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Background/Aims: RUNX3 (PEBP2αC/CBFA3/AML2) 
is a novel tumor suppressor gene in the human gas-
tric carcinoma. The aims of this study were to de-
termine the methylation of RUNX3 promoter and the 
association between RUNX3 methylation and the clin-
icopathological characteristics of patients with gastric 
carcinoma. Methods: Seventy-nine patients with gas-
tric carcinoma were studied prospectively from April 
2005 to May 2007. The methylations of RUNX3 pro-
moter on the gastric carcinoma specimens and the 
corresponding nonneoplastic mucosa were evaluated 
by methylation-specific polymerase chain reaction. 
Results: Comparison of the results with the clin-
icopathological characteristics identified RUNX3 mono-
allelic methylation in 32.9% (26/79) of the gastric car-
cinoma patients and in 11.4% (9/79) of those with 
nonneoplastic mucosa (p=0.053). The monoallelic me-
thylated gastric carcinoma specimens predominantly 
consisted of well- and moderately differentiated carci-
nomas (44.7%), with the unmethylated group constitut-
ing 22.0% of them (p=0.031). Among the 48 patients 
(60.8%) who underwent gastrectomy, there was no 
correlation between the two groups with regard to 
Lauren's classification (p=0.235), depth of invasion 
(p=0.990), nodal status (p=0.601), stage (p=0.900), 
lymphatic invasion (p=0.537), and vascular invasion 
(p=0.815). Conclusions: Methylation of the tumor 
suppressor gene RUNX3 might be one of the mecha-
nisms involved in the pathogenesis of gastric 
carcinoma.  (Gut and Liver 2008;2:119-125)
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INTRODUCTION

  Gastric carcinoma, the second most common cause of 
cancer-related deaths in the world,1,2 is the most common 
malignancy in Korea.3 Therefore, the roles of oncogenes 
and tumor suppressor genes in the pathogenesis of the 
gastric carcinoma have recently been receiving consid-
erable attention,4,5 through studies of colorectal cancer, 
allelic deletions of the MCC (mutated in colon cancer), 
APC (adenomatous polyposis coli), and p53 tumor sup-
pressor genes.6 
  A recent study revealed that RUNX3 (PEBP2αC/ 
CBFA3/AML2), belonging to the Runt-domain family of 
the transcription factors, plays an important role in the 
genesis and the progression of human gastric cancer, and 
also functions as a tumor suppressor gene.7 The ex-
pression of RUNX3 and RUNX1, and their cofactor 
CBFB, are frequently downregulated at a significant pro-
portion in the gastric cancer patients.8 Of the three 
known RUNX3 family members, RUNX3 has been shown 
to be involved in the neurogenesis of the dorsal root gan-
glia, T-cell differentiation, and tumorigenesis of the gas-
tric epithelium.9 The gastric epithelium of RUNX3 null 
mice has been reported to show hyperplasia and epithelial 
proliferation with the suppression of the TGF-β-induced 
apoptosis.7 The mechanisms underlying the loss of RUNX3 
expression are gene mutation or deletion, and aberrant 
methylation of the promoter CpG islands.10 Methylation 
of RUNX3 is frequently found in major types of the hu-
man cancers.11 These types include gastric cancer (64%), 
hepatocellular carcinoma (73%), lung cancer (46%), 
breast cancer (25%), and colon cancer (4.9%).12 However, 
RUNX3 methylation has also been found in the nonneo-
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plastic tissues including the premalignant lesions of gas-
tric carcinoma such as chronic gastritis (8.1%), intestinal 
metaplasia (28.1%), and gastric adenoma (27.3%).12 In 
addition, methylation of the multiple tumor suppressor 
genes including RUNX3 were found to increase with age 
in the nonneoplastic gastric epithelia.13 
  Although the absence of RUNX3 expression has been 
reported in several studies on the human gastric carcino-
ma,7,11,12,14,15 a recent study reported that the immunohis-
tochemical staining detected the RUNX3 protein ex-
pression in the infiltrating leukocytes, but not in the gas-
tric epithelium.16 Therefore, the low levels of RUNX3 ex-
pression in the gastric epithelium and the absence of 
downregulation of RUNX3 in the gastric cancer do not 
support the idea that RUNX3 functions as a gastric tu-
mor suppressor gene.16 Overall, the role of RUNX3 as a 
possible gastric tumor suppressor gene remains unclear 
and controversial. In addition, the association of RUNX3 
with the clinicopathological findings and prognosis of the 
patients with gastric cancer has not yet been determined. 
In the present study, the RUNX3 promoter methylation 
was investigated by methylation-specific polymerase chain 
reaction (PCR). In addition, the association between 
RUNX3 methylation and clinicopathological character-
istics, and the prognostic value of RUNX3 in patients 
with gastric carcinoma were evaluated.

MATERIALS AND METHODS

1. Patients 

  Of 654 patients (mean age 65±13 years, 406 male and 
248 female) who have been diagnosed or treated as gas-
tric carcinoma in Ewha Womans University Mokdong 
Hospital from April 2005 to May 2007, biopsy specimens 
from 79 patients with gastric carcinoma were enrolled (50 
males and 29 females) prospectively. All patients studied 
were histologically confirmed to have gastric carcinoma 
based on the diagnostic gastroscopic examination. Among 
the 79 patients, 48 underwent gastrectomy with curative 
or palliative intent. Histological classification was de-
termined according to Lauren's classification system 
(intestinal type and diffuse type).17 Four biopsy specimens 
with the representative samples of the carcinoma and 
macroscopically nonneoplastic mucosa obtained from each 
patient were frozen and stored at −70oC until used for 
the extraction of the genomic DNA. Clinical data of all 
patients with gastric carcinoma were analyzed. The me-
dian duration of the follow-up for the study population 
was, on the average, 10 months (1-25 months). At the 
last follow-up examination, 45 patients were still alive, 9 
patients were lost to follow-up, and 25 patients were 

dead. The present study was approved by the Human 
Research Review Committee, and informed consents were 
obtained from all patients.

2. Bisulfite modification and methylation-specific 
PCR

  Methylation-specific PCR (MSP) was performed on the 
bisulfite-modified DNA templates obtained from the hu-
man gastric carcinoma tissues to study the methylation 
status of the neoplastic and the nonneoplastic gastric 
mucosa. To examine the promoter methylation patterns, 
DNAs were extracted using TRI-reagent (Molecular 
Research Center, Inc, Cincinnati, USA), and the genomic 
DNAs were treated with sodium bisulfite as described 
previously.18 In brief, 2μg of the genomic DNAs were de-
natured by treatment with 2 M NaOH and modified with 
3 M sodium bisulfite for 16 hours. DNA samples were 
purified with a DNA purification kit (IntronⓇ, Sung-nam, 
Kyungki-do, Korea), treated with 3 M NaOH, precipitated 
with ethanol, and resuspended in 20 uL water. Two-mi-
croliter aliquots were used as templates for the PCR. 
Pure DNA samples were subjected to PCR using the spe-
cific primer sequences for the methylated and un-
methylated forms of RUNX3 (Accession no AL023096). 
The primer sets used for detecting the methylated and 
the unmethylated DNAs respectively were Rx3-M(F)(5'- 
TTACGAGGGGCGGTCGTACGCGGG-3') and Rx3-M(R) 
(5'-AAAACGACCGACGCGAACGCCTCC-3') (64970-65189; 
220 bp), and Rx3-U(F)(5'-TTATGAGGGGTGGTTGTAT-
GTGGG-3') and Rx3-U(R)(5'-AAAACAACCAACACAAA-
CACCTCC-3') (64970-65189; 220 bp).7 The positive con-
trols for the methylated and the unmethylated positive 
cell lines were HT-29 and MKN-45, respectively. Distilled 
water was used as the negative control. 

3. PCR amplification 

  The amplification reaction was carried out in a 10-μL 
PCR mixture containing 2μL of the DNA template and 
0.1μL of TaKaRa hotstart Taq polymerase, 0.2 mM of de-
oxynucleotide triphosphates, 0.5μM of each primer 
(sense and antisense), 1μL of the primer 10× PCR buf-
fer, and 5.6μL of distilled water. The PCR mixture was 
amplified using GeneAmp PCR system 9600 (Perkin-
Elmer, Wellesley, MA, USA). The PCR conditions were as 
follows: 95oC for 1 minute, 40 cycles of denaturation at 
95oC for 30 seconds, annealing at 66oC (methylated) or 
63oC (unmethylated) for 30 seconds, and finally 30 sec-
onds extension at 72oC. A final 5-minute extension at 
72oC completed each PCR. The PCR products were load-
ed onto a 2% agarose gel containing ethidium bromide 
and visualized under ultraviolet (UV) transillumination. 
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Variables No (%)

Age (years) 64±13 
Gender (male：female) 50：29
Gross finding

EGC* 16 (20.3)
AGC† 63 (79.7)

Location of tumor
Antrum 31 (39.2)
Angle 20 (25.3)
Body 25 (31.6)
Cardia  2 (2.6)
Fundus  1 (1.3)

Pathology 
Adenocarcinoma 78 (98.7)
Adenosquamous cell carcinoma  1 (1.3)

Differentiation 
Well  9 (11.4)
Moderate 29 (36.7)
Poor/Signet ring cell 41 (51.9)

*EGC, early gastric cancer.
†AGC, advanced gastric cancer.

Table 1. Clinicopathological Characteristics of 79 Patients with
Gastric Carcinoma

Fig. 1. Representative images from methylation-specific poly-
merase chain reaction (PCR) analysis of the RUNX3 promoter
region. M, methylated PCR product; U, unmethylated PCR 
products. This figure shows 50 cases (63.3%) of biallelic 
unmethylated nonneoplastic mucosa (N) and gastric carcinoma 
(C) specimens (patient 46), 3 cases (3.8%) of monoallelic 
methylation of N and biallelic unmethylation of C (patient 13), 
20 cases (25.3%) of biallelic unmethylation of N and 
monoallelic methylation of C (patient 55), and 6 cases (7.6%)
of monoallelic methylation of N and monoallelic methylation 
of C (patient 59). 

The detection of distinct visible bands of the amplicon 
with methylation-specific primers was considered a pos-
itive result. 

4. Statistical analysis

  Statistical analysis was performed using Student’s t-test, 
χ

2-test or two-tailed Fisher’s exact test. Continuous vari-
ables were determined as the mean±standard deviation. 
As for the analysis of the prognosis of the patients, sur-
vival was calculated from the endoscopic diagnosis until 
death or the date of the last follow-up. Survival was ana-
lyzed by the Kaplan-Meier method, and differences in the 
distribution were evaluated using the log-rank test. Data 
analyses were performed using the SPSS for Windows (V. 
13.0, SPSS, Chicago, IL, USA), and p＜0.05 was consid-
ered as significant.

RESULTS

1. Demographic and clinicopathological character-
istics of patients with gastric carcinoma

  The patients included 50 males and 29 females with a 
mean age of 64±13 years. The gross findings were 16 
cases (20.3%) with early gastric carcinoma (EGC) and 63 
(79.7%) with advanced gastric carcinoma (AGC). The lo-
cations of tumors were classified as follows: antrum, an-
gle, body, cardia, and fundus. All pathological diagnoses 
of the gastric carcinoma were adenocarcinoma except for 
one case (1.3%) of the adenosquamous cell carcinoma. 

Histological differentiations were divided into well, mod-
erate, and poorly differentiated/signet ring cell types 
(Table 1). 
  The expression of RUNX3 methylation of the gastric 
carcinoma specimens and the corresponding nonneoplastic 
mucosa were detected by MSP. The corresponding non-
neoplastic mucosa included 61 cases (77.2%) of atrophic 
gastritis, 10 cases (12.6%) of metaplastic gastritis, 7 cases 
(8.9%) of chronic superficial gastritis, and 1 case (1.3%) 
of erosive gastritis. Representative images of the MSP 
analysis demonstrated the presence of the methylated and 
unmethylated PCR products (Fig. 1). The methylated 
group showed only a monoallelic methylation pattern 
(one band for methylated product) (Fig. 2). Among the 
79 patients, RUNX3-specific methylation was identified in 
32.9% (26/79) of the gastric carcinoma specimens and in 
11.4% (9/79) of the nonneoplastic mucosa (p=0.053) 
(Fig. 3). 
  Comparison of the RUNX3 methylation status of the 
gastric carcinoma specimens with the clinicopathological 
features of the 79 patients revealed no correlation with 
age, gender, the gross findings of early gastric cancer ver-
sus advanced gastric cancer, and the location of the tu-
mor between the RUNX3 monoallelic methylated and the 
biallelic unmethylated groups (Table 2). However, the 
monoallelic methylated gastric carcinoma specimens pre-
dominantly consisted of well and moderately differ-
entiated carcinoma (44.7%) compared to the poorly dif-
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Fig. 2. Schematic of the RUNX3 promoter methylation status 
in the 79 patients. Gray boxes, monoallelic methylation (one 
band each for the methylated and unmethylated products) as 
detected by methylation-specific PCR; white boxes, biallelic 
unmethylated samples (one band for the unmethylated pro-
duct).

Fig. 3. Comparison of RUNX3 methylation between N and C 
specimens. RUNX3 hypermethylation was detected in 26 of 79 
(32.9%) C specimens showing monoallelic methylation. Nine 
of 79 (11.4%) the N cases were monoallelic methylated.

RUNX3 methylation status

p-value*Monoallelic Biallelic 
methylated unmethylated

(N=26) (N=53)

Age (years)   67±12   63±13 0.652
Sex
  Male 18 (36.0%) 32 (64.0%)

0.443
  Female  8 (27.6%) 21 (72.4%)
Gross findings
  EGC  6 (37.5%) 10 (62.5%)

0.662
  AGC 20 (31.7%) 43 (68.3%)
Location 
  Proximal 11 (34.4%) 21 (65.6%)

0.819
  Distal 15 (31.9%) 32 (68.1%)
Differentiation
  Well/moderate 17 (44.7%) 21 (55.3%)

0.031
  Poor/signet ring cell  9 (22.0%) 32 (78.0%)

Proximal: body, cardia, fundus, Distal: antrum, angle.
*p-values were based on the χ2 test.

Table 2. Association between the RUNX3 Methylation Status 
of Gastric Carcinoma Specimens and the Clinicopathological 
Features of 79 Patients

ferentiated or signet ring cell type (22.0%) (p=0.031); 
the survival of the methylated group was not significantly 
different from that of the unmethylated group during the 
25 months of follow-up (p=0.653) (Fig. 4). 

2. Clinicopathological characteristics of patients 
with gastric carcinoma who underwent gastrec-
tomy

  Among the patients studied, only 48 (60.8%) under-

went gastrectomy. Thirty-one patients were excluded from 
the surgery due to 15 cases (48.4%) of inoperable ad-
vanced stage IV disease, 1 case (3.2%) of surgery de-
clined, and 15 cases (48.4%) with inadequate information 
after transfer from another hospital. According to Lauren's 
classification, the histological types included the intestinal 
type, the mixed type, and the diffuse type. Among the 48 
cancer cases, 31 (64.6%) showed lymphatic invasion. The 
blood vessels of 18 cases (37.5%) were affected. Depth of 
invasion (T1-4), nodal status (N0-3), distant metastasis 
(M0-1), TNM stage (I-IV) were showed, respectively 
(Table 3). There was no correlation between the two 
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Fig. 4. Kaplan-Meier plots of the overall survival of the C 
patients, whose methylation status did not differ significantly
between the two groups during the 25-month follow-up (p= 
0.653). 

Variables No (%)

Age (years) 62±13
Gender (male：female) 31：17
Lauren's classification 

Intestinal 21 (43.8)
Mixed  6 (12.4)
Diffuse 21 (43.8)

Lymphatic invasion
−/+ 17 (35.4)/31 (64.6)

Venous invasion 
−/+ 30 (62.5)/18 (37.5)

Depth of invasion 
T1 13 (27.1)
T2 4 (8.3)
T3 29 (60.4)
T4 2 (4.2)

Nodal status
N0 17 (35.4)
N1 15 (31.3)
N2 4 (8.3)
N3 12 (25.0)

Distant metastasis
M0 43 (89.6)
M1  5 (10.4)

Stage
I 15 (31.3)
II  7 (14.6)
III 10 (20.8)
IV 16 (33.3)

Table 3. Clinicopathological Characteristics of 48 Patients with
Gastric Adenocarcinoma who Underwent Gastrectomy

RUNX3 methylation status

p-value*Monoalleic Biallelic
methylated unmethylated

(N=17) (N=31)

Age   65±13   60±13 0.887
Sex
  Male 12 (38.7%) 19 (61.3%)

0.519
  Female  5 (29.4%) 12 (70.6%)
Lymphatic invasion
  −/+  7 (41.2%)/ 10 (58.8%)/

0.537
10 (32.3%) 21 (67.7%)

Venous invasion
  −/+ 11 (36.7%)/ 19 (63.3%)/

0.815
 6 (33.3%) 12 (66.7%)

Laurens' classification
  Intestinal  7 (33.3%) 14 (66.7%)
  Mixed  6 (28.6%) 15 (71.4%) 0.235
  Diffuse  4 (66.7%) 12 (33.3%)
T stage
  T1, T2  6 (35.3%) 11 (64.7%)

0.990
  T3, T4 11 (35.5%) 20 (64.5%)
N stage
  N0 12 (33.3%) 24 (66.7%)

0.601
  N1, N2, N3  5 (41.7%)  7 (58.3%)
Stage
  Stage I, II  8 (36.4%) 14 (63.6%)

0.900
  Stage III, IV  9 (34.6%) 17 (65.4%)

*p-value were based on the χ2 test.

Table 4. Association between the RUNX3 Methylation Status 
and the Clinicopathological Features of 48 Gastric Carcinoma 
Patients who Underwent Gastrectomy

groups in age, gender, lymphatic invasion, vascular in-
vasion, Lauren's classification, T grade, N grade, and tu-
mor stage (Table 4).

DISCUSSION

  CpG island hypermethylation is an important mecha-
nism known to inactivate the tumor suppressor genes in 
gastric neoplasia,19 and is found in virtually all cancer tis-
sue types.11 However, the role of RUNX3 as a possible 
gastric tumor suppressor is yet controversial.7,12,14-16 
Moreover, the results of present study are not consistent 
with those of the previous reports in that the positive 
MSP expression of the RUNX3 gene was found only in 
32.9% of the patients, which is relatively lower than 
those of the previous reports (45-69%),7,8 including the 
Korean-specific data (56-64%).11,12 RUNX3-specific meth-
ylation was more frequently identified in the gastric carci-
noma specimens (32.9%) than in the nonneoplastic mu-
cosa (11.4%), although marginally significant (p=0.053). 
A possible explanation for the absence of statistical sig-
nificance between the two groups (methylated vs. un-
methylated) is the nature of the tissue samples; nonneo-
plastic mucosa samples were obtained from the same gas-
tric cancer patients and were not always under strict his-
tological control. It is likely that if the comparison of the 
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results were done with the histological normal mucosa, a 
statistically significant difference could have been ob-
served. Even though MSP is a very sensitive technique, it 
cannot be quantitatively measured,18 leading to subjective 
interpretation of the faint bands that sometimes appear 
on the MSP. This may be another explanation for the dis-
crepancies in the results of different studies. A recent 
report showed that microarray-based methylation assay is 
a promising method for the quantitative assessment of 
gene methylation;20 most of the samples with microarray 
＞10% tested methylation-positive by the conventional 
MSP. 
  In the present study, the correlation between the clin-
icopathological features of the gastric carcinoma patients 
and RUNX3 aberrant monoallelic methylation was higher 
in the well and moderately differentiated samples 
(p=0.031) than in the poorly differentiated or signet ring 
carcinomas samples. This finding is similar to the somatic 
mutations of the APC gene detected in more than 50% of 
the well-differentiated gastric cancers, but not in the 
poorly differentiated type.21 As with the APC gene in co-
lon cancer, RUNX3 is probably a gene mutated early dur-
ing the development of gastric carcinoma.22 However, we 
could not conclude that such correlation actually mean 
that the methylation of RUNX3 is one of the carcinogenic 
mechanisms. It has the possibility of by-stander effect. 
Recent studies have demonstrated that DNA hyper-
methylation begins early during the progression into gas-
tric cancer, and tends to accumulate during the multistep 
progression of the gastric carcinogenesis.23 However, this 
result on the gastric carcinogenesis is not consistent with 
those of the previous studies on the colorectal can-
cers,24,25 which demonstrated a significant difference in 
the histology associated with the number of methylated 
genes in the poorly differentiated colorectal cancers com-
pared to the other differentiated types, suggesting that 
the poorly differentiated colorectal cancers preferentially 
exhibit gene methylation.25 There have been few reports 
on the expression of RUNX3 expression. Through im-
munohistochemistry and Western blot analysis, RUNX3 
protein expression was shown to be correlated with the 
tumor differentiation and the Lauren's classification, but 
no relationship with the TNM stage was demonstrated.26 
Therefore, the correlation between the differentiation of 
gastric carcinoma and RUNX3 expression requires further 
evaluation. Although previous reports showed that 
RUNX3 expression is predominantly found in the in-
testinal type rather than the diffuse type,26-28 data of the 
present study indicated no definite difference between the 
intestinal and the diffuse types. 
  Unexpectedly, the present data showed that the RUNX3 

gene in the gastric cancers does not have biallelic methyl-
ation, but rather monoallelic methylation. Monoallelic 
methylation of the APC promoter was reported to be al-
tered in normal gastric mucosa associated with the neo-
plastic lesions.29 Similar observations were made on the 
tumor suppressor gene GPx3, with respect to the pro-
moter hypermethylation in Barrett's esophagus.30 These 
findings suggest that monoallelic methylation is common 
and the methylation of one allele may indicate the start 
of an early stages of tumorigenesis. Further study by 
Western blotting, or immunohistochemical staining is 
needed to determine whether the monoallelic methylation 
is associated with the partial loss of RUNX3 expression 
at the mRNA level. 
  The prognosis data showed that during the short-term 
follow-up period (mean 10 months: 1-25 months), there 
were no survival differences between the RUNX3 methy-
lated and unmethylated groups. However, long-term fol-
low-up data have shown that the loss of RUNX3 ex-
pression correlates with a poor prognosis in the gastric 
cancer patients.26 Based on the Cox proportional hazard 
model, RUNX3 expression was reported to be an in-
dependent predictor of a better survival.26 In contrast, an-
other recent report showed that the median survival time 
of patients, who had tumors with a negative RUNX3 pro-
tein expression, was longer than that of the RUNX3-posi-
tive patients.25 These conflicting results might be caused 
by the long-term prognosis of patients with gastric cancer 
is influenced by not only RUNX3 but also other factors 
such as patient's performance, tumor stage, ethnic differ-
ences, and the performance of gastrectomy. More patients 
undergoing gastrectomy need to be studied to elucidate 
the methylation status and the possibly associated clin-
icopathological characteristics. 
  In summary, we have demonstrated that methylation of 
the RUNX3 gene was detected more frequently in the 
gastric carcinoma than in the nonneoplastic mucosa, sug-
gesting the involvement of methylation of the tumor sup-
pressor gene RUNX3 in the pathogenesis of gastric carci-
noma. 
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