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Background: Increasing evidence suggests that the number of examined

lymph nodes (ELNs) is strongly linked to the survivorship of gastric cancer

(GC). The goal of this study was to assess the prognostic implications of the

ELNs number and to construct an ELNs-based risk signature and nomogram

model to predict overall survival (OS) characteristics in GC patients.

Methods: This inception cohort study included 19,317 GC patients from the

U.S. Surveillance, Epidemiology, and End Results (SEER) database, who were

separated into a training group and an internal validation group. The

nomogram was built with the training set, then internally verified with SEER

data, and externally validated with two different data sets. Based on the RNA-

seq data, ELNs-related DERNAs (DElncRNAs, DEmiRNAs, andDEmRNAs) and

immune cells were identified. The LASSO–Cox regression analysis was utilized

to construct ELNs-related DERNAs and immune cell prognostic signature in

The Cancer Genome Atlas (TCGA) cohort. The OS of subgroups with high- and

low-ELN signature was compared using the Kaplan–Meier (K-M) analysis. A

nomogram was successfully constructed based on the ELNs signature and

other clinical characteristics. The concordance index (C-index), calibration

plot, receiver operating characteristic curve, and decision curve analysis

(DCA) were all used to evaluate the nomogram model. The meta-analysis,

the Gene Expression Profiling Interactive Analysis database, and reverse

transcription–quantitative PCR (RT-qPCR) were utilized to validate the RNA

expression or abundance of prognostic genes and immune cells between GC

tissues and normal gastric tissues, respectively. Finally, we analyzed the

correlations between immune checkpoints, chemotherapy drug sensitivity,

and risk score.
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Results: The multivariate analysis revealed that the high ELNs improved OS

compared with low ELNs (hazard ratio [HR] = 0.659, 95% confidence interval [CI]:

0.626–0.694, p < 0.0001). Using the training set, a nomogram incorporating

ELNs was built and proven to have good calibration and discrimination (C-index

[95% CI], 0.714 [0.710–0.718]), which was validated in the internal validation set

(C-index [95% CI], 0.720 [0.714–0.726]), the TCGA set (C-index [95% CI], 0.693

[0.662–0.724]), and the Chinese set (C-index [95% CI], 0.750 [0.720–0.782]). An

ELNs-related signature model based on ELNs group, regulatory T cells (Tregs),

neutrophils, CDKN2B-AS1, H19, HOTTIP, LINC00643, MIR663AHG, TMEM236,

ZNF705A, and hsa-miR-135a-5p was constructed by the LASSO–Cox regression

analysis. The result showed that OS was remarkably lower in patients with high-

ELNs signature compared with those with low-ELN signature (HR = 2.418, 95%

CI: 1.804–3.241, p < 0.001). This signature performed well in predicting 1-, 3-,

and 5-year survival (AUC [95% CI] = 0.688 [0.612–0.763], 0.744 [0.659–0.830],

and 0.778 [0.647–0.909], respectively). The multivariate Cox analysis illustrated

that the risk score was an independent predictor of survival for patients with GC.

Moreover, the expression of prognostic genes (LINC00643, TMEM236, and hsa-

miR-135a-5p) displayed differences between GC tissues and adjacent non-

tumor tissues. The C-index of the nomogram that can be used to predict the

OS of GC patients was 0.710 (95% CI: 0.663–0.753). Both the calibration plots

and DCA showed that the nomogram has good predictive performance.

Moreover, the signature was significantly correlated with the N stage and T

stage. According to our analysis, GC patients in the low-ELN signature groupmay

have a better immunotherapy response and OS outcome.

Conclusions: We explored the prognostic role of ELNs in GC and successfully

constructed an ELNs signature linked to the GC prognosis in TCGA. The findings

manifested that the signature is a powerful predictive indicator for patients with

GC. The signature might contain potential biomarkers for treatment response

prediction for GC patients. Additionally, we identified a novel and robust

nomogram combining the characteristics of ELNs and clinical factors for

predicting 1-, 3-, and 5-year OS in GC patients, which will facilitate

personalized survival prediction and aid clinical decision-making in GC patients.
KEYWORDS

gastric cancer (GC), the number of lymph nodes examined (ELNs), ELNs signature,
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Introduction

Gastric cancer (GC) remains a major cancer globally,

causing over a million new cases in 2020 and about 769,000

deaths, placing it fifth in incidence and fourth in mortality

worldwide (1). In 2018, there are an estimated 456,124 new

GC cases and 390,182 cases of GC-related death, which ranks

third and second in cancer incidence rates and mortality rates,

respectively, in China (2). The number of examined lymph

nodes (ELNs) is regarded as the critical quality index for

cancer care. The number of ELNs is essential as it guarantees
02
adequate lymph node examination, improves the quality of

pathology, and ensures the accuracy of lymph node staging (3,

4). Several studies have found that ELNs could reflect the extent

of lymphadenectomy, and patients with more ELNs have

improved prognoses (5–9). However, some studies have found

that a positive correlation between ELNs and prognosis does not

exist (10). In recent years, increasingly more researchers have

been interested in the determination of optimal ELNs, and some

studies advocated the minimum ELNs (8, 9, 11). However, the

ideal number of retrieved lymph nodes remains unsettled, and

the underlying mechanisms have not been elucidated.
frontiersin.org
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For patients with GC undergoing radical total gastrectomy, the

higher the ELNs, the better the prognosis, and the optimal threshold

for ELNs is 21 or more (7). A study showed that both the Chinese

and Surveillance, Epidemiology, and End Results (SEER) database

populations were significantly associated with prognosis in

patients with stage III GC after gastrectomy with systemic

lymphadenectomy and recommended >31 ELNs to accurately

assess the prognosis of GC patients (8). In ypN0 GC patients,

ELNs were an independent predictor of survival. A minimum of 15

ELNs were recommended as the cutoff point for the evaluation of

the quality of postoperative or prognostic stratification in ypN0 GC

patients (9). These studies have shown that ELNs are related to the

prognosis of GC, but the recommended number of ELNs is not the

same. However, a recent GC study found that the multivariate

Cox regression analysis showed that ELNs are no longer an

independent prognostic factor of overall survival (OS) (10). To

assess the relationship between ELNs and the OS of GC, the

aforementioned studies are based on large numbers of people

adjusted for age, sex, stage, and other basic characteristics.

However, the mechanism through which ELNs improve survival

time remains unclear. Thus, innovative strategies are needed to

boost risk stratification and predict clinical outcomes with

greater accuracy.

In contrast, little research has focused on revealing the

molecular mechanisms underlying the different ELNs group in

the genome. A comprehensive analysis of the link between genes,

immune infiltration, and clinical prognosis is lacking for GC

patients. Therefore, to understand the benefits of ELNs in

predicting the prognosis of GC, we first used the GC data in the

SEER database to find the optimal ELNs and evaluated the

relationship between different ELNs subgroups and OS. Then,

prognostic factors associated with GC were investigated, and a

predictive nomogram was formulated for visualizing the

information. On the basis of gene expression data and clinical

data obtained from The Cancer Genome Atlas (TCGA) GC cohort,

we developed an ELNs-related signature related to survival.
Frontiers in Immunology 03
Materials and methods

Data set source and processing

Surveillance, epidemiology, and end
results database

The SEER program (https://www.seer.cancer.gov) was

initiated by the National Cancer Institute, which collects

relevant information on patients in the United States from

cancer registries. The largest geographic coverage of the

database accounts for approximately 36.7% of the U.S.

population. Data were extracted using the latest SEER*Stat

software (version 8.3.9). The SEER*Stat database is Incidence-

SEER 18 Regs Research Data, Nov. 2018 Sub (1975–2016).

During the period 2004–2016, according to the International

Classification of Disease for Oncology, Third Edition (histology

code: ICD-O-3/WHO 2008), patients who pathologically

confirmed stomach cancer as the first primary cancer were

included in the research cohort for retrospective analysis and

evaluation. The data selection process is shown in Figure 1. The

inclusion criteria were as follows: (1) patient with

microscopically confirmed diagnosis; (2) survival time of >1

month; (3) age of >18 years old; (4) and clinical and pathological

characteristics including age at diagnosis, year at diagnosis, race,

sex, marital status, grade, AJCC (American Joint Committee on

Cancer) stage, TNM (Tumor Node Metastasis) status, regional

nodes examined, regional nodes positive, tumor size, survival

months, and vital status. We excluded patients with a diagnosis

obtained exclusively from a death certificate or autopsy report,

along with patients with regional nodes examined, regional

nodes positive, and unknown tumor size.

Patients from 2004 to 2015 used the AJCC Staging Manual

(sixth edition) to determine their pathological TNM status.

Patients in 2016 used the SEER*RSA, a staging database

developed by SEER, to determine the pathological TNM

status. Regional nodes examined in SEER means the total
FIGURE 1

Flowchart illustrating gastric cancer patient selection for this study.
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number of regional lymph nodes removed and examined by the

recording pathologist. Regional nodes positive in SEER means

recording the exact number of regional lymph nodes that were

found to have metastasis by the pathologist. The number of

regional nodes positive is 0, which means that the lymph node

status is negative, and the number of regional nodes greater than

0 means that the lymph node status is positive. The primary

outcome of the study was OS, which was defined as the time

from diagnosis to death or last follow-up. A receiver operating

characteristic (ROC) curve was used to find the optimal cutoff of

ELNs number to predict OS.
Chinese cohort
For the external validation set, Chinese patients from the

Affiliated Tumor Hospital of Xinjiang Medical University

diagnosed between 2009 and 2015 were used for external

validation. The inclusion and exclusion criteria for the Chinese

cohort were consistent with the SEER cohort. Demographic and

clinicopathological data including age at diagnosis, gender,

AJCC stage, grade, T stage, N stage, M stage, regional lymph

nodes examined count, lymph nodes status, survival time, and

survival status were collected. The institutional review

committee of the participating institution approved the

retrospective analysis of anonymous patient data. Since the

study was retrospective, informed consent was not necessary,

and patient data were used anonymously. A major outcome was

OS, defined as the time from the date of diagnosis until death or

last follow-up.
Other databases
The following databases were selected to obtain clinical

information and omics data of GC patients:
Fron
1. TCGA (https://portal.gdc.cancer.gov/),

2. cBioPortal website (http://www.cbioportal.org/), and

3. Genomic Data Commons (GDC; https://cistrome.

shinyapps.io/timer/).
The clinical characteristics of the GC patients were collected

from the TCGA database and the cBioPortal website. The detailed

clinical information included age, gender, race, grade, AJCC stage, T

stage, N stage, M stage, regional lymph nodes examined count,

lymph nodes status, survival time, and survival status. Patients with

survival time of <30 days, unclear survival time, survival status, and

clinical–pathological characteristics were excluded. The main

outcome was OS, defined as the time from the date of diagnosis

(diagnosed between 1996 and 2013) to the date of death or last

follow-up. The gene expression RNA-seq (HTSeq-Count) and the

miRNA expression RNA-seq (Illumina HiSeq) were obtained from

the TCGA data portal. As this part of the data used in this study was

downloaded from the TCGA database, following the TCGA’s

strictly approved publication guidelines, there was no requirement
tiers in Immunology 04
for ethics committee approval. Moreover, immune infiltration

information that consisted of every tumor specimen immune cell

fraction of the 22 immune cell types was downloaded from the

GDC. The specific processing flow of those cohorts is shown

in Figure 1.
Differentially expressed gene analysis

By using the “DESeq2” R package, we identified differentially

expressed lncRNAs, miRNAs, and mRNAs between the high and

low groups of ELNs. We selected DElncRNAs, DEmiRNAs, and

DEmRNAs according to the same cutoff criteria: p < 0.05 and |

log2 (foldchange)| > 0.5. The heat maps of differentially

expressed lncRNAs, miRNAs, and mRNAs were generated by

the function of the “ComplexHeatmap” R package.
Construction of competing endogenous
RNA network

The competing endogenous RNA (ceRNA) network was

built using differentially expressed mRNAs, miRNAs, and

lncRNAs. lncRNA–miRNA interaction information was

predicted by the lncbase v.3 experimental module (http://

carolina.imis.athena-innovation.gr/). The miRNA–mRNA

interaction information was downloaded from miRTarBase

databases (http://mirtarbase.cuhk.edu.cn/). The lncRNA–

miRNA–mRNA coreRNA network based on the interactions

between DElncRNAs and DEmiRNAs, as well as between

DEmiRNAs and DEmRNAs, is created and visualized by using

the “ggalluvial” R package.
Immune cell scores

We used the Mann–Whitney U-test to identify significant

differences in immune cell distributions of the high and low

groups of ELNs. The R package “ggpubr” was used to draw the

box plot.
Development of the prognostic
the number of lymph nodes
examined signature

The genes and immune cells were transformed into binary

variables, and the K-M curve analysis and the univariate Cox

regression analysis were performed to screen prognostic genes

and immune cells associated with patients’ OS. The genes and

immune cells whose K-M and univariate Cox analyses’ p-value

were <0.1 were inputted into the LASSO–Cox regression to

identify the most useful predictive features. The ELNs group was
frontiersin.org

https://portal.gdc.cancer.gov/
http://www.cbioportal.org/
https://cistrome.shinyapps.io/timer/
https://cistrome.shinyapps.io/timer/
http://carolina.imis.athena-innovation.gr/
http://carolina.imis.athena-innovation.gr/
http://mirtarbase.cuhk.edu.cn/
https://doi.org/10.3389/fimmu.2022.947802
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Li et al. 10.3389/fimmu.2022.947802
also essential and included in the ELNs signature. The ELNs

signature was calculated by the formula:

ELNs signature = ∑ Coefi * Vari where Coefi was the

coefficient of each variable (ELNs group, gene, and cell) in

the final Cox model, and Vari represented the variable value.

For the ELNs group, the high-ELN group was given 1 point,

and the low-ELN group was given 0 points. For each gene or

cell, high expression was given 0 points, and low expression

was given 1 point. According to the formula, all the GC

patients in the TCGA cohort were separated into low- and

high-ELN signature groups using the cutoff point calculated by

the “survminer” package of R software. The K-M analysis was

worked to measure the survival difference between the two

risk subgroups.
Validation of prognostic markers

Gene Expression Profiling Interactive Analysis (GEPIA;

http://www.gepia.cancer-pku.cn/) is an interactive web server

that analyzes RNA sequencing expression data across tumors

and normal samples from TCGA and Genotypic Tissue

Expression projects. The expression of each lncRNA and

mRNA in normal tissues and cancer tissues can be obtained in

the GEPIA database. Moreover, GC patients’ gene expression

data and full clinical annotation were also searched in the GEO

database. We systematically retrieved the databases with the key

words “gastric cancer” and “survival.” There are some

enrollment criteria as follows: data sets incorporating more

than 30 human primary GC samples, series offered with OS

time and survival status, and with transcriptome profiling as the

experiment type. In total, seven eligible GC cohorts (GSE26253,

GSE62254, GSE84437, GSE26899, GSE13861, GSE26901, and

GSE28541) were gathered in this study for further analysis.

Patients without survival information were not considered for

further evaluation. The normalized matrix files for those cohorts

were directly downloaded. The baseline clinical information of

patients in all cohorts in this research is summarized (Table S1).

Then, those cohorts were used to conduct a subsequent meta-

analysis for prognostic markers. The combined value was

calculated by the hazard ratio (HR) with a 95% confidence

interval (CI). The c2 and I2 statistical tests were applied to assess

the heterogeneity between the involved data sets. If p > 0.05 or I2

< 50%, the fixed-effect model was used to calculate the combined

effect. Otherwise, the random-effects model was used (p < 0.05

or I2 > 50%). The results display a series of forest plots created by

the “forestplot” package of R software. For further evaluation of

gene expression differences (mRNA) at the protein level,

immunohistochemistry (IHC) staining images of gene protein

expression in normal gastric tissues and gastric tumor tissues

were acquired from the Human Protein Atlas (HPA; http://

www.proteinatlas.org/) and analyzed.
Frontiers in Immunology 05
RNA extraction and reverse
transcription–quantitative PCR analysis

Experimental specimens
In this study, 30 GC surgical specimens and paired normal

adjacent tissues (normal tissues more than 5 cm away from the

primary tumor) were selected from patients undergoing radical

gastrectomy for GC in the Affiliated Tumor Hospital of Xinjiang

Medical University from January 2018 to December 2020. All

patients had signed informed consent before surgery, had no

history of chemotherapy or radiotherapy before surgery, and

were confirmed by pathological diagnosis after surgery. Fresh

tumor tissues and normal adjacent tissues were immediately put

into liquid nitrogen bottles for transfer and stored in a

refrigerator at −80°C for RNA extraction.

Reverse transcription–quantitative PCR
Total RNA from tissues was extracted using a miRcute

miRNA isolation kit (TIANGEN, Inc.). Total RNA was reverse-

transcribed into cDNA using a FastKing RT kit (TIANGEN, Inc.)

according to the manufacturer’s protocol. qPCR was subsequently

performed on an ABI 7500 real-time PCR system (Applied

Biosystems, Thermo Fisher Scientific, Inc.) with a SuperReal

PreMix Plus (SYBR Green) reagent (TIANGEN, Inc.). qPCR

was performed as follows: 95°C for 15 min, and 40 cycles of

95°C for 10 s and 60°C for 32 s. The primer sequences used for the

qPCR are listed in Table S2. The expression levels of target genes

were analyzed using the 2−DDCt method.
Construction and evaluation of the
nomogram model

First, we performed the univariate Cox regression analysis to

evaluate the prognostic value of the ELNs signature and

clinicopathological features. Subsequently, the multivariate

Cox regression analysis was used to further determine the

independent prognostic factors. A nomogram model

construction was achieved by the “rms” package and the

“survival” package in R. Finally, the concordance index (C-

index), ROC curve, calibration curves, and decision curve

analysis (DCA) were used to assess the consistency, accuracy,

and clinical applicability of the nomogram model.
Estimation of immune checkpoint
expression

We assessed the expression levels of 50 immune checkpoints

(ICPs) in GC samples in the TCGA cohort. The Wilcoxon rank-

sum test was utilized to compare their expression difference in

the high- and low-ELN signature.
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Drug sensitivity assessment

According to the public pharmacogenomics database

Genomics of Drug Sensitivity in Cancer (GDSC; https://www.

cancerrxgene.org), in the TCGA-STAD project, we calculated the

half-maximal inhibitory concentration (IC50) of chemotherapeutic

drugs using the R package to predict the response of GC patients to

chemotherapy drugs. Using the Wilcoxon rank-sum test, we

compared the difference in the estimated IC50 between the high-

and low-risk groups.
Statistical analyses

Categorical data and continuous data were shown as

frequency and percentage, and mean and standard deviation,

respectively, which were assessed by the c2 test and the Mann–

Whitney U-test, respectively. The paired t-test was used to test

the significant difference between the paired samples. K-M

survival analysis, univariate Cox regression analyses, LASSO

regression, multivariate Cox regression analyses, ROC curve

analysis, and DCA executed by the corresponding R packages

were applied to the data sets. All optimal cutoff values (except for

ELNs) were found using the “survminer” R package. The “mice”

R package was used to perform multiple imputation procedures.
Frontiers in Immunology 06
The Spearman’s or Pearson’s test was used to conduct a

correlation analysis between the two variables. R software

(version 3.6.2, The R Foundation for Statistical Computing,

https://www.r-project.org/) was used for all statistical analyses.

Except for the special instructions, results with two-sided p-

values of <0.05 were considered to be statistically significant. The

detailed flow diagram of the study design is exhibited in Figure 2.
Results

Clinical characteristics analyses

Demographic and clinical characteristics
in cohorts

The SEER database contained 19,317 GC patients, who were

used as the model cohort. The random split sample method

(split ratio 2:1) was used to divide the modeling cohort into

training (12,880 cases) and internal validation cohorts (6,437

cases). In total, 62.9% of the patients were men, and 37.1% were

women. The mean age of patients included was 65.69 years (18–

101 years). The grade wears mostly III (62.3%); that is, the tumor

characteristics showed a high proportion of poorly differentiated

or undifferentiated cancers. The mean number of ELNs was

17.68, with 7,820 (40.5%) negative lymph nodes and 11,497
FIGURE 2

Flowchart of data analysis and experiment.
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(59.5%) positive lymph nodes. In Table S3, you can find the

demographics and clinicopathological characteristics of SEER’s

training and internal validation cohorts, which were both

comparable. A total of 396 patients were collected from the

TCGA database and used as an external validation cohort for

further mechanism analysis. There was also one external

validation set, namely the Chinese validation set (n = 471).

Demographic and clinicopathological characteristics of the two

external validation cohorts are also listed in Table S3. The

median follow-up time of the entire SEER data set and the

internal validation data set were 24.00 months (interquartile

range [IQR], 10.00–58.00 months) and 25.00 months (IQR,

10.00–57.00 months), respectively. Regarding the TCGA

validation set and the Chinese validation set, they were 15.67

months (IQR, 9.49–26.44 months) and 24.63 months (IQR,

15.82–39.93 months), respectively. In addition, the 5-year OS

of these data sets was also calculated. The findings displayed that,

in the SEER training data set, the 5-year OS was 40.2% (95% CI,

39.3%–41.2%). For the SEER internal validation, TCGA, and

Chinese external validation set, the 5-year OS values were 41.0%

(95% CI: 39.6%–42.3%), 38.6% (95% CI: 30.5%–48.9%), and

62.0% (95% CI: 54.0%–71.2%), respectively.

Impact of the number of lymph nodes
examined on survival

First, we analyzed the prognostic effect of ELNs in the

training cohort. We determined the optimal cutoff value by

the maximally selected rank statistics and divided the whole

training cohort into two subgroups (low ELNs, ≤16; high ELNs,

>16). Through the analysis of the clinical data of GC patients in

the training cohort, we found that the high-ELN group and the

low-ELN group were factors influencing the survival of GC

patients. The K-M analysis revealed that the survival rate of the

high-ELN group was better than that of the low-ELN group (p <

0.0001; Figure 3A). To explore the difference in gene expression
Frontiers in Immunology 07
levels between the two groups of patients with phenotype, we

divided the GC patients in the TCGA database into the high-

ELN group and the low-ELN group according to the cutoff value

of the lymph node count obtained by the training cohort under

the condition of ensuring that the phenotype is different.

Consistent analysis results were also obtained in the clinical

data of GC patients in the external validation cohort of the

TCGA database (p < 0.01; Figure 3B).

In the training cohort, we further stratified by histological

grade, N stage, and lymph node status and analyzed the

prognostic effects of ELNs. A stratified analysis of histological

grade showed (Figures S1B, C) that the OS of ELNs ≤ 16 and

ELNs > 16 had a significant difference (p < 0.0001) in grades II

and III. The survival benefit of the ELNs appeared to be stronger

in N0–N2 (all p’s <0.0001; Figures S2A–C) compared with N3–

NX (p = 0.27 and p = 0.60; Figures S2D, E). A stratified analysis

by the lymph node status showed a statistically significant

difference in the OS of patients between the ELNs ≤ 16 and

ELNs > 16 groups (p < 0.0001; Figures S3A, B).

The construction of the STAD prognosis
prediction model in the SEER database

The results of the univariate Cox analysis showed (Table S4)

that age, differentiation grade, T stage, N stage, M stage, ELNs

group, lymph node status, and tumor size were all correlated

with OS (all p’s < 0.05). The potential predictors (other than

tumor size) identified in the univariate analysis were

subsequently undertaken into the multivariate Cox analysis.

Because the tumor size does not exist in the TCGA database

and cannot be verified with the TCGA database, the tumor size is

not included in the multivariate Cox analysis. The results

demonstrated that age, differentiation grade, T stage, N stage,

M stage, ELNs group, and lymph node status were all

independent prognostic features of OS (all p’s < 0.05).

Compared with low ELNs, patients with high ELNs had
BA

FIGURE 3

Survival analyses of OS in the ELNs group. (A) OS for high (>16) and low (≤16) ELNs in the training cohort. (B) OS for high (>16) and low (≤16)
ELNs in the external validation cohort (The Cancer Genome Atlas). ELNs, the number of examined lymph nodes; OS, overall survival.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.947802
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Li et al. 10.3389/fimmu.2022.947802
improved OS (HR = 0.659, 95% CI: 0.626–0.694, p < 0.0001).

Higher ELNs were associated with better survival in GC,

independent of age, differentiation grade, T stage, N stage, M

stage, and lymph node status (Table S4). Based on the analysis

results of the multivariate Cox of the training cohort, we

described the influence of each variable on the risk of GC in

the form of a nomogram. That is, a nomogram prediction model

related to the occurrence of GC is established to predict the OS at

1, 3, and 5 years (Figure 4). In the nomogram, the first row is the

score obtained for each variable. The sum of the scores of all

variables in the model is the total score. The prediction

corresponding to the total score vertically downward helped in

estimating the 1-, 3-, and 5-year OS for each patient. Using 396

patients in the TCGA database and 471 patients in the Chinese

cohort, we externally verified the nomogram and obtained

similar analysis results.

Validating and comparing the predictive
accuracy of the nomogram model in four
data sets

In the training cohort (SEER), the internal validation cohort

(SEER), the external validation cohort (TCGA), and the Chinese

validation cohort, the time-dependent AUC indicated that the

nomogram model had a considerable value in predicting the OS
Frontiers in Immunology 08
in the GC cohort (Figure 5A). The AUCs of the nomogram

predicting the 1-, 3-, and 5-year OS were 0.755, 0.784, and 0.779

in the training cohort (SEER); 0.762, 0.791, and 0.791 in the internal

validation cohort (SEER); 0.665, 0.710, and 0.785 in the external

validation cohort (TCGA); and 0.791, 0.815, and 0.762 in the

Chinese validation cohort, respectively, indicating that the model

has good prediction ability. The SEER internal validation data set

confirmed excellent recognition capability of the nomogram (C-

index [95% CI], 0.720 [0.714–0.726]). In addition, TCGA and

Chinese external verification sets also confirmed this

performance, with C-indices of 0.693 [0.662–0.724] and 0.750

[0.720–0.782], respectively (Figure 5B). The calibration plots of

the 1-, 3-, and 5-year OS of the nomogram indicated that the

predicted values of the training cohort (Figure 5C), the internal

validation cohort (Figure 5D), the TCGA validation cohort

(Figure 5E), and the Chinese validation cohort (Figure 5F) are in

favorable agreement with the actual observations. Therefore, the

constructed nomogram in this study performed well in both the

training and validation sets. Additionally, DCA analysis was used to

elucidate the net benefit at 1 (Figures 6A, D, G, J), 3 (Figures 6B, E,

H, K), 5 (Figures 6C, F, I, L) years in four cohort. For instance, the

net benefit ranges at 5 years in four cohort can be obtained. When

the threshold probability of SEER training set and SEER internal

verification set is between 24% and 98%, 52% and 76% in the
FIGURE 4

Nomogram to predict the OS of GC patients. ELNs, the number of examined lymph nodes; LN status, lymph node status; OS, overall survival;
GC, gastric cancer. ***p < 0.001.
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TCGA validation set and 13% and 68% in the Chinese validation

set, the usage of nomogram to predict the prognosis of GC patients

offers a higher net benefit than the “all treat” or “no treat” strategies,

indicat ing that the nomogram has good potentia l

clinical applicability.
Frontiers in Immunology 09
Molecular features analyses of gastric
cancer

By analyzing the clinical data of GC patients, our study

showed that ELNs are independent prognostic factors for
B

C D

E F

A

FIGURE 5

Evaluation of the nomogram. (A) The time-dependent AUC value of the nomogram in the training cohort (SEER), the internal validation cohort (SEER),
the external validation cohort (TCGA), and the Chinese validation cohort. (B) The C-index of the nomogram in the training cohort (SEER), the internal
validation cohort (SEER), the external validation cohort (TCGA), and the Chinese validation cohort. Calibration plots of the nomogram performed in the
(C) SEER training, (D) the SEER internal validation, (E) the TCGA validation, and (F) the Chinese validation set, respectively.
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patients with GC, and the survival of the high-ELN group is

better than that of the low-ELN group in the SEER database. The

TCGA database also got consistent analysis results. To explore

the differences at the molecular level between GC patients in the

two groups (low-ELN and high-ELN groups), the 334 patients

having both clinical information, miRNA, lncRNA, mRNA

sequencing, and 22 immune cell fraction data were divided

into high ELNs (n = 183) and low ELNs (n = 151) subgroups,

according to the cutoff value of 16 ELNs from the

SEER database.
Frontiers in Immunology 10
Identification of differentially expressed
lncRNAs, miRNAs, and mRNAs

First, the different expression analyses of miRNA, mRNA,

and lncRNA were performed in the high- and low-ELN groups.

The differentially expressed RNAs from the TCGA-STAD

project were 14,333 lncRNAs, 2,055 miRNAs, and 19,568

mRNAs. Using the |log2 (foldchange)| > 0.5 and p < 0.05 as

the cutoffs, we acquired 664 protein-coding genes (Figures 7A,

B), 20 miRNAs (Figures 7C, D), and 530 lncRNAs (Figures

7E, F).
B C

D E F
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A

FIGURE 6

A decision curve analysis constructed for the nomogram that depicted the clinical net benefit for each cohort. (A–C) SEER training. (D–F) SEER
internal validation. (G–I) TCGA validation. (J–L) Chinese validation set. As shown by the horizontal blue solid line, all patients are assumed not to
be treated, whereas the solid red line indicates that all patients are treated. In all different cohorts, the nomogram provided superior net benefit
across a range of threshold probabilities for decision curve analysis.
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The construction of competing endogenous
RNA networks and the survival analysis

Next, a ceRNA network displaying the interactions between

miRNAs, mRNAs, and lncRNAs was constructed based on the

lncbase v.3 experimental module online tool and experimental

verification from miRTarBase. According to the lncbase v.3
Frontiers in Immunology 11
experimental module, target miRNA prediction revealed that

six overlapped lncRNAs (eight lncRNA–miRNA links including

six lncRNAs and six miRNAs) were obtained between 1,055

lncRNAs predicted from 20 miRNAs and the 530 differentially

expressed lncRNAs. Target miRNA prediction revealed 35

miRNA–mRNA links composed of 14 miRNAs and 26
B

C D

E F

A

FIGURE 7

The differentially expressed mRNAs, lncRNAs, and miRNAs between the high-ELN and low-ELN groups were identified using the “DESeq2”
package with R. The cutoff that we set was log2 (foldchange) > 0.5 or < −0.5 and p < 0.05. (A, C, E) The volcano plots of differentially expressed
mRNAs (n = 664), lncRNAs (n = 530), and miRNAs (n = 20). Blue and red dots represent downregulated genes and upregulated genes,
respectively. (B, D, F) Heat maps of the differentially expressed lncRNAs, miRNAs, and mRNAs between the high- and low-ELN groups.
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mRNAs according to the miRTarBase database. Finally, using R

software, we constructed a STAD ceRNA regulatory network

composed of 23 genes including 6 DElncRNAs, 4 DEmiRNAs,

and 13 DEmRNAs (Figure 8 and Table S5). Table S6 provides

detailed information about the ceRNA network. Moreover, we

calculated the connection degree for genes related to the

prognosis to understand their significance within the ceRNA

network (Figure 8 and Table S5). Among the lncRNAs, miRNAs,

and mRNAs, HOTTIP (connection degree = 7), hsa-miR-135a-

5p (connection degree = 9), APOA1, and ARC (connection

degree = 3) are deemed the most significant. In the ceRNA

network, hsa-miR-135a-5p had the highest connection degree

(connection degree = 9), suggesting a strong impact on the

pathogenesis of STAD.

lncRNAs are thought to interact directly with miRNAs to

positively regulate mRNA expression, as explained by the

ceRNA theory. To validate this phenomenon in STAD, we

analyzed the correlation between DElncRNAs and DEmRNAs

targeted by hsa-miR-135a-5p, which was a gene with the highest

degree of connectivity within the ceRNA network. We detected

positive correlations between DElncRNAs and DEmRNAs

targeted by hsa-miR-135a-5p. Figures S4A–C showed the top

three correlation coefficients of interactions, in which HTR5A-

AS1 interacts with GAGE1 (R = 0.34, p = 9.57E−11),

MIR663AHG interacts with GAGE1 (R = 0.39, p = 1.50E−13),
Frontiers in Immunology 12
and MIR663AHG interacts with APOA1 (R = 0.22, p = 5.03E

−05). Moreover, we also verified the relationship between the

lncRNAs and mRNAs in other dependent data sets (GEO data

sets: GSE62254 and GSE84437). Among the correlation

coefficients between DElncRNA and DEmRNA targeted by

hsa-miR-135a-5p, GAGE1 and MIR663AHG had the highest

correlation coefficient, so we only verified the relationship

between GAGE1 and MIR663AHG. The correlation analysis

results of these two data sets (GSE62254 and GSE84437) reveled

weak positive correlations between GAGE1 and MIR663AHG,

which are consistent with the results of TCGA (Figures S4D–E).

To obtain DERNAs closely associated with the prognosis of

GC patients, we performed univariate Cox regression, K-M

survival curve analysis, and log-rank test on each DERNA in

the constructed ceRNA network. According to their respective

optimal cutoff values, GC patients were categorized into high-

expression and low-expression groups. As a result, we obtained

10 DERNAs (namely five DElncRNAs: MIR663AHG,

LINC00643, HOTTIP, CDKN2B-AS1, and H19; one

DEmiRNA: hsa-miR-135a-5p; and four DEmRNAs: APOA1,

ARC, TMEM236, and ZNF705A), which were correlated with

OS (all p’s < 0.1). Among these genes, two DElncRNAs and two

DEmRNAs have a protective effect (HRs < 1) because patients

with low expression levels of these RNAs have a better prognosis

than patients with high expression levels. On the contrary, the
FIGURE 8

Sankey diagram of the competing endogenous RNA network in GC. Each rectangle represents a gene, and the connectedness of each gene is
shown according to the size of the rectangle.
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remaining three DElncRNAs, one DEmiRNA, and two

DEmRNAs were considered oncogenes (HRs > 1) because

their expression is negatively correlated with the prognosis of

GC patients. The survival curves and univariate Cox regression

results of all DElncRNAs, DEmiRNAs, and DEmRNAs are

displayed in Figures S5, S6.

Estimation of immune cell-type fractions in GC
and the survival analysis

We measured the abundance of tumor-infiltrating immune

cells (TIICs) in GC tissue using the CIBERSORT algorithm. The

box plot (Figure 9A) could indicate that macrophages M2, T-cell

CD4 memory resting, and T-cell CD8 were significantly high

expression in the GC tissue, and they might play an essential role

in GC. The results of the Wilcoxon–Mann–Whitney U-test

suggested that the distribution of several immune cell fractions

in the high-ELN group was different from that in the low-ELN

group, including plasma cells, neutrophils, Tregs, NK cells

resting, dendritic cells resting, dendritic cells activated, and

mast cells resting (all p’s < 0.05; Figure 9B). To determine

which immune cell has an impact on the OS of GC patients,

we also conducted univariate Cox regression, K-M survival curve

analysis, and log-rank test for seven immune cells that passed the

Wilcoxon rank-sum test (Figures 9C, S6). Among these immune

cells, neutrophils were positively associated with the prognosis of

GC patients because patients with low expression levels of this

cell have a longer prognosis than patients with high expression

levels, which suggested the protective roles of this cell in GC

development. On the contrary, plasma cells and Tregs were

considered risk factors because their expression is negatively

correlated with the prognosis of GC patients.

The composite and coexpression analysis of
genes and tumor-infiltrating immune cells

We further analyzed and illustrated the correlation between

TIICs and DERNAs. Spearman analysis was used to demonstrate

some significant coexpression patterns about 10 DERNAs and 3

immune cells associated with the prognosis of the GC patients

(Figure 10A). The results revealed that neutrophils (Figure 10B)

and plasma cells (Figure 10C) had a positive correlation with the

hsa-miR-135a-5p expression (R = -0.13, p = 0.022; R = 0.16, p =

0.0034), and Tregs (Figure 10D) had a positive correlation with

APOA1 expression (R = 0.14, p = 0.013). We could further verify

that the expressions of hsa-miR-135a-5p and APOA1

significantly influenced the immune activity of the tumor

microenvironment (TME) from the above outcomes.

Construction of the number of lymph nodes
examined signature for overall survival

A total of 14 factors were significantly related to the OS of

GC patients in this study. The result of the univariate Cox

regression for the ELNs group, 10 genes (APOA1, ARC,

TMEM236, ZNF705A, MIR663AHG, LINC00643, HOTTIP,
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CDKN2B-AS1, H19, and hsa-miR-135a-5p), and 3 immune

cells (plasma cells, neutrophils, and Tregs) was illustrated by

the forest plot in Figure S6. Next, to build an optimal prognostic

ELNs signature for OS, we used the LASSO–Cox analysis to

identify key prognostic indicators. The LASSO regression model

was optimal when 12 variables with lambda.1se = 0.05892685

were selected as the target markers (Figures 11A, B). We applied

the factors derived from the LASSO regression analysis to the

multivariate Cox regression analysis to construct the optimal

ELNs signature. Furthermore, the risk coefficients generated by

the multivariate Cox regression analysis were used to calculate

the ELNs signature of each patient. The formula of the ELNs

signature was based on the corresponding coefficients of

variables with p < 0.1 (Table S7):

ELNs signature = −0.35569 * ELNs group + 0.38558 * Tregs|

CIBERSORT + −0.52900 * Neutrophils | CIBERSORT +

−0.36941 * CDKN2B-AS1 | lncRNA + 0.55315 * H19 |

lncRNA + 0.41669 * HOTTIP | lncRNA + 0.36619 *

LINC00643 | lncRNA + −0.40853 * MIR663AHG | lncRNA +

0.49878 * TMEM236 | mRNA + −0.32665 * ZNF705A | mRNA +

0.35357 * hsa-miR-135a-5p | miRNA.

Among these factors in the ELNs signature, the ELNs group,

neutrophils, CDKN2B-AS1, MIR663AHG, and ZNF705A were

protective factors for GC patients’ OS, with HRs of <1, and

Tregs, H19, HOTTIP, LINC00643, TMEM236, and hsa-miR-

135a-5p were risk factors, with HRs of >1. Distributions of the

ELNs signature revealed that patients in the high-ELN group

had lower ELNs signature than patients in the low-ELN group (p

< 0.001; Figure 11C). According to the optimal ELNs signature

cutoff value (0.00164), all patients were divided into the high-

ELN signature (n = 92) and low-ELN signature (n = 242) groups.

The K-M survival curve showed that the patients with a low-

ELN signature exhibited a longer survival time than those in the

high-ELN signature group (log-rank test: p < 0.0001;

Figure 11D). The ELNs signature and the survival status

distribution of each case were shown in Figure 11E.

Remarkably, the number of deaths was dramatically higher in

the high-ELN signature group.

The verification of prognostic markers in the
number of lymph nodes examined signature
by database and reverse transcription–
quantitative PCR

To further verify the expression or abundance of prognostic

genes and immune cells constructing ELNs markers, meta-

analysis was performed. We performed univariate Cox

regression analysis for partial markers (in the absence of

miRNAs in all data sets in GEO, we were unable to verify the

prognostic value of hsa-miR-135a-5p) in the ELNs signature

based on seven GEO data sets, with available OS data and clinical

information. Then, a meta-analysis based on the univariate Cox

regression analysis results of eight GC cohorts including TCGA

STAD and seven GEO data sets was conducted, integrating the
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FIGURE 9

Analysis of the ELNs-related TIICs. (A) Distribution of 22 types of TIICs in gastric cancer. (B) Box plot displays the abundance differentiation of 22
types of immune cells between the GC samples with low- and high-ELN groups, and the significance test was carried out by the Wilcoxon rank-
sum test. (C) Kaplan–Meier and log-rank test for seven immune cells passed the Wilcoxon rank-sum test. Four representative immune cells
including plasma cells, neutrophils, and regulatory T cells (Tregs) are shown based on their respective optimal cutoff values (all p < 0.1). ELNs, the
number of lymph nodes examined; TIICs, tumor-infiltrating immune cells; GC, gastric cancer. *p < 0.05; **p < 0.01.ns, no significance.
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HR values of these markers from multiple data sets to assess

their impact on prognosis (Figures S7A–I). The meta-analysis

results exhibited that HOTTIP and LINC00643 were associated

with the OS of GC. According to the fixed-effects model,

HOTTIP was remarkably downregulated in the GC group (HR

= 1.40, 95% CI: 1.10–1.78, Z = 2.73, p < 0.01). The combined HR

of LINC00643 was 1.80, according to the random-effects model

(95% CI: 1.31–2.41, Z = 3.60, p < 0.01), indicating that

LINC00643 was lowly expressed in GC. Among the remaining

makers, the expression of MIR663AHG, neutrophils, and

ZNF705A was not significant with OS, but the tendency was

consistent with the survival analysis and Cox regression of

TCGA. The ELNs signature we built was based on tumor

sample data analysis; to further validate the expression of the

prognostic genes constructing the ELNs signature, we analyzed

the difference in seven RNAs (CDKN2B-AS1, H19, HOTTIP,

LINC00643, MIR663AHG, TMEM236, and ZNF705A) between

the normal samples and tumor samples. We compared the

lncRNAs and mRNAs expression levels in GC tissues and
Frontiers in Immunology 15
normal gastric tissues in the GEPIA database, and the results

showed that CDKN2B-AS1, H19, HOTTIP, MIR663AHG, and

ZNF705A were highly expressed in GC, whereas LINC00643

and TMEM236 exhibited low expression in GC (Figures S8A–

G). Subsequently, we detected the expression levels of eight

RNAs in GC tissues (n = 30) and adjacent non-tumorous tissues

(n = 30) by an RT-qPCR assay (Figure 12). Consistent with our

bioinformatics analysis results, the results of an RT-qPCR

experiment showed that the RNA expressions of LINC00643

(p < 0.0001; Figure 12D), TMEM236 (Figure 12F, paired t-test, p

= 0.05073), and hsa-miR-135a-5p (p = 0.003335; Figure 12G)

were downregulated in GC tissues compared with adjacent non-

tumorous tissues. Furthermore, to evaluate TMEM236 and

ZNF705A (not found) expressions at the protein level, the

IHC result provided by the HPA database was analyzed, and

we compared the results of the TMEM236 gene in the HPA

(protein expression level) database and the TCGA database

(gene expression level). As shown in Figures 13A–C, the data

analysis results of the two databases are consistent. Normal
B C D

A

FIGURE 10

The correlation result of the coexpression analysis between tumor-infiltrating immune cells and DERNAs related to the prognosis of gastric
cancer patients. (A) The coexpression heat map illustrated the coexpression patterns of 10 genes and 3 immune cells. (B–D) Neutrophils and
hsa-miR-135a-5p (R = -0.13, p = 0.022), plasma cells and hsa-miR-135a-5p (R = 0.16, p = 0.0034), and regulatory T cells and APOA1 (R = 0.14,
p =0.013). *p < 0.05; **p < 0.01; ***p < 0.001.
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FIGURE 11

Identifying prognostic genes and cells for developing an ELNs signature. (A) LASSO coefficient profiles of the 14 survival-related factors in the
TCGA cohort. (B) Selection of the optimal parameter (lambda.1se = 0.05892685) in the LASSO regression model. (C) The distribution of the
ELNs signature between the high- and low-ELN groups using Mann–Whitney U-test. (D) Kaplan–Meier survival curve of patients with high- and
low-ELN signature groups. (E) Distribution of the ELNs signature in the TCGA cohort. ELNs, the number of lymph nodes examined.
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gastric tissues had moderate TMEM236 IHC staining, whereas

tumor tissues had weak staining.

Construction and evaluation of a prognostic
nomogram for patients with gastric cancer

We carried out univariate and multivariate Cox regression

analyses to study whether the ELNs signature was an

independent prognostic factor for the OS of GC patients

(Figures 14A, B). As the results demonstrated, ELNs signature

(HR = 2.761, 95% CI: 2.092–3.645, p < 0.001), age, M stage, N

stage, T stage, and number of lymph nodes positive were

potential indicators associated with the OS of GC patients in

the univariate Cox regression analysis. Subsequently, the

multivariable Cox regression analysis showed that the ELNs

signature derived from the 11 factors (HR= 2.418, 95% CI:

1.804–3.241, p < 0.001), age, M stage, and T stage were

independent prognostic factors for OS (p < 0.1). In time-

dependent ROC curves analysis, the ELNs signature also

exhibited better prognostic value of 1-, 3-, and 5-year survival

(AUCs = 0.688, 0.744, and 0.778) than other clinical

characteristics (ELNs group, AUCs = 0.561, 0.605, and 0.676;

age + T stage + M stage, AUCs = 0.674, 0.648, and 0.696).

Moreover, for the 1-, 3-, and 5-year OS probability, the ROC

curves also showed that the combination (AUCs [95% CI] =

0.742 [0.675–0.808], 0.768 [0.686–0.849], and 0.813 [0.692–

0.934]) of the ELNs signature and other independent

clinicopathological prognostic factors was better than the

model built only by the ELNs signature (Figures 14C–E).
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Eventually, according to the results of the ROC analyses, all

independent factors were combined to create a nomogram for

predicting the 1-, 3-, and 5-year OS of GC patients. We can

calculate each feature’s score for each patient to predict their 1-,

3-, and 5-year OS probability, contributing to personalized

precision treatment. As shown in Figure 15A, the contribution

of the ELNs signature to the total score is greater than that of

other variables. With increasing total scores, the 1-, 3-, and 5-

year OS rates of GC patients decreased. Our model’s C-index

reached 0.710 (95% CI: 0.663–0.753). There was a remarkable

agreement between the predicted and actual 1-, 3-, and 5-year

survival probabilities (Figure 15B). Similarly, the DCAs

constructed using the TCGA cohort showed that the

nomogram performed well at predicting the 1-, 3-, and 5-year

OS rates in GC patients and achieved a higher net benefit

(Figures 15C–E).

Somatic mutation analysis of high– and low–
the number of lymph nodes examined
signature groups

Figure S9A shows the top 20 most frequently mutated genes

in the high-ELN signature and low-ELN signature GC samples.

In this study, more significant co-occurrence mutations were

observed among the mutations of these genes (Figure S9B).

Subsequently, differential mutations were detected between the

two groups, and the mutation burden of SYNE1 and PCDH15

genes in the high-ELN signature group was higher than that in

the low-ELN signature group (Figure S9C).
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FIGURE 12

Reverse transcription–quantitative PCR result of eight RNAs expression in 30 pairs of gastric cancer tissues and adjacent non-tumor tissues. (A)
H19. (B) HOTTIP. (C) CDKN2B-AS1. (D) LINC00643. (E) MIR663AHG. (F) TMEM236. (G) hsa-miR-135a-5p. (H) ZNF705A.
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Association between the prognostic the
number of lymph nodes examined signature
and clinical characteristics, immune
checkpoints, and drug sensitivity

We further investigated the correlations of the ELNs

signature with clinical features, ICP molecules, and drug

sensitivity, respectively, in this section. The results of the

Kruskal–Wallis rank-sum test revealed that the ELNs signature

in the NX subtype was obviously higher than those in N0, N1,

N2, and N3 subtypes (all p’s < 0.05; Figure S10E). For the T

stage, the ELNs signature of GC patients with T1 was lower than

those with T3, T4, and TX (all p’s < 0.05; Figure S10F). However,

there was no difference in the ELNs signature between men and

women (p = 0.18; Figure S10A), and lymph nodes negative and

positive (p = 0.98; Figure S10B). As shown in Figures S10C–D,

the M stage (p = 0.38) and the grade level (p = 0.31) were not

related to the ELNs signature. The finding of this study suggested

that ELNs signature may play a pivotal role in the development

of GC.

Recently, ICPs have been recognized as potential therapeutic

targets for many malignant tumors and have been used in tumor

immunotherapy. Therefore, to explore whether the ELNs

signature could predict immunotherapeutic benefits in GC

patients, we further explored the difference in the expression

of ICP genes between the two groups. We extracted the

expression of 50 ICPs (Figure S11A), namely ADORA2A,

BTLA, BTNL2, CD160, CD200, CD200R1, CD244, CD27,

CD274, CD276, CD28, CD40, CD40LG, CD44, CD48, CD70,

CD80, CD86, CTLA4, HAVCR2, HHLA2, ICOS, COSLG, IDO1,

IDO2, KIR3DL1, LAG3, LAIR1, LGALS9, NRP1, PDCD1,

PDCD1LG2, TIGIT, TMIGD2, TNFRSF14, TNFRSF18,

TNFRSF25, TNFRSF4, TNFRSF8, TNFRSF9, TNFSF14,

TNFSF15, TNFSF18, TNFSF4, TNFSF9, VTCN1, ENTPD1,

NT5E, SIGLEC15, and NCR3, to assess their relationships

with the ELNs signature. As presented in Figure S11B, CD40

and VTCN1 expression levels in the high-ELNs signature group
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patients were markedly higher than those in the low-ELNs

signature group patients (p < 0.05). The expression of CD44,

ENTPD1, NT5E, and NRP1 in the low-ELN signature was

significantly higher than that in the high-ELN signature (p <

0.05) (Figures S11B, S12). Meanwhile, we also evaluated the

correlation between the ELNs signature and CD40, VTCN1,

CD44, ENTPD1, NT5E, and NRP1 (Figures S11C–H). The ELNs

signature was positively correlated with the expression of CD40

(p = 0.041) and VTCN1 (p = 0.001), whereas CD44 (p = 0.025),

ENTPD1 (p = 0.0014), NT5E (p = 0.0053), and NRP1 (p =

0.003) were negatively correlated with the ELNs signature. This

result indicated that patients in the low-ELN signature group

have a better effect with immunotherapy.

Besides checkpoint blockade therapy, we compared the

sensitivity of high- and low-ELN signature groups to

chemotherapy drugs. Based on the GDSC database, we

forecasted the chemotherapy response of high- and low-ELN

signature groups. The results displayed that a total of 31 targeted

agent drugs had an obvious difference in the IC50 between high-

and low-ELN signature groups in GC (Figure S13). Among those

outcomes, the est imated IC50 levels of BIRB-0796

(Doramapimod), BMS-708163 (Avagacestat), GW-441756, PF-

4708671, rapamycin, and sorafenib in the high-ELN signature

group were significantly lower than those in the low-ELN

signature group (Figure S13A), and the remaining results

showed that the estimated IC50 levels of other drugs in the

high-ELN signature group were significantly higher than those

in the low-ELN signature group (Figure S13B), which indicated

that patients with low-ELN signature were more sensitive to

these chemotherapeutics.
Discussion

Lymph node metastasis plays an important role in GC long-

term survival and recurrence (12). Appropriate staging of lymph
B CA

FIGURE 13

Comparison of TMEM236 expression at the protein level immunohistochemistry pictures. (A) normal (left) and (B, C) tumor (middle and right) tissues.
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node metastasis can accurately predict and improve the

prognosis of patients. The ability to adequately evaluate lymph

node metastasis depends on the total number of detected lymph

nodes that can be used for histological evaluation. In addition, a

large number of studies have demonstrated that lymph node

retrieval with a sufficient number and dissection regions is

necessary for proper N staging and setting up of appropriate

GC treatment regimens. According to those findings, it

confirmed that the number of lymph nodes was an

independent predictor of the GC prognosis. Totally, a greater

number of ELNs were associated with more precise nodal

staging, and the incremental number of lymph node retrieval

is directly correlated with improved survival (13–18).
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Unfortunately, because of insufficient ELNs numbers, GC can

be incorrectly staged, which is called “staging migration.”

Correct staging is the basis of the optimal strategy for adjuvant

therapy, and patients who are underestimated may miss out on

access to adjuvant therapy, resulting in adverse outcomes (15,

19). There may be a variation in the number of lymph node

examinations depending on the surgical method (20).

Furthermore, it is possible for the dissection procedure of the

surgeon to influence not only the number of examined lymph

nodes but also the pathologist’s search for lymph nodes (21, 22).

Consequently, it may be necessary for the pathologist to examine

the specimen with high quality to find more positive lymph

nodes and provide more accurate staging (23).
B

C

D

E

A

FIGURE 14

Prognostic analysis of the gastric cancer patients in the TCGA cohort. (A, B) Forest plots of univariate and multivariate Cox regression analysis
between the ELNs signature and clinicopathological characteristics regarding OS in the TCGA cohort. (C–E) Time-dependent receiver operating
characteristic analyses were constructed by the ELNs signature, ELNs group, age + T stage + M stage, etc., to show their prognostic ability in
the TCGA cohort. ELNs, the number of lymph nodes examined; OS, overall survival.
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D E
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FIGURE 15

Establishment and assessment of the nomogram. (A) The nomogram plot was built based on the ELNs signature, age, M stage, and T stage. (B)
The calibration curves showed that the predicted OS of the nomogram is highly concordant with the actual OS. (C–E) DCAs of the nomogram
for 1-, 3-, and 5-year OS in the TCGA cohort. OS, overall survival; DCA, decision curve analysis. *p < 0.05; **p < 0.01; ***p < 0.001.
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To date, there is no agreement on the number of regional

lymph nodes to be retrieved for adequate staging, and the

optimal number of ELNs continues to be a contentious topic,

but the AJCC 8th GC staging system recommends the

examination of at least 16 lymph nodes. Moreover, a majority

of previous studies have demonstrated a close relationship

between ELNs and GC outcomes. However, not much has

been done to improve prognos i s accuracy us ing

bioinformatics, clinicopathological factors, and machine

learning. For example, the true impact of ELNs on OS may be

understated because of the absence of a special ELNs assessment

signature. From the macroscopic and molecular levels, as a result

of combining two widely used external databases (SEER and

TCGA), we were able to provide novel insights regarding the

relationship between ELNs-related DERNAs, immune cells, and

the survival of GC patients. Moreover, our study also provides an

effective ELNs signature and nomogram model for evaluating

the GC prognosis.

First, we developed an accurate nomogram prediction model

of GC patients’ OS using the large cohort in the SEER database.

Before establishing the nomogram prediction model, according

to the stratified K-M curve analysis by clinicopathological

features, we explored the effect of ELNs on survival. Our study

results revealed that, for the N0, N1, and N2 patients, there were

wide differences in survival between the high- and low-ELN

groups; higher excess hazard (lower survival) was observed in

patients with ≤16 ELNs than in patients with >16 ELNs.

However, in the results of N3 and NX patients, the differences

in survival between the two groups were not significant,

regardless of the number of lymph nodes examined.

Furthermore, a similar pattern of findings was observed for

patients stratified as follows: grade and lymph node status. These

results demonstrated that >16 ELNs were a prerequisite for the

accurate evaluation of prognosis in GC patients. This study

further indicated that, in our nomogram, the study of large

cohorts of GC patients revealed that ELNs were independent

prognostic factors, and ELNs presented to be a protective factor

(high vs. low, HR = 0.659, 95% CI: 0.626–0.694, p < 0.0001),

indicating that the survival was worse for patients whose number

of lymph nodes examined was less than the optimal number (16)

based on the SEER database. It was found that patients with

more examined lymph nodes tended to have higher survival

rates, as in previous studies (8, 18). Synthesizing above all

outcomes, we can clearly know that a greater number of

lymph nodes can reduce the likelihood of undetected positive

lymph nodes, improving the quality of adjuvant chemotherapy

and improving long-term survival. In gathering fewer lymph

nodes, there is an increased chance of missing positive nodal

disease, and this may lead to inappropriate patient selection and

improper adjuvant therapy selection (8). Based on the optimal

cutoff value of ELNs established by the SEER cohort, the TCGA

and Chinese cohorts were separated into two subgroups (high

and low ELNs). Meanwhile, the nomogrammodel was externally
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validated using the TCGA database and the Chinese cohort. As a

result of this study, the predicted values of the model are in good

agreement with the actual values for the two external validation

data sets.

Then, we analyzed the DERNAs between the high- and low-

ELN groups based on lncRNA, mRNA, miRNA, clinical, and

immune cell fraction data from 334 GC samples collected from

TCGA. A total of 664 DEmRNAs, 530 DElnRNAs, and 20

DEmiRNAs were identified. Ultimately, a GC-specific ceRNA

network containing 13 mRNAs, 4 miRNAs, and 6 lncRNAs was

created by integrating the interaction between DEmiRNAs and

DEmRNAs or DElncRNAs. In the ceRNA network, HOTTIP

had the highest connection degree within the prognostic

DElncRNAs including MIR663AHG, LINC00643, HOTTIP,

CDKN2B-AS1, and H19. Excepting lncRNAs, miRNAs should

also get comprehensive attention. We observed that the

DEmiRNA hsa-miR-135a-5p kept the highest connection

degree among the prognostic DEmiRNAs in the ceRNA

network. Among the prognostic DEmRNAs, APOA1 and ARC

had the same connection degree in the ceRNA network.

Therefore, we concluded that they might exert a strong

influence on GC pathogenesis. Subsequently, by understanding

the immune microenvironment, we found that the fractions of

plasma cells, neutrophils, Tregs, NK cells resting, dendritic cells

resting, dendritic cells activated, and mast cells resting were

different between high- and low-ELN groups, suggesting that the

ELNs status could change the immune microenvironment to

affect prognosis. In addition, the correlation analysis showed

that hsa-miR-135a-5p was associated with neutrophils and

plasma cells significantly. Meanwhile, APOA1 was associated

with Tregs significantly. We could infer that the three pairs and

their relevant mechanisms would play essential roles in the

prediction and remedy of the GC prognosis. Furthermore, to

obtain the markers with the greatest potential prognostic values,

univariate Cox regression analysis, LASSO regression analysis,

and multivariate Cox regression analysis were performed to

identify 11 OS-related markers (ELNs group, TMEM236,

ZNF705A, MIR663AHG, LINC00643, HOTTIP, CDKN2B-

AS1, H19, hsa-miR-135a-5p, neutrophils, and Tregs) and

construct an OS-related ELNs signature. In the signature

model, Tregs, H19, HOTTIP, LINC00643, TMEM236, and

hsa-miR-135a-5p were unfavorable factors for GC prognosis,

whereas other factors showed a protective effect on the outcome.

Our prognostic signature containing 10 biomarkers

(TMEM236, ZNF705A, MIR663AHG, LINC00643, HOTTIP,

CDKN2B-AS1, H19, hsa-miR-135a-5p, neutrophils, and

Tregs) can identify GC patients with a high risk of poor

prognosis. Certain genes and immune cells in the signature are

related to the formation and regulation of tumor progression.

For example, risk stratification plays a critical role in the early

detection of GC, which can improve the cure rate and reduce

mortality. LINC00643 as an epigenetic risk marker has been

emphasized as a prospective biomarker for cancer risk
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stratification (24–31). TMEM236 is a new gene significantly

downregulated in colorectal tumors (32). However, there are no

studies on TMEM236 and its correlation with GC. TFs

(Transcription Factors) that are specifically expressed in an

individual tissue or cancer may be potential marker genes.

ZNF705A was specifically highly expressed in germ cell

tumors, which may be potential targets for cancer therapy

(33). CDKN2B-AS1 has been confirmed to be upregulated in a

variety of tumor tissues (34–39), which is involved in the

processes of tumor cell proliferation, migration, invasion, and

inhibition of tumor cell apoptosis. Deng et al. (39) found that GC

patients with high expression of CDKN2B-AS1 had poor

survival, and mechanism studies showed that CDKN2B-AS1

promoted tumor progression mainly by enhancing NF-kB
signal. Our study is consistent with this study, indicating that

CDKN2B-AS1 may serve as a potential biomarker and

therapeutic target for the prognosis and treatment of GC. In

numerous tumors, such as tongue squamous cell carcinoma (40),

lung cancer (41), bladder cancer (42), and colorectal cancer (43),

miR-135a-5p manifested pro-proliferation and pro-metastasis

effects. Consistent with our result, by measuring the level of miR-

135a-5p in samples of human GC, Zhang et al. (44)

demonstrated that miR-135a-5p is typically reduced in GC

tissues. Nevertheless, the role of this miRNA in GC and its

specific mechanism need to be further investigated. In addition,

MIR663AHG requires more explorations because its expression

affects the OS while the associated mechanism remains unclear.

H19 was upregulated in GC tissues, which induced tumor

growth and metastasis through the miR−22−3p/Snail1

signaling pathway (45). Numerous previous studies have

exhibited that high HOTTIP expression was relevant to larger

tumor size, poor differentiation, deeper invasion depth, positive

lymph node metastasis, advanced TNM stage, and poor overall

patient survival (46–48). Tregs, as a subtype of CD4+ T cells,

accumulate in the TME and play vital roles in tumor metastasis

(49). Large populations of FOXP3+ Tregs have been recognized

in the TME, and their accumulation has been linked to poor

prognosis in cancer (50, 51). Elevated FOXP3+ Tregs have been

linked to poor OS and tumor metastasis in GC (52, 53). Wang

et al. (54) demonstrated that activated neutrophils with an

immunosuppressive phenotype are greatly concentrated in GC,

are associated with disease progression, and are inversely

correlated with patient survival after surgery. Neutrophils

contribute to the inhibition of antitumor immunity and the

development of GC by suppressing T-cell activity in a PD-L1–

dependent manner. This report is consistent with our present

observation, as we observed that OS rates were considerably

lower for individuals in the greater neutrophil number group in

the TCGA-STAD cohort. However, apart from H19 and

HOTTIP, the other RNAs were seldom studied in the context

of a combination of transcriptional profiles and immune

microenvironment. Our study identified TMEM236,

ZNF705A, LINC00643, MIR663AHG, and hsa-miR-135a-5p as
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potential prognostic biomarkers of GC for the first time. Thus,

signature genes identified in this study could provide underlying

targets for experimental design in the laboratory to elucidate

molecular mechanisms in GC.

In this study, meta-analysis results showed that LINC00643

was significantly associated with the OS of GC. The GEPIA

database analysis found that CDKN2B-AS1, MIR663AHG, and

ZNF705A were highly expressed in GC and that LINC00643 and

TMEM236 have low expression in GC. Previous K-M survival

analysis showed that CDKN2B-AS1, MIR663AHG, and

ZNF705A overexpression is associated with a poor prognosis,

whereas LINC00643 and TMEM236 overexpression is

associated with a good prognosis. In addition, by studying GC

pathological specimens, we confirmed that LINC00643,

TMEM236, and hsa-miR-135a-5p were lowly expressed in GC

tissues. Furthermore, TMEM236 mRNA expression showed the

same results as the HPA database. These results are consistent

with our Cox regression analysis in the TCGA cohort, which

suggests that they may play an important role in tumorigenesis.

There are few reports on the expression pattern and function of

these genes in GC; we need a large number of cohort and basic

experiments to further explore the potential mechanism of these

genes in the future.

There have been reports on lncRNA signatures and miRNA

signatures for GC. A previous study reported a three-miRNA

signature that can predict outcomes in patients with GC (55).

Guo et al. (56) constructed a four-lncRNA signature and

successfully used a publicly available data set (GSE62254) to

corroborate the reliability of the four lncRNA signatures. Recent

studies have been performed to investigate the immune

characteristics of GC patients, which have adequately

demonstrated high prognostic potential and clinical guidance

values relative to the conventional clinical characteristics or risk

models (57–60). These studies have assessed the immunological

characteristics of GC mainly from the perspective of immune

cell infiltration. The biomarkers included in the risk model

constructed by the above studies are relatively single, and the

risk model established by combining multiple types of indicators

may have better performance in prediction. In this study, we

concentrated our efforts on exploring the immune infiltrating

cell and gene associated with ELNs and established an ELNs

signature associated with prognosis. According to the ROC

analysis of the TCGA data sets, the ELNs signature is good at

predicting short-term (1 and 3 years) and long-term (5 years)

survival for GC patients. In addition, risk stratification by the

ELNs signature showed that patients in the high-ELN signature

subgroup had a shorter OS than those in the low-ELN signature

subgroup. A nomogram integrating the ELNs signature and

other clinical variables (age, M stage, and T stage) was created to

provide clinicians with a quantitative approach to predict the

prognosis for GC patients, which provided more precise short-

and long-term survival predictions than any individual

prognostic factor for GC patients. C-indices, calibration plots,
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and DCAs also demonstrated the excellent predictive

performance of the nomogram. According to these findings,

the ELNs signature was an effective predictor of the prognosis of

GC patients, which has certain implications for clinical

treatment decisions.

Furthermore, a comprehensive analysis of the correlation

between clinicopathological characteristics, ICPs, drug

sensitivity, and the prognostic signature was done. There were

no significant differences in the expression of common

checkpoint genes such as PD-1, PD-L1, and CTLA-4 between

the two risk groups, which signified that our risk model could

not predict the therapeutic effect of existing PD-1/PD-L1 or even

CTLA-4 immune therapy. At present, novel immunotherapies

like anti–PD-1 and anti–PD-L1 have been applied in GC.

Nevertheless, only a minority of subjects benefit from

immunotherapies (61, 62). However, we found that the

expressions of some novel checkpoint genes (CD44, ENTPD1,

NT5E, and NRP1) were upregulated in the low-ELN signature

group, and our study has uncovered that the high expression of

NT5E was obviously associated with poor prognosis, cancer cell

migration, and metastasis in GC patients (63), and this may be

served as a therapeutic target for GC metastasis. Meanwhile, the

data also indicated that this signature was closely associated with

immunotherapy, and the low-ELN signature patients may have a

better response to immunotherapy. This is in light of the fact

that most GC patients are at an advanced stage of the disease,

which makes prevention and treatment of GC a high priority

(64). The localized GC can only be cured by radical surgery with

or without chemotherapy beforehand. However, chemotherapy

is the predominant treatment method for metastatic GC (65).

Unfortunately, chemotherapy shows relatively little response

because of tumor heterogeneity (66). According to the

estimated IC50, our data indicated that patients with low ELNs

were more sensitive to those drugs than those with high ELNs.

Patients in the high-ELN signature subgroup showed sensitive

chemotherapy response only to BIRB-0796 (doramapimod),

BMS-708163 (avagacestat), GW-441756, PF-4708671,

rapamycin, and sorafenib. Based on the patient’s TME,

medical staff can choose a suitable treatment method for the

patient more accurately. ICP inhibitor therapy has recently been

transformed from a single therapeutic medication pattern to a

combination therapy design. The approach of combining

immunotherapy with chemotherapy has been studied in a

number of clinical studies. Studies about GC have shown that,

compared with chemotherapy alone, combination therapy can

increase the efficacy of cancer treatment. However, because

chemotherapy has negative side effects, discovering the most

optimal combination of chemotherapy and ICIs is critical for

adopting more effective clinical strategies for treating GC

patients (67, 68).

Taking our research in its entirety, there are some obvious

strengths. It is clear from this study that the GC cohorts from the

multicenter study had large sample sizes. Utilizing the public
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SEER, TCGA, and GEO databases and an external cohort from

the Affiliated Tumor Hospital of Xinjiang Medical University,

we identified and comprehensively analyzed the ELNs associated

with the prognosis of GC patients. More importantly, our

research is the first to use a large clinical database and a large-

scale omics database to establish a signature related to ELNs for

predicting the prognosis of GC patients. The ELNs signature was

developed to predict outcomes for patients, showing satisfactory

prediction performance. With the ELNs signature and other

significant clinical indicators, a novel nomogram was able to

comprehensively and systematically demonstrate the predicted

effects. Second, even people without medical backgrounds can

perform the calculations, making it possible to apply the

signature to a variety of different settings.

Still, there are some limitations in this study. First, since the

study employed a retrospective research design, some critical

information about the patients might have been omitted

inevitably, reducing the number of eligible participants.

Second, we have internally verified the nomogram prediction

model based on ELNs signature, and the findings of this study

would be more meaningful if this model could be well validated

externally with another real-world, independent, large-quantity,

high-quality cohort, and thus, a more diverse patient population

could be extrapolated. However, the application of the

prognostic prediction model based on the ELNs signature

required four types of data, containing clinical information,

RNA-seq, miRNA-seq, and an abundance of TIICs, which

involve high costs and are not easily feasible in practice. There

are still many limitations in our model, but the findings show

that it remains an instructive and efficient way for predicting the

accurate individual clinical outcomes of GC patients. However, it

is necessary to explore and prove further the potential value of

these results in the prognosis and treatment of GC.
Conclusion

In conclusion, our study explored the prognostic role of

ELNs in GC and successfully developed an ELNs signature

correlated with the GC prognosis. The results exhibited that

this signature is an effective predictor of GC patients.

Moreover, to predict the 1-, 3-, and 5-year OS of patients

with GC, we established a novel and robust nomogram

integrating the ELNs signature and clinical factors, which

will help personalize survival prediction and clinical

decision-making in GC patients.
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material. Further

inquiries can be directed to the corresponding authors.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.947802
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Li et al. 10.3389/fimmu.2022.947802
Ethics statement

This study was reviewed and approved by the institutional

ethical review board at The Affiliated Tumor Hospital of Xinjiang

Medical University. Written informed consent to participate in this

study was provided by the participants’ legal guardian/next of kin.
Author contributions

HuL, KW and DDL conceived and designed the study. HuL

and DDL analyzed and interpreted the data and drafted the

manuscript. HuiL provided technical support. LL, ZY and TH

prepared samples and conducted experiments. KW and SZ

reviewed and revised the paper. All authors contributed to the

article and approved the submitted version.
Funding

This work was supported by grants from the Tianshan

Innovative Research Team of Xinjiang Uygur Autonomous

Region, China (grant number 2020D14020), and the Natural

Science Foundation of China (grant number 11961071).
Acknowledgments

We sincerely thank the support of the ‘14th Five-Year’

college pharmacy specialty discipline of Xinjiang Uygur
Frontiers in Immunology 24
Autonomous Region. We also gratefully acknowledge the data

platforms, including SEER, TCGA, and GEO databases, for

making these data sets publicly available to promote

continuous research.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fimmu.2022.947802/full#supplementary-material
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71:209–49. doi:
10.3322/caac.21660

2. Feng RM, Zong YN, Cao SM, Xu RH. Current cancer situation in China: good
or bad news from the 2018 global cancer statistics? Cancer Commun (Lond) (2019)
39:22. doi: 10.1186/s40880-019-0368-6

3. Deng J, Yamashita H, Seto Y, Liang H. Increasing the number of examined
lymph nodes is a prerequisite for improvement in the accurate evaluation of overall
survival of node-negative gastric cancer patients. Ann Surg Oncol (2017) 24:745–53.
doi: 10.1245/s10434-016-5513-8

4. Ye J, Ren Y, Dai W, Chen J, Cai S, Tan M, et al. Does lymphadenectomy with
at least 15 perigastric lymph nodes retrieval promise an improved survival for
gastric cancer: A retrospective cohort study in southern China. J Cancer (2019)
10:1444–52. doi: 10.7150/jca.28413

5. Liu YY, Fang WL, Wang F, Hsu JT, Tsai CY, Liu KH, et al. Does a higher
cutoff value of lymph node retrieval substantially improve survival in patients with
advanced gastric cancer? -time to embrace a new digit. Oncologist (2017) 22:97–
106. doi: 10.1634/theoncologist.2016-0239

6. Hayashi S, Kanda M, Ito S, Mochizuki Y, Teramoto H, Ishigure K, et al.
Number of retrieved lymph nodes is an independent prognostic factor after total
gastrectomy for patients with stage III gastric cancer: propensity score matching
analysis of a multi-institution dataset. Gastric Cancer (2019) 22:853–63. doi:
10.1007/s10120-018-0902-2

7. Lu J, WangW, Zheng CH, Fang C, Li P, Xie JW, et al. Influence of total lymph
node count on staging and survival after gastrectomy for gastric cancer: An analysis
from a two-institution database in China. Ann Surg Oncol (2017) 24:486–93. doi:
10.1245/s10434-016-5494-7

8. Zhang N, Bai H, Deng J, Wang W, Sun Z, Wang Z, et al. Impact of examined
lymph node count on staging and long-term survival of patients with node-
negative stage III gastric cancer: A retrospective study using a Chinese multi-
institutional registry with surveillance, epidemiology, and end results (SEER) data
validation. Ann Transl Med (2020) 8:1075. doi: 10.21037/atm-20-1358a

9. MingHua Z, KeCheng Z, ZhenYu C, Lin C, ChunXi W, ZeLong Y. Impact of
lymph nodes examined on survival in ypN0 gastric cancer patients: a population-
based study. J Gastrointest Surg (2021) 25:919–25. doi: 10.1007/s11605-020-04579-6

10. Lin GT, Chen QY, Lin M, Huang ZN, Huang CM. ASO author reflections:
Which is more suitable for surrogate indicator of gastric cancer patients’ long-term
prognosis: Lymph nodes examined number or lymph node noncompliance rate?
Ann Surg Oncol (2020) 27:3294–95. doi: 10.1245/s10434-020-08391-z

11. Zheng G, Feng F, Guo M, Xu G, Liu S, Liu Z, et al. Harvest of at least 23
lymph nodes is indispensable for stage N3 gastric cancer patients. Ann Surg Oncol
(2017) 24:998–1002. doi: 10.1245/s10434-016-5667-4

12. Woo Y, Goldner B, Ituarte P, Lee B, Melstrom L, Son T, et al.
Lymphadenectomy with optimum of 29 lymph nodes retrieved associated with
improved survival in advanced gastric cancer: A 25,000-patient international
database study. J Am Coll Surg (2017) 224:546–55. doi : 10.1016/
j.jamcollsurg.2016.12.015

13. Zhao L, Han W, Yang X, Zhao D, Niu P, Gao X, et al. Exceeding 30 ELNs is
strongly recommended for pT3-4N0 patients with gastric cancer: A multicenter
study of survival, recurrence, and prediction model. Cancer Sci (2021) 112:3266–
77. doi: 10.1111/cas.15003
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2022.947802/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.947802/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.1186/s40880-019-0368-6
https://doi.org/10.1245/s10434-016-5513-8
https://doi.org/10.7150/jca.28413
https://doi.org/10.1634/theoncologist.2016-0239
https://doi.org/10.1007/s10120-018-0902-2
https://doi.org/10.1245/s10434-016-5494-7
https://doi.org/10.21037/atm-20-1358a
https://doi.org/10.1007/s11605-020-04579-6
https://doi.org/10.1245/s10434-020-08391-z
https://doi.org/10.1245/s10434-016-5667-4
https://doi.org/10.1016/j.jamcollsurg.2016.12.015
https://doi.org/10.1016/j.jamcollsurg.2016.12.015
https://doi.org/10.1111/cas.15003
https://doi.org/10.3389/fimmu.2022.947802
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Li et al. 10.3389/fimmu.2022.947802
14. Lin JX, Lin JP, Li P, Xie JW,Wang JB, Lu J, et al. New metastatic lymph node
classification for early gastric cancer should differ from those for advanced gastric
adenocarcinoma: Results based on the SEER database. World J Clin cases (2019)
7:145–55. doi: 10.12998/wjcc.v7.i2.145

15. Gholami S, Janson L, Worhunsky DJ, Tran TB, Squires MH3rd, Jin LX, et al.
Number of lymph nodes removed and survival after gastric cancer resection: An
analysis from the US gastric cancer collaborative. J Am Coll Surg (2015) 221:291–9.
doi: 10.1016/j.jamcollsurg.2015.04.024

16. Ji X, Bu ZD, Li ZY, Wu AW, Zhang LH, Zhang J, et al. Prognostic significance of
the total number of harvested lymph nodes for lymph node-negative gastric cancer
patients. BMC Cancer (2017) 17:558. doi: 10.1186/s12885-017-3544-6

17. Ma T, Wu ZJ, Xu H, Wu CH, Xu J, Peng WR, et al. Nomograms for predicting
survival in patients with metastatic gastric adenocarcinoma who undergo palliative
gastrectomy. BMC Cancer (2019) 19:852. doi: 10.1186/s12885-019-6075-5

18. Ito Y, Miyashiro I, Ishikawa T, Akazawa K, Fukui K, Katai H, et al.
Determinant factors on differences in survival for gastric cancer between the
united states and Japan using nationwide databases. J Epidemiol (2021) 31:241–48.
doi: 10.2188/jea.JE20190351

19. de Manzoni G, Verlato G, Roviello F, Morgagni P, Di Leo A, Saragoni L,
et al. The new TNM classification of lymph node metastasis minimises stage
migration problems in gastric cancer patients. Br J Cancer (2002) 87:171–4. doi:
10.1038/sj.bjc.6600432

20. Liu K, Feng F, Chen XZ, Zhou XY, Zhang JY, Chen XL, et al. Comparison
between gastric and esophageal classification system among adenocarcinomas of
esophagogastric junction according to AJCC 8th edition: A retrospective
observational study from two high-volume institutions in China. Gastric Cancer
(2019) 22:506–17. doi: 10.1007/s10120-018-0890-2

21. Jiang L, Yao Z, Zhang Y, Hu J, Zhao D, Zhai H, et al. Comparison of lymph
node number and prognosis in gastric cancer patients with perigastric lymph nodes
retrieved by surgeons and pathologists. Chin J Cancer Res (2016) 28:511–18.
doi: 10.21147/j.issn.1000-9604.2016.05.06

22. Le Voyer TE, Sigurdson ER, Hanlon AL, Mayer RJ, Macdonald JS, Catalano
PJ, et al. Colon cancer survival is associated with increasing number of lymph
nodes analyzed: A secondary survey of intergroup trial INT-0089. J Clin Oncol
(2003) 21:2912–9. doi: 10.1200/JCO.2003.05.062

23. Sigurdson ER. Lymph node dissection: Is it diagnostic or therapeutic? J Clin
Oncol (2003) 21:965–7. doi: 10.1200/JCO.2003.11.944

24. Niwa T, Tsukamoto T, Toyoda T, Mori A, Tanaka H, Maekita T, et al.
Inflammatory processes triggered by helicobacter pylori infection cause aberrant
DNA methylation in gastric epithelial cells. Cancer Res (2010) 70:1430–40.
doi: 10.1158/0008-5472.CAN-09-2755

25. Niwa T, Toyoda T, Tsukamoto T, Mori A, Tatematsu M, Ushijima T.
Prevention of helicobacter pylori-induced gastric cancers in gerbils by a DNA
demethylating agent. Cancer Prev Res (Phila) (2013) 6:263–70. doi: 10.1158/1940-
6207.CAPR-12-0369

26. Maeda M, Yamashita S, Shimazu T, Iida N, Takeshima H, Nakajima T, et al.
Novel epigenetic markers for gastric cancer risk stratification in individuals after
helicobacter pylori eradication. Gastric Cancer (2018) 21:745–55. doi: 10.1007/
s10120-018-0803-4

27. Nakajima T, Enomoto S, Yamashita S, Ando T, Nakanishi Y, Nakazawa K,
et al. Persistence of a component of DNA methylation in gastric mucosae after
helicobacter pylori eradication. J Gastroenterol (2010) 45:37–44. doi: 10.1007/
s00535-009-0142-7

28. Shin CM, Kim N, Lee HS, Park JH, Ahn S, Kang GH, et al. Changes in
aberrant DNA methylation after helicobacter pylori eradication: A long-term
follow-up study. Int J Cancer (2013) 133:2034–42. doi: 10.1002/ijc.28219

29. Maeda M, Moro H, Ushijima T. Mechanisms for the induction of gastric
cancer by helicobacter pylori infection: Aberrant DNA methylation pathway.
Gastric Cancer (2017) 20:8–15. doi: 10.1007/s10120-016-0650-0

30. Nakajima T, Maekita T, Oda I, Gotoda T, Yamamoto S, Umemura S, et al.
Higher methylation levels in gastric mucosae significantly correlate with higher risk
of gastric cancers. Cancer Epidemiol Biomarkers Prev (2006) 15:2317–21. doi:
10.1158/1055-9965.EPI-06-0436

31. Maekita T, Nakazawa K, Mihara M, Nakajima T, Yanaoka K, Iguchi M, et al.
High levels of aberrant DNA methylation in helicobacter pylori-infected gastric
mucosae and its possible association with gastric cancer risk. Clin Cancer Res
(2006) 12:989–95. doi: 10.1158/1078-0432.CCR-05-2096

32. Maurya NS, Kushwaha S, Chawade A, Mani A. Transcriptome profiling by
combined machine learning and statistical r analysis identifies TMEM236 as a
potential novel diagnostic biomarker for colorectal cancer. Sci Rep (2021) 11:14304.
doi: 10.1038/s41598-021-92692-0

33. Hu H, Zhang Q, Hu FF, Liu CJ, Guo AY. A comprehensive survey for
human transcription factors on expression, regulation, interaction, phenotype and
cancer survival. Brief Bioinform (2021) 22:bbab002. doi: 10.1093/bib/bbab002
Frontiers in Immunology 25
34. Xie X, Lin J, Fan X, Zhong Y, Chen Y, Liu K, et al. LncRNA CDKN2B-AS1
stabilized by IGF2BP3 drives the malignancy of renal clear cell carcinoma through
epigenetically activating NUF2 transcription. Cell Death Dis (2021) 12:201. doi:
10.1038/s41419-021-03489-y

35. Akbari F, Peymani M, Salehzadeh A, Ghaedi K. Integrative in silico and in
vitro transcriptomics analysis revealed new lncRNAs related to intrinsic apoptotic
genes in colorectal cancer. Cancer Cell Int (2020) 20:546. doi: 10.1186/s12935-020-
01633-w

36. Kattan SW, Hobani YH, Shaheen S, Mokhtar SH, Hussein MH, Toraih EA,
et al. Association of cyclin-dependent kinase inhibitor 2B antisense RNA 1 gene
expression and rs2383207 variant with breast cancer risk and survival. Cell Mol Biol
Lett (2021) 26:14. doi: 10.1186/s11658-021-00258-9

37. Wang G, Xu G, Wang W. Long noncoding RNA CDKN2B-AS1 facilitates
lung cancer development through regulating miR-378b/NR2C2. Onco Targets Ther
(2020) 13:10641–9. doi: 10.2147/OTT.S261973

38. Zhu L, Zhang Q, Li S, Jiang S, Cui J, Dang G. Interference of the long
noncoding RNA CDKN2B-AS1 upregulates miR-181a-5p/TGFbI axis to restrain
the metastasis and promote apoptosis and senescence of cervical cancer cells.
Cancer Med (2019) 8:1721–30. doi: 10.1002/cam4.2040

39. Deng W, Zhang Y, Cai J, Zhang J, Liu X, Yin J, et al. LncRNA-ANRIL
promotes gastric cancer progression by enhancing NF-kB signaling. Exp Biol Med
(Maywood) (2019) 244:953–59. doi: 10.1177/1535370219860207

40. Zheng Y, Zheng B, Meng X, Yan Y, He J, Liu Y. LncRNA DANCR promotes
the proliferation, migration, and invasion of tongue squamous cell carcinoma cells
through miR-135a-5p/KLF8 axis. Cancer Cell Int (2019) 19:302. doi: 10.1186/
s12935-019-1016-6

41. Jin X, Guan Y, Zhang Z, Wang H. Microarray data analysis on gene and
miRNA expression to identify biomarkers in non-small cell lung cancer. BMC
Cancer (2020) 20:329. doi: 10.1186/s12885-020-06829-x

42. Wei X, Yang X, Wang B, Yang Y, Fang Z, Yi C, et al. LncRNA MBNL1-AS1
represses cell proliferation and enhances cell apoptosis via targeting miR-135a-5p/
PHLPP2/FOXO1 axis in bladder cancer. Cancer Med (2020) 9:724–36. doi:
10.1002/cam4.2684

43. Wu Q, Shi M, Meng W, Wang Y, Hui P, Ma J. Long noncoding RNA
FOXD3-AS1 promotes colon adenocarcinoma progression and functions as a
competing endogenous RNA to regulate SIRT1 by sponging miR-135a-5p. J Cell
Physiol (2019) 234:21889–902. doi: 10.1002/jcp.28752

44. Zhang Z, Ren L, Zhao Q, Lu G, Ren M, Lu X, et al. TRPC1 exacerbate
metastasis in gastric cancer via ciRS-7/miR-135a-5p/TRPC1 axis. Biochem Biophys
Res Commun (2020) 529:85–90. doi: 10.1016/j.bbrc.2020.05.181

45. Gan L, Lv L, Liao S. Long non−coding RNA H19 regulates cell growth and
metastasis via the miR−22−3p/Snail1 axis in gastric cancer. Int J Oncol (2019)
54:2157–68. doi: 10.3892/ijo.2019.4773

46. Ye H, Liu K, Qian K. Overexpression of long noncoding RNA HOTTIP
promotes tumor invasion and predicts poor prognosis in gastric cancer. Onco
Targets Ther (2016) 9:2081–8. doi: 10.2147/OTT.S95414

47. Zhao R, Zhang Y, Zhang X, Yang Y, Zheng X, Li X, et al. Exosomal long
noncoding RNA HOTTIP as potential novel diagnostic and prognostic biomarker
test for gastric cancer. Mol Cancer (2018) 17:68. doi: 10.1186/s12943-018-0817-x

48. Chang S, Liu J, Guo S, He S, Qiu G, Lu J, et al. HOTTIP and HOXA13 are
oncogenes associated with gastric cancer progression. Oncol Rep (2016) 35:3577–
85. doi: 10.3892/or.2016.4743

49. Sasada T, Kimura M, Yoshida Y, Kanai M, Takabayashi A. CD4+CD25+
regulatory T cells in patients with gastrointestinal malignancies: Possible
involvement of regulatory T cells in disease progression. Cancer (2003) 98:1089–
99. doi: 10.1002/cncr.11618

50. Oh E, Hong J, Yun CO. Regulatory T cells induce metastasis by increasing
tgf-b and enhancing the epithelial-mesenchymal transition. Cells (2019) 8:1387.
doi: 10.3390/cells8111387

51. Sathe A, Grimes SM, Lau BT, Chen J, Suarez C, Huang RJ, et al. Single-cell
genomic characterization reveals the cellular reprogramming of the gastric tumor
microenvironment. Clin Cancer Res (2020) 26:2640–53. doi: 10.1158/1078-
0432.CCR-19-3231

52. Zhou S, Shen Z, Wang Y, Ma H, Xu S, Qin J, et al. CCR7 expression and
intratumoral FOXP3+ regulatory T cells are correlated with overall survival and
lymph node metastasis in gastric cancer. PloS One (2013) 8:e74430. doi: 10.1371/
journal.pone.0074430

53. Liu K, Yang K, Wu B, Chen H, Chen X, Chen X, et al. Tumor-infiltrating
immune cells are associated with prognosis of gastric cancer. Med (Baltimore)
(2015) 94:e1631. doi: 10.1097/MD.0000000000001631

54. Wang TT, Zhao YL, Peng LS, Chen N, Chen W, Lv YP, et al. Tumour-
activated neutrophils in gastric cancer foster immune suppression and disease
progression through GM-CSF-PD-L1 pathway. Gut (2017) 66:1900–11. doi:
10.1136/gutjnl-2016-313075
frontiersin.org

https://doi.org/10.12998/wjcc.v7.i2.145
https://doi.org/10.1016/j.jamcollsurg.2015.04.024
https://doi.org/10.1186/s12885-017-3544-6
https://doi.org/10.1186/s12885-019-6075-5
https://doi.org/10.2188/jea.JE20190351
https://doi.org/10.1038/sj.bjc.6600432
https://doi.org/10.1007/s10120-018-0890-2
https://doi.org/10.21147/j.issn.1000-9604.2016.05.06
https://doi.org/10.1200/JCO.2003.05.062
https://doi.org/10.1200/JCO.2003.11.944
https://doi.org/10.1158/0008-5472.CAN-09-2755
https://doi.org/10.1158/1940-6207.CAPR-12-0369
https://doi.org/10.1158/1940-6207.CAPR-12-0369
https://doi.org/10.1007/s10120-018-0803-4
https://doi.org/10.1007/s10120-018-0803-4
https://doi.org/10.1007/s00535-009-0142-7
https://doi.org/10.1007/s00535-009-0142-7
https://doi.org/10.1002/ijc.28219
https://doi.org/10.1007/s10120-016-0650-0
https://doi.org/10.1158/1055-9965.EPI-06-0436
https://doi.org/10.1158/1078-0432.CCR-05-2096
https://doi.org/10.1038/s41598-021-92692-0
https://doi.org/10.1093/bib/bbab002
https://doi.org/10.1038/s41419-021-03489-y
https://doi.org/10.1186/s12935-020-01633-w
https://doi.org/10.1186/s12935-020-01633-w
https://doi.org/10.1186/s11658-021-00258-9
https://doi.org/10.2147/OTT.S261973
https://doi.org/10.1002/cam4.2040
https://doi.org/10.1177/1535370219860207
https://doi.org/10.1186/s12935-019-1016-6
https://doi.org/10.1186/s12935-019-1016-6
https://doi.org/10.1186/s12885-020-06829-x
https://doi.org/10.1002/cam4.2684
https://doi.org/10.1002/jcp.28752
https://doi.org/10.1016/j.bbrc.2020.05.181
https://doi.org/10.3892/ijo.2019.4773
https://doi.org/10.2147/OTT.S95414
https://doi.org/10.1186/s12943-018-0817-x
https://doi.org/10.3892/or.2016.4743
https://doi.org/10.1002/cncr.11618
https://doi.org/10.3390/cells8111387
https://doi.org/10.1158/1078-0432.CCR-19-3231
https://doi.org/10.1158/1078-0432.CCR-19-3231
https://doi.org/10.1371/journal.pone.0074430
https://doi.org/10.1371/journal.pone.0074430
https://doi.org/10.1097/MD.0000000000001631
https://doi.org/10.1136/gutjnl-2016-313075
https://doi.org/10.3389/fimmu.2022.947802
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Li et al. 10.3389/fimmu.2022.947802
55. Qi W, Zhang Q. Development and clinical validation of a 3-miRNA
signature to predict prognosis of gastric cancer. PeerJ (2021) 9:e10462. doi:
10.7717/peerj.10462

56. Guo Z, Liang E, Zhang T, Xu M, Jiang X, Zhi F. Identification and validation
of a potent multi-lncRNA molecular model for predicting gastric cancer prognosis.
Front Genet (2021) 12:607748. doi: 10.3389/fgene.2021.607748

57. Jiang Y, Zhang Q, Hu Y, Li T, Yu J, Zhao L, et al. ImmunoScore signature: A
prognostic and predictive tool in gastric cancer. Ann Surg (2018) 267:504–13. doi:
10.1097/SLA.0000000000002116

58. Jiang Y, Xie J, Huang W, Chen H, Xi S, Han Z, et al. Tumor immune
microenvironment and chemosensitivity signature for predicting response to
chemotherapy in gastric cancer. Cancer Immunol Res (2019) 7:2065–73. doi:
10.1158/2326-6066.CIR-19-0311

59. Cai WY, Dong ZN, Fu XT, Lin LY, Wang L, Ye GD, et al. Identification of a
tumor microenvironment-relevant gene set-based prognostic signature and related
therapy targets in gastric cancer. Theranostics (2020) 10:8633–47. doi: 10.7150/
thno.47938

60. Zeng D, Li M, Zhou R, Zhang J, Sun H, Shi M, et al. Tumor
microenvironment characterization in gastric cancer identifies prognostic and
immunotherapeutically relevant gene signatures. Cancer Immunol Res (2019)
7:737–50. doi: 10.1158/2326-6066.CIR-18-0436

61. Fuchs CS, Doi T, Jang RW, Muro K, Satoh T, Machado M, et al. Safety and
efficacy of pembrolizumab monotherapy in patients with previously treated
Frontiers in Immunology 26
advanced gastric and gastroesophageal junction cancer: Phase 2 clinical
KEYNOTE-059 trial. JAMA Oncol (2018) 4:e180013. doi: 10.1001/
jamaoncol.2018.0013

62. Das S, Camphausen K, Shankavaram U. Cancer-specific immune prognostic
signature in solid tumors and its relation to immune checkpoint therapies. Cancers
(Basel) (2020) 12:2476. doi: 10.3390/cancers12092476

63. Xu Z, Gu C, Yao X, Guo W, Wang H, Lin T, et al. CD73 promotes tumor
metastasis by modulating RICS/RhoA signaling and EMT in gastric cancer. Cell
Death Dis (2020) 11:202. doi: 10.1038/s41419-020-2403-6

64. Sitarz R, Skierucha M, Mielko J, Offerhaus GJA, Maciejewski R, Polkowski
WP. Gastric cancer: Epidemiology, prevention, classification, and treatment.
Cancer Manag Res (2018) 10:239–48. doi: 10.2147/CMAR.S149619

65. Charalampakis N, Economopoulou P, Kotsantis I, Tolia M, Schizas D,
Liakakos T, et al. Medical management of gastric cancer: A 2017 update. Cancer
Med (2018) 7:123–33. doi: 10.1002/cam4.1274

66. Duan S, Wang P, Liu F, Huang H, An W, Pan S, et al. Novel immune-risk
score of gastric cancer: A molecular prediction model combining the value of
immune-risk status and chemosensitivity. Cancer Med (2019) 8:2675–85. doi:
10.1002/cam4.2077

67. Xie J, Fu L, Jin L. Immunotherapy of gastric cancer: Past, future perspective
and challenges. Pathol Res Pract (2021) 218:153322. doi: 10.1016/j.prp.2020.153322

68. Takei S, Kawazoe A, Shitara K. The new era of immunotherapy in gastric
cancer. Cancers (Basel) (2022) 14:1054. doi: 10.3390/cancers14041054
frontiersin.org

https://doi.org/10.7717/peerj.10462
https://doi.org/10.3389/fgene.2021.607748
https://doi.org/10.1097/SLA.0000000000002116
https://doi.org/10.1158/2326-6066.CIR-19-0311
https://doi.org/10.7150/thno.47938
https://doi.org/10.7150/thno.47938
https://doi.org/10.1158/2326-6066.CIR-18-0436
https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.3390/cancers12092476
https://doi.org/10.1038/s41419-020-2403-6
https://doi.org/10.2147/CMAR.S149619
https://doi.org/10.1002/cam4.1274
https://doi.org/10.1002/cam4.2077
https://doi.org/10.1016/j.prp.2020.153322
https://doi.org/10.3390/cancers14041054
https://doi.org/10.3389/fimmu.2022.947802
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	A nomogram model based on the number of examined lymph nodes–related signature to predict prognosis and guide clinical therapy in gastric cancer
	Introduction
	Materials and methods
	Data set source and processing
	Surveillance, epidemiology, and end results database
	Chinese cohort
	Other databases

	Differentially expressed gene analysis
	Construction of competing endogenous RNA network
	Immune cell scores
	Development of the prognostic the number of lymph nodes examined signature
	Validation of prognostic markers
	RNA extraction and reverse transcription–quantitative PCR analysis
	Experimental specimens
	Reverse transcription–quantitative PCR

	Construction and evaluation of the nomogram model
	Estimation of immune checkpoint expression
	Drug sensitivity assessment
	Statistical analyses

	Results
	Clinical characteristics analyses
	Demographic and clinical characteristics in cohorts
	Impact of the number of lymph nodes examined on survival
	The construction of the STAD prognosis prediction model in the SEER database
	Validating and comparing the predictive accuracy of the nomogram model in four data sets

	Molecular features analyses of gastric cancer
	Identification of differentially expressed lncRNAs, miRNAs, and mRNAs
	The construction of competing endogenous RNA networks and the survival analysis
	Estimation of immune cell-type fractions in GC and the survival analysis
	The composite and coexpression analysis of genes and tumor-infiltrating immune cells
	Construction of the number of lymph nodes examined signature for overall survival
	The verification of prognostic markers in the number of lymph nodes examined signature by database and reverse transcription–quantitative PCR
	Construction and evaluation of a prognostic nomogram for patients with gastric cancer
	Somatic mutation analysis of high– and low–the number of lymph nodes examined signature groups
	Association between the prognostic the number of lymph nodes examined signature and clinical characteristics, immune checkpoints, and drug sensitivity


	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


