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Abstract
Background: The SEC61 translocon gamma subunit (SEC61G) is a component of the SEC61 complex,
which import protein into the endoplasmic reticulum. However, the correlation between SEC61G and
disease prognosis in head and neck squamous cell carcinoma (HNSCC) remains unclear.

Methods: SEC61G expression was analyzed using publicly-available datasets. The association between
SEC61G and disease prognosis was evaluated. SEC61G methylation and copy number variation were
investigated and gene set enrichment analysis (GSEA) and gene ontology (GO) analyses identi�ed
SEC61G-associated functions. We also investigated the correlation between SEC61G and immune cell
in�ltration. Finally, immunohistochemistry (IHC) was used to detect SEC61G expression in oropharyngeal
carcinoma.

Results: SEC61G was overexpressed in pan-cancers, including HNSCC, and negatively correlated with
overall survival (p<0.001 for TCGA-HNSCC and p=0.019 for GSE65858). Moreover, SEC61G was an
independent prognostic factor for overall survival (OS) in TCGA and GSE65858 [hazard ratio (HR)=1.80,
95% CI: 1.35-2.39, p<0.001; HR 1.87, 95% CI: 1.14-3.07, p=0.013, respectively). SEC61G DNA ampli�cation
(9.66% of patients) was signi�cantly associated with poor OS (p=0.034). SEC61G overexpression and
DNA ampli�cation negatively correlated with B cell, CD8+ T cell, CD4+ T cell, macrophage, neutrophil, and
dendritic cell in�ltration (all p<0.05). Among patients with metastatic urothelial cancer received
atezolizumab, patients with high SEC61G expression had an inferior OS (p=0.006). Furthermore, SEC61G
protein expression was also an independent prognostic factor of OS (HR=2.49, 95% CI: 1.15-5.30,
p=0.020) and progression-free survival (HR=2.82, 95% CI: 1.36-5.84, p=0.005) for oropharyngeal cancer.

Conclusions: SEC61G is overexpressed in HNSCC and is an independent prognostic factor for OS.
SEC61G DNA ampli�cation contributes to overexpression and poor outcome. Interestingly, SEC61G
correlates with immune cell in�ltration in HNSCC. These �ndings suggest that SEC61G is a potential
broad-spectrum biomarker for prognosis in HNSCC.

Introduction
Head and neck squamous cell carcinoma (HNSCC) is a common malignancy that accounts for 500,000
new cases every year globally[1, 2]. The occurrence of HNSCC associates closely with cigarette use,
alcohol use, and virus infection[3]. Because most HNSCC patients are diagnosed in later stages, almost
half of patients will experience recurrence within 3 years, and the 5-year overall survival (OS) rate is only
about 50%[4-6]. Tumor-node-metastasis (TNM) classi�cation, which considers the tumor size, location,
and metastatic state, is used to develop treatment strategies and evaluate HNSCC prognosis[7]. However,
this system is not su�cient to direct all clinical treatments and predict every prognosis, because patients
with the same TNM stage and treatment may have different clinical outcomes[8]. Therefore, it is essential
to �nd stable and reliable tumor biomarkers to identify patients with poor prognosis and to inform more
aggressive treatments. Heterogeneity is a basic HNSCC characteristic resulting from the varied epithelial



Page 4/27

origin from the upper respiratory/digestive tract, including the oral cavity, oropharynx, and hypopharynx[9,
10]. Furthermore, some HNSCC tumors, such as human papillomavirus (HPV) associated oropharyngeal
cancer, which are closely related to HPV in�ection, can have a signi�cantly better prognosis[9, 11].
Because of this heterogeneity, identifying stable broad-spectrum biomarkers is di�cult.

SEC61G, also known as Sec61 translocon gamma subunit, is a component of SEC61, a heterotrimeric
channel protein composed of the SEC61 α, β, and γ subunits [12]. The SEC61 complex forms a
transmembrane pore and transports nascent polypeptides and proteins to the ER, thereby mediating
membrane protein degradation[13, 14]. Interestingly, SEC61G is upregulated in glioblastoma
multiforme[15] and gastric cancer[16]. Previous studies show that SEC61G is necessary for tumor cell
survival and cellular responses to endoplasmic reticulum stress[17]. Knocking out SEC61γ expression
triggers apoptosis, blocks EGFR/AKT survival signaling[17], and inhibits tumor cell growth. A recent study
indicates that SEC61G overexpression was an inferior prognostic factor in glioblastoma multiforme[15].
However, the expression and signi�cance of SEC61G in HNSCC remain unclear.

In this study, we comprehensively evaluated the prognostic value of SEC61G expression in HNSCC
patients from the Cancer Genome Atlas (TCGA) and validated the associated prognostic value in HNSCC
cases from the Gene Expression Omnibus (GEO) databases. We also analyzed the effects of methylation
and copy number variation (CNV) on SEC61G gene expression. Furthermore, we performed GSEA and GO
analyses to gain further insight into the biological role of SEC61G in HNSCC. Tumor Immune Estimation
Resource (TIMER) software was used to explore the effects of SEC61G gene expression and CNV on
immune in�ltration. Finally, we validated SEC61G overexpression and its prognostic value in 91
oropharyngeal cancers (OPCs).

Methods

Data Availability
SEC61G expression in various cancer types was identi�ed in the Oncomine database
(https://www.oncomine.org/resource/login.html). The inclusion threshold was determined according to
the following values: p<0.001, |log2fold change|>1.5, and gene ranking. In addition, the expression level of
SEC61G in four HNSCC data sets from the Oncomine database (Pyeon Multi-Cancer, Estilo Head-Neck, Ye
Head-Neck, Peng Head-Neck) was included analyses.

Two data sets from the TCGA database (https://tcgadata.nci.nih.gov/tcga/) were included: RNA-seq
transcriptomic data and the corresponding patient clinical data from HNSCC samples. We downloaded
RNA-seq data from 528 HNSCC patients and 44 normal patients (https://cancergenome.nih.govin2018).
The RNA-seq data and the patient clinical information (Work�ow Type: HTSeq-FPKM) were acquired
using TCGAbiolinks. Cases with insu�cient or missing data were removed from subsequent data
processing. The included data is shown in Table 1. HNSCC patients were classi�ed into low and high
SEC61G expression groups according to their median SEC61G expression value. SEC61G expression data

https://cancerimmunolres.aacrjournals.org/highwire/filestream/36727/field_highwire_adjunct_files/1/204325_4_supp_5320157_pmcfmm.xlsx
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and clinical data from dataset GSE65858 was also downloaded from the GEO database and used to
validate the survival analyses. IMvigor 210 data and clinical information were obtained from the
IMvigor210CoreBiologies R package[18].

Analysis of SEC61G methylation, copy number variation,
and prognosis
SEC61G methylation and CNV data were obtained through the cBioPortal web platform
(https://www.cbioportal.org/). The correlation between SEC61G methylation level and SEC61G gene
expression and varying SEC61G expression in different SEC61G CNV groups were conducted. The
UALCAN online tool (http://ualcan.path.uab.edu/) was used to analyze the SEC61G expression between
HNSCC and normal tissues from TCGA data. The cBioPortal web platform
(https://biit.cs.ut.ee/methsurv/) was used to analyze the prognostic value of SEC61G DNA ampli�cation
in TCGA-HNSCC cases.

Gene set enrichment analysis (GSEA)
GSEA is an analytical method that determines whether a previously de�ned set of genes shows
statistically signi�cant, concordant differences between two phenotypes [19]. In this study, GSEA was
carried out using the R package clusterPro�ler (3.8.0)[20] to elucidate the signi�cant function and
pathway differences between the high- and low-SEC61G groups. Gene set permutations were performed
1000 times for each analysis. SEC61G expression was used as a phenotype label. The
“c2.cp.kegg.v6.0.symbols.gmt” �le from the MSigDB collections was chosen as the reference gene
collection. The parameters were set as follows: adjusted p-value<0.05, False discovery rate (FDR)<0.25,
and normalized enrichment score (|NES|) > 1.

Gene ontology (GO) enrichment analysisbetween ampli�ed
and non-ampli�ed SEC61G in HNSCC patients
The differentially expressed genes in the DNA ampli�cation and non-ampli�cation groups were obtained
using the cBioPortal online platform. The differential genes were identi�ed by q-value<0.05 (derived from
the Benjamini-Hochberg procedure) between the DNA ampli�cation and non-DNA ampli�cation groups.
Metascape (https://metascape.org) is a tool for gene annotation and pathway analyses [21], and was
used to analyze the enrichment of SEC61G DNA ampli�cation-related DEGs by process and pathway. The
GO terms for biological process, cellular component, and molecular function categories were analyzed
using the Metascape online tool. Only terms reaching p-value<0.01, a minimum gene count = 3, and an
enrichment factor > 1.5 were considered to be signi�cant.
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Correlation analysis of SEC61G expression and CNV with
immune cell in�ltration
TIMER software [22] was used to explore the correlation between SEC61G expression, CNV, and immune
cell in�ltration in HNSCC samples from the TCGA database.

Immunohistochemistry (IHC)
Tissue samples from 91 OPC cases with diagnosed pathology treated at the Fujian Provincial Cancer
Hospital from 2008 to 2017 were included in the analysis. Fifty-six adjacent normal tissue samples were
also included. This study was approved by the Hospital Review Board of Fujian Cancer Hospital, Fujian,
China. The clinicopathological OPC features are shown in Table 3. The samples were �xed in
formaldehyde and processed with heat-mediated antigen retrieval in citrate buffer (PH=6). The samples
were then blocked and incubated with rabbit polyclonal anti-SEC61G (1:50, DF12136, A�nity Biosciences,
USA) at 4 °C overnight. ElivisionTM plus Polyer HP (Mouse/Rabbit) IHC Kit (Cat. KIT-9901, MXB
biotechnologies, China) was used in IHC detection. Two independent pathologists, who were blinded to
the clinical outcome, evaluated staining intensity.

Statistical analyses
The Wilcoxon rank-sum test and Wilcoxon signed-rank test were used to analyze SEC61G expression in
non-paired and paired samples, respectively. The Kruskal-Wallis test, Wilcoxon signed-rank test, and Chi-
Squared test were used to analyzing the relationship between clinicopathological features and SEC61G
expression. Survival curves were drawn using the Kaplan-Meier method, and the differences between
groups were assessed via the log-rank test or Breslow test. OS was de�ned as the diagnostic data to date
of death from any cause, or last follow-up. Progression-free survival (PFS) was de�ned as the diagnostic
data to date of disease progression, death or last follow-up. Multivariate analyses (MVA) using Cox
proportional hazard modeling were performed to estimate the risk of death. Potential confounders
included gender, age, clinical stage, and treatment. P<0.05 (two-sided) was considered statistically
signi�cant. Statistical analyses were carried out using R (version 3.6.1) and SPSS (version 24.0).

Results

SEC61G is overexpressed in head and neck squamous cell
carcinoma
Using Oncomine data, we observed that SEC61G was upregulated in almost all cancer types, compared to
normal tissues (p<0.001, |log2 fold change|>1.5 in all gene ranks), including breast cancer, kidney cancer,
brain and central nervous system cancer, and head and neck cancer (Figure 1A). Then, we explored
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SEC61G expression in the TCGA dataset using TIMER. SEC61G was highly expressed in pan-cancers
compared to normal tissues, including HNSCC (Figure 1B). Further, SEC61G expression in HPV-negative
HNSCC was higher than expression in HPV-positive HNSCC (Figure 1B). The analyses of the four
Oncomine datasets (Pyeon Multi-Cancer, Estilo Head-Neck, Ye Head-Neck, Peng Head-Neck) also showed
that SEC61G was overexpressed in HNSCC (Figure 1C).

Furthermore, the TCGA dataset analysis showed that regardless of the HPV infection status, the
expression of SEC61G was higher in HNSCC than in normal tissues (all p<0.001, Kruskal-Wallis test). Our
results also showed the SEC61G expression correlated positively with the clinical stage (p 0.047), where
later disease-stage patients tended to express more SEC61G. In contrast, SEC61G expression did not
correlate with pathological grade (p=0.77) (Figure 1D).

SEC61G overexpression correlates with poor overall
survival in HNSCC
To examine the relationship between SEC61G expression and overall survival (OS), we divided patients
into high and low expression groups based on the median SEC61G expression in HNSCC-TCGA. Kaplan-
Meier survival analysis showed that the OS of high SEC61G-expressing patients was signi�cantly poorer
than that of patients with low SEC61G expression (p<0.001) (Figure 2A). Similar results were observed in
HPV-negative and HPV-positive subgroups (p<0.001 and p=0.001, respectively) (Figure 2B, 2C).
Multivariate analysis also showed that SEC61G expression was an independent prognostic factor for
HNSCC [hazard ratio (HR)= 1.80, 95% CI: 1.35-2.39, p<0.001] (Table 2).

To further verify the prognostic value of SEC61G expression in HNSCC, we analyzed the GSE65858 data
set (including survival data). Detailed clinicopathologic features are listed in  Table 1. Kaplan-Meier
survival analysis indicated that patients with high SEC61G expression had an inferior OS than did
patients with low SEC61G expression (p=0.019). Subgroup analyses also showed that patients with high
SEC61G expression had a worse OS than did patients with low SEC61G expression in the HPV-negative
and -positive subgroups (p=0.048 and p=0.042, respectively) (Figure 2D-F). The MAV con�rmed that
SEC61G was an independent prognostic factor for OS in HNSCC (HR 1.87, 95% CI: 1.14-3.07, p=0.013)
(Table 2).

SEC61G demethylation and DNA ampli�cation in HNSCC
To investigate the mechanism of SEC61G upregulation in HNSCC, we analyzed SEC61G methylation and
CNV using cBioPortal and the UALCAN web platform. The results showed that SEC61G expression was
negatively correlated with methylation (R=0.258, p<0.001) in HNSCC (Figure 3A). SEC61G promoter
methylation in tumor tissues from the TCGA-HNSCC dataset was signi�cantly lower than methylation in
normal tissues adjacent to tumors (p<0.001) (Figure 3B).

https://cancerimmunolres.aacrjournals.org/highwire/filestream/36727/field_highwire_adjunct_files/1/204325_4_supp_5320157_pmcfmm.xlsx
https://cancerimmunolres.aacrjournals.org/highwire/filestream/36727/field_highwire_adjunct_files/1/204325_4_supp_5320157_pmcfmm.xlsx
https://cancerimmunolres.aacrjournals.org/highwire/filestream/36727/field_highwire_adjunct_files/1/204325_4_supp_5320157_pmcfmm.xlsx
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CNV data showed that SEC61G DNA ampli�cation was present in 9.66% (51/528) patients. Further,
SEC61G expression in the DNA ampli�cation group was signi�cantly higher than in the other groups
(Deletion, Diploid, and Gian groups) (all p<0.001) (Figure 3C). After grouping patients with ampli�ed
SEC61G into the altered group and the other patients into the unaltered group, Kaplan-Meier analysis
showed that the OS of the altered group was lower than the OS of the unaltered group (p=0.034) (Figure
3D).

Functional enrichment analyses by GSEA and GO
To explore the potential biological functions of SEC61G that promote tumor progression, we divided
patients into high- and low-expression groups based on the median SEC61G expression. GSEA analyses
showed that high SEC61G expression positively upregulated the signal pathways involving oxidative-
phosphorylation, protein export and proteasomes (Figure 4A-C). However, Fc-gamma R-mediated
phagocytosis, T cell receptor signaling pathway, B cell receptor signaling pathway, natural killer cell-
mediated cytotoxicity, chemokine signaling pathway, and leukocyte trans-endothelial migration were
down-regulated (Figure 4D-I).

To further elucidate the biological functions of SEC61G, we analyzed the differentially expressed genes
(DEGs) between the DNA ampli�cation and non-ampli�cation groups (Figure 4J). GO analysis showed
that 16 biological processes (BP) and 4 molecular functions (MF) were enriched (Figure 4K. Among the
16 BP terms, 10 were associated with immune responses, including "regulation of innate immune
response," "negative regulation of immune system process," "natural killer cell-mediated immunity,"
"regulation of cell activation," "negative regulation of innate immune response," "T cell receptor signaling
pathway," "positive regulation of IκB kinase/NF-κB signaling," "regulation of response to cytokine
stimulus," "regulation of response to interferon-gamma," and "response to interferon-beta." The remaining
BP terms were "defense response to virus," "regulation of viral process," "cellular defense response,"
"regulation of tissue remodeling," "cytolysis," and "viral entry into host cell." The 4 MF terms were "MHC
protein binding," "MHC class I protein complex binding," "endopeptidase activity," and "GTP binding"
(Figure 4K).

SEC61G expression negatively correlates with immune
in�ltration in HNSCC
Considering that the GSEA and GO analyses indicated that genes and terms associated with the immune
system were enriched in HNSCC, we further analyzed the correlation between SEC61G expression, CNV,
and immune cell in�ltration in HNSCC. We observed that SEC61G expression negatively correlated with B
cell, CD8+ T cell, CD4+ T cell, macrophage, neutrophil, and dendritic cell in�ltration (all p<0.001) (Figure
5A). SEC61G DNA ampli�cation was also signi�cantly negatively correlated with B cell, CD8+ T cell, CD4+

T cell, macrophage, neutrophil, and dendritic cell in�ltration (all p<0.05) (Figure 5B).
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At the same time, it is considered that SEC61G may participate in endopeptidase activity and MHC class I
protein complex binding in GO analyses. Besides, antigen peptide transporter (TAP) is to transport the
peptide to the endoplasmic reticulum, and subsequent peptide loading by MHC class I molecules. So, we
analyzed the association between TAP1 and TAP2 expression with SEC61G. Results showed that TAP 1
and TAP2 expression was negatively correlated with SEC61G expression in the HNSCC-TCGA datasets
(Figure 5C, D).

SEC61G predicts the e�cacy of immune checkpoint inhibitors (ICIs)

PD-L1 (CD274) expression plays a vital role in tumor immune escape and is also a predictive marker for
therapeutic e�cacy of ICIs. The result showed that PD-L1 expression was also negatively correlated with
SEC61G expression in the HNSCC-TCGA datasets (Figure 5E). Considering that SEC61G was negatively
correlated with immune cell in�ltration and PD-L1 expression, we analyzed SEC61G expression during
immune checkpoint therapy. A dataset (IMvigor 210 data) generated from metastatic urothelial cancer
patients treated with atezolizumab was downloaded. Kaplan-Meier survival analysis showed that
patients with high SEC61G expression had a lower OS than patients with low SEC61G expression
(p=0.006, Breslow test) (Figure 5F).

SEC61G is upregulated and correlated with adverse
outcome in oropharyngeal cancer
To verify the difference of SEC61G expression and its prognostic value in HNSCC, we used 91 OPC cases
and 56 normal adjacent tissue samples from our center to detect SEC61G protein expression by IHC.
According to the staining intensity, SEC61G expression was divided into negative (Figure 6A and C),
weakly (Figure 6B and D), moderately (Figure 6E), and strongly positive (Figure 6F), as shown in �gure 6.
Among the normal tissue samples, 55 cases (98.2%) were negative, and only 1 case (1.8%) was weakly
positive. Among the OPC 91 cases, 44 cases were weakly positive, 9 were moderately positive, and 5 were
strongly positive. The overall SEC61G-positive rate was 63.7%, and only 33 cases (36.3%) were SEC61G-
negative (Figure 6E). Rank-sum tests showed that SEC61G expression in OPC tissues was higher than
expression in normal adjacent tissues (p<0.001, Figure 6E-F). The median follow-up time was 60 months
(range 3-131months). Detailed demographic and clinical characteristics are listed in Table 5. Based on
SEC61G expression in the tumor tissues, OPC patients were divided into negative and positive expression
groups. SEC61G expression correlated to the degree of pathological keratinization, i.e., the proportion of
SEC61G-positive samples patients with keratinization was higher than in patients with non-keratinization
(p=0.009) (Table 3). Kaplan-Meier survival analyses showed that patients with high SEC61G expression
had a lower OS (55.4% vs. 32.4%, p=0.030) and PFS (53.2% vs. 24.1%, p=0.003) than did patients with
low SEC61G expression (Figure 6G and H). MAV con�rmed that high SEC61G expression was an
independent inferior factor for OS (HR=2.49, 95% CI: 1.15-5.30, p=0.020) and PFS (HR=2.82, 95% CI: 1.36-
5.84, p=0.005) when adjusted for sex, age, clinical stage, and chemotherapy cycles (Table 4).

https://cancerimmunolres.aacrjournals.org/highwire/filestream/36727/field_highwire_adjunct_files/1/204325_4_supp_5320157_pmcfmm.xlsx
https://cancerimmunolres.aacrjournals.org/highwire/filestream/36727/field_highwire_adjunct_files/1/204325_4_supp_5320157_pmcfmm.xlsx
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The expression and prognostic value of the other subunits of the SEC61 complex

The complex has three subunits, namely α, β, and γ. The expression and prognostic value of SEC61G
have been effectively analyzed and veri�ed. We also tried to analyze other subunits of SEC61. The results
showed that the expressions of SEC61A1, A2, and B in HNSCC were higher than those in normal control
tissues by UALCAN online tool, respectively (Figure 7 A, C, and E, all p<0.001). However, Kaplan-Meier
survival analysis showed that these subunits did not signi�cantly affect the prognosis of HNSCC in TCGA
data (Figure 7 B, D, and F, all p>0.05).

Discussion
HNSCC is a group of heterogeneous cancers originating from epithelial cells of the head and neck[23].
The clinical HNSCC outcomes are far from satisfactory using current treatments. Therefore, it is essential
to �nd stable broad-spectrum biomarkers to predict prognosis and guide individualized treatments. By
analyzing Oncomine and TCGA datasets, we found SEC61G was upregulated in HNSCC and correlated
with inferior OS. Meanwhile, the prognostic value of SEC61G was validated using a GEO dataset
(GSE65858). SEC61G CNV DNA ampli�cation (9.66%) was associated with high SEC61G expression and
correlated with lower OS in HNSCC. Functional enrichment analyses found that SEC61G expression and
DNA ampli�cation were associated with immune response and protein metabolism. Further analyses
showed that SEC61G overexpression and DNA ampli�cation were negatively associated with immune cell
in�ltration. Further, SEC61G expression negatively correlated with TAP1, TAP2, and PD-L1 expression, and
indicated a lower median OS in patients receiving ICIs. Furthermore, we con�rmed that SEC61G was
highly expressed in HNSCC using IHC and is an independent prognostic factor for OPC. Thus, our study
provides new insights into understanding the potential roles of SEC61G in tumor immunology and its
potential use as a cancer biomarker.

In this study, we show that SEC61G is highly expressed in various tumors using Oncomine and TCGA
datasets. Further, these datasets showed that SEC61G was highly expressed in HNSCC, regardless of
HPV infection. Similarly, high SEC61G expression in HNSCC was con�rmed using a GEO dataset. SEC61G
protein was also highly expressed in OPC, while the normal group had little SEC61G. Although SEC61G
expression in tumors is rarely reported, two studies found that SEC61G is highly expressed in gastric
cancer[16] and glioblastoma[15]. These �ndings were consistent with our �ndings. Importantly, our
results indicate that SEC61G is highly expressed in HNSCC, that patients with high SEC61G expression
have a worse OS, and that SEC61G is an independent prognostic factor of OS. We also found that the OS
and PFS of SEC61G-positive patients were signi�cantly worse than in SEC61G-negative patients.
Multivariate analysis con�rmed that the SEC61G protein level is another independent prognostic factor of
OS and PFS in OPC. Further, the prognostic value of SEC61G in HNSCC is not affected by HPV status, i.e.,
high SEC61G expression indicates poor prognosis in both HPV-positive and -negative HNSCC. A recent
study also demonstrated that high SEC61G expression is associated with worse OS in glioblastoma[15],
which was consistent with our study. It is interesting that the subunits of SEC61 are highly expressed in
HNSCC, but other subunits except SEC61G are not prognostic factors for HNSCC. This indicates that
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SEC61G plays an extremely important role in HNSCC. It is worth noting that SEC62, an interaction partner
of SEC61, is overexpressed and associated with a poor prognosis of HNSCC[24]. This indicates that the
SEC61 family and its partners play an extremely important role in HNSCC. Although there are many
reasons contributing to increased gene expression, DNA methylation and CNVs are the most common.
DNA methylation is a common epigenetic mechanism present in all forms of cancer[25]. Promoter
methylation accompanies gene silencing[26]. In this study, further analyses showed that SEC61G
expression is negatively associated with methylation, while SEC61G promoter methylation in HNSCC is
lower than in normal tissue. SEC61G demethylation might partly contribute to SEC61G upregulation in
HNSCC, but this hypothesis remains to be validated. Somatic mutation is a hallmark of cancers, including
DNA ampli�cation[27]. In HNSCC, 9.66% of patients were found to have SEC61G DNA ampli�cation. More
importantly, our study found that patients with SEC61G DNA ampli�cation had a worse OS than patients
without ampli�cation. This DNA ampli�cation might also partly explain the SEC61G overexpression we
observed in HNSCC. Jim Sheu et al. reported that DNA ampli�cation of SEC61G was not signi�cantly
increased, and SEC61G mRNA did not increase signi�cantly[28]. They believed that SEC61G might be a
passenger gene in HNSCC rather than a driver gene. Our results are not completely consistent with their
results, which may be caused by the larger sample size and the different detection methods in our study.

SEC61G is a subunit of the SEC61 complex, which is a central component of the protein translocation
apparatus in the endoplasmic reticulum membrane[13, 14]. At present, the biological functions of
SEC61G in tumors are only partially understood. Studies from non-small cell lung cancer and glioma
indicate that SEC61G promotes tumor proliferation[17, 22]. However, it is worth noting that our GSEA and
GEO biological function analyses showed that SEC61G was not signi�cantly enriched in proliferation-
associated terms but was enriched with immune response, T cell receptor, B cell receptor, chemokine
signaling pathway, and leukocyte trans-endothelial migration. In addition, TIMER analyses showed that
SEC61G expression and DNA ampli�cation were negatively correlated with immune cell in�ltration,
including dendritic cells, CD4+ T cells, CD8+ T cells, and B cells. Further, GSEA and GO analyses showed
that SEC61G might be involved in protein degradation and transport, MHC protein binding, and MHC
class I protein complex binding. Interestingly, we found that SEC61G expression was negatively correlated
with TAP1 and TAP2 expression. Previous studies showed that SEC61G participates in forming
transmembrane pores and mediates nascent polypeptide degradation[13, 14]. Thus, we hypothesize that
SEC61G might mediate tumor antigen degradation and reduce the formation of MHC class I molecules.
Without MHC class I molecules, dendritic cells cannot effectively recognize and present tumor antigens,
leading to ine�cient immune cell recruitment and activation, especially for cytotoxic T cells[29]. This
evidence is consistent with the negative correlation between SEC61G expression and immune cell
in�ltration in HNSCC. Interestingly, SEC61G expression was negatively correlated with PD-L1 expression
in HNSCC, and patients with high SEC61G expression seemed to have lower OS than did patients with
low SEC61G expression in the dataset of metastatic urothelial cancer patients treated with atezolizumab.
These �ndings suggest that SEC61G may affect immune cell in�ltration and immunotherapy e�cacy,
which makes it a predictive biomarker for immunotherapy. These results also suggest that SEC61G is a
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potential therapeutic target that may promote immune cell in�ltration and enhance the therapeutic effect
of ICIs.

Although this study improved our understanding of SEC61G in HNSCC, there were some limitations. First,
the detailed mechanisms of the SEC61G-mediated immune escape are unclear. While we found that
SEC61G is negatively correlated with immune cell in�ltration in the tumor microenvironment, the
conclusion that SEC61G promotes antigen degradation and decreases the expression of antigen
presentation-related proteins is based only on bioinformatics analyses. In vivo and in vitro experiments
are needed to verify this conclusion. Thus, we will continue to explore the mechanism of SEC61G-
mediated immune escape in a future study. Second, the observation that SEC61G may be a potential
e�cacy marker for immune checkpoint inhibitor treatment lacks supporting clinical data. The main
reason is that few studies on SEC61G are currently done, and SEC61G is not included in the commonly-
used gene sequencing panel, which limits the availability of data to verify the value of SEC61G in ICIs
treatment.

Conclusions
Our �ndings suggest that SEC61G overexpression is an independent adverse prognostic factor in HNSCC.
Promoter demethylation and DNA ampli�cation might contribute to SEC61G upregulation, and SEC61G
DNA ampli�cation is associated with poor outcome. SEC61G mediates reduced immune cell in�ltration in
the tumor microenvironment. This study demonstrates SEC61G as a prognostic biomarker for HNSCC,
highlighting its potential as a predictive biomarker and a therapeutic target.

Abbreviations
SEC61G, Sec61 translocon gamma subunit; HNSCC: Head and neck squamous cell carcinoma; OS:
Overall survival; TCGA: The Cancer Genome Atlas database; GEO: Gene Expression Omnibus; GSEA, Gene
set enrichment analysis; TIMER, Tumor Immune Estimation Resource GO: Gene ontology; HPV: human
papillomavirus; CNV: copy number variation.

Declarations
Ethics approval and consent to participate

This study was approved by the Hospital Review Board of Fujian Cancer Hospital, Fujian, China.

Consent for publication

Not applicable

Availability of data and materials



Page 13/27

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing interests

The authors declare that they have no competing interests

Funding

This work was supported by the National Natural Science Foundation of China (No. 81860664 and
81660453), National Cancer Center Climbing Fund (NCC201814B044, and NCC201814B040). and the
Youth fund of science and technology department of JiangXi province (20161BAB215255). This work
was also supported by grant from the Fujian Provincial Natural Science Foundation of China (No.
2019J01194).

Authors' contributions

TL, YC, JP, JL and XG concept and design this study. QG, ZT, TL, and CL make the collection of clinical
data and sample. TL, YC and CL analyze the clinical data and make statistical analysis. CL and QL
performed immunohistochemical examination and analyses. All authors write the manuscript. All
authors read and approved the �nal manuscript.

Acknowledgements

We thank editage (http://www.fabiao@editage.cn) for editing this manuscript.

References
1. Siegel RL, Miller KD, Jemal A: Cancer statistics, 2018. CA Cancer J Clin 2018, 68:7-30.

2. Belcher R, Hayes K, Fedewa S, Chen AY: Current treatment of head and neck squamous cell cancer. J
Surg Oncol 2014, 110:551-574.

3. Jou A, Hess J: Epidemiology and Molecular Biology of Head and Neck Cancer. Oncol Res Treat 2017,
40:328-332.

4. Thariat J, Vignot S, Lapierre A, Falk AT, Guigay J, Van Obberghen-Schilling E, Milano G: Integrating
genomics in head and neck cancer treatment: Promises and pitfalls. Crit Rev Oncol Hematol 2015,
95:397-406.

5. Mehanna H, Wong WL, Dunn J: Management of Advanced Head and Neck Cancer. N Engl J Med
2016, 375:492-493.

�. Alterio D, Marvaso G, Ferrari A, Volpe S, Orecchia R, Jereczek-Fossa BA: Modern radiotherapy for
head and neck cancer. Semin Oncol 2019, 46:233-245.

7. Lydiatt WM, Patel SG, O'Sullivan B, Brandwein MS, Ridge JA, Migliacci JC, Loomis AM, Shah JP:
Head and Neck cancers-major changes in the American Joint Committee on cancer eighth edition



Page 14/27

cancer staging manual. CA Cancer J Clin 2017, 67:122-137.

�. Budach V, Tinhofer I: Novel prognostic clinical factors and biomarkers for outcome prediction in head
and neck cancer: a systematic review. Lancet Oncol 2019, 20:e313-e326.

9. O'Sullivan B, Huang SH, Siu LL, Waldron J, Zhao H, Perez-Ordonez B, Weinreb I, Kim J, Ringash J,
Bayley A, et al: Deintensi�cation candidate subgroups in human papillomavirus-related
oropharyngeal cancer according to minimal risk of distant metastasis. J Clin Oncol 2013, 31:543-
550.

10. Cramer JD, Burtness B, Le QT, Ferris RL: The changing therapeutic landscape of head and neck
cancer. Nat Rev Clin Oncol 2019, 16:669-683.

11. Ang KK, Harris J, Wheeler R, Weber R, Rosenthal DI, Nguyen-Tan PF, Westra WH, Chung CH, Jordan
RC, Lu C, et al: Human papillomavirus and survival of patients with oropharyngeal cancer. N Engl J
Med 2010, 363:24-35.

12. Green�eld JJ, High S: The Sec61 complex is located in both the ER and the ER-Golgi intermediate
compartment. J Cell Sci 1999, 112 ( Pt 10):1477-1486.

13. Wiertz EJ, Tortorella D, Bogyo M, Yu J, Mothes W, Jones TR, Rapoport TA, Ploegh HL: Sec61-
mediated transfer of a membrane protein from the endoplasmic reticulum to the proteasome for
destruction. Nature 1996, 384:432-438.

14. Oakes SA, Papa FR: The role of endoplasmic reticulum stress in human pathology. Annu Rev Pathol
2015, 10:173-194.

15. Liu B, Liu J, Liao Y, Jin C, Zhang Z, Zhao J, Liu K, Huang H, Cao H, Cheng Q: Identi�cation of SEC61G
as a Novel Prognostic Marker for Predicting Survival and Response to Therapies in Patients with
Glioblastoma. Med Sci Monit 2019, 25:3624-3635.

1�. Tsukamoto Y, Uchida T, Karnan S, Noguchi T, Nguyen LT, Tanigawa M, Takeuchi I, Matsuura K, Hijiya
N, Nakada C, et al: Genome-wide analysis of DNA copy number alterations and gene expression in
gastric cancer. J Pathol 2008, 216:471-482.

17. Lu Z, Zhou L, Killela P, Rasheed AB, Di C, Poe WE, McLendon RE, Bigner DD, Nicchitta C, Yan H:
Glioblastoma proto-oncogene SEC61gamma is required for tumor cell survival and response to
endoplasmic reticulum stress. Cancer Res 2009, 69:9105-9111.

1�. Mariathasan S, Turley SJ, Nickles D, Castiglioni A, Yuen K, Wang Y, Kadel EE, III, Koeppen H, Astarita
JL, Cubas R, et al: TGFβ attenuates tumour response to PD-L1 blockade by contributing to exclusion
of T cells. Nature 2018, 554:544-548.

19. Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette MA, Paulovich A, Pomeroy SL,
Golub TR, Lander ES, Mesirov JP: Gene set enrichment analysis: a knowledge-based approach for
interpreting genome-wide expression pro�les. Proc Natl Acad Sci U S A 2005, 102:15545-15550.

20. Yu G, Wang LG, Han Y, He QY: clusterPro�ler: an R package for comparing biological themes among
gene clusters. Omics 2012, 16:284-287.

21. Zhou Y, Zhou B, Pache L, Chang M, Khodabakhshi AH, Tanaseichuk O, Benner C, Chanda SK:
Metascape provides a biologist-oriented resource for the analysis of systems-level datasets. Nat



Page 15/27

Commun 2019, 10:1523.

22. Servidei T, Meco D, Muto V, Bruselles A, Ciol� A, Trivieri N, Lucchini M, Morosetti R, Mirabella M,
Martini M, et al: Novel SEC61G-EGFR Fusion Gene in Pediatric Ependymomas Discovered by Clonal
Expansion of Stem Cells in Absence of Exogenous Mitogens. Cancer Res 2017, 77:5860-5872.

23. Leemans CR, Snijders PJF, Brakenhoff RH: Publisher Correction: The molecular landscape of head
and neck cancer. Nat Rev Cancer 2018, 18:662.

24. Wemmert S, Lindner Y, Linxweiler J, Wagenpfeil S, Bohle R, Niewald M, Schick B: Initial evidence for
Sec62 as a prognostic marker in advanced head and neck squamous cell carcinoma. Oncol Lett
2016, 11:1661-1670.

25. Klutstein M, Nejman D, Green�eld R, Cedar H: DNA Methylation in Cancer and Aging. Cancer Res
2016, 76:3446-3450.

2�. Yamashita K, Hosoda K, Nishizawa N, Katoh H, Watanabe M: Epigenetic biomarkers of promoter DNA
methylation in the new era of cancer treatment. Cancer Sci 2018, 109:3695-3706.

27. Hanahan D, Weinberg RA: Hallmarks of cancer: the next generation. Cell 2011, 144:646-674.

2�. Sheu JJ, Hua CH, Wan L, Lin YJ, Lai MT, Tseng HC, Jinawath N, Tsai MH, Chang NW, Lin CF, et al:
Functional genomic analysis identi�ed epidermal growth factor receptor activation as the most
common genetic event in oral squamous cell carcinoma. Cancer Res 2009, 69:2568-2576.

29. Gardner A, Ruffell B: Dendritic Cells and Cancer Immunity. Trends Immunol 2016, 37:855-865.

Tables
Table 1. Demographic and clinical characteristics of HNSCC patients in TCGA and GSE65858.
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Characters TCGA GSE65858

n (%) n (%)

Gender Female 126 (27.7) 43 (17.4)

  Male 329 (72.3) 223 (82.6)

Age (year) <60 216 (47.5) 153 (56.7)

  ≥60 329 (52.5) 117 (43.3)

HPV Negative 378 (83.1) 197 (73.0)

  Positive 77 (16.9) 73 (27.0

T classi�cation T1 30 (6.6) 35 (13.0)

  T2 128 (28.1) 80 (29.6)

  T3 127 (27.9) 58 (21.5)

  T4 170 (37.4) 97 (35.9)

N classi�cation N0 227 (49.9) 94 (34.8)

  N1 80 (17.6) 32 (11.9)

  N2 141 (31.0) 132 (48.9)

  N3 7 (1.5) 12 (4.4)

Clinical stage  17 (3.7) 18 (6.7)

  85 (18.7) 37 (13.7)

  99 (21.8) 37 (13.7)

  254 (55.8) 178 (65.9)

Histologic grade G1 52 (11.4)  

  G2 286 (62.9)  

  G3 117 (25.7)  

Table 2. The multivariate analyses of overall survival according to SEC61G expression, after adjusting for
other potential predictors in TCGA and GSE65858.
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Characteristics TCGA GSE65858

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

Gender (Female vs. Male) 0.81 (0.59-1.09) 0.163 1.01 (0.58-1.74) 0.990

Age (<60 years vs. ≥60 years) 1.14 (0.86-1.53) 0.362 1.31 (0.86-2.01) 0.214

HPV (Negative vs. Postive) 0.93 (0.61-1.41) 0.744 0.47 (0.28-0.83) 0.009

Histologic grade        

G1 vs. G2 1.86 (1.14-3.03) 0.013    

G1 vs. G3 1.56 (0.92-2.63) 0.100    

Clinical stage (I-II vs. III-IV) 1.24 (0.87-2.63) 0.231 1.78 (1.30-2.44) <0.001

SEC61G (Low vs. High) 1.80 (1.35-2.39) <0.001 1.87 (1.14-3.07) 0.013

Table 3. Demographic and clinical characteristics of OPC patients with negative and positive SEC61G.
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Categories level SEC61G expression

Negative Positive p value

Gengder Male 27 53 0.197

  female 6 5

Age (year) <60 18 34 0.706

  ≥60 15 24

T classi�cation T1-T2 18 29 0.737

  T3-T4 15 28

N classi�cation N0-1 11 15 0.448

  N2-3 22 43

Clinical stage I-II 4 16 0.087

  III-IV 29 42

Somoking No 11 22 0.513

  Yes 21 31

Differentiated Poor 9 8 0.193

  Moderately 17 30

  Well 7 20

Keratinization No 14 10 0.009

  Yes 19 48

Treatment RT ±CT 21 31 0.345

  Surgery ± RT ± CT 12 27

Abbreviations: RT: radiotherapy CT: chemotherapy.

Table 4. The multivariate analyses of overall survival and progression-free survival according to SEC61G
expression, after adjusting for other potential predictors in oropharyngeal cancer.
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Characteristics OS PFS

HR (95% CI) P value HR (95% CI) P value

Clinical stage ( -  vs. - ) 3.98 (0.13-11.55) 0.011 2.87 (1.18-6.97) 0.020

Age (≤60 vs. >60) 2.51 (1.27-4.96) 0.008 2.16 (1.15-4.07) 0.017

Gender (Male vs. Female) 1.19 (0.32-4.50) 0.793 1.18 (0.32-4.31) 0.807

Smoking (No vs. Yes) 1.71 (0.75-3.89) 0.204 1.67 (0.79-3.52) 0.182

Treatment

 (RT±CT vs. Surgery±RT±CT)

0.46 (0.23-3.91) 0.025 0.48 (0.17-1.35) 0.090

Differentiated   0.845   0.348

(Poor vs. Moderately) 0.75 (0.23-2.48) 0.634 0.48 (0.17-1.35) 0.166

(Poor vs. Well) 0.87 (0.25-3.08) 0.829 0.46 (0.15-1.39) 0.170

Keratinization (No vs. Yes) 2.96 (0.79-10.96) 0.105 3.19 (0.99-10.19) 0.051

SEC61G (Negative vs. Positive) 2.49 (1.15-5.30) 0.020 2.82 (1.36-4.58) 0.005

Abbreviations: OS: overall survival; PFS: progression-free survival; RT: radiotherapy CT: chemotherapy

Figures
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Figure 1

SEC61G expression levels in HNSCC and other types of human cancers. (A) SEC61G expression levels in
pan-cancer from Oncomine database; (B) SEC61G expression levels in pan-cancer in TCGA analyzed on
TIMER software; (C) SEC61G expression levels in four GEO-HNSCC datasets (Pyeon Multi-Cancer, Estilo
Head-Neck, Ye Head-Neck, Peng Head-Neck); (D) the expression differences of SEC61G in normal tissue,
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HPV (+) HNSCC and HPV (-) HNSCC; (E) SEC61G expression levels between different clinical stages; (F)
SEC61G expression levels between different pathological grades; (*p < 0.05, **p< 0.01, ***p< 0.001).

Figure 2

The prognostic values of SEC61G expression in HNSCC. (A) Overall survival curve of SEC61G in TCGA-
HNSCC (n=445); (B) Overall survival curve of SEC61G in TCGA-HPV (-) HNSCC (n=378); (C) Overall
survival curve of SEC61G in HPV (+) HNSCC from TCGA (n=77); (D) Overall survival curve of SEC61G
from GSE65858 (n=270); (E) Overall survival curve of SEC61G in HPV(-) HNSCC from GSE65858 (n=197);
(F) Overall survival curve of SEC61G in HPV (+) HNSCC from GSE65858 (n=73).
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Figure 3

The methylation and copy number variations of SEC61G in HNSCC. (A) the correlation between SEC61G
methylation and its expression level; (B) the promoter methylation of SEC61G in tumor tissues from
TCGA-HNSCC data; (C) the expression levels in different CNV of SEC61G; (D) Overall survival curve of
patients in SEC61G DNA ampli�cation (Altered) or non-ampli�cation (Unaltered) group. (*p < 0.05, **p<
0.01, ***p< 0.001)
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Figure 4

Functional enrichments of SEC61G in HNSCC. (A-J) Functional enrichments by GSEA: (A) Enrichment of
genes in the oxidative-phosphorylation;(B) Enrichment of genes in the protein export; (C) Enrichment of
genes in proteasomes; (D) Enrichment of genes in Fc-gamma R-mediated phagocytosis; (E) Enrichment
of genes in T cell receptor signaling pathway; (F) Enrichment of genes in the B cell receptor signaling
pathway; (H) Enrichment of genes in the nature killer cell mediated cytotoxicity; (I) Enrichment of genes in
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the chemokine signaling pathway; (J) Enrichment of genes in the leukocyte trans-endothelial migration;
(K) Volcano plot of differentially expressed genes (DEGs) between altered (DNA ampli�cation) group and
unaltered (non-ampli�cation) group; (L) GO enrichment analysis of differentially expressed genes (DEGs)
in altered group and unaltered group.

Figure 5
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The correlation of SEC61G expression and copy number variation with immune in�ltrations in HNSCC. (A)
The correlation between the in�ltrations of immune cells and the expression of SEC61G via TIMER
(Spearman’s correlation); (B) The correlation between the in�ltrations of immune cells and CNVs of
SEC61G via TIMER (Wilcoxon rank-sum test); (C) The negatively expressing correlation between SEC61G
and TAP1 (Pearson correlation); (D) The negatively expressing correlation between SEC61G and TAP2
(Pearson correlation); (E) The negatively expressing correlation between SEC61G and CD274 (PD-L1)
(Pearson correlation); (F) Overall survival curve of SEC61G high and low expression group in metastatic
urothelial cancer patients with atezolizumab; (*p < 0.05, **p< 0.01, ***p< 0.001).
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Figure 6

The expression and prognostic values of SEC61G in oropharyngeal cancer: (A-B) representative IHC
staining intensities of SEC61G in normal tissues: SEC61G was scored as (A) negative and (B) weak; (C-F)
representative IHC staining patterns of SEC61G in OPC tissues: (C) negative, (D) weak, (E) moderate and
(F) strong; (G-H) the proportions of SEC61G in normal and tumor tissues; (I) Overall survival rate of
SEC61G in oropharyngeal cancer; (J) Progression free survival of SEC61G in oropharyngeal cancer.
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Figure 7

The expression and prognostic value of the other subunits of the SEC61 complex in HNSCC: (A) SEC61A1
expression levels in HNSCC in TCGA; (B) Overall survival curve of SEC61A1 in TCGA-HNSCC; (C) SEC61A2
expression levels in HNSCC in TCGA; (D) Overall survival curve of SEC61A2 in TCGA-HNSCC; (E) SEC61B
expression levels in HNSCC in TCGA; (F) Overall survival curve of SEC61B in TCGA-HNSCC.


