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Introduction

Lung cancer is the number one cause of cancer-related 
death and the second most common cancer worldwide 
(1,2). Non-small cell lung cancer (NSCLC) is the most 

common type of lung cancer, accounting for about 85% 
of lung cancers, while lung adenocarcinoma (LUAD) 
is currently the most common histological subtype of 
NSCLC (3-5). Patients diagnosed with advanced disease 
have a poor prognosis. The occurrence, development, 
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and prognosis of tumors are not only associated with 
pathological classification and clinical stage, but are also 
closely correlated with abnormal genes (6). Continuous 
improvements in early prevention and the use of targeted 
drugs have transformed lung cancer treatments in clinical 
settings, prolonged the progression-free survival and overall 
survival (OS) of patients, and improved the prognosis of 
patients (7). However, the prognosis for advanced lung 
cancer patients remains poor. Thus, biomarkers urgently 
need to be identified to aid in the diagnosis, treatment, and 
prognosis prediction of lung cancer patients.

Messenger RNA (mRNA) is a type of single-stranded 
ribonucleic acid that is transcribed from a strand of DNA 
as a template and carries genetic information to guide 
protein synthesis. It connects the genetic message in DNA 
to the translation and expression of proteins, and plays an 
important role in life activities (8). In cancer treatment, 
mRNA can be used as a biomarker and a target in cancer 
therapy, and research has shown that the mRNA responsible 
for encoding tumor antibodies may also stimulate effective 
anti-tumor immunity (9). Other signaling pathways have also 
been shown to regulate the mRNA of many proteins (10),  
and many tumor cell derived exosomes also contain related 
mRNA that promotes cell proliferation. When mRNA 
is transported to receptor cells, it can produce functional 
proteins, promote the horizontal transmission of genetic 
information, and play a key role in gene expression. 
Presently, mRNA plays a major role in the occurrence, 

development, diagnosis, and treatment of tumors. Recently, 
mRNA tumor vaccines have gradually been applied to the 
treatment of cancer (11). Additionally, mRNA therapy, as an 
emerging gene therapy, has also begun to play a role in the 
treatment of various types of tumors.

In this study, LUAD gene expression profile data were 
downloaded from The Cancer Genome Atlas (TCGA) 
Program, a public database, and a univariate Cox analysis 
combined with a random forest (RF) model was used to 
identify the genes associated with prognosis in LUAD. An R 
bioinformation tool and online software were then used to 
perform functional analysis and prediction analysis of these 
genes. Finally, we successfully identified four genes critical 
to the prognosis of LUAD, and found that their abnormal 
expression was associated with poor prognosis in LUAD. 
We present this article in accordance with the STREGA 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-24-1530/rc).

Methods

RNA‑sequencing transcriptome data of samples

The RNA-sequencing expression profiles of LUAD were 
downloaded from TCGA (https://portal.gdc.cancer.gov/, 
up to March 29, 2023), a publicly available, open-access 
database. The dataset comprised 600 samples, of which 
541 LUAD tumor tissue samples and 59 normal lung 
tissues samples were included. The clinical data of LUAD 
patients were also obtained from TCGA, and 484 patients 
with complete survival data were included in our survival 
analysis. The transcripts per kilobase million and count 
values were acquired from TCGA-LUAD database. The 
data workflow type was STAR-Count files. Only the protein 
coding genes were selected for further study. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Identification of DEGs

The LUAD tissues were compared to the normal tissue 
samples using R package limma (version 3.56.2), and the 
differentially expressed genes (DEGs) were identified. The 
DEGs with a P value <0.05 and |log2 fold change (FC)| >1 
were considered statistically significant. Finally, the DEGs 
were visualized in volcano plots, heatmaps, and principal 
component analysis (PCA) plots using R package ggplot2 
(version 3.3.0) and tinyarray (version 2.3.0).
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Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) analyses

To determine the function of the DEGs in LUAD, GO 
and KEGG pathway analyses were conducted using R 
package clusterProfiler and DOSE. The GO analysis 
was conducted to examine the biological processes (BPs), 
cellular components (CCs), and molecular functions (MFs) 
of the DEGs. A P value <0.01 was considered statistically 
significant.

Identification of the diagnostic prognosis-related genes

The randomForestSRC and randomSurvivalForest package 
in R (version 4.3.0) were used to construct a RF model 
and select the biomarkers that contribute to prognosis in 
LUAD. A P value <0.01 was set as the cut-off value for the 
univariable Cox analysis, and a P value <0.3 was set as the 
cut-off value for the RF analysis. The prognosis-related 
genes were intersected with the DEGs to select the hub 
prognosis-related DEGs.

Survival analysis of DEGs

Kaplan-Meier plotter (http://kmplot.com/analysis/index.
php?p=background) online software was used to predict the 
survival of the LUAD patients. To verify the results, the 
“survival” and “survminer” packages in R (version 4.3.0) were 
used to visualize the Kaplan-Meier survival analysis of the 
data of the 515 LUAD patients from TCGA database, and 
the patients were divided into two groups according to the 
median value of the risk-score model for the survival analysis.

Expression analysis of the hub prognosis-related DEGs

The expression of the hub DEGs was verified using the 
online website University of ALabama at Birmingham 
CANcer (UALCAN; https://ualcan.path.uab.edu/), Tumor 
IMmune Estimation Resource (TIMER; https://cistrome.
shinyapps.io/timer/), and Gene Expression Profiling 
Interactive Analysis 2 (GEPIA2; http://gepia2.cancer-
pku.cn/#index) databases. A P value <0.05 was set as the 
threshold.

Genomic alteration analysis of the hub prognosis-related 
DEGs

The cBio Cancer Genomics Portal (12) (c-BioPortal; 

https://www.cbioportal.org/) database was used to 
conduct the genomic alteration analysis of the LUAD hub 
prognosis-related DEGs.

Immune cell infiltration analysis of the hub prognosis-
related DEGs

The TIMER (13) (https://cistrome.shinyapps.io/timer/) 
database was used to explore immune cell infiltration in 
LUAD.

Statistical analysis

The differences between the groups were examined using 
the Student’s t-test. The data were presented as the mean 
± standard deviation (SD). The statistical analysis was 
performed using GraphPad Prism (version 9.0). A P value 
<0.05 (two-tailed) was considered statistically significant.

Results

Identification of DEGs in TCGA-LUAD

TCGA-LUAD data were analyzed using R package limma, 
tinyarray, and clusterProfiler. We conducted a PCA plot 
analysis and found that the tumor and normal samples were 
well distributed in the two clusters of the gene signature 
(Figure 1A). We analyzed the expression of 541 LUAD 
samples and 59 normal samples from the TCGA database, 
and we found that 2,138 genes were up-regulated and  
2,559 genes were down-regulated (P<0.05, log|FC| >1). 
The volcano plots and heatmap of these genes are shown in 
Figure 1B,1C.

Enrichment analysis of DEGs

The DEG data of TCGA-LUAD patients were subjected 
to GO and KEGG enrichment analyses using R package 
clusterProfiler. The results of the GO analysis showed that 
the top three BPs were extracellular structure organization, 
external encapsulating structure organization, and axoneme 
assembly (Figure 2A), the top three CCs were the collagen-
containing extracellular matrix, ion channel complex, 
and apical part of cell (Figure 2B), and the top three MFs 
were passive transmembrane transporter activity, channel 
activity, and gated channel activity (Figure 2C). Additionally, 
the KEGG pathway analysis showed that the top three 
significantly enriched pathways were the neuroactive 
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ligand-receptor interaction pathway, the systemic lupus 
erythematosus pathway, and the neutrophil extracellular 
trap formation pathway (Figure 2D).

Prognosis-related DEGs

Based on our findings, we suspected that the identified 
DEGs were associated with the development of LUAD. 
Next, to evaluate whether the DEGs could serve as 
diagnostic markers for LUAD, we conducted a univariate 
Cox analysis with a RF model of the preprocessed data. The 
results of the univariate analysis (Figure 3A-3C) showed 
that the four key genes, including telomerase reverse 
transcriptase (TERT), centromere protein H (CENPH), 
testis expressed metallothionein-like protein (TESMIN), 
which is also known as metallothionein-like 5 protein 
(MTL5), and solute carrier family 35 member F4 (SLC35F4), 

were significantly associated with the prognosis of LUAD 
patients. These four genes (i.e., CENPH, TERT, SLC35F4, 
and TESMIN) were up-regulated in the LUAD samples 
(Table 1).

The four prognosis-related DEGs were significantly  
up-regulated in LUAD tissues

The GEPIA2 database showed that the mRNA levels of the 
four genes were significantly higher in the LUAD tissues 
than those of the corresponding normal tissues (Figure 4A). 
The TIMER database results showed that the expression 
of the four genes was significantly higher in the LUAD 
tissues than that of the adjacent normal tissues (Figure 4B). 
The expression of the four genes in the LUAD and normal 
tissues was also examined using the UALCAN database, and 
we found that the expression levels of the four genes were 

Figure 1 DEGs in TCGA-LUAD. (A) PCA plots of LUAD and normal samples. Red means up, blue means down. (B) Volcano plots of 
DEGs in TCGA-LUAD. (C) Heatmaps of TCGA-LUAD. DEGs, differentially expressed genes; TCGA, The Cancer Genome Atlas; 
LUAD, lung adenocarcinoma; PCA, principal component analysis. 
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higher in the LUAD tissues than those in the normal tissues 
(Figure 4C). These results suggested that the four genes 
were overexpressed in the cancer tissues, which is consistent 
with the TCGA-LUAD results.

The four prognosis-related DEGs were correlated with 
poor OS in LUAD

The four key genes were significantly associated with the 
prognosis of LUAD patients (Figure 5A). We then further 
examined the prognostic significance of the four DEGs 
in LUAD patients. The results of the Kaplan-Meier 
OS analysis showed that the high expression of all four 
DEGs (i.e., CENPH, SLC35F4, TERT, and TESMIN) was 
associated with poor OS in LUAD patients (Figure 5B-5E); 
however, the difference was only statistically significant for 
CENPH and TESMIN, which exerted persecute effects for 

patients with LUAD (Figure 5B,5E, P<0.001). The results 
of TCGA-LUAD data survival analysis, showed that the 
high expression of four DEGs (i.e., CENPH, SLC35F4, 
TERT, and TESMIN) was associated with worse OS in 
the LUAD patients (Figure 5F-5I); however, CENPH and 
TESMIN exerted persecute effects for patients with LUAD 
(Figure 5F,5I, P<0.05). The data for SLC35F4 could not 
be analyzed, as there were only two samples in the high 
expression group (Figure 5G). TCGA-LUAD survival 
results were consistent with the Kaplan-Meier survival plot 
results. However, CENPH, TERT and TESMIN may have 
more research value in LUAD treatment.

Genomic alteration analysis of the four key prognosis-
related DEGs in LUAD

A genomic alteration analysis of the four key prognosis-

Figure 2 Enrichment analysis of the DEGs in the LUAD samples. (A-C) GO enrichment analysis. (D) KEGG pathway enrichment analysis 
histograms. GO, Gene Ontology; BP, biological process; CC, cellular component; MF, molecular function; KEGG, Kyoto Encyclopedia of 
Genes and Genomes; ECM, extracellular matrix; DEGs, differentially expressed genes; LUAD, lung adenocarcinoma.
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related DEGs in LUAD was conducted using the cBioPortal 
website. The results indicated that genomic alterations 
of CENPH, SLC35F4, TERT, and TESMIN occurred in 
2%, 1.8%, 13%, and 2.5% of LUAD patients, respectively 
(Figure 6A). The genetic alteration type and frequency 
of the four key prognostic DEGs showed differences in 
various LUAD databases (Figure 6B). Together, these 

results showed that the genomic alterations of the four key 
prognosis-related DEGs might play an essential role in 
cancer onset and progression.

Immune cell infiltration analysis

To further explore whether somatic copy number alteration 
(SCNA) and the degree of the cancer’s immune invasion 
were associated with prognosis, the TIMER database was 
used to assess the correlation between the expression of 
the prognosis-related genes and immune infiltration. A 
negative correlation was found between CENPH expression 
and the infiltration of B cells (Cor =–0.123, P=0.007), 
and macrophage cells (Cor =–0.154, P<0.001; Figure 7A). 
While a positive correlation was found between SLC35F4 
expression and the infiltration of CD4+ T cells (Cor =0.115, 
P=0.01; Figure 7B). A negative correlation was also found 
between TERT expression and the infiltration of CD8+ 
T cells (Cor =−0.118, P=0.009), macrophage cells (Cor 
=−0.196, P<0.001), neutrophil cells (Cor =−0.112, P=0.01), 
and dendritic cells (Cor =−0.174, P<0.001; Figure 7C). 
Additionally, a negative correlation was found between 
TESMIN (MTL5) expression and the infiltration of B cells 
(Cor =−0.173, P<0.001; Figure 7D). These results showed 
that the four genes in the risk-score formula were closely 
associated with the immune infiltration process in LUAD, 
especially CENPH, TERT, and TESMIN, which may be the 
reason why their expression affected prognosis.

Discussion

Many related studies have been conducted on LUAD, and a 
number of targeted immune drugs have been developed (14);  
however, many patients become resistant to drugs (15),  
and the mortality rate of LUAD remains very high. 
Therefore, research needs to be conducted to improve 
the therapeutic effects of treatments and the prognosis of 
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Table 1 The expression of the prognosis-related DEGs in LUAD

Symbol LogFC P value Adj. P value Change

TERT 4.41 1.80E−55 8.40E−54 Up

CENPH 1.35 1.39E−17 8.89E−17 Up

TESMIN (MTL5) 2.08 1.22E−12 5.21E−12 Up

SLC35F4 1.02 3.14E−06 7.28E−06 Up

DEGs, differentially expressed genes; LUAD, lung adenocarcinoma; 
FC, fold change.
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Figure 4 The expression levels of the four key prognosis-related genes in the LUAD tissues. (A) The expression levels of the four key 
prognosis-related genes in the LUAD and normal tissues in the GEPIA database. (B) The expression levels of the four key prognosis-related 
genes in the LUAD and normal tissues in the TIMER database. (C) The expression levels of the four key prognosis-related genes in the 
LUAD and normal tissues in the UALCAN database. *, P<0.05; **, P<0.01; ***, P<0.001. LUAD, lung adenocarcinoma; TPM, transcripts 
per million; TCGA, The Cancer Genome Atlas; GEPIA, Gene Expression Profiling Interactive Analysis; TIMER, Tumor IMmune 
Estimation Resource; UALCAN, University of ALabama at Birmingham CANcer. 
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LUAD patients. To improve the diagnosis and prognosis of 
LUAD patients, the molecular mechanism of its occurrence 
and development, needs to be better understood. With the 
development of high-throughput sequencing technology, we 
are able to detect novel genetic mutations that contribute 
to disease progression, and thus identify new genetic targets 
for the diagnosis, treatment, and prognosis predictions of 
LUAD.

In the present study, we used TCGA-LUAD data and 
combined the enrichment, expression, mutation, and 
immune infiltration analysis methods to examine the data. 
A univariate Cox analysis with a RF model was used to 
construct a network based on the correlation between the 
DEGs and prognostic genes. We identified four key genes 
related to the diagnosis and prognosis of LUAD. These four 
genes were highly expressed in LUAD, and these LUAD 
patients had worse OS. To further verify our results, we 
performed univariate Cox regression and RF model analyses 
to examine the relationship between the four genes and OS 
in TCGA-LUAD data. The results showed that CENPH 
and TESMIN exerted a protective effect in patients with 
LUAD, which suggested that high expression of CENPH 
and TESMIN primarily plays a protective role in LUAD.

Previous studies (16-23) have also reported some 
of the functions of these key genes. CENPH plays an 
important role in the organization and function of the 

active centromere-kinetochore complex, and is related 
to the prognosis and progression of gastric carcinoma, 
colorectal cancer, renal cell carcinoma, endometrial cancer, 
LUAD, and other cancers. Liao et al. reported that the 
overexpression of CENPH was significantly associated 
with breast cancer progression and patient OS (24). Li 
et al. and Liao et al. also found that CENPH was more 
highly expressed in LUAD tissues than in normal tissues 
and indicated a poor prognosis. Our analysis results are 
consistent with those of previous studies (20,25).

Telomerase (TERT) is a ribonucleoprotein polymerase 
that plays a role in cellular senescence, and is normally 
repressed in postnatal somatic cells, resulting in the 
progressive shortening of telomeres. The expression of 
TERT mRNA is positively correlated with telomerase 
activity, which suggests that the expression of TERT 
plays a crucial role in the process of carcinogenesis 
(26,27). In particular, the GABPA/B tetramer selectively 
binds and activates the mutant TERT promoter, thus 
inducing overexpression of the TERT gene in several 
tumor types ,  including gl ioblastoma,  melanoma, 
hepatocellular carcinoma and bladder cancer (28). In 
addition, the knockdown of TERT expression can prevent 
the proliferation and migration of cervical cancer cells, 
colon cancer cells, oral squamous cell cancer cells, and 
osteosarcoma cells (29-32). In the present study, we found 
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Figure 5 Survival analysis results of the four key prognostic DEGs (A) Prognostic HRs of the four key genes in LUAD. (B-E) Survival 
analysis of the four key prognostic DEGs by Kaplan-Meier plotter. (F-I) Survival analysis of the four key prognostic DEGs using TCGA-
LUAD data. HR, hazard ratio; CI, confidence interval. LUAD, lung adenocarcinoma; DEGs, differentially expressed genes; TCGA, The 
Cancer Genome Atlas.
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similar results; that is, the high expression of TERT in 
LUAD led to a poor prognosis.

TESMIN (which is also known as MTL5) plays a central 
role in the regulation of cell growth and differentiation 
and is involved in spermatogenesis (33). TESMIN was 
first found in mouse testicular tissue, and rat testicular 
and ovarian tissue during the meiosis of male and female 
germ cells (34,35). TESMIN mRNA expression is not 
only expressed in the ovary and testis of mice, it is also 

expressed in kidney, brain, liver and myocardial tissue. 
Thus far, TESMIN expression has been observed in adult 
prostate, gastric cancers, and NSCLC (36,37). Huang et al.  
reported that TESMIN expression was correlated with a 
poor prognosis and promoted the proliferation of cervical 
squamous cell carcinoma (38). It has been reported that 
the expression of MTL5 is higher in lung cancer cells 
than in control cells, and its expression may help predict  
prognosis (39). Our results are consistent with those of 

Figure 6 Genomic alterations in the four key prognostic DEGs in LUAD analyzed by the cBioPortal database. (A) OncoPrint of the gene 
alterations in the four key prognostic DEGs in the LUAD cohort (the different colors indicate different types of genetic alterations, of 
which amplification accounts for the largest proportion). (B) Details of the gene alteration types in the four key prognosis-related DEGs 
in the LUAD cohort. CNA, copy number alteration; TCGA, The Cancer Genome Atlas; MSK, Memorial Sloan Kettering; CPTAC, 
Clinical Proteomic Tumor Analysis Consortium; TSP, Tumour Sequencing Project; DEGs, differentially expressed genes; LUAD, lung 
adenocarcinoma. 
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previous studies.
SLC35F4 is thought to enable transmembrane transporter 

activity, to be involved in transmembrane transport, and to 
be an integral component of the membrane. To date, little 
has been reported about the role of SLC35F4 in cancer. 
Indeed, this is the first study to report its role in LUAD 
cancer.

The possible genetic alterations of the four hub genes 
in LUAD were examined using cBioPortal. Our research 
showed the most common mutations in the four key genes. 
Mutations in transcription factors have long been thought 

to contribute to tumor development, and previous research 
suggests that overexpressed oncogenic transcription factors 
may alter the core self-regulatory circuits of cells (40-42)  
and may be associated with multiple types of cancer. 
Additionally, genetic alterations were also observed in 
CENPH, SLC35F4, TERT, and TESMIN, including an in-
frame mutation, missense mutation, promoter mutation, 
splice mutation, truncating mutation, structural variant, 
amplification, and deep deletion. However, the clinical 
potential of these gene mutations needs to be confirmed 
with larger sample sizes, and the exact mechanism of these 

Figure 7 Correlation analysis of the prognosis-related DEGs and immune cell infiltration (TIMER). The correlation between the 
abundance of immune cell and the expression of (A) CENPH, (B) SLC35F4, (C) TERT, and (D) MTL5 in LUAD. “Purity” represents the 
purity of the tumor cells in the sample. TPM, transcripts per million; LUAD, lung adenocarcinoma; DEGs, differentially expressed genes; 
TIMER, Tumor IMmune Estimation Resource; MTL5, metallothionein-like 5 protein, also known as TESMIN.
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gene mutations needs to be validated in vitro and in vivo.
Finally, we analyzed the relationship between the four 

key genes and immune infiltration. Gemelli et al. have 
shown that immune inf﻿iltration affects the occurrence and 
development of lung cancer (43). Recent evidence suggests 
that B cells play a key role in lung cancer, and a study has 
shown that proliferating B cells are observed in 35% of 
lung cancers, and are present at all stages of lung cancer 
development, with differences only observed between 
the clinical stages and histological subtypes (44). Tumor-
associated macrophages are important immune cells in the 
tumor microenvironment, infiltrated in tumor tissue, and 
can promote tumor cell proliferation, induce tumor immune 
tolerance, stimulate tumor angiogenesis, and increase 
tumor cell invasion and metastasis (45). Tumor-infiltrating 
lymphocytes (TILs) have been shown to be independent 
predictors of prognosis and immunotherapy outcomes in 
cancer patients (46). CD4+ T cell (CD4+ T) cell and (CD8+ 
T cell) CD8+ T cell are common TILs. In our research, 
we found that the four key genes were related to B cells, 
macrophages, and TILs, which shows the potential immune 
function of the four genes in LUAD. Genetic mutations 
play a crucial role in the development and progression of 
LUAD, impacting the immune microenvironment and 
influencing the choice of treatment regimen, as well as the 
efficacy and prognosis of patients (47).

However, even though we used multiple databases and 
R (version 4.3.0) for our comprehensive analysis, there are 
some limitations in this study. First, the data differences 
between the databases made the data less specific. Second, 
we did not conduct any in vitro or in vivo tests. Third, 
while we found that the four genes were associated with 
immunity, our findings have not been verified with further 
studies. Therefore, we lack specific experimental evidence 
that the four genes can be used as targets for lung cancer 
diagnosis and prognosis. In our upcoming research, we 
intend to examine whether the four genes can serve as 
targets of LUAD.

Conclusions

We conducted a comprehensive analysis and identified 
four key genes related to the prognosis of LUAD. Of these 
four genes, we found that CENPH and TESMIN could 
potentially serve as diagnostic and prognostic biomarkers 
for LUAD with immunomodulatory effects.
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