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High risk human papillomavirus infection is the most common sexually transmitted infection due to the latest 
report of the WHO. About 90 % of all cervical cancers are caused by human papillomavirus, meanwhile about 30 % 
of oropharyngeal carcinoma’s new cases are presented with HPV-positive status, and its percentage’s still growing. 
The abovementioned facts indicate that in the modern world there is a need for more detailed study on the issue 
related to the carcinogenic effect of human papillomavirus. This article focuses primarily on the main issues of HPV 
carcinogenic effect in the mucous membrane of oropharynx, revealing the main characteristic features of immuno-
logical landscape, gene expression profile and its significance in the context of 5-years overall survival. These data 
explains the importance of cellular and humoral immunity in the development of the proinflammatory antitumor 
environment and suggests information about the influence of the gene expression levels for the long-term prognosis 
of patients diagnosed with pathology of HPV-positive oropharyngeal squamous cell carcinomas.
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Contrary to the popular belief of human 
papillomavirus to be predominantly a lot of 
marginal segments of population, current re-
search materials have established the opposite. 
In accordance with the latest statistical reports, 
more than 12 % of the World’s population are 
the carriers of papillomavirus besides more 
than 3 % suffer from HPV-associated cancer 
pathologies, irrespective of one’s gender and 
age, socio-economic status and ethnicity.

The dominant role of human papillomavi-
rus in cervical cancer is generally recognized 
and well-known scientific fact, but over the 
past thirty years, the scientific community has 
accumulated sufficient information on the sub-
ject of HPV’s carcinogenic role in alternative 
anatomical locations.

Due to the statistical data obtained by the 
European Institute of Oncology (EIO) for the 
period of 2000-2010, out of 675 patients with 
confirmed HPV-positive status, 48.1 % of pa-
tients were diagnosed with cancer of the oral 
cavity, pharynx and oropharyngeal region 
(1.8 %, 2.2 %, 40.4 %, respectively) [1]. In ac-
cordance with other scholars, the incidence of 
HPV-positive oropharyngeal cancer in the pe-
riod of 1988-2004 was increased by 225 % and 
at the present moment constitutes about 90 % 
of all cases of oropharyngeal cancer among 
American population, and pursuant to Ca-
nadian research centers, the frequency of the 
disease was increased from 40 % up to 74 % 
during the period of 2000-2012 [2]. Therefore 
we have strong statistical evidence that inci-
dence of HPV+ oropharyngeal squamous cell 
carcinoma has been increasing dramatically. 
Predisposing factors towards HPV-positive 
OPSCC are alcohol abuse, tobacco smoking 
and promiscuity, meanwhile the lack of timely 

diagnostics leads to the problem of oropharyn-
geal cancer to be most frequently detected at 
advanced stages.

This article presents the main current infor-
mation on the pathological features of high-risk 
human papillomavirus-induced oropharyngeal 
squamous cell carcinoma.

Purpose of the study
To study the most informative diagnostic 

resource of HPV-induced oropharyngeal squa-
mous cell carcinoma in oncological practice.

Materials and research methods
The study was carried out in accordance 

with the Declaration of Helsinki 2000-2013, 
with the permission of the Ethics Committee 
of the FGAOU HE FEFU. The preparations 
made from biopsies of the oral mucosa of 7 pa-
tients were studied according to clinical indi-
cations. The biopsy material was obtained in 
accordance with the order of the Ministry of 
Healthcare of the Russian Federation dated 
04.29.94 N 82 “On the procedure for taking 
biopsy material”, according to the rules of the 
instructions governing the procedure for labo-
ratory tests in medical institutions. The control 
group consisted of 3 patients who died as a re-
sult of injuries incompatible with life, presum-
ably without somatic pathology at the age from 
34 to 46 years. The biopsy material was fixed 
according to the prescription for preparation 
for histological examination immediately after 
collection, and then the sections were stained 
with hematoxylin and eosin. The presence of 
HPVI in patients with COP papillomas was 
confirmed by PCR. The method of immuno-
histochemistry to identify the localization of 
cells expressing Ki67 and P63 was performed 
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according to the standard DAKO protocol. 
The results were analyzed using the standard 
variation statistics method. The analysis of the 
preparations was performed using an Olym-
pus microscope with proprietary software. The 
analysis of the available literature data on the 
inductive role of human papillomavirus in the 
carcinogenesis of squamous cell carcinoma of 
the mucous membranes of the gastrointestinal 
tract was performed.

Research results and discussion
Human papillomavirus consists of two main 

groups of proteins presented by Early proteins 
(E1, E2, E3, E4, E5, E6, E7, E8) and Late pro-
teins (L1 and L2). The mentioned proteins are 
involved in the metabolism of the epithelial cells 
of the mucous membrane affected by the papil-
lomavirus as it starts to function in the host-cell.

However, the leading role in carcinogen-
esis is played by proteins E6 and E7, which is 
why they are called oncoproteins. They lead to 
irreversible changes in the histological picture 
of the tissue, which is expressed in the form of 
abnormal epithelial proliferation and the devel-
opment of malignant neoplasia of the mucous 
membrane. In modern oncological practice, 
doctors often encounter papillomavirus-in-
duced malignancies, and one of such HPV-in-
duced malignant pathologies is oropharyngeal 
squamous cell carcinoma.

The evidence of different pathogenesis and 
prognosis of squamous cell carcinoma of the 
oropharyngeal region depending on HPV-sta-
tus has been repeatedly urged in modern sci-
entific literature. This difference is primarily 
based on distinct immunological characteris-
tics of tumors and notable gene expression pat-
terns of their cells, depending on the presence 
of papillomavirus infection.

There are a number of publications claim-
ing the HPV-induced oropharyngeal cancer to 
be much easier to control and to have substan-
tially more promising prognosis in the context 
of five-year patient’s survival. Such feature 
is explained by the presence of a more func-
tionally active immunocompetent cellular in-
filtrate, more active accumulation of humoral 
immunity substances around cancer cells, and 
special pattern of gene expression profile in the 
pathological cells themselves.

R. Hewavisenti, A. Ferguson et al. (2020), 
examining squamous cell carcinoma tissues 
with HPV-positive status, noted a high level 
of intratumoral and stromal infiltration by 
CD103+CD8+ T cells, which was associated 
with an improved outcome of HPV-positive 
cancer compared to HPV-negative (83.6 % 

and 53.9 %, respectively), while CD103-CD+ 
T cells were evenly distributed through the 
stroma of HPV+/- tumors and had no prognostic 
significance [3].

Other researchers (S.J Santegoets, Ch.L Du-
urland et al.(2020)) determined a strong cellular 
infiltration of the tumor by CD14+CD33-CD163+, 
CD14+CD33+CD163+ and CD14-CD33-CD163+ 
cells, and, in particular, an increased content of 
CD14-CD33+CD163- immature myeloid cells 
and CD14-CD33-CD163+ cells in the tumor stro-
ma was noted. Thereafter, by studying the corre-
lation between the total number of CD8+ cells and 
CD14-CD33-CD163+ myeloid cells, CD8+Foxp3-
Tbet+ and CD8-Foxp3-Tbet+ (CD4) cells, the ac-
cumulation of CD14-CD33-CD163+ around tu-
mor cells was found to provide a cancer-specific 
immune response and, consequently, a positive 
long-term prognosis. 

In another part of the study, the same au-
thors identified the combined stimulating effect 
of CD14-CD163- and CD14-CD163+ dendritic 
cells on the proliferation of the T-cellular popula-
tion and production of first-type cytokines (INFγ, 
IL-22), while CD14-CD163- dendritic cells also 
had the ability to stimulate the production of cy-
tokines of the second type (IL-9, IL-13). It has 
been experimentally proven that CD14-CD163+ 
cells are able to secrete a large number of pro-
inflammatory mediators (IL-12p70, IL-18, IL-10,  
IL-23, IL-6, IL-1α, IL-1β, MIP1α, MIP3α, TGFα, 
TNFα) along with chemokines and cytokines re-
sponsible for chemoattraction and activation of 
immunocompetent cells (IL-1β, IL-15, IL-16, 
IL-18). Notably, CD14-CD163+ expressed the 
TLR3, CXCR2, and CXCR4 genes more strong-
ly than CD14+CD163+ [4].

P. Baruah, J. Bullenkamp et al. (2019) con-
ducted the study, which confirmed the presence 
of PD-L1 and PD-L2 protein expression dur-
ing pathogenesis of papillomavirus-induced 
squamous cell carcinoma. These proteins were 
expressed on fibroblasts and macrophage cells. 
Subsequently, it was experimentally established 
that the regulation of PD-L1 and PD-L2 protein 
expression is controlled directly by affecting 
TLR9-receptors. The processes in question en-
sure the presence of the certain microenviron-
ment, predisposing to the development of tumor 
pathology in the tissue, since it is PD-1 that has 
the ability to inhibit the activity of T-lympho-
cytes and, as a result, prevent the development 
of a robust antitumor response of the body [5]. 

D. Mytilineos, A. von Witzleben et al. 
(2020), who studied the peripheral level of 
cytokines during papillomavirus-positive oro-
pharyngeal squamous cell carcinoma, found a 
high plasma content of proapoptotic immune 
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mediators (Granzymes A and B, cytokines 
IFNγ, GMCSF, sFasL, TNFα, sCD137, IL-2,  
IL-4, IL-5, IL-6, IL-10, IL-13, HMGB1), 
among which sFas-mediators and perforins 
were the most prevalent ones. Perforins in-
tegrated into the cell membrane form pores 
through which granzymes are transported to 
the target cells and thereby cytotoxic T cell 
and NK cell response is provided. Based on the 
presented data, the authors claim a robust in-
flammatory phenotype to be present in patients 
with HPV+ cancers of oropharynx, and, in this 
regard, it is concluded that the course of virus-
induced squamous cell oropharyngeal cancer 
has much more favorable prognosis [6]. 

At the same time, M. J. P. Welters et al. 
(2020), considering the question of immuno-
logical characteristics of HPV+ OPSCC, em-
phasize the correlation between CD8+ and 
CD4+ T cells tumor infiltrations and a long-
term favorable prognosis. The authors’ mate-
rial provides information on the subject of an 
increased level of IFNγ and a reduced content 
of IL-4 and TGFβ in tumor tissue produced by 
CD8+ T cells [7]. 

The studies presented by F.O. Gleber-Netto, 
H.D. Skinner et al. (2019) indicate that there are 
some genes, which possess certain predictive 
significance due to their influence on the patho-
genesis of the disease. Among them, IKZF3, 
ARHGAP26, and CACNA1D are marked as 
the genes with the highest expression level. The 
gene of IKZF3 is known to be a lymphocytic 
transcriptional factor which regulates cellular 
processes of apoptosis and differentiation, an-
other representative of the cohort CACNA1D is 
a regulator of calcium CaV1.3 channels, and the 
last one ARHGAP26 is a gene encoding the Rho 
GTP-ase protein activation [8]. 

Altogether, the influence of the factors 
should lead to the course of cancer tissue me-
tabolism according to the stable scenario. In 
addition to the abovementioned material, more 
elaborate information obtained by R. Alex Har-
rison et al. (2018) presents the fact of a direct 
relationship between somatic mutations in the 
genes of tumor cells and the probability of re-
currence of the pathology. Epigenetic regula-
tion genes (KMT2D), Notch-Signaling Path-
way Regulation genes (SPEN), Cell Motility 
genes (ANK3), Mitogenetic Signaling genes 
(FGFR3), and the genes of Cellular Differen-
tiation (ZNF750), as well as FGFR3, PTEN, 
PIK3R1, CYLD were noted as the most sus-
ceptible to mutational factor among the total 
number of all cancer cases, and, in their turn, 
FTL1, PIK3R6, TSC2, KMT2D, MTOR, ALK, 
NFE2L2, and FGFR3 were the most suscep-

tible to mutations among the cases of cancer 
recurrence in particular [9].

According to our data, with HPV-positive 
status in the oral mucosa, there is an increase in 
the proliferative activity of keratinocytes, apo-
ptosis in the basal layers and a decrease in the 
processes of differentiation of the epithelium, 
which reduces its barrier properties (Figure).

More detailed information, regarding the 
role of CXCL14 in antigen-specific CD8+ T cell 
activity, was received by American scientists 
J.A. Westrich, D.W. Vermeer et al. (2019) Acti-
vation of the gene leads to suppression of tumor 
cell growth, restoration of MHC-I H-2db on the 
surface of HPV-infected tumor cells, and better 
intratumoral infiltration by CD8+ T cells [10].

Investigating the role of MHC-II during 
papillomavirus-induced squamous cell carci-
noma, S.F. Gameiro, F. Ghasemi et al. (2019) 
revealed the data of strong expression of 
HLA-DPA1, -DPB1, -DQA1, -DQA2, -DQB1, 
-DQB2, -DRA, -DRB1, -DRB5, -DRB6 genes 
of the α and β chains of the main histocom-
patibility complex of the second type alto-
gether with a significantly increased level of 
TNFRSF4, CD132 (and its ligand TNFSF4, 
CD252) and CD74, the last of which responsi-
ble for the antigen presentation [11]. 

Pursuant to M.A. Prusinkiewicz, S.F. Gamei-
ro et al. (2020), the genes involved in the pro-
cess of glycolysis were down-regulated in the 
tumor tissue; meanwhile the genes involved in 
the oxygen phosphorylation, β-oxidation and 
tricarboxylic acid cycle were distinctively up-
regulated. Besides, a number of genes – SDHC, 
COX7A1, COX16, COX17, ELOVL6, GOT2, 
and SLC16A2 – directly correlated with a more 
favorable long-term prognosis [12]. 

Another notable study conducted by 
E. Reeves, O. Wood et al.(2019) revealed direct 
correlation between the level of ERAP1 protein 
and the amount of CD8+ lymphocytic tumor in-
filtrate. The authors noted that the activity of 
the ERAP1 protein directly controls the recog-
nition of epitopes derived from papillomavirus 
proteins, which provokes the emergence of ro-
bust anti-tumor T cell response [13].

In turn, G. Rivo, M. Biolatti et al.(2020), 
defined the role of PYHIN proteins, which per-
form the function of DNA sensors in the body. 
Of all PYHIN proteins, the most interesting in 
the context of the study was IFI16, the protein 
responsible for the processes of apoptosis, se-
nescence, and cellular response to DNA dam-
age, differentiation, and cell growth. According 
to the authors’ idea, the protein is of the key im-
portance during the processes of limitation viral 
activity inside the infected cancer cells [14].
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Conclusion
Summarizing the abovementioned scien-

tific information, one is forced to conclude that 
in fact, papillomavirus infection has a power-
ful carcinogenic potential influence on epithe-
lial cells of mucosa membrane and remains 
to be the problem of the upmost importance 
in the modern oncological practice. Unfor-
tunately, the latest statistical data indicates a 
rapid increasing in frequency of HPV-associ-
ated malignancies. Therefore a further study 
of pathogenetic mechanisms of papillomavirus 
infection is a key task in finding new strate-
gies of prevention and treatment HPV-positive 
squamous cell carcinoma of the oropharynge-
al region.
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