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Abstract

Objective: Head and neck squamous cell carcinoma (HNSCC) is one of the world’s eight most common malignancies
and a severe hazard to human health. Transmembrane protein 208 (TMEM?208) has been reported to be associated
with autophagy,which is strongly tied to the onset and development of numerous illnesses, including cancer. For this
reason, we investigated the expression and prognostic significance of TMEM208 in HNSCC. Methods: To explore
the role and molecular mechanism of this gene in HNSCC, we performed a comprehensive analysis of the TMEM208
gene, including gene expression analysis, prognostic analysis, and immune infiltration analysis using the UALCAN,
HPA, CVCDAP, DAVID, TIMER, CIBERSORTX, TISIDB, and cBioPortal online databases. It was further validated
by in vitro cell culture. Results: Analysis of TCGA data showed that TMEM208 was highly expressed in HNSCC (P
< 0.01) and significantly correlated with several clinicopathologic features, and in vitro cellular assays demonstrated
that TMEM?208 was highly expressed in multiple squamous carcinoma cell lines. Survival analysis showed that high
expression of TMEM?208 decreased OS (P=0.0088), PFI (P=0.0062), and DSS (P=0.0036) in HNSCC patients. cox
regression analysis indicated that high expression of TMEM208 was an independent risk factor for OS in HNSCC patients
(P<0.05). In addition, functional enrichment analysis showed that TMEM208 was closely associated with translation,
ribosomal and mitochondrial functions, and GSVA analysis showed that TMEM208 was negatively correlated with a
variety of immune cell differentiation in HNSCC, with a statistically significant difference. Immunocorrelation analysis
showed that TMEM?208 could affect immune cell infiltration in HNSCC; in addition, TMEM208 correlated with CD24,
CD276, LAG3, and HVEM. Conclusion: In conclusion, TMEM?208 holds promise as a prognostic indicator for HNSCC

and is closely related to ICI treatment.
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Introduction

Head and neck squamous cell carcinoma (HNSCC)-
one of the most prevalent malignant tumors takes into
account more than 95% of head and neck cancers and
ranks eighth among all cancers in terms of mortality rate
[1, 2]. Most HNSCCs develop from epithelial tissue in
the mouth and pharynx,and they are usually caused by
irritants, such as prolonged cigarette smoking, alcohol
consumption, and betel nut chewing [3]. In the early
stages, metastasis to surrounding tissues and distant organs
often occurs through lymphatic channels. Patients have
a poor prognosis because of the failure of immediate
treatment and complete removal of metastatic foci; the rate
of survival over a 5-year period for patients with advanced
disease is often under 30% [4]. Common treatments
for HNSCC include surgical treatment, chemotherapy,
radiotherapy, and combination therapy [3]. With the
deepening of research, immunotherapy, especially immune
checkpoint inhibitors (ICI), has gradually entered the

public eye and become an important part of treatment [5].
ICI therapies, such as those targeting PD-L1, PDI,
and CTLA4, have significantly increased the overall
survival time (OS) of patients with refractory, recurrent,
and metastatic HNSCC compared with conventional
treatments [6]. Currently, ICI therapy is used in the first-
line treatment of relapsed and metastatic (R/M) HNSCC
as well as in the second-line treatment of platinum-
refractory R/M HNSCC [7, 8]. In addition, the use of
ICI in neoadjuvant therapy is being actively investigated
[9-11]. However, ICI can only benefit some patients, and
in-depth analysis and focused research on the immune
architecture of HNSCC patients undergoing ICI remain
crucial due to the low response rate to its treatment in
most patients. Recently, many novel immunotherapies,
including CAR-T cell therapy, lysosomal virus therapy,
and vaccines, are also being studied [12]. Therefore, the
identification of valuable biomarkers to predict the efficacy
of immunotherapy for HNSCC is warranted [13].
Autophagy is an organism’s defense mechanism
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that maintains normal physiological functions by
removing aged, necrotic, and diseased tissues. Autophagy
dysregulation is often associated with many diseases,
which includes degenerative diseases, infectious
diseases, cardiomyopathies, and malignancies [14, 15].
Autophagy-associated proteins are crucial in cancers as
a type of programmed cell death. In cancer development,
autophagy plays a role in inhibiting carcinogenesis by
removing damaged tissues and oncogenic-associated
proteins production; however, in advanced stages of
tumors, autophagy can promote tumor metastasis and
progression by preserving tumor cell functions (e.g.,
maintenance of mitochondrial function, reduction of DNA
damage, and enhancement of cancer cell stress capacity)
[16, 17]. reported that autophagy could be involved in
chemoresistance in glioblastoma. Zhu et al (2021) [18]
demonstrated that autophagy repression could accelerate
the malignant progression of nasopharyngeal carcinoma.
Transmembrane protein 208 (TMEM208) has been
reported to be associated with autophagy and can inhibit
autophagy when overexpressed and expression inhibition
can promote autophagy [19]. According to Zhu et al (2017)
[20]., TMEM208 and PQLC2 are suitable molecular
targets for aspirin detection in colon cancer.

Therefore, the current work used bioinformatics
methods to comprehensively assess the link between
TMEM?208 expression and HNSCC prognosis and further
investigate the interaction between tumor immune cell
infiltration and TMEM208 expression. These results will
provide new insights into the function of TMEM?208 and
the treatment of HNSCC.

Materials and Methods

Data collection and processing

The TCGA (http://portal.gdc.cancer.gov) database
was used to obtain clinical and transcriptomic data from
HNSCC patients. The TCGA database is a publicly funded
project that provides gene expression data and sequencing
data for a wide range of cancers, as well as patient-specific
clinical data [21]. A total of 566 specimens were obtained
from the TCGA database, of which 44 were normal.
Clinical information was present in 521 patients, and
patients with incomplete clinical information were deleted
when relevant analyses were performed.

Expression analysis

The differential expression of TMEM208 in
cancerous and normal tissues, as well as under various
clinicopathological features, was analyzed using R
software. The UALCAN platform (http://ualcan.path.
uab.edu) was used to supplement the association between
TMEM?208 expression and relevant clinicopathological
parameters in HNSCC patients. UALCAN is an easy-
to-use interactive platform based on the TCGA database
[22]. It can be utilized to analyze and query the correlation
between tumor stage, grading, race, and other relevant
clinicopathological features and gene expression.

Immunohistochemical analysis
The Human Protein Atlas (HPA)(https://www.
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proteinatlas.org/) database was applied to acquire
immunohistochemical staining data for the distribution of
TMEM?208 protein expression in normal mouth epithelium
and malignant tissues. The antibody for TMEM208
immunohistochemical staining was obtained from Sigma-
Aldrich (HPA041949).

Survival analysis

CVCDAP (https://omics.bicancer.org/cvcdap/) is
a Webdel-based online open platform that provides
customizable and interactive toolboxes for the analysis
of TCGA and CVCDAP public datasets as well as user-
defined uploaded data (Guan et al, 2020) [23]. This study
analyzed the link between TMEM208 expression and the
survival of HNSCC patients dependent on the CVCDAP
online platform. The median TMEM208 mRNA expression
level was utilized to categorize patients into higher and
lower expression groups; statistical significance was
determined using P-value and risk ratio (HR).

Univariate and Multivariate Cox analyses

Proportional hazards model analyses were used to
evaluate the association of age, sex, clinicopathologic
factors, and OS with TMEM?208 expression. Based
on TMEM?208 expression, this analysis categorized
TMEM?208 into high-expression and low-expression
groups. We deleted two patients who lacked OS data.

Enrichment analysis

DAVID (https://david.nciferf.gov.) is a comprehensive
functionally annotated database that, for a given list of
genes, is capable of performing a variety of functional
analyses, such as gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGGQG) pathways.
We used the downloaded dataset for Pearson analysis,
setting R greater than 0.5 and P less than 0.05 as the
inclusion criteria, followed by functional enrichment and
signaling pathway analyses in DAVID, respectively. Based
on the gene lists in the GSEA (https://www.gsea-msigdb.
org) database, we conducted gene set variation analysis
(GSVA) to better understand the role of TMEM208. R was
used to determine the degree of connection between each
gene list’s functional enrichment scores and TMEM208
expression.The p-value’s size reveals the statistical
significance of the correlation’s degree.

Analysis of the TIMER database

TIMER (https://cistrome.shinyapps.io/timer/) is
a public database, and for any given target gene, we
can analyze its relationship with the level of immune
cell infiltration. To understand the effect of TMEM208
expression on tumor immunity, we used TIMER for
analysis.

Analysis of the cBioPortal database

We used cBioPortal (https://www.cbioportal.org),
a comprehensive data analysis platform for cancer
genomics, to explore the mutation rate of TMEM208
in HNSCC and the association of TMEM2058 with
TP53, CDKN2A, FAT1, NOTCHI1, KMT2D, NSD1, and
TGFBR2 mutually exclusive [24-26].
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Analysis of the CIBERSORTXx database

An online analytic tool called CIBERSORTxX (http://
cibersort.stanford.edu) may be used to calculate gene
expression profiles and calculate the relative abundance
of various cell types in mixed cell populations (Newman
etal 2019) [27]. In order to examine the abundance of 22
distinct immune cells in tissues, upload gene expression
profiling data to CIBERSORTx and use the LM22
standard matrix file. This study used CIBERSORTx online
to compare the proportion of 22 immune cells in cancer
tissues between the groups with high and low TMEM208
expression.

Analysis of the TISIDB database

The TISIDB (http://cis.hku.hk.) website, which
contains multiple kinds of heterogeneous data, examines
the relationships between immune systems and tumors
[28] . The TISIDB database was utilized to support our
analysis of the relationship between lymphocytes and
TMEM?208 expression.

RT-qPCR analysis

In vitro mRNA expression validation was performed
using human normal keratinocyte-forming cells (HOK)
and head and neck squamous cell carcinoma cell lines
(CAL27,SCC25 and SCC9). The cDNA was synthesized
with HiScript IIQ RT SuperMix for qPCR Reagent
Kit (Vazyme, China). All real-time PCR reactions
were performed using ChamQ Universal SYBR qPCR
Master Mix (Vazyme,China). GAPDH (F:GACCTGA
CCTGCCGTCTA,R:AGGAGTGGGGTGTCGCTGT)
was used as a control to quantify and normalize the
amplified PCR products.The primers for the TMEM208
gene were F:TATCCTTCCGTGATCCTA and R:
ATTCTGGTCTTCTTGGGT.

Results

TMEM?208 is highly expressed in HNSCC

We analyzed the expression of TMEM?208 in several
malignant tumor tissues and discovered that HNSCC was
one of the tumor tissues that TMEM?208 was substantially
expressed in (Figure 1A). Using mRNA expression
data from HNSCC patients in the TCGA database,
our study revealed that TMEM208 expression was
noticeably increased in tumor tissues (Figure 1B), and the
expression of TMEM?208 was also notably increased when
contrasted with paired paracancerous tissues (Figure 1C).
Immunohistochemical staining and in vitro cell line
results were consistent with the analysis, with deepened
cytoplasmic staining seen in cancer tissues (FigurelD)
and high expression of TMEM?208 in squamous carcinoma
cell lines (FingurelE).

TMEM?208 expression and clinicopathologic features
To explore the impact of TMEM208 on HNSCC
patients, we analyzed the relationship between TMEM208
and clinicopathological characteristics (Figure 2). In
HNSCC patients, TMEM?208 expression was significantly
higher and statistically significant in the clinical grade,
T-stage, N-stage and M-stage of the tumors compared

with normal tissues. This funding suggests that TMEM208
is a risk factor for HNSCC patients. Gender analysis
showed that TMEM208 was significantly highly expressed
in male patients (Figure S1). Further analysis of the
UALCAN database showed (Figure S1) that TMEM208
was significantly highly expressed in HPV-negative
patients and that Asians had significantly lower TMEM208
expression relative to other ethnic groups.

Association of TMEM208 expression with survival in
HNSCC patients

As shown in Figure 3, the OS, progression-free interval
(PFI), and disease-specific survival (DSS) of patients
with high TMEM208 expression were relatively poor
compared with those in the low expression group. This
finding suggests that TMEM?208 can significantly affect the
prognostic survival of patients and that TMEM208’s high
expression shortens post-operative patient survival times.

High TMEM?208 expression is an independent predictor
of HNSCC patients

To explore the effect of TMEM208 on the prognostic
survival of HNSCC patients, we performed a prognostic
proportional risk modeling analysis based on the TCGA
database. In univariate analysis, age, gender, M stage,
and high TMEM208 expression, which were able to
independently influence the prognosis of HNSCC
patients (Table 1). In multifactorial analysis, age, M
stage, and high TMEM208 expression were adverse
effects for the prognosis of HNSCC patients. Univariate
and multifactorial analyses showed that high TMEM208
expression could serve as an independent biomarker for
HNSCC and was not associated with the age, gender, and
M stage of HNSCC patients (Table 1).

Genetic alteration of TMEM208 in HNSCC

Using cBioPortal, we explored the genetic alterations
of TMEM208 in HNSCC and simultaneously explored the
genetic alterations of TP53, CDKN2A, FAT1, NOTCHI,
KMT2D, NSD1, and GFBR2 under the same sample
data (530 cases) (Figure 4). We found that TMEM208
alterations in HNSCC were mainly amplification and deep
deletion, with a genetic change of 0.8%. Mutual exclusion
analysis revealed a strong co-expression relationship
between TMEM?208 and TGFBR2 in HNSCC (Table S1).

TMEM?208 enrichment analysis

We used a Pearson correlation analysis to filter the
group of genes most closely related to TMEM208 in
order to investigate the biological processes linked with
this gene. The inclusion criteria were |R| larger than 0.5
and P-value less than 0.05. This study performed GO and
KEGG analyses based on the aforementioned gene sets.
The most relevant biological processes to TMEM208 were
translation, cytoplasmic translation, and mitochondrial
ATP synthesis coupled proton transport (Figure 5A).
Analysis of cellular fractions indicated that TMEM?208 is
primarily located in the mitochondrial inner membrane
and ribosome (Figure 5C). Molecular functions are the
structure of ribosomes, RNA binding, and protein binding
(Figure 5B). The main signaling pathways of TMEM208
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Figure 1. Analysis of the Expression of TMEM208. (A) Expression levels of TMEM208 in different tumors. (B)
Expression of TMEM208 in healthy and malignant tissues is compared. (C) Expression analysis of TMEM208 in
paired samples. (D) Immunohistochemical pictures under HPA041949 antibody staining. (E) mRNA expression
of TMEM?208 in oral keratin-forming cells (HOK) and CAL27, SCC25 and SCC9 cell lines (** P < 0.01). The
significance of the difference was tested using an unpaired t test.

include ribosomals and oxidative phosphorylation
(Figure 5D). These findings suggest that TMEM208 on
HNSCC cells may play a significant role in carcinogenesis
and development.

To further understand the impact of TMEM208
in HNSCC, we employed gene set variation analysis
(GSVA) (Figure 6). According to enrichment findings and
correlation analysis, TMEM?208 expression in HNSCC had
a positive relationship with ribosomal and mitochondrial
functions, as well as ATP biosynthesis (Figures 6(A)),
and was negatively correlated with immune system
activation and the differentiation of numerous immune
cells (Figure 6(B)). These findings suggest an association
between TMEM?208 and the vital activities of tumor cells
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and immunosuppression.

TMEM?208 expression and tumor immune infiltration
We sorted the samples into high and low expression
groups based on TMEM?208 expression and then utilized
CIBERSORTZX, an online analytic tool, to investigate the
relationship between the TMEM208 transcript and the
22 immune cells offered by the CIBERSORTX system.
Among them, the degree of infiltration of B cell naive,
T cell CD4 memory resting, NK cells resting, NK cells
activated, and Neutrophils was significantly reduced
in the high expression group compared with the low
expression group.The results show that when TMEM208
expression increases, the abundance of immune cells
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Table 1.Univariate and Multivariate Analysis of Clinicopathologic Factors and TMEM208 Expression

Univariate analysis

Multivariate analysis

Variables P-value HR 95% CI P-value HR 95% CI
Age 0.001 1.022 1.009-1.034 0.003 1.019 1.006-1.033
Gender 0.036 0.736 0.553-0.980 0.176 0.812 0.601-1.098
M stage 0.039 2.84 1.053-7.662 0.043 2.786 1.032-7.519
N stage 0.084 1.136 0.983-1.314
T stage 0.221 1.091 0.949-1.256
Grade 0.272 1.088 0.936-1.265
Smoke 0.982 0.997 0.761-1.306
Alcohol 0.648 0.936 0.705-1.244
TMEM?208 (low VS high) 0.018 1.38 1.057-1.802 0.028 1.354 1.033-1.774
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Figure 2. High TMEM?208 Expression was Associated with Poor Patient Prognosis. (A) Tumor clinical grading, (B)
Tumor clinical T-stage, (C) Tumor clinical M-stage, (D) Tumor clinical N-stage. Statistical differences were the result

of a one-way ANOVA.

reduces (Figure 7).

Using the TIMER and the TISIDB databases, we
further investigated the impact of TMEMZ208 transcript
levels on anti-tumor immune cells. We found that
TMEM?208 expression was negatively correlated with
the infiltration of numerous immune cells such as B cells,
CD8+T, CD4+T, neutrophils, dendritic cells, T follicular
helper cells, NK cells, NKT cells, and mast cells (Figures 8§,

Table 2.Relationship between TMEM208 Expression and
Immune Checkpoints

CD24 CD276 LAG3 HVEM
R 0.131059  0.144055 0.102806 0.111103
Pvalue  0.002699  0.000965 0.018801 0.011079

Figures S2). Correlation analysis showed (Table 2) that
TMEM?208 expression was positively correlated with
CD24, CD276, LAG3 and HVEM immune checkpoints.
These fundings imply that TMEM?208 is critical for the
suppression of immunological infiltration in the immune
microenvironment of HNSCC.

Discussion

HNSCC is the most common and high mortality
cancer of the head and neck [29]. Conventional treatments
(usually surgical resection, radiotherapy, and systemic
therapy) have failed to achieve satisfactory overall
results in HNSCC patients [30, 31]. Although patients
with many cancers benefit from immunotherapy, the
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clinical outcomes of immunotherapy in HNSCC patients
remain disappointing [32, 33]. Therefore, it is crucial to
find biomarkers associated with the development and
progression of HNSCC, especially molecular targets that
are relevant for immunotherapy. Recently, TMEM208
has been shown to associate with cellular autophagy,
and dysregulation of autophagy has been linked to many
diseases, including cancer [34]. Therefore, our study
evaluates the role and prognostic impact of TMEM208 on
HNSCC. We found that TMEM208 was highly expressed in
various tumor tissues, such as ESCA, LUSC, and HNSCC.
The TCGA database’s study of TMEM208 mRNA-seq data
revealed that this gene was considerably overexpressed in
HNSCC tissues, and paired-tissue analysis revealed that

the expression of this gene was greater in tumor tissues
than in paracancerous tissues. Immunohistochemistry and
in vitro cell line analysis further confirmed the results.
We discovered that TMEM208 was connected with many
pathological aspects by investigating the association
between TMEMZ208 expression and clinicopathological
elements.

Using CVCDAP online database analysis, we
discovered that the expression level of TMEM208
significantly impacted the prognosis of HNSCC patients.
High TMEM?208 expression significantly reduced patients’
prognostic survival time, including OS, DFI, and DSS.
High expression of TMEM208 in HNSCC patients was
shown by the findings of univariate and multivariate
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Figure 4. Mutation Analysis of TMEM208 and TGFBR2, TP53, NOTCHI, KMT2D, NSD1, FATI, CDKN2A4 in HNSCC.
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Figure 6. GSVA Analysis of the TMEM208 Expression. (A) Heatmap showing functional enrichment scores for
positive correlation between TMEM?208 expression and each patient in The Cancer Genome Atlas (TCGA) database,
(B) functional enrichment scores for negative correlation with TMEM208 expression. From left to right ,TMEM208
expression is elevated. The correlation was tested by Pearson correlation analysis.
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Figure 8. Relationship between TMEM208 Expression Level and Immune Cell Infiltration.

analyses to be an independent predictor of prognosis. In
this analysis, gender was a favorable factor for HNSCC
patients. The cBioPortal analysis showed a degree of
genetic alteration in TMEM?208 and co-occurrence with
TGFBR2 in HNSCC. Therefore, TMEM?208 has potential
diagnostic value for HNSCC patients.

To understand the oncogenic mechanism of TMEM208
in HNSCC, we performed a functional enrichment
analysis. In HNSCC, TMEM?208 biological processes
are associated with translation, cytoplasmic translation,
mitochondrial translation, and mitochondrial ATP synthesis
[35-37]. Abnormal mRNA translation accelerates cancer
progression and increases stress adaptation in cancer
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cells, whereas the synthesis of large amounts of proteins
inevitably requires a greater supply of ATP [38]. Adequate
energy supply further promotes tumor development.
In terms of cellular components, TMEM208 is closely
related to ribosomes and mitochondria. Increased
ribosome number is associated with abnormal ribosome
occurrence and changes in nucleolus size and number,
whereas aberrant rRNA synthesis and dysregulation of
ribosomal proteins are strongly associated with cancer
development [39, 40]. Apoptosis and programmed cell
death are mostly regulated by the mitochondria [41],
and abnormal mitochondrial activity and impaired
apoptosis are indicators of cellular carcinogenesis [42].
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This finding suggests that TMEM208 potentially affects
tumorigenesis and development in HNSCC. Further
GSVA analysis showed that TMEM208 expression was
positively correlated with ATP biosynthesis and the
function of ribosomes and mitochondria and negatively
correlated with the activation of the immune system and
the differentiation and cell adhesion of immune cells
[43], suggesting that TMEM208 can mediate tumor
immunomodulation and has a promotional effect on
tumor metastasis.

CIBERSORTx analysis showed that TMEM208
expression significantly affected multiple immune cell
infiltrates in HNSCC patients. TMEM208 expression
was found to be negatively connected with the infiltration
of a variety of immune cells in the correlation study
with immune cells, including B cells, CD8+T, CD4+T,
neutrophils, dendritic cells, NK cells, and mast cells.
Among these, an increase in CD8+T and CD4+T is
linked to a favorable prognosis, particularly CD8+T,
which is a crucial component of the body’s anti-tumor
immune system, and an increase in NK cells leads to
better patient outcomes [44, 45]. CD276 and LAG-3
can inhibit T cell proliferation and activation [1] [46];
CD24 inhibits macrophage phagocytosis of tumors [47];
HVEM is widely present with T cells, B cells, and NK
cells, which can produce both immunosuppressive and
immune-activating signals [48]. Immune infiltration
and immune checkpoint correlation analysis showed a
potential correlation between TMEM?208 expression and
immunosuppression. Therefore, TMEM208 may have an
important role in immune escape from HNSCC.

Our research showed that TMEM208 regulates the
tumor immune microenvironment of HNSCC and actively
promotes the growth and progression of HNSCC through
many different kinds of mechanisms. However,our study
has a few limitations. First, our study is an analysis using
the data in the database, and its actual relevant results
must be verified using further experiments. Second, the
role of TMEM?208 on tumor cells and immune infiltrating
cells and how it affects the prognosis of HNSCC patients-
related molecular mechanisms must be further explored.

In conclusions, in this study, we found that TMEM208
was significantly highly expressed in HNSCC (P < 0.01)
and was associated with poorer OS in patients. Age,
tumor M stage and high expression of TMEM208
were independent risk factors for HNSCC. In addition,
TMEM?208 contributed to the development of HNSCC
by affecting mitochondrial and ribosomal functions and
played an important role in the immune escape of tumor
cells by affecting the infiltration of multiple immune cells
(B-cells, CD+8T, CD4+T, etc.) and the differentiation
of immune cells (NK T-cells, T-cells, B-cells). And
TMEM208 was co-expressed with known HNSCC
mutant genes. Therefore, we believe that TMEM208 may
be a potential biomarker for HNSCC and may have an
important role in tumor ICI therapy.
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