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Methylation statuses of NCOR2, 
PARK2, and ZSCAN12 signify 
densities of tumor‑infiltrating 
lymphocytes in gastric carcinoma
Xianyu Wen1,2,3, Hye‑Yeong Jin1,2,3, Meihui Li1,2, Younghoon Kim1,2, Nam‑Yun Cho2, 
Yoonjin Kwak1, Jeong Mo Bae1,2, Hye Seung Lee1 & Gyeong Hoon Kang1,2*

Individual cell types of human tissues have their own CpG site methylation profiles, which might 
be utilized for the development of methylation markers to denote tumor‑infiltrating lymphocytes 
(TILs). We aimed to develop DNA methylation markers that recapitulate the densities of TILs in 
gastric carcinoma (GC). Through genome‑wide methylation profiling, NCOR2, PARK2, and ZSCAN12 
were found to be highly methylated in CD3‑positive and CD8‑positive cells and rarely methylated in 
tumor cells. Scores of the three methylation markers were analyzed for their relationship with the 
overall survival and recurrence‑free survival of patients with advanced GC (n = 471). The scores of three 
methylation markers were closely associated with densities of CD3‑positive or CD8‑positive cells at 
the tumor center or invasive front of GCs and found to be a significant prognostic factor in univariate 
analysis of overall survival and recurrence‑free survival. In multivariate analysis, the highest score 
showed hazard ratios of 0.513 (CI 0.306–0.857) and 0.434 (CI 0.261–0.720) for overall survival and 
recurrence‑free survival, respectively. The findings suggest that methylation markers signifying TILs 
might be utilized for the recapitulation of TIL density in GCs and serve as biomarkers for predicting 
prognosis in patients with GC.

Tumor-infiltrating lymphocytes (TILs) are mononuclear and polymorphonuclear immune cells that have left 
the bloodstream and migrated toward a tumor. An expanding body of evidence indicates that the extent and 
composition of TILs in the tumor microenvironment has prognostic significance in solid  malignancies1. For 
gastric carcinoma (GC), the amount of TILs has been demonstrated to play an important role in predicting the 
clinical outcome of  patients2,3. Moreover, assessment of TILs is recognized as an important predictive tool for 
selecting patients who are most likely to respond to immunotherapy drugs. Despite the importance of TIL assess-
ment, the inclusion of TIL assessment in routine pathological reporting is hindered by the lack of standardized 
methodology for TIL  assessment4,5. Recently, a pragmatic methodology for assessment of TILs on hematoxylin 
and eosin-stained sections was proposed by International Immuno-Onoclogy Biomarker Working  Group5, and 
there are international efforts to validate its clinical utility regarding patient prognosis or response to treatment. 
In addition, the immunoscore, which was developed for TIL assessment in colorectal carcinoma by the Galon 
team, might have the potential to serve as an alternative tool for TIL assessment in  GC6.

Cytosine methylation in which a methyl group is added to the cytosine of a CpG site in genomic DNA is 
important for maintaining cellular diversity in multicellular organisms. It has been demonstrated that various 
human tissues have their own characteristic methylation profiles, namely, tissue-specific methylation  profiles7,8. 
Furthermore, each blood leukocyte cell type has been found to carry its own methylation  profile9. Such a find-
ing suggests that cell type-specific methylation patterns exist for TILs and that specific methylation markers can 
be utilized for assessment of TIL density. Recently, the Fuks team identified the methylation signature of breast 
cancer TILs and reported the value of DNA methylation in evaluating host immune responses to  tumors10.

In the present study, we sought to develop DNA methylation markers whose methylation levels were cor-
related with the density of TILs in GC and to determine whether the methylation status of TIL-specific methyla-
tion markers is associated with the prognosis of patients with GC. By using a genome-wide methylation assay 
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for CD3-positive and CD8-positive (CD3+/CD8+) cells versus CD3-negative and CD8-negative (CD3−/CD8−) 
cells, we developed three DNA methylation markers with methylation levels correlating with TIL density in GC. 
These methylation markers exhibit close associations with GC prognosis, and the sum of methylated markers is 
also independently associated with GC prognosis.

Results
Selection of DNA methylation markers that show correlation between their methylation 
levels and DNA concentration from tumor‑infiltrating lymphocytes. The outline of the study is 
depicted in Fig. 1. Genomic DNA samples extracted from three subsets (CD3+/CD8+, CD3+/CD8−, and CD3−/
CD8−) were subjected to the MethylationEPIC assay, which analyzes 870,000 CpG sites distributed across the 
human genome. Genome-wide methylation profiles between the three subsets were compared to find differen-
tially methylated sites (Fig. 2A). We identified that 194, 770 CpG sites were hypermethylated in CD3+ subsets 
than in CD3– subset; 150 sites were hypermethylated in CD3+/CD8+ subset, a higher level than that of CD3+/
CD8− subset and that in the CD3−/CD8− subset. In the CD3+/CD8− subset compared to the CD3+/CD8+ 
or CD3−/CD8− subset, 34 sites were hypermethylated. For 19 and 13 probes that showed Δβ-values > 0.78 in 
CD3+/CD8+ cells vs. CD3−/CD8− cells and in CD3+/CD8− cells vs. CD3−/CD8− cells, respectively, we could 
not find any probe that displayed a significant difference in β-values between CD3+/CD8− cells and CD3+/
CD8+ cells. Thus, from the 19 and 13 probes, we identified probes that fulfilled the 2nd and 3rd selection criteria, 
the availability of designable primers and probes for the MethyLight assay, and the correlation between methyla-
tion level of the marker and the proportion of CD3+/CD8+ cells or CD3+/CD8− cells. Through this approach, 
three DNA methylation markers (NCOR2, PARK2, and ZSCAN12) were obtained from the 19 probes, and one 
DNA methylation marker (NCOR2) was obtained from the 13 probes. However, we did not obtain DNA meth-
ylation markers that were able to differentiate between the CD3+/CD8+ subset and the CD3+/CD8− subset. A 
MethyLight assay was performed to identify whether methylation levels assessed by the MethyLight assay cor-
related with the proportion of CD3+/CD8+ cells in genomic DNA samples, and NCOR2, PARK2, and ZSCAN12 
exhibited such correlations (Fig. 2B) and no methylation in GC cell lines as a negative control (Supplementary 
Fig. 1).

Figure 1.  Overview of study workflow from marker discovery to verification in tissue samples. The process of 
selection of candidate DNA methylation markers and their verification in detection of CD8-positive T cells in 
tissue samples from patients with GC and their correlation with survival and clinicopathological features were 
schematically represented.
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Correlation of NCOR2, PARK2, and ZSCAN12 methylation levels with CD3 or CD8 TIL densi‑
ties in gastric cancer tissue samples. For a total of 471 cases of advanced GC, NCOR2, PARK2, and 
ZSCAN12 methylation statuses were determined in DNA samples obtained from tissue slides with representative 
tumor histology. Tissue microarrays were constructed with one tissue core from the tumor center and two tissue 
cores from the invasive front and subjected to anti-CD3 and anti-CD8 immunohistochemistry. When the densi-
ties of CD3+ cells or CD8+ cells were compared among quintile groups of GCs according to the methylation 
level of each marker, a positive correlation was identified between methylation level and the density of CD3+ 
or CD8+ cells in the tumor center or invasive front (Fig. 3). With a cutoff set at the median methylation level 

Figure 2.  (A) CpG sites showing differences in methylation values in the three subsets (CD3−/CD8− subset, 
CD3+ CD8− subset, and CD3+ CD8+ subset) were 272,302 CpG sites. In the case of CD3+ subsets (CD3+/
CD8− and CD3+/CD8+ subsets); 271,708 CpG sites were differentially methylated, of which 194,770 were 
hypermethylated. On the other hand, 307 CpG sites showed differences in methylation for the CD3+/CD8+ 
subset, of which 150 were hypermethylated. (B) The MethyLight assay was performed to identify whether the 
PMR values of NCOR2, PARK2, and ZSCAN12 increase proportionally when the abundance of the CD3+/
CD8+ subset among the total amount of CD3+/CD8+ subset and CD3−/CD8− subset is gradually increased. 
Spearman’s rho and P-value, 0.908 and < 0.001 for NCOR2; 0.916 and < 0.001 for PARK2; 0.566 and 0.007 for 
ZSCAN12. 

Figure 3.  CD3 TIL density (A,B) or CD8 TIL density (C,D) at the tumor center (A,C) or invasive front (B,D) 
according to quintile subsets of NCOR2, PARK2, and ZSCAN12. Spearman’s rho and P-value are summarized in 
Supplementary Table 1.
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of each methylation marker, GCs with low methylation and high methylation statuses were scored as 0 and 1, 
respectively. The sum scores of the three methylation markers showed a correlation with CD3-positive or CD8-
positive cell densities at the tumor center or invasive front (Fig. 4 and Supplementary Fig. 2).

NCOR2, PARK2, and ZSCAN12 methylation statuses and their association with the survival 
of patients with gastric carcinoma. When survival analysis was performed, high methylation of each 
marker was associated with better overall survival and recurrence-free survival in patients with GC (Fig. 5). 
To identify whether the methylation statuses of individual markers are independent prognostic markers, mul-
tivariate analyses were performed with the inclusion of clinicopathological parameters that were found to be 
significant prognostic factors in univariate analysis. A high methylation status of each marker was found to be 
marginally significant in multivariate analysis (Table 1). When GCs were sorted into four groups according to 
the sum score of three methylation markers, GCs with the highest sum (score = 3) showed the best OS and RFS, 
whereas GCs with the lowest sum (score = 0) exhibited the worst OS and RFS (Fig. 6). On multivariate analysis, 
the methylation score sum was found to be an independent prognostic parameter for both OS and RFS (Table 1). 
The methylation score showed close associations with tumor location within the stomach, lymphatic emboli, and 
N category (Table 2).

Discussion
The prognostic impact of TIL assessment in GC was first demonstrated by Davessar et al.’s study, in which the 
degree of inflammatory response within tumor areas was directly proportional to the longevity of patients with 
GC, though the study did not differentiate lymphocytes from neutrophils and monocytes in the inflammatory 
 response11. However, studies in which lymphocytes or lymphoplasma cells were graded only in the inflammatory 
response did not show that the degree of TIL is an independent prognostic  parameter12,13. Lee et al. performed 
immunohistochemistry for CD3, CD8, and CD45RO and counted immunostained cells using ImageJ software, 
reporting that high densities of CD3+, CD8+, or CD45RO+ cells are independent prognostic factors in patients 
with  GC14. For the subsequent 10 years, more than 20 research papers have been published regarding TIL density 
and GC patient survival. Meta-analysis results indicate that high densities of CD3+ or CD8+ cells may serve 
as prognostic biomarkers in patients with  GC15,16. Although a dozen studies have indicated CD3 or CD8 TIL 
density as a potential prognostic biomarker, these studies varied in the methodology utilized for the evaluation 
of CD3 or CD8 TIL as well as cutoff values for binary division. To include TIL assessment in routine pathological 
reporting, standardized methodology for TIL assessment is required.

CpG sites that exhibit differential methylation between cell types can be applied to estimate the fraction of 
specific cell types in tissues. Such an attempt to assess the fraction of leukocyte infiltration into a tumor based 
on differential methylation statuses on CpG sites has been demonstrated by Carter et al., who estimated the 
fraction of leukocytes in ovarian cancer tissues based on methylation signatures generated by 200 CpG  sites17. 
However, the utilization of the methodology to assess leukocyte fraction was limited to ovarian cancer tissues. 
In addition, Aran et al. developed a computational method, leukocyte unmethylation for purity (LUMP), which 
uses the average methylation levels of 44 CpG sites to estimate the leukocyte fraction. LUMP has been applied to 
human cancers regardless of tissue  type18. However, those methodologies cannot provide information regarding 
the densities of different cell types of TILs and only provide information about the overall leukocyte fraction. 
According to a recent study by Chakravarthy et al., their computational methodology provides estimates for 

Figure 4.  CD3 TIL density or CD8 TIL density at the tumor center (TC) or invasive front (IF) according to the 
sum score of three DNA methylation markers (NCOR2, PARK2, and ZSCAN12). Spearman test was performed 
to determine the correlation between TIL density and the sum score.
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different infiltrating cell populations as a fraction of the overall  sample19. Overall, the above three computational 
methodologies are dependent on Illumina Infinium technology-mediated assessment of the methylation level of 
dozens of CpG sites. In contrast, the Fuks team developed a pyrosequencing-based assessment of five methyla-
tion markers, which enabled recapitulation of TIL density in breast  cancer10. The five markers comprise single 
CpG sites of five individual genes, including INA, KLHL6, PTPRCAP, RASSF1, and SEMA3B, which are different 
from the three methylation markers in the present  study10. During the submission of our manuscript, it was 
reported that Zou et al. developed DNA methylation signature for CD8+ TILs that could assess CD8+ TILs in 

Figure 5.  Survival of gastric cancer patients according to methylation status of three DNA methylation markers 
(NCOR2, PARK2, ZSCAN12). Low and high methylation statuses indicate below and above the median values, 
respectively. Overall survival (A,C,E) and recurrence-free survival (B,D,F).
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colorectal cancers, using three individual CpG sites that are located in the low-CpG density regions and highly 
differentially methylated between CD8+ T cells and other  cells20. The selected CpG sites are not located within 
CpG island loci, so that classical MethyLight assay could not assess methylation levels of these single CpG sites. 
Zou et al. utilized a modified-MethyLight assay, so-called an assay for the quantitative analysis of single base 
methylation which showed high correlation compared with  pyrosequencing21. The DNA methylation signature 
was demonstrated to predict prognosis for patients with colorectal cancer.

In the present study, genome-wide methylation profiling was applied to identify methylation markers that 
signify TILs in GCs and are useful for the prediction of prognosis in GC. For three methylation markers, NCOR2, 
PARK2, and ZSCAN12, correlation of their methylation levels with the densities of CD3+ or CD8+ cells at the 
tumor center or invasive front was found (Fig. 3). The sum of the methylation scores of the three methylation 
markers also exhibited a correlation with CD3+ or CD8+ cell densities at the tumor center or invasive front 
(Fig. 4). In both univariate and multivariate survival analyses, the sum of the methylation scores of the three 
methylation markers was associated with GC patient prognosis in terms of both OS and RFS (Fig. 6 and Table 1). 
In the present study, we used the MethyLight technology, real-time methylation-specific PCR, which provides 
semiquantitative information regarding the fraction of heavily methylated DNA alleles in DNA samples. The 
MethyLight assay is powerful for detecting a low fraction of methylated DNA alleles among a high fraction of 
unmethylated DNA  alleles22. The pyrosequencing methylation assay may be an alternative solution for assessing 

Table 1.  Multivariate analysis of overall survival and recurrence-free survival. Adjusted for age, tumor subsite, 
T category, N category, M category, lymphatic emboli, venous invasion, and perineural invasion. HR hazard 
ratio, CI confidence interval.

Variables

Overall survival Recurrence-free survival

HR (95% CI) P value HR (95% CI) P value

NCOR2 methylation

Low (n = 235) –

High (n = 236) 0.870 (0.644–1.175) 0.363 0.816 (0.609–1.093) 0.173

PARK2 methylation

Low (n = 234) –

High (n = 237) 0.729 (0.539–0.984) 0.039 0.689 (0.513–0.925) 0.013

ZSCAN12 methylation

Low (n = 236) –

High (n = 235) 0.728 (0.540–0.983) 0.038 0.695 (0.519–0.932) 0.015

Sum of methylation scores 0.017  < 0.001

0 (n = 102) –

1 (n = 135) 0.832 (0.568–1.218) 0.344 0.754 (0.522–1.089) 0.132

2 (n = 127) 0.974 (0.658–1.442) 0.895 0.965 (0.663–1.404) 0.852

3 (n = 107) 0.474 (0.288–0.778) 0.003 0.378 (0.231–0.617)  < 0.001

Figure 6.  Survival of gastric cancer patients according to the sum score of three DNA methylation markers 
(NCOR2, PARK2, ZSCAN12). (A) Overall survival and (B) recurrence-free survival.
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methylation levels at three genes. Nonetheless, a single batch of the MethyLight assay with a real-time PCR 
machine with a 384-well plate enables rapid assessment of the methylation status of three methylation markers 
using more than 100 different tissue samples. In the present study, we did not analyze whether the sum of the 
methylation scores of the three methylation markers can be applied to other tissue types of human cancers for 
the recapitulation of TIL density. Further study is required to validate its usefulness in the evaluation of TILs in 
other cancer tissue types.

To assess the CD8+ TIL density by evaluating the immunostained slides using an image analyzer and software 
requires dedicated equipment, which is an obstacle for TIL evaluation to be applied to routine practice of pathol-
ogy. The methylation score of the present study does not require special equipment, so it will contribute to the 
introduction of TIL evaluation into routine practice of pathology. In addition, the methylation score is likely to 
enable more precise prediction of the prognosis by stratifying patients with microsatellite-unstable or -stable 
GC (Supplementary Fig. 3) and serve as a biomarker to find patients who are indicated for immunotherapy.

In summary, a MethyLight-based assessment of three markers (NCOR2, PARK2, and ZSCAN12) was devel-
oped and found to recapitulate TIL densities in GC. Methylation scores of three markers were closely associated 
with TIL densities and served as an independent prognostic marker in patients with GC. Further studies are 
required to validate the usefulness of MethyLight-based assessment of three methylation markers as an alterna-
tive tool for TILs assessment.

Material and methods
Tissue samples and clinicopathological analysis. Fresh tumor tissues were obtained from three 
patients who underwent curative surgery for advanced gastric carcinoma (AGC) at Seoul National University 
Hospital, Seoul, Korea. Formalin-fixed, paraffin-embedded (FFPE) tumor material from a consecutive series 
of AGC cases (n = 471) was retrieved from the surgical files of the Department of Pathology, Seoul National 
University Hospital, Seoul, Korea. The inclusion and exclusion criteria for retrospective patient selection were 
described  previously23. The patients underwent gastrectomy and D2 lymph node dissection for AGC between 
January 2007 and December 2008. Demographic and baseline characteristics are summarized in Supplementary 
Table 2. The ages of the patients ranged from 23 to 86 years, with an average of 60.5 years, and the male to female 
ratio was 2.06:1. Clinical and histological data were retrieved from the electronic medical records, including 

Table 2.  Association between methylation score and clinicopathological features. Values are presented as 
number (%).

Methylation score

P-value0 (n = 102) 1, 2 (n = 262) 3 (n = 107)

Age

 < 62 years 45 (44.1) 136 (51.9) 56 (52.3)
0.366

 ≥ 62 years 57 (55.9) 126 (48.1) 51 (47.7)

Sex

Male 70 (68.6) 174 (66.4) 73 (68.2)
0.897

Female 32 (31.4) 88 (33.6) 34 (31.8)

Subsite

Involving the cardia 23 (22.5) 68 (26.0) 42 (39.3)
0.013

Not involving 79 (77.5) 194 (74.0) 65 (60.7)

Lymphatic emboli

Absent 29 (28.4) 90 (34.4) 57 (53.3)
 < 0.001

Present 73 (71.6) 172 (65.6) 50 (46.7)

Venous invasion

Absent 74 (72.5) 192 (73.3) 88 (82.2)
0.154

Present 28 (27.5) 70 (26.7) 19 (17.8)

Perineural invasion

Absent 47 (46.1) 117 (44.7) 47 (43.9)
0.103

Present 55 (53.9) 145 (55.3) 60 (56.1)

T category

T2 17 (16.7) 61 (23.3) 31 (29.0)
0.108

T3–T4 85 (83.3) 201 (76.7) 76 (71.0)

N category

N0 19 (18.6) 84 (32.1) 42 (39.3)
0.004

N1–N3 83 (81.4) 178 (67.9) 65 (60.7)

M category

M0 87 (85.3) 229 (87.4) 100 (93.5)
0.145

M1 15 (14.7) 33 (12.6) 7 (6.5)
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tumor subsites within the stomach, lymphatic emboli, venous invasion, perineural invasion, and tumor-node-
metastasis stage (American Joint Committee on Cancer, 7th edition). This study was approved by the Institu-
tional Review Board of Seoul National University Hospital (approval no. C-1803-099-931) which waived the 
requirement to obtain informed consent, and was conducted in accordance with the Declaration of Helsinki.

Genome‑wide methylation analysis of sorted cells. Three fresh tumor tissues were enzymatically 
and mechanically dissociated into cell suspensions to which an APC-tagged anti-CD3 antibody and a PE-tagged 
anti-CD8 antibody (BD Biosciences, San Jose, CA, USA) were added. Fluorescently tagged-cell suspensions 
were subjected to fluorescence-activated cell sorting, and separated cells, including CD3–/CD8–, CD3+/CD8–, 
and CD3+/CD8+ cells, were collected. Genomic DNA was extracted using a QIAamp DNA Mini Kit (QIAGEN, 
Hilden, Germany) and then modified with an EZ DNA methylation kit (Zymo Research, Irvine, CA, USA). 
Differences in DNA methylation between sorted cells were determined by MethylationEPIC BeadChip analysis 
(Illumina, San Diego, CA, USA). Array CpG probes that have detection p-value ≥ 0.05 in over 25% samples were 
filtered out. And then filtered data was subjected to background correction & dye bias equalization by R methy-
lumi & lumi package. To reduce Infinium I and Infinium II assay bias, corrected signal value was normalized by 
BMIQ (Beta Mixture Quantile) method.

Selection of DNA methylation markers that show correlation between their methylation lev‑
els and DNA concentrations from tumor‑infiltrating lymphocytes. We sought to develop DNA 
methylation markers that are specific for two subsets, CD3+/CD8+ and CD3+/CD8− cells. Candidate Meth-
ylationEPIC probes were selected on the criteria: (1) Δβ-value > 0.78 in CD3+/CD8+ cells vs. CD3−/CD8− cells 
or in CD3+/CD8− cells vs. CD3−/CD8− cells, (2) availability of designable primers and probes for MethyLight 
assay, and (3) correlation between methylation levels of the gene and proportion of CD3+/CD8+ cells or CD3+/
CD8− cells.

Semiquantitative assessment of DNA methylation markers in gastric carcinomas. Through 
microscopic examination of all available tissue slides, areas up to 1  cm2 where tumor cells were the most abun-
dant and representing the most prevalent histology of the individual case were marked. The corresponding 
areas on unstained-tissue slides were scraped with knife blades, and samples were collected into microtubes 
containing tissue lysis buffer and proteinase K. The microtubes were kept at 55 °C for 24 h, incubated at 95 °C 
for 30 min, and centrifuged. The supernatants were transferred to new microtubes. Bisulfite modification of the 
supernatants was conducted using an EZ DNA methylation kit (Zymo Research). For assessment of methylation 
levels at the three DNA methylation markers, the modified DNA samples were subjected to MethyLight analysis, 
which was performed as described  previously24. The oligonucleotide sequences of the primers and probes used 
for the three DNA methylation markers are listed in Supplementary Table 3.

Cell culture and reagents. Four human GC cell lines (NUGC-2, SNU-16, SNU-620, and SNU638), 
obtained from the Korean Cell Line Bank (Seoul, South Korea) were grown in RPMI-1640 medium supple-
mented with 10% fetal bovine serum and 1% antibiotic solution containing penicillin and streptomycin. Cells 
were incubated at 37ºC in a humidified atmosphere of 5%  CO2. Genomic DNA was extracted from these cell 
lines using a QIAamp DNA Mini Kit (QIAGEN).

Tissue microarray and immunohistochemical staining for CD3 and CD8. After microscopic 
examination, an area of 2 mm in diameter was marked on the tumor center, and two areas were marked on 
the invasive front. Tissue blocks were available for 453 cases, and the marked areas of the corresponding tissue 
blocks were punched to construct a tissue microarray (TMA). Four-micrometer-thick sections from TMA tis-
sue blocks were stained with an anti-CD3 antibody (1:200, Dako, Glostrup, Denmark) and anti-CD8 antibody 
(1:100, Neomarkers, Fremont, CA, USA). CD3-positive or CD8-positive cells were counted using the open-
source software  QuPath25. The output was the CD3 TIL density and CD8 TIL density (number of cells per  mm2 
of tissue) of each core.

Statistical analysis. Statistical analysis was performed with SPSS software for Windows, version 25.0 
(SPSS, Chicago, IL, USA). To determine whether CD3 and CD8 TIL densities were normally distributed, a 
normality test was performed using Shapiro–Wilk’s W test. P values less than 0.001 were considered significant, 
rejecting the null hypothesis that the data were normally distributed. Spearman test was used to determine the 
correlation between variables. Recurrence-free survival (RFS) was measured from the date of surgery to the date 
of recurrence or the date of death from any cause (whichever came first). The Kaplan–Meier log rank test was 
conducted to compare overall survival (OS) and RFS times across groups. A Cox proportional hazards model 
was used to calculate the hazard ratio (HR), and we included in the multivariate analysis all covariates with a P 
value < 0.05 from univariate analysis to adjust for potential confounders: age (younger and older), tumor subsite 
(involving and not involving cardia), T category, N category, M category, lymphatic emboli, venous invasion, 
perineural invasion, CD3 TIL density at the tumor center, CD3 TIL density at the invasive front, CD8 TIL den-
sity at the tumor center and CD8 TIL density at the tumor center. Backward stepwise elimination was carried out 
with a P value = 0.05 as a threshold to select variables for the final model. The final results are expressed as HRs 
with 95% confidence intervals (CIs).



9

Vol.:(0123456789)

Scientific Reports |          (2022) 12:862  | https://doi.org/10.1038/s41598-022-04797-9

www.nature.com/scientificreports/

Ethics approval. This study was approved by the Institutional Review Board of Seoul National University 
Hospital which waived the requirement to obtain informed consent because of the retrospective nature of this 
study.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.

Received: 8 September 2021; Accepted: 21 December 2021

References
 1. Fridman, W. H., Pages, F., Sautes-Fridman, C. & Galon, J. The immune contexture in human tumours: Impact on clinical outcome. 

Nat. Rev. Cancer 12, 298–306 (2012).
 2. Jiang, Y. et al. ImmunoScore signature: A prognostic and predictive tool in gastric cancer. Ann. Surg. 267, 504–513 (2018).
 3. Uppal, A. et al. The immune microenvironment impacts survival in western patients with gastric adenocarcinoma. J. Gastrointest. 

Surg. 24, 28–38 (2020).
 4. Galon, J. et al. Towards the introduction of the “Immunoscore” in the classification of malignant tumours. J. Pathol. 232, 199–209 

(2014).
 5. Hendry, S. et al. Assessing tumor-infiltrating lymphocytes in solid tumors: A practical review for pathologists and proposal for 

a standardized method from the international immunooncology biomarkers working group: Part 1: Assessing the host immune 
response, TILs in invasive breast carcinoma and ductal carcinoma in situ, metastatic tumor deposits and areas for further research. 
Adv. Anat. Pathol. 24, 235–251 (2017).

 6. Galon, J. et al. World-Wide Immunoscore Task Force: Meeting report from the “Melanoma Bridge”, Napoli, November 30th-
December 3rd, 2016. J. Transl. Med. 15, 212 (2017).

 7. Lokk, K. et al. DNA methylome profiling of human tissues identifies global and tissue-specific methylation patterns. Genome Biol. 
15, r54 (2014).

 8. Fernandez, A. F. et al. A DNA methylation fingerprint of 1628 human samples. Genome Res. 22, 407–419 (2012).
 9. Moss, J. et al. Comprehensive human cell-type methylation atlas reveals origins of circulating cell-free DNA in health and disease. 

Nat. Commun. 9, 5068 (2018).
 10. Jeschke, J. et al. DNA methylation-based immune response signature improves patient diagnosis in multiple cancers. J. Clin. Invest. 

127, 3090–3102 (2017).
 11. Davessar, K., Pezzullo, J. C., Kessimian, N., Hale, J. H. & Jauregui, H. O. Gastric adenocarcinoma: Prognostic significance of several 

pathologic parameters and histologic classifications. Hum. Pathol. 21, 325–332 (1990).
 12. Yu, C. C. et al. Pathological prognostic factors in the second British Stomach Cancer Group trial of adjuvant therapy in resectable 

gastric cancer. Br. J. Cancer 71, 1106–1110 (1995).
 13. Setala, L. P. et al. Prognostic factors in gastric cancer: The value of vascular invasion, mitotic rate and lymphoplasmacytic infiltra-

tion. Br. J. Cancer 74, 766–772 (1996).
 14. Lee, H. E. et al. Prognostic implications of type and density of tumour-infiltrating lymphocytes in gastric cancer. Br. J. Cancer 99, 

1704–1711 (2008).
 15. Zheng, X. et al. Prognostic role of tumor-infiltrating lymphocytes in gastric cancer: A meta-analysis. Oncotarget 8, 57386–57398 

(2017).
 16. Lee, J. S., Won, H. S., Sun, S., Hong, J. H. & Ko, Y. H. Prognostic role of tumor-infiltrating lymphocytes in gastric cancer: A sys-

tematic review and meta-analysis. Medicine 97, e11769 (2018).
 17. Carter, S. L. et al. Absolute quantification of somatic DNA alterations in human cancer. Nat. Biotechnol. 30, 413–421 (2012).
 18. Aran, D., Sirota, M. & Butte, A. J. Systematic pan-cancer analysis of tumour purity. Nat. Commun. 6, 8971 (2015).
 19. Chakravarthy, A. et al. Pan-cancer deconvolution of tumour composition using DNA methylation. Nat. Commun. 9, 3220 (2018).
 20. Zou, Q. et al. DNA methylation-based signature of CD8+ tumor-infiltrating lymphocytes enables evaluation of immune response 

and prognosis in colorectal cancer. J. Immunother. Cancer 9, e002671 (2021).
 21. Yu, H. et al. Novel assay for quantitative analysis of DNA methylation at single-base resolution. Clin. Chem. 65, 664–673 (2019).
 22. Consortium B. Quantitative comparison of DNA methylation assays for biomarker development and clinical applications. Nat. 

Biotechnol. 34, 726–737 (2016).
 23. Lee, K. et al. Intrahepatic cholangiocarcinomas with IDH1/2 mutation-associated hypermethylation at selective genes and their 

clinicopathological features. Sci. Rep. 10, 15820 (2020).
 24. Park, S. Y., Yoo, E. J., Cho, N. Y., Kim, N. & Kang, G. H. Comparison of CpG island hypermethylation and repetitive DNA hypo-

methylation in premalignant stages of gastric cancer, stratified for Helicobacter pylori infection. J. Pathol. 219, 410–416 (2009).
 25. Bankhead, P. et al. QuPath: Open source software for digital pathology image analysis. Sci. Rep. 7, 16878 (2017).

Author contributions
G.H.K. conceptualized the study. G.H.K., X.W., and H.Y.J. wrote the paper. X.W., H.Y.J., M.L., Y.K., and N.C. 
contributed in data acquisition. Y.K., J.M.B., and H.S.L. participated in data analysis and interpretation. All 
authors read and approved the final manuscript.

Funding
This study was funded by a Grant of the National Research Foundation of Korea (NRF) Grant funded by the 
Korea government (MSIT) (No. 2021R1A2C1003542), a Grant (No. 0320210360) from the SNUH Research Fund.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 04797-9.

Correspondence and requests for materials should be addressed to G.H.K.

https://doi.org/10.1038/s41598-022-04797-9
https://doi.org/10.1038/s41598-022-04797-9


10

Vol:.(1234567890)

Scientific Reports |          (2022) 12:862  | https://doi.org/10.1038/s41598-022-04797-9

www.nature.com/scientificreports/

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Methylation statuses of NCOR2, PARK2, and ZSCAN12 signify densities of tumor-infiltrating lymphocytes in gastric carcinoma
	Results
	Selection of DNA methylation markers that show correlation between their methylation levels and DNA concentration from tumor-infiltrating lymphocytes. 
	Correlation of NCOR2, PARK2, and ZSCAN12 methylation levels with CD3 or CD8 TIL densities in gastric cancer tissue samples. 
	NCOR2, PARK2, and ZSCAN12 methylation statuses and their association with the survival of patients with gastric carcinoma. 

	Discussion
	Material and methods
	Tissue samples and clinicopathological analysis. 
	Genome-wide methylation analysis of sorted cells. 
	Selection of DNA methylation markers that show correlation between their methylation levels and DNA concentrations from tumor-infiltrating lymphocytes. 
	Semiquantitative assessment of DNA methylation markers in gastric carcinomas. 
	Cell culture and reagents. 
	Tissue microarray and immunohistochemical staining for CD3 and CD8. 
	Statistical analysis. 
	Ethics approval. 

	References


