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2. My career path

My scientific career started in the Department of Parasitology at Charles University in Prague
where I worked on my master’s degree thesis and continued for an additional year with a
focus on comparing different species and strains of Trichomonads using molecular biological
methods (1 paper). In 1989, I joined the Department of Experimental Virology at the Institute
of Sera and Vaccines under the leadership of Professor Vladimir Vonka. This was relatively
soon after the discovery that herpes simplex virus type 2 (HSV-2) is not the cause of cervical
cancer (Vonka et al., 1984; Krcmar et al., 1986), a project which was the central one in the
department for many years. It was also at the time of the first detection of human
papillomavirus in cervical cancer tissue by the team of Harald zur Hausen (Diirst et al., 1983;
Boshart et al., 1984). My research was therefore directed to papillomaviruses. From the
beginning of my career, I faced the difficulties of working with clinical samples. One of the
first tasks was establishing the in situ hybridization method in our laboratory and analysing
the material available from the previous prospective study on HSV-2 for the presence of HPV
DNA. I undertook a fellowship in the Department of Pathology at the University of Kuopio in
Finland under the leadership of Professors Kari and Stina Syrjanen in order to learn the
method of in sifu hybridization and perform the technology transfer. Upon returning to
Prague, I was invited to work as a research associate at Albert Einstein College of Medicine in
New York. There, during my two-year stay, I got involved in establishing the new polymerase
chain reaction technology for the detection and genotyping of a wide variety of human
papillomaviruses in different types of clinical materials. As a side project, we were also
interested in the detection and characterization of new animal papillomaviruses. After my
return to the Czech Republic, I continued this research direction in close collaboration with
the Laboratory of Clinical Virology at the Rega Institute at the University of Leuven in
Belgium (8 papers). In 1991, the Institute of Sera and Vaccines underwent privatization, and
the whole department was moved to the Institute of Hematology and Blood Transfusion
(IHBT) where I worked from my return from the US until 2021. In 1998, I became the head
of the National Reference Laboratory for Papillomaviruses, which was established in response
to the request of the Society for Epidemiology and Microbiology of the Czech Medical
Association of J. E. Purkyné. From 2012 to 2015, I was also head of the Laboratory of
Molecular Epidemiology of Viruses. The team at the Institute of Hematology and Blood
Transfusion participated in the research of haemato-oncological diseases (7 papers),
anelloviruses transmitted by blood (2 papers), and viral complications after transplantation
(BK polyomavirus, cytomegalovirus (2 papers)). In 2015, the National Reference Laboratory
extended its scope and became the National Reference Laboratory for Papillomaviruses and
Polyomaviruses. In 2015, I moved my research team to the newly established Biotechnology
and Biomedicine Centre of the Academy of Sciences and Charles University (BIOCEV)
where we continue our work with a focus on discovering new therapeutically and
diagnostically relevant markers of malignancies of viral aetiology, while the reference
laboratory was based at the IHBT until 2021. Since 2022, it is newly located at the Public
Health Institute in Ostrava, still under my leadership. In 2019, I became head of the
Department of Genetics and Microbiology at the Faculty of Science, Charles University.
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In 2020, during the first wave of the COVID-19 pandemic when we faced the absence of
commercially available diagnostic kits and shortage of laboratory capacities, the National
Reference Laboratory at the Institute of Hematology and Blood Transfusion designed an in-
house method for the detection of SARS-CoV-2 for high-risk haemato-oncological patients.
At BIOCEV, in response to the COVID-19 pandemic, the research group under my leadership
reorganized a part of the laboratories to meet the highest demands for work with infectious
biological samples, made it possible to equip these laboratories, and recruited volunteers,
especially PhD and postdoctoral students from BIOCEV and other research institutions in
Prague. The whole infrastructure participated in the initiative of academic workplaces with
the aim to accelerate the testing of the population for the presence of the SARS-CoV-2 virus
in the first wave of the COVID-19 pandemic. High-capacity testing with quality control and
management with more than a thousand samples could be analyzed daily. In May 2021, I
became a member of the newly established Interdisciplinary Group for Epidemic Situations
(MeSES). This expert advisory group of the Ministry of Health of the Czech Republic issued
the perspectives, reports, and recommendations based on the newest scientific findings by
integrating the views of diverse disciplines (economy, law, human sciences, medicine,
biology, etc.). In 2022, I was appointed coordinator for Charles University for the newly
started project National Institute of Virology and Bacteriology within the EXCELES program
of the National Recovery Plan.
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3. Introduction

Cancer, whose name comes from the Greek word karkinos (a giant crab), is nowadays part of
the life of modern society. Despite the intensive and long-lasting research and improvements
in diagnostic, prevention, and therapeutic methods, one in four people is diagnosed with
cancer, and one of three people dies of cancer
(http://gco.iarc.fr/today/data/factsheets/cancers/39-All-cancers-fact-sheet.pdf). The first traces
of cancer were already documented in ancient Egypt in 1500 B.C. Historically there were
numerous theories about the cause of cancers, starting with the humoral theory by
Hippocrates, followed by the lymph theory, blasema theory, chronic irritation theory, trauma
theory, and parasite theory (Sudhakar, 2009). It was not until the beginning of the 20th
century that an infectious cause, the blood fluke Schistosoma haematobium, was suggested for
the first time as an etiological factor of bladder and liver cancer (Ferguson, 1911).

Nowadays, multiple infectious agents causing or contributing to human cancer have been
identified (Jacqueline et al., 2017). It has been estimated that in 2018, infectious agents were
responsible for 2.2 million (13%) of 17 million of human malignancies worldwide (without
non-melanoma skin cancer). The most prevalent of these malignancies is gastric cancer
caused by Helicobacter pylori (810 000 cases), followed by many of cancers of different
anatomical locations caused by human papillomaviruses (HPVs) (690 000), hepatocellular
carcinoma attributed to infection by hepatitis B virus (HBV) (360 000) and hepatitis C virus
(HCV) (160 000), and Epstein-Barr virus (EBV)-associated malignancies (156 000). The
attributable fraction for infections varies by geographical location and socioeconomic status
(Plummer et al., 2016; de Martel et al., 2020).

The majority of carcinogenic infectious agents are oncogenic viruses, with the first one, EBV,
identified in 1964 (Epstein et al., 1964) and the last one, Merkel cell polyomavirus (MCV), in
2008 (Feng et al., 2008). The mechanisms of how viruses contribute to the carcinogenic
process are very variable. Some act as a direct carcinogen (HPV, MCV, EBV, Kaposi's
sarcoma herpes virus (KSHV)). Those are expressing viral oncogenes, which directly
contribute to cell transformation. Others can act as indirect carcinogens. They cause chronic
infection and inflammation, which leads to carcinogenic mutations in the infected cell.
Several oncogenic viruses (HBV, HCV, Human T-lymphotropic virus type 1 (HTLV-1))
cannot be grouped in any categories mentioned above because it is still not known if
prolonged infection and chronic inflammation linked to its infection is the only carcinogenic
mechanism or if the expression of viral proteins is also necessary for initiation and
maintenance of the precancerous or cancerous cell phenotype. For some malignancies, the
listed viruses can also act as a cofactor (HPV in cutaneous malignancies) (Pagano et al., 2004;
zur Hausen, 2006; Moore & Chang, 2010).

Proving the aetiology of oncogenic viruses in cancer is very difficult since the carcinogenic
process is multistep and multifactorial. Furthermore, oncogenic viruses usually infect many
people but cause the disease in only a minority of the infected individuals. This suggests that
other factors must be involved in the carcinogenic process. Last but not least, cell
transformation process is long and involves many genes. In the past, there were numerous
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recommendations about the modification of the well-known Koch's and Hill's criteria to
accommodate them to the study on the causality relationship of oncogenic viruses in tumors

Table 1 Estimated numbers of infection-attributable cancer cases in 2018, by infectious
pathogen, cancer subsite, and sex (de Martel et al., 2020).

Men Women Total
New cases New cases Mew cases MNew cases Mew cases MNew cases
attributable to attributable to attributable to
infectious infectious infectious
pathogens pathogens pathogens
Helicobacter pylori
Mon-cardia gastric cancer 550000 490000 300000 70000 850000 FE0000
Cardia gastric cancer 130000 27000 46000 Egoo 180000 36000
Mon-Hodgkin lymphoma of gastric 12 000 8700 10000 7 600 22000 16000
location
Human papillomavirus
Cervix uteri cancinoma® - - 70000 570000 570000 570000
Oropharyngeal carcinoma 110000 34000 6000 J100 140:000 42000
Oral cavity cancer 150000 3900 1000 2000 FB0000 500
Laryrx cancer* 150000 F600 22000 = 1000 1B0000 4100
Anus squamous cell carcinoma 9300 SO0 15 000 19000 39000 5000
Penis carcinoma® 34000 18 000 - - 34000 18000
agina carcinoma® - - 18 000 14000 18000 14 000
Vuhva cardnoma® - - 44000 11000 44000 11000
Hepatitis B virus
Hepatocelhdlar carcinoma 450000 70000 L0000 S0000 &EO000 JE0 000
Hepatitis Cvirus
Hepatocellvlar carcinoma 490000 1060 DO L0000 40000 &60:000 140000
Other non-Hodgkin lymphoma 260000 8700 210000 F200 480000 16 000
Epstein-Barrvirus
MNasopharyr crdnoma® 92 000 F6 000 35 000 29000 1300000 110000
Hodgkin ymphoma® 46000 24000 33000 17 D00 o000 40000
Burkitt kmphoma 7800 4100 3800 2500 12000 B600
Human herpesvirus type B
Kaposi sarcoma® 28000 28000 14000 14 000 42000 42000
Schistasoma hasmat abitvm
Bladder carcinoma*® 420000 4000 120000 1900 C50:000 G000
Human T-call kymphotropic vires
Adult T-cell levkasmia and b mphoma 1500 1500 1700 17100 3500 3600
Opisthorchis viverrini and Jonarchis sinensis
Cholangiocarcinoma &9000 2100 Ch D00 1300 130:000 ]
All cancer types related to infection - 1 100000 - 1 100 O - 200000
The number of cses has been rounded to two significant digits. = Cancer site forwhich estimateswiere availzble In, and extracted directly from, GLOBOCAN 2018 via the
Cancer Todaywebsite.
Table 1: Estimated numbers of infection-attributable cancer cases in 2018, by infectious pathogen, cancer subsite, and sex

(Rivers, 1937; Huebner, 1957; Evans, 1982; Vonka et al., 1987; zur Hausen, 1991). As
recommended by Vonka (Vonka, 2000), the criteria proposed by Evans and zur Hausen were
modified to reflect the progress in the biological and medical technologies and discoveries in
the virology field. Vonka emphasized the epidemiological category as the most relevant one
and classified the proposed evidence into direct (meaning more important), and indirect
(meaning less important) categories, in terms of evaluating the hypothesis of an etiological
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relationship between a virus and a tumour. The direct approaches include epidemiological
testing for the prevalence of the virus in cases and controls, for epidemiological
characteristics of tumour occurrence and virus spread, time sequence, and the effect of
intervention against the virus on tumour incidence. The second approach involves
immunological testing of virus-specific antibodies in patients with the virus detected in tissues
and controls and/or patients without the presence of the virus in the tumour and antibodies
detection in relationship to their clinical condition, and the third approach is based on
molecular-biological detection of the virus-specific macromolecules in the tumours. Indirect
approaches involve testing of the oncogenicity of the virus in animal models, the
transformation capability of the virus on tissue cultures, and detection of persistent viral
infection in the body.
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4. Papillomaviruses

Human papillomaviruses are estimated to cause 30% of 2.2 million cancers with infectious
aetiology, which occur annually. Most are cervical cancer cases (566 000 new cases and
280 000 deaths reported annually worldwide), with 85% occurring in developing countries.

The history of papillomavirus research can be considered a successful “story” from the
development and later introduction of a screening test for atypical cervical cells to its
implementation into routine practice, which dramatically decreased the incidence of cervical
cancer worldwide (Papanicolaou & Traut, 1997) and from the detection of the first human
high-risk papillomavirus in premalignant cervical tissue (Diirst et al., 1983) to the
development of vaccines, with the first one approved for routine use in 2006. A dramatic
decrease in the incidence of cervical cancer or even the elimination of it have recently been
reported in some populations thanks to the early start of the routine vaccination and
achievement of a high vaccine coverage (Lei et al., 2020; Falcaro et al., 2021; Kjaer et al.,
2021).

4.1 Taxonomy, genome organization, and life cycles

Papillomaviruses are a diverse group of small DNA viruses that infect both humans and
animals. They have been isolated from almost all species of vertebrates except amphibians
(Bravo et al., 2010). Papillomaviruses are monophyletic. They co-evolved slowly with their
hosts, causing mostly chronic asymptomatic infections. Except for documented recombination
between polyomaviruses and papillomaviruses in bandicoot papillomatosis carcinomatosis
virus types 1 and 2, no other cases of recombination inbetween papillomaviruses have been
documented. All known papillomaviruses are host species-specific. The taxonomy and
classification of papillomaviruses was first based on restriction patterns and genomic cross-
hybridizations. Later, thanks to advances in the molecular biological techniques, the sequence
of the conserved L1 gene was used to define a new isolate (de Villiers et al., 2004; Bernard et
al., 2010). Novel HPV types are each assigned a unique number after the whole genome has
been cloned and deposited at the International Human Papillomavirus (HPV) Reference
Center at the Karolinska Institute in Sweeden (Van Doorslaer et., al, 2018). Currently 226
characterized human papillomaviruses are known. Recently, metagenomics technologies
identified many potentially new HPV types, mainly from the Beta and Gamma genera. It is
estimated that about 400 HPV types exist (de Villiers, 2013; Bzhalava et al., 2015). The
nomenclature at the species level and above is determined by the Papillomavirus Study Group
of the International Committee on Taxonomy of Viruses (ICTV). The family
Papillomaviridae contains the subfamily Firstpapillomavirinae with an ever growing list of
genera and the second subfamily Secondpapillomavirinae which includes only one genus. The
subfamilies share less than 45% sequence identity of the L1 ORF, while the genera less than
60%. ICTV currently lists 53 genera and 133 species of papillomaviruses. Each species is
recognized based on the whole genome sequence homology which must be less than 70%. In
2010, 69 established animal papillomavirus types were known (Bernard et al., 2010).
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However, in the nomenclature of animal papillomaviruses, certain confusions were
discovered and therefore

the International Animal Papillomavirus Reference Center was established at the University
of Arizona (Van Doorslaer & Dillner, 2019), which will treat the newly discovered animal
viruses in the same manner as the human papillomaviruses. The submitted clones and
metadata will be analyzed, and the animal papillomavirus reference centre will formally
recommend names for the viral isolates and store the reference clones.

Papillomaviruses are double-stranded DNA viruses with a genome length of 5 748 to 8 607 bp
enclosed in a non-enveloped capsid of 50-60 nm in size. The genome contains up to nine open
reading frames (ORF). The number of expressed viral proteins is larger than the number of
ORFs because the genes are transcribed from multiple promotors and undergo splicing. All
papillomaviruses have two genes coding for capsid proteins L1 and L2, of which the L1 coat
protein is the main target of the host immune system. The antibodies elicited against the
hypervariable amino acid loops of the L1 protein exposed on the surface of the capsid are
type-specific and only poorly recognize distantly related types. The minor capsid protein has
an immediate-early function in the delivery of the viral genome within the cell and,
subsequently, in genome packing. All papillomaviruses contain early genes responsible for
replication (E1, E2) and cell cycle regulation, immune evasion, and virus release (E6, E7, ES,
E4). The long control region contains the origin of replication and binding sites for viral and
cellular transcription factors. It is positioned between the end of L1 and the start of the early
gene region. The ES ORF is missing in some PVs from the Beta genera, the E6 ORF is
missing in some types from the Gamma genera, and in some animal viruses, a second LCR is
present between the end of the early region and the beginning of L2 ORF. PVs are
characterized by a considerable heterogeneity in the positions of promoters and the splicing
sites (Zheng & Baker, 20006).

Papillomaviruses infect keratinized and mucosal epithelia. In humans, they are ubiquitously
and asymptomatically present in many locations in immunocompetent individuals. Their
tropism is thought to be controlled by the anatomical site of infection and by the regulatory
elements in the long control region of the viral genome. The viruses enter the epithelia via
micro-lesions and bind to extracellular heparin sulfate proteoglycans on the basement
membrane. After conformational changes of L1 and L2 and cleavage of furin motif present in
L2, the virus enters the cell. The replication is, at the start, limited and regulated by E1 and
E2. During the second maintenance phase, the viral genome is replicated in low but constant
copy numbers in the proliferating cells. The E6 and E7 proteins can change the host
environment so that the maintenance phase of viral replication can continue in differentiated
cells, and this can last for years. The final phase occurs in the differentiated cells when viral
DNA is amplified to high copy numbers, and progeny virions are produced. The virions are
released from the cells, which peel off the surface.

For human papillomaviruses, the typical route of transmission is sexual, and HPV is the most
common sexually transmitted virus in humans. Because papillomaviruses are non-enveloped,
they are stable and resistant to commonly used disinfectants, and therefore, they can also be
transmitted through non-sexual routes like self-inoculation, vertical transmission, and
nosocomial transmission (Ryndock & Meyers, 2014). The presence of HPV DNA in non-
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sexually active girls is still controversial. While some studies suggested the role of non-
penetrative sexual contact, others did not (for review, see Hamsikova et al., 2017).

4.2 Diseases associated with human papillomaviruses

As mentioned above, papillomaviruses cause mostly asymptomatic infections in humans. The
infection of the mucosa can manifest as a benign or malignant lesion. The typical benign
lesions are condyloma acuminata, which mainly occur in the genital area of men and women
and are highly contagious. The low-risk HPV types 6 and 11 are detected in over 99% of
these lesions, even though a number of other genotypes were identified at these sites. Types
HPV 6 and 11 also cause papillomatous lesions in the larynx of children and adults. This
disease, called recurrent respiratory papillomatosis (RRP), has a high morbidity and is
challenging to treat. In our study, a series of 25 RRP cases was analysed. All cases were
positive for HPV 6 or 11, and there was no difference in the prevalence of HPV-specific
antibodies between patients and controls. Significantly higher antibody titres were
detected in the patients who underwent 20 or more surgical procedures for the removal
of the lesions (Tachezy et al., 1994). Recently we have finished the phase IIIb clinical
trial. The Gardasil vaccine was administered to 50 subjects with RRP, and these patients
were followed up for five years. RRP recurrences turned out to be significantly lower
after HPV vaccination, and the RRP patients thus experienced a reduced burden of
disease. Between patients with a new or recurrent disease, no difference was found in the
frequency of recurrent postvaccination lesions. Therefore, vaccination will provide the same
benefit to both groups of patients. In conclusion, the earlier the patients with RRP receive the
HPYV vaccine, the sooner they may show a reduced burden of disease (Smahelova et al.,
2022). Additionally, focal epithelial hyperplasia, a rare benign disorder of the oral cavity, is
caused by HPV 13 and 32. Of utmost importance are premalignant lesions of the anogenital
tract of men and women. The premalignant lesions of the cervical mucosa are classified either
cytologically, according to the latest Bethesda system (Wright et al., 2002), as low or high-
grade squamous intraepithelial lesions (LSIL, HSIL) or histologically as a low- or high-grade
intraepithelial lesions (LGL, HGL). Low-grade lesions often show signs of productive
infection and tend to regress spontaneously. High-grade lesions, if not treated, progress to
invasive carcinoma. HPV is detectable in 70 to 100% of lesions, with the prevalence of HPV
increasing and diversity of HPV types decreasing from low-grade lesions to invasive cancer.
Now it is well established that HPVs are responsible for invasive squamous cancer cases in
other anatomical locations (Plummer et al., 2016) (Table 2). Unlike cervical cancer, a variable
fraction of cancer cases in other locations can be attributed to HPV infection. Basaloid and
warty carcinomas of the vulva are usually preceded by vulvar intraepithelial neoplasia (VIN)
of the usual type and are positive for HPVs in 90%, while keratinizing squamous cell
carcinoma (SCC) is often preceded by dermatosis and VIN of the differentiated type are much
more frequent but only occasionally positive for HPV. Our extensive study of the
correlation between the histological features and HPV profile of vulvar non-neoplastic,
precancerous, and neoplastic squamous lesions contributed to the discussion about the
proper terminology for the classification of vulvar squamous dysplastic lesions (Skapa et
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al., 2007). About 75% of vaginal SCC, 51% of penile squamous cell warty and basaloid
carcinomas, and 88% of anal SCC are also linked to HPV infection. In all these cancers,
HPV16 is the most prevalent type, and the variability of the HPV types present is much lower
than in cervical tumours (Tachezy et al., 2007). Additionally, in the last decade, HPV was
recognized, next to smoking and alcohol consumption, as an important risk factor for head
and neck SCC. Importantly, recent meta-analyses have shown that the prevalence of HPV-
positive head and neck cancers (HNCs) increased from 41% to 72% from 2000 to 2004
(Mehanna et al., 2013).

Papillomaviruses from the genera Alpha, Gamma, and Mu cause cutaneous diseases in
children and immunocompromised individuals. The infection manifests as different types of
warts or epidermoid cysts. The role of certain Beta HPV types in non-melanoma skin cancer
was suggested in immunocompromised individuals. The involvement of Beta PVs as a
cofactor in the early stages of cancer in immunocompetent populations was proposed but has
not been proven yet (Aldabagh et al., 2013).

Table 2 Percentages of tumours at diverse anatomical sites attributable to HPV infection
(Plummer et al., 2016).

NMumberof MNumberof Attributable
new cases new cases fraction
attributable
to infectious

agents
Carcinoma
Mon-cardia gastric 820000 730000 89.0%
Cardia gastric 130000 23000 17-8%
Liver 780000 570000 73-4%
Cervix uteri 530000 530000 100-0%
Vulva 34 000 8500 24-9%
Anus 40 000 35000 88.0%
Penis 26000 13000 51-0%
Vagina 15000 12000 78.0%
Oropharynx 96 000 29000 30-8%
Oral cavity 200000 8700 4-3%
Larynx 160 000 7200 4-6%
Nasopharynx 87000 83000 95.-5%
Bladder 430 000 7000 1-6%
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5. Cancers and precancerous lesions of the female genital tract

5.1 Causality of human papillomavirus infection in cervical
carcinoma

Prospective studies are high on the hierarchy of evidence of pathogen-disease association. At
the Department of Experimental Virology of the Institute of Sera and Vaccines, a prospective
study performed from 1975 to 1983 failed to sustain herpes simplex virus type 2 (HSV-2) as
an etiological factor of cervical cancer (Vonka et al., 1984; Krcmar et al., 1986). In 1983 and
1984, human papillomavirus types 16 and 18, respectively, were isolated from cervical
premalignant and cancer tissues (Diirst et al., 1983; Boshart et al., 1984; Gissmann et al.,
1984). Since then, scientific evidence has accumulated very fast, supporting the suggested
involvement of HPVs in cervical cancer. However, a single prospective study was published
by 1999 (Liaw et al., 1999) and its major limitation was the selection of controls who were
only age-matched and follow-up length-matched to cases. In our laboratory, samples from a
large prospective study (1975-1983) were available. The immunological analyses of the sera
were done first, and the results were published in 1999 (Vonka et al., 1999). In that study,
virus-like particles (VLP) corresponding to HPV16, 18, and 33 were used as an antigen as
well as synthetic peptides derived from early antigens of HPV 16 E2, E4, and E7. The study
showed that healthy women who subsequently would develop cervical neoplasia had at
enrolment already significantly higher titres of antibodies against VLPs tested but not against
the early proteins. However, upon disease diagnosis, seroconversion against those proteins
was detected in 58% of subjects.

Supplement No.1

Tachezy R., Salakova M, Hamsikova E, Kanka J, Havrankova A, Vonka V. Prospective
study on cervical neoplasia: presence of HPV DNA in cytological smears precedes the
development of cervical neoplastic lesions. Sexually Transmitted Infection, 2003, 79,
191-196. (cited 6x) 1F2021=4,199

With the improvement of molecular biological methods, the sensitive detection of HPVs
became possible in a variety of clinical materials. For the scope of molecular biological
testing, a sample collection from more than 10 000 women aged 25-45 years was available
(Suppl. No.1). From all women, data on cytological and colposcopic examination and also
very detailed questionnaire data on medical history, socioeconomic status, lifestyle, present
health status, and sex and reproduction-associated attributes were available. Controls were
matched to patients by age, number of sexual partners, age at first intercourse, smoking
habits, and history of treatment. Three groups of patients (N=370) were analysed; 67 patients
with disease detected at enrolment, 53 subjects who developed the disease during the follow-
up, and 208 controls. Initially, molecular methods were tested for the formalin-fixed paraffin-
embedded tissues. However, it turned out that due to fixation in suboptimal conditions, the
DNA was degraded and not suitable for the analyses (unpublished data). Nevertheless,
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archival cervical smears stained by Giemsa and stored at room temperature were also
available, which appeared to be amenable to molecular screening. A fundamental step in this
study was the optimization of DNA extraction from cervical smears, followed by polymerase
chain reaction (PCR) with general primers targeting the conserved region of the L1 gene to
detect multiple HPV types in one step. The sensitivity of the PCR assay was increased by
non-radioactive hybridization on dot blots with a cocktail of HPV-specific probes.
Furthermore, positive samples on the first PCR assay were further analyzed by type-specific
nested PCR assay. To support the results of direct detection of HPVs, serological analyses
were done with virus-like particles (VLPs) specific for HPV 16, 18, and 33. The results
showed a statistically highly significant difference in the presence of HPV DNA between
patients and controls. The difference from controls was highly significant not only in the
women who had been ill at enrolment but, most importantly, also in those who had developed
the disease during the follow-up period (Table 3). Women positive for HPV DNA possessed
HPYV antibodies to VLP16, 18, and 33 significantly more often than those who were free of
HPV DNA.

Table 3 Presence of HPV DNA in women at enrolment (Tachezy et al., 2003).

Table 3 Presence of HPV DNA in women with cervical neoplasia at enrclment, in those who developed the disease in
the course of subsequent follow up, and in maiched control women

Group Diagnosis Total HPV DNA positive OR Cl p Value

A Cases 67 32 (47.8%) 18.3 7410 44.9 <0.0001
Contrals 147 7 |4.8%)

B* Cases 26 12 (46.2%) 97.4 541017453 <0.0001
Controls 56 0 (0%)

Ct Cases 27 10 (37.0%) 7.5 2.11027.1 <0.01
Controls 55 4 (7.3%)

B+C% Cases 53 22 (41.5%) 18.5 5910 57.6 <0.0001
Controls 108§ 4 (3.7%)

OR = odds ratio; Cl = confidence interval.

Group A = women with cervical neoplasia at enrolment (mean age 35 years); group B = women with slightly suspicious cytological and/or colposcopical
findings at enrolment (mean age 34 years); group C = women with normal cytological and colposcopic ?indings at enrolment (mean age 34 years).
Control subjects were matched with Ize patients by age, age at first intercourse, number of sexual partners, and smoking habit. One to three controls were
matched with each patient.

*Relative risk (RR) = not done due to zero value of HPY DNA positive conirols.

TRR = 5.0 (Cl 1.8 1o 14.8).

FRR =11.2 (Cl 4.1 to 30.9).

§Those controls which were used with both groups B and C have been included only once in the row for groups B+C combined.

The results of this study have shown that patients with cervical HPV infection, healthy at
enrolment, have an increased risk of developing the disease (relative risk=11.2). The
prevalence of HPV DNA increased with the severity of the disease in women found ill at
enrolment. Antibodies specific to HPVs were significantly more often present in women
positive for HPV DNA (any VLPs p<0.05) and in HPV DNA positive women with the lesions
detected at enrolment in comparison to those healthy and HPV DNA positive at enrolment
(any VLPs p<0.05). The study confirmed the temporality of HPV infection and cervical
lesions development, i.e., one of the most important criteria of causality in medicine.
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5.2 Viral and host risk factors of persistence, progression, and
recurrence of disease

Human papillomaviruses are a necessary but not sufficient cause of cervical cancer
carcinogenesis (Mufioz et al., 1992; Walboomers et al., 1999). HPV infection is common in
sexually active women, but most of the infected women do not develop cervical cancer
(Schiffman et al., 2007). The cofactors which influence the persistence of infection and
progression or regression of the lesion can be divided into host modifiable, host genetic, and
viral.

A large meta-analysis confirmed smoking, long-term use of oral contraceptives, and increased
parity as host risk modifiable cofactors (Plummer et al., 2003; Appleby et al., 2007;
International Collaboration of Epidemiological Studies of Cervical Cancer, 2007)). The
studies of cervical cancer risk in relation to co-infection with other genital infections, such as
HSV-2 and Chlamydia trachomatis, have so far provided inconclusive data (Cao et al., 2014;
Zhu et al., 2016). As in the case of several other HPV non-related cancers, it has been
suggested that genetic non-modifiable cofactors play a significant role as well. The
accumulation of cervical cancer cases within families and increased risk of the disease in first-
degree relatives were reported. The epidemiological studies on the genetic heritability of
premalignant lesions and cervical cancer determined the risk to be 37% and 27%, respectively
(Martinez-Nava et al., 2016). The research of the past decade has shown that host genetic
factors can influence cervical carcinogenesis through interactions of their corresponding
protein products with HPV oncoproteins and that polymorphism of some host genetic factors,
most notably those involved in the carcinogenic and/or anti-carcinogenic pathways, could
contribute to the interindividual differences in susceptibility to cervical cancer (Tan &
Ankathil, 2015). Also, modifications in the host genes controlling the immune response have
been suggested as a risk factor for cervical cancer, e.g., certain human leucocyte antigen
(HLA) genotypes (de Araujo Souza et al., 2009).

HR HPVs encode the E6 protein which binds the cellular p53 tumor suppressor protein,
thereby marking it for degradation through the ubiquitin pathway. The degradation of the p53
protein inhibits the arrest of the cell cycle in the G1/S checkpoint in response to DNA damage
and allows for the continuous proliferation of cells and accumulation of mutations (Hall &
Lane, 1994). The inactivation of the p53 protein is also frequently caused by somatic
mutations of the central DNA-binding region of p53. This is common in many tumors but not
in cervical cancers. Polymorphism of the p53 protein at codon 72 of exon 4 leads to
translation either to arginine or proline residue (Matlashewski et al., 1987). The Arg-p53
allele shows a north-to-south decline (Beckman et al., 1994; Sjélander et al., 1995), and it was
suggested that this isoform has a higher susceptibility to degradation by the HR HPV E6
protein (Storey et al., 1998; Thomas et al., 1999). In 1998, Storey et al. reported a seven times
higher risk of cervical carcinoma in women with the Arg/Arg p53 genotype (77% vs. 37% in
healthy women).

Last but not least, the viral factors have been shown to influence the outcome of the infection;
persistence, progression, and recurrence of the disease.
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The search for other risk factors and/or genetic changes that can influence the
susceptibility of women to cervical cancer is important because such markers would
help to select women at risk for more stringent cervical screening and follow-up and also
predict the progression and/or regression of the disease.
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Romney, S. Persistent genital human papillomavirus infection as a risk factor for
persistent cervical dysplasia. Journal of the National Cancer Institute, 1995, 87, 18,
1365-1371. (cited 591x) 1F2021=11.816

Unlike some other HPV-associated cancers, cervical cancer is preceded by lesions originally
referred to as squamous intraepithelial lesions (SIL) in cytology or cervical intraepithelial
neoplasia in histopathology. Some of these lesions have the potential to progress to more
advanced stages, while others regress spontaneously. In this paper, the factors which influence
the fate of such lesions were explored. Women with cervical lesions were enrolled and
followed at 3-month intervals for 15 months (Suppl. No.2). A cervical smear, colposcopy, and
HPV DNA detection and typing in exfoliated cervical cells were done at each visit. The HPV
DNA detection was performed by Southern blot hybridization and by PCR. In PCR-positive
samples, the genotype of HPV was revealed by dot blot hybridization with 39 probes which
allowed the detection of type-specific persistent infection. In contrast, Southern blot analyses
allowed for typing of 15 different types and semiquantitative analyses of the viral load.
Additionally, other factors such as age, ethnicity, education, sexual behaviour, smoking, and
oral contraceptive use were evaluated as risk factors for lesion persistence. For the final
analyses, data on 70 women with a grade II cervical intraepithelial lesion were available.
They came for six visits on average, yielding altogether 532 visits and 350 pairs of
observations. The persistent lesion was defined as a lesion being positive at two consecutive
visits by HPV DNA detection by Southern blot (regardless of HPV type detected) or by PCR
(type-specific persistence, the same type present on both occasions). None of the evaluated
potential risk factors correlated with the persistence of lesions. Persistence of lesions was
associated with continuous HPV positivity, and the highest risk was for patients with type-
specific persistent infection and a high viral load. The data have shown that the natural
history of genital HPV infection is critical for the prognosis of cervical lesions.
Therefore, HPV testing should be considered in the management of patients with this
disease.
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The principal aims of this study were to test whether the persistence of human papillomavirus
(HPV) DNA is predictive of recurrent disease in women after surgical treatment for cervical
lesions, to distinguish between persistent and newly acquired HPV infection, and to observe
the effect of surgical treatment on the levels of HPV-specific antibodies (Suppl. No3).
Patients (N=198) surgically treated for low-grade or high-grade squamous intraepithelial
lesions and age-matched controls (N=35) were followed up at 6-month intervals for 18
months. Altogether, the presence of HPV DNA in cervical smears was detected using
consensus PCR, and serum levels of HPV-specific antibodies to HPV types 16, 18, 31, 33,
and 45 were measured. In ten patients positive for HPV type 16 in consecutive samples, the
HPV 16 variants were identified using a PCR specific for the long control region (LCR) with
the aim to distinguish between persistent and newly acquired infection. Data regarding
demographics, risk factors for cervical cancer, and risks related to HPV exposure were
collected through a patient questionnaire. Our results have shown that subjects with persistent
HPYV infection (HPV DNA detection) are at increased risk of developing cytological and/or
colposcopic abnormalities after surgery. Also, higher reactivity to HPV-specific antibodies
was observed in these women. All ten patients with HPV 16 infection detected in consecutive
samples showed persistence of either the same prototype or the same variant during the
follow-up period. Analyses of the variants of HPV16 in the consecutive samples suggested
that the detected infections were more likely to be reactivation of latent infection than newly
acquired infection. Risky sexual behaviour and smoking were more common in patients than
in controls. Persistent HPV infection, as demonstrated by both HPV DNA detection and
antibody detection, appears to be a risk factor for the recurrence of pathology after
surgery. Recurrences are more likely to be a result of reactivation of a latent HPV
infection than of a newly acquired infection.
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Gissmann L, Wilander E, Tommasino M. Human papillomavirus 16 E6 polymorphisms
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human leukocyte antigen class II haplotypes. International Journal of Cancer, 2001, 1,
94, 5,711-716. (cited 98x) 1F2021=7.316

Both viral and host factors influence the persistence and progression of cervical lesions. HR
HPV infection is the main risk factor for the development and progression of premalignant
cervical lesions. One of the variants that increase the risk of persistence of the infection and
disease progression is the HPV16 E6 variant E-G350 (L83V). The modification of the amino
acid sequence of the E6 protein of this variant can cause an alteration of its immunogenicity
and consequently can lead to the evasion of host immune surveillance. The study on the
Swedish and Italian populations has shown contradictory results. Our study extended the
previously analysed Swedish (N=161) and Italian (N=91) cohorts by analyses of a cohort of
Czech women (N=107) (Suppl. No.4). We evaluated the prevalence of the HPV16 E6
prototype and its variants. To correlate the viral risk factors with genetic factors, we analysed
human leucocyte antigen (HLA) class II haplotypes in the cases with invasive cervical cancer
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(N=143). The most common E6 variant in all cohorts was L83V. Data from the Czech cohort
were comparable to the Italian one. The L83V variant was most prevalent in low-grade
lesions, and the prevalence decreased with the severity of the disease. However, the trend in
the Czech cohort was not linear as in the Italian cohort. In all cohorts, DR04-DQ03 showed a
trend for a positive association with the cases with L83 V.

These results suggest that cervical carcinogenesis is, at least partly, influenced by genetic
polymorphism of both HPV and HLA.
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Tachezy R, Mikyskova I, Salakova M, Van Ranst M. Correlation between human
papillomavirus-associated cervical cancer and p53 codon 72 arginine/proline
polymorphism. Human Genetics, 1999, 105, 6, 564-566. (cited 36x) 1F2021=5.881

This epidemiological study analysed samples taken from Czech women (N=71) with
histologically proven HPV-positive invasive cervical cancer, cervical scrapes from Czech
women with normal cytological findings (N=74), and blood samples from healthy Czech
blood donors (N=98) (Suppl. No.5). Cervical cancer biopsies and cervical smears from
women with normal cytological findings were analysed for the type-specific presence of HPV
DNA. DNA was extracted from the peripheral blood cells of healthy Czech donors. The p53
genotype was evaluated using a PCR-based assay that detects explicitly either the Pro-p53 or
Arg-p53 allele. Observed genotype frequencies were compared with expected genotype
frequencies, assuming the Hardy-Weinberg equilibrium. Between cervical smear controls and
blood donor controls, no significant differences in the genotype frequencies of p53 were
found. Therefore, the two groups were combined for additional analyses.

Table 4 Genotype distribution of codon-72 p53 genotypes (Tachezy et al., 1999)

Arg/Arg Arg/Pro Pro/Pro

Obs (%)? Exp (%)° Obs (%) Exp (%) Obs (%) Exp (%)
Invasive cervical cancer (n=71) 37 (52.1%) 36.6 (51.6%) 28 (39.4%) 28.7 (40.5%) 6 (8.5%) 5.6 (7.9%)
HPV-16 positive cervical cancers (7=53) 28 (52.8%) 28.0(52.8%) 21(39.6%) 21.1(39.8%) 4 (7.5%) 4.0 (7.5%)
HPV-non-16 positive cervical cancers (n=18) 9 (50.0%) 8.7 (48.3%) 7(38.9%) 7.6 (42.2%) 2(11.1%) 1.7 (9.4%)
All controls (n=172) 92 (53.5%) 87.2(50.7%) 61 (35.5%) 70.5 (41.0%) 19 (11.0%) 14.2 (8.3%)
Blood donor controls (#=98) 52(53.1%) 50.0(51.0%) 36(36.7%) 40.0 (40.8%) 10(10.2%) 8.0 (8.2%)
Cervical smear controls (7=74) 40 (54.1.%) 37.2(50.3%) 25(33.8%) 30.5 (41.2%) 9(122%) 6.2 (8.4%)
HPV-negative smear controls (n=58) 32 (55.2%) 304 (52.4%) 20 (34.5%) 23.2(40.0%) 6(10.3%) 4.4 (7.6%)
HPV-positive smear controls (n=16) 8(50.0%) 6.9 (43.1%) 5(31.3%) 7.2 (45.0%) 3(18.8%) 1.9(11.9%)
HPV-16 positive smear controls (n=9) 5(55.6%) 4.0 (44.4%) 2(22.2%) 4.0 (44.4%) 2(22.2%) 1.0(11.1%)
HPV-non-16 positive smear controls (#=7) 3(42.9%) 2.9 (41.4%) 3(42.9%) 3.2(45.7%) 1(14.3%) 0.9 (12.9%)

*0Observed (Obs) genotype frequencies
"Expected (Exp) binomial Hardy-Weinberg proportions

No deviation from the Hardy-Weinberg assumption in the groups of subjects in our study was
observed. No difference in the frequencies of p53-Pro (0.282 vs. 0.288) and p53-Arg (0.718
vs 0.712) appeared between patients and controls. No significant difference in the proportion
of the different genotypes of p53 at codon-72 between patients and controls was found
(x2=0.56, p=0.76). Homozygosity for Arg-p53 was not associated with an increased risk for
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invasive cervical cancer compared with heterozygosity (OR=0.88, 95%CI=0.49-1.58). We did
not find any statistically significant difference in the p53 codon-72 genotype in relation to the
HPV type present in the cancer tissues and to HPV or cytological positivity of cervical
smears.

In our study, the Arg/Arg p53 codon-72 isoform did not increase the risk of cervical
cancer in Czech women. Our data contradicted the original report of Storey et al.
(1998), and the study was one of the first to refute the suspected association.
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Since the first report on the increased risk of cervical cancer in women homozygous
compared to heterozygous for the arginine allele at codon 72 of the TP53 tumour suppressor
gene, more than 80 studies were published by 2006, but the results were inconsistent.
Therefore, a pooled analysis, which is at the top of the hierarchy of evidence of the
association of the suspected variable with the disease, was performed (Suppl. No.6). Based on
the strict criteria, 49 studies (N=7946 cases, N=7888 controls) were included. For the final
analyses, the selection of studies was further restricted to epidemiological studies only. These
studies had to show controls in the Hardy-Weinberg equilibrium and had to have the T53
polymorphism determined from white blood cells. Our study was between five studies that
fulfilled all of those criteria. No excess risk of cervical cancer was identified for women in the
pooled analyses, both for arginine homozygotes compared with heterozygotes (OR=1.22,
95%CI=1.08-1.39) and for arginine homozygotes versus proline homozygotes (OR=1.13,
95%CI=0.94—1.35). Subgroup analyses showed significant excess risks for arginine
homozygotes compared with heterozygotes only in the studies where controls were not in the
Hardy—Weinberg equilibrium, non-epidemiological studies, and studies where the 7P53
genotype was determined from tumour tissue. No excess risk was noted in studies with sound
epidemiological design and conduct (OR=1.06, 95%CI=0.87—1.29) and studies in which the
TP53 genotype was determined from white blood cells (OR=1.06, 95%CI=0.87-1.29).

This pooled analysis, which allowed for subgroup evaluation, has shown that the
increased risk of cervical cancer reported in some previously published studies is
attributable to errors in study methods. No association was found between cervical
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cancer and 7P53 codon 72 polymorphism when the analysis was restricted to
methodologically correct studies.

5.3 Prevalence of HPV-specific antibodies and HPV genotypes in
the Czech population

Surveillance of the prevalence of HPV types, HPV-specific antibodies, and genotype
distribution is important for the implementation and/or modification of the diagnostic,
therapeutic, and preventive strategies, as well as for the evaluation of the efficiency of the
modified regimens.

HPVs do not cause viremia, and their life cycle is closely linked to the differentiation of the
epithelial cells. The location of the infection in the epidermis is one of the factors which
restrict the reaction of the immune system. Depending on the viral load and/or duration of the
infection, the antibodies against viral capsid proteins develop in infected individuals with a
delay of several months, and the process does not necessarily occur in every infected
individual.

(Ho et al., 2004). The antibody response to capsid proteins remains relatively stable over time
after the clearance of infection. Therefore, it can be a useful epidemiologic marker that
reflects cumulative past infections. Antibodies specific to viral oncoproteins HPV16 E6 and
E7 are rarely present in healthy individuals, but their prevalence is high in patients with
invasive malignant diseases.

In 2006, the first HPV vaccine became available (Harper, 2009). The assessment of the age-
specific anti-HPV antibody prevalence in a particular population is essential for estimating the
optimal target age when the implementation of HPV vaccination in cervical cancer prevention
is planned. Additionally, it also allows for prospective monitoring of the impact of
vaccination.
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Hamsikova E, Ludvikova V, Stasikova J, Tachezy R. Cross-sectional study on the
prevalence of HPV antibodies in the general population of the Czech Republic. Sexually
Transmitted Infections, 2013, 89, 2, 133-137. (cited 13x) 1F2021=4.199

In our study, sera collected in the scope of serological surveys performed in the Czech
Republic in 1996 and 2001 were analysed (N=539, age range 6-20; N=997, age range 9-64
years, respectively) (Suppl. No.7). Additionally, 1614 sera taken from blood donors sampled
between 1999 and 2005 were included in the study. The individuals were categorized into 5-
year age groups. The highest rates of seropositivity for any of the four vaccine types (HPV
6/11/16/18) were found in 30-39-year-old women and men 60 years of age and older. In
children 6-14 years of age, 18% were positive, but in the age categoryl4 years and older, 26%
of children had antibodies specific for HPV vaccine types. The results of our study
supported the implementation of HPV vaccination in the Czech Republic before the age
of 13. In 2012, routine vaccination started in the Czech Republic, and it is covered by
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health insurance companies for girls 13-14 years of age. In 2018, gender-equal
vaccination was approved in the Czech Republic.
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of Medical Virology, 1999, 58, 4, 378-386. (cited 33x) 1F2021=20.693
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The prevalence of HPV infection and distribution of different genotypes vary across
populations and geographical regions (de Sanjosé et al., 2007), with the global HPV
prevalence in women with normal cytological findings estimated to be 11.7%. In Europe, the
highest prevalence was found in Eastern countries (Bruni et al., 2010). Results of the first
study from our laboratory focused on the type-specific prevalence in the Czech Republic were
biased for the HPV-type specific prevalence in healthy Czech women because subjects with
normal cytological findings were recruited in a hospital-based setting (Tachezy et al., 1999)
(Suppl. No.8).

In the study from 2013, samples of women (N=1393, age range 14-79 years) were selected
from the bank of samples of the Bioptic Laboratory in Pilsen (Suppl. No.9). Women were
from five of 14 districts in the Czech Republic, and both big cities and rural areas were
covered. The samples were women who attended the annual gynaecological examination
within the cervical screening program. They had no history of atypical or pathological
findings on the cervix uteri and no previous treatment for cervical lesions. The results of
cytological findings at the time of sampling were available, and the majority of women had
normal cytological findings suggesting a proper design of the study. Two methods for HPV
DNA detection were used in order to provide internationally comparable data. In the text
below, results of the more sensitive PCR-based method, which allows for typing, are reported.
In total, 26% were positive for any HPV type, 20% for HR HPV, and 6.0% for LR HPV
types. The highest prevalence of any HPV (41%) was observed in 21-25-year-olds and
declined rapidly with age, but in the age category of 61-65 years, it was still 14%. HPV 16
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was the most common HPV type, but other HR HPV types reported in other studies as the
most common were different in the population of Czech women with normal cytological
findings. The knowledge about the distribution of HPV types in our population before
the onset of routine vaccination allows for future monitoring of changes in the
prevalence of HPV types and for possible type replacement. Since the prevalence of
HPV is high in the healthy Czech population and routine HPV detection prior to
vaccination is not recommended, the physician should inform the sexually active
patients who ask for vaccination that the vaccine might have decreased effectiveness
because of an already existing infection. In the study from 2017, we have shown that
11% of women who actively seek HPV vaccination in the Czech Republic are
incidentally and/or persistently infected with HPV 16/18 and are therefore likely to have
decreased efficiency of the vaccine (Suppl. No.10).

Over the years, we have performed numerous studies aiming to prove the involvement of
HPV in numerous malignancies. These studies provided data on the type-specific prevalence
of HPV DNA in HPV-associated malignancies in the Czech population. Historically, the
results of such studies were influenced by the available methods for HPV detection and by
their improvement. As an example, in the past, the technical limitations even lead to a
suggestion that cervical lesions grade I is a disease with a different aetiology than high-grade
lesions and invasive carcinoma of cervix uteri. With methodological improvement, these
limitations disappeared, and the causal relationship of HPV to precancers and cancers at
numerous anatomical locations was proved. With the development of HPV vaccines, the data
gained in these studies were also valuable for the calculation of the effect of the
implementation of primary prevention against HPV.
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In this study, cancer samples from cervical (SCC), vulvar, and anal locations (N=157) and
specimens from premalignant lesions (N=695) of the same locations were included (Suppl.
No.11). Also, samples of anogenital condyloma accuminatum (N=64) were analysed. HPV
was detected in 76% of precancerous lesions. In cancer cases, except for cervical location,
only 3 HR and 1 LR HPV type were detected. In cervical carcinomas, 11 HR and no LR HPV
types were found. Of SCC, 95% were HPV positive. At that time, in the Czech Republic, the
incidence of cancers evaluated in our study was 1 300 cases annually
(https://www.uzis.cz/index-en.php?pg=record&id=4424). Based on these data and the results
of our study, we have calculated that approximately 73% of 1 300 incident cancer cases
could be attributed to the vaccine HPV types. Additionally, 84% of condyloma
acuminatum cases were positive for HPV vaccinal types 6/11. These data supported the
fast implementation of routine vaccination in the Czech Republic to achieve a significant
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reduction in the burden of HPV-associated diseases and national healthcare

expenditures. However, it is crucial to understand that the effect of vaccination will
manifest itself in the long term and only on condition of sufficiently extensive vaccine

coverage.

When the new nonavalent HPV vaccine was approved by the European Medicine
Agency (EMA) in 2015, we calculated the potential benefit of the application of this
vaccine in routine settings. We also included results obtained from our additional
studies on HNC. We have calculated that the nonavalent HPV vaccine would be able to
protect 943 of 1 300 incident cancer cases (cervical, vulvar, anal) and 300 of 467 annual
cases of oropharyngeal cancer in the Czech Republic.

Table 6 The predicted effect of the nonavalent HPV vaccine for the prevention of HPV-
associated tumours in the Czech Republic (Hamsikova & Tachezy, 2015).

HPYV type in Squamous Vulvar Squamous Total Oropharyngeal
the tumor carcinoma of | carcinoma | anal anogenital carcinoma (%)
cervix uteri (%) carcinoma carcinoma
(%0) (%) (%)
HPV16/18* 75.6 24.5 81.8 60.5 61.5
HPV31/45** 8.1 2.0 0.0 5.1 0.0
HPV33/52/58" | 8.1 8.2 0.0 7.0 2.7
Total 91.8 34.7 81.8 72.6 64.2

* HPV16 and/or HPV 18 positive
*k HPV31 and/or HPV45 positive, HPV16, 18, 33, 52, 58 negative
- HPV33 and/or HPV52 and/or HPV58 positive, HPV16, 18, 31, 45 negative

6. Aetiology of prostate cancer and distribution of HPV in the
male urogenital tract

Prostate cancer (PC) is the second most common malignancy in men worldwide and the first
in Europe. PC can be detected in 80% of men aged over 80 years, but those men usually die
for other reasons. Clinically significant PC affects men in their sixties, but since it is likely
initiated many years earlier, the primary trigger factor of PC is difficult to establish. In PC,
pathogenetic, heritable, and/or environmental factors (age, African American race, family
history of PC) may play a role. One of the molecular events suggested as a risk factor for the
development of proliferative inflammatory atrophy (PIA), the precursor lesion of PC, is
chronic inflammation. PIA can progress to prostate intraepithelial neoplasia (PIN) in which
alteration of the cell genome, increased genomic instability, and accumulation of genetic
changes are detected. High-grade PIN lesions can eventually progress to invasive PC (De
Marzo et al., 2007). Because of the suggested risk of chronic inflammation, different factors
which can lead to inflammation were explored, including infection with bacteria or viruses. In
a large population-based case-control study, the originally published observation about the
association of prostatitis with increased risk of PC was not confirmed (Sutcliffe et al., 2006).
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The role of the interaction of the proteins of numerous pathogens with host genes was
investigated since this trigger mechanism of the malignant process was detected in other
tumours. The polymorphism of host genes which play a role in cellular defences against
inflammation and oxidative stress, can lead to an increased susceptibility to prostate
carcinogenesis. Also, mutations of the genes involved in the inflammation process or in those
which affect the control of infection can increase PC risk. However, finding the link between
PC and a particular infectious agent can be very difficult. Pathogens can initiate the process of
malignant transformation or increase the risk of its progression but might not be detectable at
the time of PC diagnosis.

HPV is established as a causal factor of several anogenital cancers in women and men. Since
the prostate is easily accessible for viruses via the urethra, it was also extensively investigated
for the association of HPV infection and cancer development. Since the 1960s, many studies
have been published, but they have produced contradictory data. In many cases, it could be
attributed to a suboptimal study design and/or to the methods used. In many studies, the
clinical material was collected during transurethral surgery and thus could be contaminated by
viruses present in the urethra. Also, in many studies, samples from patients with benign
prostate hyperplasia (BPH) were used as a negative control without detailed pathological
assessment, but in up to 20% of these patients, incidental cancers can be seen. On the other
hand, in studies in which small needle-biopsy specimens were used for PC diagnosis, the
tumour could be missed. Even the selection of controls matched to patients with PC is not
easy since the mean age of patients is relatively high and therefore, traditional controls such
as healthy blood donors are mostly not appropriate. Discrepancies in the results of numerous
studies can also be attributed to the methods used for HPV DNA detection, which can lead, on
the one hand, to false positive results or, on the other hand, to underestimation of the HPV
prevalence.
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In this study, we used the indirect serological method to evaluate the possible involvement of
nine pathogens in PC and BPH (Suppl. Np.12). In contrast to the direct detection of the
pathogen, the presence of antibodies can suggest the involvement of the pathogen in earlier
phases of PC carcinogenesis. The study included males who were treated with a radical
retropubic or simple transvesical prostatectomy (N=434). All patients were free of urinary
tract infection symptoms and had negative urine cultures. Detailed examination of tissues by a
pathologist confirmed 105 cases with BPH and 329 with PC. PC patients were more likely to
harbour antibodies against Ureaplasma urealyticum (OR 2.06; 95% CI 1.08-4.28). Men with
BPH were more often seropositive for HPV 18 and Chlamydia trachomatis (OR 0.23; 95% CI
0.09-0.61 and OR 0.45; 95% CI1 0.21-0.99, respectively) and had higher mean serum CMV
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antibody levels than PC patients (p = 0.0004). Among PC patients, antibodies against HPV 6
were associated with a higher Gleason score (p = 0.0305).

In conclusion, antibody seropositivity against the analysed pathogens, except for
Ureaplasma, did not seem to be a risk factor for PC pathogenesis. The presence or
higher levels of serum antibodies against the genitourinary pathogens studied were not
consistently associated with PC. Serostatus was not a predictor of disease stage in the
studied population.
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Urban M, Hamsikova E. HPV persistence and its oncogenic role in prostate tumors. J
Med Virol. 2012,84,1636-1645.  1F2019=2.021 (2.373)
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Svec A, Mikyskova I, Hes O, Tachezy R. Human papillomavirus infection of the
epididymis and ductus deferens: an evaluation by nested polymerase chain reaction.
Archives of Pathology & Laboratory Medicine, 2003, 127, 11, 1471-1474. (cited 19x)
1F2021=5.686

The possible etiological involvement of HPV in PC was further evaluated in our next study
(Suppl. No.13). The second aim of this study was the exploration of the possible role of the
male urogenital tract as a reservoir of HPV infection. In order to avoid the drawbacks of
numerous studies published before, we have taken the samples of both benign and malignant
prostate tissue via open surgical procedures to avoid possible contamination of the samples by
HPV from the urethra. Also, during the laparotomy surgery, biopsies from normal tissues
from the foreskin, prostate, urinary bladder, seminal vesicles, ductus deferens, and ureter were
taken. The tissue samples were analysed by a pathologist to confirm the presence of a tumour,
benign hyperplasia, or normal tissue. Besides HPV DNA detection and typing, the detection
of the HPV-specific antibodies was done to support the possible etiological relationship
between HPV and PC or BPH. For HPV DNA detection, a very sensitive nested PCR method
was used since the amount of material gained from the fixed paraffin-embedded tissue
sections is always limited. The method used, at the same time, allowed for the detection of
many different HPV types. The detection of HPV was done in samples in which the presence
of hyperplasia or cancer was histologically confirmed and in biopsies of normal tissues
(N=256). HPV was detected in 4% of samples of normal tissues. The highest HPV prevalence
rate was detected in the foreskin, followed by the ductus deferens, prostate, and seminal
vesicles. No HPV was detected in the healthy urinary bladder and urethral tissue. In four
samples, HPV 16 was detected: one sample contained HPV 52 and five samples were positive
for an unknown HPV type. In urethral smears of patients with BPH, HPV was detected
statistically significantly more often in comparison to patients with PC (P=0.0403).
Altogether 17 different HPV types were found, with HPV16 being the most common. In 210
samples from 95 men with BPH and in 90 samples from 51 patients with PC, HPV DNA
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presence was found in 2%. There was no concordance between HPV types detected in the
tissue and in the penile smear, further confirming the lack of contamination from the urethra.
Also, no statistically significant difference in the level of HPV-specific antibodies was
observed between patients with PC or BPH compared to healthy blood donors matched to
patients by gender and age. Only the prevalence of HPV 6 specific antibodies was
significantly lower in cases with PC (P=0.018).

During the evaluation of our samples by a pathologist, a dysplastic lesion of the epididymis
was detected, with HPV DNA type 31 found in this sample (Svec et al., 1999). It led us to the
hypothesis that HPV might be transmitted sexually together with bacteria. Therefore, we have
initiated a nested study of HPV in patients treated for nontuberculous epididymitis caused by
sexually transmitted pathogens (Suppl. No.14). In 31% of these patients, HPV DNA was
detected in the epididymis or ductus deferens. In one sample, LR HPV 6 was found, and in six
samples, DNA of HR HPV types was present. However, the infection was not accompanied
by koilocytic atypia or dysplasia.

Our study, as the first one, took a multidisciplinary approach to prove the relationship
between HPV and tumours of the prostate, and at the same time, care was taken to
avoid the limitations of the numerous other studies. The results indicate that HPV
infection is not associated with prostate oncogenesis in men. However, the results of the
two other discussed studies imply that multiple tissues of the male genitourinary tract
may be important reservoirs for the transmission of some HPV types.

Our data would be even stronger if the detection of viral mRNA were possible because viral
mRNA is a marker of active viral infection, not just accidental colonization of the tissue.
However, the clinical material was not of sufficient quality to analyse RNA. There is, to my
knowledge, only one study that detected viral mRNA in PC tissue (Dodd et al., 1993). This
single study is contradicted by an extensive study of transcriptome of 3,775 malignant
neoplasms from The Cancer Genome Atlas database (Khoury et al., 2013). In this latter study,
no viral transcripts of DNA viruses were detected in PC samples as well as in cancers of many
other locations. Furthermore, the risk of PC was not increased in severely
immunocompromised individuals (transplant recipients, HIV-infected individuals) while the
opposite was true for cancers with established HPV aetiology (Grulich et al., 2007; Vajdic &
van Leeuwen, 2009).

Supplement No.15

Hrbacek J, Urban M, Hamsikova E, Tachezy R, Heracek J. Thirty years of research on
infection and prostate cancer: No conclusive evidence for a link. A systematic review.
Urologic Oncology-Seminars and Original Investigation, 2012, 31,7, 951-965. (cited 18x)
1F2021=2.954

Due to the conflicting results of many studies regarding the etiology of pathogens in PC, we
also performed a detailed evaluation of the published data on infection and PC (Suppl.
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No.15). We analysed studies published on MEDLINE until 2011 and included 74 studies in
the review. These studies explore the following pathogens: human papillomavirus,
cytomegalovirus, herpes simplex virus, Epstein-Barr virus, BK virus, JC virus, Chlamydia,
Mycoplasma, Ureaplasma, Trichomonas, Neisseria, Treponema, Propionibacterium acnes,
Xenotropic murine leukemia virus-related virus, and Candida albicans. The studies utilized
both molecular biological methods and indirect methods — detection of antibodies. The
results suggested that despite the differences in the design of studies and in
methodological approaches that were used, most of the pathogens that were studied
were unlikely to be directly involved in prostate carcinogenesis.

In conclusion, despite the long-lasting research on the role of infection in the etiology of
PC, no pathogen can be linked with this malignancy yet.

7. Head and neck cancer as a model of dual aetiology

Head and neck cancers (HNC) are one of the most common cancers worldwide and account
for over 878,000 new cases annually. HNC can be found in different anatomical locations,
including the lip, oral cavity, salivary glands, nasopharynx, oropharynx, hypopharynx, larynx,
nasal and paranasal cavity, and ear, and these tumours also have different clinical and
epidemiological characteristics due to the tissue specificity and exposure to risk factors. Most
of these tumors are squamous and arise from epithelial cells of the mucosal lining. The
incidence and mortality of HNC differ according to gender, cancer location, and country. The
differences in the incidence and mortality are due to the variations in the exposure to the main
risk factors, smoking and alcohol; 33% of HNC cases are associated with smoking and 4%
with alcohol, while 35% are linked to both of these risk factors. Both smoking and
consumption of alcohol increase the mutation rates in genes involved in several cellular
pathways (Hashibe et al., 2009; Zygogianni et al., 2011; Gaykalova et al., 2014). Tumours in
smokers and alcohol consumers are primarily located in the oral cavity, while in non-drinkers
and non-smokers, tumours are usually detected in the oropharyngeal area (Rikardsen et al.,
2014). While the risk factors of smoking and alcohol consumption have been known for a
long time, the possible role of HPV infection was first suggested in 1985, when HPV 16 was
detected in HNC (de Villiers et al., 1985; Loning et al., 1985). Since then, HPV DNA has
been found in variable proportions of HNC. In 2001, we initiated our first study on the
association of HPV with HNC and until today, 23 papers from our team or with our
participation have been published. In this chapter, I will discuss the results of just some of
them.

Supplement No.16
Tachezy R, Klozar J, Rubenstein L, Smith E, Salakova M, Smahelova J, Ludvikova V,
Rotnaglova E, Kodet R, Hamsikova E. Demographic and risk factors in patients with

head and neck tumors. Journal of Medical Virology, 2009, 81, 5, 878-887. (cited 70x)
1F2021=20.693
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We started our research on HPV aetiology in HNC with an epidemiological case-control
study, which aimed at the demographic characteristics and risk factors of patients with HNC
(Suppl. No.16). HPV DNA detection was performed in the tumour tissue and oral rinses, and
the presence of HPV-specific antibodies was tested. HNC patients participated in more risky
sexual behaviors (anal-oral contact) (P=0.020) and smoked and drank more than controls
(P=0.001; P=0.020, respectively). High-risk HPV DNA was detected in 43% of oral washings
of cases and 4% of controls (P<0.0001). Additionally, the association between high-risk HPV
DNA in oral rinses and tumor tissues was statistically significant (adjusted P<0.0001). The
prevalence of HPV-specific antibodies was significantly higher in cases than in controls
(adjusted P<0.0001). These results provided epidemiological and immunological evidence
for HR HPV as a strong risk factor (OR=44.3, P<0.0001) for HNC, even after controlling
for age, tobacco, and alcohol use. Additionally, it has been shown that the detection of
high-risk HPV DNA in oral rinses and of HPV-specific antibodies in serum could be
considered as clinically relevant surrogate markers for the presence of an HPV-
associated HNC, with a high sensitivity (83%) and specificity (88%).

Supplement No.17

Tachezy R, Klozar J, Salakova M, Smith E, Turek L, Betka J, Kodet R, Hamsikova E.
HPYV and other risk factors of oral cavity/oropharyngeal cancer in the Czech Republic.
Oral Diseases, 2005, 11, 3, 181-185. (cited 46x) 1F2021=4.068

This study (Suppl. No.17) further showed the more common presence of HPV DNA in
tumours located in the oropharyngeal area in comparison to the oral cavity (25% vs. 57%).
Patients with HPV-positive tumours were more often non-smokers (100%) and also never
alcohol consumers (69%).

Supplement No.18

Klozar J, Kratochvil V, Salakova M, Smahelova J, Vesela E, Hamsikova E, Betka J,
Tachezy R. HPV status and regional metastasis in the prognosis of oral and
oropharyngeal cancer. European Archives Oto-Rhino-Laryngology, 265, S1, S75-S82,
2008. (cited 73x) 1F2021=3.236

In a subsequent study, we have shown that patients with viral etiology of HNC have
significantly better overall survival (73 vs. 35%) (P=0.0112) as well as disease-specific (79%
vs. 45%) (P=0.0015) (Suppl. No.18) survival rates than patients with tumours not associated
with HPV. No difference was found in the classical prognostic factors like pN and
extracapsular spread between HPV-positive and HPV-negative tumours. In a multivariate
analysis, HPV was confirmed as the most significant prognostic factor in patients with
oropharyngeal cancer (HR=0.27; 95%CI=0.12-0.61).

The difference in the prevalence of HPV DNA-positive tumours between cases of the
oral cavity and oropharyngeal carcinoma exposed and not exposed to tobacco or alcohol
supports the theory that HPV DNA-positive tumours form an aetiologically distinct
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subgroup of head and neck tumours. More importantly, HPV has been shown as the
most significant favourable prognostic factor for patients with oropharyngeal tumours.
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Koslabova E, Hamsikova E, Salakova M, Klozar J, Foltynova E, Salkova E, Rotnaglova
E, Ludvikova V, Tachezy R. Markers of HPV infection and survival in patients with
head and neck tumors. International Journal of Cancer, 2013, 133, 8, 1832-1839. (cited
53x) IF=7.316
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Prognostic value of post-treatment HPV-specific antibodies in patients with
oropharyngeal tumours. Journal of Surgical Oncology, 2019, 120, 2, 117-124. (cited 1x)
1F2021=2.885

The HPV aetiology in HNC was further confirmed by studies (Suppl. No.19 and No.20) that
determined whether the changes in HPV DNA prevalence in oral rinses and/or in HPV-
specific antibody levels in the sera of HNC patients have prognostic significance. Most
patients positive for HPV-specific antibodies remained positive during the follow-up (1 year
after the end of treatment), while 84.8% of those positive for HPV DNA in oral rinse at
enrolment became negative. However, the mean titres of HPV16 E6 and/or E7 antibodies at
follow-up were significantly lower than at enrolment. No decrease in antibody levels was
observed in the majority (5/6) of patients positive for HPV16 E6 and/or E7 antibodies at
enrolment who developed recurrent disease. The titres of antibodies specific for HPV16
capsid antigens did not change during the follow-up. In the subsequent long prospective
study, we confirmed this data. We showed that the decrease in the level of HPV-specific
antibodies taken from patients up to 14 years after the end of the treatment was statistically
significant, and the decrease of HPV16 E6 antibodies at 1-year follow-up was associated with
better overall survival as well as disease-specific survival.

In conclusion, we have shown that the detection of antibodies specific for the HPV 16 E6
and E7 oncoproteins may serve not only as a marker of HPV-associated malignancy but
also as a prognostic indicator in patients with HPV-positive tumours.

Supplement No. 21

Rotnaglova E, Tachezy R, Salakova M, Prochazka B, Koslabova E, Vesela E, Ludvikova
V, Hamsikova E, Klozar J. HPV infection in tonsillar cancer: prognostic significance
and clinically relevant markers. International Journal of Cancer, 2011, 129, 1, 101-110.
(cited 61x) 1F2021=7.316

Unlike in cervical cancer where HPV is almost always present and is thought to be
etiologically involved in almost all cases, in HNC:s, it has been proposed that not all HPV
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DNA-positive tumours are etiologically linked to viral infection. To assess the presence of
transcriptionally active viruses in HNC patients, different markers were studied (Suppl.
No.21). It appeared that the gold standard is the detection of viral mRNA. Since the integrity
of RNA is not always preserved in clinical materials, the detection of expression of the p16
protein was also explored as an indirect marker of an active HPV infection.

Our study focused on oropharyngeal tumours whose HPV aetiology was documented. For a
subgroup of patients in this study, we analysed the expression of E6 and E2 viral mRNA. In
93% of HPV DNA-positive samples, viral E6 mRNA was detected (active viral infection).
The detection of p16 expression and the presence of HPV-specific antibodies correlated well
with HPV DNA and RNA presence. Our study demonstrated that p16 immunostaining
and anti-E6/E7 antibodies as a surrogate marker of HPV involvement represent specific,
sensitive, and clinically accessible assays for the identification of patients with
oropharyngeal tumours who have a considerably better prognosis. The detection of p16
protein expression is now included in the TNMS staging of oropharyngeal tumours.
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International Journal of Cancer, 2016, 138, 2,386-395. (cited 49x) 1F2021=7.316

In cervical tumours, it has been shown that two viral oncoproteins, E6 and E7, play an
essential role in malignant transformation. They interact with cellular proteins, p53 and pRb,
and disrupt cellular growth control pathways. In many cervical tumours, the HPV genome is
integrated into the cellular genome. In most cases, the expression pattern of integrated HPV
genomes consists of E6-E7 gene transcripts spliced into cell sequences and terminated at
polyadenylation sites. The integration leads to the stabilization of native HPV early gene
mRNAs and the elimination of viral gene products which downregulate E6/E7 transcription.
These changes provide a strong selective growth advantage for cells with an integrated form
of HPV.

In the study by Rotnaglova et al. (2011) (Suppl. No.21), we detected 64% of the
oropharyngeal HPV-associated tumours with an integrated form of the virus. We further
wanted to evaluate the influence of HPV status in HNC on a patient’s prognosis (Suppl.
No.22). In order to be able to analyse a large number of cases, we have to use formalin-fixed
paraffin-embedded (FFPE) tissue samples. During the FFPE procedure, RNA is not well
preserved, and a specific method for the evaluation of HPV status is needed. The integration
of HPV in fresh tumour tissues can be tested by 3'RACE-based Amplification of
Papillomavirus Oncogene Transcripts (APOT), Southern blot, and mapping of E2 integration
breakpoint at the mRNA level. To validate the method of mapping E2 integration breakpoint
at the mRNA level, we compared the results obtained by APOT and E2 mapping on 20 fresh
tissue samples and found them to be in perfect agreement (Kappa value = 0.683).
Consequently, using the E2 mapping method on FFPE samples (N=186), we detected
integrated HPV in 28% of E6 mRNA-positive tumours and HPV in an
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extrachromosomal/mixed form in 73%. Both patient groups with HPV16 E6 mRNA-positive
tumours, with an extrachromosomal and/or mixed form of the virus and those with an
integrated form only had better disease-specific survival rates (HPV-negative vs. HPV
extrachromosomal/mixed p<0.0001; HPV-negative vs. HPV integrated p=0.0037). The
difference in DSS between patients with HPV-positive tumours with an HPV
extrachromosomal/mixed vs. integrated form was not statistically significant (p=0.6742). The
patients with transcriptionally silent HPV (HPV DNA positive, HPV 16 E6 mRNA negative)
survived better than HPV-negative patients, but the difference was not statistically significant
(» =0.2635). When we divide these patients into HPV DNA positive/p16 positive and HPV
DNA positive/p16 negative, these subgroups behaved, in terms of survival, as patients with
HPV-positive and HPV-negative tumours, respectively.

In conclusion, we determined the HPV status in tonsillar tumours using two different
methods. Furthermore, exact HPV integration sites were identified. The survival
analysis in HNC patients did not confirm the HPV integrated genome status as a factor
significantly influencing the patients' prognosis. Patients with missing HPV active viral
form behaved as those with HPV-negative tumours.

8. In search for diagnostic, therapeutic, predictive and prognostic
markers

8.1 miRNAs specific for HPV-associated tumours

New methods and advances in the research of cancer and papillomaviruses extended the
possibilities to explore critical disease biomarkers in order to find new targets for diagnostic
and therapeutic use as well as new predictive and prognostic markers.

MicroRNAs (miRNAs) as a class of short single-stranded non-coding RNAs are crucially
involved in the post-transcriptional regulation of gene expression. The regulation of miRNA
expression plays a key role in the development, cell growth, and differentiation processes in
eukaryotic organisms. It has also been shown that the expression of miRNAs is deregulated in
human cancers, and their expression profiles are specific for tumours of different locations.
The miRNAs can act as oncogenes or tumour suppressors and were suggested as promising
prognostic and diagnostic biomarkers of human cancers (Jay et al., 2007). Therefore, we
focused on miRNA expression profiling in an attempt to identify a set of “HPV core”
miRNAs specific for HPV-associated tumours (Suppl. No.23-26).

Supplement No.23
Vojtechova Z, Sabol I, Salakova M, Smahelova J, Zavadil J, Turek L, Grega M, Klozar
J, Prochazka B, Tachezy R. Comparison of the miRNA profiles in HPV-positive and

HPV-negative tonsillar tumors and a model system of human keratinocyte clones. BMC
Cancer, 2016, 16, 382. (cited 28x). IF2021=4.638
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In the first miRNAs expression profiling study in HNC, we characterized the expression
profiles in a matched set of well-characterized HPV-associated and HPV-negative tonsillar
tumours and in immortalized keratinocyte clones to define potential and clinically relevant
biomarkers of HNC of different aetiology. The study was performed on fresh frozen tonsillar
cancer and non-malignant tissues and cervical tumours and normal cervical tissues.
Furthermore, as a model, relative miRNA abundance levels in primary and immortalized
human keratinocyte clones were evaluated. A set of formalin-fixed paraffin-embedded tumour
samples enriched for the tumour cell fraction by macrodissection were used to confirm
differentially expressed miRNAs. We have identified specific up- and down-regulated
miRNAs for HPV-associated and non-associated tumours. In comparison with the expression
profiles in cervical tumours, we defined a set of “HPV core” miRNAs specific for these two
HPV-induced malignancies. Several miRNAs were also shared by the miRNA profiles of
HPV-negative tonsillar tumours and the HPV-negative keratinocytes, as well as the HPV-
positive tonsillar tumours and HPV-positive keratinocytes. In this study, the miRNAs
characteristics for HPV-induced tumours and tonsillar tumours of different aetiology
were identified.

However, the proposed miRNAs were not in agreement with the only other study published at
that time. Therefore, we explored the factors possibly influencing the outcomes of miRNA
expression profiling in our subsequent study (Suppl. 24).
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expression profiles in fresh frozen and formalin-fixed paraffin-embedded tonsillar
tumors. PLoS One, 2017, 12, 6, e0179645. (cited 9x) 1F2021=3.752

Most of the miRNA profiling studies of tumours were performed on fresh frozen samples

(FF) where the RNA is well preserved. However, this type of clinical material is rarely
available. Fortunately, it has been shown that the disadvantage of formalin fixation for mRNA
analysis is not a drawback for miRNA studies probably due to their small size (Jung et al.,
2010). In our study, we performed a comparison of the miRNA expression profiles between
FF and macrodissected FFPE tonsillar tumours. Data were processed by different software
programs (the SDS 2.4, and the ExpressionSuite v1.0.1 software (Life Technologies, USA),
and two different normalization methods (50th percentile shift, and global normalization)
were used. We observed a considerable correlation between the miRNA expression profiles of
paired FF and FFPE samples; 27-38% of the differentially deregulated miRNAs overlapped
between the two types of clinical samples, between the two normalization methods, the
overlap was 58-67% of differentially expressed miRNAs, and no influence of the software
platform was observed. Our study has stressed the fact that to be able to compare miRNA
expression profiles from different published studies, it is essential to use the same type of
clinical material. Furthermore, the selection of the normalization method for data
analysis is also important.

A further advance in molecular biology techniques has shown that also Next generation
sequencing methods (NGS) can be used for miRNA profiling. In collaboration with our
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colleagues from Croatia, we performed a study using NGS to explore the differentially
expressed miRNAs in HNC of different locations and relation to HPV involvement Suppl.
No.25).

Supplement No.25

Bozinovic K, Sabol I, Dediol I, Milutin Gasperov N, Vojtechova Z, Tachezy R, Grce M.
Genome-wide miRNA profiling reinforces the importance of miR-9 in human
papillomavirus-associated oral and oropharyngeal head and neck cancer. Scientific
Reports, 2019, 9, 1, 2306. (cited 28x) 1F2021=4.997

In this study, miRNA profiling was done by NGS on the fresh tissue of primary oral and
oropharyngeal HNC patients. A literature review on similar miRNA studies on HNC
populations was performed, and analysis of TCGA miRNA sequencing data for validation of
our findings was done. The NGS analyses revealed specific miRNAs in HPV-associated oral
HNC and HPV-associated oropharyngeal HNC, with some shared by both groups. The results
for selected miRNAs were further evaluated by reverse transcription-quantitative polymerase
chain reaction on the whole study population. Our findings, compared with the literature
data, revealed extensive heterogeneity of miRNA deregulation, and only a few miRNAs
were consistently affected. One of them was miR-9, being most often, but not exclusively,
detected in HPV-associated HNC.
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Finally, we extended our analysis of differential miRNA expression profiles to other tumours
with known HPV association (Suppl. No.26). We analysed HPV-associated or non-associated
cervical, anal, vulvar, and tonsillar tumours. One of the surprising observations was the large
variability in the total number of deregulated miRNAs between tumours of different locations.
The deregulated miRNA pool was specific for tumours in certain anatomic locations, but in
tumours of some locations, their total numbers were low. No deregulated miRNA was shared
by all four types of HPV-positive tumours. The most significant overlap of deregulated
miRNAs was found between tumours that differed both in location and HPV status (HPV-
positive cervical tumours vs. HPV-negative vulvar tumours). This study further shows that
HPY infection does not elicit conserved miRNA deregulation in squamous tumours of
different locations.

To summarize our data as well as data from numerous other studies, the research of
miRNAs expressed in HPV-related tumours revealed a significant heterogeneity. This
can be attributed to the differences in study design (type of clinical samples, data
evaluation method, HPV detection method). In individual tumours of the same location,
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certain consistency in the deregulation of some miRNAs has been shown. However, HPV
core miRNAs were not detected through HPV-associated tumours of different locations.
In HNC tumours, differentially expressed miRNAs detected only in HPV-associated vs.
HPV-negative tumours might shed some more light on the observed differences in HNC
of different aetiology since these miRNAs affect different cancer pathways.

8.2 Analyses of the tumour microenvironment (TME) of HNC

Patients with HPV-associated oropharyngeal tumours have a survival advantage. They show
better treatment response and less frequently develop recurrence. This recognition led to the
inclusion of the indirect marker of an active viral infection — p16 protein expression - in the
scoring system for oropharyngeal tumours and allowed for better risk stratification of patients.
The substantially better prognosis of patients with HPV-associated oropharyngeal tumours
stimulated the discussion about modification of the therapy with the aim to decrease the side
effects of the treatment by lowering the dose of chemotherapy or radiation. Unfortunately, the
clinical trial of de-intensification of treatment resulted in inferior survival (Ventz et al., 2019).
Therefore, new approaches/markers that will help to improve the risk stratification of HNC
patients for alternative treatment regimens are needed.

It has been shown that the immune system plays a vital role in the survival of patients with
different types of cancer. A variety of immune markers were explored, and several have been
shown useful in clinical settings. Additionally, alternative immunotherapeutic treatments are
now available for a variety of malignancies, including HNC, and immune markers that will
improve the risk stratification of patients for such types of treatments are needed. The number
and phenotype of immune cells infiltrating the tumour microenvironment (TME) were
identified as clinically applicable markers. Even though there are already numerous
publications dealing with the analyses of TME in HNC, they are burdened by the lack of the
unification of methodological approaches (Almangush et al., 2022).

New complex methods for the analyses of tumour immune environments are now available.
With the standardization of the techniques and with the help of new complex methods, it
might be possible to better describe the complex host-tumour interactions and consequently to
develop therapeutic strategies to modify the immune system of the patients to effectively
control the growth of the tumour.

In a search for the immune markers, we have implemented and optimized two methods that
allow for the complex immune profiling of solid tumours: mass cytometry and multiplex
multispectral fluorescent immunohistochemistry (Suppl. No.27-29). The results of clinical
testing of HNC samples by the optimized mass cytometry prove the ability to identify various
immune cells, including rare subpopulations (Suppl. No.27). This optimized method is now
utilized in our ongoing studies.

Supplement No.27
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Unlike mass and flow cytometry, multiplex multispectral fluorescent immunohistochemistry
allows the detection of a smaller number of targets. On the other hand, the different
populations of immune cells can be analysed in situ with respect to the localization in
different tumour compartments, and their interactions can be studied in detail. Such an
approach can reveal possible influence of the type and number of cells in different
compartments on the prognosis. Such an approach focusing on immune cells is a basis for
defining the immunoscore. This indicator is used in risk stratification of patients with colon
cancer independently of TNM staging (Pages et al., 2018). With the help of this method, we
have explored the differences in the TME of HPV-associated and non-associated HNC to
explain better prognosis of patients with HPV-positive tumours and to evaluate the
populations of cells infiltrating different compartments of tumours, thus providing a possible
independent prognostic tool for HNC patients.
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In the following study (Suppl. No.28), we focused on detecting tumour-associated
macrophages (TAMs) of different polarization, the most abundant family of tumour-
infiltrating immune cells with controversial influence on the prognosis. Here, we have
detected more TAMs in the stroma of tumours of any aetiology and more pro-tumorigenic
macrophages in the stroma of HPV-negative tumours. This finding was supported by the RT-
qPCR detection of higher expression of M2 markers, a cluster of differentiation 163 (CD163),
ARG1, and prostaglandin- endoperoxide synthase 2 (PTGS2), while in HPV-associated
tumours, higher expression of a marker of anti-tumorigenic M1 macrophages, nitric oxide
synthase 2 (NOS2), was found. In HPV-negative tumours, non-macrophage arginase 1
(ARG1)-expressing population of cells was detected with higher abundance in comparison to
HPV-associated tumours. Regardless of the aetiology of HNC tumours, the expression of
ARG1 mRNA was revealed as an adverse prognostic factor for the overall survival of HNC
patients. This observation was made for the first time in HNC but has been documented in
colorectal cancer and Hodgkin lymphoma by others (Romano et al., 2016; Ma et al., 2019).
Inhibition of ARG and nitric oxide production via inhibition of phosphodiesterase 5
(Tadalafil) was tested in a phase II clinical trial with promising results showing reversion of
the tumour-specific immune suppression in HNC patients (Califano et al., 2015).
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are an Independent Prognostic Marker in Patients with Head and Neck Cancer.
Biomedicines, 2022, 10, 11, 2794. (cited 0x) 1F2021=4.757

Next, we have focused on the analyses of TILs in TME (Suppl. No.29). As in the previous
study on TAMs, we detected more TILs in the stroma of tumours regardless of the aetiology.
In HPV-associated tumours, more CD4+, CD8+, and PD1+CD4+, PD1+CD8+ T cells were
detected. We did not observe differences in Treg numbers between the HPV+ and HPV-
groups, but the levels of the Treg subpopulation, producing the costimulatory molecule ICOS
(ICOS+FOXP3+CD4+) was more abundant in the HPV— tumours. Most importantly, we have
revealed that higher levels of PD-1+CD8+ T lymphocytes were a favourable prognostic factor
for patients in all our models. This finding suggests that the level of PD-1+CD8+ T
lymphocytes should be included in the prognostic Immunoscore for patients with OC and
OPSCC of different aetiology.
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9. Conclusion

Since the seminal discovery of HPV infectious aetiology of cervical cancer, tremendous
progress has been achived in the field of epidemiology, diagnostics, and prevention of
diseases associated with HPV. Besides cancers of the anogenital tract of women and men, a
significant portion of HNC appeared to be partially linked to infection with HR HPV types.
The incidence of HPV-associated HNC is increasing in high-income countries, and in the
United States it surpassed the incidence of cervical cancer. The development and
implementation of sensitive molecular biology methods, in combination with the uncovering
of molecular and immunological markers, played a vital role in this progress. Careful
genotyping of HPVs based on specific PCR, DNA hybridization, and sequencing in our and
other epidemiological studies elucidated which HPV types represent a high risk for cancer.
This knowledge was essential for the development and introduction of successful prophylactic
vaccines that protect against HPV-associated diseases, most importantly against cancers in
different anatomical locations. In recent years, revitalization of immunotherapies opened new
possibilities in the individualised treatment of patients and emphasizes the need for new
immunological markers. The pre-vaccination studies not only provide the knowledge for
vaccine development and implementation but also provide data for future surveillance of HPV
infections in the population.

My research was deeply wedded and performed in a very fruitful, mutual collaboration with
the clinical institutions, including the education of medical doctoral students in the lab under
my supervision.

I am happy and grateful that I had the chance to participate in the research that supported the
successful story from the discovery of the HPV aetiology in a number of diseases to the
improvement of early diagnosis and the implementation of one of the most successful
vaccines in medical history.

47



10. Acknowledgement

Over the years, [ have been cooperating with many colleagues both in the Czech Republic and
abroad and it would be a very long acknowledgement if I had to name them all. Therefore, I
would like to acknowledge my tutors who influenced the start of my career: prof. RNDr.
Jaroslav Kulda, CSc., prof. RNDr. Jaroslav Flegr, CSc., prof. Vladimir Vonka, MD, CSc., and
prof. Robbie Burk, MD, PhD. The most important partners in the Czech Republic in
numerous projects were prof. Lukas Rob, MD, CsC. and prof. Jan Klozar, MD, CsC. I had
long-lasting international collaboration with prof. Elaine Smith, Ph.D. and prof. Lubomir
Turek, MD, PhD. from lowa University in the USA and with prof. Marc Van Ranst, MD,
PhD. from the University of Leuven in Belgium. In this short listing I must acknowledge the
most important members of the laboratory team: RNDr. Eva Hams$ikova, RNDr. Viera
Ludvikova, RNDr. Jana Smahelova, RNDr. Martina Saldkova, Ph.D., RNDr. Michal Smahel,
Ph.D., Pavlina Jarolimkovéa, Blanka Langova. Several very talented Ph.D. students worked in
the laboratory and successfully finished their doctoral degree. For permanent support, I thank
my husband prof. RNDr. Jan Tachezy, Ph.D., my parents and the whole family.

48



11. References

Aldabagh, B., Angeles, J. G. C., Cardones, A. R., & Arron, S. T. (2013). Cutaneous squamous
cell carcinoma and human papillomavirus: is there an association? Dermatologic
Surgery : Olfficial Publication for American Society for Dermatologic Surgery, 39(1 Pt
1), 1-23. https://doi.org/10.1111/j.1524-4725.2012.02558.x

Almangush, A., De Keukeleire, S., Rottey, S., Ferdinande, L., Vermassen, T., Leivo, L.,
Makitie, A. A. (2022). Tumor-Infiltrating Lymphocytes in Head and Neck Cancer:
Ready for Prime Time? Cancers, 14, 1558. https://doi.org/10.3390/cancers14061558

Appleby, P., Beral, V., Berrington de Gonzélez, A., Colin, D., Franceschi, S., Goodhill, A.,
Green, J., Peto, J., Plummer, M., & Sweetland, S. (2007). Cervical cancer and hormonal
contraceptives: collaborative reanalysis of individual data for 16,573 women with
cervical cancer and 35,509 women without cervical cancer from 24 epidemiological
studies. Lancet, 370(9599), 1609—1621. https://doi.org/10.1016/S0140-6736(07)61684-5

Beckman, G., Birgander, R., Sjdlander, A., Saha, N., Holmberg, P. A., Kivel4, A., &
Beckman, L. (1994). Is p53 polymorphism maintained by natural selection? Human
Heredity, 44(5), 266-270. https://doi.org/10.1159/000154228

Bernard, H.-U., Burk, R. D., Chen, Z., van Doorslaer, K., zur Hausen, H., & de Villiers, E.-M.
(2010). Classification of papillomaviruses (PVs) based on 189 PV types and proposal of
taxonomic amendments. Virology, 401(1), 70-79.
https://doi.org/10.1016/j.virol.2010.02.002

Boshart, M., Gissmann, L., Ikenberg, H., Kleinheinz, A., Scheurlen, W., & zur Hausen, H.
(1984). A new type of papillomavirus DNA, its presence in genital cancer biopsies and
in cell lines derived from cervical cancer. The EMBO Journal, 3(5), 1151-1157.
https://doi.org/10.1002/j.1460-2075.1984.tb01944 x

Bravo, 1. G., de Sanjosé, S., & Gottschling, M. (2010). The clinical importance of
understanding the evolution of papillomaviruses. Trends in Microbiology, 18(10), 432—
438. https://doi.org/10.1016/j.tim.2010.07.008

Bruni, L., Diaz, M., Castellsagué, X., Ferrer, E., Bosch, F. X., & de Sanjosé¢, S. (2010).
Cervical human papillomavirus prevalence in 5 continents: meta-analysis of 1 million
women with normal cytological findings. The Journal of Infectious Diseases, 202(12),
1789—-1799. https://doi.org/10.1086/657321

Bzhalava, D., Eklund, C., & Dillner, J. (2015). International standardization and classification
of human papillomavirus types. Virology, 476, 341-344.
https://doi.org/10.1016/j.virol.2014.12.028

Califano, J. A., Khan, Z., Noonan, K.A., Rudraraju, L., Zhang, Z., Wang, H., Goodman, S.,
Gourin, C. G., Ha, P. K., Fakhry, C., Saunders, J., Levine, M., Tang, M., Neuner, G.,
Richmon, J.D., Blanco, R. Agrawal, N., Koch, W. M., Marur, S., Weed, D. T., Serafini,
P., Borello, I. (2015). Tadalafil Augments Tumor Specific Inmunity in Patients with
Head and Neck Squamous Cell Carcinoma.Clinical Cancer Research, 21, 1, 30-38.
https://doi.org/10.1158/1078-0432.CCR-14-1716

Cao, S., Gan, Y., Dong, X., & Lu, Z. (2014). Herpes simplex virus type 2 and the risk of
cervical cancer: a meta-analysis of observational studies. Archives of Gynecology and
Obstetrics, 290(6), 1059—1066. https://doi.org/10.1007/s00404-014-3365-7

de Araujo Souza, P. S., Sichero, L., & Maciag, P. C. (2009). HPV variants and HLA
polymorphisms: the role of variability on the risk of cervical cancer. Future Oncology ,
5(3), 359-370. https://doi.org/10.2217/fon.09.8

de Martel, C., Georges, D., Bray, F., Ferlay, J., & Clifford, G. M. (2020). Global burden of
cancer attributable to infections in 2018: a worldwide incidence analysis. The Lancet.
Global Health, 8(2), e180—e190. https://doi.org/10.1016/S2214-109X(19)30488-7

49



De Marzo, A. M., Platz, E. A., Sutcliffe, S., Xu, J., Gronberg, H., Drake, C. G., Nakai, Y.,
Isaacs, W. B., & Nelson, W. G. (2007). Inflammation in prostate carcinogenesis. Nature
Reviews. Cancer, 7(4), 256-269. https://doi.org/10.1038/nrc2090

de Sanjosé, S., Diaz, M., Castellsagué, X., Clifford, G., Bruni, L., Mufioz, N., & Bosch, F. X.
(2007). Worldwide prevalence and genotype distribution of cervical human
papillomavirus DNA in women with normal cytology: a meta-analysis. The Lancet.
Infectious Diseases, 7(7), 453—459. https://doi.org/10.1016/S1473-3099(07)70158-5

de Villiers, E.-M. (2013). Cross-roads in the classification of papillomaviruses. Virology,
445(1-2), 2—10. https://doi.org/10.1016/j.virol.2013.04.023

de Villiers, E.-M., Fauquet, C., Broker, T. R., Bernard, H.-U., & zur Hausen, H. (2004).
Classification of papillomaviruses. Virology, 324(1), 17-27.
https://doi.org/10.1016/j.virol.2004.03.033

de Villiers, E. M., Weidauer, H., Otto, H., & zur Hausen, H. (1985). Papillomavirus DNA in
human tongue carcinomas. International Journal of Cancer, 36(5), 575-578.
https://doi.org/10.1002/ij¢.2910360510

Dodd, J. G., Paraskevas, M., & McNicol, P. J. (1993). Detection of human papillomavirus 16
transcription in human prostate tissue. The Journal of Urology, 149(2), 400—402.
https://doi.org/10.1016/s0022-5347(17)36103-7

Diirst, M., Gissmann, L., Ikenberg, H., & zur Hausen, H. (1983). A papillomavirus DNA from
a cervical carcinoma and its prevalence in cancer biopsy samples from different
geographic regions. Proceedings of the National Academy of Sciences of the United
States of America, 80(12), 3812-3815. https://doi.org/10.1073/pnas.80.12.3812

Epstein, M. A., Achong, B. G., & Barr, Y. M. (1964). Virus particles in cultured lymphoblasts
from Burkitt’s lymphoma. Lancet , 1(7335), 702—703. https://doi.org/10.1016/s0140-
6736(64)91524-7

Evans, A. S. (1982). The clinical illness promotion factor: a third ingredient. The Yale Journal
of Biology and Medicine, 55(3—4), 193—199.

Falcaro, M., Castafion, A., Ndlela, B., Checchi, M., Soldan, K., Lopez-Bernal, J., Elliss-
Brookes, L., & Sasieni, P. (2021). The effects of the national HPV vaccination
programme in England, UK, on cervical cancer and grade 3 cervical intraepithelial
neoplasia incidence: a register-based observational study. Lancet, 398(10316), 2084—
2092. https://doi.org/10.1016/S0140-6736(21)02178-4

Feng, H., Shuda, M., Chang, Y., & Moore, P. S. (2008). Clonal integration of a polyomavirus
in human Merkel cell carcinoma. Science, 319(5866), 1096—1100.
https://doi.org/10.1126/science.1152586

Ferguson AR. (1911). Associated bilharziosis and primary malignant disease of the urinary
bladder, with observations on a series of forty cases. J Pathol Bacteriol, 16, 76-98.

Gaykalova, D. A., Mambo, E., Choudhary, A., Houghton, J., Buddavarapu, K., Sanford, T.,
Darden, W., Adai, A., Hadd, A., Latham, G., Danilova, L. V, Bishop, J., Li, R. J.,
Westra, W. H., Hennessey, P., Koch, W. M., Ochs, M. F., Califano, J. A., & Sun, W.
(2014). Novel insight into mutational landscape of head and neck squamous cell
carcinoma. PloS One, 9(3), €93102. https://doi.org/10.1371/journal.pone.0093102

Gissmann, L., Boshart, M., Diirst, M., Ikenberg, H., Wagner, D., & zur Hausen, H. (1984).
Presence of human papillomavirus in genital tumors. The Journal of Investigative
Dermatology, 83(1 Suppl), 26s-28s. https://doi.org/10.1111/1523-1747.ep12281143

Grulich, A. E., van Leeuwen, M. T., Falster, M. O., & Vajdic, C. M. (2007). Incidence of
cancers in people with HIV/AIDS compared with immunosuppressed transplant
recipients: a meta-analysis. Lancet, 370(9581), 59—67. https://doi.org/10.1016/S0140-
6736(07)61050-2

Hall, P. A., & Lane, D. P. (1994). Genetics of growth arrest and cell death: key determinants

50



of tissue homeostasis. European Journal of Cancer, 304(13), 2001-2012.
https://doi.org/10.1016/0959-8049(94)00394-k

Hamsikova, E., Tachezy, R., Némec¢kova, S. (2015). Profylaktické vakciny proti lidskym
papilomavirim: prostfedek primarni prevence karcinomu délozniho hrdla, eventualné
dalSich nadori spojenych s infekci HPV. In Zavadova, E. (Ed.), Onkologicka imunologie
(pp- 93—107). Mlad4 Fronta.

Hamsikova, E., Smahelova, J., Ludvikova, V., Salakova, M., Rychla, J., Skrenkova, J., Rob,
L., & Tachezy, R. (2017). The prevalence of HPV infections in HPV-vaccinated women
from the general population. APMIS, 125(6). https://doi.org/10.1111/apm.12677

Harper, D. M. (2009). Currently approved prophylactic HPV vaccines. Expert Review of
Vaccines, 8(12), 1663—1679. https://doi.org/10.1586/erv.09.123

Hashibe, M., Brennan, P., Chuang, S.-C., Boccia, S., Castellsague, X., Chen, C., Curado, M.
P., Dal Maso, L., Daudt, A. W., Fabianova, E., Fernandez, L., Wiinsch-Filho, V.,
Franceschi, S., Hayes, R. B., Herrero, R., Kelsey, K., Koifman, S., La Vecchia, C.,
Lazarus, P., Levi, F., Lence, J.J., Mates, D., Matos, E., Menezes, A., McClean, M.D.,
Muscat, J., Eluf-Neto, J., Olsham, A., Purdue, M., Rudnai, P., Schwartz, S.M., Smith, E.,
Sturgis, E.M., Winn, D.M., Shangina, O., Pilarska, A., Zhang, Z-F., Ferro, G., Berthiller,
J., Boffetta, P. (2009). Interaction between tobacco and alcohol use and the risk of head
and neck cancer: pooled analysis in the International Head and Neck Cancer
Epidemiology Consortium. Cancer Epidemiology, Biomarkers & Prevention : A
Publication of the American Association for Cancer Research, Cosponsored by the
American Society of Preventive Oncology, 18(2), 541-550. https://doi.org/10.1158/1055-
9965.EP1-08-0347

Ho, G. Y. F., Studentsov, Y. Y., Bierman, R., & Burk, R. D. (2004). Natural history of human
papillomavirus type 16 virus-like particle antibodies in young women. Cancer
Epidemiology, Biomarkers & Prevention : A Publication of the American Association
for Cancer Research, Cosponsored by the American Society of Preventive Oncology,
13(1), 110-116. https://doi.org/10.1158/1055-9965.epi-03-0191

Huebner, R. J. (1957). Criteria for etiologic association of prevalent viruses with prevalent
diseases; the virologist’s dilemma. Annals of the New York Academy of Sciences, 67(8),
430-438. https://doi.org/10.1111/j.1749-6632.1957.tb46066.x

International Collaboration of Epidemiological Studies of Cervical Cancer. (2007).
Comparison of risk factors for invasive squamous cell carcinoma and adenocarcinoma of
the cervix: collaborative reanalysis of individual data on 8,097 women with squamous
cell carcinoma and 1,374 women with adenocarcinoma from 12 epidemiological studies.
International Journal of Cancer, 120(4), 885—891. https://doi.org/10.1002/ijc.22357

Jacqueline, C., Tasiemski, A., Sorci, G., Ujvari, B., Maachi, F., Miss¢, D., Renaud, F., Ewald,
P., Thomas, F., & Roche, B. (2017). Infections and cancer: the “fifty shades of
immunity” hypothesis. BMC Cancer, 17(1), 257. https://doi.org/10.1186/s12885-017-
3234-4

Jay, C., Nemunaitis, J., Chen, P., Fulgham, P., & Tong, A. W. (2007). miRNA profiling for
diagnosis and prognosis of human cancer. DNA and Cell Biology, 26(5), 293-300.
https://doi.org/10.1089/dna.2006.0554

Jung, M., Schaefer, A., Steiner, I., Kempkensteffen, C., Stephan, C., Erbersdobler, A., &
Jung, K. (2010). Robust microRNA stability in degraded RNA preparations from human
tissue and cell samples. Clinical Chemistry, 56(6), 998—1006.
https://doi.org/10.1373/clinchem.2009.141580

Khoury, J. D., Tannir, N. M., Williams, M. D., Chen, Y., Yao, H., Zhang, J., Thompson, E. J.,
Meric-Bernstam, F., Medeiros, L. J., Weinstein, J. N., & Su, X. (2013). Landscape of
DNA virus associations across human malignant cancers: analysis of 3,775 cases using

51



RNA-Seq. Journal of Virology, 87(16), 8916—8926. https://doi.org/10.1128/JVI1.00340-
13

Kjaer, S. K., Dehlendorff, C., Belmonte, F., & Baandrup, L. (2021). Real-World Effectiveness
of Human Papillomavirus Vaccination Against Cervical Cancer. Journal of the National
Cancer Institute, 113(10), 1329-1335. https://doi.org/10.1093/jnci/djab080

Krcmar, M., Suchankova, A., Kanka, J., & Vonka, V. (1986). Prospective study on the
relationship between cervical neoplasia and herpes simplex type 2 virus. III. Presence of
herpes simplex type-2 antibody in sera of subjects who developed cervical neoplasia
later in the study. International Journal of Cancer, 38(2), 161-165.
https://doi.org/10.1002/ijc.2910380203

Lei, J., Ploner, A., Elfstrom, K. M., Wang, J., Roth, A., Fang, F., Sundstrom, K., Dillner, J., &
Sparén, P. (2020). HPV Vaccination and the Risk of Invasive Cervical Cancer. The New
England Journal of Medicine, 383(14), 1340—1348.
https://doi.org/10.1056/NEJMoal917338

Liaw, K. L., Glass, A. G., Manos, M. M., Greer, C. E., Scott, D. R., Sherman, M., Burk, R.
D., Kurman, R. J., Wacholder, S., Rush, B. B., Cadell, D. M., Lawler, P., Tabor, D., &
Schiffman, M. (1999). Detection of human papillomavirus DNA in cytologically normal
women and subsequent cervical squamous intraepithelial lesions. Journal of the National
Cancer Institute, 91(11), 954-960. https://doi.org/10.1093/jnci/91.11.954

Loning, T., Ikenberg, H., Becker, J., Gissmann, L., Hoepfer, 1., & zur Hausen, H. (1985).
Analysis of oral papillomas, leukoplakias, and invasive carcinomas for human
papillomavirus type related DNA. The Journal of Investigative Dermatology, 84(5), 417—
420. https://doi.org/10.1111/1523-1747.ep12265517

Ma, Z., Lian, J., Yang, M., Wuyang, J., Zhao, C., Chen, W., Liu, C., Zhao, Q., Lou, C., Han,
J., Zhang, Y. (2019). Overexpression of Arginase-1 is an indicator of poor prognosis in
patients with colorectal cancer. Pathology-Research and Practice, 215, 6, 152383.
https://doi.org/10.1016/;.prp.2019.03.012Martinez-Nava, G. A., Fernandez-Nifo, J. A.,
Madrid-Marina, V., & Torres-Poveda, K. (2016). Cervical Cancer Genetic Susceptibility:
A Systematic Review and Meta-Analyses of Recent Evidence. PloS One, 11(7),
€0157344. https://doi.org/10.1371/journal.pone.0157344

Matlashewski, G. J., Tuck, S., Pim, D., Lamb, P., Schneider, J., & Crawford, L. V. (1987).
Primary structure polymorphism at amino acid residue 72 of human p53. Molecular and
Cellular Biology, 7(2), 961-963. https://doi.org/10.1128/mcb.7.2.961-963.1987

Mehanna, H., Beech, T., Nicholson, T., El-Hariry, 1., McConkey, C., Paleri, V., & Roberts, S.
(2013). Prevalence of human papillomavirus in oropharyngeal and nonoropharyngeal
head and neck cancer--systematic review and meta-analysis of trends by time and region.
Head & Neck, 35(5), 747-755. https://doi.org/10.1002/hed.22015

Moore, P. S., & Chang, Y. (2010). Why do viruses cause cancer? Highlights of the first
century of human tumour virology. Nature Reviews Cancer, 10(12), 878—889.
https://doi.org/10.1038/nrc2961

Muioz, N., Bosch, F. X., de Sanjosé, S., Tafur, L., Izarzugaza, 1., Gili, M., Viladiu, P.,
Navarro, C., Martos, C., & Ascunce, N. (1992). The causal link between human
papillomavirus and invasive cervical cancer: a population-based case-control study in
Colombia and Spain. International Journal of Cancer, 52(5), 743-749.
https://doi.org/10.1002/ij¢.2910520513

Pagano, J. S., Blaser, M., Buendia, M.-A., Damania, B., Khalili, K., Raab-Traub, N., &
Roizman, B. (2004). Infectious agents and cancer: criteria for a causal relation. Seminars
in Cancer Biology, 14(6), 453—471. https://doi.org/10.1016/j.semcancer.2004.06.009

Paggs, F., Mlecnik, B., Marliot, F., Bindea, G., Ou, F.S., Bifulco, C., Lugli, A., Zlobec, I.,
Rau, T.T., Berger, M.D., et al. (1982). International validation of the consensus

52



Immunoscore for the classification of colon cancer: A prognostic and accuracy study.
Lancet, 391, 2128-2139. https://doi.org/10.1016/S0140-6736(18)30789-X

Papanicolaou, G. N., & Traut, H. F. (1997). The diagnostic value of vaginal smears in
carcinoma of the uterus. 1941. Archives of Pathology & Laboratory Medicine, 121(3),
211-224.

Plummer, M., de Martel, C., Vignat, J., Ferlay, J., Bray, F., & Franceschi, S. (2016). Global
burden of cancers attributable to infections in 2012: a synthetic analysis. The Lancet.
Global Health, 4(9), €609-16. https://doi.org/10.1016/S2214-109X(16)30143-7

Plummer, M., Herrero, R., Franceschi, S., Meijer, C. J. L. M., Snijders, P., Bosch, F. X., de
Sanjosé, S., & Muinoz, N. (2003). Smoking and cervical cancer: pooled analysis of the
IARC multi-centric case--control study. Cancer Causes & Control : CCC, 14(9), 805—
814. https://doi.org/10.1023/b:caco.0000003811.98261.3¢

Rikardsen, O. G., Bjerkli, I.-H., Uhlin-Hansen, L., Hadler-Olsen, E., & Steigen, S. E. (2014).
Clinicopathological characteristics of oral squamous cell carcinoma in Northern Norway:
a retrospective study. BMC Oral Health, 14, 103. https://doi.org/10.1186/1472-6831-14-
103

Rivers, T. M. (1937). Viruses and Koch’s Postulates. Journal of Bacteriology, 33(1), 1-12.
https://doi.org/10.1128/jb.33.1.1-12.1937

Romano, A., Parrinello, N. L., Vetro, C., Tibullo, D., Giallongo, C., La Cava, P., Chiarenza,
A., Motta, G., Caruso, A. L., Villari, L., Tripodo, C., Cosentino, S., Ippolito, M.,
Consoli, U., Gallamini, A., Pileri, S., Di raimondo, F. (2016). The prognostic value of the
myeloid-mediated immunosuppression marker Arginase-1 in classic Hodgkin lymphoma.
Oncotarget, 7, 67333—67346. https://doi.org/10.18632/oncotarget.12024

Ryndock, E. J., & Meyers, C. (2014). A risk for non-sexual transmission of human
papillomavirus? In Expert review of anti-infective therapy (Vol. 12, Issue 10, pp. 1165—
1170). https://doi.org/10.1586/14787210.2014.959497

Schiffman, M., Castle, P. E., Jeronimo, J., Rodriguez, A. C., & Wacholder, S. (2007). Human
papillomavirus and cervical cancer. Lancet, 370(9590), 890-907.
https://doi.org/10.1016/S0140-6736(07)61416-0

Sjilander, A., Birgander, R., Kiveld, A., & Beckman, G. (1995). p53 polymorphisms and
haplotypes in different ethnic groups. Human Heredity, 45(3), 144—149.
https://doi.org/10.1159/000154275

Skapa, P., Zamecnik, J., Hamsikova, E., Salakova, M., Smahelova, J., Jandova, K., Robova,
H., Rob, L., & Tachezy, R. (2007). Human papillomavirus (HPV) profiles of vulvar
lesions: Possible implications for the classification of vulvar squamous cell carcinoma
precursors and for the efficacy of prophylactic HPV vaccination. American Journal of
Surgical Pathology, 31(12). https://doi.org/10.1097/PAS.0b013e3180686d10

Smabhelova, J., Hamsikova, E., Ludvikova, V., Vydrova, J., Traboulsi, J., Vencalek, O.,
Lukes, P., & Tachezy, R. (2022). Outcomes After Human Papillomavirus Vaccination in
Patients With Recurrent Respiratory Papillomatosis: A Nonrandomized Clinical Trial.
JAMA Otolaryngology-- Head & Neck Surgery, 148(7), 654—661.
https://doi.org/10.1001/jamaoto.2022.1190

Storey, A., Thomas, M., Kalita, A., Harwood, C., Gardiol, D., Mantovani, F., Breuer, J.,
Leigh, I. M., Matlashewski, G., & Banks, L. (1998). Role of a p53 polymorphism in the
development of human papillomavirus-associated cancer. Nature, 393(6682), 229-234.
https://doi.org/10.1038/30400

Sudhakar, A. (2009). History of Cancer, Ancient and Modern Treatment Methods. Journal of
Cancer Science & Therapy, 1(2), 1-4. https://doi.org/10.4172/1948-5956.100000e2

Sutcliffe, S., Giovannucci, E., De Marzo, A. M., Leitzmann, M. F., Willett, W. C., & Platz, E.
A. (2006). Gonorrhea, syphilis, clinical prostatitis, and the risk of prostate cancer.

53


https://doi.org/10.18632%2Foncotarget.12024

Cancer Epidemiology, Biomarkers & Prevention : A Publication of the American
Association for Cancer Research, Cosponsored by the American Society of Preventive
Oncology, 15(11), 2160-2166. https://doi.org/10.1158/1055-9965.EPI-05-0913

Svec, A., Urban, M., Mikyskova, 1., & Tachezy, R. (1999). Human papillomavirus in
squamous metaplastic epithelium with dysplasia of the epididymis detected by PCR
method [4]. American Journal of Surgical Pathology, 23(11).
https://doi.org/10.1097/00000478-199911000-00022

Tachezy, R., Hamsikova, E., Hajek, T., Mikyskova, I., Smahel, M., Van Ranst, M., Kanka, J.,
Havrankova, A., Rob, L., Guttner, V., Slavik, V., Anton, M., Kratochvil, B., Kotrsova,
L., & Vonka, V. (1999). Human papillomavirus genotype spectrum in Czech women:
Correlation of HPV DNA presence with antibodies against HPV-16, 18, and 33 virus-
like particles. Journal of Medical Virology, 58(4). https://doi.org/10.1002/(SICI)1096-
9071(199908)58:4&I1t;378:: AID-IMV 10&gt;3.0.CO;2-P

Tachezy, R., Hamsikova, E., Valvoda, J., Van Ranst, M., Betka, J., Burk, R. D., & Vonka, V.
(1994). Antibody response to a synthetic peptide derived from the human papillomavirus
type 6/11 L2 protein in recurrent respiratory papillomatosis: Correlation between
southern blot hybridization, polymerase chain reaction, and serology. Journal of Medical
Virology, 42(1). https://doi.org/10.1002/jmv.1890420111

Tachezy, R., Jirasek, T., Salakova, M., Ludvikova, V., Kubecova, M., Horak, L., Mandys, V.,
& Hamsikova, E. (2007). Human papillomavirus infection and tumours of the anal canal:
Correlation of histology, PCR detection in paraffin sections and serology. 4PMIS,
115(3). https://doi.org/10.1111/1.1600-0463.2007.apm_526.x

Tachezy, R., Mikyskova, 1., Salakova, M., & Van Ranst, M. (1999). Correlation between
human papillomavirus-associated cervical cancer and p53 codon 72 arginine/proline
polymorphism. Human Genetics, 105(6). https://doi.org/10.1007/s004390051146

Tachezy, R., Salakova, M., Hamsikova, E., Kanka, J., Havrankova, A., & Vonka, V. (2003).
Prospective study on cervical neoplasia: Presence of HPV DNA in cytological smears
precedes the development of cervical neoplastic lesions. Sexually Transmitted Infections,
79(3). https://doi.org/10.1136/st1.79.3.191

Tan, S. C., & Ankathil, R. (2015). Genetic susceptibility to cervical cancer: role of common
polymorphisms in apoptosis-related genes. Tumour Biology : The Journal of the
International Society for Oncodevelopmental Biology and Medicine, 36(9), 6633—-6644.
https://doi.org/10.1007/s13277-015-3868-2

Thomas, M., Pim, D., & Banks, L. (1999). The role of the E6-p53 interaction in the molecular
pathogenesis of HPV. Oncogene, 18(53), 7690—7700.
https://doi.org/10.1038/sj.onc.1202953

Vajdic, C. M., & van Leeuwen, M. T. (2009). Cancer incidence and risk factors after solid
organ transplantation. International Journal of Cancer, 125(8), 1747-1754.
https://doi.org/10.1002/1jc.24439

Van Doorslaer, K., & Dillner, J. (2019). The Launch of an International Animal
Papillomavirus Reference Center. In Viruses (Vol. 11, Issue 1).
https://doi.org/10.3390/v11010055

Ventz, S., Trippa, L., & Schoenfeld, J. D. (2019). Lessons Learned from Deescalation Trials
in Favorable Risk HPV-Associated Squamous Cell Head and Neck Cancer-A
Perspective on Future Trial Designs. Clinical Cancer Research : An Official Journal of
the American Association for Cancer Research, 25(24), 7281-7286.
https://doi.org/10.1158/1078-0432.CCR-19-0945

Vonka, V. (2000). Causality in medicine: the case of tumours and viruses. Philosophical
Transactions of the Royal Society of London. Series B, Biological Sciences, 355(1404),
1831-1841. https://doi.org/10.1098/rstb.2000.0738

54



Vonka, V., Hamsikova, E., Kanka, J., Ludvikova, V., Sapp, M., & Smahel, M. (1999).
Prospective study on cervical neoplasia IV. Presence of HPV antibodies. International
Journal of Cancer, 80(3), 365-368. https://doi.org/10.1002/(sici)1097-
0215(19990129)80:3<365::aid-1jc5>3.0.co;2-c

Vonka, V., Kanka, J., Jelinek, J., Subrt, I., Suchanek, A., Havrankova, A., Vachal, M., Hirsch,
I., Domorazkova, E., & Zavadova, H. (1984). Prospective study on the relationship
between cervical neoplasia and herpes simplex type-2 virus. I. Epidemiological
characteristics. International Journal of Cancer, 33(1), 49—60.
https://doi.org/10.1002/ij¢.2910330110

Vonka, V., Kanka, J., & Roth, Z. (1987). Herpes simplex type 2 virus and cervical neoplasia.
Advances in Cancer Research, 48, 149—191. https://doi.org/10.1016/s0065-
230x(08)60692-2

Walboomers, J. M., Jacobs, M. V, Manos, M. M., Bosch, F. X., Kummer, J. A., Shah, K. V,
Snijders, P. J., Peto, J., Meijer, C. J., & Mufioz, N. (1999). Human papillomavirus is a
necessary cause of invasive cervical cancer worldwide. The Journal of Pathology,
189(1), 12—19. https://doi.org/10.1002/(SICI)1096-9896(199909)189:1<12::AID-
PATH431>3.0.CO;2-F

Wright, T. C. J., Cox, J. T., Massad, L. S., Twiggs, L. B., & Wilkinson, E. J. (2002). 2001
Consensus Guidelines for the management of women with cervical cytological
abnormalities. JAMA, 287(16), 2120-2129. https://doi.org/10.1001/jama.287.16.2120

Zheng, Z.-M., & Baker, C. C. (2006). Papillomavirus genome structure, expression, and post-
transcriptional regulation. Frontiers in Bioscience : A Journal and Virtual Library, 11,
2286-2302. https://doi.org/10.2741/1971

Zhu, H., Shen, Z., Luo, H., Zhang, W., & Zhu, X. (2016). Chlamydia Trachomatis Infection-
Associated Risk of Cervical Cancer: A Meta-Analysis. Medicine, 95(13), €3077.
https://doi.org/10.1097/MD.0000000000003077

zur Hausen, H. (1991). Viruses in human cancers. Science, 254(5035), 1167-1173.
https://doi.org/10.1126/science.1659743

zur Hausen, H. (2006). Perspectives of contemporary papillomavirus research. In Vaccine:
Vol. 24 Suppl 3 (p. S3/iii-iv). https://doi.org/10.1016/j.vaccine.2006.06.054

Zygogianni, A., Kyrgias, G., Mystakidou, K., Antypas, C., Kouvaris, J., Papadimitriou, C.,
Armonis, V., Alkati, H., & Kouloulias, V. (2011). Potential role of the alcohol and
smoking in the squamous cell carcinoma of the head and neck: review of the current
literature and new perspectives. Asian Pacific Journal of Cancer Prevention : APJCP,
12(2), 339-344.

55



12. Reprints of selected papers

Supplement No.1

Tachezy R., Salakova M, Hamsikova E, Kanka J, Havrankova A, Vonka V. Prospective
study on cervical neoplasia: presence of HPV DNA in cytological smears precedes the
development of cervical neoplastic lesions. Sexually Transmitted Infection, 2003, 79,
191-196. (cited 6x) 1F2021=4,199

56



Supplement No.2

Ho G, Burk R, Klein S, Kadish A, Chang C, Palan P, Basu J, Tachezy R, Lewis R,
Romney, S. Persistent genital human papillomavirus infection as a risk factor for
persistent cervical dysplasia. Journal of the National Cancer Institute, 1995, 87, 18,
1365-1371. (cited 591x) 1F2021=11.816

63



Supplement No.3

Tachezy R, Mikyskova I, Ludvikova V, Rob L, Kucera T, Slavik V, Bekova A, Robova
H, Pluta M, Hamsikova E: Longitudinal study of patients after surgical treatment for
cervical lesions: HPV DNA detection and prevalence of HPV—specific antibodies.
European Journal of Clinical Microbiology & Infectious Diseases, 2006, 25, 8, 492-500,
2006. (cited 15x) 1F2021=5.103

72



Supplement No.4

Zehbe 1, Tachezy R, Mytilineos J, Voglino G, Mikyskova I, Delius H, Marongiu A,
Gissmann L, Wilander E, Tommasino M. Human papillomavirus 16 E6 polymorphisms
in cervical lesions from different European populations and their correlation with
human leukocyte antigen class II haplotypes. International Journal of Cancer, 2001, 1,
94, 5,711-716. (cited 98x) 1F2021=7.316

83



Supplement No.5
Tachezy R, Mikyskova I, Salakova M, Van Ranst M. Correlation between human

papillomavirus-associated cervical cancer and p53 codon 72 arginine/proline
polymorphism. Human Genetics, 1999, 105, 6, 564-566. (cited 36x) 1F2021=5.881

90



Supplement No.6

Klug SJ, Ressing M, Koenig J, Abba MC, Agorastos T, Brenna SM, Ciotti M, Das BR,
Del Mistro A, Dybikowska A, Giuliano AR, Gudleviciene Z, Gyllensten U, Haws AL,
Helland A, Herrington CS, Hildesheim A, Humbey O, Jee SH, Kim JW, Madeleine MM,
Menczer J, Ngan HY, Nishikawa A, Niwa Y, Pegoraro R, Pillai MR, Ranzani G, Rezza
G, Rosenthal AN, Roychoudhury S, Saranath D, Schmitt VM, Sengupta S, Settheetham-
Ishida W, Shirasawa H, Snijders PJ, Stoler MH, Suarez-Rincén AE, Szarka K, Tachezy
R, Ueda M, van der Zee AG, von Knebel Doeberitz M, Wu MT, Yamashita T, Zehbe I,
Blettner M. TPS3 codon 72 polymorphism and cervical cancer: a pooled analysis of
individual data from 49 studies. Lancet Oncology, 10, 8, 772-84, 2009. (cited 123x)
1F2021=54.433

95



Supplement No.7

Hamsikova E, Ludvikova V, Stasikova J, Tachezy R. Cross-sectional study on the
prevalence of HPV antibodies in the general population of the Czech Republic. Sexually
Transmitted Infections, 2013, 89, 2, 133-137. (cited 13x) 1F2021=4.199

110


http://www-ncbi-nlm-nih-gov.proxy.lib.uiowa.edu/pubmed/22683892
http://www-ncbi-nlm-nih-gov.proxy.lib.uiowa.edu/pubmed/22683892

Supplement No.8

Tachezy R, Hamsikova E, Hajek T, Mikyskova I, Smahel M, Van Ranst M, Kanka J,
Havrankova A, Rob L, Guttner V, Slavik V, Anton M, Kratochvil B, Kotrsova L, Vonka
V. Human papillomavirus genotype spectrum in Czech women: correlation of HPV
DNA presence with antibodies against HPV-16, 18, and 33 virus-like particles. Journal
of Medical Virology, 1999, 58, 4, 378-386. (cited 33x) 1F2021=20.693

117



Supplement No.9
Tachezy R, Smahelova J, Kaspirkova J, Salakova M. Human papillomavirus Type-

Specific Prevalence in the Cervical Cancer Screening Population of Czech Women. Plos
One, 2013, 8, 11, €79156. (cited 27x) 1F2021=3.752

128



Supplement No.10

Hamsikova E, Smahelova J, Ludvikova V, Salakova M, Rychla J, Skrenkova J, Rob
L, Tachezy R. The prevalence of HPV infections in HPV-vaccinated women from the
general population. APMIS, 2017, 125, 6, 585-595. (cited 4x) 1F2021=3.428

137


https://www-ncbi-nlm-nih-gov.proxy.lib.uiowa.edu/pubmed/28295672
https://www-ncbi-nlm-nih-gov.proxy.lib.uiowa.edu/pubmed/28295672

Supplement No.11

Tachezy R, Smahelova J, Salakova M, Arbyn M, Rob L, Skapa P, Jirasek P, Hamsikova
E. Human Papillomavirus Genotype Distribution in Czech Women and Men with
Diseases Etiologically Linked to HPV. PLoS One, 2011, 6, 7, €21913. (cited 18x)
1F2021=3.752

150



Supplement No.12

Hrbacek J, Urban M, Hamsikova E, Tachezy R, Eis V, Brabec M, Heracek J. Serum
antibodies against genitourinary infectious agents in prostate cancer and benign
prostate hyperplasia patients: a case-control study. BMC Cancer, 2011, 11, 53. (cited
35x) 1F2021=4.638

159


http://www.ncbi.nlm.nih.gov.proxy.lib.uiowa.edu/pubmed/21291519
http://www.ncbi.nlm.nih.gov.proxy.lib.uiowa.edu/pubmed/21291519
http://www.ncbi.nlm.nih.gov.proxy.lib.uiowa.edu/pubmed/21291519

Supplement No.13

Tachezy R, Hrbacek J, Heracek J, Salakova M, Smahelova J, Ludvikova V, Svec A,
Urban M, Hamsikova E. HPV persistence and its oncogenic role in prostate tumors. J
Med Virol. 2012, 84, 1636-1645. 1F2019=2.021 (2.373)

170



Supplement No. 14

Svec A, Mikyskova I, Hes O, Tachezy R. Human papillomavirus infection of the
epididymis and ductus deferens: an evaluation by nested polymerase chain reaction.
Archives of Pathology & Laboratory Medicine, 2003, 127, 11, 1471-1474. (cited 19x)
1F2021=5.686

181



Supplement No.15

Hrbacek J, Urban M, Hamsikova E, Tachezy R, Heracek J. Thirty years of research on
infection and prostate cancer: No conclusive evidence for a link. A systematic review.
Urologic Oncology-Seminars and Original Investigation, 2012, 31,7, 951-965. (cited 18x)
1F2021=2.954

186


http://www.ncbi.nlm.nih.gov.proxy.lib.uiowa.edu/pubmed/21291519
http://www.ncbi.nlm.nih.gov.proxy.lib.uiowa.edu/pubmed/21291519

Supplement No.16

Tachezy R, Klozar J, Rubenstein L, Smith E, Salakova M, Smahelova J, Ludvikova V,
Rotnaglova E, Kodet R, Hamsikova E. Demographic and risk factors in patients with
head and neck tumors. Journal of Medical Virology, 2009, 81, 5, 878-887. (cited 70x)
1F2021=20.693

203



Supplement No.17

Tachezy R, Klozar J, Salakova M, Smith E, Turek L, Betka J, Kodet R, Hamsikova E.
HPYV and other risk factors of oral cavity/oropharyngeal cancer in the Czech Republic.
Oral Diseases, 2005, 11, 3, 181-185. (cited 46x) 1F2021=4.068

214



Supplement No.18

Klozar J, Kratochvil V, Salakova M, Smahelova J, Vesela E, Hamsikova E, Betka J,
Tachezy R. HPV status and regional metastasis in the prognosis of oral and
oropharyngeal cancer. European Archives Oto-Rhino-Laryngology, 265, S1, S75-S82,
2008. (cited 73x) 1F2021=3.236

220



Supplement No.19

Koslabova E, Hamsikova E, Salakova M, Klozar J, Foltynova E, Salkova E, Rotnaglova
E, Ludvikova V, Tachezy R. Markers of HPV infection and survival in patients with
head and neck tumors. International Journal of Cancer, 2013, 133, 8, 1832-1839. (cited
53x) IF=7.316

229


http://www-ncbi-nlm-nih-gov.proxy.lib.uiowa.edu/pubmed/23564321
http://www-ncbi-nlm-nih-gov.proxy.lib.uiowa.edu/pubmed/23564321

Supplement No.20

Simonidesova S, Hamsikova E, Ludvikova V, Klozar J, Vencalek O, Tachezy R,
Prognostic value of post-treatment HPV-specific antibodies in patients with
oropharyngeal tumours. Journal of Surgical Oncology, 2019, 120, 2, 117-124. (cited 1x)
1F2021=2.885

238



Supplement No. 21

Rotnaglova E, Tachezy R, Salakova M, Prochazka B, Koslabova E, Vesela E, Ludvikova
V, Hamsikova E, Klozar J. HPV involvement in tonsillar cancer: prognostic significance
and clinically relevant markers. International Journal of Cancer, 2011, 129, 1, 101-110.
(cited 61x) 1F2021=7.316

247



Supplement No.22

Vojtechova Z, Sabol I, Salakova M, Turek L, Grega M, Smahelova J, Vencalek O,
Lukesova E, Klozar J, Tachezy R. Analysis of the integration of human
papillomaviruses in head and neck tumours in relation to patients' prognosis.
International Jornal of Cancer, 2016, 138, 2,386-395. (cited 49x) 1F2021=7.316

258


http://www-ncbi-nlm-nih-gov.proxy.lib.uiowa.edu/pubmed/26239888
http://www-ncbi-nlm-nih-gov.proxy.lib.uiowa.edu/pubmed/26239888

Supplement No.23

Vojtechova Z, Sabol I, Salakova M, Smahelova J, Zavadil J, Turek L, Grega M, Klozar
J, Prochazka B, Tachezy R. Comparison of the miRNA profiles in HPV-positive and
HPV-negative tonsillar tumors and a model system of human keratinocyte clones. BMC
Cancer, 2016, 16, 382. (cited 28x). IF2021=4.638

269


https://www-ncbi-nlm-nih-gov.proxy.lib.uiowa.edu/pubmed/27377959
https://www-ncbi-nlm-nih-gov.proxy.lib.uiowa.edu/pubmed/27377959

Supplement No.24

Vojtechova Z, Zavadil J, Klozar J, Grega M, Tachezy R. Comparison of the miRNA
expression profiles in fresh frozen and formalin-fixed paraffin-embedded tonsillar
tumors. PLoS One, 2017, 12, 6, e0179645. (cited 9x) 1F2021=3.752

284


https://www-ncbi-nlm-nih-gov.proxy.lib.uiowa.edu/pubmed/28644855
https://www-ncbi-nlm-nih-gov.proxy.lib.uiowa.edu/pubmed/28644855
https://www-ncbi-nlm-nih-gov.proxy.lib.uiowa.edu/pubmed/28644855

Supplement No.25

Bozinovic K, Sabol 1, Dediol I, Milutin Gasperov N, Vojtechova Z, Tachezy R, Grece M.
Genome wide miRNA profiling reinforces the importance of miR-9 in human
papillomavirus associated oral and oropharyngeal head and neck cancer. Scientific
Reports, 2019, 9, 1, 2306. (cited 28x) 1F2021=4.997

305



Supplement No.26
Nunvar J., Pagacova L., Vojtechova Z., de Azevedo NTD., Smahelova J, Salakova M.,

Tachezy R. Lack of Conserved miRNA Deregulation in HPV-Induced Squamous Cell
Carcinomas. Biomolecules, 2021, 11, 5, 764. (cited 2x) 1F2021=6.064

320



Supplement No.27
Polakova I, Pelak O, Thiirner D, Pokryvkova B, Tachezy R, Kalina T, Smahel M.

Implementation of Mass Cytometry for Immunoprofiling of Patients with Solid Tumors.
Journal of Immunology Research, 2019, 2019, 6705949. (cited 4x) 1F2021=4.493

337



Supplement No.28
Pokryvkova B, Smahelova J, Dalewska N, Grega M, Vencalek O, Smahel M, Nunvar J,

KlozarJ, Tachezy R. ARG1 mRNA Level Is a promising Marker in head and Neck
Squamous Cell Carcinomas. Diagnostics, 2021, 11, 4, 628. (cited 3x) [F2021=3.992

348



Supplement No.29

Pokryvkova B, Grega M., Klozar J, Vencalek O, Nunvar J, Tachezy R. PD1+CD8+ Cells
are an Independent Prognostic Marker in Patients with Head and Neck Cancer.
Biomedicines, 2022, 10, 11, 2794. (cited 0x) 1F2021=4.757

365



	titulní stránka
	Content kompletní 23022023
	habilitace  kompletní 23022023 bez suppl2
	Supplement No2
	Supplement No3
	Supplement No4
	Supplement No5
	Supplement No6
	Supplement No7
	Supplement No8
	Supplement No9
	Supplement No10
	Supplement No11
	Supplement No12
	Supplement No13
	Supplement No14
	Supplement No15
	Supplement No16
	Supplement No17
	Supplement No18
	Supplement No19
	Supplement No20
	Supplement No21
	Supplement No22
	Supplement No23
	Supplement No24
	Supplement No25
	Supplement No26
	Supplement No27
	Supplement No28
	Supplement No29

