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Purpose: To analyze the relationship between titin (TTN) mutation gene and tumor muta-
tional burden (TMB) and the with prognosis of lung squamous cell carcinomas (LUSC), and 
to explore the feasibility of TTN as a potential prognostic marker of for LUSC.
Methods: We analyzed the somatic mutation landscape of LUSC samples using datasets 
obtained from The Cancer Genome Atlas (TCGA) and International Cancer Genome 
Consortium (ICGC) databases. Sequence data were divided into wild and mutant groups, 
and differences in TMB values between the groups compared using a Mann–Whitney U-test. 
The Kaplan Meier method was used to analyze the correlation between TTN mutation and 
LUSC prognosis, whereas CIBERSORT algorithm was used to calculate the degree of 
relative enrichment degree of among tumor-infiltrating lymphocytes in LUSC.
Results: Analysis of both datasets revealed high mutations in the TTN gene, with mutants 
exhibiting a significantly higher TMB value relative to the wild-type (P < 0.001). Prognosis 
of the TTN mutant group in LUSC was significantly better than that of wild-type (P = 0.009). 
Kaplan Meier curves showed that TTN mutation may be an independent prognostic factor in 
LUSC patients (HR: 0.64, 95% CI 0.48–0.85, P = 0.001), while GSEA analysis revealed that 
TTN mutation plays a potential role in the development of LUSC. Finally, analysis of LUSC 
immune microenvironment revealed that TTN mutation was significantly associated with 
enrichment of macrophages M1 (p < 0.05).
Conclusion: TTN mutation is associated with TMB, and is positively correlated with prognosis 
of LUSC. Therefore, this mutation may serve as a potential prognostic indicator of LUSC.
Keywords: TTN, lung squamous cell carcinomas, tumor mutation burden, prognostic 
marker, bioinformatics

Introduction
Lung cancer, the most common malignant tumor and one of the leading causes of 
cancer-related deaths worldwide, as evidenced by nearly 2 and 1.7 million new 
cases and deaths each year, respectively.1 Recent studies have shown that lung 
cancer is ranked second and first with regards to incidence and mortality, respec-
tively, while its mortality rate is nearly twice as high as that of the prostate 
malignancy.2 Non-small cell lung cancer(NSCLC) accounts for 85% of all lung 
cancer cases, of which lung adenocarcinoma (LUAD) and lung squamous cell 
carcinomas (LUSC) are the most common tissue subtypes of lung cancer.3 LUSC, 
which is mainly caused by smoking, is the second largest type of non-small cell 
lung cancer. Previous studies have shown that although quitting smoking reduces 
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the mortality rate of lung cancer to some extent, the 
incidence of LUSC is still high in many countries.4 In 
addition, despite the incidence of squamous cell carcinoma 
being lower than that of adenocarcinoma, the rate of gene 
mutations and treatment of the former is lower than that of 
the latter. Surgery is the main treatment therapy for 
patients with early LUSC, but efficacy of this approach 
is lower for those at late stages. In fact, the 5-year survival 
rate of platinum-based chemotherapy is less than 5%.5 In 
recent years, the survival rate of patients with advanced 
lung cancer has increased due to development of targeted 
drugs, although only a very small number of patients 
exhibit specific LUSC-driven mutations.6–8 Therefore, 
there is need to improve survival rate of patients with 
advanced LUSC.

The TTN gene, which is located on chromosome 2q31, 
comprises 364 exons.9,10 TTN is characterized by a huge 
and complex structure as well as a highly heterogeneous 
mutation process.11,12 Bioinformatics allows for simple 
analysis of the correlation between TTN with prognosis 
of all kinds of cancers, although the process has been 
associated with many false positive rates. At the same 
time, mutation of the TTN gene has been associated with 
myocardial or skeletal muscle disease,13–15 thereby casting 
uncertainty on the role of mutations in this gene in tumor-
igenesis. TTN’s exon is the longest in the whole genome, 
and further comprises a huge number of mutation sites.16

TMB refers to the total number of non-synonymous 
mutation per million bases in the tumor tissue, and the 
average number of mutations in the tumor genome. 
Specifically, gene mutations are characterized by gene 
coding errors, base substitution, gene insertion and dele-
tion errors. More somatic mutations imply production of 
more new antigens, which can stimulate more T cells to 
produce immune responses.17–19 Some studies have shown 
that higher TMB values indicates that the tumor can easily 
be detected by the immune system and become the target 
of tumor immunity, and the more effective it is for patients 
to receive immunotherapy.20–24

In this study, we downloaded and analyzed sequence data 
comprising somatic mutations in LUSC patients from The 
Cancer Genome Atlas (TCGA) and International Cancer 
Genome Consortium (ICGC) database. Our results revealed 
high rates of mutations in mutants from both datasets. 
Analysis of the relationship between these mutant genes 
and TMB with prognosis of LUSC revealed that genes that 
were closely related to prognosis were functionally enriched 
and combined with immune infiltration, suggesting their 

potential as new biomarkers. These may be potential targets 
for immunotherapy for patients with LUSC.

Methods
Data Acquisition
We obtained the corresponding data from the TCGA and 
ICGC databases, respectively. Somatic mutations and clinical 
data from an American cohort of lung squamous cell carci-
noma patients were obtained from TCGA portal (http://por 
tal.gdc.cancer.gov/projects). Somatic mutations from an 
Korean cohort of lung squamous cell carcinoma patients 
were obtained from ICGC portal (http://dcc.icgc.org/ 
releases/current/Projects). Only patients with complete clin-
ical data were included, while those with missing data, such 
as TNM staging, sex, age, and survival status, were excluded.

Bioinformatics Analysis
All statistical analyses were performed using packages 
implemented in R software version 4.0.3. Briefly, 
“VarScan” was used to detect and visualize LUSC mutant 
genes in MAF files.25 We extracted the mutated genes in 
each sample from the mutation databases of TCGA and 
ICGC, and genes with the top 30 mutation rates from both 
TCGA and ICGC databases were extracted by Perl, then 
subjected to “venn” reveal the intersection and obtain genes 
with high mutation frequency. According to the mutation of 
the gene, Mutant gene samples were divided into either 
a wild or mutant group, based on mutation profile, then the 
relationship between these crossover genes with TMB eval-
uated and visualized using the “ggpubr” package in R.

Definition of TMB in LUSC
The whole-exome sequencing (WES) data were used to 
calculate the TMB score in LUSC form TCGA and ICGC 
database. According to the statistics of all base substitu-
tions and indels in the coding region of the target gene, 
silent mutations that failed to lead to amino acid changes 
were not counted in this study. The TMB value can be 
calculated from the total number of non-synonymous 
mutated bases, except the size of the exon. This method 
has been used to calculate TMB expression in LUSC 
samples obtained from TCGA database.26

Gene Enrichment Analysis (GSEA) of 
TTN Mutation
We performed gene enrichment analysis of TTN gene 
mutation and expression matrix data using GSEA software 
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(v4.1.0).27 Gene expression set from the TCGA database 
represented the test, whereas data selected from “c2.cp. 
kegg.v7.2.symbols.gmt “in the MsigDB database repre-
sented the reference set. Each analysis was performed 
1000 times, with data followed by p<0.01 considered sig-
nificantly enriched.

Association Between Gene Mutations 
with Tumor-Infiltrating Immune Cells
We evaluated the proportion of 22 immune cells in the 
tumor tissue using the CIBERSORT deconvolution algo-
rithm @. Filtering condition was set to p < 0.05, and the 
immune cell proportion matrix data of each tumor sample 
is obtained. TTN was divided into two mutant and wild 
groups, then analyzed using the “limma” package to reveal 
differences in immune cells between the two groups. The 
relationship between gene mutations and tumor invasive 
immunity were presented as bar and violin graphs, gener-
ated using the “vioplot” package in R.

Statistical Analysis
All data were analyzed using packages implemented in 
R (v4.0.2). The relationship between gene mutations and 
TMB was analyzed using the Mann–Whitney U-test, using 
“Suvminer” for Survival Analysis. Profiles of gene muta-
tions were assessed and used to divide the samples into 
mutant and wild groups, and the mutation data thereafter 
analyzed after being combined with clinical data. We used 
the Kaplan Meier method to generate survival curves, and 
applied log rank test for statistical significance (p<0.05). 
Identification of statistically significant clinical character-
istics among the patients was performed using univariate 
and multivariate Cox analyses. For all comparisons, a two- 
tailed p<0.05 applied for statistical significance.

Results
Characteristics of Somatic Mutations in 
LUSC
A summary of the entire study and data analysis is shown 
in Figure 1. The downloaded mutation data from the 
TCGA database comprised 480 American LUSC samples, 
while that from the ICGC database belonged to 170 LUSC 
subjects from a Korean cohort. Each gene was counted and 
frequency of its mutations detected. The top 30 genes in 
the TCGA mutation database are shown in Figure 2A. 
Among them, TTN, TP53, CSMD3, MUC16 and RYR2 
exhibited the highest mutation frequency. On the other 

hand, the top 30 genes in ICGC mutation database are 
shown in Figure 2B, of which TTN, TP53, MUC4, MUC16 
and ZFHX4 had the highest mutation frequency. 
Intersected mutant genes of the top 30 genes across both 
datasets revealed a total of 14 genes, Including TTN, TP53, 
MUC16, and CSMD3, among others (Figure 3A).

Relationship Between Gene Mutation 
with TMB
We analyzed profiles of the 14 genes and divided the 
resulting dataset into wild and mutant groups. The TMB 
score in LUSC was between 0.02–58.2/Mb, with a median 
value of 4.42/Mb. Among the 14 frequently mutated 
genes, the mutant group exhibited a significantly higher 
TMB than the wild group (p<0.001) (Figure 3B).

Association Between Gene Mutation with 
Prognosis
Kaplan Meier curves showed that TTN was positively corre-
lated with prognosis of patients with LUSC. Among the 14 
genes, mutations in TTN, and CSMD3 showed a significantly 
positively correlation with prognosis in LUSC patients 
(p < 0.05) (Figure 4). Results from COX regression analysis 
revealed that only stage (HR: 1.65,95% CI,1.19–2.27, 
p = 0.002) and TTN mutations (HR: 0.64,95% CI, 
0.48~0.85, P = 0.001) were statistically significant (Table 1).

Gene Enrichment Pathway Analysis of 
TTN Mutations
To explore the possible existence of single pathway for TTN 
mutation, we performed GSEA using the TCGA dataset, and 
found that glycosphingolipid biosynthesis ganglio series, 
intestinal immune network for iga production, leukocyte 
transendothelial migration, lysosome and vascular smooth 
muscle contraction was significantly enriched in TTN muta-
tions (Figure 5). These are the possible pathways through 
which TTN mutations occur during development of LUSC.

Association Between Tumor-Infiltrating 
Immune Cells with TTN Mutations in LUSC
We applied the CIBERSORT algorithm to calculate 
immune infiltration of LUSC microenvironment and 
obtained 22 immune cells in each sample. Notably, 
T cells and macrophages accounted for the largest propor-
tion of all LUSC samples (Figure 6A). Moreover, the TTN 
mutant group exhibited a higher proportion of 
Macrophages M1 than the wild group in LUSC 
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microenvironment (P < 0.05) (Figure 6B). Furthermore, 
correlation results revealed a significant positive correla-
tion between T cells CD8 and T cells CD4 memory acti-
vated, whereas mast cells resting and activated mast cells 
had the strongest negative correlation (Figure 6C).

Discussion
Although numerous studies have reported management 
of LUSC, mortality rates associated with the disease 
remain high. To date, clinical treatment and prognosis 
of LUSC are generally unsatisfactory, compared to 

Figure 1 Analysis workflow of this study.
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early-diagnosed of LUAD, necessitating urgent develop-
ment of therapeutic approaches to prevent loss of life. 
Advancement in high-throughput metrology technology 
all over the world has resulted in a large amount of data 

that can enable us to unravel the genetic changes caused 
by LUSC progression, thereby allowing identification of 
gene targets for early diagnosis, treatment and prognosis 
of the disease. In the present study, we analyzed somatic 

Figure 2 Landscapes of frequently mutated gene in LUSC. (A) Oncoplot depicts the frequently mutated genes in LUSC form TCGA cohort. The left panel shows mutation 
frequency, and genes are ordered by their mutation frequencies. The right panel presents different mutation types. (B) Waterfall plot displaying the frequently mutated genes 
in LUSC from the ICGC cohort. The left panel shows the genes ordered by their mutation frequencies. The right panel presents different mutation types.
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mutations in 480 and 170 Americans ad Korean LUSC 
patients, and found a high mutation frequency of TTN in 
datasets from both the TCGA and ICGC databases. In 
addition, our results indicated that TTN mutations had 
a positive prognostic value in LUSC patients, but was 
associated with TMB. Results from COX regression 

analysis showed that TTN mutation was statistically 
significant, and could be used as an independent risk 
factor in prognosis of patients with the disease. Finally, 
the proportion of macrophages M1 was significantly 
enriched in samples with TTN mutations in LUSC 
tumor microenvironment.

Figure 3 Gene mutations are associated with TMB. (A) Venn diagram shows 14 frequently mutated genes covered by the TCGA and ICGC cohorts. (B) Fourteen genes 
with high mutation frequency are associated with TMB (***p < 0.001). 
Abbreviation: NS, no significance.
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Figure 4 TTN mutation is associated with clinical prognosis. Kaplan Meier survival analysis was used to determine survival curves that reflect the association between gene 
mutations and prognosis. The p-value is shown each plot.
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Titin is a structural protein in striated muscle.28 The 
mutation of this gene will mainly cause Cardiac Muscle 
Diseases and Skeletal Muscle Diseases.13–15,29 At present, 
the research of TTN mutation in tumor is very limited. 
Some studies have shown that the coding length of TTN 
is positively correlated with the frequency of gene muta-
tion in solid tumors, and the predictive value of TTN gene 
mutation state is related to the length of its longest 
exon.16 The exon length of TTN is the longest in the 
whole genome, and the number of mutation sites in 
TTN exon is the most, which supports that the longer 
exon increases the possibility of accumulating more 
mutations. Not only TTN, but the second longest gene 
in the genome, MUC16, has been shown to be associated 
with higher TMB and good survival outcomes in patients 
with gastric cancer.30 The Muc16 gene is a gene that 
encodes the cancer antigen CA-125. In addition, some 
studies have shown that there is inflammatory tumor 
immune microenvironment (TIME) in patients with TTN 
mutation, which is characterized by abundant activated 
immune cells and high immune score. LUAD patients 
with TTN mutations showed high levels of immune anti-
gens (immunogenicity), such as high TMB, high neoanti-
gen load (nal) NAL and more non-synonymous mutations 
associated with DNA damage repair (DDR).31 These stu-
dies suggest that the better prognosis of LUAD patients 
with TTN mutations may be related to high immune 
antigens. Studies have shown that high levels of Tumor 
Necrosis Factor (TNF) can promote the secretion of 
a large number of IFN-γ effector T cells. This cytokine 
further up-regulates the expression of MHC molecules by 
activating STAT1 signaling pathway.31 These studies 
show that TTN mutation can affect the prognosis of 
patients with LUAD, probably because the mutation 
leads to immune response, resulting in an increase in the 
number of targets that can produce immunotherapy or 

improve the response to some immune drugs, so as to 
achieve a higher survival effect. However, the effect of 
TTN mutation on the mechanism of tumor is not clear, 
and further verification is needed.

This is not the first time that gene mutation has been 
found to have a beneficial effect on the prognosis of 
tumors. Previous studies have suggested that patients 
with squamous cell carcinoma of the lung caused by 
mutations in the PIK3CA gene have a better prognosis 
than those without mutations.32 Another study also 
showed that in colon cancer, patients with harbored pole 
proof reading domain mutation had a better prognosis. 
This may be related to the mutation frequency of the 
gene.33 Considering that missense mutations occur in 
85% of mutation cases, single nucleotide missense muta-
tions usually lead to different amino acids encoded by 
codons.34 Therefore, we infer that TTN nucleotide muta-
tions may be caused by missense mutations, which pro-
mote a certain immune response or improve the response 
to certain drugs, thus achieving better survival. This study 
suggests that the mutation of TTN is beneficial to the 
prognosis of LUSC.

Tumor mutation load is a new biomarker, which plays 
an important role in tumor immunotherapy. At present, 
only a handful of studies have described TMB in lung 
squamous cell carcinoma. Results of the present study 
revealed a correlation between mutant LUSC gene with 
TMB, suggesting that it might be a driver for the disease, 
hence an ideal target for immunotherapies. Some studies 
have revealed a positive correlation between TMB and 
immunotherapy response, with high TMB levels implying 
better efficacy of immunotherapy.23,35 The Notably, more 
somatic mutations indicate increased antigen production, 
which activates more T cells to stimulate immune 
response, thereby enhancing efficacy.18 Some studies 
have shown that TMB can be used to evaluate efficacy 

Table 1 Univariate and Multivariate Overall Survival Analysis of LUSC Patients by the COX Proportional Hazards Model

Factors Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value

Age (year) (<65, ≥65) 1.26 (0.94~1.69) 0.12

Gender (Male/Female) 1.21 (0.88~1.67) 0.24
TNM classification (stageI and II, stage III and IV) 1.58 (1.15~2.18) 0.005 1.65 (1.19~2.27) 0.002

TMB (low, high) 0.97 (0.94~1.00) 0.075

CSMD3 0.76 (0.57~1.01) 0.058
TTN 0.66 (0.50~0.87) 0.003 0.64 (0.48~0.85) 0.001
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Figure 5 Significantly enriched pathways associated with TTN mutation. GSEA was performed with TCGA to explore the function role of TTN mutation. The GSEA 
analysis showed that samples with FAT3 mutation enriched in (A) glycosphingolipid biosynthesis ganglio series, (B) intestinal immune network for iga production, (C) 
leukocyte transendothelial migration, (D) lysosome, (E) vascular smooth muscle contraction.
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Figure 6 TTN mutation is correlated with tumor-infiltrating immune cells. (A) The stacked bar chart shows the distribution of 22 immune cells in each sample. (B) Violin 
plot displaying the differentially infiltrated immune cell between the TTN-mutant groups and the TTN-wild group, and blue represents the TTN-wild group, and red color 
represents TTN-mutation group. The p-value is shown in the figure. (C) Correlation matrix of immune cell proportions. The red color represents a positive correlation, and 
the blue color represents a negative correlation.
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of immunotherapy in both melanoma36 and NSCLC.37,38 

Results from analysis of whole exon sequencing in the 
pan-cancer cohort of TCGA revealed that the TTN gene 
had the highest mutation rate and a high corresponding 
TMB value. Previous studies have demonstrated that most 
solid tumors exhibit high mutation probability of TTN, as 
well as elevated TMB which can subsequently be used to 
predict efficacy of immunotherapy in these tumors.16 

Overall, these results suggest that TTN mutations in 
LUSC may drive the immune system against tumor cells, 
which is beneficial to immunotherapy.

GSEA analysis showed samples with TTN mutation 
enriched in “glycosphingolipid biosynthesis ganglio ser-
ies”; “intestinal immune network for iga production”; 
“eukocyte transendothelial migration”; “lysosome” and 
“vascular smooth muscle contraction”. In healthy adult 
nerve tissues, patients with high concentrations of the 
b-series gangliosides and GD1b and GT1b have a better 
prognosis, which is related to the effect of gangliosides on 
cell proliferation and differentiation;39–41 Iga is produced 
in the BALT of the respiratory mucosal system,42 and is 
therefore important in the fight against respiratory infec-
tion (including viral infections), which has been con-
firmed in bovine respiratory syncytial virus.43 IgA cells 
can have monocyte potential and antibacterial properties 
by rapidly secreting cytokines, which can be used as the 
regulation of inflammation;44 Leukocyte transendothelial 
migration is one of the most important steps in initiating 
inflammation and autoimmune response.45 Some studies 
have shown that Titin-truncating variant is related to 
decreased protein levels of the lysosomal protease.46 

Another study has shown that vascular smooth muscle 
contraction and endocytosis were commonly involved in 
smoking and lung cancer.47 These studies can prove that 
these are the possible signal pathways in the tumorigen-
esis and development of LUSC patients with TTN 
mutation.

Macrophages have been shown to play a role in pha-
gocytosis, cytotoxicity, secretion of pro-inflammatory fac-
tors, and have the ability to present antigens to T cells in 
the innate immune system.48 Notably, they have a unique 
ability to effect and penetrate tumors.49 Klichinsky et al50 

found that macrophages and adenoviruses could promote 
the inflammatory tumor microenvironment and enhance 
the activity of tumor T cells in a mouse model after solid 
tumor transplantation. In fact, macrophages are enriched in 
the tumor microenvironment of most cancers, where they 
mainly promote invasion, formation of new blood vessels, 

metastasis and immunosuppression.51 Cancer-targeted 
antibody therapies have adopted application of macro-
phages as the key effectors,52 with activated macrophages 
found to play an important role in adaptive anti-tumor 
response.48 Overall, these results affirm the important 
role played by macrophages in the immune microenviron-
ment of tumors. Results of the present study revealed 
significantly enriched macrophage M1 in the TTN mutant, 
relative to the wildtype, group in LUSC microenviron-
ment, suggesting a potential role in tumor immunity dur-
ing LUSC progression.

This study still had some limitations. Firstly, we lacked 
clinical data on ICGC, hence we could not ascertain 
whether the lack of TTN was associated with to prognosis 
and the ripple effects on immune response. Secondly, our 
mutation data from ICGC only comprised Korean LUSC 
patients, which may be ethnically different from those of 
American LUSC patients in TCGA. Finally, we only 
applied bioinformatics to study TTN, owing to the com-
plexity of tumor immunotherapy. In this paper, there is 
a lack of analysis of TTN exon mutations, so we cannot 
rule out exon non-functional region mutations, and further 
functional experiments are needed to verify TTN.

Conclusion
Analysis of somatic mutation data using datasets from 
TCGA and ICGC databases revealed high frequency muta-
tions in the TTN gene in LUSC patients. These mutations 
were correlated with TMB. These mutations were posi-
tively correlated with LUSC. Results from COX regres-
sion analysis revealed that TTN mutation was an 
independent risk factor for LUSC development, suggesting 
that it can be used as a prognostic indicator for this dis-
ease, hence a target for future immunotherapies.

Abbreviations
TTN, titin; TMB, tumor mutation burden; LUSC, lung 
squamous cell carcinomas; LUAD, lung adenocarcinoma; 
NSCLC, non-small cell lung cancer; TCGA, The Cancer 
Genome Atlas; ICGC, International Cancer Genome 
Consortium; GESA, Gene Set Enrichment Analysis.
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