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Purpose: The aim of this study was to assess clinical correlations with postoperative alteration of p16 DNA methylation, and to clarify 
whether postoperative changes in the serum DNA methylation status of p16 could be used as a reliable prognostic factor for gastric can-
cer.
Materials and Methods: Fifty-three consecutive gastric adenocarcinoma patients who underwent gastric resection (Chung-Ang Univer-
sity Hospital, Seoul, Korea) were included. DNA methylation of p16 was evaluated by methylation-specific polymerase chain reaction 
using serum DNA preoperatively and at the 10th postoperative day. The correlation between changes in methylation status and patients’ 
prognosis was analyzed.
Results: p16 was methylated in 79.2% of preoperative serum DNA and in 54.7% of postoperative serum DNA, respectively. Methyla-
tion in p16 disappeared more frequently in patients who underwent standard D2 lymphadenectomy compared to those who underwent 
modified D1+ lymphadenectomy (P=0.016).  Whereas methylation of preoperative serum DNA was not correlated with survival, pa-
tients with postoperative disappearance of p16 methylation showed longer survival than those without postoperative disappearance of 
p16 methylation in the patients who had gastric cancer with lymph node metastasis (P=0.042).
Conclusions: Postoperative disappearance of p16 methylation could be an available prognostic factor for node-positive gastric cancer.
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Introduction

The most effective method for treatment of gastric cancer is 

surgical resection including radical lymph node dissection and 

combined resection of the invaded organ. Improved surgical man-

agement has played an important role in treatment outcomes.1 

Many studies have indicated that surgical curability is one of the 

most valuable prognostic factors together with the pathologic 

stage.2,3 However, patients may experience tumor recurrence after 

curative resection, and the recurrence pattern and survival outcomes 

differ among individual patients even at the same tumor stage. 

Thus, metastasis may have already occurred in many gastric cancer 

patients at the time of surgery, presenting a limitation to assessment 

of the prognosis with surgical curability and pathologic stage. Stra-

tegic management of adjuvant treatment is important for patients 

who have the potential for cancer recurrence after curative surgery. 

A variety of parameters have been studied to select the appropriate 

candidate for adjuvant treatment and to detect cancer recurrence 

earlier. DNA methylation is one such proposed prognostic factor 

for gastric cancer.4,5

Epigenetic silencing of tumor-related genes by promoter hy-

permethylation is increasingly recognized as having an instrumen-

tal role in the development of cancers.4 Gastric cancer is one of 

the tumors with a high frequency of aberrant methylation.6,7 DNA 

methylation of tumor-related genes occurs in the early stages of 
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disease6,8,9 and increases in parallel with the multistep pathway of 

gastric carcinogenesis.10 DNA methylation has also been reported 

to be associated with the tumor stage in gastric cancer.11 However, 

DNA of cancer tissue from surgical or endoscopic biopsy can be 

obtained only before surgery or at the time of surgery. Thus, DNA 

analysis from tissue biopsy is not applicable to a continuing treat-

ment strategy, but serum DNA methylation of tumor-related genes 

could be used as a method for cancer screening and surveillance 

for cancer recurrence. However, to date, there have been no reports 

of postoperative changes in methylation in gastric cancer patients.

Here we used methylation-specific polymerase chain reaction 

(PCR) (MSP) to evaluate p16 methylation, one of cancer-associated 

genes of gastric cancer,12,13 in preoperative and postoperative serum 

from gastric cancer patients. Furthermore, we sought to determine 

the clinical correlations of the change of serum p16 methylation 

with the survival and prognosis of patients with gastric adenocarci-

noma. 

Materials and Methods

1. Patient population
Fifty-three consecutive patients with histologically confirmed 

gastric adenocarcinoma were examined. All patients underwent 

gastric resection primarily at Chung-Ang University Hospital (Seoul, 

Korea) from October 2007 to December 2010. No patient had re-

ceived preoperative chemotherapy with neoadjuvant or palliative 

intent. Patients who underwent explorative laparotomy or palliative 

bypass surgery and one patient who had no residual cancer in the 

final pathologic specimen were excluded. Patients who had other 

malignant disease except gastric cancer were also excluded. The 

follow-up intervals during the study period ranged from 1 to 48 

months (median, 29). All patients provided informed consent ac-

cording to institutional guidelines, and the study was approved by 

the Institutional Review Board at Chung-Ang University Hospital 

(IRB No: 09-015-04-09-G4). 

Tumors were staged according to the 7th edition of Union for 

International Cancer Control (UICC) TNM classification.14 Surgical 

curability was stratified by residual tumor classification according to 

the American Joint Committee on Cancer (AJCC) and UICC stag-

ing system14: R0 for no residual tumor; R1 for microscopic residual 

tumor; and R2 macroscopic residual tumor. 

2. DNA extraction from serum sample
Blood samples were obtained at the time of diagnosis before 

surgery and at the 10th postoperative day to avoid the effect of 

adjuvant chemotherapy. Serum was isolated by centrifugation and 

stored at -80oC until further processing.

3. Bisulfite modification and methylation-specific 

polymerase chain reaction
Aberrant DNA methylation in the CpG islands of the genes 

was determined by chemical modification of genomic DNA with 

sodium bisulfite followed by MSP. The bisulfite modification pro-

cedure was carried out with the EZ DNA Methylation-Gold KitTM 

(Zymo Research, Irvine, CA, USA). A total of 20 μl of genomic 

DNA was denatured at 98oC for 10 minutes and then chemically 

modified with 130 μl of computed tomography conversion reagent 

at 64oC for 2.5 hours. The unmethylated cytosine was converted to 

thymine, whereas methylated cytosine remains unchanged.

The primer sequence of p16 was based on the previous report 

and are listed in Table 1.15 Bisulfite-modified DNA was denatured 

in a total volume of 25 μl containing 1 μl of each primer, 2 μl of 

deoxynucleotide triphosphate, 2.5 μl of 10× PCR buffer, and 0.4 μl 

of hot-taq polymerase at 95oC for 10 minutes. This was followed 

by 40 cycles of 95oC for 30 seconds, incubation at the primer-

specific annealing temperature for 45 seconds, and 72oC for 45 

seconds. Samples were finally incubated at 72oC for 10 minutes. 

Annealing temperature was 63.3oC. In vitro methylated DNA from 

the H460 cell line and known methylated DNA from the H1299 

cell line were used as positive controls for methylation, and DNA 

from H460 and NHBE cells was used as a control for unmethyl-

ated DNA. Distilled water was used as a negative control.

Table 1. Primer sequences used in methylation-specific PCR

Gene Sequence Reference

p16 Unmethylated 5’-TTATTAGAGGGTGGGGTGGATTGT-3’ (sense) 16
5’-CAACCCCAAACCACAACCATAA-3’ (antisense)

Methylated 5’-TTATTAGAGGGTGGGGCGGATCGC-3’ (sense)
5’-GACCCCGAACCGCGACCGTAA-3’ (antisense)

PCR = polymerase chain reaction.
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PCR products were electrophoresed on 2% agarose gels and 

visualized by ethidium bromide staining. Samples were scored as 

methylated when there was a clearly visible band on the gel with 

the methylation-specific primers. The sizes of PCR product in this 

study were 150 bp for methylation and 151 bp for unmethylation 

respectively. All samples were examined by one experimenter who 

was unaware of the patient’s clinical features.

4. Statistical analysis
Statistical analyses were performed with SPSS statistical soft-

ware, version 16.0 for Windows (SPSS Inc., Chicago, IL, USA). 

Categorical data were analyzed by chi-square or Fisher’s exact 

tests, and numerical data were analyzed by the Student’s t test. 

Correlations between the methylation status were analyzed by the 

Spearman Correlation Coefficient. Survival curves were calculated 

by the Kaplan-Meier method. Differences in the survival curves 

were measured using log-rank tests. Statistical significance was de-

fined as P＜0.05. 

Results

1. Patients and tumor characteristics
Fifty-three consecutive patients with gastric adenocarcinoma 

were examined. Their ages ranged from 30 to 85 years (median, 64 

years). Patients included 38 men (72.0%) and 15 women (28.0%). 

There were 28 (52.8%) distal, 18 (34.0%) middle, and 7 (13.2%) 

proximal cancers. Subtotal gastrectomy was performed in 37 pa-

tients (69.8%) and total gastrectomy in 16 patients (30.2%). In 37 

patients (70.0%), D2 lymph node dissection was completed and the 

median number of retrieved lymph nodes was 36.5 (range: 8 to 58). 

There were 21 early (T1) gastric cancers (EGC) and 32 advanced 

gastric cancers (AGC). 

According to the residual tumor classification, R0 (no residual 

tumor) resection was performed in 50 patients (94.3%) and 3 pa-

tients (5.7%) had macroscopic or microscopic residual tumor (R1, 

R2). 

2. Methylation of p16 in the serum DNA of gastric 

cancer patients
Representative examples of the MSP products analyzed by elec-

trophoresis on an agarose gel are shown in Fig. 1.

Methylation in p16 was detected in 79.2% of preoperative serum 

DNA, and in 54.7% of postoperative serum DNA. Methylation of 

p16 was detected postoperatively in 13.2% of the patients with no 

preoperative methylation, whereas methylation had disappeared 

postoperatively in 37.7% of the patients (Table 2).

The relationship between clinicopathologic parameters and p16 

methylation in preoperative serum DNA was evaluated. Methyla-

tion of p16 was more frequently detected in the patients with node-

negative gastric cancer than in node-positive patients (P=0.010). 

Methylation in p16 disappeared more frequently in the patients who 

underwent standard D2 lymphadenectomy than in those who un-

derwent modified D1+ lymphadenectomy (P=0.016) (Table 3).

In the survival analysis for 53 patients, the disease free survival 

(DFS) of patients with preoperative p16 methylation was not dif-

ferent from that of patients without such methylation (Fig. 2A; 

P=0.088).

The 3-year survival rate of patients with postoperative disap-

pearance of p16 methylation was 94.7%, whereas the 3-year sur-

vival rate of patients without postoperative disappearance of p16 

methylation was 66.9%. However, this difference was not statisti-

cally significant (Fig. 2B, P=0.238).

We further stratified the patients according to the depth of tu-

mor (EGC or AGC) or lymph node metastasis, and compared DFS 

Fig. 1. Representative gel electrophoresis pictures demonstrating ab-
errant methylation in p16 for preoperative and postoperative serum 
DNA. M and U, the methylated and unmethylated primers, respec-
tively. DNA from the H1299 cell line was used as positive controls for 
methylation. Water was used as negative control for each amplification.

Table 2. The frequency of methylation and postoperative change of 
methylaiton status of p16 in serum DNA of gastric cancer patients 
(n=53)

Variable p16 methylation

Preoperative 42 (79.2)
Postoperative 29 (54.7)
Alteration patterns
  Disappearance after surgery 20 (37.7)
  Appearance after surgery 7 (13.2)

Values are presented as number (%).



Lim HK, et al.

160

rates of patients with or without postoperative disappearance of p16 

methylation (Fig. 3). Our analysis showed that postoperative disap-

pearance of p16 methylation was associated with a better survival 

rate of patients in the AGC group. However, this difference of sur-

vival rate was not statistically significant (P=0.132, Fig. 3B). On the 

other hand, in the node-positive group, patients with postoperative 

disappearance of p16 methylation had a significantly longer survival 

rate than those without it (P=0.042, Fig. 3D). All 5 patients in the 

node-positive group have survived without tumor recurrence when 

p16 methylation disappeared after surgery.

Discussion

Epigenetic silencing of tumor-related genes due to CpG island 

hypermethylation has emerged as one of the most important epi-

genetic factors in cancer development. Promoter hypermethylation 

usually results in transcriptional silencing of genes. If tumor sup-

pressor genes are involved, hypermethylation may result in their 

inactivation, thus conferring a growth advantage to the cells and 

favoring cancer development. Here we analyzed the relationship 

between the postoperative change in serum p16 methylation and 

clinicopathologic factors presenting as the surgical curability and 

patient survival to clarify the usefulness of serum p16 methylation 

as a prognostic factor after gastric cancer surgery. 

The DNA methylation analysis in this study was conducted not 

from the cancer tissue but from patient’s serum. Unlike tumor tissue 

samples, serum is usually more accessible for sampling at any time 

after surgery. Although many studies have suggested that tumor 

Table 3. Relationship between clinicopathologic parameters and preoperative status and postoperative disappearance of serum p16 methylation

Variable Preoperative p16 methylation (n=53) P-value Postoperative disappearance of p16 methylation (n=42) P-value

Age (yr) 0.504 0.746
<65 22 (29) 11 (22)
≥65 20 (24) 9 (20)

Gender 0.932 0.625
Male 30 (38) 15 (30)
Female 12 (15) 5 (12)

Tumor size (cm) 0.156 0.580
< 5 32 (38) 16 (32)
≥ 5 10 (15) 4 (10)

Type of resection 0.616 0.845
Subtotal gastrectomy 30 (37) 14 (30)
Total gastrectomy 12 (16) 6 (12)

Extent of LN dissection 0.330 0.016
D1+ 14 (16) 3 (14)
D2 28 (37) 17 (28)

EGC/AGC 0.804 0.569
EGC 17 (21) 9 (17)
AGC 25 (32) 11 (25)

LN metastasis 0.010 0.096
Negative 26 (28) 15 (26)
Positive 16 (25) 5 (16)

Pathologic stage 0.058 0.217
I 21 (23) 12 (21)
II, III, IV 21 (30) 8 (21)

Residual tumor 0.580 0.167
R0 40 (50) 20 (40)
R1, R2 2 (3) 0 (2)

Values are presented as number (total number). LN = lymph node; EGC = early gastric cancer; AGC = advanced gastric cancer.
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Fig. 2. Kaplan-Meier survival curves of 53 gastric cancer patients according to the preoperative hypermethylation of p16 gene (A) and Kaplan-
Meier survival curves of 42 gastric cancer patients who had preoperative p16 methylation according to the postoperative disappearance of p16 hy-
permethylation (B). 

Fig. 3. Kaplan-Meier survival curves of gastric cancer patients who had preoperative p16 methylation according to the postoperative disappearance 
of p16 hypermethylation. (A) Seventeen early gastric cancer (EGC) patients. (B) Twenty-five advanced gastric cancer (AGC) patients. (C) Twenty-
six gastric cancer patients without lymph node metastasis. (D) Sixteen gastric cancer patients with lymph node metastasis.
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tissue DNA methylation has prognostic value,11,12,16-18 studies using 

serum DNA have failed to show the prognostic value of methyla-

tion in colon cancer, lung cancer, and liver cell cancer.19-22 DNA 

methylation usually has a lower detection rate in serum as com-

pared with tumor tissue.22 Lee et al.22 investigated hypermethylation 

in 53 gastric cancer patients. They found hypermethylation rates 

of DAP-kinase, E-cadherin, GSTP1, p15, and p16 cancer-related 

genes of 70.3%, 75.9%, 18.5%, 68.5%, and 66.7% in tumor tissue 

and 48.1%, 57.4%, 14.8%, 55.6%, and 51.9% in serum, whereas no 

hypermethylated DNA was detected in serum of normal control 

subjects. Despite these data, there was no correlation between se-

rum methylation and clinical staging. On the other hand, Leung et 

al.23 reported serum DNA methylation of 60 gastric cancer patients 

and found patients with hypermethylation had a worse prognosis, 

suggesting that serum DNA methylation can be correlated with tu-

mor DNA methylation and may be a potential prognostic factor for 

predicting tumor stage and cancer recurrence. 

The convenience, non-invasiveness, and simplicity of detecting 

aberrantly methylated DNA in serum are major advantages of this 

test. The focus of detection of gastric cancer by DNA methylation 

has moved from tissue DNA to serum DNA. Here we extended the 

detection of serum DNA methylation from preoperative to postop-

erative samples, and investigated postoperative methylation changes. 

To our knowledge, this is the first report in which patients’ survival 

has been analyzed in terms of the postoperative change in DNA 

methylation.

We found that the DNA methylation frequency for p16 was 

high in preoperative serum and had a tendency towards decreased 

frequency postoperatively. Thus, disappearance of methylation of 

p16 may be correlated with surgical curability and patient survival, 

making it a candidate prognostic factor. Previous studies of tumor 

tissue DNA indicated that methylation of p16 is a potential bio-

marker for early diagnosis and prognostic evaluation in gastric can-

cer.17,18 Methylation of p16 gene is frequently detected in lymphatic 

invasive gastric cancer and correlated with chemosensitivity.12,13 In 

this study, we found that p16 was useful gene for evaluation of se-

rum DNA methylation of gastric cancer patients.

The disappearance of cancer-related DNA methylation after 

surgical resection of gastric cancer may indicate the curative re-

moval of cancer tissue with no residual cancer tissue in the blood 

stream. It can be the reason that explains why the methylation dis-

appeared more frequently in the patients who underwent standard 

D2 lymphadenectomy than in those who underwent modified D1+ 

lymphadenectomy in this study. Thus, postoperative disappear-

ance of DNA methylation could be an available prognostic factor 

to supplement TNM cancer staging to decide which patients should 

be candidates for special postoperative adjuvant treatment. Our 

data showed that postoperative alteration of p16 methylation had 

prognostic significance, particularly in node-positive gastric cancer 

patients. That means the prediction of outcome by postoperative 

detection of DNA methylation of p16 could be valuable especially 

for node-positive gastric cancer patients, not for node-negative 

gastric cancer patients. 

Nevertheless, the multivariate analysis in this study was not 

suitable to confirm the disappearance of p16 methylation as the in-

dependent prognostic factor for patients with node-positive gastric 

cancer because patient number and follow up length in this study 

were not enough to be evaluated by multivariate analysis model. 

That is the limitation of this study. However, disappearance of p16 

methylation was uniquely correlated with DFS of node-positive 

gastric cancer patients who had preoperative hypermethylation. Al-

though the large scaled and long-term follow up study is needed to 

conclude our result, the survival difference according to the disap-

pearance of p16 methylation for node-positive gastric cancer could 

be meaningful in itself. 

In East Asia, where the incidence of gastric cancer is high, the 

need for a more reliable noninvasive screening test is obvious. Se-

rum DNA methylation has been suggested as a new screening test 

by several reports.22,23 However, in Korea and Japan, gastroscopy 

is a well established cancer screening test and gastroscopic biopsy 

provides high accuracy. Therefore, serum DNA methylation would 

be useful for postoperative surveillance and as a prognostic indica-

tor of recurrence, rather than a screening test. Our results suggest 

methylation of p16 as a reliable biomarker for predicting prognosis 

by postoperative assessment.

In conclusion, we found that postoperative disappearance of 

methylation in the p16 gene in serum DNA was related to patients’ 

survival after gastric cancer surgery. These findings suggest that the 

postoperative disappearance of methylation in p16 could be used as 

prognostic factor for node-positive gastric cancer. Additional stud-

ies are necessary to clarify the prognostic value of DNA methyla-

tion for gastric cancer patients in terms of long-term survival.
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