaxpressions of Fas, P53 and Bcl-2 in six gastric
cancer cell lines by western blotting.

To determine the susceptibility of the six cell lines to
anti-Fas-mediated apoptosis, cells were initially cultured
in the presence of INF-y for 24 h, and then treated with
100 ng/ml anti-Fas antibody for 12, 24, 48 and 72 h. The
experiments were repeated three times. The number of
viable cells pgradually decreased in a time-dependent
manner (data not shown). Susceptibility to 100 ng/ml
anti-Fas antibody was highest for MKN-74, followed by
MKN-45, KATO-III, and MKN-1, in that order. MKN-
7 and MKN-28 were highly resistant to the antibody.
Thus, susceptibility correlated fairly well with enhanced
expression level of the Fas antigen.

Morphological examination demonstrated the occur-
rence of apoptosis of the cells, even at 12 h. The apo-
ptotic cells revealed fragmented nuclei by Hoechst 33258
staining (Fig. 4A). Giemsa staining showed a few cells
with condensation of heterochromatin, but lacking nu-
clear fragmentation (Fig. 4B); this has been considered
to be an early stage of apoptosis. Cells with fragmented
nuclei increased gradually in all the cell lines, except for
MEKN-28, in which apoptotic cells were hardly detected.
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Fig. 4. Morphological analysis of MKN-74 cells treated with 100 ng/ml anti-Fas antibody for 48 h. Cells were stained with
(A) Hoechst 33258 and (B) Wright and Giemsa. Cells with fragmented and condensed nuclei corresponding to apoptotic cells.

A, X1000, B, X300.
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Ffig. 5. Apoptotic indices induced by anti-Fas antibody treat-
ment. MKN-1 (X), MKN-7 (4), MKN-28 (O), MKN-45
(M), MKN-74 (1) and KATO-III { ®) cells were incubated
with 100 ng/ml anti-Fas antibody for 12, 24, 48 and 72 h.
Apoptotic index was determined as described in “Materials
and Methods.” Data are average values of three independent
experiments.

Fig. 5 shows the time course of the AL i.e., the number
of cells with fragmented nuclei per total cells. The AI was
highest for MKN-74, followed by MKN-45, MKN-1,
KATO-1II, and MKN-7, in that order. At 72 h after
anti-Fas antibody treatment, approximately 60% of
MKN-74 cells, 35% of MKN-45 cells, and 20% of
MKN-1 and KATO-1II cells showed apoptosis. Thus, Al

32

Fig. 6. Detection of DNA laddering on agarose gel electro-
phoresis. MKN-74 cells were incubated with or without 100
ng/ml anti-Fas antibody for O (lane 2), 12 (lane 3), 24 (lane
4), 48 (lane 5), and 72 h (lane 6). A 123 bp DNA ladder
was used as a molecular marker (lane 1), A DNA ladder is
noted only in lane & (72 h).

is correlated inversely with cell viability. A DNA ladder
on agarose gel was clearly demonstrated in MKN-74 cells
at 72 h (Fig. 6), in contrast to its absence in the case
of MKN-45,



Fig. 7. Western blot analysis of the expression levels of P53
and P21%0 in MKN-74 cells after anti-Fas antibody treat-
ment.

Expression of Bcl-2, P53 and P21%" Bcl-2 was most
highly expressed in KATO-III cells (Fig. 3). Lower
levels of expression were noted in MKN-7 and MKN-2§,
in contrast to the almost complete absence of expression
in MEN-1, MKN-45 and MKN-74 cells. The expression
levels did not correlate with the apoptotic index after
treatment with anti-Fas antibody.

Further, we examined levels of P53 and P21%*! after
anti-Fas antibody treatment, using MKN-74 at 6, 12, 16,
20, 24, 30 and 48 h. No difference was detected in the
expression levels of P53 and P21%" after anti-Fas anti-
body treatment (Fig. 7).

DISCUSSION

We confirmed the expression of Fas antigen in all six
human gastric carcinoma cell lines at various levels, by
both FACSort and western blotting. The two methods
showed similar expression levels of Fas antigen in each of
the six cell lines, except for KATO-II1, and in the latter
case, the discrepancy was not large.

It is well documented that INF-r uprecgulates Fas
mRNA and enhances Fas antigen on the cell surface in
normal and neoplastic cells.”'® This is also consistent
with the previous report that INF-y-treated colon cancer
cell line HT-29 cells acquired sensitivity to anti-Fas anti-
body.” In this study, we have confirmed the enhance-
ment of Fas expression by INF-y treatment in 4 of 6 cell
lines, though MKN-1 and MKN-28 did not show a

distinct effect. The precise mechanism involved remains

to be elucidated.

Anti-Fas antibody variably reduced the cell viability of
the cell lines examined, apparently due to induction of
apoptosis, which was confirmed morphologically and bio-
chemically. All the cell lines except for MKN-28 showed
nuclear fragmentation, which is a morphological charac-
teristic of apoptosis. Induction of apoptosis was relatively
high in MKN-74 and MKN-45, in which apoptotic cells
showed a similar morphology. A DNA ladder on agarose
gel was apparent with the extract from MKN-74, but not
with that from MKN-45. This might be partly due to
delayed and gradual occurrence of apoptosis. It is un-
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likely that fragmented DNAs maintain their form in the
culture medium. With progressive degradation of the
fragmented DNAs into smaller molecules, the DNA.
ladder might be hardly detectable. A smaller number of
apoptotic cells with optimal DNA cleavage might also
result in the absence of the DNA ladder. In fact, no
ladder was detected in the case of MKN-74 at 48 h, when
the AI was higher than that of MKN-45 at 72 h.

It has been reported that inherent susceptibility to
anti-Fas-induced apoptosis does not necessarily correlate
with the expression level of this protein. This phenome-
non has been well documented in both hematopoietic
cells and non-hematopoictic cells, other than gastric car-
cinomas.'” In this study, the Al was highest for MKN-
74, followed by MKN-45 and KATO-III, although
almost equal levels of expression were noted among the
three cell lines. AT was less than 109% in MKN-7, which
expressed lower levels of the antigen. Thus, susceptibility
to anti-Fas antibody correlated relatively well with the
enhanced expression level of this protein in the gastric
cancer cell lines.

Of particular interest is the correlation between anti-
Fas antibody susceptibility and p53 gene status. Anti-Fas
antibody-induced apoptosis occurred more readily in
MKN-74 and MKN-45, which carry the wild-type p33
gene, than in the other cell lines. Owen-Schaub ez al. have
demonstrated that transfection of wild-type p53 gene
upregulates the expression of cell surface Fas antigen in
human hung cancer cell lines.'” Thus, wild-type p53 gene
might partly correlate with higher expression of Fas
antigen, resulting in higher susceptibility to anti-Fas anti-
body-induced apoptosis. Tamura et al. investigated the
role of p53 protein in the induction of the Fas-mediated
apoptosis using human cultured colon cancer cell, WiDr,
which carries a mutation of the p53 gene at codon 273.29
They successfully transfected wild-type p33 gene using a
non-inducible promoter and confirmed the expression of
wild-type p33 mRNA in the transfected clones, which
were apparently more susceptible to anti-Fas-induced
apoptosis than their parental cells, expressing mutant-
type p53 mRNA. These findings suggested that wild-type
p33 gene might upregulate Fas gene expression. In the
present study, we could not confirm a relationship be-
tween Fas expression and p53 gene status. In fact,
KATO-III carrying no normal p53 gene and MKN-7
carrying the mutated p53 gene, expressed relatively high
levels of Fas antigen, the levels being similar to those of
MEKN-45 and MKN-74.

Tamura et al. also suggested that anti-Fas antibody-
induced apoptosis might be incidentally linked to a p33-
dependent apoptotic pathway.* p53-dependent apoptosis
has been demonstrated to be initiated by DNA damage,
such as radiation, UV, and DNA-damaging agents.”**
We could not find any increase of P53 and P21%"
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expression in MKN-74 carrying wild-type p33 gene for
up to 48 h. This might imply that wild-type p53 gene is
not necessarily essential for induction of Fas-mediated
apoptosis in human gastric carcinoma cell lines. Ni ef al.
found that anti-Fas antibody killed mice without p53
gene as efficiently as wild-type mice, indicating that p53
gene is not involved in the apoptotic pathway mediated
by Fas.? In order to clarify the mechanism of Fas-
mediated apoptosis, further study should focus on the
intracellular signalling pathway mediated by Fas. Recent
studies have demonstrated the involvement of several Fas
“death-domain”-associated proteins and cysteine prote-
ases of the interleukin-18-converting enzyme (ICE)-
family in Fas signal transduction. *® To date, nothing is
known concerning interaction between p53 and ICE in
Fas-mediated apoptosis.

Ezxpression of Bcl-2 has been shown to inhibit DNA
fragmentation induced by a variety of stimuli, including
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