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Abstract

AIM: To evaluate the therapeutic effectiveness of oxaliplatin
on human gastric carcinoma and to explore its mechanisms.

METHODS: Twenty-two cases of stage IV gastric carcinoma
received 4-6 (mean 4.6) cycles of first line combined
chemotherapy with oxaliplatin (oxaliplatin 85 mg/m2, iv, gtt,
1 h, d 1; leukovorin 200 mg/m2, iv, gtt, 1 h, d 1 and d 2; 5-
FU 300 mg/m2,iv, d 1 and d 2, 5-FU, continuous iv, gtt, 48 h;
1 cycle/2 wk). Response rate, progression-free survival
(PFS), total survival time, toxic side effects were evaluated.
The inhibitory effect of oxaliplatin on human gastric cell line
SGC-7901 was detected and IC50 was calculated by MTT.
Transmission electron microscopy, flow cytometry and
TUNEL were performed to evaluate the apoptosis of cell
line induced by the drug. The expression of Caspase-3
m-RNA was detected by RT-PCR. AC-DEVD-CHO, a
Caspase-3 specific inhibitor, was used to elucidate the role
of activated Caspase-3 in the process of apoptosis induced
by oxaliplatin.

RESULTS: Total response (complete and partial) occurred
in 9 (40.9%) patients. Mean PFS was 4.2 mo and mean
total survival time was 7.2 mo. Cumulative neurotoxicity
(all grade I-II), vomiting and diarrhea, myelosuppression
appeared in 93.5%, 20%, 32.9% patients, respectively.
IC50 was calculated to be 0.71 mg/L by MTT assay. A maximal
inhibitory rate reached 85.3%. Apoptosis index was elevated
after incubated with 1 mmol/L oxaliplatin for 30 min, but
without statistic significance (P>0.05). However it could
be detected at a much higher degree both by flowcytometry
and by TUNEL with a statistical significance (68.47±7.92%
and 8.23±2.67%, respectively, P<0.05) after incubated with
1 mmol/L oxaliplatin for 2 d. By means of RT-PCR, we detected
an enhancement of Caspase-3 m-RNA expression induced
by oxaliplatin which was also in positive correlation with
the apoptotic level. AC-DEVD-CHO, a Caspase-3 specific
inhibitor, could significantly inhibit and delay apoptosis
induced by oxaliplatin.

CONCLUSION: Oxaliplatin is effective and well-tolerated
in patients with advanced gastric carcinoma. Oxaliplatin
could significantly inhibit the growth of human gastric cell line
SGC-7901. The induction of Caspase-3 m-RNA expression,
activation of Caspase-3 and promotion of apoptosis may
be some of the therapeutic mechanisms of oxaliplatin on
gastric carcinoma. Annexin-V-fluorescein labeling flow
cytometry is much more sensitive than TUNEL in detecting

early stage apoptosis.
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INTRODUCTION
Gastric cancer is one of the common carcinomas in human being.
Drug treatment draws more and more attention as an essential
part of comprehensive treatment of gastric malignancy. Gastric
carcinoma is relatively sensitive to chemotherapy. It is generally
considered that chemotherapy may prolong patient’s life and
decrease relapse. Oxaliplatin (L-OHP) is an innovative third
generation platinum compound with powerful anti-neoplasm
competence, lack of cross drug resistance with CDDP, with a
synergistic effect with 5-FU and satisfactory safety profile.
This new anticancer drug provides us more choices in fighting
against malignancy, especially colon cancer. At present, treating
gastric cancer with oxaliplatin and the relationship between
chemotherapy and cancer cell apoptosis draw more and more
attention. The discovery of Caspase family (cysteine proteases)
that is implicated in the execution of programmed cell death in
organisms ranging from nematodes to humans, brings the fresh
air to the research of malignant cell apoptosis. The Caspase
family is big and family members interact with each other to
promote or inhibit the process of apoptosis. Caspase-3 locates
in the downstream of the Caspase cascade. The proteolytic
activation of Caspase-3 plays a key role in apoptotic process.
This article summarizes the effect and side effects of
chemotherapy with oxaliplatin on 22 cases of stage IV human
gastric cancer, and tries to elucidate the mechanisms of
chemotherapy by detecting apoptosis of cancer cells and
evaluating the role Caspase-3 plays in apoptotic process.

MATERIALS AND METHODS
Patients
A total of 22 cases of stage IV human gastric cancer patients
who underwent chemotherapy in the Affiliated Xinhua Hospital
of Shanghai Second Medical University from January 1999 to
September 2002 were enrolled in this study. There were 17 men
and 5 women, and their age ranged from 25 to 70 years (mean,
60±10 years).  Among the 22 patients, 16 had poorly differentiated
adenocarcinoma and 6 had signet ring cell carcinoma.

Methods
Each case received a combination chemotherapy containing L-
OHP ( L-OHP 85 mg/m2 by continuous intravenous infusion for
2 h on d 1, leucovorin 200 mg/m2 by continuous intravenous
infusion for 1 h on d 1 and d 2, 5-FU 300 mg/m2 by bolus
intravenous injection on d 1 and d 2, 5-FU 1200 mg/m2 by
continuous intravenous infusion for 48 h, one course lasting 2 wk
for 4-6 courses).

Cell culture
Human gastric adenocarcinoma cell line SGC-7901, purchased



from the Shanghai Institute of Cell Biology, Chinese Academy
of Sciences, was routinely maintained in RPMI 1640 containing
100 mL/L fetal bovine serum (FBS), 100 U/mL penicillin, 100 U/mL
streptomycin at 37  in a humidified atmosphere containing
50 mL/L CO2.

MTT assay
Cells were seeded at the density of 5×103 per well in 96-well
plates in RPMI-1640 containing 100 mL/L FBS. After 24 h, fresh
medium was added, containing oxaliplatin at concentrations of
0 to 10 mg/L. After 48 h incubation, MTT assay was performed,
150 µL of stock MTT (0.5 mg/mL) was added to each well, and
the cells were further incubated at 37  for 4 h. The supernatant
was removed and 150 µL DMSO was added to each well. An
ELISA reader was used to measure the absorbance at a
wavelength of 525 nm.

Transmission electron microscopy
The cells treated with 0.1 mg/L oxaliplatin were trypsinized and
harvested after 24 h. Subsequently the cells were fixed in 40 g/L
glutaral and immersed with Epon 821, embedded in capsules
and converged for 72 h at 60 , then prepared into ultrathin
sections (60 nm) and stained with uranyl acetate and lead citrate.
Cell morphology was examined by transmission electron
microscopy.

Flow cytometry
SGC-7901 cells were treated with oxaliplatin or oxaliplatin plus
AC-DEVD-CHO at oxaliplatin concentrations of 0 to 10 mg/L
for 30 min. Cells were digested by 2.5 g/L trypsin, washed in
0.01 mol/L PBS, fixed by cold alcohol at 4  and dyed with
annexin-V (according to the description of annexin-V kit), and
then analyzed by flow cytometry.

TUNEL
SGC-7901 cells were added to 6-well plates with cover glass-
slides at 6×104 cells/well, after incubated with oxaliplatin or
oxaliplatin plus AC-DEVD-CHO at different oxaliplatin
concentrations of 0 to 10 mg/L and fixed in 40 g/L formaldehydum
polymerisatum for 1 h. After washed in 0.01 mol/L PBS twice,
the cells were treated with reaction buffer, labeled with
fluorescein dUTP in a humid box for 1 hour at 37 , then
combined with anti-fluorescein antibody, colorized with
NBT/BCIP. Cells were visualized with light microscopy. The
apoptotic index (AI) was calculated as follows: AI = (number of
apoptotic cells/total number) ×100%.

RT-PCR
Total RNA was extracted from cells using an RNA extraction
reagent, TR IZOL (Life Technologies, USA), according to
standard acid-guanidium-phenol-chloroform method[17]. About
4 µg of total RNA as reversely transcribed at 42  for 60 min in
a total of 30 µL reaction volume using  a first-strand cDNA
synthesis kit (Boehringer Mannheim, Germany). cDNA was
incubated at 95  for 5 min to inactivate the reverse transcriptase,
and served as template DNA for 28 rounds of amplification
using the GeneAmp PCR system 2400 (Perkin-Elmer Applied

Biosystems, CA, USA). PCR was performed in a standard 25 µL
reaction mixture consisting of 1.5 mmol/L magnesium chloride
(pH 8.3), 2.5 mmol/L dNTPs, 12.5 pmoL each of sense and
antisense primers and 2.5 U of Taq DNA polymerase (M BI,
Canada). Amplification was performed for 1 min at 94 , for
1 min at 62  and for 1 min at 72  after heat-start for 5 min.
Finally, an additional extension step was carried out for 10 min
at 72 . As control, the DNA template of Caspase-3 was replaced
by that of β-actin in the reaction. The amplification products
were separated on 12 g/L agarose gels and visualized by ethidium
bromide staining. PCR primers for Caspase-3 were as follows:
forward primer, 5’- ATG GAG AAC ACT GAA AAC TCA -3’;
reverse primer , 5’- TTA GTG ATA AAA ATA GAG TTC -3’:
according to the Caspase-3 gene structure in GeneBank. An
834 bp PCR product of Caspase-3 and a 315 bp product of
β-actin were obtained.

Statistical analysis
The difference between each two groups was analyzed by
ANOVA. P<0.05 was considered statistically significant.

RESULTS
Clinical results
Nine cases achieved objective responses (including 1 complete
response and 8 partial responses), the response rate was 40.9%
progression-free survival (PFS) 4.2 mo, and total survival time
7.2 mo. The rate of accumulative neurotoxicity, vomiting and
diarrhea, bone marrow depression was 93.5%, 20% and 32.9%,
respectively (Table 1).

Inhibitory effect of oxaliplatin on SGC-7901
Taking the means of data from MTT assay, we got a smooth
inhibition curve, which was a typical inverse ‘S’, and the IC50

was calculated to be 0.71 mg/L by GrapHpaol Prism software
(Figure 1). The inhibition of L-OHP on SGC-7901 cell line was
typically dose dependent. A maximal inhibitory rate reached
85.3%.

Figure 1  Relationship between SGC-7901 cell survival rate
and L-OHP concentration.

Apoptosis induced by L-OHP
We used transmission electron microscopy, TUNEL and

Table 1  Side effects of combined chemotherapy with oxaliplatin in treating stage IV gastric carcinoma (cycles, n = 102)

Side effects Anemia Neutropenia Thrombo-cytopenia  Nausea& vomiting Diarrhea Mucositis Dysaesthesia

       I     27         17   7         14    16        9        89

     II        7             6   3             6       3        1            6

     III        0             0   0             0       1        0            0

     IV        0             0   0             0       0        0             -

Incidence (%)       32.9         22.9 10         20    20     10         93.5
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Annexin-V labeling flowcytometry to quest for the mechanism
of its anti-neoplastic effect. After treatment of SGC-7901 cells
with oxaliplatin (0.1 mg/L) for 24 h, some cells showed apoptotic
characteristics including chromatin condensation, chromatin
crescent formation, nucleus fragmentation and apoptotic body
formation by transmission electron microscopy (Figure 2).
Apoptotic index was 0.38% in the control group. In the
experimental group, the apoptotic index determined by the
TUNEL method was 7.35% while receiving L-OHP 1mg/L
(slightly higher than IC50) for 4 h and 14.35% while increasing
the L-OHP concentration to 5 mg/L. As time went on, the
apoptotic index remained stable in the control group, and was
significantly increased in two experimental groups (0.5 mg/L
and 1 mg/L) which reached a peak of 7.93% and 10.15%,
respectively on the 4th d and decreased slightly on the 7th d.
The two experimental groups had a similar trend. We could
conclude that the increase in apoptotic index correlated with
the L-OHP concentration and time. The apoptotic level was
positively correlated with L-OHP at a concentration within
0-2.0 mg/L, as detected by Annexin-V labeling flowcytometry.
The apoptotic index reached a peak of 76.47% when the
concentration of L-OHP was 2 mg/L. On the contrary, the apoptotic
index dropped when the concentration reached 5 mg/L.

Figure 2  Oxaliplatin-induced apoptosis in SGC-7901 cells with
transmission electron microscopy. It shows apoptotic cells
with chromatin condensation, chromatin crescent formation,
nucleus fragmentation (×4 000).

Figure 3  Inhibitory effect of AC-DEVD-CHO on apoptosis
detected by TUNEL.

Figure 4  Effect of AC-DEVD-CHO on apoptosis at different
times detected by TUNEL.

Expression of Caspase-3 m-RNA
By means of RT-PCR, we detected an enhancement of Caspase-3

m-RNA expression (0.48±0.47 vs 0.18±0.20, P<0.05) induced
by L-OHP which was also in positive correlation with the
apoptotic level.

Role of activated Caspase-3 in apoptotic process induced by
oxaliplatin
AC-DEVD-CHO, a Caspase-3 specific inhibitor, could significantly
inhibit and delay apoptosis induced by L-OHP (Figures 3, 4).

DISCUSSION
Gastric carcinoma is one of the major causes of cancer morbidity
and mortality in China. The natural history shows a high
metastatic potential since many patients with gastric carcinoma
at advanced stage will relapse or initially present with metastasis.
One of the first issues solved by clinical research over the last
decade is the value of chemotherapy in the metastatic setting.
Indeed, chemotherapy has been shown to have a favorable
impact on survival and quality of life compared with supportive
care alone. However, in this disease some traditional
chemotherapy regimens were considered as poorly tolerated or
less effective[1-4]. Oxaliplatin is an innovative platinum compound
indicated as a first-line therapy in combination with 5-FU and
folinic acid for metastatic colorectal cancer[5-8]. Oxaliplatin has
a powerful anti-neoplasm competence, little cross drug
resistance with CDDP, a synergistic effect with 5-FU and a
satisfactory safety profile[9-11]. We replaced CDDP with oxaliplatin
in a traditional FLP protocol, trying to explore its anti-neoplasm
activity and side effects in treating advanced gastric carcinoma.
In 22 patients, 9 cases achieved objective responses (including
1 complete response and 8 partial responses), the overall
response rate reached 40.9%, PFS 4.2 mo, and overall survival
time 7.2 mo. The toxicity was tolerable, the rate of vomiting and
diarrhea (1 case with grade III diarrhea), bone marrow depression
was 20% and 32.9%, respectively. No alopecia and skin toxicity
were encountered. Although the incidence of accumulative
neurotoxicity was as high as 93.5%, all of them were grade I-II.
Acute symptoms manifesting as transient dysaesthesia and/or
paraesthesia of the extremities were commonly observed, their
occurrence was triggered or enhanced by exposure to cold.
No patient experienced pharyngolaryngeal dysaesthesia
characterized by a transient sensation of difficulty in breathing
or swallowing without any objective evidence of respiratory
distress, which was encountered during the multi-center
research in treating colorectal cancer after 9 cycles[12-14]. In
all the cases in this study, symptoms improved after treatment
discontinuation. It is suggested that oxaliplatin is effective and
well-tolerated in patients with stage IV gastric carcinoma.
     We chose human gastric cancer cell line SGC-7901 for
experimental study. First, we used MTT to prove if L-OHP
could inhibit SGC-7901 growth. using the means of our data
from the experiments, we obtained a smooth inhibition curve,
which was a typical inversed ‘S’. IC50 was 0.71 mg/L and the
maximal inhibitory rate reached 85.3%.The inhibition of L-OHP
on SGC-7901 cell line was typically dose dependent.
      Naturally occurring or programmed cell death can regulate
cell number, facilitate morphogenesis, remove harmful or
otherwise abnormal cells, and eliminate cells that have already
performed their functions during the life development as well
as in tissue homeostasis and aging. The role of apoptosis in
the process of carcinogenesis, development of cancer and
malignancy treatment has drawn more and more attention in
recent years[15-17]. In this study, we tried to evaluate the level of
apoptosis induced by oxaliplatin. Transmission electron
microscopy could reveal the changes of cell ultrastructure during
the apoptotic process. TUNEL assay is a traditional method for
detecting apoptosis, but its selectivity is poor. It could hardly
differentiate the apoptotic cells from the necrotic ones.
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Phosphatidylserine (PS) only exists in the cytoplasm side of
cell plasma membrane, and externalization of PS occurs in the
early stage of apoptosis. Annexin-V could specifically conjugate
to the PS to detect the apoptotic cells[18]. So we combined
traditional transmission electron microscopy and TUNEL assay
with relatively highly selective annexin-V labeling flowcytometry
to detect SGC-7901 cell line apoptosis induced by oxaliplatin.
After treatment of SGC-7901 cells with oxaliplatin, some cells
showed typical morphologic changes of apoptosis including
chromatin condensation, chromatin crescent formation, nucleus
fragmentation and apoptotic body formation under transmission
electron microscope, TUNEL assay showed the AI positively
correlated with drug concentration and treatment time. Annexin-
V-fluorescein labeling flowcytometry was much more sensitive
than TUNEL in detecting the early stage apoptosis. The apoptotic
level positively correlated with L-OHP at a concentration within
0-2.0 mg/L, as detected by annexin-V labeling flowcytometry.
The apoptotic index reached a peak, when the concentration of
L-OHP was 2 mg/L. On the contrary, the apoptotic index dropped
while the concentration reached 5 mg/L. To put these results
together, we believed that the induction of apoptosis played a
key role in inhibiting malignant cells at a low drug concentration
of L-OHP, and that cytotoxicity and apoptosis coexisted while
the drug concentration was high. This discovery may provide
a theoretical basis for this type of treatment.
     The discovery of cytosolic aspartate-specific proteases,
called Caspases, which are responsible for the deliberate
disassembly of a cell into apoptotic bodies, brings the fresh air
to the research of malignant cell apoptosis. The Caspase family
is big and dozens of family members interact with each other to
promote or inhibit the process of apoptosis. Caspases are present
as inactive pro-enzymes, most of which are activated by proteolytic
cleavage. There are two pathways of Caspase activation, namely
the cell surface death receptor pathway and the mitochondria-
initiated pathway. In the cell surface death receptor pathway,
activation of Caspase-8 following its recruitment to the death-
inducing signaling complex (DISC) is the critical event that
transmits the death signal. This event is regulated at several
different levels by various viral and mammalian proteins.
Activated Caspase-8 can activate downstream Caspases, such
as Caspase-3 by direct cleavage or by indirectly cleaving bid
and inducing cytochrome C release from the mitochondria. In
the mitochondrial-initiated pathway, Caspase activation is
triggered by the formation of an Apaf-1/cytochrome C complex
that is fully functional in recruiting and activating proCaspase-9.
Activated Caspase-9 will then cleave and activate downstream
Caspases such as Caspase-3, -6, and -7[19-23]. So we can find
out that Caspase-3 locates in the downstream of the Caspase
cascade. The proteolytic activation of Caspase-3 has been found
to play a key role in apoptotic process[24-26]. Caspase-3 may
then cleave vital cellular proteins or activate additional Caspases
by proteolytic cleavage. In this study, we detected an enhancement
of Caspase-3 m-RNA expression induced by oxaliplatin by
means of RT-PCR. Caspase-3 m-RNA expression was also
positively correlated with the apoptotic level. AC-DEVD-CHO,
a Caspase-3 specific inhibitor, could significantly inhibit and
delay apoptosis induced by oxaliplatin. Taken together, we
believe that Caspase-3 synthesis and activation play a key role
in the apoptotic process of SGC-7901 cell line induced by
oxaliplatin.
      Our research demonstrates that oxaliplatin is effective and
well tolerable in treating gastric cancer. Inducing cancer cell
apoptosis may be one of the anti-neoplasm mechanisms. This
apoptosis may be mediated by up-regulation of Caspase-3
synthesis and activation. The efficacy and safety profile of
oxaliplatin as a chemotherapeutic drug in combined anti-gastric
carcinoma chemotherapy regimen should be further confirmed
by double blind multi-center clinical studies.
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