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Background. Biomarker research in head and neck squamous cell carcinoma (HNSCC) is constantly revealing promising findings.
An enhancer of polycomb homolog 1 (EPCI) was found to play a procancer role in nasopharyngeal carcinoma (NPC), but its role
in HNSCC with strong heterogeneity is still unclear. Herein, we investigated the prognostic significance and related mechanisms
of EPCI in HNSCC. Methods. The Kaplan-Meier plotter was used to evaluate the prognostic significance of EPCI. Based on a
range of published public databases, the multiomics expression of EPCI in HNSCC was explored to investigate the
mechanisms affecting prognosis. Results. According to the clinical data, high EPCI expression in HNSCC was a predictor of
patient prognosis (hazard ratio (HR) = 0.64; 95% confidence interval (CI) 0.49-0.83; P < 0.01). EPCI expression varied among
clinical subtypes and was related to key factors, such as TP53 and human papillomavirus (HPV) (P <0.05). At the genetic
level, EPCI expression level may be associated with protein phosphorylation, cell adhesion, cancer-related pathways, etc. For
the noncoding region, a competing endogenous RNA network was constructed, and 6 microRNAs and 12 long noncoding
RNAs were identified. At the protein level, a protein-protein interaction (PPI) network related to EPCI expression was
constructed and found to be involved in HPV infection, endocrine resistance, and multiple cancer pathways. At the immune
level, EPCI expression was correlated with a variety of immune cells and immune molecules, which together constituted the
immune microenvironments of tumors. Conclusion. High EPCI expression may predict a better prognosis in HNSCC, as it is
more frequently found in HNSCC with HPV infection. EPCI may participate in the genomics, transcriptomics, proteomics,
and immunomics of HNSCC, and the results can provide a reference for the development of targeted drugs and evaluation of
patient prognosis.

1. Background

Due to increases in tobacco use and the human papillomavi-
rus (HPV) infection rate, the number of patients with head
and neck squamous cell carcinoma (HNSCC) is increasing,
which is one of the most common cancers and accounts
for approximately 5% of all malignancies [1, 2]. The success-
ful development of targeted therapies in biomarker-selected
patients for personalized medicine has shifted expectations
in cancer research [3, 4], and the lack of targetable genomic

abnormalities in HNSCC has limited the development of
targeted therapies in the past [5]. Thus, identifying a reliable
molecular biomarker to predict the prognosis of patients
with HNSCC is an urgent task. To better treat HNSCC
patients, many studies have focused on identifying relevant
biomarkers to predict patient prognosis [6-8]. However,
because the human body is a complex organism and the
occurrence and development of cancer may involve many
aspects, the limitations of mining disease-related factors
based on the one-omics perspective have become
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F1GuREe 1: Correlations between the differential expression of the EPCI gene and key prognostic factors of HNSCC (TISIDB, Kaplan-Meier
plotter, UALCAN, and TIMER 2.0 databases). Note: (a) expression of EPCI in different subtypes of head and neck tumors, (b) survival curve
for EPCI expression levels, (c) differential expression of EPCI in head and neck tumors based on the presence of HPV, (d) survival curve for
EPCI expression in HPV-positive head and neck cancer samples, (e) differential expression of EPCI in head and neck cancer based on TP53
mutation status, and (f) association between EPCI and TP53 mutations in HPV-positive head and neck cancer samples.
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FIGURE 2: Screening and enrichment analysis of EPCI-related genes in HNSCC samples (LinkedOmics database). Note: (a) volcano plots for
EPCl-related genes in head and neck cancer samples. (b) KEGG pathway enrichment analysis of EPCI-related genes in head and neck
cancer samples. (c) Enrichment plots (GSEA) for pathways in cancer. (d) Enrichment of EPCI-related genes in biological processes.

increasingly apparent in recent years. Additionally, con-
stantly improving databases provide technical support,
enabling multiomics studies involving genomics, tran-
scriptomics, and proteomics. Therefore, the application of
multiomics data systems to explore cancer biomarkers has
become an important trend in precision medicine, allowing
joint research on macro and micro aspects.

The enhancer of polycomb homolog 1 (EPCI) has a pro-
tective function against DNA damage. Epigenetic factor
EPCI is a master regulator of the DNA damage response
by interacting with E2FI to silence cell death and activate
metastasis-related gene signatures [9]. Pathways known to
be associated with this gene include chromatin-modifying
enzymes, chromatin organization, and histone acetyl trans-
ferases (HATs) [10]. Sophisticated studies have demon-
strated that EPCI is involved in the NuA4 HAT complex,
and the crystal structure and molecular basis for EPCI
bound to MBTD1 were determined [11]. Additionally,
hsa_circ_0007919 knockdown resulted in hsa-let-7a down-
regulating EPC1 mRNA [12]. According to previous reports,
abnormal EPCI was present in both endometrial stromal
sarcoma [13, 14] and ossifying fibromyxoid tumors [15],
whereas EPCI silencing inhibited lung cancer cell prolifera-
tion and tumor growth [16]. Additionally, EPCI has been
correlated with patient prognosis in microarray screenings
of nasopharyngeal cancer [17]. These data suggest that
EPCI may be a prognostic biomarker that is worth studying.
Therefore, we aimed to provide further insight into the prog-
nostic significance of EPCI in patients with HNSCC and
comprehensively analyze EPCI from a multiomics perspec-
tive to explore its mechanisms.

2. Materials and Methods

2.1. Patients and Transcriptional Expression Profile. The
clinical data and gene expression profiles of patients with
HNSCC were downloaded from the Genomic Data Com-
mons. Clinical data were mainly used for survival analysis,

and gene expression profiles were used for subsequent mul-
tiomics analyses. This study was conducted in accordance
with TCGA publication guidelines.

2.2. The Associations between Gene Expression and Key
Prognostic Factors. To analyze possible associations between
clinical parameters and EPCI expression, the TISIDB data-
base (http://cis.hku.hk/TISIDB/, last accessed on 31 July
2022), which integrated clinical data from TCGA, was used
to identify differences in EPCI expression between different
HNSCC subtypes [18]. Survival curves associated with EPCI
expression in HNSCC were plotted using the Kaplan-Meier
plotter (http://kmplot.com/analysis/, last accessed on 31 July
2022) [19]. Overall survival (OS) was selected for the
HNSCC clinical endpoint analysis. OS was defined as the
period from the date of diagnosis to the date of death from
any cause [20]. UALCAN (http://ualcan.path.uab.edu/, last
accessed on 31 July 2022) is a web platform based on Java-
Script, CSS, and PERL-CGI. Differences in EPCI expression
in HNSCC can be visualized using UALCAN according to
TP53 mutation status or the presence of HPV [21]. TIMER
2.0 (http://timer.comp-genomics.org/, last accessed on 31
July 2022) was used to analyze three sample types: total
HNSCC samples, HPV-positive HNSCC samples, and
HPV-negative HNSCC samples. Therefore, the association
between EPCI and clinical outcomes of patients with
HNSCC was investigated based on the presence of HPV
[22]. At the same time, the Wilcoxon rank sum test was used
to analyze the relationship between the EPCI and TP53
mutation status.

2.3. Screening and Functional Enrichment of EPCI
Expression-Related ~ Genes. ~ LinkedOmics  (http://www
Jinkedomics.org/login.php, last accessed on 31 July 2022)
includes multiomics data that were used to screen differen-
tially expressed genes related to EPCI in HNSCC. Spear-
man’s correlation test was used to predictEPCI association
results. Volcano plots were visualized using the “chart-
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Note: EPCI gene-related IncRNA-miRNA-mRNA network diagram.

studio” package in Python 3.8.7. We then performed gene
set enrichment analysis (GSEA 4.2.3). The rank criteria were
a P value < 0.05, a false discovery rate (FDR) < 0.05, a min-
imum number of genes (size) =5, and simulations = 500.
Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analyses were
performed. This methodology was used to explore the mech-
anism of EPCI at the gene expression level [23].

2.4. Construction of a Competing Endogenous RNA (ceRNA)
Network. To explore the interaction of EPCI with long non-
coding RNAs (IncRNAs) and microRNAs (miRNAs),
DIANA-tools and other databases were used to construct a
ceRNA network. DIANA-tools contain TarBase v.8 and
LncBase v.3 databases. TarBase v.8 (http://www.microrna
.gr/tarbase, last accessed on 4 August 2022) is a database of
miRNA-gene interactions confirmed by experiments [24].
TarBase v.8 and the CancerMIRNome database (http://

bioinfo.jialab-ucr.org/CancerMIRNome/, last accessed on 5
August 2022) were used to screen EPCI gene-related miR-
NAs in the HNSCC samples [25]. Lnc2Cancer 3.0 (http://
www.bio-bigdata.net/Inc2cancer/, last accessed on 5 August
2022) database was used to obtain experimentally validated
HNSCC-related IncRNAs [26]. LncBase v.3 (https://diana
.e-ce.uth.gr/Incbasev3, last accessed on 5 August 2022) was
used as a tool to determine the relationship between miR-
NAs and IncRNAs [27]. Finally, a IncRNA-miRNA-mRNA
Sankey diagram was plotted using SangerBox software
(http://vip.sangerbox.com/, last accessed on 4 August 2022).

2.5. Protein-Protein Interaction (PPI) Networks and KEGG
Pathway Enrichment. To reveal the role of EPCI in proteo-
mics, EPCI-related proteins in HNSCC were screened using
LinkedOmics (set at P < 0.05) and used to construct EPCI-
related PPI networks using the STRING database [28]
(https://string-db.org/, last accessed on 6 October 2020). In
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FIGURE 4: Proteomics study of EPCI in HNSCC samples (LinkedOmics and STRING databases). Note: (a) Proteins positively associated
with EPCI expression in head and neck cancer samples, (b) proteins negatively correlated with EPCI expression in head and neck cancer
samples, (c) protein-protein interaction network constructed from related proteins, and (d) bubble diagram of pathways enriched with

related proteins.

TaBLE 1: Correlation between EPCI expression and the level of
immune infiltration.

Cell type HNSCC HNSCC-HPV™ HNSCC-HPV*
(n=522) (n=422) (n=98)

B cell naive 0.30 0.26 0.36

B cell plasma 0.28 0.23 0.39
Macrophage M1 0.35 0.28 0.53
Macrophage M2 0.40 0.40 0.32

T cell CD4*

mecrimfy resting 0.51 0.47 0.68

T cell CD8" 0.29 0.22 0.32

addition, KEGG pathway enrichment was used to predict
the role of EPCI at the protein level in HNSCC, which was
visualized using the “ggplot2” package of R software 3.6.3.

2.6. EPCI-Related Immune Cells and Immunoreactive
Substances in HNSCC Samples. TIMER 2.0 was used to sys-

tematically analyze immune infiltration. The tool integrated
CIBERSORT-ABS with published existing data [29]. The
associations between immune infiltration and EPCI gene
expression in HNSCC patients (HNSCC, HPV-positive
HNSCC, and HPV-negative HNSCC) were explored.

2.7. Statistical Analysis. Kaplan-Meier curves were used to
compare the differences in survival time. OS was selected
for the HNSCC clinical endpoint analysis. Hazard ratios
(HRs) and their corresponding 95% confidence intervals
(CIs) were calculated to assess the role of the EPCI. A log-
rank test (P < 0.05) indicated a significant survival time dif-
ference. The results were verified using another database
[30]. We also performed GSEA. And the rank criteria were
a P value <0.05, a minimum number of genes size=5, stimu-
lations=500, and aFDR <0.05. Additionally, the spearman
correlation analysis and the wilcoxon rank-sum test were
applied to show the correlations between the EPCI gene
and other factors.
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FIGURE 5: EPCl-related immunoreactive substances (HNSCC samples; TIMER 2.0). Note: (a) EPCI was positively correlated with M]I
(HPV-positive HNSCC samples). (b) EPCI was positively correlated with IL2 (HPV-positive HNSCC samples). (c) EPCI was positively
correlated with TNFSF15 (HPV-positive HNSCC samples). (d) EPCI was positively correlated with M2 (HPV-negative HNSCC
samples). (e) EPCI was positively correlated with IL10 (HPV-negative HNSCC samples). (f) EPCI was positively correlated with MRC1

(HPV-negative HNSCC samples).

3. Results

3.1. Effect of the Differential Expression of EPCI on the
Prognosis and Clinical Outcomes of Patients with HNSCC.
Using the TISIDB platform, spearman correlation analysis
was performed to study the association between EPCI
expression and HNSCC subtypes. EPCI expression levels
were not equal among the different subtypes (Figure 1(a)).
The Kaplan-Meier plotter platform was used to analyze the
association between survival and EPCI expression
(Figure 1(b)). The median survival time for the low-EPCI
expression group was 33.10 months, and the median sur-
vival time for the high-EPCI expression group was 61.27
months; the difference was statistically significant (HR <1,
P <0.01), suggesting that HNSCC patients with high EPCI
expression have a better prognosis.

Based on TCGA samples and the UALCAN website,
EPC1 expression in HPV positive HNSCC tumors was not
only significantly higher than that in paracancerous tissues
(P <0.01) but also significantly higher than that in HPV
negative HNSCC samples (P <0.01) (Figure 1(c)). Using
HPV positive HNSCC samples, we explored the relationship
between EPCI expression and patient prognosis. The results
showed that patient prognosis was significantly better with
higher EPCI expression (Figure 1(d)) (P < 0.01). However,
no significant effect of EPCI expression on patient prognosis
was found when HPV negative HNSCC samples were ana-
lyzed. In addition, compared with that in TP53-mutated
HNSCC, EPCI expression in wild-type TP53 HNSCC was
significantly higher (P < 0.05) (Figure 1(e)). The expression

of wild-type TP53 EPCI was relatively high in HPV positive
HNSCC samples. In HPV negative HNSCC samples, no sig-
nificant difference in EPCI expression was identified
between the wild-type TP53 and TP53-mutated samples
(Figure 1(f)). Therefore, we hypothesized that high EPCI
expression was suggestive of better prognosis in patients
with HNSCC, because it tended to be present more often
in HNSCC patients with HPV positive, who were more sen-
sitive to radiotherapy and had a greater prognosis compared
with HNSCC patients without HPV.

3.2. Screening and Functional Prediction of Genes Associated
with the Differential Expression of EPCI in HNSCC. Linke-
dOmics was used to screen genes that were significantly pos-
itively correlated with the EPCI and genes that were
significantly negatively correlated with EPCI. A total of
20,164 related genes were obtained, including 8208 genes
with negative correlations and 11,956 genes with positive
correlations, and volcano plots were constructed
(Figure 2(a)). Notable positively correlated genes included
ZNF41, NR2C2, and CEP350. Notable negatively correlated
genes included MRPL28, Cl4orf156, and TMEM?280. After
obtaining the gene dataset, we performed GSEA. The rank
criteria were a P value < 0.05, FDR < 0.05, minimum num-
ber of genes (size) =5, and simulations = 500. KEGG path-
way analysis was also performed. We selected “redundancy
reduction: weighted set cover” and screened 5 positively cor-
related KEGG pathways (labeled blue, Figure 2(b)): phos-
phatidylinositol signaling system, cell adhesion molecules,
transcriptional misregulation in cancer, pathways in cancer,
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and neuroactive ligand-receptor interaction. We also
screened five negatively correlated KEGG pathways (labeled
orange, Figure 2(b)): purine metabolism, thermogenesis,
spliceosome, proteasome, and ribosome. Using pathways in
cancer as an example, 190 genes were enriched
(enrichment score = 0.48;  normalized enrichment score =
1.55; P < 0.01), and the difference was statistically significant
(Figure 2(c)). The above steps were repeated for the GO
analysis (biological processes). Five positively correlated bio-
logical processes were screened (labelled blue, Figure 2(d)):
protein autophosphorylation, covalent chromatin modifica-
tion, positive regulation of cell motility, regulation of GTPase
activity, and cell-cell adhesion via plasma-membrane adhesion
molecules. Additionally, five negatively correlated biological
processes were screened (labeled orange, Figure 2(d)): protein
targeting, protein folding, nucleoside triphosphate metabo-
lism, ribonucleoprotein complex biogenesis, and mitochon-
drial gene expression. The above analyses showed that the
differential expression of EPCI at the gene level was related
to cancer pathways. In addition, functional enrichment results
showed that EPCI expression was mainly related to protein
phosphorylation and cell adhesion.

3.3. Construction of a IncRNA-miRNA-mRNA Network
Based on the Differential Expression of EPCI in HNSCC
Samples. 49 EPCI gene-related miRNAs were identified using
the TarBase V. 8 database, and the CancerMIRNome platform
uncovered 168 miRNAs were differentially expressed in
HNSCC. The two datasets intersected, resulting in 13 overlap-
ping miRNAs. The Lnc2Cancer 3.0 database was used to
obtain 43 experimentally verified HNSCC-related IncRNAs,
and the LncBase v3 was applied to discover experimentally
supported miRNA-IncRNA interactions. Taken together, 12
IncRNAs (H19, LINC00467, MALAT1, MEG3, PVTI,
ZEB2-AS1, ZFAS1, LINC00473, HOTAIR, PCATI1, CASC9,
and IncAROD) and 6 miRNAs (hsa-miR-26a-5p, hsa-let-7c-
5p, hsa-miR-126-5p, hsa-miR-195-5p, hsa-miR-218-5p, and
hsa-miR-101-3p) were screened (Figure 3).

3.4. Screening and Pathway Enrichment of Proteins Related
to Differential EPCI Expression in HNSCC. LinkedOmics
was used to screen 13 proteins that were positively related
to EPCI gene expression (Figure 4(a)) and 7 proteins that
were negatively related to EPCI expression (Figure 4(b)),
all of which met the criteria ofP < 0.05. The corresponding
heat maps were drawn. Using the STRING database, an
interaction network consisting of 21 proteins was con-
structed (Figure 4(c)) and protein enrichment analysis was
used to obtain the top 10 related pathways based on gene
ratios (Figure 4(d)). The PPI network suggested that pro-
teins coexpressed with EPCI might be involved in various
cancer-related signaling pathways, such as HPV infection,
endocrine resistance, cell cycle disruption, plaque adhesion,
breast cancer, gastric cancer, hepatocellular carcinoma, pan-
creatic cancer, and small-cell lung cancer.

3.5. Differential Expression of EPCI among All HNSCC
Samples, HPV-Positive HNSCC Samples, and HPV-Negative
HNSCC Samples and the Association with Immunity. At

BioMed Research International

the cellular level, HNSCC, HPV positive HNSCC, and
HPV negative HNSCC samples were subjected to immuno-
logical analysis using the TIMER 2.0 platform. We used
CIBERSORT-ABS algorithm for immune scoring analysis.
After adjusting for tumor purity, 6 kinds of EPCI-related
immune cells were screened out from the HNSCC samples
under the restriction condition that one of three sample
types reached |rho|>0.3 and P <0.05. Except for alterna-
tively activated macrophages (M2), we found EPCI gene
expression in HNSCC patients with HPV infection showed
a higher infiltration levels of most immune cell (Table 1).

To further explore the correlation between macrophages
and EPCI, we focused on classically activated macrophage
(M1), M2, and their related molecules. Among HPV positive
HNSCC patients, EPCI gene expression was positively asso-
ciated with the infiltration level of M1 (Figure 5(a)). Also,
EPC1 gene expression level was correlated with IL2
(Figure 5(b)) and TNESF15 (Figure 5(c)). However, M2
macrophage infiltration level was positively associated with
EPCI1 gene in HNSCC patients without HPV infection
(Figure 5(d)), compared with HNSCC patients with HPV
infection. And, EPCI gene expression in HPV HNSCC
patients was associated with IL10 (Figure 5(e)) and MRC1
(Figure 5(f)). These results suggested that EPCI may alter
the tumor microenvironment of HNSCC by affecting the
immune cells and immune-related molecules.

4. Discussion

EPCI is a multicomb homolog 1 (Drosophila) enhancer
involved in the regulation of cell growth and transcription
[31]. EPCI anomalies may be involved in ossifying fibro-
myxoid tumors [15], endometrial stromal sarcoma [32],
pancreatic cancer [33], and nasopharyngeal carcinoma
(NPC) [34]. However, the effect of this gene on the survival
prognosis of HNSCC patients has not been studied. There-
fore, we tried to identify the function of EPCI as a prognos-
tic biomarker in HNSCC by multiomics integrative analysis.
We found that EPCI might indicate a better overall survival
for patients with HNSCC, which was inconsistent with the
results of NPC from our study [34]. We considered that
one of the reasons might be that the expression data of
NPC was not available in TCGA, due to the rarity of NPC
in America. In addition, we found that high EPCI expression
was correlated with HPV-positive and non-tp53 mutations,
both of which were favorable prognostic factors in HNSCC
[35]. In addition, coexpressed genes, competing endogenous
RNAs, protein interaction networks, immune cells, and mol-
ecules may also participate in the prognosis of HNSCC
patients.

The survival time of HNSCC patients with high EPCI
expression is longer, which was not noted in previous stud-
ies. EPCI expression varied in different HNSCC subtypes.
And EPCI expression was relatively high in HPV positive
HNSCC samples. In addition, among the EPCI-related pro-
tein enrichment pathways, HPV infection-related pathways
predominated, suggesting that EPCI and HPV may have a
certain correlation that affects patient prognosis. In addition,
TP53 mutations often indicate poor prognosis, and EPCI
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expression is relatively low in HNSCC with TP53 mutations.
However, EPCI expression was relatively high in wild-type
TP53 samples, suggesting that high EPCI expression may
indicate the better prognosis of patients with HNSCC.

To further investigate the possible mechanism by which
EPCI affects HNSCC prognosis, we performed a multiomics
analysis of EPCI. At the gene level, EPCI-related gene
enrichment results indicated that EPCI participates in some
important biological processes, such as protein phosphoryla-
tion, cancer-related pathways, and cell mobility. A study
revealed that oxidative phosphorylation was significantly
enriched in HPV" HNSCC, which was one of the differences
from HPV™ HNSCC [36]. Therefore, we can speculate that
HPV may be an important reason for the close relationship
between EPCI gene expression and protein autophosphory-
lation. In transcriptomics studies, IncRNA HI19 was an
important link in the EPClI-related IncRNA-miRNA-
mRNA network. High IncRNA HI19 expression was posi-
tively correlated with the growth, migration, and invasion
of lung tumor cells, but low H19 expression is associated
with poor prognosis for patients with microinvasive follicu-
lar thyroid carcinoma and can be used to predict distant
metastasis [37]. These results suggest that EPCI may affect
the prognosis of patients with HNSCC through IncRNA
H19, leading to different prognoses in patients with different
cancers. Besides, H19 [38] and MALAT1 [39] were upregu-
lated in HPV™ cancers than those in HPV™ cancers, which
indicated that HPV might participate in the regulation of
the ceRNA network. Proteomics studies have shown that
EPCI-related proteins were mainly involved in HPV infec-
tion, endocrine resistance, cell cycle, and cancer pathways.
In this study, high EPCI expression in HPV positive
HNSCC samples had a significant positive effect on progno-
sis, suggesting that EPCI and HPV may be associated with
patient survival prognosis. At the immunomics level, intra-
tumoral immune status was a key factor affecting patient
survival and response to immunotherapy. The tumor micro-
environment has clinical significance in predicting therapeu-
tic effects [40]. EPClI-related immune cells, such as
macrophage, B cells, and T cells, may play a role in control-
ling tumor growth. Furthermore, M1 macrophage was con-
sidered to have greater antitumor activity [41], which was
positively correlated with EPCI expression in HPV™ tumors.
IL2 served as an M1 marker and TNFSF15 was shown to
promote M1 production, both of which showed a correlation
with EPCI expression. Besides, EPCI expression was more
strongly correlated with M2 and its markers in HPV™ tumors
than in HPV" tumors. M2 was regarded as a tumor promot-
ing factor in previous studies [42, 43]. Taken together, it may
partly reveal why high EPCI expression indicates a better
prognosis in HNSCC, especially in HPV™ tumors.

5. Conclusions

This study did not investigate the role of EPCI alone but
rather investigated the differentially expressed genes, ccRNA
networks, interacting proteins, and immune infiltration
levels associated with EPC1 in HNSCC samples. The data
used in this study were experimentally validated or geneti-
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cally sequenced, based on real-world data. Using these data-
bases, we further confirmed that high EPCI expression was a
favorable factor for the prognosis of patients with HNSCC.
EPCI expression correlated with HPV infection, protein
phosphorylation, and immune cell infiltration. These factors
may explain the role of EPCI for HNSCC from multiple
perspectives.

This study had some limitations. Data were obtained
from public databases. However, the results have not yet
been validated by animal model. In addiction, the functional
role of EPCI in HNSC should be validated by overexpression
and knockdown experiments in the future.

Data Availability

The datasets used for the current study are available upon
reasonable request from the corresponding authors.

Ethical Approval

The authors state that they have obtained appropriate insti-
tutional review board approval or have followed the princi-
ples outlined in the Declaration of Helsinki in their
investigations.

Disclosure

The article was posted as a preprint in Research Square on
May 24, 2021 (https://www.researchsquare.com/article/rs-
507801/v1) [44].

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Yongmei Dai, Wenhan Chen, and Junpeng Huang equally
contributed to this work.

Acknowledgments

This work was supported by the funding project of Fujian
Medical University College Student Innovation and Entre-
preneurship Training Program (Grant No. C19071), the
Natural Science Foundation of Fujian Province (Grant No.
2022J011023), and the Natural Science Foundation of Fujian
Province (Grant No. 2022J01412).

References

[1] F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre,
and A. Jemal, “Global cancer statistics 2018: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers in
185 countries,” CA: a Cancer Journal for Clinicians, vol. 68,
no. 6, pp. 394-424, 2018.

[2] S. Marur and A. A. Forastiere, “Head and neck squamous cell
carcinoma: update on epidemiology, diagnosis, and treat-
ment,” Mayo Clinic Proceedings, vol. 91, no. 3, pp. 386-396,
2016.


https://www.researchsquare.com/article/rs-507801/v1
https://www.researchsquare.com/article/rs-507801/v1

14

(3]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

Y. Dai, Y. Zhang, M. Yang et al., “Radiosensitivity-related
genes and clinical characteristics of nasopharyngeal carci-
noma,” BioMed Research International, vol. 2020, Article ID
1705867, 13 pages, 2020.

P. Torres-Ayuso, E. An, K. M. Nyswaner et al., “TNIK is a ther-
apeutic target in lung squamous cell carcinoma and regulates
FAK activation through Merlin,” Cancer Discovery, vol. 11,
no. 6, pp. 1411-1423, 2021.

“Comprehensive genomic characterization of head and neck
squamous cell carcinomas,” Nature, vol. 517, no. 7536,
pp. 576-582, 2015.

Y. Zhu, X. Cao, X. Zhang, Q. Chen, L. Wen, and P. Wang,
“DNA methylation-mediated Klotho silencing is an indepen-
dent prognostic biomarker of head and neck squamous carci-
noma,” Cancer Management and Research, vol. 11, pp. 1383
1390, 2019.

J. Yazdani, M. Ghavimi, E. Jabbari Hagh, and F. Ahmadpour,
“The role of E-cadherin as a prognostic biomarker in head
and neck squamous carcinoma: a systematic review and
meta-analysis,” Molecular Diagnosis & Therapy, vol. 22,
no. 5, pp. 523-535, 2018.

J. H. Cho and Y. C. Lim, “Prognostic impact of regulatory T
cell in head and neck squamous cell carcinoma: a systematic
review and meta-analysis,” Oral Oncology, vol. 112, article
105084, 2021.

Y. Wang, V. Alla, D. Goody et al., “Epigenetic factor EPC1 is a
master regulator of DNA damage response by interacting with
E2F1 to silence death and activate metastasis-related gene sig-
natures,” Nucleic Acids Research, vol. 44, no. 1, pp. 117-133,
2016.

D. Fink, T. Yau, A. Nabbi et al., “Loss of Ing3 expression results
in growth retardation and embryonic death,” Cancers (Basel),
vol. 12, no. 1, 2019.

H. Zhang, M. Devoucoux, X. Song et al,, “Structural basis for
EPCl-mediated recruitment of MBTDI1 into the NuA4/
TIP60 acetyltransferase complex,” Cell Reports, vol. 30,
no. 12, pp. 3996-4002.e4, 2020.

T. Wang, N. Chen, W. Ren et al., “Integrated analysis of cir-
cRNAs and mRNAs expression profile revealed the involve-
ment of hsa_circ_0007919 in the pathogenesis of ulcerative
colitis,” Journal of Gastroenterology, vol. 54, no. 9, pp. 804-
818, 2019.

B. C. Dickson, A. Lum, D. Swanson et al., “Novel EPCI gene
fusions in endometrial stromal sarcoma,” Genes, Chromo-
somes & Cancer, vol. 57, no. 11, pp. 598-603, 2018.

F. Micci, L. Gorunova, A. Agostini et al., “Cytogenetic and
molecular profile of endometrial stromal sarcoma,” Genes,
Chromosomes ¢ Cancer, vol. 55, no. 11, pp. 834-846,
2016.

C.R. Antonescu, Y. S. Sung, C. L. Chen et al., “NovelZC3H7B-
BCOR,MEAF6-PHF1, andEPC1-PHFlfusions in ossifying
fibromyxoid tumors-molecular characterization shows genetic
overlap with endometrial stromal sarcoma,” Genes, Chromo-
somes & Cancer, vol. 53, no. 2, pp. 183-193, 2014.

C. Che, L. Zhang, J. Huo, and Y. Zhang, “RNA interference tar-
geting enhancer of polycombl exerts anti-tumor effects in lung
cancer,” International Journal of Clinical and Experimental
Pathology, vol. 8, no. 1, pp. 361-367, 2015.

Z.Zou, S. Liu, Y. Ha, and B. Huang, “Construction and analy-
sis of IncRNA-mediated ceRNA network in nasopharyngeal
carcinoma based on weighted correlation network analysis,”

(18]

(19]

(20]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

BioMed Research International

BioMed Research International, vol. 2020, Article ID

1468980, 16 pages, 2020.

B. Ru, C. N. Wong, Y. Tong et al., “TISIDB: an integrated
repository portal for tumor-immune system interactions,” Bio-
informatics, vol. 35, no. 20, pp. 4200-4202, 2019.

O. Menyhart, A. Nagy, and B. Gyorfly, “Determining consis-
tent prognostic biomarkers of overall survival and vascular
invasion in hepatocellular carcinoma,” Royal Society Open Sci-
ence, vol. 5, no. 12, article 181006, 2018.

J. Liu, T. Lichtenberg, K. A. Hoadley et al., “An integrated
TCGA pan-cancer clinical data resource to drive high-quality
survival outcome analytics,” Cell, vol. 173, no. 2, pp. 400-416
ell, 2018.

D. S. Chandrashekar, B. Bashel, S. A. H. Balasubramanya et al.,
“UALCAN: a portal for facilitating tumor subgroup gene
expression and survival analyses,” Neoplasia, vol. 19, no. 8,
pp. 649-658, 2017.

T. Li, J. Fu, Z. Zeng et al., “TIMER2.0 for analysis of tumor-
infiltrating immune cells,” Nucleic Acids Research, vol. 48,
no. W1, pp. W509-W514, 2020.

S. V. Vasaikar, P. Straub, J. Wang, and B. Zhang, “LinkedO-
mics: analyzing multi-omics data within and across 32 cancer
types,” Nucleic Acids Research, vol. 46, no. D1, pp. D956-
D963, 2018.

D. Karagkouni, M. D. Paraskevopoulou, S. Chatzopoulos et al.,
“DIANA-TarBase v8: a decade-long collection of experimen-
tally supported miRNA-gene interactions,” Nucleic Acids
Research, vol. 46, no. D1, pp. D239-D245, 2018.

R. Li, H. Qu, S. Wang et al., “CancerMIRNome: an interactive
analysis and visualization database for miRNome profiles of
human cancer,” Nucleic Acids Research, vol. 50, no. DI,
pp. D1139-D1146, 2022.

Y. Gao, S. Shang, S. Guo et al., “Lnc2Cancer 3.0: an updated
resource for experimentally supported IncRNA/circRNA can-
cer associations and web tools based on RNA-seq and
scRNA-seq data,” Nucleic Acids Research, vol. 49, no. D1,
pp. D1251-D1258, 2021.

D. Karagkouni, M. D. Paraskevopoulou, S. Tastsoglou et al.,
“DIANA-LncBase v3: indexing experimentally supported
miRNA targets on non-coding transcripts,” Nucleic Acids
Research, vol. 48, no. D1, pp. D101-D110, 2020.

D. Szklarczyk, A. L. Gable, D. Lyon et al, “STRING v11:
protein-protein association networks with increased coverage,
supporting functional discovery in genome-wide experimental
datasets,” Nucleic Acids Research, vol. 47, no. D1, pp. D607-
D613, 2019.

A. M. Newman, C. L. Liu, M. R. Green et al., “Robust enumer-
ation of cell subsets from tissue expression profiles,” Nature
Methods, vol. 12, no. 5, pp. 453-457, 2015.

J. Racle, K. de Jonge, P. Baumgaertner, D. E. Speiser, and D. Gfeller,
“Simultaneous enumeration of cancer and immune cell types from
bulk tumor gene expression data,” Elife, vol. 6, 2017.

N. E. Searle and L. Pillus, “Critical genomic regulation medi-
ated by enhancer of polycomb,” Current Genetics, vol. 64,
no. 1, pp. 147-154, 2018.

F. Micci, M. Brunetti, P. Dal Cin et al., “Fusion of the genes
BRD8 and PHF1 in endometrial stromal sarcoma,” Genes,
Chromosomes & Cancer, vol. 56, no. 12, pp. 841-845, 2017.

A. V. Biankin, N. Waddell, K. S. Kassahn et al., “Pancreatic
cancer genomes reveal aberrations in axon guidance pathway
genes,” Nature, vol. 491, no. 7424, pp. 399-405, 2012.



BioMed Research International

(34]

(35]

(36]

(37]

(38]

(39]

[40]

(41]

[42]

(43]

[44]

Y. Dai, W. Chen, C. Huang et al., “Expression and biological
functions of EPCI in nasopharyngeal carcinoma,” Archives of
Iranian Medicine, vol. 24, no. 11, pp. 845-851, 2021.

L. Li, M. Li, and X. Wang, “Cancer type-dependent correla-
tions between TP53 mutations and antitumor immunity,”
DNA Repair (Amst), vol. 88, article 102785, 2020.

C. H. L. Kurten, A. Kulkarni, A. R. Cillo et al., “Investigating
immune and non-immune cell interactions in head and neck
tumors by single-cell RNA sequencing,” Nature Communica-
tions, vol. 12, no. 1, p. 7338, 2021.

Y. Dai, Y. Miao, Q. Zhu, M. Gao, and F. Hao, “Expression of
long non-coding RNA H19 predicts distant metastasis in min-
imally invasive follicular thyroid carcinoma,” Bioengineered,
vol. 10, no. 1, pp. 383-389, 2019.

J. A. Barr, K. E. Hayes, T. Brownmiller et al., “Long non-coding
RNA FAM83H-AS] is regulated by human papillomavirus 16
E6 independently of p53 in cervical cancer cells,” Scientific
Reports, vol. 9, no. 1, p. 3662, 2019.

T. Wang, W. Zhang, W. Huang, Z. Hua, and S. Li, “LncRNA
MALAT]1 was regulated by HPV16 E7 independently of pRB
in cervical cancer cells,” Journal of Cancer, vol. 12, no. 21,
Pp. 6344-6355, 2021.

M. Huo, Y. Zhang, Z. Chen, S. Zhang, Y. Bao, and T. Li,
“Tumor microenvironment characterization in head and neck
cancer identifies prognostic and immunotherapeutically rele-
vant gene signatures,” Scientific Reports, vol. 10, no. 1,
p. 11163, 2020.

C. H. Jiang, W. H. Liang, F. P. Li et al., “Distribution and prog-
nostic impact of M1 macrophage on esophageal squamous cell
carcinoma,” Carcinogenesis, vol. 42, no. 4, pp. 537-545, 2021.

H. Dan, S. Liu, J. Liu et al., “RACKI promotes cancer progres-
sion by increasing the M2/M1 macrophage ratio via the NF-«B
pathway in oral squamous cell carcinoma,” Molecular Oncol-
ogy, vol. 14, no. 4, pp. 795-807, 2020.

X. Pang, S. S. Wang, M. Zhang et al., “OSCC cell-secreted exo-
somal CMTM6 induced M2-like macrophages polarization via
ERK1/2 signaling pathway,” Cancer Immunology, Immuno-
therapy, vol. 70, no. 4, pp. 1015-1029, 2021.

Y. M. Dai, W. H. Chen, J. P. Huang, T. J. Cui, and C. Huang,
Multi-omics integrative analysis identifying EPCI as a prognos-
tic biomarker in head and neck squamous cell carcinoma,
Research Square, 2021.

15



	Multiomics Integrative Analysis Identifying EPC1 as a Prognostic Biomarker in Head and Neck Squamous Cell Carcinoma
	1. Background
	2. Materials and Methods
	2.1. Patients and Transcriptional Expression Profile
	2.2. The Associations between Gene Expression and Key Prognostic Factors
	2.3. Screening and Functional Enrichment of EPC1 Expression-Related Genes
	2.4. Construction of a Competing Endogenous RNA (ceRNA) Network
	2.5. Protein-Protein Interaction (PPI) Networks and KEGG Pathway Enrichment
	2.6. EPC1-Related Immune Cells and Immunoreactive Substances in HNSCC Samples
	2.7. Statistical Analysis

	3. Results
	3.1. Effect of the Differential Expression of EPC1 on the Prognosis and Clinical Outcomes of Patients with HNSCC
	3.2. Screening and Functional Prediction of Genes Associated with the Differential Expression of EPC1 in HNSCC
	3.3. Construction of a lncRNA-miRNA-mRNA Network Based on the Differential Expression of EPC1 in HNSCC Samples
	3.4. Screening and Pathway Enrichment of Proteins Related to Differential EPC1 Expression in HNSCC
	3.5. Differential Expression of EPC1 among All HNSCC Samples, HPV-Positive HNSCC Samples, and HPV-Negative HNSCC Samples and the Association with Immunity

	4. Discussion
	5. Conclusions
	Data Availability
	Ethical Approval
	Disclosure
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

