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Abstract

AIM To observe the drug sensitizing effect and
related mechani sms of fasgene transduction on
human drug-resistant gastric cancer cell
SGC7901/VCR (resistant to Vincristine).
METHODS The cell cycle alteration was
observed by FACS. The sensitivity of gastric
cancer cells to apoptosis was determined by /in
vitro apoptosis assay. The drug sensitization of
cells to several anti-tumor drugs was observed
by MTT assay. Immunochemical method was
used to show expression of P-gp and TopoII in
gastric cancer cells.

RESULTS Comparing to SGC7901 and pBK-
SGC7901/VCR, fas-SGC7901/VCR showed
decreasing G2 cells and increasing S cells, the
G2 phase fraction of pBK-SGC7901/VCR was
about 3.0 times that of fas-SGC7901/VCR, but S
phase fraction of fas-SGC7901/VCR was about
1.9 times that of pBK-SGC7901/VCR, indicating
S phase arrest of fas-SGC7901/VCR. FACS also
suggested apoptosis of fas-SGC7901/VCR. fas-
SGC7901/VCR was more sensitive to apoptosis
inducing agent VM-26 than pBK-SGC7901/VCR.
MTT assay showed increased sensitization of
fas-SGC7901/VCR to DDP, MMC and 5-FU, but
same sensitization to VCR according to pBK-
SGC7901/VCR. SGC7901, pBK-SGC7901/ VCR
and fas-SGC7901/VCR had positively stained
Topo II equally. P-gp staining in pBK-
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SGC7901/VCR was stronger than in SGC7901,
but there was little staining of Pgp in fas-
SGC7901/VCR.

CONCLUSION fas gene transduction could
reverse the MDR of human drug-resistant gastric
cancer cell SGC7901/VCR to a degree, possibly
because of higher sensitization to apoptosis and
decreased expression of P-gp.

INTRODUCTION

Multidrug resistance (MDR), the principal
mechanism by which many cancers develop
resstance to chemotherapeutic drugs, is a major
factor in the failure of many forms of
chemotherapy!™. It affects patients with a variety
of blood cancers and solid tumors, including breast,
ovarian, lung and lower gastrointest ina tract
cancers.

Tumors usually consist of mixed populations of
malignant cells, some of which are drug sensitive
while others are drug resistant. Chemotherapy kills
drug sensitive cells, but may leave behind a high
proportion of drug resistant cells. As the tumor
begins to grow again, chemotherapy may fail
because the remaining tumor cells are now resistant
toit.

Resistance to therapy has been correlated to the
presence of at least two molecular ‘pumps that
actively expel chemotherapeutic drugs from the
tumor cells. This action thus spares tumor cells from
the effects of the drug, which has to actinside the
cell at the nucleus or the cytoplasm. The two pumps
commonly found to confer chemoresistance in
cancer are P-glycor protein (P-gp) and the so-called
multidrug resistance-associated protein (MRP). But
they are not the complete story, and can not
explicate the phenomenon of MDR fully.

Recent studies indicate that some cancer cells
are resistant to signals of apoptosis and so making
cell life longer might be an important part of MDR
mechanisms.

In this study, we assumed that inducing
apoptosis in drug resistant tumors might reverse
MDR. So we transfected fas gene, which is a key
molecule in the signal transduction pathway of
apoptosis, into drug resistant gastric cancer cells,
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and observed the expression of target genes in
transfectants and the sensitivity of transfectants to
chemotherapeutic agents in order to find the
pathway of signal transduction for reversing gastric
cancer MDR.

MATERIALS AND METHODS

Materials

Gadtric cancer cell line SGC7901, pBK-SGC7901/
VCR (SGC7901/VCR is transfected by pBK-CMV
expression vectors persistently), pBK-fas cDNA
(1.83kb full length fas cDNA, was inserted into
pBK-CMV expression vectors), and fas-SGC7901/
VCR cell transfectants (SGC7901/VCR is
transfected by pBK-fas-expression vectors
persistently) were kept in our department.
Chemical reagents were obtained from Sigma,
except as noted. Chemical reagents including
PMSF, SDS, and avidin-biotin peroxidase complex
(ABC) kit were obtained from SABC and Promega.
P-gp mouse 1gG antibody and topoisomerase |l
(Topoll) mouse 1gG antibody were kindly given by
Dr. Liu. All the antibodies and rabbit anti-human
Fas polyclonal antibody were products of Dako.
RPM 11640 was obtained from GIBCO, fetal bovine
serum from HY CLON E, mitomycin C (MMC) from
Kyowa Hakko Kogyo Co. Ltd, vincristine (VCR)
and doxorubin (Dox) from the Twelfth Shanghai
Pharmaceutical Product Factory, 5-fluorouracil (5-
FU) from Shanghai Xudong Pharmaceutical
Company, and cisplatinum (DDP) from Shandong
Qilu Pharmaceutical Product Factory.

Methods

Western blot analysis Cellsin log phase were
harvested and washed with PBS twice, then lyzed in
lysis buffer (150mmol/L Tris-Cl pH 8.0; 50mmol/L
NaCl; 0.2mmol/L EDTA; 0.1lmmol/L PMSF,;
10g/L NP-40). SDS-PAGE was performed using
100ug or 150ug total protein per lane, one
electrophoresis gel was stained with commassie
brilliant blue R-250, another was blotted to
nitrocellular filter. After blocking with 50g/L
defatted milk, the filter was incubated with rabbit
anti-human Fas polyclona antibody overnight at
4°C, then washed three times 5min each time with
TBS and incubated with HRP-conjugated goat anti-
rabbit 1gG at 37°C for 30min. Findly, the positive
bands were visualized by incubation with peroxidase
substrate solution D iaminobenzidine (DAB).

Cell culture MDR gastric cancer cell subline
SGC7901/VCR was induced by pulse treatment of
the parent cell line SGC7901 at a single dose of
Vincristine. Having been exposed to 1.0mg/L
Vincristine for one hour, SGC7901 cells were
replated in drug-free culture medium to alow
exponential growth of cellsto be recovered prior to
another stimulation. Once stable resistant

phenotype was developed, the SGC7901/VCR cells
were grown in drug free growth medium.

Cytotoxity assay Dose-survival curves defining the
sensitivit y of gastric cancer cell line SGC7901, pBK -
SGC7901/VCR and fas-SGC7901/VCR cell
transfectants to VCR, DDP, MMC, Dox and 5-FU
were obtained using MTT cytotoxic assay. Cells in
log growth period (3-4) x107/L diluted with
200uL RPMI 1640 supplemented with 100mL/L
fetal bovine serum were seeded into 96-well platesin
triplicate for each treatment, after culturing for
12h, added Dox (0.1, 1, 10 and 100pg), DDP
(0.1, 1, 10 and 2100ug), 5-FU (0.7, 7, 70 and
700pg), MMC (0.1, 1.0, 10 and 100pg) and VCR
(0.1, 1.0, 10 and 100ug) according to the
clinicaly established plasma peak concentration.
Three days later, 20uL MTT solution (5¢/L) was
put into plates, and then the supernatant was
discarded after 4 hours, 150pL DM SO was added to
melt crystal. A value was read a 590 nm
wave ength.

FACS analysis Cells(3-4) x107/L were seeded in
25cm? tissue culture flasks for 36h-40h, after
reaching log growth, cells were digested by 2.5g/L
trypsin and harvested by centrifugation. Then the
cells were fixed with ethanol and stained with
prop idum iodide, and subjected to fluorescence-
activated cell sorting (FACS) analysis for DNA
content at the Fourth Military Medical University.

In vitro apoptosis assay Cells (3-4) x107/L were
seeded in 25cm? tissue culture flasks and allowed to
reach log growth for 36h-40h. After exposure to
apoptosis inductor VM-26 for 24h at two different
doses 1.25umol/L and 2.5umol/L, subsequently
culture the cells in RPMI 1640 supplemented with
100mL/L fetd bovine serum containing no VM-26
for 48h, then harvest the cells for genomic DNA
extraction, and eectro phoresis in 10g/L agarose
gel at 50V for 1h2,

Immunocytochemistry Tissueimmunocytochemical
staining was done with the ABC kit. Célls (3-4) x
107/L were seeded in a glass dide in 100g/L RPMI
1640. After the cells attached tightly to the dides,
and reached log growth for 36h-48h, dides were
washed with PBS for 3-5 min, then immersed in
40g/L  paraformaldehyde phosphated buffer
solution for 5- 10 min. Slides were immersed for
45min in 3mL/L peroxide in methanol (to deplete
endoge nous peroxidase) and norma goat serum
diluted to 1:100 in PBS for 20min. Primary
antibodies against P-gp, Topoll and control normal
mouse serum were used at dilution of 1:100, applied
to cell attached slides and incubated in a humidi fied
chamber at a room temperature for 30min and 4°C
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overnight. The dides were then washed with PBS
for 10min. Biotinylated goat anti-mouse 1gG was
applied on to the cell sections, and incubated at
room temperature for 30min. After washing with
PBS for 10min, these tissues were incubated with
avidin DH-Biotinylated peroxidase for 45min.
Finally, color was developed by immersion of the
sectionsin aperoxidase substrate solution DAB.

For each dide, the extent and intensity of
staining with P-gp and Topoll antibody was graded
on a scae of 0-4+by a blinded observer on two
separate occasions using coded dides, and an
average score was calculated. The observer assessed
all tissues on the dides to assign the scores. A 4+
grade implied that all staining was maximally
intense throughout the specimen, while O implied
that staining was absent throughout the specimen.

RESULTS

Western blot

SDS-PAGE (Figure 1A) showed no significant
differences between fas-SGC7901/ VCR protein and
that of pBK-SGC7901/VCR control cells. Western
blot (Figure 1B) indicated a weak band of M,36000
-40 000 in lane 3 which is consistent with M, of Fas
protein, when 150ug total protein of pBK-
SGC7901/VCR was loaded, while lanes 4 and 5 of
fas transfectants had strong postive band of M,
36 000-40 000 respectively, the band of lane4 was
dlightly weaker than that of lane 5 because of
quantity of loading.

Cytotoxic assay

As shown in Figure 2, fas-SGC7901/VCR cell
transfectants were more sensitive to MMC, DDP
and 5-FU. The survival rates of transfectants
treated with VCR and Dox were only lowered
dlightly, compared with non-transfectants, which
showed that fas-SGC7901/VCR cell transfectants
remained resistant to VCR and Dox.

FACS analysis

By using FCM to andyze cdl cycle, the apoptotic
peak appeared only in fas-SGC7901/VCR cell
transfectants and there were no significant
differences between them in G1 phase. These data
show that Fas takespart in induction of apoptosis
and differentiation of gastric cancer cells. Anaysis
of cell cycle distribution demonstrated that the
fraction number of fas-SGC790L/VCR cells in
G1/0 phase, G2 and S phase was about 0.70, 0.06
and 0.24, that of pBK-SGC7901/VCR was about
0.67, 0.17 and 0.13 respectively, and the G2 phase
fraction of pBK.SGC790LU/VCR was about 3.0
times that of fas-SGC7901/VCR, but S phase
fraction of fas-SGC7901/ VCR was about 1.9 times
that of pBK-SGC7901/VCR, indicating S phase
arrest of fas-SGC7901/VCR (Table 1).

Table 1  Cell cycle distribution of three kinds of cell lines
(Number fraction)

Cell line Gl G2 GlUG2
SGC7901 0.73 0.11 0.16 0.188
pBK-SGC7901/VCR 0.67 0.17 0.13 0.186
fas-SGC7901/VCR 0.70 0.06 0.24 0.190

In vitro apoptosis assay

As shown in Figure 3, fas-SGC7901/VCR cell
transfectants remained sensitive to VM-26, and
characteristic DNA ladder bands of apoptosis

appeared.

Immunocytochemistry

Inorder to assess whether the overexpression of Fas
in drug resistant gastric cancer cell line SGC7901/
VCR involved inhibition of other MDR inducing
factors except induction of apoptosis, we detected
topoisomerase |l (Topo IlI) and P-gp protein
expression in  these  cell lines by
immunocytochemistry. There was no difference in
the expression of Topo Il among SGC7901, pBK-
SGC790L/VCR and fas-SGC790L/VCR. All these
had positive staining of Topo Il, and an average
score of about 2+ grades was calculated. P-gp
staining on pBK-SGC7901/VCR was stronger than
that on SGC7901, and scored a grade of 4+. But
there was weak staining of P-gp on fas-SGC7901/
VCR (Figure 4). These data suggested that Fas
proteins increased sensitivity of drug resistant
gastric cancer cell line SGC7901/VCR to

chemothe rapeutic drugs may be through decreasing

P-gpprotein.
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A: SDS-PAGE B: Western blot
1. Total protein (100 pg) extracted from pBK-SGC7901/VCR
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Figure 4 Detection of P-gp expression in the 3 tumor cells lines by immunocytochemical staining. x400

A: pBK-SGC7901/VCR;B: SGC7901; C:

DISCUSSION

Apoptosis is an important and well-controlled form
of cell death that occurs under a variety of
physiological and pathological conditions. This
process has been recognized to be of major
importance for embryonic development, tissue
homeostasis, neurodegeneration, autoimmune
diseases, AIDS, carcinogenesis, cancer pro gression,

fas-SGC7901/VCR

specially for killing cancer cells induced by
chemotherapeutic drugs®®. Once the apoptosis
program is activated, it starts with blebbing of the
membrane, followed by degradation of the
chromosomal DNA by nucleases, resulting in
condensation and fragmentation, finaly,
phagocytes remove cell fragments without causing
any inflammatory reaction. Some proto-oncogenes
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and tumor suppressor genes can regulate
apoptosig’®® and there are also accumulated
evidences which show that these apoptosis
regulating genes are important for the development
of digestive system(?®24,

Multidrug resistance represents amagjor obstacle
in the successful therapy of neoplastic diseases.
Studies have demonstrated that this form of drug
resistance occurs both in cultured tumor cell lines as
well as in human cancers. Recent studies indicate
that genes that regulate apoptotic cell death might
play an important role in determining the sengitivity
of tumor cells to chemotherapy. Many
chemotherapeutic agents are found to act through
damaging DNA or regulating apoptosisrelated genes
p53, c-myc, bcl-2, bax, p21, c-H-ras to trigger
apoptosig®>2,

Strobel et al®® found that SW626 cells
overexpressing BAX aresens itized to the cytotoxic
effects of alkaloid derivatives such as paclitaxel and
Vincristine, and demonstrate that these seemingly
disparate effects are explained by an enhanced
accumulation of paclitaxel in BAX-overexpressing
cdls, an effect due to diminished drug efflux. These
data suggest that stable transfectants that
overexpress BAX may be sensitized to apoptotic cell
death through a novel mechanism involving the
enhancement of intracellular levels of naturally
occurring toxins. NicA mhlaoibh et al™ used an in
vitro model, the resistant variant, DLKP-SQ/10p
derived from human lung carcinoma clonal cell line
DLKP-SQ to 10 sequential pulses of
pharmacologically attainable doses of doxorubicin,
demonstrating that overexpression of the pro-
apoptotic bcl-xS gene in the DLKP-SQ/10p line
partially reversed resistance not only to P-gp-
associated drugs, doxorubicin, but also to 5-
fluorouracil, indicating that the ratio of bcl family
members may be important in determining
sensitivity to chemotherapeutic drug-induced
gooptos's.

Recently mutated N-ras oncogene has been
implicated in melanoma resistance to cisplatin, both
in vitro and in vivo, and the role of two other
oncogenes, bcl-2 and p53, which are aready
involved in the chemoresistance of hematological
and solid malignancies. The finding that many
chemotherapeutic agents can kill suscep tible cells
through the apoptosis pathway provides new
molecular insight into chemoresistance mechanisms
and suggests that apoptosis and/or resistance to
apoptosis of tumor cells should be investigated to
clarify further the mechanism of tumor
chemoresistance®Y.

Anti-cancer drugs and cytotoxic cytokines such
as members of the TNF/Fas-ligand family play a
predominant role in apoptosis induction in tumor
cells including gastric cancer®%, And compared

with normal tissues, malignant tumor cells,
especially metastatic tumor cells present extremely
lower expression of Fas, while most benign tumors
are smilar to their origina tissues in the expression
of Fas. It is hypothesized that malignant tumors
might suppress Fas expression or lose Fas molecule
in order to avoid the surveillance of Fasligand. This
explains the lack of Fas expression in drug resistant
cells. Our laboratory found that Fas-antigen
expression in human gadtric cdl line SGC790L/VCR
islower than that of SGC7901, and it seems that the
alteration of Fas expression following drug-
resstance is not redricted to one cdl type Ca &
al® aso found that after being treated by anti-Fas
in the presence of IFN-gamma, human breast
carcinoma cell line MCF7/Adr (resistant to
adriamycin) was resistant to Fas-mediated
apoptosis, and this resistance was correlated with a
loss of surface Fas-protein expression® .
Furthermore, the down-regulation of Fas expression
and subsequent resistance to anti-Fas were observed
in other drug-resistant cancer cell lines including
human ovarian-carcinoma lGR-OV 1/VCR cellsand
leukemic lymphoblast CEM/VLB cells. But no
evidence shows whether the down-regulation of Fas
expression increases resistance to not only anti-Fas,
but also to other chemotherapy drugs, and whether
there is crosstalking between MDR signaling and
Fasexpression.

We investigated whether the CD95/CD95L
system plays a role in this process. We used the
human gastric cell line SGC7901, and its derivative
SGC7901/VCR (induced by sequential pulses of
high dose of VCR and resistant to VCR) to
determine the impact of acquired chemotherapeutic
drug and cytokine resistance on susceptibility to Fas-
induced cytotoxicity.

CD9 (Fes/APO-1) is a death-promoting
receptor that belongs to the tumor necrosis factor
(TNF) receptor | family®=7, Triggering of the
CD95 molecule by either agonistic antibodies or the
natural ligand CD95L (FasL) induces apoptosis!.
Ligand binding induces trimerization of CD95, and
the trimerized cytoplasmic region then transduces
the signal by recruiting a molecule called FADD
(Fas-associating protein with death domain) or
MORT1 (mediator of receptor-induced toxicity),
which binds to CD95via interaction of the death
domain at its COOH terminus®*!, The NH,-
termina region of FADD is responsible for
downstream signa transduction by recruitment of a
prote in called FLICE (FADD-like interleukin-1[3-
converting enzyme [ICE]) or MACH (MORT1-
associated CED-3 homologue), recently designated
as caspase-8““4, The NH, terminus of caspase-8
binds to FADD/MORT1, while its COOH-terminal
region is related to the caspase-3 (CPP32)
subfamily. Therefore, FLICE/ MACH
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preferentially cleaves caspase-3 substrates such as
poly (ADP) ribose polymerase (PARP)“!, and
| CE proteasesincluding CPP32147,

In this study, there is evidence that Fas can
increase sensitivity to the cytotoxic effects of
therapeutic drugs through increasing cell arrests of S
phase. MTT assays show that overexpression of Fas
could increase senditivity of gastric cancer cells, to
the cytotoxic effects of topoisomerase I1-directed
chemotherapeutic agents such as VM-26, but not
doxorubin. It is suggested that transduction of pro-
apoptosis Fas gene into drug resistant cells is
obvioudy helpful inincreasing thedrug sensitivity.

Considerable evidence has indicated that the
multidrug transporter or P-glycoprotein plays a role
in the development of simultaneous resistance to
multiple cytotoxic drugs in cancer cellg*50, P-
glycoprotein appears to act as an energy-dependent
efflux pump to remove various natural product drugs
from the cells before they have a chance to exert
their cytotoxic effects. But expression of the MDR1
gene product has been associated with a poor
prognosis in clinical studies. To obtain insight into
the mechanism of drug resistance, the expression of
P-170 glycoprotein as potentialy able to contribute
to drug resistance was investigated in these three
kinds of cell lines by immunochemica technology.
We found that P-glycoprotein (P-gp) is
overexpressed in multidrug resistant human gastric
cancer cdl line SGC790V/VCR than SGC7901, but
there was little expression of P-gp on fas-SGC7901/
VCR.

These data suggest that stable transfectants that
overexpress Fas may be sensitized to apoptotic cell
death through a novel mechanism involving the
enhancement of intracellular levels of naturally
occurring toxinssuch asakaloid der ivatives.

These results revealed that fas-gene
transduction could reverse the MDR of h uman drug-
resistant gastric cancer cell SGC7901/VCR to a
degree, partly because of Fas induced decreased
expression of P-gp.

Other observations suggest that P-gp may play a
specific role in regulating some caspase-dependent
apoptotic pathways, and there is a complicated cross
talking between Fas and P-gp. Researchers found
that classica multidrug res stant human CEM and
K562 tumor cell lines expressing high levels of P-gp
were less sensitive to multiple forms of caspase-
dependent cell death, including that mediated by
cytotoxic drugs and ligation of Fas, and inhibition
of P-gp function also enhanced drug or Fas-mediated
activation of caspase-3 in drug-resstant CEM
cellg®Y,

In this study we have demonstrated that
inducing apoptosis by fas transducti on correlates
with the development of sensitivity to MMC, DDP,
5-FU to a degree, and Fas can repress P-gp through
a series of crosslinked signal transducti  on.
Therefore, apoptosis inducing gene products may

not only increase sensitivity to the cytotoxic effects
of chemotherapeutic agents by means of apoptosis,
but also through other signa transduction. So gene
therapy of introducing pro-apoptosis inducing gene
may be a good method to overcome MDR in
tumors. However, the mechanism of MDR is much
complicated, and in tumors the drug resistance is
multifactorial. Research to overcome this resistance
should therefore be directed towards a combined
treatment that elimin atesall of these.
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