
Cancer Sci | September 2006 | vol. 97 | no. 9 | 938–944 doi: 10.1111/j.1349-7006.2006.00253.x
© 2006 Japanese Cancer Association

Blackwell Publishing Asia

Synergic antiproliferative effect of DNA 
methyltransferase inhibitor in combination with 
anticancer drugs in gastric carcinoma
Xiaotian Zhang,1,2 Masakazu Yashiro,2 Masaichi Ohira,2 Jun Ren1 and Kosei Hirakawa2

1Department of Medical Oncology, Beijing Cancer Hospital, School of Oncology, Peking University, Beijing, China; and 2Department 
of Surgical Oncology, Osaka City University Graduate School of Medicine, 1-2-3 Asahi-machi, Abeno-ku, Osaka 545-8585, Japan

(Received March 26, 2006/Revised May 9, 2006/Accepted May 9, 2006/Online publication June 29, 2006)

Epigenetic alterations of DNA methylation play an important
role in the regulation of gene expression associated with
chemosensitivity of gastric carcinomas. With the aim of
improving the chemotherapeutic efficacy of gastric carcinoma,
the effect of DNA methyltransferase inhibitor, 5-aza-CdR, on the
chemosensitivity of five anticancer drugs was investigated.
Human gastric cancer cell lines, OCUM-2M and MKN-74, and five
anticancer drugs, 5-FU, PTX, OXA, SN38, and GEM, were used. In
both gastric cancer cell lines, a synergistic antiproliferative effect
by a combination of 5-aza-CdR at 5 µµµµM was found in SN38 and
GEM. 5-Aza-CdR at 5 µµµµM increased apoptosis induced by SN38
and GEM in both cell lines. 5-Aza-CdR increases the expression of
DAPK-2 and DAPK-3, RASSF1, and THBS1 genes in both OCUM-2M
and MKN-74 cells, but not that of hMLH1, p16, MGMT, E-
cadherin, and p53 genes. These findings suggest that 5-aza-CdR
is a promising chemotherapeutical agent for gastric carcinomas,
in combination with the anticancer drugs SN38 and GEM, in
apoptosis signaling. The upregulation of DAPK-2 and DAPK-3,
RASSF1, and THBS1 genes by 5-aza-CdR might be associated
with the synergistic effect. (Cancer Sci 2006; 97: 938–944)

Hypermethylation of CpG islands at gene promoter
regions on DNA might occur in both alleles or in

combination with deletions or mutations of the other allele,
resulting in gene inactivation of some tumor suppressor
genes.(1) These genes contain the apoptosis-related gene
DAPK, tumor suppressor genes p53, p16, RASSF1 and
TGFBR1, DNA mismatch repair genes hMLH1 and MGMT,
intracellular adhesion proteins E-cadherin and angiogenesis
inhibitor THBS1.(2–6) Aberrant DNA methylation plays an
important role in carcinogenesis and tumor apoptosis. The
process of hypermethylation is carried out by DNA
methyltransferase, which catalyzes the covalent addition of a
methyl group from a donor S-adenosylmethionine to the 5
position of cytosine, predominantly within the CpG
dinucleotide.(7) DNA methyltransferases are depleted by
being bound to their inhibitors and are thereby unavailable for
methylation, resulting in significant demethylation after repeated
replication.(8) The DNA methyltransferase inhibitor, 5-aza-
CdR, has been shown to reverse the hypermethylation status
of promoters, allowing re-expression of silenced genes and
ultimately inducing apoptosis and inhibiting tumor growth.
Recently, several clinical trials of 5-aza-CdR have been
reported, including a phase II study of 5-aza-CdR in patients

with metastatic prostate cancer(9) and a phase III study of
decitabine in patients with myelodysplasia.(10) Although 5-aza-
CdR as a single agent is quite effective in acute or chronic
leukemia and myelodysplasia syndrome(11,12) the response
rate of 5-aza-CdR in solid tumors is less than 10%.(13,14)

Kanda et al. have found that 5-aza-CdR sensitizes the
antitumor effect of 5-FU in chemoresistant hepatoma and
pancreatic cancer cell lines.(15) In this study, we explored the
novel role of 5-aza-CdR as a chemo-sensitizer in combination
with chemotherapeutic agents for gastric carcinomas.

As one of the major cause of cancer death, gastric cancer
remains threatening around the world(16) and most patients in
advanced stages need chemotherapy. Of the commonly used
chemotherapeutical agents effective in gastric cancer, 5-FU
remains the primary one. Recently, however, several new
drugs have emerged that provide better efficacy and pro-
longed survival for patients with advanced gastric cancer.
These agents include taxanes such as PTX, the third-generation
platinum derivative OXA, the topoisomerase-I inhibitor
SN38, and the pyrimidine analog GEM. Even so, the
response rate is low (20%−40%).(17–20) Combination chemo-
therapy using anticancer drugs achieves a better response
rate, exceeding the efficacy of single treatment, but carries a
high risk of side-effects. With the aim of improving the
chemotherapeutic efficacy of gastric carcinoma, we investi-
gated a novel combination regimen of anticancer drugs with
DNA methyltransferase inhibitor 5-aza-CdR, and report that
5-aza-CdR interacts with anticancer drugs in a highly syner-
gistic manner in gastric cancer cell lines to induce apoptosis.

Materials and methods

Chemicals and anticancer drugs
A stock solution of 5-aza-CdR (Sigma, St Louis, MO, USA)
at 10 mM in 99% ethanol, and five anticancer drugs, 5-FU
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(Kyowa Hakko, Tokyo, Japan), PTX (Bristol-Myers, Wallingford,
Connecticut), OXA (Yakult, Tokyo, Japan), SN38 (Yakult)
and GEM (Eli Lilly, Kobe, Japan), were used in this study.
All reagents were formulated as recommended by their
suppliers.

Cell culture and cell lines
The human gastric cancer cell lines OCUM-2 M(21) and
MKN-74(22) were used in this study. MKN-74 was derived
from liver metastases of moderately differentiated tubular
adenocarcinoma, and OCUM-2M was derived from a primary
tumor of poorly differentiated adenocarcinoma. OCUM-2M
was cultured in Dulbecco’s modified Eagle’s medium
(Nikken Biomedical Laboratory, Kyoto, Japan), and MKN-
74 was cultured in RPMI-1640 medium (Sigma, Tokyo,
Japan). Both media were supplemented with 10% fetal bovine
serum, 100 IU/mL penicillin (ICN Biomedical, Costa Mesa,
CA, USA), 100 mg/mL streptomycin (ICN Biomedical), and
0.5 mM sodium pyruvate (Cambrex, Walkersville, MD, USA).
The cells were cultured at 37°C in a humidified atmosphere
of 5% CO2 in air.

Cell growth assays
Cancer cells (5 × 104) were placed in each well of a 96-well
plate. With or without the addition of 5-aza-CdR at 5 µM,
and with or without anticancer drugs at the concentration of
IC50, the plates were incubated for 72 h at 37°C. The
suppression of cell proliferation was examined by MTT (Sigma,
St Louis) colorimetric assay in which the formazan product
of MTT was measured as absorbance at 550 nm using a
microtiter plate reader (Model 550; Bio-Rad Laboratories,
Tokyo, Japan). The percentage of cell viability was
determined as the ratio absorbance of the sample versus the
control. The IC50 of each drug was determined as a drug
concentration showing 50% cell growth inhibition as
compared with the control cell growth. Six replicate wells
were used for each drug concentration, and the testing was
carried out independently three times. The potential synergy
between the drugs and 5-aza-CdR was evaluated as follows,
using Drewinko’s fraction method.(23) The synergistic,
semiadditive, and antagonistic interactions were determined
when the value was less than the expected value, more than
the expected value but less than the drugs’ value, and more
than the drugs’ value, respectively. The expected value was
calculated by the combined effects (%) = the effects of the
anticancer drug/control × the effects of the 5-aza-CdR/
control × 100.

Flow cytometry
Apoptosis was detected using flow cytometry by staining
cells with annexin V–FITC and PI (BD Pharmingen, San
Diego, CA, USA) labeling. OCUM-2M and MKN-74 cells
were seeded at a density of 1.0 × 105 cells/mL in a six-well
plate. With or without the addition of 5-aza-CdR (5 µM), and
with or without anticancer drugs at the concentration of IC50,
the plates were incubated for 72 h at 37°C. Cells were stained
with 2.5 mL of Annexin V–FITC and/or 2.5 mL of PI (50 ng/mL)
according to the instructions of the manufacturer, incubated
for 15 min at room temperature in the dark, and immediately
analyzed by FACScan flow cytometry (Becton Dickinson,

Mounkain View, CA, USA). Viable cells do not stain with
either dye, apoptotic cells only with annexin V–FITC, and
secondary necrotic cells with both annexin V–FITC and PI.

Reverse transcription–PCR
We examined the expression at the mRNA level of genes,
including DAPK-1, DAPK-2, DAPK-3, p16, RASSF1, TGFBR1,
p53, THBS, hMLH1, MGMT and E-cadherin. The cells were
seeded in a 100-mm dish with the final concentration of
2.5 × 104 cells/mL, with or without 5-aza-CdR at 5 µM. After
incubation for 48 h, total cellular RNA was extracted from
OCUM-2M and MKN-74 using Trizol reagent (Invitrogen,
Carlsbad, CA) according to the manufacturer’s protocol.
After the genomic DNA was removed by DNAse, cDNA was
prepared from 1 mg of RNA with Maloney mouse leukemia
virus reverse transcriptase (Invitrogen) using random primers
(Invitrogen). The relevant cDNA was amplified by PCR
using the primer pairs (Table 1) with Taq DNA polymerase
(Invitrogen) in a thermal cycler. The PCR conditions were as
follows: predenaturation at 94°C for 3 min, denaturation at
94°C for 30 s, annealing at 59°C for 30 s, extension at 72°C
for 1 min with 35 cycles of the three repeated steps, and final
incubation at 72°C for 10 min. The PCR products were
applied to 2% agarose gel and electrophoresed. The mRNA
level of the each gene was normalized by the internal control
GAPDH.

Statistical methods
The quantitative ratios of different groups were compared
using Student’s t-test. Probability values of P < 0.05 were
regarded as statistically significant. All statistical tests were
two-sided.

Results

5-Aza-CdR increased the efficiency of anticancer drugs
Figure 1 shows the effects of 5-aza-CdR and/or anticancer
drugs on the proliferation of gastric cancer cells. 5-Aza-CdR
at 5 µM suppressed the proliferation of cancer cells in both
cell lines, whereas the antiproliferation rates in response to 5-
aza-CdR were low (90.4% and 95.3%) in OCUM-2M and
MKN-74 cells, respectively. Anti-cancer drugs were added to
cancer cell cultures at the IC50 for each cell line (Table 2).
The proliferation rate in response to combined-exposure was
evaluated by comparison with the expected additive effect.
The proliferation rates for OCUM-2M cells by 5-FU, PTX,
OXA, SN38, and GEM alone were 40.7%, 49.4%, 61.3%,
42.1%, and 60.2%, respectively. The proliferation rates for
OCUM-2M cells in response to the combination of 5-aza-
CdR and 5-FU, PTX, OXA, SN38, or GEM were 42.8%,
45.0%, 58.0%, 32.6%, and 49.2%, respectively. The
proliferation effect for OCUM-2M cells by combination of
5-aza-CdR was lower than the expected additive effect,
evaluating that the combination of 5-aza-CdR with SN38 or
GEM shows a synergistic effect. The 5-aza-CdR plus PTX or
OXA shows a semiadditive effect. Although the combination
with 5-FU shows an antagonistic effect, the statistical data
show no significance. The proliferation rates for MKN-74
cells in response to 5-FU, PTX, OXA, SN38, or GEM alone
were 44.8%, 34.6%, 53.0%, 51.8%, and 42.6%, respectively.
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The proliferation rates for MKN-74 cells in response to 5-
aza-CdR plus 5-FU, PTX, OXA, SN38, or GEM were 45.3%,
33.5%, 42.2%, 42.0%, and 36.5%, respectively. In MKN-74
cells, the proliferation effect by combination of 5-aza-CdR
was lower than the expected additive effect, evaluating that
the combination of 5-aza-CdR with OXA, SN38, or GEM
shows a synergistic effect. 5-Aza-CdR plus PTX shows a
semiadditive effect. Similar to the OCUM-2M cells, the
combination with 5-FU shows an antagonistic effect, but the
statistical data show no significance. No morphologic change
was found after treatment with 5-aza-CdR alone, whereas
the numbers of large floating cells were increased by the
treatment of the five anticancer drugs in OCUM-2M and
MKN-74.

5-Aza-CdR increased apoptosis induced by anticancer 
drugs in gastric cancer cell lines
Figure 2 shows the rates of apoptosis induced by 5-aza-CdR
and/or anticancer drugs in gastric cancer cell lines.
Anticancer drugs were added to the cancer cell cultures at the
IC50 for each cell line. In OCUM-2M cells, 5-aza-CdR
induced apoptosis at a rate of 4.7%, compared with the
control of 2.4%. The apoptosis rates induced by 5-FU, PTX,
OXA, SN38, and GEM alone were 7.0%, 5.1%, 17.0%, 8.8%,
and 12.7%, respectively. In addition, the apoptosis rates induced
by combined exposure of 5-aza-CdR with anticancer drugs,
5-FU, PTX, OXA, SN38, and GEM were 6.0%, 8.7%,
20.5%, 21.4%, and 24.5%, respectively. In MKN-74 cells, 5-
aza-CdR induced apoptosis at a rate of 3.7%, compared with
the control rate of 5.7%. The apoptosis rates induced by 5-
FU, PTX, OXA, SN38, and GEM alone were 22.2%, 16.7%,
23.4%, 15.8%, and 14.4%, respectively. and the apoptosis
rates induced by combined exposure of 5-aza-CdR with 5-

FU, PTX, OXA, SN38, and GEM were 24.5%, 38.9%, 38.4%,
26.5%, and 21.7%, respectively. 5-Aza-CdR at 5 µM increased
apoptosis induced by SN38 and GEM in both cell lines, and
increased the apoptosis rate induced by PTX and OXA in
MKN-74 cells.

Effects of 5-aza-CdR on gene expression in gastric 
cancer cells
5-Aza-CdR treatment increased the expression of DAPK-2,
DAPK-3, RASSF1, and THBS1 genes in both OCUM-2M and
MKN-74 cells. 5-Aza-CdR increased the expression of
DAPK1 and TGFBR1 gene in MKN-74 cells, but not in
OCUM-2M cells. In addition, the expression of hMLH1, p16,
MGMT, E-cadherin, and p53 genes showed no alteration in
response to 5-aza-CdR in OCUM-2M cells, nor in MKN-74
cells (Fig. 3).

Discussion

In this study, DNA methyltransferase inhibitor, 5-aza-CdR,
showed synergism or semiaddition when given simultaneously
with four anticancer drugs, PTX, OXA, SN38, and GEM, in
human gastric cancer cells. In both OCUM-2M and MKN-74
cells, a synergistic antiproliferative effect was observed in
response to a combination of 5-aza-CdR with SN38 or GEM,
and a semiadditive effect was observed with PTX. The
combination of 5-aza-CdR with OXA showed a synergistic
antiproliferative effect in MKN-74 cells, but a semiadditive
effect in OCUM-2M cells. These four anticancer drugs have
different mechanisms of antitumor effect. These findings
suggest that 5-aza-CdR could have wide chemotherapeutic
efficacy with various types of anticancer drugs in gastric
carcinoma. Although 5-aza-CdR as a single agent has

Table 1. Primer sequences used in this study

Gene Sequence Size of PCR products

DAPK 1 sense TCTACCAGCCACGGGACTTC 134 bp
antisense GCTGGCCTGTGAGTAGACGT

DAPK 2 sense GCATCGTGTCCCTGTGCAAC 121 bp
antisense GCTTTCCTCCTGGCGATGTC

DAPK 3 sense CCCAACCCACGAATCAAGCTC 236 bp
antisense GCTGAGATGTTGGTGAGCGTC

p53 sense AGCGATGGTCTGGCCCCTCCT 120 bp
antisense CTCAGGCGGCTCATAGGGCAC

RASSF1 sense TTCACCTGCCACTACCGCTG 292 bp
antisense AGGGTGGCTTCTTGCTGGAG

TGFBR1 sense TCGAGTGCCAAATGAAGAGGAC 278 bp
antisense AAATCTCTGCCTCACGGAACCA

THBS1 sense GGGTTGTACGCCATCAGGGT 258 bp
antisense CAGAAAGGCCCGAGTATCCC

hMLH1 sense TCAGGCCAGCAGAGTGAAGT 154 bp
antisense GATCAGGCAGGTTAGCAAGC

p16 sense GAATAGTTACGGTCGGAGGCC 304 bp
antisense ATGGTTACTGCCTCTGGTGCC

MGMT sense CCAGCAAGAGTCGTTCACCAG 134 bp
antisense TCATTGCTCCTCCCACTGCTC

E-cadherin sense TGATGCCCCCAATACCCCAG 209 bp
antisense CTGTGGAGGTGGTGAGAGAG

GAPDH sense ACCTGACCTGCCGTCTAGAA 247 bp
antisense TCCACCACCCTGTTGCTGTA
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demonstrated little activity in solid tumors(13,14) the present
findings open a new window to further consider the use of
5-aza-CdR in solid tumors, including gastric cancer.

This study indicated that a low dose of 5-aza-CdR showed
a synergistic or semiadditive antiproliferative effect in com-
bination with the anticancer drugs. Different concentrations
of 5-aza-CdR, ranging from 0.1 to 30 µM, have been applied
in previous studies. Timmermann et al.(24) reported that 3 µM
is not sufficient to re-activate the expression of silenced
genes, and Yang et al.(25) reported that 5 µM of 5-aza-CdR is
enough to re-activate the expression of silenced genes. We
then used 2 µM, 5 µM and 10 µM of 5-aza-CdR. In our pre-
liminary assay, 2 µM of 5-aza-CdR did not show synergistic
or additive effects with anticancer drugs, whereas 5 µM and
10 µM increased the chemosensitivity of anticancer drugs.
Then we used 5 µM of 5-aza-CdR in our experiment. Six cell

Fig. 1. Synergistic or semiadditive effects of 5-aza-CdR with anticancer drugs in gastric cell lines. A synergistic antiproliferative effect in
response to a combination of 5-aza-CdR with SN38 or GEM was observed in both OCUM-2M and MKN-74 cells. In MKN-74 cells, the
combination of 5-aza-CdR with OXA also showed a synergistic antiproliferative effect. A semiadditive antiproliferative effect was observed
in response to a combination of 5-aza-CdR with OXA or PTX in OCUM-2M, and with PTX in MKN-74. No significant effect was observed in
response to a combination of 5-aza-CdR with 5-FU in either cell line. Each anticancer drug was added at the IC50 for each cell line. The
synergistic, semiadditive, and antagonistic interactions were determined when the value was less than the expected value, more than the
expected value but less than the drugs’ value, and more than the drugs’ value, respectively. The expected value of the combined effects
(%) = effects of anticancer drug/control × effects of 5-aza-CdR/control × 100. The results are presented as the mean of three independent
experiences, and the bars indicate the standard deviation. *P < 0.05 and **P < 0.01, compared with each anticancer drug alone. Exp, an
expected additive value; N.S., not significant.

Table 2. IC50 of OCUM-2M and MKN-74 cells to five anticancer
drugs

IC50 

OCUM-2M MKN-74

5-FU 5.1 ± 1.9 µM 0.6 ± 0.1 mM
PTX 4.7 ± 1.9 nM 2.6 ± 0.1 µM
OXA 4.7 ± 1.3 µM 108.3 ± 10.5 µM
SN38 9.0 ± 1.2 nM 0.9 ± 0.1 µM
GEM 183.3 ± 12.9 nM 5.0 ± 1.6 µM

The values correspond to the results of three independent studies 
expressed as the mean ± standard deviation.
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lines, OCUM-2M, MKN74, OCUM-8, OCUM-2MD3,
MKN-7, and MKN-45 were used in our preliminary study. In
OCUM-8, OCUM-2MD3, MKN-7, and MKN-45 lines, the
combination effects of 5-aza-CdR with five anticancer drugs
were generally similar to that in OCUM-2M and MKN74
cells (data not shown). The major toxicity produced by 5-aza-
CdR is myelosuppression.(26,27) The optimal dose-schedule for
5-aza-CdR with a novel mechanism of action remains to be
determined. The above four anticancer drugs are used clini-
cally either weekly or biweekly in gastric cancers. The epige-
netic alteration of mRNA by DNA methyltransferase
inhibitor is reversible.(28) In humans, 5-aza-CdR has a short
half-life of 15–25 min due to rapid inactivation by liver
cytidine deaminase.(26) The low-dose prolonged exposure 5-
aza-CdR schedule was well tolerated and delivered on an
outpatient basis, and low doses are as, or more, effective than

higher doses.(29) The exposure of 5-aza-CdR for 48 h enhanced
the expression of genes associated with chemosensitivity. These
findings suggested that a low dose of 5-aza-CdR 48 h ahead
might be used effectively and safely with these anticancer drugs.

In contrast, no significant effect was observed in response
to a combination of 5-aza-CdR with 5-FU, and an antiprolifera-
tive effect was observed in combination with GEM. Although
both 5-FU and GEM are pyrimidine antimetabolites that interfere
with the synthesis of DNA, GEM further acts as an effective
inhibitor of DNA repair, which was specifically demonstrated
with regard to DNA damage induced by other drugs. This
might be one of the reasons for the different antiproliferative
effects of combining 5-aza-CdR and GEM or 5-FU.

The rate of apoptosis was increased by 5-aza-CdR with
SN38 or GEM in both OCUM-2M and MKN-74 cells, and with
PTX and OXA in MKN-74. A synergistic antiproliferative

Fig. 2. Apoptosis induction by DNA methyltransferase inhibitor. To clarify the induction of apoptosis during the growth suppression of
OCUM-2M and MKN-74 cell lines by combined exposure of 5-aza-CdR with anticancer drugs, cells were double stained with Annexin V–FITC
and PI. Cells staining annexin V positive and PI negative were considered to be apoptotic. Anticancer drugs were added to the cancer cell
cultures at the IC50 for each cell line. In OCUM-2M, 5-aza-CdR induced apoptosis at a rate of 4.7%, compared with the control of 2.4%. The
apoptosis rates induced by SN38, and GEM alone were 8.8%, and 12.7%, respectively. In addition, the apoptosis rates induced by combined
exposure of 5-aza-CdR with anticancer drugs, SN38, and GEM were 21.4%, and 24.5%, respectively. In MKN-74, 5-aza-CdR induced apoptosis
at a rate of 3.7%, compared with the control rate of 5.7%. The apoptosis rates induced by SN38, GEM, PTX and OXA alone were 15.8%,
14.4%, 16.7% and 23.4%, respectively. The apoptosis rates induced by combined exposure of 5-aza-CdR with SN38, GEM, PTX and OXA were
26.5%, 21.7%, 38.9% and 38.4%, respectively. 5-Aza-CdR at 5 µM increased apoptosis induced by SN38 and GEM in both cell lines, and
increased the apoptosis rate induced by PTX and OXA in MKN-74 cells.
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effect in response to a combination of 5-aza-CdR with SN38
or GEM was observed in both cell lines, and with PTX and
OXA in MKN-74. Apoptosis induction in response to a
combination of 5-aza-CdR is closely associated with the anti-
proliferative effect. These findings suggested that one of the
mechanisms responsible for the synergistic antiproliferative effect
of 5-aza-CdR might be explained by strengthened apoptosis.

It is well known that the proapoptotic DAPK gene families
can be epigenetically regulated by DNA methyltransferase
inhibitors.(30) In our study, DAPK-2 and DAPK-3 were up-
regulated by 5-aza-CdR in both gastric cancer cells, although
DAPK-1 was only increased in MKN-74. DAPK-1 and
DAPK-2 are responsible for the induction of apoptosis.(31)

Loss of DAPK expression has been documented in many can-
cer types as a result of aberrant methylation in promoters,
and restored or enhanced expression of DAPK has been shown
to increase the cell’s apoptotic sensitivity.(32) These findings
suggest that the induction of apoptosis by the DAPK family,
and especially DAPK-2 and DAPK-3, might participate in the
synergism of cotreatment of DNA methyltransferase inhibitor
with anticancer drugs.

Transcription of RASSF1 is observed to be increased
through the demethylation pathway in a variety of human
cancers, including gastric cancer cell lines and primary

tumors.(33) Acting as an effecter molecule of the Ras growth
inhibition pathway, RASSF1 has been demonstrated to be
involved in apoptotic signaling, microtubule stabilization,
and mitotic progression.(34) In our study showing that 5-aza-
CdR increases chemosensitivity in gastric cell lines, the treat-
ment of 5-aza-CdR also promoted the expression of RASSF1
in both cell lines. RASSF1 might therefore also explain the
mechanism of synergism or semiaddition of 5-aza-CdR in
apoptotic signaling.

Hypermethylation of TGFBRI has been suggested as a
cause of abnormal expression and has been found to be asso-
ciated with resistance to TGFβ in gastric cancer. Increased
expression of TGFBR1 can be achieved by demethylation of
5-aza-CdR.(35) In our study, 5-aza-CdR upregulated the tran-
scription of TGFBR1 in MKN-74 cells, but not in OCUM-2M
cells, indicating that TGFBR1 might play a role in the syn-
ergism of semiaddition by a combination of 5-aza-CdR with
anticancer drugs in some, although not all, cell lines. The
expression of THBS1 was increased in these two gastric can-
cer cell lines. The TGFβ pathway has also been reported to
be involved in sensitivity to chemotherapy. THBS1 is shown
to be able to convert the latent TGFβ to its active state before
TGFβ binding with its receptors.(36) Thus, the ability of
THBS1 to activate TGFβ provides additional mechanisms for
inhibition of tumor growth.(37,38)

The treatment with 5-aza-CdR did not change the expres-
sion of p53 in either cell line. It was reported that absence of
functional p53 was critical for cells to undergo apoptosis(39)

however, Jackson-Grusby et al. pointed out that demethyla-
tion could lead to p53-mediated cell death.(40) In our case,
both OCUM-2M and MKN-74 have a wild-type p53.
Although the 5-aza-CdR did not affect p53 expression, apop-
tosis induction by 5-aza-dC with anticancer drugs might be
dependent in part on the p53 pathway. The function of p53 in
the combination of 5-aza-dC with anticancer drugs still needs
to be examined in future study.(41,42)

In contrast, no significant change of expression was found
in hMLH1, p16, MGMT, and E-cadherin genes, but these
genes have been reported to show hypermethylation in gas-
tric cancers.(4–6) Although it is possible that sufficient demeth-
ylation does not occur in some genes depending on dose and
incubation time of 5-aza-CdR on cell lines, DNA demethyla-
tion might not alter the transcription of hMLH1, p16, MGMT
and E-cadherin, and the synergistic and semiadditive effect
of 5-aza-CdR on chemotherapeutical agents is not likely to
be related to these genes.

In conclusion, our data suggest that 5-aza-CdR can increase
the chemosensitivity of PTX, OXA, SN38, and GEM in gastric
cancer cells in apoptotic signaling. The synergistic or semi-
additive effect of 5-aza-CdR might be mediated by enhanced
expression of the DAPK family, RASSF1, and THBS1 genes.
Our results might provide a rationale for combination chem-
otherapy of DNA methyltransferase inhibitors with tradi-
tional anticancer drugs in gastric cancers.
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Fig. 3. Effects of 5-aza-CdR on gene expression by reverse
transcription–PCR. Expression of DAPK-2, DAPK-3, RASSF1 and
THBS1 increased in OCUM-2M and MKN-74 cells. The expression of
DAPK1 and TGFBR1 increased in MKN-74, but not in OCUM-2M. The
expression of hMLH1, p16, MGMT, E-cadherin and p53 genes did
not change in either cell line.
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