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Original Article

KLRB1 expression is associated with lung adenocarcinoma 
prognosis and immune infiltration and regulates lung 
adenocarcinoma cell proliferation and metastasis through the 
MAPK/ERK pathway
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Background: Lung cancer is the most common primary malignant tumor of the lung, and as one of 
the malignant tumors that pose the greatest threat to the health of the population, the incidence rate has 
remained high in recent years. Previous studies have shown that KLRB1 is transcriptionally repressed in 
lung adenocarcinoma and correlates with lung adenocarcinoma prognosis. The objective of this study 
is to investigate the intrinsic mechanisms by which KLRB1 affects the malignant phenotypes of lung 
adenocarcinoma such as immune infiltration, proliferation, growth and metastasis.
Methods: We assessed the expression levels of KLRB1 in publicly available databases and investigated 
its associations with clinical and pathological variables. Enrichment analysis was subsequently conducted 
to investigate possible signaling pathways and their associated biological functions. Statistical analysis, 
including Spearman correlation and the application of multigene prediction models, was utilized to assess 
the relationship between the expression of KLRB1 and the infiltration of immune cells. The diagnostic 
and prognostic value of KLRB1 was evaluated using Kaplan-Meier survival curves, diagnostic receptor 
operating characteristic (ROC) curves, histogram models, and Cox regression analysis. Specimens from 
lung adenocarcinoma (LUAD) patients were collected, the expression level of KLRB1 was detected by 
protein blotting analysis, and the expression level of KLRB1 was detected at the mRNA level by real-time 
quantitative reverse transcription polymerase chain reaction (RT-qPCR). Small interfering RNA (siRNA) 
was used to silence gene expression, and Transwell, Cell Counting Kit-8 (CCK-8) and colony formation 
assays were subsequently performed to analyze the effects of KLRB1 on LUAD cell migration, invasion and 
proliferation.
Results: KLRB1 expression was lower in lung cancer tissue than in surrounding healthy tissue. Genes 
differentially expressed in the low and high KLRB1 expression groups were found to be significantly enriched 
in pathways related to immunity. KLRB1 exerted an impact on the MAPK/ERK signaling pathway, thereby 
modulating the growth and proliferation of LUAD cells. KLRB1 expression is linked to prognosis, immune 
infiltration, and cell migration and proliferation in LUAD.
Conclusions: The evidence revealed a correlation between KLRB1 and both prognosis and immune 
infiltration in LUAD patients.
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Introduction

Lung cancer is a frequently occurring form of cancer and 
is responsible for the largest number of cancer-related 
fatalities globally (1). The incidence of lung adenocarcinoma 
(LUAD), the predominant histological subtype of lung 
cancer, continues to increase among individuals who 
currently smoke, previously smoked, or never smoked (2).

Despite significant progress in our understanding of the 
disease pathogenesis and the development of innovative 
therapies, the cure rate of lung cancer therapies remains 
unsatisfactory.

The KLRB1 gene is responsible for encoding the CD161 
receptor found on natural killer (NK) cells. It is a C-type 
lectin-like receptor found on the surface of NK cells and 
certain subsets of T cells (3-6) that plays a crucial role in 
controlling NK cell cytotoxicity and promoting T cell 
proliferation through interaction with its ligand LLT1. IFN-γ 
and IL-17 are secreted through the interaction between 
the ligand and receptor (7-9). Moreover, the correlation 
of CD161 with T-cell stimulation is supported by certain 
lines of evidence. Costimulation and differentiation are 
essential processes in cellular biology. CD161 may be 
actively involved in tumor immunosurveillance (10). Single-

cell RNA sequencing of tumor-infiltrating T cells identified 
CD161 as a potential inhibitory receptor in gliomas (11). 
CD8+PD-1+CD161+ T-cell subsets are more cytotoxic and 
proliferative in hepatocellular carcinoma (HCC) than in 
other cancer types (12). These results suggested that CD161 
plays an important role in tumor immune regulation. 
Previous studies have shown that KLRB1 transcription is 
repressed in tumor tissue in 68% of non-small cell lung 
cancer patients and that CD161 expression in lung cancer is 
associated with improved clinical outcomes (3,10). However, 
the potential effect of KLRB1 on LUAD and its relationship 
with tumor-infiltrating immune cells (TIICs) are not fully 
understood.

The aim of this study was to investigate the relationship 
between KLRB1 expression and clinicopathological prognosis, 
potential molecular mechanisms, and tumor immunity using 
bioinformatics analysis to help clinicians refine treatment and 
improve the prognosis of lung cancer patients. We present 
this article in accordance with the MDAR and TRIPOD 
reporting checklists (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-24-8/rc).

Methods

Clinical specimens and data collection and processing

The Department of Oncology, Huashan Hospital, Fudan 
University, supplied us with 72 sets of lung cancer patient 
samples for clinical research. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). All patients in our study provided consent after being 
fully informed. Our research was approved by the ethics 
committee of Huashan Hospital, Fudan University (2022 
Pro Review No. 634). The RNA-seq data in fragments per 
kilobase per million (FPKM) format and clinicopathological 
information of 594 LUAD patients were obtained for 
The Cancer Genome Atlas lung adenocarcinoma cohort 
(TCGA-LUAD) via the TCGA website (https://portal.gdc.
cancer.gov/). The FPKM format of the RNA sequencing 
data was converted to TPM format, which represents 
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the transcripts per million reads. For the purpose of our 
analysis, we obtained four LUAD datasets (GSE116959, 
GSE27262, GSE10072, and GSE33532) from the GEO 
database website (https://www.geo.ncbi.nlm.nih.gov/.ncbi.
nlm.nih.gov/geo/). The TCGA and GEO databases offer 
publicly accessible data. The expression levels of KLRB1 
mRNA were determined through analysis of 535 LUAD 
tissue samples and 59 normal lung tissue samples obtained 
from the TCGA database. KLRB1 expression in the LUAD 
samples, which included samples from the GSE116959, 
GSE27262, GSE10072, and GSE33532 datasets, was 
analyzed using the GEO database.

Differentially expressed gene (DEG) analysis

By considering the median value of KLRB1 expression, the 
expression levels of KLRB1 were used to stratify patients 
with lung cancer in the TCGA dataset into two groups: 
the high expression group and the low expression group. 
Subsequently, the analysis of DEGs between these groups 
was carried out using the DESeq2 R package (13), and 
volcano plots and heatmaps of the DEGs were generated 
using the R package “ggplot2” (v3.3.3), with a log-fold 
change threshold of absolute value 1 and a P value threshold 
of 0.05. Correlations between the expression of DEGs and 
KLRB1 were assessed using Spearman correlation analysis 
and visualized with ggplot2 [version 3.3.3].

Functional enrichment analysis

The “org.Hs.eg.db” (v3.10.0) R package was used to convert 
the Entrez ID to a gene symbol. Functional enrichment 
analyses, including Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analyses, 
were implemented for the DEGs using the R package 
“ClusterProfiler” (v3.14.3) and visualized via the R package 
“ggplot2” (14). Gene set enrichment analysis (GSEA) was 
carried out using the R package “ClusterProfiler” (v3.14.3), 
and functional or pathway terms with an adjusted P value 
<0.05 and a false discovery rate (FDR) <0.25 were regarded 
as significantly enriched (14,15).

Evaluation of the prognostic significance of KLRB1 
expression in LUAD

The researchers utilized the Kaplan-Meier method with 
the log-rank test to conduct survival analysis. Using the 

“surv-cutpoint” function from the survminer R package, 
patients were categorized into high and low KLRB1 
expression groups by evaluating all possible cutoff points to 
determine the optimal segmentation. Statistical analysis was 
performed to calculate and analyze the hazard ratio (HR), 
95% confidence interval (95% CI), and log-rank P value. 
Univariate and multivariate Cox regression analyses were 
used to evaluate how clinical factors affect patient outcomes. 
Column line plots were used to derive independent 
prognostic factors in multivariate Cox analysis for 
predicting the overall survival (OS) probability. Using the R 
package RMS (v6), line plots were generated and organized 
into columns. Column line plots were constructed using the 
R package RMS (v6.2-0). Time-dependent survival (receptor 
operating characteristic, ROC) curves were analyzed using 
“pROC” (v1.17.0.1), “timeROC” (v0.4) and “ggplot2” 
(v3.3.3) to evaluate the predictive value of KLRB1 expression 
levels in the diagnosis of LUAD. ROC curves were used to 
assess the predictive value of KLRB1 expression levels for 
LUAD diagnosis. Kaplan-Meier survival curves were used 
to analyse the prognostic value of KLRB1 in a subgroup of 
LUAD patients.

Analysis of immune infiltration and its relationship with 
immunomodulators

The tumor infiltration status of 24 immune cell types was 
assessed using the single-sample GSEA (ssGSEA) algorithm 
of the “GSVA” (v1.34.0) R package (16,17). We conducted 
a Spearman correlation analysis to assess the relationship 
between the expression of KLRB1 and these immune 
cells. To gain further insight into the association between 
KLRB1 expression and immunomodulators, we utilized 
the TISIDB database (http://cis.hku.hk/TISIDB) (18). 
Through Spearman correlation analysis, we assessed the 
significant associations between KLRB1 expression and 
both immunosuppressors and immunostimulators. Next, 
we developed prognostic multi-immune genetic signatures 
based on KLRB1-associated immunomodulators. Then, 
they were processed with the least absolute shrinkage 
and selection operator (LASSO) to avoid overfitting and 
eliminate closely related genes. Tenfold cross-validation 
was used to select the minimum penalty term (λ). After that, 
prognostic models of immune molecules associated with 
KLRB1 were constructed. Risk score = β1x1 + β2x2 + ... + 
βixi; in this formula, xi represents the expression of each 
gene, and βi represents the coefficient of each gene.

https://www.geo.ncbi.nlm.nih.gov/.ncbi.nlm.nih.gov/geo/).
https://www.geo.ncbi.nlm.nih.gov/.ncbi.nlm.nih.gov/geo/).
http://org.Hs.eg.db
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Cell culture

A549 human lung cancer cells were from the American 
Type Culture Collection (ATCC). The cells were cultured 
in RPMI-1640 culture medium (HyClone, Logan, UT, 
USA) supplemented with 10% fetal bovine serum (FBS; 
Yeasen Biotech, Shanghai, China) and 1% penicillin-
streptomycin (Sigma-Aldrich, St. Louis, MO, USA) and 
then maintained in an incubator at a constant temperature 
of 37 ℃ and a humidified atmosphere with 5% CO2.

Cell transfection

The cells were seeded onto a 6-well plate. Small interfering 
RNAs (siRNAs) against human KLRB1 were transfected 
into the human LUAD cell Line A549 with Lipofectamine 
2000 according to the instructions (Invitrogen, Carlsbad, 
CA, USA). Forty-eight hours after cell transfection, the cells 
were collected, and the interference efficiency was assessed 
by Western blotting. Three siRNAs directed against KLRB1 
mRNA were synthesized by RiboBio (Guangzhou, China).

Migration and invasion assays

Migration and invasion assays were performed in 24-well 
plates with 8 mm pore size chamber inserts (Corning, 
NY, USA). In the invasion assay, the upper chamber was 
coated with Matrigel to simulate the vascular basement 
membrane. However, in the migration assay, the chambers 
were placed in 24-well plates without Matrigel. A total 
of 1×105 and 5×104 lung cancer cells were resuspended in  
200 µL of serum-free medium and added to the upper 
chamber, which was then placed into a 24-well plate for 
invasion and migration assays, respectively. Then, 800 µL 
of medium supplemented with 10% FBS was added to 
the lower chamber as a chemical stimulant for 18 hours. 
Cells that traversed the membrane (traversal) or matrix gel 
(invasion) were chemically fixed for 30 minutes using 100% 
methanol and subsequently stained with crystal violet dye for  
15 minutes. The number of cells present in nine randomly 
selected microscopic areas was then determined under a 
microscope.

Cell proliferation assay

In the proliferation assay, we inoculated 800 control and 
treated lung cancer cells into 96-well plates. Twenty-four 
hours later, we measured the optical density (OD) 450 of 
each well for 5 consecutive days using a Cell Counting Kit-

8 (CCK-8) assay (Dojindo Corp, Tokyo, Japan). According 
to the protocol, the medium in the original culture wells 
was first discarded, and then a mixture of 10 μL of reagent 
and 90 µL of medium provided in the kit was added to each 
well. After 2 hours of incubation, we quantified the degree 
of light absorption at a wavelength of 450 nm. Eventually, 
a growth curve was constructed using the measured OD 
at 450 nm. In the colony formation assay, 500 cells were 
inoculated into 6-well plates. The cells were incubated in 
an incubator with 2.5 mL of culture medium at 37 ℃. After 
7 days of incubation, the cells were carefully rinsed with 
phosphate-buffered saline (PBS). Each well was treated with 
2 mL of pure methanol, ensuring that the colonies were 
effectively fixed for 15 minutes. After 20 minutes, crystal 
violet solution was added for staining. Microscopic imaging 
was employed for the purpose of quantification.

Real-time quantitative reverse transcription polymerase 
chain reaction (RT-qPCR)

RNA was extracted from all cell samples used in our 
study using TRIzol reagent (Invitrogen). cDNA was 
synthesized with PrimeScript RT Master Mix (TaKaRa, 
Tokyo, Japan). cDNA was used as a template for qPCR 
with SYBR Green Premix Ex Tag (TaKaRa).  The 
following primers were used in this study: KLRB1 forward 
(5'-TGGCATCAATTTGCCCTGAAA-3') and reverse 
(5'-TCCAAGGGTTGACAGTGTGAG-3'). β-actin: 
forward (5'-GTCATTCCAAATATGAGATGCG-3') and 
reverse (5'-GCATTACATAATTTACACGAAAGCA-3'). 
β-actin was used as an internal control. Relative expression 
differences were calculated using the 2−ΔΔCt method.

Protein blotting assay

Proteins were extracted from the samples and cells using 
T-PER® Protein Extraction Reagent (Thermo Fisher 
Scientific, Waltham, MA, USA) supplemented with 
phosphatase inhibitor and protease inhibitor cocktails 
(Yeasen Biotech). After the proteins were quantified by a 
BCA protein assay, the proteins obtained were loaded on 
SDS polyacrylamide gels and transferred to polyvinylidene 
fluoride (PVDF) membranes (Millipore, Billerica, MA, 
USA). The PVDF membranes were blocked with 5% skim 
milk in PBST for one hour and then incubated with the 
following primary antibodies at 4 ℃ overnight: anti-KLRB1 
(1:500, 67537-1-Ig, Proteintech, Wuhan, China); anti-Raf-1 
(1:500, BD-PT3979, Biodragon, Wuhan, China); anti-
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pRaf-1 (1:500, BD-PP0516, Biodragon); anti-MEK-1/2 
(1:500, BD-PT2715, Biodragon); anti-pMEK-1/2 (1:500, 
BD-PP0167, Biodragon); anti-ERK1/2 (1:500, BD-
PT1625, Biodragon); anti-pERK1/2 (1:1,000, #4370, CST, 
Danvers, MA, USA); anti-MSK1 (1:500, BD-PT2902, 
Biodragon); anti-pMSK1 (1:500, BD-PP0517, Biodragon); 
anti-vinculin (1:3,000, #4650, CST); and anti-β-actin 
(1:5,000, HRP-66009, Proteintech). After washing 3 times 
with 0.1% PBST, the membranes were incubated with the 
appropriate horseradish peroxidase-conjugated secondary 
antibody (CST) for 1.5 hours. The bands were visualized 
using a chemiluminescence system (Bio-Rad, Hercules, 
CA, USA), and quantitative analysis was performed using 
Quantity One software (Bio-Rad).

Statistical analysis

Statistical analyses to determine the significance of KLRB1 
expression in unpaired and paired tissues were conducted 
using the bioinformatics online database and R (version 
3.6.3), employing the Weltch t-test and paired samples t-test. 

The Wilcoxon rank sum test was used to determine if there 
were significant differences between two groups. With 
respect to accurate detection in fish, the chi-squared test 
and logistic regression were used to evaluate the associations 
between clinical attributes and KLRB1 expression. Both 
statistical tests were conducted using a two-tailed approach, 
and P values <0.05 were regarded as statistically significant.

Results

KLRB1 expression levels in LUAD and clinical correlation 
analysis

TCGA database analysis revealed that KLRB1 was expressed 
at low levels in LUAD patients (P<0.001) (Figure 1A). We 
also verified that the expression of KLRB1 in LUAD tissues 
was notably lower than that in the corresponding normal 
tissues (P<0.001) (Figure 1B). Utilizing the GEO datasets 
(GSE116959, GSE27262, GSE10072, and GSE33532), the 
expression of KLRB1 was assessed in lung cancer. There 
was a noteworthy decrease in KLRB1 levels in lung cancer 
tissues compared to normal lung tissues (Figure 1C-1F). 
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The assoc ia t ions  between c l in icopathologica l 
characteristics and KLRB1 expression levels in patients with 
LUAD based on the TCGA-LUAD dataset are shown in 
Figure S1. Significant differences in clinical T stage, M stage, 
age, sex, smoking status, pathologic stage, first-line treatment 
outcome, OS, and disease-specific survival (DSS) were 
observed between LUAD patients with high and low KLRB1 
expression. Moreover, univariate logistic regression analyses 
revealed differences in some clinicopathological features 
including T stage (T2, T3, and T4 vs. T1), age (>65 vs.  
≤65 years), smoking status (yes vs. no), and first-line 
treatment outcome [progressive disease (PD), stable disease 
(SD), partial response (PR) vs. complete response (CR)] 
between the groups with high and low KLRB1 expression 
(Table 1). The findings revealed that LUAD patients who 
exhibited low KLRB1 expression levels had a greater 
likelihood of presenting with malignant phenotypes.

DEGs between LUAD patients with high and low KLRB1 
expression

The 594 patients diagnosed with LUAD were categorized 
into two groups based on the median expression value of 
the KLRB1 gene. A total of 927 genes were differentially 
expressed between the KLRB1 groups with high and low 
expression, with 529 genes upregulated and 398 genes 
downregulated [adjusted P value <0.05, |log2fold change 
(FC)| >1] (Figure 2A; the supplementary table is available 

at https://cdn.amegroups.cn/static/public/jtd-24-8-1.
xlsx). Figure 2B,2C illustrates the top 20 DEGs that were 
positively and negatively correlated, as indicated by the 
single-gene correlation heatmap.

Functional enrichment analysis of KLRB1-associated 
DEGs in LUAD

We used the “clusterProfiler” R package for functional 
annotation of KLRB1-related DEGs in LUAD patients. 
The results of GO enrichment analysis, including highly 
enriched biological processes, cellular components and 
molecular functions (P<0.05), are illustrated in Figure 2D 
and in the supplementary table (https://cdn.amegroups.cn/
static/public/jtd-24-8-2.xlsx).

The primary biological processes included the activation 
of T cells, the regulation of lymphocyte activation, the 
regulation of T-cell activation, the differentiation of 
lymphocytes, and the differentiation of T cells. The cellular 
components that exhibited the highest levels of enrichment 
were the external side of plasma membrane, complexes of 
MHC class II proteins, immunological synapses, complexes 
of MHC proteins, and neuronal cell bodies. In the dataset, 
the predominant molecular functions were cytokine 
receptor activity, C-C chemokine binding, cytokine activity, 
G protein-coupled chemoattractant receptor activity and 
chemokine receptor activity. Moreover, KEGG pathway 
analysis revealed significant enrichment of DEGs related to 

Table 1 Association of KLRB1 expression with clinicopathological characteristics of lung cancer patients

Characteristics Total (N) OR (95% CI) P value

T stage (T2 & T3 & T4 vs. T1) 510 0.452 (0.308–0.658) <0.001*

N stage (N1 & N2 & N3 vs. N0) 501 0.709 (0.488–1.027) 0.07

M stage (M1 vs. M0) 369 0.465 (0.185–1.075) 0.08

Pathologic stage (III & IV vs. I & II) 505 0.653 (0.424–0.998) 0.05

Gender (male vs. female) 513 0.736 (0.519–1.043) 0.09

Age (>65 vs. ≤65 years) 494 1.896 (1.328–2.717) <0.001*

Race (Black or African American vs. Asian & White) 446 0.606 (0.331–1.088) 0.10

Smoker (yes vs. no) 499 0.551 (0.329–0.910) 0.02*

Pack-year (≥40 vs. <40) 351 0.844 (0.554–1.282) 0.43

Residual tumor (R1 & R2 vs. R0) 361 1.921 (0.714–5.683) 0.21

Anatomic neoplasm subdivision (right vs. left) 498 0.920 (0.642–1.317) 0.65

Primary therapy outcome (PD & SD & PR vs. CR) 426 0.620 (0.398–0.959) 0.03*

*, two-sided P<0.05. PD, progressive disease; SD, stable disease; PR, partial response; CR, complete response.

https://cdn.amegroups.cn/static/public/JTD-24-8-Supplementary.pdf
https://cdn.amegroups.cn/static/public/jtd-24-8-1.xlsx
https://cdn.amegroups.cn/static/public/jtd-24-8-1.xlsx
https://cdn.amegroups.cn/static/public/jtd-24-8-2.xlsx
https://cdn.amegroups.cn/static/public/jtd-24-8-2.xlsx
file:///C:/Users/xxt/Desktop/tcr-01-02-2012/javascript:;
file:///C:/Users/xxt/Desktop/tcr-01-02-2012/javascript:;
file:///C:/Users/xxt/Desktop/tcr-01-02-2012/javascript:;
file:///C:/Users/xxt/Desktop/tcr-01-02-2012/javascript:;
file:///C:/Users/xxt/Desktop/tcr-01-02-2012/javascript:;


Xu et al. KLRB1, a potential meditor lung cancer suppression3770

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2024;16(6):3764-3781 | https://dx.doi.org/10.21037/jtd-24-8

Figure 2 KLRB1-related DEGs and functional enrichment analysis in LUAD. (A) Volcano plot. The blue and red dots indicate significantly 
downregulated and upregulated DEGs, respectively. (B,C) Heatmap showing the positive and negative genes associated with KLRB1 in 
lung cancer (top 20). Red represents a positive correlation; blue represents a negative correlation. (D) GO enrichment analysis of KLRB1-
associated DEGs revealed enrichment in biological function, cellular component, and molecular function categories. (E) KEGG analysis 
of the DEGs. ***, P<0.001. DEGs, differentially expressed genes; LUAD, lung adenocarcinoma; GO, Gene Ontology; KEGG, Kyoto 
Encyclopedia of Genes and Genomes; FC, fold change.

various pathways, including interactions between cytokines 
and cytokine receptors, interactions between cell adhesion 
molecules, differentiation of Th17 cells, differentiation 
of Th1 and Th2 cells, signaling pathways of chemokines, 
signaling pathways of T-cell receptors, cytotoxicity 
mediated by NK cells, and cascades involving complement 

and coagulation (Figure 2E; the supplementary table is 
available at https://cdn.amegroups.cn/static/public/jtd-
24-8-3.xlsx). Then, the KLRB1 high- and low-expression 
groups were compared using GSEA. GSEA revealed that 
the KLRB1 high-expression group exhibited significant 
enrichment of genes related to immune-related biological 
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processes, such as NK cell-mediated immunity, T-cell 
chemotaxis, leukocyte-mediated cytotoxicity, lymphocyte-
mediated immunity, B-cell-mediated immunity, the T-cell 
receptor complex, the immunoglobulin complex, and 
immune synapses (Figure 3A-3C; the supplementary table 
is available at https://cdn.amegroups.cn/static/public/
jtd-24-8-4.xlsx). Similarly, the KEGG pathway analysis 
demonstrated notable enrichment of genes involved in 
various biological processes, including cytokine and cytokine 
receptor interactions, antigen processing and presentation, 

NK cell-mediated cytotoxicity, the T-cell receptor signaling 
pathway, the B-cell receptor signaling pathway, leukocyte 
transendothelial migration, and the JAK-STAT signaling 
pathway (Figure 3D; the supplementary table is available 
at https://cdn.amegroups.cn/static/public/jtd-24-8-4.xlsx). 
These findings indicated that low KLRB1 expression might 
be associated with an immunosuppressive phenotype.

One particular change that attracted our attention was 
the increase in MAPK/ERK cascade activity (Figure 4A). 
Hence, we assessed the potential involvement of KLRB1 

Figure 3 GSEA of DEGs. (A) GSEA of the hallmark gene sets deposited in MSigDB. (B) GSEA of Gene Ontology gene sets in the BP 
category downloaded from MSigDB. (C) GSEA Gene Ontology gene sets in the CC category downloaded from MSigDB. (D) GSEA of the 
altered signaling pathways in LUAD tissues based on the KLRB1-associated DEGs between the high- and low-KLRB1 expression groups in 
LUAD. GSEA, gene set enrichment analysis; DEGs, differentially expressed genes; MSigDB, Molecular Signatures Database; BP, biological 
process; CC, cellular component; LUAD, lung adenocarcinoma; NES, normalized enrichment score. 
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Figure 4 KLRB1 expression is negatively associated with the MAPK signaling pathway and negatively associated with immunosuppression. 
(A) GSEA showed that KLRB1 is associated with activation of the MAPK pathway in lung adenocarcinoma. (B) Expression of MAPK 
pathway-related proteins was analyzed by western blotting after KLRB1 knockdown. GSEA, gene set enrichment analysis; NES, normalized 
enrichment score; FDR, false discovery rate.

in the regulation of this pathway. The phosphorylation of 
RAF-1, MEK-1/2, ERK1/2 and MSK1 was augmented after 
KLRB1 knockdown, as shown by protein blotting analysis 
(Figure 4B). These findings suggest that inhibition of 
KLRB1 can enhance the proliferation and growth of LUAD 
cells via the MAPK/ERK signaling pathway.

Correlation between KLRB1 expression and immune 
infiltration

The infiltration status of 24 immune cell types in LUAD 
tissues was assessed by ssGSEA, and Spearman correlation 
analysis was performed to assess the correlation between 
KLRB1 expression and immune cell infiltration. KLRB1 
expression was positively correlated with the levels of T 
cells (r=0.873, P<0.001), cytotoxic cells (r=0.777, P<0.001), 
B cells (r=0.661, P<0.001), and Th1 cells (r=0.639, P<0.001) 
(Figure S2A). The tumor infiltration levels of T cells, 
cytotoxic cells, B cells and Th1 cells were consistent with 
the results of Spearman’s analysis (Figure S2B-S2I).

Effect of KLRB1-related immunomodulators on the 
prognosis of LUAD

We identified 39 immunostimulators (C10orf54, CD27, 
CD276, CD28, CD40, CD40LG, CD48, CD70, CD80, 

CD86, CXCL12, CXCR4, ENTPD1, HHLA2, ICOS, 
ICOSLG, IL2RA, IL6, IL6R, KLRC1, KLRK1, LTA, 
MICB, PVR, TMEM173, TMIGD2, TNFRSF13B, 
TNFRSF13C, TNFRSF14, TNFRSF17, TNFRSF18, 
T N F R S F 4 ,  T N F R S F 8 ,  T N F R S F 9 ,  T N F S F 1 3 , 
TNFSF13B, TNFSF14, TNFSF15 and TNFSF4)  
(Figure 5A) and 20 immunosuppressive factors (ADORA2A, 
BTLA, CD160, CD244, CD274, CD96, CSF1R, CTLA4, 
HAVCR2, IDO1, IL10, IL10RB, LAG3, LGALS9, 
PDCD1, PDCD1LG2, PVRL2, TGFB1, TGFBR1 
and TIGIT) (Figure 5B). The levels of these genes were 
significantly associated with those of KLRB1 in LUAD. 
One-way Cox regression analysis was conducted to 
investigate the predictive significance of KLRB1-related 
immunomodulators in LUAD. We identified 16 genes 
that were significantly associated with prognosis in LUAD 
patients (Figure 5C). After that, a four-gene prognostic 
model was developed using LASSO regression analysis 
(Figure 5D,5E). Risk assessments were conducted by 
summing the multiplicative product of expression values 
and coefficients for each gene, enabling the prediction 
of potential risks. In the context of the study, the analysis 
of Kaplan-Meier survival curves revealed a pronounced 
disparity in survival durations between patients with high 
risk scores and those with low risk scores; Survival time 
was significantly shorter in the former group (P<0.001)  
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Figure 5 Heatmap of the relationship between immunostimulants and the KLRB1 gene in LUAD. (A) Heatmap of the relationship between 
immune activators and the KLRB1 gene in LUAD. (B) Heatmap of the relationship between immunosuppressants and the KLRB1 gene in 
LUAD. (C) Univariate Cox regression of genes associated with OS in LUAD patients. (D) LASSO coefficient profiles of 17 prognostic 
genes of LUAD. (E) LASSO regression with tenfold cross-validation obtained 4 prognostic genes by using the minimum λ. (F) Kaplan-
Meier survival analysis of high- and low-risk samples. (G) Risk scores, survival time and survival status in the TCGA dataset (top: scatter plot 
of risk scores from low to high; middle: scatter plot of survival time and survival status corresponding to different sample risk scores; bottom: 
heatmap of gene expression in the prognostic model). LUAD, lung adenocarcinoma; OS, overall survival; HR, hazard ratio; CI, confidence 
interval; LASSO, least absolute shrinkage and selection operator. 
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(Figure 5F). In addition, we investigated the relationship 
between risk score and survival status in LUAD patients, 
and the expression patterns of four genes in the high- and 
low-risk groups are shown in the heatmap (Figure 5G).

Prognostic value of KLRB1 in lung cancer

Kaplan-Meier survival curve analysis revealed that LUAD 

patients with low KLRB1 expression had markedly reduced 
OS (P=0.005) (Figure 6A) and DSS (P=0.008) (Figure 6B). 
Next, the associations between the expression of KLRB1 
and the predicted outcomes in diverse subcategories were 
assessed. Regardless of OS or DSS, patients with low 
KLRB1 expression, including those in various subgroups 
(T1, T2, N0, M0, <40 pack years, smokers, females, age 
>65 years, stage I disease and stage II disease), had notably 

Figure 6 KLRB1 has high prognostic value in patients with LUAD. Kaplan-Meier plotter database analysis showing differences in (A) overall 
survival (B) disease-specific survival in LUAD patients with high and low KLRB1 expression levels. (C) Forest plot based on univariate Cox 
analysis for overall survival. (D) Forest plot based on multivariate Cox analysis for overall survival. LUAD, lung adenocarcinoma; HR, 
hazard ratio; CI, confidence interval. 
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worse prognoses than patients with high KLRB1 expression 
(all P<0.05) (Figure S3).

A comprehensive analysis including both univariate 
and multivariate Cox regression analyses was conducted 
to identify factors influencing prognosis. Univariate Cox 
analysis revealed that T stage (adjusted HR =2.317, 95% CI: 
1.591–3.375, P<0.001), N stage (adjusted HR =2.321, 95% 
CI: 1.631–3.303, P<0.001), M stage (adjusted HR =2.136, 
95% CI: 1.248–3.653, P=0.006), and KLRB1 (adjusted HR 
=0.797, 95% CI: 0.691–0.920, P=0.002) were associated 
with OS in LUAD patients (Figure 6C). Multivariate 
analysis revealed that KLRB1 expression (adjusted HR 
=0.833, 95% CI: 0.703–0.986, P=0.03), T stage (adjusted 
HR =1.826, 95% CI: 1.192–2.795, P=0.006), and N stage 
(adjusted HR =2.041, 95% CI: 1.359–3.065, P<0.001) 
were independent prognostic factors for OS in lung cancer 
patients (Figure 6D). Similarly, for DSS, KLRB1 expression 
(adjusted HR =0.754, 95% CI: 0.600–0.946, P=0.02), M 
stage (adjusted HR =2.162, 95% CI: 1.069–4.370, P=0.03), 
and T stage (adjusted HR =1.758, 95% CI: 1.027–3.007, 
P=0.04) were shown to be prognostic factors (Table S1).

A comprehensive evaluation of KLRB1 expression levels 
was carried out using ROC curve analysis to determine 
its diagnostic significance. The ROC curve showed that 
KLRB1 expression had good predictive ability, and the area 
under the curve (AUC) was 0.724, indicating that KLRB1 
could distinguish between lung cancer tissues and normal 
tissues (Figure S4A). Time-dependent ROC curve analysis 
revealed that the AUC values of the 1-, 3-, and 5-year 
survival rates of LUAD patients predicted based on KLRB1 
expression levels were 0.418, 0.427, and 0.449, respectively  
(Figure S4B). A column line graph model was constructed, 
which included T stage, N stage, and KLRB1 expression 
level as parameters. Multivariate Cox regression analysis 
revealed that these factors were highly significant prognostic 
factors. Columnar plots demonstrated the significant clinical 
value in terms of predicting survival rates for patients with 
LUAD over the course of 1, 3, and 5 years (Figure S4C).

Validation of KLRB1 expression levels in clinical lung 
cancer samples

We assessed the expression of KLRB1 in 72 pairs of cancer 
tissue samples and matched noncancer tissue samples 
that were collected in our laboratory using RT-qPCR  
(Figure 7A,7B) and in 15 pairs of lung cancer tissue samples 
and their matched noncancer tissue samples using Western 
blotting (Figure 7C-7F). Analysis revealed significantly 

lower expression of KLRB1 at the mRNA and protein levels 
in cancer tissues than in paracancerous tissues.

Silencing KLRB1 promotes the migration, invasion and 
proliferation of LUAD cells in vitro

After generating three RNA interference fragments, we 
examined the involvement of KLRB1 in lung cancer. RT-qPCR 
and Western blotting indicated that the siRNA suppressed 
the expression of KLRB1 in A549 cells (Figure 8A,8B). Based 
on these findings, we assessed the migratory and invasive 
capacities of A549 cells in the control group (NC group) 
and the group with KLRB1 knockdown (knockdown 
group). The results indicated a notable increase in the 
migration and invasion capacities of the KLRB1-si1 and 
KLRB1-si3 groups compared to those of the control group  
(Figure 8C). These findings suggested that in vitro, the 
absence of KLRB1 increased the metastatic potential of 
lung cancer cells. The CF assay was used to determine the 
capacity of KLRB1 to form colonies. The data revealed a 
profound enhancement in the CF capacity of A549 cells 
with reduced levels of KLRB1 (Figure 8D). The viability 
of A549 cells was significantly increased when KLRB1 
was knocked down, as demonstrated by the CCK-8 assay  
(Figure 8E).

Discussion

There are many examples of similar bioinformatics 
studies revealing the impact of biomarkers on tumors. 
The statistical correlation between SYTL1 expression 
and endometrial cancer (EC) clinical prognosis, DNA 
methylation and immune cell infiltration demonstrated 
that SYTL1 can be used as a promising diagnostic and 
prognostic biomarker in EC (19). High COMMD10 
expression is significantly associated with a poor prognosis 
in patients with gastric cancer (STAD), and its functional 
realization is related to m6A modification. COMMD10 is 
involved in the regulation of immune infiltration in STAD 
and promotes the generation of an immunosuppressive 
phenotype (20). Another study investigated the relationship 
between the lncRNA TRHDE-AS1 and the development 
of gliomas. The prognostic analysis, differential expression 
analysis, potential pathway mechanism analysis, mutation 
analysis and immune infiltration analysis of the expressed 
genes indicated that this lncRNA has great potential in 
guiding clinical prognosis prediction and future therapeutic 
decisions (21). According to database analysis, INHA 
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Figure 7 KLRB1 is downregulated in lung cancer tissues. (A) The expression of KLRB1 in 72 pairs of cancer tissue specimens and their 
matched noncancerous specimens was analyzed by RT-qPCR. (B) Log2 values of the KLRB1 mRNA expression ratio in cancer and 
paracancerous tissues. (C-E) KLRB1 expression in 15 pairs of cancerous tissue specimens and their matched noncancerous tissue specimens 
was analyzed by Western blotting. (F) Log2 of the lung cancer/paracancer ratio of KLRB1 band intensity by Western blotting. **, P<0.01. 
RT-qPCR, real-time quantitative reverse transcription polymerase chain reaction. 

is a diagnostic and prognostic marker for LUAD, and 
high expression of this molecule is a risk factor for a poor 
prognosis in LUAD patients and promotes LUAD cell 
proliferation and invasion in vitro and in vivo by activating 
the EGFR pathway (22). ULBP2 is an immune marker and 
a prognostically relevant biomarker for colon cancer (CC) 
patients. In CC, ULBP2 forms a complex immunosuppressive 
tumor microenvironment (TME) by altering infiltrating 
immune cell subpopulations and thus may be a potential 
target for CC immunotherapy (23). Compared to single 
omics, multiomics involves the integration of information 
from multiple genomics, proteomics, metabolomics, 
transcriptomics, etc., to explore the roles of various 
genomics methods in jointly influencing the development of 
diseases. With the development of sequencing technology 
and bioinformatics analysis, the framework of integrating 
spatiotemporal multiomics and systems biology is expected 
to become a universal template for analyzing complex 
pathobiology in various disease states. Multiomics analysis 
can help predict the effect of tumor immunotherapy and 

reveal the mechanism by which different histologies jointly 
influence the body’s immune system. A study reveals that 
metabolism influences the immune microenvironment 
of melanoma and predicts the response of tumor patients 
to anti-PD-1 immune checkpoint blockade therapy by 
combining different metabolic components, such as 
glucose metabolism, lipid metabolism, and amino acid 
metabolism (24). The novel multiomics integration 
strategy used, including transcriptomics, proteomics, and 
metabolomics, successfully identified four gastric cancer 
populations with different metabolic profiles, which will 
aid in the development of more targeted gastric cancer 
(GC) treatments (25). Multiomics data can also be used 
to screen for specific tumor diagnostic biomarkers. For 
example, analysis of the molecular profiles of samples based 
on different types of histological analyses is important 
for identifying novel biomarkers for ovarian cancer (OC) 
and improving clinical outcomes (26). Compared with 
traditional biomarkers, high-throughput multiomics 
technology provides new insights and a mechanistic 
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understanding of HCC, enabling the development of all-in-
one biomarkers for diagnosis (27). Thus, the development 
of multiomics may provide new insights into tumor-intrinsic 
precision medicine.

KLRB1 is located on human chromosome 12 and 
encodes CD161 that is expressed on the surface of most 
NK cells and T lymphocytes (4). Studies have shown 
that inhibition of KLRB1 expression in breast invasive 
carcinoma is associated with impaired tumor immune 
function,  leading to tumor progression and poor 
prognosis (28,29). Downregulation of KLRB1 expression 
is strongly associated with poor survival outcomes in 
EC and can influence tumor progression by affecting 
immune cell infiltration subpopulations in the TME (30). 

KLRB1 exhibits potent anti-tumor immunity in human 
papillomavirus (HPV)-positive oropharyngeal squamous 
cell carcinoma (OPSCC), and high levels of intratumoral 
CD161 cytotoxic T lymphocytes (CTLs) are associated 
with favorable treatment response and prolonged OS (31). 
In HCC, KLRB1 is negatively correlated with immune 
infiltration and is associated with better OS in HCC (32). In 
LUAD, accumulation of KLRB1+CD8+ T cells significantly 
correlates with a favorable prognosis, but KLRB1+CD8+ 
T cell infiltration is reduced in advanced lung cancer (33). 
Thus, high KLRB1 expression is a protective effect in 
most tumors. In this study, we analyzed the expression of 
KLRB1 in LUAD and its prognosis by analyzing high-
throughput sequencing data using bioinformatics methods. 

Figure 8 Silencing KLRB1 promoted the migration, invasion and proliferation of lung adenocarcinoma cells in vitro. (A) Real-time qPCR 
was performed to assess the knockdown efficiency in A549 cells. (B) Validation of KLRB1 knockdown efficiency in A549 cells at the 
proteomic level after transfection with KLRB1-specific siRNA by Western blotting. (C) The number of cells migrating or invading through 
the membrane was counted after Taipan blue staining to compare the migratory and invasive ability of A549 cells transfected with KLRB1-
specific siRNA with that of the negative control (magnification ×100). (D) Cell colony formation assay  was used to assess the proliferative 
capacity of the cells, which were counted after Taipan blue staining, and the experiment was repeated three times (magnification ×10). (E) 
Assessment of cell viability with a CCK-8 assay. ***, P<0.001. NC, control group.
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Meanwhile, the relationship between KLRB1 and TIIC was 
analyzed using algorithms to explore the effect of KLRB1 
on the immune microenvironment of lung cancer. Finally, 
the role and specific mechanism of KLRB1 on the growth 
and metastasis of LUAD cells were explored by molecular 
cytology experiments and animal experiments.

The TCGA database was utilized to assess the levels 
of mRNA expression in both lung cancer and normal 
tissues in this study. Analysis and validation of our results 
revealed that KLRB1 expression was significantly reduced in 
LUAD tissues at both the mRNA and protein levels. This 
reduction was found to be linked to unfavorable clinical 
characteristics such as T stage, M stage, race, age, sex, 
smoking status, pathological stage, and first-line treatment 
outcome. Additionally, lung cancer patients with low 
KLRB1 expression have significantly lower OS than those 
with high KLRB1 expression (P<0.05). KLRB1, T stage, N 
stage, and M stage. KLRB1 was found to have an impact 
on OS according to univariate Cox analysis. Furthermore, 
multifactorial analysis revealed that KLRB1 has the potential 
to be a prognostic biomarker for LUAD. 

Previous studies on various cancers have shown a 
substantial correlation between CD161, encoded by KLRB1, 
and immune-related pathways. Specifically, KLRB1 was 
found to be correlated with lymphoid and nonlymphocytic 
pathways involved in immunomodulation (34). After 
extensive research on the impact of KLRB1 on LUAD 
progression was conducted, GSEA was performed and 
revealed strong correlations between KLRB1 and various 
crucial immune response pathways, including cytokine 
and cytokine receptor interactions, antigen processing and 
presentation, NK cell-mediated cytotoxicity, the T-cell 
receptor signaling pathway, the B-cell receptor signaling 
pathway, leukocyte transendothelial migration, and the 
JAK-STAT signaling pathway. These findings further 
support the importance of KLRB1 in immunomodulation in 
LUAD.

Tumor cells grow in a complex microenvironment 
composed of cancer cells, immune cells and stromal cells, 
and the relationship between tumor cells and the immune 
system is determined by a complex network of intercellular 
interactions. Over the past decade, the TME has become 
a key factor influencing tumor development, treatment 
resistance and prognosis (35-37). TIICs have the ability 
to control cancer progression and may serve as potential 
indicators of disease prognosis (38). In addition, TIICs 
have been shown to predict the response to neoadjuvant 
chemotherapy and immune checkpoint inhibition (ICI) 

therapy (39). Additionally, the analysis revealed a significant 
association between KLRB1 and cytokine interactions as 
well as immune cell response regulatory pathways. The 
correlation between the expression of KLRB1 and the levels 
of infiltrating immune cells was assessed. We found that 
KLRB1 expression was most strongly associated with T 
cells, cytotoxic cells, B cells, Th1 cells and CD8+ T cells. 
In non-small cell lung cancer, several studies have shown 
that tumor-infiltrating T cells are associated with a better 
prognosis (40-42). It is widely recognized that CD8+ T 
cells play a crucial role in the cellular immune system 
and are essential for effective cell-mediated antitumor 
immune responses (43,44). In lung cancer, CD8+ T cells 
are an independent prognostic factor and are associated 
with a better prognosis (41). Reduced survival in LUAD 
patients is associated with a decrease in the number of B 
cells among tumor-infiltrating lymphocytes (45). Th1 cells 
produce the cytokines IL-2, IL-12 and IFN-γ, which exert 
antitumor effects in humans (46). KLRB1 may play a role 
in the development and outcome of LUAD by controlling 
the infiltration of immune cells that have the ability to 
combat tumors. Accordingly, we constructed immune 
gene signatures for LUAD based on KLRB1-associated 
immunomodulators. Thus, the differential expression of 
KLRB1-associated immunomodulators can distinguish 
between risk groups.

Furthermore, we performed in vitro experiments to 
explore the potential biological roles of KLRB1 in LUAD. 
In vitro, we found that KLRB1 was downregulated in 
LUAD tissues. Knocking down KLRB1 in A549 cells had 
a positive influence on the proliferative, migratory and 
invasive properties of LUAD cells. An analysis of the 
aforementioned results suggested that KLRB1 plays an 
important role in controlling disease progression in LUAD 
patients.

While this study has some limitations, it expands our 
knowledge regarding the connection between KLRB1 and 
LUAD. First, this study’s focus was limited to a single 
dataset, potentially leading to bias stemming from biased 
selection. Second, following this investigation of the 
relationship between KLRB1 and immune infiltration in 
LUAD patients, additional experiments are needed to verify 
the role of KLRB1 in influencing the TME of LUAD.

Conclusions

In conclusion, low KLRB1 expression is an independent 
adverse prognostic factor for LUAD and is closely 
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associated with aggressive clinical features and unfavorable 
immune infiltration. The prognostic signature based on 
KLRB1-related immunomodulators is an independent 
predictor of OS in patients with LUAD. In terms of 
the potential clinical impact, KLRB1 may inhibit the 
progression of LUAD by suppressing cell proliferation and 
differentiation via the MAPK signaling pathway.
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