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Detection of Methylation Damage in DNA of Gastric Cancer Tissues Using 
32P-Postlabelling Assay
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Gastric cancer is the most common cancer in Korea. The causes are still unknown but it has been
speculated that gastric cancer is associated with consumption of foods rich in nitrates/nitrites or a
high dietary intake of salt or pickled food. In the present study, we studied the level of alkylated
DNA adducts formed in gastric cancer tissues in comparison with that in normal gastric mucosa.
DNA was extracted from surgically removed gastric cancer tissues and patient-matched normal
gastric mucosa. The level of N7-methyldeoxyguanosine was measured by 32P-postlabelling assay
after high performance liquid chromatography (HPLC) enrichment. We found that the level of N7-
methyldeoxyguanosine of gastric cancerous tissues was significantly higher than that of normal
gastric mucosa (P====0.01685).
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In spite of a marked decrease of the incidence of gastric
cancer in many countries, gastric cancer still remains as
one of the most common causes of cancer-related death in
the world.1, 2) In Korea, gastric cancer is the most fre-
quently seen malignancy and the most important cause of
cancer-related death.3) One in four patients with a malig-
nant tumor has been diagnosed as having gastric cancer.
According to epidemiological and experimental animal
studies, environmental factors and life-style, including
dietary habits, have been blamed as the primary risk factor
of gastric cancer.4–6) Even though there is still some con-
troversy, it has been proven that human gastric cancer is
strongly associated with consumption of foods rich in
nitrates/nitrites, along with high salt intake.5, 6) In fact,
fresh vegetables, fruit, and soybeans, which can prevent
nitrosamine formation, are known to have a strong chemo-
preventive effects on human gastric carcinogenesis.5, 6)

N-Nitroso compounds are well-known potential human
carcinogens and can cause a variety of tumors in animals
as well, by forming alkylated DNA adducts.7) So far, more
than 200 N-nitroso compounds have been found and
humans are continuously exposed to many of these com-
pounds through the diet, smoking, occupation and during
cancer chemotherapy. Nitrosamine can also formed endog-
enously by nitric oxide released from inflammatory cells
associated with Helicobacter (H.) pylori infection.8)

Various molecular-biological techniques have been
developed and are being used to detect and measure the

degree of DNA damage caused by suspected carcinogens
in target tissues.9, 10) This so-called “molecular dosimetry”
can predict the risk of cancer related to dietary habit, life
style, or occupation, and is a valuable tool for studying the
role of DNA adducts in cancer development. This study
was performed to investigate the degree of alkylation dam-
age to DNA in gastric cancer tissues of Korean patients,
using combined high performance liquid chromatography
(HPLC) and 32P-postlabelling assay. N7-Methylguanine
was used as a marker to study the degree of DNA alkyla-
tion.

MATERIALS AND METHODS

Study subjects  A total of 7 samples were collected dur-
ing partial or total gastrectomy of gastric cancer patients.
None of the patients had received any chemotherapy or
radiotherapy prior to surgery. Immediately after removal,
about 0.5 g of tumor tissues and normal gastric mucosa
distant from the cancerous area was snap-frozen in liquid
nitrogen and kept at −70°C until analysis. The rest of tis-
sues were fixed in 10% neutral phosphate-buffered forma-
lin, and embedded in paraffin, then sections were made for
histopathological examination. This study was performed
according to the Declaration of Helsinki and was approved
by the Ethics Committee of Seoul National University
Hospital.
DNA extraction and enzymatic hydrolysis  Frozen can-
cer and normal mucosal samples were powdered in liquid
nitrogen and digested overnight at 37°C with RNase A
(150 µg/ml), RNase T1 (50 U/ml), 1% sodium dodecyl
sulfate followed by proteinase K (300 µg/ml) for 12 h in 4
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vol of digestion buffer (50 mM Tris-HCl, 1 mM EDTA,
pH 8.0). DNAs were isolated by conventional phenol/
chloroform/isoamyl alcohol (25:24:1) extraction and were
precipitated with ice-cold ethanol and 0.1 M sodium ace-
tate. The purity and concentration of DNAs were deter-
mined by measuring the UV absorbance at 260, 280, and
320 nm using a UV spectrophotometer (Jasco, Tokyo).
Purified DNA samples (50–100 µg in 50 µl water) were
enzymatically hydrolyzed to nucleoside-3′-monophos-
phates by incubating the DNA with reaction buffer (20 µl;
25 mM Tris-HCl, 25 mM CaCl2, pH 8.8) containing 10 U
of micrococcal nuclease for 30 min at 37°C. Further diges-
tion was done with spleen phosphodiesterase at 37°C for
another 90 min.
HPLC purification and enrichment of adducts  Enzy-
matically hydrolyzed nucleoside-3′-monophosphates and
standard adduct (N7-methyldGp) were separated by HPLC
(Kontron, Milano, Italy) with an ion-pair column (Beck-
man, Palo Alto, CA) as previously described.11) Collected
N7-methyldGp and dGp fractions were concentrated by
vacuum centrifugation (Uniequip, München, Germany)
and kept at −70°C until postlabelling assay.
32P-Postlabelling assay  Adduct (dissolved in 5 µl of
water) and internal standard (10 pmol dGp) were incu-
bated for 1 h at 37°C with 10 U of T4-PNK and 20 µCi
of [γ32]ATP (2 µl; 20 µCi) in 10 mM bicine, pH 8.6 con-
taining 10 mM MgCl2 and 1 mM spermidine followed
by another 10 min treatment with nuclease P1 at 37°C.12)

Five microliter aliquots of the mixtures were applied to
polyethylamine cellulose plates (20 cm × 20 cm, Selecto
Scientific, Norcross, GA) together with UV-detectable
amounts of internal standard. Two-dimensional thin-layer
chromatography (TLC) was performed using ammonium
acetate/isopropanol (90:10) as D1 and saturated ammo-
nium sulfate/isopropanol/sodium acetate (80:2:18) as D2.
After development, the TLC plates were exposed to Imag-
ing plates (Fuji, Minami-Ashigara) and the radioactivity
was counted using a radioanalytical image detection sys-
tem (BAS 2500, Fuji, Tokyo). The molar ratio of radio-
labelled N7-methyl-2′-deoxyguanosine-5′-monophosphate
(N7-me-pdG) to pdG was calculated and extrapolated back
to the starting amount of dGp as determined by UV during
HPLC.

RESULTS

Histopathology  All 7 cancer specimens used in this study
for 32P-postlabelling analysis were confirmed histologi-
cally as gastric adenocarcinoma. All of them were intesti-
nal in type.
32P-Postlabelling assay  Fig. 1 shows the HPLC elution
profile of mononucleoside-3′-phosphates obtained from
gastric DNA. N7-MethyldGp was eluted about 13.7 min
after injection. Relative ratios of N7-me-pdG to total

amount of dGp in gastric tissues taken from 7 patients are
shown in Table I. The mean values of the ratio of N7-me-
pdG to dGp were 5.28×10−4±1.55×10−4 (mean±standard
error) and 1.83×10−4±0.73×10−4 for tissues taken from the
cancerous area and normal mucosa, respectively (Fig. 2).
The amounts of N7-me-pdG adduct present in the tumor
tissue were significantly higher than that present in the
normal mucosa by paired t-test (P=0.01685).

Fig. 1. HPLC elution profile of DNA extracted from human
gastric cancer. N7, N7-methyl-2′-deoxyguanosine-3′-monophos-
phate; dCp, 2′-deoxycytidine-3′-monophosphate; dGp, 2′-deoxy-
guanosine-3′-monophosphate; dTp, 2′-deoxythymidine-3′-mono-
phosphate; dAp, 2′-deoxyadenosine-3′-monophosphate.

Table I. Relative Ratio of N7-me-pdG to dGp in Cancerous and
Patient-matched Noncancerous Tissues Taken from 7 Gastric
Cancer Patients

Patient Cancer tissue Adjacent tissue

1 7.93 × 10−4 4.25 × 10−4

2 9.03 × 10−4 4.43 × 10−4

3 3.30 × 10−4 1.10 × 10−4

4 11.4 × 10−4 4.43 × 10−4

5 2.41 × 10−4 1.12 × 10−6

6 2.07 × 10−4 8.07 × 10−5

7 7.91 × 10−5 5.67 × 10−5
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Representative autoradiographs of the standard N7-me-
pdG and DNA extracted from cancer tissue following 32P-
postlabelling are shown in Fig. 3.

DISCUSSION

Gastric cancer is the most common cause of cancer-
related death in Korea.3) Life style (dietary pattern or
tobacco smoking), environmental or occupational expo-
sure to various carcinogens can contribute to the develop-
ment of gastric cancer.5, 6, 8) Many lines of epidemiological
evidence suggest that consumption of foods rich in
nitrates / nitrites and salt or infection with H. pylori are
associated with high risk of gastric cancer. In contrast to
diffuse-type adenocarcinoma, of which the etiology is still
unknown, the intestinal type of gastric carcinoma is
thought to be linked with environmental factors prevalent
early in life.1) In fact, in Korea, the majority of gastric ade-
nocarcinomas are intestinal in type and all 7 specimens
used in this study were histologically diagnosed as intesti-
nal type.

N-Nitroso compounds are known to cause point muta-
tion by base substitution due to mispairing at loci where
alkylated adducts are formed.7) Certain N-nitroso com-
pounds can also cause DNA strand breaks or sister chro-
matid exchange. Mutations of the H-ras oncogene were
found in rat mammary tumors when the rats were exposed
to N-methyl-N-nitrosourea (NMU).13) Induction of brain

Fig. 2. Mean relative ratio of N7-me-pdG to total dGp in 7
paired human gastric cancer and adjacent normal tissues. The
total amount of dGp was determined by HPLC. The level of sig-
nificance of the difference between tumoral and nontumoral adja-
cent tissues was tested by paired t test (P=0.01685).

Fig. 3. Autoradiographs of N7-methyl-2′-deoxyguanosine-5′-monophosphate. A, control standard; B, gastric cancer tissue. N7-me-pdG,
N7-methyl-2′-deoxyguanosine-5′-monophosphate; pdA, 2′-deoxyadenosine-5′-monophosphate; pdG, 2′-deoxyguanosine-5′-monophos-
phate; ATP, adenosine-5′-triphosphate.
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tumors of rats by ethylnitrosourea has been correlated with
the persistence of O6-ethylguanine.14) Indeed, the incidence
of thymic lymphoma in mice transgenically transfected
with human O6-alkylguanine-DNA alkyltransferase was
significantly lower than that of a nontransfected control
group when they were exposed to NMU.15) It is generally
accepted that the levels of DNA adducts in target tissues
during chronic exposure seem to be carcinogen dose-
related and could be predictive of human cancer risk.16, 17)

In Lin Xian, a district of northern China, where the inci-
dence of gastric and esophageal cancer is high, the level of
O6-methylguanosine present in gastric and esophageal can-
cer tissues was 3 times and 1.5 times higher than those of
control groups, respectively, when measured by radioim-
munoassay.18) Furthermore, the concentrations of N-nitros-
amine and nitrate present in the urine of people living in
Lin Xian county were higher than in people living in
Fanxian county.19) A similar observation has also been
reported from the United Kingdom.20) According to Huh et
al., the mean hepatic O4-ethylthymine level was about 4 to
5 times higher in patients with malignant liver cancer than
in patients with non-malignant diseases.21) In our present
study, the mean N7-methylguanine level of gastric cancer
tissues was about 2.5 times higher than those of normal
gastric mucosa. Our observation is consistent with previ-

ous findings and supports the hypothesis that DNA dam-
age owing to alkylation is involved in human gastric
carcinogenesis.

Considering the strong alkylating potential of N-nitroso
compounds, whether they are formed endogenously or
exogenously, those compounds might play some role in
the development of gastric cancer by causing mutations of
various oncogenes or tumor suppressor genes known to be
involved in gastric cancer following adduct formation.

Due to the limited sample size, the direct correlation
between life style, nutrition or effects of genetic polymor-
phism of metabolic enzymes and adduct levels of the
patients could not be analyzed.22) However, the results of
our study suggest that further investigation using larger
and well-characterized cohorts of patients would be war-
ranted to better delineate the role and significance of alkyl-
ation damage to DNA in human gastric carcinogenesis.
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