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Abstract

Purpose This review is devoted to assessing the prevalence of human papillomavirus (HPV) in lung cancer (LC) in the
world. HPV is recognized as the etiological factor of cervical cancer, however, there is widespread evidence that this virus
is detected not only in gynecological carcinomas, but also in tumors of other organs, in particular the upper respiratory tract
and digestive tract.

Materials and methods A search was conducted to a depth of 29 years in the PubMed, Web of Science, Scopus, databases.
The review includes 95 articles.

Results Of all the analyzed studies (9195 patients), 12 works showed a complete absence of HPV in the biological material
in patients with LC. The absence of a virus among lung cancer patients has been established for Canada, the Netherlands and
Singapore. The highest average percent of occurrence of this virus is shown for such countries as: Brazil, Korea, Greece and
Taiwan (more than 40%). But the highest percentage of HPV occurrence by region is observed in Latin America (33.5%),
followed by the Asian countries (31%), in European countries the frequency is 18%. Interestingly, the highest occurrence of
high oncogenic types (16 and 18) is observed in Asia (40.3%), then in Latin America (33.6%), Europe (25.6%) and North
America (15.4%). Low-oncogenic types (6 and 11) are also predominantly observed in Asia (39.9%), while in Europe and
North America 30% and 12.8%, respectively. A meta-analysis of the prevalence of HPV was conducted using Comprehensive
Meta-Analysis 3.0. Program, which included 26 studies, the results of which revealed: the prevalence of HPV infection in
tumor lung tissue was compared with normal lung tissue OR (95% CI)=5.38 (3.21-9.00) p <0.0001, significance was also
found for Chinese studies OR=6.3, 95% CI 3.42-11.53, p<0.0001, 12=71.8% and for nine studies in Europe OR =6.3,
95% CI 1.8-22.18, p=0.004, 12=51.0%. However, given the fact that the frequency of occurrence of HPV in lung tumor
tissue varies greatly, a question may arise about the real role of HPV in LC carcinogenesis, which makes further research
relevant and promising.

Keywords Lung cancer - Human papillomavirus - HPV - Meta-analysis - Overview - Case—control study

Introduction compounds associated with industrial processes and adverse

environmental conditions play a main role in the etiology of

Lung cancer (LC) is the most common malignant neoplasm
in the world population. It is the most frequent cancer and
the leading cause of cancer death (Ferlay et al. 2015). It
should be noted that LC has a strong relationship with
various environmental factors (Pira et al. 2005). Chemical
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lung cancer.

There is a large list of carcinogenic effects which affect on
cells transformation from normal lung epithelium to malig-
nant. However, their contribution to the development of lung
cancer is no more than 10-20%. The vast majority of cases
of lung cancer (80-90%), especially squamous type, are
due to smoking. The risk of developing lung cancer largely
depends on the age of the beginning of smoking, the dura-
tion of smoking and quantities of cigarettes smoked per day.
The risk of lung cancer in smokers associated with exposure
to these factors is higher than in non-smokers (Yang et al.
2013).
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Other risk factors include exposure to radon indoors,
occupational factors, dietary patterns, carcinogens result-
ing from the burning of solid fuels. The results of molecular
epidemiological studies show a possible causal relationship
between the polymorphism of regulate the metabolism of
carcinogenic substances genes, the cell cycle and other key
processes of carcinogenesis, and the risk of lung cancer
development (Mukeria and Zaridze 2010). The interna-
tional multicenter study of LC has shown that the association
with the risk of LC was most pronounced for the two SNPs
(rs1051730, rs8034191). Furthermore, several genes (ace-
tylcholine nicotine receptor genes—CHRNAS, CHRNA3,
CHRNB#4) that interact with nicotine can be activated and
lead to the initiation of carcinogenesis (Hung et al. 2008).
Also there is a hypermethylation of promoters of various
genes responsible for cell cycle control, proliferation, apop-
tosis, cell adhesion, and DNA repair in lung cancer (Her-
ceg and Vaissiere 2011). These genes include: p/6INK4a,
RASSFIA, APC, RARpS, CDHI, CDHI13, DAPK, FHIT and
MGMT (Toyooka et al. 2011). Moreover, the frequency of
methylation of the promoters of these genes in non-small
cell lung cancer varies on average from 12 to 95% (Lan-
gevin et al. 2015). The two recent meta-analyses have shown
that miRNAs, in particular, miR-196a and miR-200b, are
strongly overexpressed in lung cancer (Guan et al. 2012;
Vosa et al. 2013). HPV has been recognized as the etiologi-
cal factor of cervical cancer. HPV-16 and HPV-18 are the
types most commonly linked with cancer (zur Hausen 2008).
However, the studies have shown that this virus is detected
not only in gynecological carcinomas, but also in tumors of
other organs, in particular, the upper respiratory tract and
digestive tract (Klein et al. 2009).

Nowadays, it has been established that the frequency of
occurrence of HPV in various pathologies of the cervix,
including cervical cancer (CC), up to 90% (Johnson et al.
2012). Currently the question about effect of the HPV on
the prognosis of cancer pathologies had studied. Integra-
tion of HPV into the cell genome in oropharynx cancer is
recognized as one of the main factors of the development
dysplasia and tumor epithelial transformation. Moreover, the
integration of HPV into the cell genome is the main com-
ponent of viral carcinogenesis (Fakhry et al. 2008). In addi-
tion, interesting cases of the presence of HPV were shown
with such localization as breast cancer (Ibragimova et al.
2018c). It is important to note that the presence of a virus in
a tumor with adverse prognostic factors in a patient with an
HPV-positive tumor is associated with more than 8 years of
relapse-free survival. Integration of HPV into the genome is
one of the main factors for the development of severe dyspla-
sia and tumor transformation of the cervical epithelium. The
maximum frequency of the integrated forms of the virus is
identified specifically for cervical cancer (Liu et al. 2016b;
Ibragimova et al. 2016).

@ Springer

At the moment, the question of the mechanisms of car-
cinogenesis of lung cancer has not been studied enough.
The question of the importance of HPV for the development
of lung cancer remains open. Currently, only a few papers
focus on the study of the impact of human papillomavirus
(HPV) of high-risk on the development of lung cancer. This
review presents many works on the infection of a lung tumor,
analyzes the relationship between the frequency of infection
and some indicators, such as histotype, geographical loca-
tion, localization, etc. Ways of infection, possible molecular
mechanisms of malignant transformation involving HPV and
the significance of infection for the survival of patients with
X-ray lung cancer are discussed.

HPV infection of tumor lung tissue

It was suggested by Syrjanen (1979) that HPV might be
associated with the development of lung cancer (Syrjinen
1979). Virus DNA has been identified in serum, plasma and
peripheral blood mononuclear cells in lung cancer, and also
in healthy people (Chiou et al. 2003). It can be assumed that
blood circulation plays an important role in the transmission
of HPV inside the body. In addition HPV infects the cells
of the basal layer of the skin or mucous membrane. When
the proliferation of infected cells occurs, virus particles are
released to the cell surface and infect surrounding tissues
(Zur Hausen 2002). The process of basal cell hyperplasia
is induced in the squamous epithelium of the lungs in these
cells expressing the Ki67, p53 and bcl-2 genes, then meta-
plasias, which can transform into different subtypes of lung
cancer. On the other hand, small cell lung cancer, originating
from neuroendocrine cells that are targets of HPV, has very
low HPV infection (Syrjdnen et al. 2012).

Recent studies have shown that the presence of HPV asso-
ciated with the risk of developing lung cancer. (Hasegawa
et al. 2014; Zhai et al. 2015). Data for 2015 show that HPV
infection in lung tissue is associated with the risk of develop-
ing lung cancer (odds ratio (OR) 5.67, 95% CI 3.09-10.40,
p<0.001). The prevalence of HPV type 16 was 19.8% and
3.37%, in tumor and normal tissue. A similar result is shown
for HPV type 18: 18.59% in tumor tissue and 5.24% in nor-
mal. In addition, HPV 16 and 18 types were observed mainly
in squamous LC compared to adenocarcinoma (HPV 16/18
types was 45.18% and 22.78% cases) (Zhai et al. 2015).
Other authors noted that infection was more often found
was found at adenocarcinoma (55.6%) than at squamous cell
carcinoma (35.6%) (Chiou et al. 2003).

Different studies have shown a significant variation of
the HPV infection of a lung tumor. Table 1 presents data on
the frequency of virus occurrence, which depends on the
number of patients examined. These vary widely: from the
total absence of virus in the tissue to more than 75%. In the
vast majority of cases the study of HPV in tissue (58 of 86
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Statistically significant differences between the frequency of occurrence of HPV in tumor and normal tissue are given in bold (p-value - Fisher’s exact test)

FFPE formalin-fixed paraffin-embedded, FF fresh-frozen, PCR polymerase chain reaction, /HC immunohistochemistry, LBMA multiplex hybridization to liquid bead microarray, BMSM bead-

based multiplex serology method, ELISA enzyme-linked immunosorbent assay, Ad adenocarcinoma, SCC squamous cell carcinoma

studies) indicated 16 and 18 types of HPV (Table 1), which
today are recognized as the leaders in the incidence of cervi-
cal cancer (Ibragimova et al. 2018a). Of the 95 studies in 12
studies (13%), the absence of HPV in lung tumor tissue was
shown of HPV in lung tumor tissue.

Except high-risk HPV were considered 6 and 11 types of
HPV in some cases which are currently recognized as low
risk and the often found at papillomatosis of various locali-
zation (Ibragimova et al. 2018b), and of the head and neck
cancer regions (Bychkov et al. 2016). Infection with HPV
type 6 was detected in tumors in 66 of 89 studies (74%). For
11 types of 43 studies in the lungs, it was found in 21 stud-
ies (Table 1). Thus, studies have already been conducted to
study the infection of HPV in a lung tumor with a high and
low oncogenic profile.

In many studies, HPV DNA has been found in lung tumor
tissue, but also some authors indicate the presence of various
types of virus in peripheral blood and bronchial aspirates
(Carpagnano et al. 2011; Chiou et al. 2003; Vrabec Branica
et al. 2010).

Taking stock of the results (Table 1), which had differ-
ent histological types of LC, the highest percentage of HPV
detection in lung tumor tissue is observed in squamous cell
carcinoma than in adenocarcinoma (25.8% and 21.1% cases).
In the study of other biopsy specimens (blood, serum, and
others; 9 works, Table 1) the frequency of occurrence of
HPV at adenocarcinoma is higher (24.4%) than at squamous
cell carcinoma (15.7%).

In all studies examined (Table 1), 12 works have shown
a complete absence of HPV in the biological material in
patients with LC.

The prevalence of HPV by country is shown in Fig. 1.
The absence of a virus among lung cancer patients has been
established for Canada, the Netherlands and Singapore. The
highest average percent of occurrence of this virus is shown
for such countries as: Brazil, Korea, Greece and Taiwan
(more than 40%). It should be noted that the highest per-
centage of occurrence of HPV is observed in Latin America
(33.5%), followed by the Asian region (31%), in European
countries the frequency is 18% (Fig. 2). The highest inci-
dence of high oncogenic types (16 and 18) is observed
in Asia (40.3%), then in Latin America (33.6%), Europe
(25.6%) and North America (15.4%). Low-oncogenic types
(6 and 11) are also mainly observed in Asia (39.9%), while
in Europe and North America 30% and 12.8% cases.

The prevalence of HPV infection in lung tumor
tissue: a meta-analysis

A systematic search was conducted using search terms to
identify all relevant and acceptable research. 30 studies were
included in the meta-analysis, for which paraffin blocks and
frozen tissue (FFPE, FF) were used as the test samples.
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Each study contained a control group (Table 1). Among
these studies, 16 were conducted in Asia (Cheng et al. 2001,
2004; Fei et al. 2006; Gupta et al. 2016; Jain et al. 2005; Lu
et al. 2016; Nadji et al. 2007; Niyaz et al. 2000; Wang et al.
2008, 2010; Xiong et al. 2016; Xu et al. 2009; Yang et al.
1998; Yu et al. 2009, 2013, 2015); two in the USA (Joh
et al. 2010; Robinson et al. 2016), ogaa B Apctpanuu (Fong
et al. 1995), the other were held in Europe (Al-Ghamdi et al.
1995; Bejui-Thivolet et al. 1990; Carpagnano et al. 2011;
Ciotti et al. 2006; Galvan et al. 2012; Gatta et al. 2012;
Giuliani et al. 2007; Krikelis et al. 2010; Papadopoulou
et al. 1998; Sagerup et al. 2014; Sarchianaki et al. 2014).
In addition, 26 studies used PCR, while three used in situ
hybridization (ISH) (Bejui-Thivolet et al. 1990; Fei et al.
2006; Xu et al. 2009) and one used sequencing (Nadji et al.
2007). For homogeneity of the sample, the analysis included
studies that used the polymerase chain reaction as a method
for assessing the infection of HPV. Histological subtypes of
lung cancer include squamous cell carcinoma, adenocarci-
noma, small cell lung cancer, undifferentiated carcinoma,
and bronchoalveolar carcinoma. Sample sizes from 26 suit-
able studies ranged from 42 (cases/controls: 26/16) (Joh
et al. 2010) to 409 subjects (cases/controls: 313/96) (Wang
et al. 2008). Thus, 3963 subjects (cases/controls: 2625/1338)
were registered to study the relationship between HPV and
the risk of developing lung cancer.

According to the results of the meta-analysis, a low but
statistically significant level of prevalence of HPV infection
in tumor lung tissue was established compared with nor-
mal lung tissue (Fig. 3a) (OR (95% CI)=5.38 (3.21-9.00)
p <0.0001). The heterogeneity index of the 12 sample was
63% and the Cochrane Q test (p value <0.0001, with the
required level p>0.1), therefore a random model was used.
In addition, significance was also found individually for
Chinese studies (OR 6.3, 95% CI 3.42-11.53, p<0.0001,
12="71.8%) (Fig. 3b) and nine studies in Europe (OR=6.3,
95% CI 1.8-22.18, p=0.004, 12=51.0%) (Fig. 3c).

We also assessed the risk of developing LC with HPV
in various histological types. HPV was significantly associ-
ated with cancer risk in adenocarcinoma (OR 5.37, 95% CI
2.46-11.73, p<0.0001, 12 =74.6%); as with SCC (OR 5.84,
95% CI 3.71-9.19, p <0.0001, 12=39.02%).

To evaluate the effect of one single study on the overall
risk of LC, sensitivity analyses were performed by sequen-
tial omission of individual studies and the recalculating of
pooled ORs and 95% CIs were performed. The potential
influence of publication bias was assessed by visual inspec-
tion using Begg’s funnel plot and assessed statistically using
Egger’s linear regression test.

Although the funnel plot shows some asymmetry (Fig. 4),
Begg’s test suggested no significant publication bias existed
in this meta-analysis (p =0.279). However, the result of
Egger’s test was not significant (p =0.08). Furthermore, the

limited number of studies (n=7) indicated a potential pub-
lication bias.

Molecular mechanism of HPV infection leading
to lung cancer

HPYV is a double-stranded epitheliotropic DNA virus (Psyrri
et al. 2011). There are more than 150 types of this virus
transmitted through the skin and/or with sexual contact (Ber-
nard et al. 2010). Currently, there are three main hypoth-
eses of the pathogenesis of HPV in the lungs: 1—transmis-
sion through the bloodstream from cervical lesions to the
lungs, microcracks; 2—unprotected oral sex; 3—infection
through inhaled air. Iwamasa et al. (2000) showed that 80%
of women with lung cancer have cervical interepithelial neo-
plasia. Another study showed that the incidence of HPV
infection in men is 7.2%, the majority of infected men had
female partners who had either oral or genital HPV infec-
tion (Dahlstrom et al. 2014). The third hypothesis was con-
firmed by a study conducted by Carpagnano et al. (2011).
He reported about the attendance of human papillomavirus
DNA in exhaled breath condensate samples from patients
with lung cancer.

Molecular mechanisms of infection and pathogenesis of
lung cancer have been described in many studies. They all
indicate the activation of HPV proteins E6 and E7, which
are involved in regulating the expression of such target genes
and their proteins as p53, pRb, HIF-1a, EGFR, VEGEF, IL-6,
IL-10, Bcl-2, Mcl-1, cIAP-2, FHIT, hTERT, HER-2, ALK,
ROSI1, AhR, etc. These target genes are involved in the pro-
liferation of lung cells, the development of blood vessels,
and the immortalization of cells through various signaling
pathways (de Freitas et al. 2016; Liu et al. 2016a).

After the viral DNA integration into the cell, E6 and E7
proteins are expressed, which play a fundamental role in car-
cinogenesis. E6 inhibits the process of interaction between
the p53 complex (tumor protein p53) and DDX3 (dead-box
helicase 3), which leads to subsequent inactivation of p21
(Wu et al. 2014). Thus, the release of the cyclin A/CDK?2
complex (cyclin A/cyclin-dependent kinase 2), which par-
ticipates in the phosphorylation of pRb (RB transcriptional
corepressor 1) destroys its active form. The protein encoded
by this gene is a negative regulator of the cell cycle during
cell proliferation and differentiation. Also, this gene stabi-
lizes constitutive heterochromatin to maintain the overall
structure of chromatin. The active hypophosphorylated form
of the protein associates to the transcription factor E2F1. As
aresult of the phosphorylation this gene, the release of E2F
factor occurs, dysregulation of the cell cycle, transition from
G1 to S-phase, and subsequent uncontrolled cell prolifera-
tion (Fig. 5).

Protein E7 of human papillomavirus interacting with
pRb causes dissociation of the complex HDAC/pRb/E2F

@ Springer
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S name Subgroup within study Statistics for each study Odds ratio and 95% ClI A
Odds Lower  Upper
ratio  limit limt ZValue p-Value
Al-Ghamdi, A etal., 1995  Europe 062 0116 3345 0554 0580 —— |
Papadopoulou, K. et al., 1998 Europe 84,024 4851 1455391 3045 0,002 —]
Ciotti, M et al., 2006 Europe 21459 1191 386686 2078 0,038 =
Guliani, L. etal., 2007 Europe 15482 0886 270397 1877 0,060 -
Krikelis, D. etal., 2010 Europe 25348 1292 497368 2129 0,033 =
Carpagnano, GE. et al., 2011 Europe 2097 1284 380223 2132 0033 =
Gatta, LB. etal., 2012 Europe 0917 0079 10654 0070 0945 1
Sagerup, CM etal., 2014 Europe 1134 0064 20090 008 0932
Sarchianaki, E. etal., 2014  Europe 78% 0454 137396 1418 0,156 -
Yang, Y. etal., 1998 Asia 3162 0820 1219% 1672 0095 —8—
Niyaz, H. et al., 2000 Asia 26000 3445 196242 3159 0,002 =
Cheng, Y-W.etal, 2001  Asia 3309 1708 6410 3546 0,000 ——
Cheng, Y-W.etal, 2004  Asia 23366 3130 174414 3073 0,002 =
Jain, N. etal., 2005 Asia 5260 0245 113106 1,060 0289 -
Wang, Y. etal., 2008 Asia 18137 6503 50582 5538 0,000 —|—
Yu, Y. etal., 2009 Asia 2240 1,139 4405 2336 0019 ——
Wang, YH. etal., 2010 Asia 2200 1253 393330 2114 0035 =
Yu,Y.etal., 2013 Asia 2632 1482 4672 3304 0001 —
Yu,Y.etal, 2015 Asia 15938 7325 34675 6981 0,000 -+i—
Qupta, P. et al., 2016 Asia 12124 0658 223334 1679 0,093 1
Xiong, W. et al., 2016 Asia 1,182 0380 3679 0289 0773 ——
Ly, Y. etal., 2016 Asia 2000 4976 97269 4076 0,000 L
Fong, KM etal., 1995 Others 5098 0242 107482 1047 0295 =
Joh, J. etal., 2010 Others 0680 0170 2715 0546 0585 —a—
Robinson, LA etal., 2016  Others 3214 0375 27552 1,065 0287 =
5382 3217 9005 6409 0,000 <@
0,01 0,1 1 10 100
Favours A Favours B
Studyname Subgroup within study Statistics for each study Odds ratio and 95% CI B

Odds Lower Upper
ratio  limit limit Z-Value p-Value

Yang, Y. etd., 1998 Asia 3162 0820 1219% 1672 00% ——
Niyaz, H. etal., 2000 Asia 26000 3445 196242 3159 002 »
Cheng, Y-W.eta., 2001 Asia 3300 1708 6410 3546 0000 —-
Cheng, Y-W.eta., 2004 Asia 28366 3130 174414 3073 00 =
Jain,N. etal., 2005 Asia 5200 0245 113106 1060 0289 =
Wang, Y. etal., 2008 Asia 18137 6503 50582 5538 0000 ——
Yu, Y. etal., 2009 Asia 2240 1139 4405 2336 0019 ——
Wang, Y-H.etd., 2010  Asia 220 1253 393330 2114 0035 -
Yu,Y.eta., 2013 Asia 262 1482 4672 3304 0001 -
Yu, Y. eta., 2015 Asia 15938 7325 34675 6981 0000 -
Gupta, P. etal., 2016 Asia 12124 0658 223334 1679 009 I
Xiong, W. etd., 2016 Asia 1182 0380 3679 0289 0773 ——
Lu, Y. etd., 2016 Asia 2000 4976 97269 4076 0000 L
6301 3423 11,533 5912 0000 3
0,01 041 1 10 100
FavoursA FavoursB
Study name Subgroup within study Statistics for each study Odds ratio and 95% Cl C
Odds Lower Upper
ratio  limit limit ZValue p-Value
Al-Gnamdi, A. etal., 1995  Europe 062 0116 3345 0554 0580 ——
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Ciotti, M et al., 2006 Europe 21459 1191 386686 2078 0,038 L
Guliani, L. etal., 2007 Europe 15482 088 270397 1877 0,060 L
Krikelis, D. etal., 2010 Europe 25348 1292 497368 2129 0,033 i
Carpagnano, GE. et al., 2011 Europe 2007 1284 380223 2132 0,033 L
Gatta, LB. etal., 2012 Europe 0917 0079 10654 0070 0945 lh
Sagerup, CMetal., 2014 Europe 1134 0064 20090 008 0,932
Sarchianaki, E. etal., 2014  Europe 78% 0454 1373% 1418 0,156
6308 1794 2218 2871 0004 $
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Fig.3 Results of a meta-analysis of the infection rate of HPV lung tumor
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Fig.4 Funnel plot with pseudo 95% CI of publication bias on the association between HPV infection and LC risk
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Fig.5 Molecular mechanisms of infection and pathogenesis of lung
cancer. a, b Ways of penetration of HPV DNA into the lung tissue,
through inhaled air (a) and/or through damage to the epithelium and

(histone deacetylase/RB transcriptional corepressor 1/
E2F transcription factor). As a result, HDAC participates
in p16INK4 hypermethylation (cyclin-dependent kinase
inhibitor 2A) and together with E2F factor inactivates
tumor suppressor genes and accordingly activates cell
proliferation genes, which leads to tumor progression (de
Freitas et al. 2016). Also, HDAC can trigger the process

+
P13K/AKt
E2F Celi proiigraglon

IL-6

] IS

[ P16'Nk4 hypermethylation ]

Cell cycle regu'aho

the bloodstream (b); B - HPV DNA recognition by membrane recep-
tors and DNA integration into the host cell

of angiogenesis, by inducing VEGF and IL-8 through
the HIF-1a factor. E7 expression and inhibition of p53,
through the expression of E6, is involved in the regulation
of the anti-apoptotic protein Mcl-1 (MCL1, BCL2 fam-
ily apoptosis regulator, which increases cell survival by
inhibiting apoptosis (Kozopas et al. 1993)), through PI3K/
Akt- (IL-6) - (IL-17) pathway.
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Physical status and viral load in lung cancer:
association with survival

Our previous studies of cervical cancer have shown that
both viral load and the physical status of HPV play an
important role in the prognosis of the disease and the risk
of malignancy. A decrease in total (p =0.0009) and dis-
ease-free survival (p=0.02) was shown in HPV-negative
and HPV-positive cervical cancer patients. The median of
relapse-free survival for HPV-negative was 20 months, the
median of overall survival was 37 months. The median of
relapse-free and overall survival was not achieved with 68
and 123 months of follow-up at the HPV + patients group
(Ibragimova et al. 2018a).

The relationship between HPV infection and lung cancer
still remains uncertain and controversial. First of all, it is
connected with a small amount of research on this topic.
Wang et al. (2014) showed that patients with HPV 16 and
18 types at adenocarcinoma of the lungs have higher rates
of survival compared with patients without the presence of
virus in the tumor (Wang et al. 2014). Ragin et al. (2014)
also showed that presence of a virus in lung tumor tissue
is associated with a good prognosis of the disease (Ragin
et al. 2014).

One of the first studies of the value of viral load as a
predictor of LC development is the work of Coissard et al.
(2005). There authors showed a very low viral load: less
than one copy of the virus per cell (Coissard et al. 2005;
Koshiol et al. 2011). Other authors also found a very low
viral load in the lung tumor tissue: 0.02 (Baba et al. 2010)
and 0.003 (Kato et al. 2012) copies per cell, while in case
of cervical cancer 333 copies per cell were noted. This phe-
nomenon may be due to the “Hit-and-run” mechanism, when
the virus is integrated into the cell and the viral genome is
subsequently eliminated. Some authors believe that even a
low viral load (1-2 copies per cell) is sufficient to trigger a
carcinogenic process in the lung tissue (Aguayo et al. 2011),
also that it may be caused by infection of the tumor stem
cells as well as genome instability (Kato et al. 2012).

Nowadays, it is known for cervical cancer that in 90% of
cases of HPV infection during a few months can be spon-
taneously eliminated from the body (Stanley 2010). At the
same time, the possibility of the virus elimination from
the host cell is determined by a combination of many fac-
tors: the physical status of the HPV DNA (episomal, inte-
grated or mixed forms). For cervical cancer, we found that
disease-free and overall survival depending on the physi-
cal status of the virus (HPV type 16). 100% relapse-free
and overall survival is observed at patients with episomal
HPV16 type. The median relapse-free survival of patients
with mixed HPV 16 was 52 months. The median overall sur-
vival was not achieved. This is higher than in HPV patients,
whom the median disease-free and overall survival is 20

@ Springer

and 37 months. The most adverse outcome is observed in
patients with an integrated form of HPV16 type. The median
of relapse-free survival was 7 months and the median overall
survival was 25 months (Ibragimova et al. 2018a).

In fact, large-scale studies of the physical status of HPV
in lung tumor tissue have not yet been conducted.

Conclusion

Thus, the published data do not provide evidence of the
involvement of human papillomavirus in the pathogenesis
of lung cancer. The incidence of HPV in lung tumor tissue
varies greatly, so there is an important question about the
role HPV plays in LC carcinogenesis. This makes further
research in this area relevant and promising.
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