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Abstract

Backgrounds Reportedly, the pyrosequencing methyla-

tion assay can produce inconsistent results between paired

snap-frozen and formalin-fixed paraffin-embedded archival

tissue samples. In this study, we assayed the methylation

levels at four individual CpG sites of L1 using pyrose-

quencing and found that the methylation levels at indi-

vidual CpG sites were different but were closely correlated

between paired snap-frozen and formalin-fixed paraffin-

embedded tissue samples. We aimed to determine whether

low methylation status of L1 is associated with gastric

cancer patient prognosis.

Methods We analyzed 434 formalin-fixed paraffin-

embedded tissue samples of advanced gastric cancer for

their methylation status at four CpG sites of L1 [nucleotide

positions 328, 321, 318, and 306 of X58075 (Genbank)]

using pyrosequencing, and correlated the L1 methylation

level with clinicopathological features.

Results Older age at onset, males, tumor location at

antrum or lower body, intestinal type, and lymphatic or

venous invasion were associated with a low average

methylation level of L1 at the two CpG sites 1 and 4

combined. The average methylation level of L1 at CpG

sites 1 and 4 combined was significantly lower in micro-

satellite-stable and EBV-negative gastric cancers than in

EBV-positive or microsatellite-unstable gastric cancers.

Low methylation status of L1 was independently correlated

with shorter overall survival and disease-free survival time.

Conclusion Our findings indicate that the discrepancy in

the methylation level of L1 between fresh tissue and for-

malin-fixed paraffin-embedded tissue samples depends on

the CpG sites considered, and that the methylation status of

L1 at CpG sites 1 and 4 combined could be utilized as a

prognostic parameter for advanced gastric cancers.

Keywords Gastric cancer � Long interspersed element-1 �
Hypomethylation � Prognosis

Introduction

DNA methyltransferases methylate cytosines in the context

of CpG dinucleotides, and 75–80 % of CpG dinucleotides

are methylated in normal human cells [1]. CpG sites

located in promoter CpG islands are traditionally thought

to be unmethylated, whereas CpG sites located in repetitive

DNA elements are heavily methylated in normal cells.

Promoter CpG island hypermethylation is a common

finding in human cancers and is generally associated with

an inactive state of the corresponding gene. Although

hundreds of genes can undergo hypermethylation in their

promoter CpG island loci in association with cancerization

[2], the overall content of methylcytosine generally

Y. S. Song and Y. Kim contributed equally to this article.

Electronic supplementary material The online version of this
article (doi:10.1007/s10120-015-0463-6) contains supplementary
material, which is available to authorized users.

Y. S. Song � N. Y. Cho � G. H. Kang
Laboratory of Epigenetics, Cancer Research Institute, Seoul

National University College of Medicine, Seoul, Korea

Y. Kim � W. H. Kim � G. H. Kang (&)

Department of Pathology, Seoul National University College

of Medicine, 28 Yongon-dong, Chongno-gu, Seoul 110-744,

South Korea

e-mail: ghkang@snu.ac.kr

H. K. Yang

Department of General Surgery, Seoul National University

College of Medicine, Seoul, Korea

123

Gastric Cancer (2016) 19:98–106

DOI 10.1007/s10120-015-0463-6

http://dx.doi.org/10.1007/s10120-015-0463-6
http://crossmark.crossref.org/dialog/?doi=10.1007/s10120-015-0463-6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10120-015-0463-6&amp;domain=pdf


decreases during the malignant transformation from normal

cells to cancer cells because of the demethylation of CpG

sites located in repetitive DNA elements, including long

interspersed element-1 (LINE-1 or L1) and Alu [3, 4].

Approximately 500,000 copies of L1 are dispersed in the

human genome, comprising about 17 % of it, and a full-

length L1 is about 6 kb in length [5]. L1 has a high density

of CpGs in its initial 460-bp region, where cytosine

methylation is maintained with high efficiency [6]. The L1

methylation level has been shown to decrease in gastric

epithelial cells with the progression of the lesion along the

multistep gastric carcinogenesis, although there are wide

variations in L1 methylation levels in gastric cancers (GCs)

[7, 8]. Low L1 methylation status has been demonstrated to

be closely associated with shorter survival of the cancer

patient, not only for GCs [7, 8] but also for colon cancers

[9], rectal cancers [10], esophageal squamous cell carci-

nomas [11], and lung adenocarcinomas [12, 13].

In the literature, there are two studies that have explored

the relationships between L1 methylation levels of GC

tissue samples and clinical outcomes of cancer patients,

and they consistently demonstrated close associations of

low L1 methylation status with poor clinical outcomes [7,

8]. These two studies have limitations in that they used

formalin-fixed paraffin-embedded (FFPE) archival tissue

samples from a small number of GC samples (n = 193 and

203). However, a recent study has raised concern over the

feasibility of analyzing DNA methylation from DNA

obtained from FFPE tissues [14]; Toumier et al. [14] ana-

lyzed matched fresh-frozen and FFPE samples from 40

colon adenocarcinomas for their methylation status in L1

using pyrosequencing, and displayed significant differences

in L1 methylation level in 28 % of the matched samples.

This finding has cast doubt on whether the finding of the

previous studies—a close association between low L1

methylation status and poor clinical outcomes of GC

patients—is reproducible [7].

In the present study, we collected pairs of matched snap-

frozen and FFPE tissue samples (n = 38) and analyzed

their methylation status in L1 using pyrosequencing.

Through this comparison, we found that methylation levels

at the four individual CpG sites assayed in our previous

study [7] were different but strongly correlated between

paired snap-frozen and FFPE tissue samples. However, the

ratio of the methylation level of FFPE tissue to the meth-

ylation level of fresh tissue at CpG sites 1–4 was 1.21:1,

1.05:1, 1.05:1, and 1.19:1, respectively. Then we analyzed

a large collection of archival tissue samples of advanced

GC for their methylation status at four CpG sites of L1

(CpG sites 1–4) and determined the average methylation

levels at two combinations of CpG sites, 1 and 4 as well as

2 and 3, and we correlated the average L1 methylation

level at CpG sites 1 and 4 combined or at CpG sites 2 and 3

combined with clinicopathological features, including

clinical outcomes.

Materials and methods

Tissue samples

The study was approved by the Institutional Review Board

of Seoul National University College of Medicine. A

consecutive series of advanced GC cases (T2–T4) was

retrieved from the surgical files of the Department of

Pathology, Seoul National University Hospital, Seoul,

Korea. Among the patients who underwent surgery and

extended lymph node dissection (D2) for advanced GC

between January 2007 and December 2008, only the

patients (n = 434) who had data for microsatellite insta-

bility (MSI), Epstein–Barr virus (EBV), and L1 methyla-

tion status were included in this study. Patients who had a

history of other primary malignancies within 5 years or

received chemotherapy before surgical resection were

excluded. The ages of the patients ranged from 23 to

86 years (median, 61 years) and the male to female ratio

was 1.95:1. The following pathological parameters were

evaluated through gross and microscopic examinations:

tumor differentiation, histological type (Lauren’s classifi-

cation), lymphatic invasion, perineural invasion, venous

invasion, and TNM stage (American Joint Committee on

Cancer, 7th edition). For multiple synchronous tumors,

data were derived from the high-stage tumor or the larger

tumor if the synchronous tumors were of the same stage.

Through microscopic examination, areas *1 cm2 where

the tumor cells were the densest and represented the most

prevalent histologic type of the individual case were

marked and scraped from the tissue glass slide with a knife.

In order to determine the suitability of FFPE tissues for

methylation analysis, L1 methylation level was assessed

for paired snap-frozen and FFPE tissue samples, including

10 normal lymph nodes, 13 gastric mucosal tissues, 5

gastric cancers, 5 colonic cancers, and 5 breast cancers.

Pyrosequencing methylation analysis

The scraped tissue was collected into microtubes contain-

ing 50 lL of tissue lysis buffer and proteinase K. The tubes

were incubated for 24–48 h at 55 �C until the tissue-con-

taining buffer fluid turned clear. Proteinase K was inacti-

vated by incubation at 95 �C for 10 min. Following

centrifugation, the supernatants were transferred into a

newly labeled microtube. DNA samples were bisulfite-

modified using the EZ DNA methylation kit (Zymo

Research, Orange, CA, USA). The modified DNA samples

were analyzed for their methylation status in L1 using
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pyrosequencing. In brief, the modified DNA samples were

PCR-amplified with the same oligonucleotide primers

which were designed by the Issa group for pyrosequencing

[15]. These oligonucleotide primers were designed toward

a consensus L1 sequence, which allowed the amplification

of a representative pool of L1. L1 elements were amplified

using 200 lM each of the forward primer 50-TTTTGAGT
TAGGTGTGGGATATA-30 and the reverse biotinylated

primer 50-AAAATCAAAAAATTCCCTTTC-30 in a 50-lL
reaction volume containing 2.5 ng of bisulfite-treated

DNA, 1 9 CoralLoad PCR Buffer (contains 1.5 mM

MgCl2), final 2 mM MgCl2, and 1.5 U of HotStarTaq Plus

DNA polymerase (Qiagen, Valencia, CA, USA). The PCR

thermal amplification profile consisted of an initial dena-

turation step of 5 min at 95 �C followed by 50 cycles of

30 s at 94 �C, 40 s at 57 �C, and 40 s at 72 �C. The PCR

product was purified using Streptavidin Sepharose High

Performance beads (GE Healthcare Bio-Sciences Corp.,

Uppsala, Sweden) and denatured using denaturation

buffer (Qiagen). Next, 0.3 lM of the sequencing primer

(50-AGTTAGGTGTGGGATATAGT-30) was annealed to

the purified single-stranded PCR product and the pyrose-

quencing reaction was performed using the PyoMark Q24

platform (Qiagen). The level of methylation at each of the

four analyzed CpG sites [CpG sites 1–4: nucleotide posi-

tions 328, 321, 318, and 306, respectively (GenBank

accession number X58075)] was expressed as the per-

centage of methylated cytosines over the sum of methyl-

ated and unmethylated cytosines.

MSI determination

The MSI status was determined using the NCI Bethesda

recommended microsatellite markers (BAT-25, BAT-26,

D2S123, D5S346, and D17S250). GCs with a high level of

MSI (at least 40 % of the markers positive) were consid-

ered MSI-high (MSI-H), whereas GCs with a low level of

or no MSI (\40 % of the markers positive) were consid-

ered MSS.

EBV-encoded RNA in situ hybridization

The presence of EBV in cancer cells was detected by in situ

hybridization for EBV-encoded RNA, as described previ-

ously [16].

Statistical analysis

Statistical analyses were performed using SPSS software

for windows, version 21.0 (IBM, Armonk, NY, USA).

Two-sided p values of less than 0.05 were considered

statistically significant. Because data on the L1 methylation

level did not follow the normal distribution, mean values

across two groups or across three or more groups were

compared using the Mann–Whitney U test and Kruskal–

Wallis test, respectively. Pearson’s correlation test was

used to evaluate the correlation between the L1 methyla-

tion levels in paired snap-frozen and FFPE tissue samples.

The Wilcoxon signed-rank test was used to analyze paired

differences. The clinical database was last updated in

January 2014. Disease-free survival (DFS) was calculated

from the date of resection of advanced GC to the first date

of documented recurrence or the date of death from any

cause. Overall survival (OS) was measured from the date of

operation to the date of death or the last clinical follow-up

time. The average follow-up time (from surgery to death

or the last follow-up) was 51.7 months (range 0.7–85.0

months). Data from patients who were free from recurrence

were censored at the date of the last follow-up visit for

DFS. OS and DFS were calculated by the Kaplan–Meier

method, and comparisons were made using the log-rank

test. Hazard ratios were calculated by the Cox proportional

hazards model, and baseline characteristics were adjusted

using a backward stepwise model including covariates of

prognostic value: age, tumor location within the stomach,

lymphatic invasion, venous invasion, perineural invasion,

T stage, N stage, M stage, and molecular subtype (EBV and

MSI status).

Results

Comparison of L1 methylation level between paired

snap-frozen and FFPE tissue samples

Through pyrosequencing, we measured the methylation

level at each of the four CpG sites in both paired snap-

frozen and FFPE tissue samples (n = 38) and then com-

pared the levels seen in the two types of tissue sample.

Although there were strong correlations between the

methylation levels seen in the paired snap-frozen tissue

samples and the levels seen in the FFPE tissue samples (see

Fig. S1 of the Electronic supplementary material, ESM),

the two types of samples differed significantly in terms of

the methylation level observed at each site (Fig. 1). Com-

pared with snap-frozen tissue samples, FFPE tissue sam-

ples showed increased methylation values at all four CpG

sites. However, the fold change (defined as the ratio of the

methylation level in FFPE tissue to the methylation level in

fresh tissue) varied with the CpG site considered (1.21-,

1.05-, 1.05-, and 1.19-fold increases were seen at CpG sites

1–4, respectively). Because of this variation in the fold

change in methylation level, the average methylation level

at the four CpG sites in the FFPE tissue samples was not

considered to provide a good represention of the average

methylation level at the four CpG sites in the fresh tissue
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samples. Considering that the fold change seen at CpG site

2 was similar to that seen at site 3, and the fold change at

CpG site 1 was similar to that seen at site 4, we decided to

use either the average of the methylation levels at CpG

sites 2 and 3 or the average of the methylation levels at

CpG sites 1 and 4 as representative values of the L1

methylation level in FFPE tissue samples. Regardless of

whether the DNA samples were obtained from fresh or

FFPE tissue samples, the average methylation level at CpG

sites 2 and 3 combined was closely correlated with the

average methylation level at CpG sites 1 and 4 combined

(see Fig. S2 of the ESM).

Relationship between L1 methylation level

and clinicopathological features

The average methylation level at CpG sites 1 and 4 com-

bined or at CpG sites 2 and 3 combined showed close

associations with age, gender, tumor location within the

stomach, histologic type (Lauren’s classification), lym-

phatic emboli, venous invasion, and molecular subtype

(Table 1). The average methylation level of L1 at CpG

sites 1 and 4 combined or at CpG sites 2 and 3 combined

was higher in younger patients than in older patients at

onset, in female than in male patients, in GCs involving the

high body than in GCs not involving the high body, in

diffuse type or mixed type than in intestinal type, in EBV-

positive or MSI-H than in MSS/non-EBV type, in GCs

with no lymphatic emboli than in GCs with lymphatic

emboli, and in GCs with no venous invasion than in GCs

with venous invasion. The average methylation level of L1

at CpG sites 1 and 4 combined or at CpG sites 2 and 3

combined tended to be higher in GCs with perineural

invasion than in GCs without perineural invasion

(P = 0.076 and P = 0.055, respectively). The average

methylation level of L1 at CpG sites 1 and 4 combined or

at CpG sites 2 and 3 combined tended to be lower in GCs

with nodal metastasis than in GCs without nodal metastasis

(P = 0.0325 and P = 0.055, respectively). The average

methylation level of L1 at CpG sites 1 and 4 combined or

at CpG sites 2 and 3 combined did not correlate with tumor

depth or distant metastasis.

L1 methylation level and patient survival

Patient survival was followed-up in 432 patients since two

patients were lost during the follow-up. By performing

univariate analysis with serial cutoff values from the lowest

to the highest methylation level of L1 at CpG sites 2 and 3

combined or CpG sites 1 and 4 combined, we found that

setting the cutoff value at 59.3 % for CpG sites 2 and 3 or

72.1 % for CpG sites 1 and 4 generated the greatest

prognostic value in relation to both overall survival (OS)

and disease-free survival (DFS). A low methylation status

of L1 at CpG sites 2 and 3 (\59.3 %) or CpG sites 1 and 4

(\72.1 %) was closely associated with OS time and DFS

time (Fig. 2a–d). Through the Kaplan–Meier log-rank test,

we found that older age at onset, tumor location in the high

body, higher T stage, higher N stage, distant metastasis,

venous invasion, lymphatic invasion, and perineural inva-

sion were closely associated with a shorter OS and DFS

time (Table 2; Table S1 of the ESM). Molecular subtype

(EBV-positive, MSI-H, and MSS/non-EBV) was closely

associated with DFS but not with OS. When both meth-

ylation statuses (at CpG sites 2 and 3 and at CpG sites 1

and 4) and other covariates that are of prognostic value

according to the Kaplan–Meier log-rank test were incor-

porated into the multivariate models, low methylation

status of L1 at CpG sites 1 and 4 was found to correlate

independently with OS (HR = 2.269; 95 % CI,

1.591–3.236) (Table 3) and DFS (HR = 2.468; 95 % CI,

1.750–3.481) (Table S2 of the ESM), but low methylation

status of L1 at CpG sites 2 and 3 did not.

Discussion

In linewith a previous study [14], our study has demonstrated

a significant difference in L1 methylation level (i.e., the

average of the methylation levels at four CpG sites) between

paired fresh-frozen and FFPE tissue samples, although when

the methylation level at each CpG site was considered in

turn, the levels seen in paired fresh-frozen and FFPE tissue

sampleswere observed to be closely correlated.All fourCpG

sites showed higher methylation levels in the FFPE tissue

samples than in the paired fresh-frozen tissue samples, and

the fold increases noted at CpG sites 1 and 4were observed to

be similar, as were the fold increases seen at CpG sites 2 and

3. Thus, the average of the methylation levels at CpG sites 2

Fig. 1 Comparison between paired snap-frozen and formalin-fixed,

paraffin-embedded (FFPE) tissue samples in terms of methylation

levels at individual CpG sites. A paired difference test revealed

significant differences between paired snap-frozen and FFPE tissue

samples at all four CpG sites (P\ 0.001 at all four sites)

Tumoral L1 hypomethylation 101

123



and 3 and the average of themethylation levels at CpG sites 1

and 4 were calculated for the FFPE tissue samples and were

considered to represent the methylation levels of L1 at CpG

sites 2 and 3 and CpG sites 1 and 4 in fresh tissue samples,

respectively. The present study demonstrated that a low

methylation status of L1 at CpG sites 1 and 4 or CpG sites 2

and 3 was associated with older age at onset, males, tumor

location at lower body or antrum, intestinal type, lymphatic

or venous invasion, and MSS/non-EBV molecular subtype.

Multivariate analysis revealed that a low methylation status

of L1 at CpG sites 1 and 4 was an independent prognostic

parameter heralding a poor prognosis in patients with

advanced GC.

Because we did not conduct laser capture microdissec-

tion in the the present study, concern may well be raised

over whether infiltrating immune and stromal cells may

influence the analysis of L1 methylation level in GC tumor

samples [4, 17]. After we estimated the ratio of tumor cells

to non-neoplastic cells in tumor areas marked for manual

dissection, we grouped the GC cases into two subsets

according to tumor purity [\50 % (n = 211) and C50 %

(n = 221)] and then evaluated the prognostic potential of

low methylation status of L1 CpG sites 1 and 4 in each

subset. Low methylation status of L1 CpG sites 1 and 4 was

not prognostic in a subset with tumor purity \50 %

(Fig. S3 of the ESM) but was prognostic in subsets of

Table 1 Relationships between average L1 methylation level and clinicopathological parameters of gastric cancer patients

Characteristic Variable No. of cases Average methylation level (%)

CpG sites 1 and 4 combined P value CpG sites 2 and 3 combined P value

Age \61 year 210 81.2 0.040 66.0 0.021

C61 year 224 79.0 64.1

Sex Male 287 79.1 0.017 64.3 0.011

Female 147 81.9 66.4

Tumor subsite Not involving high body 311 79.2 0.014 64.3 0.002

Involving high body 123 82.2 66.8

Stage I 53 81.7 0.432 65.9 0.446

II 148 80.6 65.6

III 184 79.1 65.0

IV 49 80.3 63.9

T stage T2 99 79.5 0.387 64.6 0.747

T3 167 79.5 64.9

T4 168 81.0 65.4

N stage N0 131 82.4 0.032 66.6 0.051

N1 84 79.8 64.9

N2 81 78.1 64.0

N3 138 79.2 64.1

M stage M0 385 80.0 0.866 65.2 0.329

M1 49 80.3 63.9

Lauren

classification

Intestinal 163 75.9 \0.001 62.0 \0.001

Diffuse 206 83.3 67.3

Mixed 58 80.7 65.6

Unclassified 7 76.0 64.1

Venous invasion Absent 325 81.5 \0.001 66.0 \0.001

Present 109 75.9 62.0

Lymphatic emboli Absent 163 81.6 0.028 66.3 0.014

Present 271 79.1 64.3

Perineural invasion Absent 196 79.0 0.076 64.2 0.055

Present 238 81.0 65.7

Molecular subtype EBV-positive 33 86.1 \0.001 70.2 \0.001

MSI-H 52 83.1 67.9

MSS/non-EBV 347 79.1 64.1
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tumor purity C50 % (Fig. S4 of the ESM). In multivariate

analyses of GCs of tumor purity C50 % (n = 221), low

methylation status of L1 at CpG sites 1 and 4 was an

independent prognostic factor for OS and DFS (Tables S3

and S4 of the ESM). These findings suggest that infiltrating

immune and stromal cells may perturb the prognostic sig-

nificance of L1 methylation status in GCs of low tumor

purity. Laser capture microdissection is necessary to enrich

the proportion of tumor cells in order to elucidate whether

low methylation status of L1 is a prognostic factor for GCs

with low tumor purity.

In a recent integrative genomic study of GCs [18], GCs

were classified into EBV-positive, MSI-H, and MSS/non-

EBV, and further subclassifed into intestinal-, diffuse-,

and mixed-type tumors. That study, which used the Illu-

mina 450k Human Methylation assay, demonstrated that

EBV-positive GCs have the highest degree of genome-

wide hypermethylation but a minimal degree of genome-

wide demethylation, whereas MSI-H GCs have both

genome-wide hypermethylation and demethylation.

However, the high degree of genome-wide demethylation

seen in MSI-H GCs in that study contrasts with the high

methylation level of L1 seen in the present study. This

apparent discrepancy is related to the fact that the Illu-

mina 450k Human Methylation array does not cover CpG

sites located within L1 [19]. Further study is required to

check whether MSI-H GCs show extensive demethylation

at CpG sites located outside CpG island loci and repetitive

DNA elements but maintain a high methylation state at

CpG sites located within repetitive DNA elements. In the

present study, EBV-positive GCs showed a higher meth-

ylation level of L1 than the other molecular subtypes did.

Because EBV-positive GCs tend to be associated with

high immune cell infiltration, it is unclear whether a high

level of methylation in L1 was related to high immune

cell infiltration. However, when we compared EBV-

positive GCs of low tumor purity (\50 %) with those of

high tumor purity (C50 %) in terms of the methylation

level of L1 at CpG sites 2 and 3 or at CpG sites 1 and 4,

we did not observe any difference in methylation level.

Furthermore, when the comparison was restricted to GCs

of tumor purity C70 %, EBV-positive GCs showed a

higher methylation level of L1 at CpG sites 2 and 3 or at

CpG sites 1 and 4 than MSI-H GCs or MSS/EBV-negative

Fig. 2a–d Kaplan–Meier

survival analysis with the log-

rank test. Low methylation

status (\72.1 %) of L1 at CpG

sites 1 and 4 was closely

associated with shorter overall

survival (a) and disease-free

survival time (b). Low
methylation status (\59.3 %) of

L1 at CpG sites 2 and 3 was

closely associated with shorter

overall survival (c) and disease-

free survival time (d)
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GCs did. To clarify whether tumor cells of EBV-positive

GCs have a high level of L1 methylation, a laser capture

microdissection-based study is necessary.

Because L1 methylation status was associated with

EBV-positive or MSI-H GCs, we could question whether

the more favorable outcome in cases with high levels of L1

methylation is simply a reflection of the known better

outcomes of these types of GC. When we restricted sur-

vival analysis to MSS/non-EBV GCs, tumoral L1 hy-

pomethylation was still found to be an independent

prognostic parameter heralding poor prognosis in terms of

both OS and DFS. Low methylation status of L1 at CpG

sites 1 and 4 correlated independently with OS

(HR = 2.350; 95 % CI, 1.604–3.442) and DFS (HR =

2.393; 95 % CI, 1.663–3.445).

In our study to compare the L1 methylation levels at

four individual CpG sites between paired snap-frozen and

FFPE tissue samples, the methylation levels in the four

individual CpG sites were found to be significantly higher

in FFPE tissue samples than in paired snap-frozen tissue

samples, although methylation levels in the paired snap-

frozen and FFPE tissue samples were closely correlated.

The reason for the discrepancy in L1 methylation levels

between the paired tissue samples may be the incomplete

bisulfite conversion of FFPE tissue DNA, and the

remaining unmethylated cytosines may contribute to the

Table 2 Univariate analysis of overall survival (OS) in 432 patients with advanced gastric cancer

Characteristic Variable Number of cases 3- and 5-year OS (%) P value

Age \61 year 210 75.2 and 70.5 0.0323

C61 year 222 69.4 and 59.4

Tumor subsite Not involving high body 310 77.4 and 71.9 \0.0001

Involving high body 122 59.0 and 46.7

Stage I 52 94.2 and 84.6 \0.0001

II 148 89.9 and 83.8

III 183 65.0 and 56.8

IV 49 22.5 and 16.3

T stage T2 98 89.8 and 81.6 \0.0001

T3 167 86.2 and 78.4

T4 167 47.9 and 41.3

N stage N0 130 90.8 and 84.6 \0.0001

N1 84 82.1 and 75.0

N2 81 76.5 and 65.4

N3 137 46.0 and 39.4

M stage M0 383 78.6 and 71.0 \0.0001

M1 49 22.5 and 16.3

Lauren classification Intestinal 163 76.7 and 67.5 0.2694

Diffuse 205 66.7 and 61.3

Mixed 58 81.0 and 70.7

Unclassified 7 57.1 and 57.1

Venous invasion Absent 325 78.8 and 70.5 \0.0001

Present 107 52.3 and 47.7

Lymphatic emboli Absent 163 88.3 and 82.2 \0.0001

Present 270 62.5 and 54.3

Perineural invasion Absent 195 80.5 and 71.8 0.0009

Present 237 65.4 and 59.1

Molecular subtype EBV-positive 33 75.8 and 66.7 0.1391

MSI-H 51 82.4 and 76.4

MSS/non-EBV 347 70.2 and 63.0

Methylation level of L1 at CpG sites 2 and 3 Low (\59.3 %) 83 55.4 and 48.2 0.0001

High (C59.3 %) 349 76.2 and 68.8

Methylation level of L1 at CpG sites 1 and 4 Low (\72.1 %) 78 56.4 and 48.7 \0.0001

High (C72.1 %) 354 75.7 and 68.4
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increased methylation values in FFPE tissue samples

compared with paired snap-frozen tissue samples. To

identify whether the overestimation is related to the

methylation assessment technique used, we assessed L1

methylation using the MethyLight technology in paired

snap-frozen and FFPE tissue samples (n = 38) and found

that L1 methylation levels were significantly higher in

FFPE tissue samples than in paired snap-frozen tissue

samples (data not shown), which indicates that overesti-

mation of methylation levels in FFPE tissue samples may

be observed ubiquitously in methylation assessment tech-

niques that use both bisulfite conversion and polymerase

chain reaction.

Although the present study has demonstrated a close

association between low methylation status of L1 and

worse clinical outcomes of GC patients, the molecular

biological mechanism that links low L1 methylation status

to aggressive GC behavior is unclear. Three aspects can be

considered. First, genomic demethylation, represented by

low L1 methylation status, might lead to chromosomal

instability [20, 21]. Genomic demethylation might lead to

overexpression of satellite DNA sequences which might

induce chromosomal instability [22]. Chromosomal insta-

bility is accompanied by copy number gain or amplification

of proto-oncogenes, the generation of fusion genes, and

copy number loss of tumor suppressor genes, which might

contribute to aggressive tumor cell behavior. Second,

decreased methylation of L1 sequences might lead to

aberrant overexpression of proto-oncogenes or decreased

expression of genes harboring L1 sequences in their

intronic sequences [23–25]. Third, because a small pro-

portion of L1 sequences are capable of retrotransposition,

which can cause genome-wide mutations, demethylation-

induced activation of L1 sequences might lead to genomic

instability. Nevertheless, the mechanism that connects low

L1 methylation status to aggressive tumor cell behavior

remains unclear and needs to be fully explored.

In conclusion, the findings of our present study support

those of previous studies: that low L1 methylation status is

significantly and independently associated with poor

prognosis of GC patients. Further study using fresh tissue

samples of GC is necessary to confirm the strong associ-

ation between tumoral L1 hypomethylation and poor

prognosis of GC patients.
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