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Abstract
Background High density of tumor-infiltrating lymphocyte (TIL) is known to be associated with prolonged survival time, 
whereas tumoral-L1 hypomethylation has been associated with shortened survival time in patients with gastric cancer (GC). 
Since L1-methylation level is high in lymphocytes, higher density of TIL could lead to higher measurement of L1-methylation 
level in cancer tissues which contain cancer cells as well as non-neoplastic cells, including TIL. Putative interaction of TIL in 
the relationship between L1-methylation level and survival led us to explore combinatory statuses of tumoral-L1-methylation 
level and TIL density as a prognostic marker in GC.
Methods TIL and tumoral-L1-methylation level were measured in advanced GC samples (n = 491), using CD3 immunohis-
tochemistry and pyrosequencing-methylation analysis, respectively. TIL density was measured in tumor center and invasive 
front areas.
Results TIL density correlated with tumoral-L1-methylation level but the relationship was weak. Combinatory statuses 
of L1-methylation level and CD3 TIL density were found to be statistically significant in survival analysis. Multivariate 
analysis revealed that the relationship between combinatory statuses and survival was independent. Prognostic value of the 
combinatory statuses at invasive front was significant in an independent set.
Conclusions Our findings indicate that tumoral-L1-methylation level is correlated with TIL density and that combinatory 
statuses might help to find a subset of GCs with worse clinical outcome in GCs with low-L1-methylation status or a subset 
of GCs with better clinical outcome in GCs with high-L1-methylation status.
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Introduction

5-Methylcytosine constitutes approximately 0.9% of human-
genomic DNA and a decrease in the DNA-methylation con-
tent is a common finding in human cancers with exceptions 
such as renal-cell carcinoma and thyroid cancer [1]. Long 
interspersed nuclear element-1 (L1) comprises approxi-
mately 17% of human-genomic DNA and is repeated 
half a million times in the human genome in a dispersed 
manner. L1 has a high density of CpG dinucleotides in 
its 5′ untranslated region, and these CpG sites are usually 
hypermethylated in normal cells. However, 85% of L1 do 
not contain their 5′ sequences because early termination 
occurs, usually in the reverse transcription process, and 
the resultant reverse-transcribed DNA does not contain 5′ 
untranslated region. Nonetheless, methylation levels of 5′ 
untranslated region measured by the MethyLight assay or 
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the pyrosequencing-methylation assay have been shown to 
correlate with the genomic DNA-methylation level measured 
by high performance liquid chromatography [2, 3]. Such a 
correlation provides basis for the utilization of L1-methyla-
tion level as surrogate marker for genomic DNA-methylation 
content. In many human-epithelial malignancies, tumoral-
L1 hypomethylation has been demonstrated to be associated 
with a worse clinical outcome, including patients with gas-
tric cancer (GC) or colorectal cancer [4–8]. Thus, tumoral-
L1 hypomethylation is gaining attention as a prognostic 
biomarker for GC or colorectal cancer.

Tumor infiltrating lymphocytes (TILs) protect hosts from 
aggressive behavior of malignant cells, and GCs with a high 
density of TILs exhibit better clinical outcomes compared 
with GCs with a low density of TILs [9, 10]. Because the 
L1-methylation level is higher in leukocytes than in tumor 
tissues [11], tumor tissues with higher density of TILs are 
more likely to show higher measured values of L1-methyla-
tion levels when the tumor tissues, a mixture of tumor cells 
and non-neoplastic cells, are assayed for their L1-methyla-
tion levels. Considering that TILs and the methylation level 
of L1 are both prognostic factors in GC [4, 9], there is a 
concern that the relationship between tumoral-L1 hypometh-
ylation and worse clinical outcome might be a spurious one 
that depends on the density of TILs in the cancer tissue. In 
other words, the possibilities that the worse clinical outcome 
observed in tumors with a low level of L1 methylation is 
related to the low density of TILs and that the better clini-
cal outcome in tumors with a high level of L1 methylation 
might result from a high density of TILs need to be ruled 
out. However, no study has investigated this issue.

We hypothesized that the prognostic implication of the 
tumoral-L1-methylation level might be affected by TIL den-
sity. In the current study, we sought to determine whether 
tumoral-L1-methylation level correlated with the TIL den-
sity. Furthermore, we sought to elucidate whether the com-
bination of the tumoral-L1-methylation level and the TIL 
density might be useful in identifying subsets of patients 
with GCs with worse or better survival. We analyzed 491 
cases of advanced gastric cancer (AGC) for their level of 
L1 methylation and TIL density using pyrosequencing and 
tissue microarray (TMA)-based CD3 immunohistochem-
istry, respectively. The TIL density was correlated with 
the L1-methylation level and clinicopathological features, 
including prognosis. The combination of the L1-methylation 
level and the TIL density were examined for their relation-
ship with survival. Survival analysis in an independent set 
of AGCs validated the prognostic value of the combinatory 
statuses.

Materials and methods

Patient selection and specimen

Formalin-fixed–paraffin-embedded (FFPE) archival-tissue 
samples of AGC (n = 491) were obtained from patients 
who had undergone surgical resection at Seoul National 
University Hospital, Seoul, Korea between 2007 January 
and 2008 December. Patients were included in the study if 
they met the following criteria: age at diagnosis > 18 years, 
AGC, adenocarcinoma histology, and availability of 
FFPE-cancer tissues. Patients with the following crite-
ria were excluded from the study: history of neoadjuvant 
therapy for GC, concurrent malignancy of other organs 
(except for papillary thyroid cancer) within 5 years, or a 
refusal to participate in the molecular study. Clinical and 
histological information was obtained from the electronic 
medical records, including Lauren histology, differentia-
tion grade, tumor location within the stomach, lymphatic 
embolus, venous invasion status, and perineural invasion 
status, tumor-node-metastasis (TNM) stage (according to 
American Joint Committee on Cancer, 7th edition). When 
more than one primary tumor was present in the resected 
stomach specimen, the data were retrieved from higher 
T-stage tumor or, if the multiple primary tumors were of 
the same tumor stage, the larger tumor. Lymphocytic reac-
tions were evaluated with semiquantitative criteria. For 
the validation study, we retrieved another set of AGCs 
(n = 300) which were excised at Seoul National Univer-
sity Hospital during 2009. The selection of the validation 
set was performed under the same criteria for the test-
ing set. This study, including waiver of informed consent, 
was approved by the Institutional Review Board (IRB No.: 
1312-051-542).

Pyrosequencing methylation assay of L1

Through microscopic examination of tissue slides, up 
to 1  cm2 samples from tumor areas that were the most 
cellular and represented the most prevalent histology of 
the individual case were marked. Unstained-tissue slides 
were marked on the corresponding areas and then depar-
affinized with xylene. The marked areas were scraped and 
collected into microtubes containing tissue lysis buffer and 
proteinase K. After being kept at 95 °C for 24 h, the micro-
tubes were subjected to thermal degradation at 95 °C for 
30 min to decrease interstrand DNA-crosslinking induced 
by formalin-fixation [12]. The lysed tissue solutions 
were centrifuged and the supernatants were transferred 
to new microtubes. Bisulfite-modification of DNA sam-
ples was performed using EZ-DNA methylation kit (Zymo 
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Research, Orange, CA, USA). The modified-DNA samples 
were subjected to PCR amplification using the same prim-
ers designed by Dr. Issa’s group for the pyrosequencing-
methylation assay of L1 [13]. A subsequent pyrosequenc-
ing assay was conducted as described previously [14]. The 
reproducibility of the bisulfite conversion in FFPE DNA, 
including the mean of bisulfite-to-bisulfite standard devia-
tion and the mean of run-to-run standard deviation for the 
pyrosequencing, has been demonstrated in our previous 
study [14]. Using the median value of the L1-methylation 
level as cut-off value, the tumors were classified into low- 
and high-L1 methylation groups.

Tissue microarray and CD3 immunohistochemistry

After microscopic examination, three tissue cores (core 
diameter, 2 mm) with representative histology were selected 
from both the tumor center (one core per patient sample) 
and invasive-front regions (two cores from patient sample). 
For the invasive-front region, cores were located within 
the tumor area inside the tumor boundary. Two cores were 
obtained from the invasive-front region because the TIL den-
sity was more variable in the invasive-front region than in 
the tumor-center region. TMA was constructed with three 
tissue cores from each case. Four-micrometer-thick sec-
tions of TMA tissue blocks were stained with the anti-CD3 
antibody (1:200, Dako, Glostrup, Denmark). CD3-positive 
cells were counted using the open source software QuPath 
[15]. The output was CD3 TIL density (the number of CD3-
positive cells per  mm2 of tissue) for each TMA core. For 
each case, the CD3 TIL density from one core at the tumor 
center and the mean value of the CD3 TIL densities from 
two cores at the invasive front were determined. With the 
cut-off values set at the median value of CD3 TIL density at 
the tumor center or invasive front, the tumors were classified 
into low-CD3 density at the tumor center (CD3-lowcent) and 
high-CD3 density at the tumor center (CD3-highcent) groups 
or into low-CD3 density at the invasive front (CD3-lowinv) 
and high-CD3 density at the invasive front (CD3-highinv) 
groups, respectively.

Epstein–Barr virus in situ hybridization 
and microsatellite instability test

Epstein–Barr virus (EBV)-encoded RNA in situ hybridiza-
tion was performed on sections of the TMA, as described 
previously, to detect the presence of EBV in the cancer cells 
[16]. Using capillary electrophoresis, the instability at five 
microsatellite loci (BAT25, BAT26, D2S123, D5346, and 
D17S250) was examined to determine the microsatellite 
instability (MSI) status. Tumors with a high level of MSI 
(MSI-high or MSI-H) were defined as tumors showing insta-
bility at two or more loci, whereas tumors were defined as 

microsatellite-stable (MSS) tumors when they exhibited 
instability at one or none of the five loci.

Statistical analysis

The statistical analysis was performed with SPSS software 
for Windows, version 25.0 (IBM, Chicago, IL, USA). Using 
the Shapiro–Wilk test, the normality of the distributions of 
the CD3 densities and L1-methylation levels were deter-
mined. The P values were less than 0.001, which rejected the 
null hypothesis that the data was normally distributed. In a 
previous study, we found that L1-methylation levels were not 
normally distributed [14]. Because of these findings, both 
parametric tests and non-parametric tests were performed 
to identify any difference in the means between two or more 
groups. Student’s t test and the Mann–Whitney test were 
used for the comparison of means between two groups and 
ANOVA test and the Kruskal–Wallis test were used for the 
comparison of means among three or more groups. Both the 
Pearson correlation and Spearman tests were used to deter-
mine the correlations between variables. Overall survival 
(OS) was defined as the time from the date of surgery to the 
date of death. Cancer-specific survival (CSS) was defined as 
the time from the date of surgery to the date of death caused 
by AGC. A Kaplan–Meier curve with a log-rank test was 
performed for visualization of categorized variables. A Cox 
proportional hazard model was used to calculate the hazard 
ratio (HR), and baseline characteristics were adjusted for 
covariates (age, tumor subsite, T stage, N stage, M stage, 
lymphatic emboli, venous invasion, perineural invasion, 
Lauren classification, lymphocytic reaction, and adjuvant 
therapy) that were found to be significant in the univariate 
survival analysis (P < 0.05). Subsequently, a backward step-
wise elimination was carried out with P = 0.05 as a threshold 
to select variables for the final model.

Results

Demographical features and their relationships 
with CD3 TIL density

The demographical findings are summarized in Table 1. 
The CD3 TIL density was higher in the center region than 
in the invasive-front region (median, 710 vs. 203; P value, 
< 0.001). A lower density of CD3 TIL in the tumor-center 
region was associated with intestinal type histology, higher 
T, N, or M category, higher TNM stage, lymphatic emboli, 
venous invasion, EBV-negative/MSS molecular subtype, no 
lymphocytic reaction, and application of adjuvant chemo-
therapy (Table 1).
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Table 1  CD3 TIL density at the 
tumor center and invasive front 
according to clinicopathological 
features

n Tumor center P value n Invasive front P value

Mean SD Mean SD

Age
 < 62 years 244 1002 1177 0.656a 234 443 757 0.292a

 ≥ 62 years 247 960 899 238 513 688
Sex
 M 332 977 1041 0.898a 318 500 759 0.348a

 F 159 990 1058 154 433 643
Subsite
 Not involving cardia 349 954 968 0.369a 332 494 743 0.467a

 Involving cardia 142 1047 1216 140 440 676
Lauren
 Intestinal 183 753 722 0.001a 177 405 524 0.142a

 Diffuse 236 1087 1194 < 0.001b 228 494 826
Mixed 65 1263 1135 61 646 812
 Unclassified 7 725 967 6 339 427

Lymphatic emboli
 Absent 180 1236 1220 < 0.001a 173 655 961 < 0.001a

 Present 311 833 899 < 0.001b 299 376 515 0.024b

Venous invasion
 Absent 366 1082 1138 < 0.001a 352 512 757 0.083a

 Present 125 684 624 < 0.001b 120 380 605
Perineural invasion
 Absent 220 1173 1286 < 0.001a 214 635 902 < 0.001a

 Present 271 824 775 0.057b 258 348 496 0.005b

TNM stage
 IB 63 1191 1309 < 0.001a 58 722 1113 < 0.001a

 IIA 80 1362 1408 < 0.001b 76 666 892 0.005b

 IIB 87 1165 1070 87 599 798
 IIIA 65 957 965 64 453 529
 IIIB 89 690 643 84 276 339
 IIIC 107 678 641 103 379 563

N stage
 N0 149 1247 1324 < 0.001a 141 653 985 0.001a

 N1 91 1122 988 < 0.001b 88 557 704 0.131b

 N2 92 900 1052 90 368 504
 N3a 98 668 632 95 312 434
 N3b 61 744 616 58 380 564

T stage
 T2 114 1249 1241 0.001a 108 691 946 0.001a

 T3 180 1034 1180 0.006b 175 496 733 0.001b

 T4a 176 779 651 169 352 528
 T4b 21 754 1016 20 239 295

M stage
 M0 433 1031 1091 0.003a 418 514 757 0.003a

 M1 58 603 459 0.008b 54 204 240 0.001b

Molecular phenotype
 MSS/EBV- 396 753 734 < 0.001a 324 469 < 0.001a

 MSI-H 59 1332 1015 < 0.001b 712 738 < 0.001b

 EBV+ 36 2908 1700 1786 1337
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Correlations between CD3 density 
and L1‑methylation level

Neither the CD3 densities in the tumor center and invasive 
front regions nor L1-methylation levels were normally dis-
tributed. To identify whether there was a positive correla-
tion between CD3 density and L1-methylation level, both 
Pearson correlation and Spearman test were performed. Cor-
relation coefficients for Pearson correlation and Spearman 
test were 0.253 and 0.283 for the tumor-center region and 
0.154 and 0.099 for the invasive-front region. Although the 
association between CD3 density and L1-methylation level 
were statistically significant, the strength of the relationships 
was weak (Fig. S1). Because the CD3 density was different 
between GCs of different histologic types, subgroup analysis 
according to histologic types was performed to determine the 
correlation between CD3 density and L1-methylation levels. 
For GCs of the intestinal type, the correlation coefficients 
for Pearson test and Spearman test were 0.331 and 0.336, 
respectively, between the CD3 density of the center region 
and the L1-methylation level. However, the correlation 

coefficients were 0.169 and 0.197, respectively, for GCs of 
the diffuse type and 0.239 and 0.223, respectively, for GCs 
of the mixed type (Table S1).

Prognosis of patients with gastric cancer according 
to the combination of L1‑methylation level and CD3 
density

Although the CD3 TIL density differed between the tumor 
center and the invasive-front regions, a low density of CD3 
TIL was associated with a worse clinical outcome regardless 
of whether the density was measured in the tumor center or 
the invasive front region (Fig. 1 and Fig. S2 for OS and CSS, 
respectively). Because a low-L1 methylation level was also 
significantly associated with worse clinical outcomes (Fig. 
S3), the combination of the L1 methylation and the CD3 TIL 
density was able to identify subgroups of patients with differ-
ent clinical outcomes among patients with GC with a low-L1 
methylation level. The combination of the L1-methylation 
level and the TIL density at the tumor center was found to be 
significant in the Kaplan–Meier curves and log-rank test for 

Table 1  (continued) n Tumor center P value n Invasive front P value

Mean SD Mean SD

Adjuvant chemotherapy

 No treatment 248 1106 1157 0.007 239 560 850 0.012
 Treated 242 853 902 233 394 554

Lymphocytic reaction
 Absent 231 756 846 < 0.001 231 373 625 0.002
 Present 243 1193 1166 241 578 794

MSS, microsatellite-stable; EBV, Epstein–Barr virus; MSI-H, high level of microsatellite instability
a Parametric test using Student’s t test or ANOVA test
b Non-parametric test (Mann–Whitney test or Kruskal–Wallis test)

Fig. 1  Kaplan–Meier survival 
curves for low- and high-CD3 
TIL density subgroups of 
overall survival. a Survival 
curves for CD3 TIL density at 
the tumor center. b Survival 
curves for CD3 TIL density at 
the invasive front
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OS and CSS (Fig. 2a, Fig. S4a). Additionally, statistical sig-
nificance was observed in the Kaplan–Meier survival analysis 
for the combination of the L1-methylation level and the TIL 
density at the invasive-front region (Fig. 2b, Fig. S4b). Mul-
tivariate analysis was performed with inclusion of prognos-
tic parameters that were found to be significantly associated 
with survival in univariate analysis, including age at surgery, 
tumor subsite, T category, N category, M category, perineural 
invasion, lymphatic invasion, venous invasion, Lauren clas-
sification, lymphocytic reaction, and adjuvant chemotherapy. 
Multivariate analyses revealed that both the combination of 
the L1-methylation level and the CD3 TIL density at the 
tumor center and the combination of the L1-methylation level 
and the CD3 TIL density at the invasive front were significant 

factors for OS and CSS (Table 2 and Table S2, respectively). 
To validate prognostic significance of both combinations, 
survival analyses were performed in an independent set of 
advanced gastric cancers. Both combinatory statuses were 
statistically significant (Fig. 3, Fig. S5), but multivariate 
analyses in an independent set of AGCs revealed that the 
combination of the L1-methylation level and the CD3 density 
at the invasive front was a significant prognostic parameter 
and that combinatory statuses of L1 methylation and CD3 
density at the tumor center was not a significant prognostic 
parameter for OS (Table 3 and Table S3).

Discussion

In the literature, there is an accumulating series of studies 
indicating that tumoral-L1 hypomethylation is associated 
with poor clinical outcome in patients with epithelial malig-
nancy, including GC [4, 6, 17], esophageal-squamous cell 
carcinoma [18, 19], colorectal cancer [5], hepatocellular 
carcinoma [20], cholangiocarcinoma [21], and non-small 
cell lung cancer [22]. However, contrasting results are also 
reported in pancreatic adenocarcinoma and pulmonary ade-
nocarcinoma. In pancreatic adenocarcinoma [23], no prog-
nostic difference depending on tumoral-L1-methylation sta-
tus has been reported, while a better prognosis in association 
with tumoral-L1 hypomethylation has been demonstrated in 
stage Ia pulmonary adenocarcinoma [24]. Such a discrep-
ancy might be related to the difference in tissue types, his-
tologic subtype, or molecular subtype. Molecular subtype is 
associated with variation in the L1- methylation level across 
tumors. In colorectal cancer, the tumoral-L1 methylation 
level is higher in MSI-H tumors than in MSS tumors [11, 
25], while in GCs, the tumoral-L1 methylation level is higher 

Fig. 2  Kaplan–Meier survival 
curves for four subgroups 
generated by a combination of 
L1-methylation levels and CD3 
TIL densities of overall sur-
vival. a Survival curves for the 
combination of the L1-meth-
ylation level and the CD3 TIL 
density at the tumor center. b 
Survival curves for the combi-
nation of the L1-methylation 
level and the CD3 TIL density 
at the invasive front

Table 2  Multivariate survival analysis  in a testing set (overall sur-
vival)

Adjusted for age, tumor subsite, T stage, N stage, M stage, lymphatic 
emboli, venous invasion, perineural invasion, lymphocytic reaction, 
adjuvant chemotherapy

No. HR (95%) CI

Combination of the L1-methylation level and the CD3 TIL 
density at the tumor center

0.002

 L1-low/CD3-low 158 1.646 (1.108–2.447) 0.014
 L1-low/CD3-high 115 0.966 (0.609–1.532) 0.882
 L1-high/CD3-low 69 0.788 (0.467–1.329) 0.371
 L1-high/CD3-high 113 Ref

Combination of the L1-methylation level and the CD3 TIL 
density at the invasive front

0.001

 L1-low/CD3-low 144 1.884 (1.177–3.017) 0.008
 L1-low/CD3-high 129 1.112 (0.667–1.854) 0.685
 L1-high/CD3-low 82 0.962 (0.552–1.677) 0.892
 L1-high/CD3-high 100 Ref
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in EBV-positive tumors than in MSI-H tumors and in MSI-H 
tumors than in MSS tumors [17]. Another confounding fac-
tor in the correlation between tumoral-L1 hypomethylation 
and patient survival is tumor location within the large bowel; 
the association of tumoral-L1 hypomethylation with cancer-
specific survival was significant in the proximal colon but not 
in the distal colon and in the rectum [26]. The hazard ratio 
of tumoral-L1 hypomethylation for cancer-specific death was 
found to decrease from the right colon to the left colon to the 
rectum [26]. A potential confounding factor in the relation-
ship between the tumoral-L1-methylation level and patient 
survival is TIL density. Because L1 methylation is higher 
in TILs than in cancer cells [11], the L1methylation level is 
expected to be higher in tumors with a high-TIL density than 
in tumors with a low-TIL density. Thus, it has been unclear 
whether the better survival in association with a high level of 

L1 methylation is due to the high-TIL density. In the present 
study, we investigated the effects of the interaction between 
the L1-methylation level and the TIL density on OS and CSS. 
We found that the combination of the L1-methylation level 
and the CD3 TIL density, regardless of whether the latter 
was in the tumor center and the invasive front, were both 
significant prognostic parameters for GC in univariate analy-
sis of testing and validation sets for OS and CSS (Table S3). 
However, multivariate analysis revealed that prognostic sig-
nificance of the combination of the L1-methylation level and 
the TIL density at the invasive front was reproducible in both 
testing- and validation-sets. Therefore, the combination of the 
L1-methylation level and the TIL density at the invasive front 
enabled further identification of subgroups with better prog-
nosis in patients with GC with a low-L1 methylation status or 
worse prognosis in patients with GC with a high-TIL density.

Recently, a study showed that TIL density was inversely 
correlated with L1-RNA expression and the number of L1 
retro-transposition events in gastrointestinal tract cancers 
[27]. Although the study did not analyze methylation levels 
of L1, increased expression of L1 RNA might represent a 
decreased level of L1 methylation in the genomic sequences 
and thus tumor tissues with a higher TIL density might har-
bor high level of L1 methylation in tumor cells. In other 
words, the measured high level of L1 methylation in tumor 
tissues with high TIL density might not be entirely due to 
the high density of TIL. Three possibilities can be consid-
ered for the reason why tumor cells surrounded by a high-
TIL density maintain a high level of L1 methylation. First, 
a high density of TILs might provide methylation cues that 
lead to elevated-DNA methyltransferase levels and subse-
quently enhanced-methylation levels of the genomic DNAs 
in tumor cells. Second, tumor cells maintain a high level 
of DNA methylation due to their own inherent molecular 
features which are also linked with recruitment of TIL, e.g., 

Fig. 3  Kaplan–Meier survival 
curves for the combination of 
the L1 methylation and the CD3 
TIL density at the tumor center 
(a) or the CD3 TIL density at 
the invasive front (b) in a test-
ing set

Table 3  Multivariate survival analysis in a validation set (overall sur-
vival)

Adjusted for age, T stage, N stage, M stage, Lauren classification, and 
adjuvant chemotherapy

No. HR (95%) CI

Combination of the L1-methylation level and the CD3 TIL 
density at the tumor center

0.081

 L1-low/CD3-low 49 1.257 (0.764–2.068) 0.368
 L1-low/CD3-high 33 0.858 (0.469–1.570) 0.620
 L1-high/CD3-low 96 0.665 (0.429–1.030) 0.067
 L1-high/CD3-high 108 Ref

Combination of the L1-methylation level and the CD3 TIL 
density at the invasive front

0.037

 L1-low/CD3-low 41 2.083 (1.206–3.597) 0.008
 L1-low/CD3-high 39 1.518 (0.834–2.761) 0.172
 L1-high/CD3-low 98 1.746 (1.110–2.747) 0.016
 L1-high/CD3-high 96 Ref
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EBV-positive gastric cancer and CIMP-induced MSI-high 
GC. These two molecular subtypes show high levels of 
L1 methylation regardless of TIL density but usually also 
exhibit high-TIL density. Third, a high density of TILs has 
a tendency to be associated with a high density of intratu-
moral-macrophage infiltration [28], and such a high density 
of chronic inflammatory cell infiltration has been reported 
to be linked with increased methylation in non-neoplastic 
gastric epithelial cells [29]. A recent study has shown that 
the increased infiltration of tumor-associated macrophages 
leads to the elevation of the level of DNA methyltransferases 
and enhanced-DNA methylation in gastric cancer cells [30].

Because tumor tissue is a mixture of tumor cells and 
non-neoplastic cells, including immune cells, inflammatory 
cells, and fibroblasts, the proportion of non-neoplastic cells 
in the dissected tumor areas ranged from 10 to 90% with a 
median of 50% in the present study. In a previous study, we 
found that a low L1-methylation status was prognostic in the 
subset of patients with tumor purity ≥50% but the associa-
tion between the L1-methylation status and survival in the 
subset of patients with tumor purity < 50% was marginally 
significant [14]. However, in the present study, the combi-
nation of the L1 methylation and the TIL density statuses 
had persistent prognostic power regardless whether tumor 
purity was ≥50% or < 50% (Fig. S6). In particular, the sur-
vival curve of the patients in the L1-low/CD3-lowcent sub-
group was distinct from those in the other three subgroups 
and demonstrated the worst clinical behavior regardless of 
tumor purity. In contrast, the combination of the L1 methyla-
tion and the TIL density at the invasive front area displayed 
contrasting survival curves between those with tumor purity 
≥ 50% and < 50%. For the subset of tumor purity ≥ 50%, the 
L1-low/CD3-lowinv subgroup had the worst survival, and 
the other three subgroups exhibited similar survival curves; 
however, for the subset of tumor purity values < 50%, the 
L1-high/CD3-highinv had the best survival curve, and the 
other three subgroups showed similar survival curves.

In the present study, we found that survival curves for the 
combination of the L1-methylation level and the CD3 TIL 
density were different depending on whether L1-methylation 
status was combined with TIL density at the tumor center or 
that at the invasive front. The combination of the L1-meth-
ylation level and the CD3 TIL density at the tumor center 
tended to yield one worse subgroup (L1-low/CD3-lowcent) 
and three similarly better subgroups on the aspect of sur-
vival, whereas the combination of the L1-methylation level 
and the CD3 TIL density at the invasive front tended to yield 
one worst subgroup (L1-low/CD3-lowinv), two intermediate 
subgroups (L1-low/CD3-highinv and L1-high/CD3-lowinv), 
and one best subgroup (L1-high/CD3-highinv). The pattern 
of one worse and three better survival curves for the statuses 
of L1 methylation and TIL density at tumor center was per-
sistent regardless of tumor purity ≥ 50% or < 50%, whereas 

the pattern of one worst survival curve, two intermediate 
survival curves, and one best survival curve for the combi-
nation of L1 methylation and TIL density at invasive front 
was not observed when survival analysis was performed to 
AGCs with tumor purity ≥ 50% only or < 50% only. As men-
tioned above, survival analysis for the combination of L1 
methylation and TIL density at the invasive front disclosed 
one worse survival curve and three better survival curves 
in AGCs with tumor purity ≥ 50% and one better survival 
curve and three worse survival curves in AGCs with tumor 
purity < 50%. Survival curves for the combination of the L1 
methylation and CD3 TIL density at the invasive center dif-
fered depending on tumor purity. Thus, our findings suggest 
that prognostic impact of the combination of the L1-meth-
ylation level and TIL density at invasive center on patients 
with GC might be influenced by tumor purity.

To explore whether the prognostic value of the L1 meth-
ylation on OS is influenced by TIL status, we tested the 
statistical significance of interaction term of L1 methylation 
and CD3 TIL density. For both tumor center and invasion 
front, the cross product of L1 methylation and CD3 TIL den-
sity was not significantly associated with OS (P = 0.224 and 
P = 0.282, respectively) while L1 methylation remained as 
an independent prognostic factor (P < 0.05). Next, we evalu-
ated the variance inflation factor (VIF) between L1 methyla-
tion and CD3 TIL density, and the VIF values were 1.03 and 
1.00 for tumor center and invasion front, respectively. These 
results indicate that the L1 methylation and CD3 TIL density 
did not show significant co-linearity on OS in our dataset.

In conclusion, we found that the tumoral-L1-methylation 
level was correlated with TIL density but the association was 
weak. The combination of tumoral-L1-methylation level and 
TIL density at the invasive front were found to contribute 
to identification of subsets with better or worse prognosis 
in GCs with low-L1-methylation status or low-TIL density.
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