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Abstract

Background: Human papillomavirus (HPV) is the major cause of cervical cancer (CC) etiology; its contribution to head and neck cancer
(HNC) incidence is steadily increasing. As individual patients’ response to the treatment of HPV-associated cancer is variable, there is
a pressing need for the identification of biomarkers for risk stratification that can help determine the intensity of treatment. Methods:
We have previously reported a novel prognostic and predictive indicator (HPPI) scoring system in HPV-associated cancers regardless of
anatomical location by analyzing The Cancer Genome Atlas and Gene Expression Omnibus databases. In the present study, we compre-
hensively investigated the association of group-specific expression patterns of common differentially expressed genes (DEGs) between
high- and low-risk groups in HPV-associated CC and HNC, identifying molecular biomarkers and pathways for risk stratification. Re-
sults: Among the 174 identified DEGs, the expression of genes associated with extracellular matrix (ECM)-receptor interaction pathway
(ITGA5, ITGB1, LAMB1, and LAMC1) was increased in high-risk groups in both HPV-associated CC and HNC, while the expression
of genes associated with T-cell immunity (CD3D, CD3E, CD8B, LCK, and ZAP70) was decreased and vice versa. The individual genes
showed significant prognostic impact on HPV-associated cancers but not on HPV-negative cancers. The expression levels of identified
genes were similar between HPV-negative and HPV-associated high-risk groups with distinct expression patterns only in HPV-associated
low-risk groups. Each group of genes showed negative correlations and distinct patterns of immune cell infiltration in tumor microenvi-
ronments. Conclusions: These results allowed us to identify molecular biomarkers and pathways for risk stratification in HPV-associated
cancers regardless of anatomical location. The identified targets were found to be selectively working in only HPV-associated cancers
and not in HPV-negative cancers, indicating the possibility of selective targets governing HPV-infective tumor microenvironments.
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1. Introduction
Human papillomavirus (HPV) is a small circular virus

with approximately 8 kb of double-stranded DNA genome
comprising the following three major functional regions:
(i) an upstream regulatory region (URR) with transcrip-
tion factor-binding sites controlling gene expression; (ii)
an early region encoding six genes (E1, E2, E4, E5, E6,
E7) having multiple functions including viral replication,
and (iii) a late region encoding capsid proteins L1 and L2
that produce the virion by self-assembly [1,2]. HPV in-
duces a productive infection by targeting the epithelial cells
in the basal layer of skin and mucosa [1]. More than 150
HPV genotypes have been discovered to date, and the ma-
jority show subclinical manifestation or cause the growth
of benign lesions ranging in severity from self-limiting to

debilitating [3]. However, the chronic infection of some
oncogenic high-risk types of HPV, especially types 16 and
18, results in cancer progression [4,5]. In more than 95%
of invasive cervical cancers (CC) and most cases of HPV-
associated head and neck cancers (HNC), the incorpora-
tion of high-risk HPV genomes into the host genome was
detected [6]. Among HNCs, the rate of HPV association
in oropharyngeal squamous cell carcinoma (OPSCC) has
increased and is reported to have reached 80% in recent
years [2]. HPV-associated OPSCC is considered a unique
disease entity as its clinical and molecular characteristics
are distinct from those of non-HPV-related OPSCC; it also
presents a good overall prognosis with better response to
treatment, including radiation [7,8]. Persistent infection of
HPV also acts as an important etiology of other anogenital
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Fig. 1. Overall flow chart of the study. HNC, head and neck cancer; CC, cervical cancer; HPPI, HPV-related prognostic and predictive
indicator; DEGs, differentially expressed genes.

tract malignancies such as anal, vaginal, and penile, mak-
ing it a notable public health issue [9]. Therefore, more
advanced treatment strategies that consider the additional
prognostic factors for each patient require urgent develop-
ment.

In HPV-related cancers, high-risk type HPV contin-
uously expresses representative oncoproteins E6 and E7
that primarily induce cellular transformation through the
decomposition of p53 and pRb, respectively [10,11]. The
accumulation of cellular mutations bywhich E6 and E7 pro-
mote cell-cycle progression, chromosomal instability, and
integration of foreign DNA, which ultimately contribute to
carcinogenesis have also been elucidated [1,10,12]. How-
ever, the precise molecular mechanisms involved in onco-
genesis and clinical expression, or the interaction of di-
verse genomes at each stage, are still not clearly understood.
These processes are also dynamically influenced by addi-
tional factors, such as the location of tumor occurrence in-
cluding the peritumoral microenvironment and the intrinsic
factors of each patient, which intensifies gene expression
heterogeneity and makes it difficult to accurately identify
disease progression patterns and prognostic stratification
[13,14]. In recent years, cancer bioinformatics has been ac-
tively developing as a new strategy that combines molec-
ular biology and in silico information engineering based
on gene sequencing data to discover clinically meaningful
biomarkers related to treatment response and prognosis in
each tumor and apply it to clinical practice [15,16]. More
appropriate personalized treatment will become possible as
our knowledge of the gene expression profiles and molecu-
lar behavior heterogeneity in HPV-related cancers improves
through such analyses.

Genomic changes that can be important causes in the
development of cancer (such as an abnormal gene expres-
sion) stimulate the production of tumor antigens by the im-
mune system and trigger a cellular immune response [17].
At this moment, immune cells, such as T cells infiltrate into
the tumor microenvironment and control tumor progression
[17]. This strongly indicates that gene expression can have
a significant effect on immune cell infiltration levels. Im-
mune cell infiltration is known to be important for the sur-

vival of cancer patients and is regulated by chemokines, but
the mechanism is not yet fully elucidated [18,19]. There-
fore, we expect that the combination of immune cell infil-
tration and genetic biomarkers will help us understand the
development of cancer.

Previously, we analyzed common HPV-specific prog-
nostic gene signatures from The Cancer Genome Atlas
(TCGA) and Gene Expression Omnibus (GEO) databases,
according toHPV-related cancers in different anatomic sites
of the head and neck, and cervix [20]. Using these re-
sults, we developed an HPV-related prognostic and pre-
dictive indicator (HPPI) scoring system that can perform
risk stratification using the 34 selected genes, and demon-
strated that there was a significant difference in the prog-
nosis. In the present study, we investigated differentially
expressed genes (DEGs) in the high and low-risk groups of
HPV-related HNC and CC according to HPPI scoring, and
aimed to identify genes that influence clinical manifesta-
tions, including survival and their expression profiles. The
study workflow is illustrated in Fig. 1.

2. Materials and methods
2.1 Patient data collection and risk stratification

Clinical data and RNA-seq gene expression profiles
of TCGA HPV-related HNC and CC were downloaded
from Broad GDAC Firehose (http://gdac.broadinstitute.or
g/). We chose the sample type of primary solid tumor
and gene expression data generated an Illumina HiSeq
2000 RNA-Seq platform (level 3) using the preprocessed
RNAseqV2 normalized count expression values based on
RNA-Seq by expectation-maximization (RSEM). Using the
HPPI risk scoring system, we divided patients into high-risk
(HNC = 27, CC = 43) and low-risk groups (HNC = 70, CC
= 226) [20]. Patient characteristics are presented in Table 1.

2.2 Identification of common DEGs

We identified DEGs between the high-risk and low-
risk groups for each cohort using “siggenes 1.60.0” in the
R package using the Significance Analysis of Microarrays
(SAM) method. We then identified the common DEGs that
exist in both cohorts. We used the cutoff value for False

2

http://gdac.broadinstitute.org/
http://gdac.broadinstitute.org/
https://www.imrpress.com


Table 1. Patient characteristics.
TCGA-HNC TCGA-CC

(N = 518) (N = 290)

HPV (+) HPV (−) HPV (+) HPV (−)

97 421 269 21

Age
<55 37 112 196 11
≥55 60 309 73 10

mean ± sd 57.8 ± 9.6 61.6 ± 12.2 47.5 ± 13.7 55.5 ± 13.5

Clinical I 3 24 148 11
Stage II 11 62 57 6

III 10 71 40 1
IV 42 223 18 3

Clinical N0 30 213 - -
N stage N1 10 72 - -

N2 52 110 - -
N3 3 6 - -

Clinical M0 91 388 - -
M stage M1 1 5 - -

Gender
Female 11 124 - -
Male 86 297 - -

Risk group
High 27 - 43 -
Low 70 - 226 -

Discovery Rate (FDR) = 0.01 and set 1.7 fold change (FC)
values to define upregulated and downregulated genes. We
used the “gplots 3.1.1” and “ggplot2 3.3.3” R (version
4.0.2) packages to visualize the results.

2.3 KEGG pathway enrichment analysis and selection of
target genes

Pathway enrichment analysis based on the Ky-
oto Encyclopedia of Genes and Genomes (KEGG)
database was used to confirm the biological function
of common DEGs using NetworkAnalyst 3.0 (v2019)
(https://www.networkanalyst.ca/). We selected genes that
clustered at least three times in the top four enrichment
pathways with the most significant p-values.

2.4 Analysis of tumor-infiltrating immune cells

To better understand the selected genes and tumor im-
mune microenvironment, we investigated the correlation of
the selected gene expression with tumor purity and tumor-
infiltrating immune cells using the Tumor Immune Estima-
tion Resource (TIMER) version 2.0 (http://timer.cistrome.o
rg/). The TIMER database provides several analyses of im-
mune infiltration of tumors from the TCGA database. Of
the 32 TCGA tumor data included in the TIMER database,
HPV (+)HNCwas used for analysis. Althoughwe analyzed
six immune cell types (CD8+ T cells, CD4+ T cells, B cells,
macrophages, neutrophils, dendritic cells), only significant
results with Rho>0.5 were selected. The correlation analy-

sis was performed by the purity-adjusted partial Spearman’s
correlation method.

2.5 Immunohistochemical staining

Ten pathologic slides from oropharyngeal cancer sur-
gical specimens were evaluated by immunohistochemical
staining for Intergrin alpha 5 (ITGA5). Immunohistochem-
ical stainingwas performed using the BenchMarkXT (Ven-
tanaMedical Systems, AZ,USA) according to themanufac-
turer’s instructions. Briefly, 4-µm-thick sections were de-
paraffinized in xylene and dehydrated in graded ethanol so-
lutions. Antigen retrieval with the cell conditioning buffer
1 (CC1) was performed for 40 min. The sections were in-
cubated with the primary antibody, Intergrin alpha 5 (rabbit
monoclonal, Abcam, Cambridge, UK), for 1 h and with the
secondary anti-HRP antibody (Abcam, Cambridge, UK)
for 32 min. Counterstaining was performed with hema-
toxylin II (Sigma-Aldrich, St. Louis, MO, USA) for 10 min
and subsequent bluing for 6 min. The whole-tissue section
slides were examined under a light microscope.

2.6 Statistical analysis

After setting the cutoff as the median gene expression
value for each selected gene, we performed the Kaplan-
Meier (KM) analysis for computing survival, log rank test,
and univariate cox regression analysis to predict overall sur-
vival (OS) and estimate the accuracy using the R pack-
ages: “survival 3.1-12” and “survminer 0.4.9”. The cor-
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Fig. 2. Analysis of differentially expressed genes (DEGs) betweenHPPI high-risk and low-risk groups. Heatmaps visualizing DEGs
between two groups: (A) HPV (+) HNC, and (B) HPV (+) CC. Boxplots visualizing DEGs between two groups: (C) HPV (+) HNC, and
(D) HPV (+) CC.

relation between the selected target genes was evaluated
using Spearman’s correlation analysis. The threshold for
significant correlation was set at p < 0.05 and Spearman’s
correlation coefficient was >0.3. Comparisons of ITGA5
expression was performed by Mann-Whitney tests. All sta-
tistical analyses were performed using R (version 4.0.2) or
SPSS (version 18) (Chicago, IL, USA).

3. Results
3.1 Common DEGs between high and low-risk groups in
HNC and CC

According to a previous study [20], we divided HPV
(+) HNC and HPV (+) CC into high-risk and low-risk
groups, respectively and identified DEGs in each, as well as
DEGs that were common in both cohorts and defined them
as common DEGs. We identified 174 common DEGs, of
which 30 were upregulated and 144 were downregulated
(Supplementary Table 1). KEGG pathway enrichment
analysis was performed to select target genes that explain
the molecular mechanisms among commonDEGs, and four
upregulated genes (ITGA5, ITGB1, LAMB1, and LAMC1),
and five downregulated genes (CD3D, CD3E, CD8B, LCK,
and ZAP70) were selected (Fig. 2A–D, Tables 2 and 3).

3.2 Prognostic significance of common DEGs in HNC and
CC

To confirm the association between the OS and ex-
pression levels of target genes, we performed KM analysis

and log rank test on the HPV (+) HNC and HPV (+) CC co-
horts (Fig. 3A,B). High levels of gene expression of ITGA5,
ITGB1, LAMB1, and LAMC1 were associated with a worse
OS, while low levels of gene expression of CD3D, CD3E,
CD8B, LCK, and ZAP70 were associated with a worse OS
of patients with HPV-related cancers (Fig. 3A,B). Univari-
ate cox regression analysis revealed nine target genes as in-
dependent prognostic factors for HPV-related cancers (Ta-
ble 4). However, these target genes had no prognostic ef-
fects on HPV (–) cancers (Supplementary Table 2).

3.3 Expression patterns of common DEGs in HNC and CC
To determine the expression patterns of the target

genes of normal, HPV (–), and risk-stratified HPV (+) can-
cers, we compared the relative expression levels of the tar-
get genes between the following four groups: normal, HPV
(–), HPV (+) low-risk group, and HPV (+) high-risk group
(Fig. 4). Interestingly, the expression patterns of the target
genes were similar in the HPV (–) and HPV (+) high-risk
groups in both cancer cohorts. We found that four upregu-
lated genes (ITGA5, ITGB1, LAMB1, and LAMC1) among
the nine target genes showed high expression in HPV (–)
and HPV (+) high-risk groups but relatively low expression
in HPV (+) low-risk and normal groups. In contrast, the re-
maining five downregulated genes (CD3D, CD3E, CD8B,
LCK, and ZAP70) showed low expression in HPV (–) and
HPV (+) high-risk groups, but relatively high expression in
HPV (+) low-risk group (Fig. 4A,B). To validate the dif-

4

https://www.imrpress.com


Fig. 3. Kaplan-Meier survival analysis based on the expression of target genes. (A) HPV (+) HNC, and (B) HPV (+) CC. P, log rank
test p-value.
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Fig. 4. Comparison of the relative expression levels of target genes between the following four groups: normal, HPV (–), HPV (+)
low-risk group, and HPV (+) high-risk group. (A) HNC, and (B) CC. The boxplot shows the distribution of the data and the median
(middle line). The dot means outlier, which is more or less than 3/2 times of upper or lower quartiles. Log2 transformation is used to
draw the plot for the gene expression level of the data.

Table 2. Results of KEGG pathway enrichment analysis.
Pathway p-value FDR Genes

Upregulated genes

ECM-receptor interaction 1.94 × 10−5 0.00379 ITGA5, ITGB1, LAMB1, LAMC1
Small cell lung cancer 3.19 × 10−5 0.00379 ITGB1, LAMB1, LAMC1, CDK6

Focal adhesion 3.71 × 10−5 0.00379 ITGA5, ITGB1, LAMB1, LAMC1, SHC1
PI3K-Akt signaling pathway 4.77 × 10−5 0.00379 ITGA5, ITGB1, LAMB1, LAMC1, CDK6, OSMR

Downregulated genes

Primary immunodeficiency 1.25 × 10−6 0.000398 CD3D, CD3E, CD8B, LCK, ZAP70
Th1 and Th2 cell differentiation 0.000114 0.0141 CD3D, CD3E, LCK, ZAP70, IL12A
Hematopoietic cell lineage 0.000146 0.0141 CD3D, CD3E, CD8B, CD2, FLT3LG

T-cell-receptor signaling pathway 0.000177 0.0141 CD3D, CD3E, CD8B, LCK, ZAP70

Table 3. Pathway enrichment analysis–Gene list.
Gene symbol Full name

Upregulated genes

ITGA5 Integrin Subunit Alpha 5
ITGB1 Integrin Subunit Beta 1
LAMB1 Laminin Subunit Beta 1
LAMC1 Laminin Subunit Gamma 1

Downregulated genes

CD3D CD3d Molecule
CD3E CD3e Molecule
CD8B CD8b Molecule
LCK LCK Proto-Oncogene, Src Family Tyrosine Kinase
ZAP70 Zeta Chain Of T Cell Receptor Associated Protein Kinase 70

ferential expression of the ECM-related gene in different
tumor microenvironments, we further performed immuno-
histochemical staining of ITGA5 in 10 available oropha-
ryngeal cancer specimens. The ITGA5 was mainly ex-
pressed in tumor stromal regions rather than tumor cell nests
(Fig. 5). Importantly, ITGA5 expression was significantly
increased in tumor stromal regions of HPV (–) cancers com-

pared with HPV (+) low-risk cancers, indicating the evi-
dences for the differential expression patterns of ITGA5.

3.4 Correlation analysis of common DEGs in HNC and CC

In order to determine if there were any correlations
between the target genes, we conducted a Spearman’s cor-
relation analysis. We found a high correlation between
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Table 4. Univariate cox regression in HPV (+) cancers.
Dataset Genes p-value Correlation coefficient HR 95% CI

HPV (+) HNC

Upregulated

ITGA5 0.000465 *** 1.5377 4.6537 1.967 11.01
ITGB1 0.0272 * 0.8657 2.3767 1.103 5.123
LAMB1 0.0653 0.6954 2.0044 0.9569 4.199
LAMC1 0.0103 * 1.0245 2.7857 1.273 6.095

Downregulated

CD3D 0.000453 *** −1.533 0.216 0.09171 0.5086
CD3E 0.00118 ** −1.3572 0.2574 0.1134 0.5844
CD8B 0.000417 *** −1.5371 0.215 0.09156 0.5049
LCK 0.000638 *** −1.4263 0.2402 0.1059 0.5446

ZAP70 0.00161 ** −1.3149 0.2685 0.1186 0.6078

HPV (+) CC

Upregulated

ITGA5 0.000219 *** 0.9798 2.6639 1.584 4.479
ITGB1 0.00424 ** 0.7334 2.0822 1.259 3.442
LAMB1 0.12 0.391 1.4785 0.9033 2.42
LAMC1 0.00537 ** 0.722 2.0585 1.238 3.422

Downregulated

CD3D 0.0365 * −0.5273 0.5902 0.3601 0.9674
CD3E 0.0755 −0.4455 0.6405 0.3919 1.047
CD8B 0.00906 ** −0.6748 0.5092 0.3068 0.8453
LCK 0.0132 * −0.6225 0.5366 0.328 0.878
ZAP70 0.00534 ** −0.7096 0.4919 0.2986 0.8103

genes with the same expression patterns but no high cor-
relation between genes with different expression patterns
(Fig. 6A,B). All the downregulated genes had a high corre-
lation and among the upregulated genes, ITGA5 and ITGB1,
ITGB1 and LAMC1 had high correlations (|coefficient|
>0.6) (Fig. 6A,B).

3.5 Correlation analysis between common DEGs and
immune cell infiltration in HPV (+) HNC

As the pattern of immune infiltrate is an important as-
pect of tumor survival and progression, we explored the cor-
relation between the expression levels of the target genes
and immune cell infiltration using data for several im-
mune cell subtypes and The Cancer Genome Atlas Head-
Neck Squamous Cell Carcinoma (TCGA-HNSC) HPV (+)
from TIMER 2.0 (Fig. 7A–E). The expression levels of
the downregulated target genes were positively correlated
with CD4+ T cells and neutrophils (Fig. 7A–E), while im-
mune cells correlated with upregulated target genes were
not found.

4. Discussion
Investigation of genomic and molecular biomarkers

that possess prognostic importance, including for the prog-
nosis of HPV-related cancer, is still underway. The need for
the identification of specific prognostic factors has emerged
in HPV-related OPSCC, which includes a subgroup of pa-
tients with aggressive behavior, although the majority show
favorable treatment responses [21]. In this study, risk strati-
fication of HPV-related HNC and CC was performed using
the HPPI scoring system developed in our previous study

[20]. Of the identified DEGs, the expression of the four
upregulated and five downregulated target genes was com-
pared with the normal and HPV (–) cohort. A particularly
noteworthy finding was that both HPV (–) and HPV (+)
high-risk groups in HNC showed similar patterns of ex-
pression of the target genes, and different expression pat-
terns only appeared in the HPV (+) low-risk group (Fig. 4).
In the case of de-escalating treatment trials in HPV-related
OPSCC, as part of an effort to reduce the toxicity caused
by chemoradiation and to perform less invasive surgery for
improving the quality of life [21,22], it is important to ac-
curately select the low-risk group by risk stratification of
HPV (+) HNC. Our study can be instrumental in these in-
stances as it can provide genomic data for the development
of patient-specific treatment, which are important in both
cancer biology and other clinical applications.

The extracellular matrix (ECM) is an essential milieu
of tissues, consisting of a dynamic network of biochemi-
cal components [23,24]. ECM contributes to the interac-
tion of cells with their microenvironments, which plays a
crucial role in regulating cellular behavior and maintain-
ing organ homeostasis. It is known that the disruption of
these control processes can cause diseases such as cancer;
thus, the expression of ECM-related genes has been stud-
ied [24,25]. It has been recently reported that the expres-
sion of ECM genes differs according to HPV association in
OPSCC and with high-grade dysplasia and invasive cancer
[26]. In this current study, we focused on laminin genes
LAMB1 and LAMC1, and their receptors, integrin genes
ITGA5 and ITGB1 among 30 upregulated DEGs that par-
ticipate in ECM-receptor interaction in the KEGG path-
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Fig. 5. ITGA5 expression analysis in patient samples of HPV (–) and HPV (+) oropharyngeal cancers. (A–C) Representative
images of immunohistochemical staining showing ITGA5 expression patterns in total tumor area, stromal region, and tumor cell nests,
respectively. (D–F) Comparisons of ITGA5+ area (%) between HPV (–) and HPV (+) oropharyngeal cancers in total tumor area, stromal
region, and tumor cell nests, respectively. Each group, n = 5. *p < 0.05 versus HPV-positive cancers.

way enrichment analysis (Table 2) [25]. Laminin is a ma-
jor component of the basement membrane and is essen-
tial for the adhesive interaction between the cell and the
basement membrane; laminins bind laminin-binding inte-
grin heterodimers [27]. LAMB combines with LAMC; to-
gether, they initiate cell assembly to promote cancer inva-
sion and gene expression in various invasive cancers, in-
cluding LAMB1 gene expression in head and neck, liver,
and uterine endometrial cancers, and LAMC1 gene expres-
sion in gastric cancer [28–30]. Integrin subunits α5 and β1
primarily conjoin to form α5β1 heterodimers, and ITGA5
and ITGB1, the genes encoding α5 and β1, respectively
have been suggested to be associated with tumor aggres-
sive behavior, such as cancer progression and treatment re-
sistance [31,32]. In our study, an increase in ITGA5 and
ITGB1 expression was characteristically identified in high-
risk HPV (+) and HPV (–) groups in HNC, and was associ-
ated with the worsening OS in both HPV-related HNC and
CC. Therefore, we postulate that LAMB1, LAMC1, ITGA5,

and ITGB1 genes may be potential biomarkers for high risk
and poor prognosis in HNC and CC, especially in HPV-
related cancers.

Other components of the tumormicroenvironment, in-
cluding the expression of genetic markers, and distribu-
tion of immune cells and molecules that regulate cellular
function, have been studied for targeted immunotherapy
[33,34]. Of 144 downregulated DEGs in our study, five
were CD3D and CD3E as T cell markers, CD8+ T cell-
specific marker CD8B, LCK, and ZAP70, which partici-
pates in primary immunodeficiency and the T cell-receptor
signaling pathway in the KEGG pathway analysis (Table 2)
[33]. LCK and ZAP70 are protein tyrosine kinases, and
ZAP70 activated by LCK plays an important role in ini-
tiating intracellular signaling pathways related to T cell
antigenic receptor in the early stages of T cell activation
[35,36]. A meta-analysis of several solid tumors revealed
that greater infiltration of CD3+ and CD8+ T cells had a
positive effect on survival, and a recent report on HNC re-
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Fig. 6. Spearman’s correlation analysis is shown by multi-correlation plots. The distribution of each gene expression is displayed on
the diagonal. At the top of the diagonal, corr denotes correlation coefficient. The greater the absolute value of the number, the greater the
relevance. Blue color indicates a negative correlation, and red color indicates a positive correlation. The darker the color, the higher the
correlation. Asterisks indicate statistically significant p-value (***, p < 0.001: **, p < 0.01: *, p < 0.05). The bottom of the diagonal
shows scatterplots with a fitted line. (A) HPV (+) HNC, and (B) HPV (+) CC.

Fig. 7. Correlation of gene expression with levels of immune cell infiltration in HPV (+) HNC. Of the various molecular subtypes,
only those that are commonly significant in the downregulated group are shown (p-value < 0.05, Rho >0.5). The y-axis represents the
level of gene expression, and the x-axis represents the tumor purity and the infiltration level of immune cells. (A) CD3D, (B) CD3E, (C)
CD8B, (D) LCK, and (E) ZAP70.
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vealed that more tumor-infiltrating immune cells were asso-
ciated with better prognosis [34,37]. An increase in T cell
infiltrates, which emphasizes the role of immune system,
was suggested as an important prognostic determinant con-
tributing to tumor suppression, especially in HPV-related
OPSCC [38]. In our study, contrary to ECM genes, the ex-
pression of T cell-related genes was significantly higher in
the low-risk HPV (+) group and lower in the high-risk HPV
(+) and HPV (–) groups in HNC, and higher expression im-
proved OS in HPV-related HNC and CC. Therefore, in ad-
dition to ECM genes, T cell-related genes CD3D, CD3E,
CD8B, LCK, and ZAP70 could be useful biomarkers for risk
stratification of HPV-related cancer.

We also performed correlation analyses between the
selected target genes in the HPV-related HNC and CC
groups. A positive correlation was observed betweenDEGs
with the same expression pattern, while a negative corre-
lation was observed between upregulated ECM genes and
downregulated T cell-related genes. It has been proposed
that cellular components, including immune cells in the
tumor microenvironment, contribute to the regulation of
ECM dynamics [24]. A study on HNC that investigated the
tumor ecosystem with a single-cell transcriptome proved
that heterogeneous cellular components, including T cells,
influence the expression of ECM markers related to tumor
migration, such as laminin, by active interaction [39]. This
study also suggests the possibility that different ECM path-
ways and immunity within the tumor microenvironment are
complexly intertwined with cancer biology and thus require
further study.

p16 is widely used as an important biomarker suggest-
ing the presence or absence of HPV in cancer [40]. The
HPV E7 gene inactivated the retinoblastoma gene family
(Rb), a tumor suppressor protein, and as a result, overex-
pression of p16 is induced in HPV-positive cancers [41].
For this reason, p16 immunohistochemistry (IHC) is used
to discriminate HPV-positive cancers [41]. However, over-
expression of p16 is infrequently observed in some HPV-
negative patients [42]. To overcome this limitation, a mul-
timodal approach combined with p16 IHC is being consid-
ered, which reduces false-positive and false-negative cases
in HPV detection [43,44]. We divided the high-risk group
and the low-risk group in HPV-positive cancers using the
HPPI risk scoring system we previously developed, which
is different from the existing methods to detect high-risk
HPV. This newmethod is not dependent on p16 overexpres-
sion and has an analytical mechanism that is completely dis-
tinct from currently used HPV detection methods. There-
fore, we suggest an excellent clinical-diagnostic approach
for HPV-positive cancers by using this new method in par-
allel with the existing methods.

5. Conclusions
In summary, this study contributes to our understand-

ing of the tumor biology of virus-related cancers and sug-

gests biomarkers for risk stratification in the HPV (+) group
by conducting an integrated bioinformatics analysis on the
association between DEGs and prognosis of HPV infection
in CC and HNC. However, we only analyzed the upregu-
lation and downregulation of genes and their association in
selected pathways using the cohort in the TCGA database,
and the lack of experimental verification of the expression
patterns of the target genes in cancer tissues requires future
investigation.
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