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Abstract: Objective: Oropharyngeal/laryngeal carcinoma are common cancers of the upper aerodi-
gestive system. Human papillomavirus (HPV) is described as the most frequent in the cancer of
unknown primary. The presence of Helicobacter pylori (HP) in the oral cavity is discussed in some
papers. The aim of study: To analyze the incidence of HPV and HP in oropharyngeal/laryngeal can-
cer persons versus persons with chronic tonsillar inflammation and healthy persons. Methods: The
samples were taken in three groups: (1) tissue of oropharynx/larynx cancer (103 specimens); (2) tissue
of palatine tonsils (85 specimens); and (3) healthy control group (50 specimens). We analyzed the
presence of HP (PCR) and HPV genomic DNA (Sacace HPV High-Risk Screen Real-TM Quant) in the
samples. Results: HP was detected in 86 samples (83.5%) and high-risk HPV in 62 samples (60.2%).
We found a very high incidence of HP. In the cancer group, HP was detected in 82.5% cases and HPV
positivity in 57.8%. In total, 7.2% of the cancer patients were negative for HP and HPV together. In
turn, 53.6% of the cancer patients were positive for HP and HPV together. Four cases (4.2%) were
positive for HPV only. VacA positivity was detected in 82 (79.6%) of the cancer cases and VacA
negativity in 21 (20.4%) if the cancer cases. The incidence of HP in chronic inflammation (n = 85)
was 65 cases (76.5%) and the incidence of HPV was 38 cases (44.7%). VacA positivity was detected
in 59 (69.4%) of the chronic inflammation cases and VacA negativity was found in 26 (30.6%) of the
chronic inflammation cases. Regarding the control group, we found HP positivity in 5 cases (11.1%)
and HPV positivity in 19 cases (42.2%). There was VacA positivity in 6 cases (50.0%) of the control
group. Statistically significantly lower prevalence of HP (p < 0.001) and HPV (p = 0.006) was found
in the control group. Conclusions: We suggest that the palatine tonsils are colonized by HP. In our
study, HP was present in oropharyngeal cancer in more cases in comparison with HPV infection.
The presence of VacA from HP can have an influence on the human epithelial and immune cells’
regulation ways. Our results do not support idea that the CagA-positive HP is a primary carcinogen
in oropharyngeal area.

Keywords: Helicobacter pylori; human papilloma virus; oropharynx; squamous cell carcinoma; chronic
inflammation; incidence
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1. Introduction

Oropharyngeal squamous cell carcinoma (SCC) and laryngeal SCC are some of the
most common cancers of the upper aerodigestive system. Tobacco and alcohol consumption
are the most important risk factors for both these cancers. The other risk factor for oropha-
ryngeal cancer is human papilloma virus (HPV) infection, and this fact was the reason for
modification of the tumor classification (TNM classification) and the treatment protocol of
oropharyngeal cancer in the last decade. Other contributing factors may include viruses,
bacteria, diet type, radiation exposure, gastro-esophageal reflux, occupation, and genetical
inheritance [1]. These infections are estimated to cause around 15-20% of all human cancers
worldwide. HPV has a well-reported relation, as a carcinogen, to base-of-tongue cancer
and tonsillar cancer.

Detection of Helicobacter pylori (HP) in saliva [2] supported the idea that it colonizes
the oral and oropharyngeal area. Burduk published conclusions that Helicobacter pylori can
be a carcinogen or co-carcinogen of laryngeal SCC [3].

Sivars et al. described that HPV-positive tonsillar and base-of-tongue SCC have a
significantly better prognosis than HPV-negative patients [4]. The most common types
causing head and neck squamous cell carcinoma (HNSCC) are HPV 16 and 18. HPV 16
alone is described in more 90% of HPV-positive cases. The HNSCC cancer include the oral
cavity, the oropharynx, the nasopharynx, the larynx, the hypopharynx, the lips, and nasal
and paranasal sinuses.

An HPV infection influences the presence of cell death molecules 8+ (CD8+) tumor-
infiltrating lymphocyte counts and expression of HPV 16 was detected and used as a
marker [5]. The oral microbiome is the collective genomes of microorganisms that inhabit
the oral and upper aerodigestive tract. [6].

Helicobacter pylori was declared a type I carcinogen by the International Agency for
Research on Cancer (IARC) in 1994 (IARC Working Group Reports). This bacterium was
detected in the oropharynx, too [7-10].

Chen et al. described a malignant transformation-relevant role of HP in laryngeal
precancerous lesions [11]. On the other hand, Pandey et al. described no detection of HP in
oral SCC from a cohort of Norwegian and Nepalese patients [12]. Genc et al. detected no
signs of the colonization by HP in laryngeal tissues in laryngeal SCC patients [1].

HP was detected in pharyngeal and laryngeal pathologies [10,13,14]. Many authors
described the presence of the HP in adenoids and tonsillar tissue depending on polymerase
chain reaction (PCR) detection. However, some authors did not detect HP in the same area.
This last point should thus be assessed by using certain sampling methods for the detection
of HP infection, such as serology analyses and a rapid urease test (RUT), a Campylobacter-like
organism (CLO) test, PCR genomic DNA detection, and reverse transcription polymerase
chain reaction (RT-PCR), among others. The RT-PCR is reported to be the more exact
method for detection of HP presence in tissue [10,13,14].

The question about the local immunity depression and/or any other influence on the
immunity and cell biology is real. HPV is a carcinogen in the oropharyngeal area. This fact
was described in many papers [4,15-20]. Relevant studies based on the role of HPV and
HP infection in patients with oropharyngeal and/or laryngeal squamous cell carcinoma
have not yet been published.

The aim of the study:

(1) To analyze of incidence of infection by HPV and HP in oropharyngeal and laryngeal
cancer patients. Can we compare the incidence for cancer patients and chronic
tonsillar inflammation to healthy persons?

(2) Analysis of the HPV serotypes present in oropharyngeal and laryngeal cancer pa-
tients. Genomic analysis of Helicobacter pylori presents in oropharyngeal and laryngeal
cancer patients. Determining the incidence of cytotoxin-associated protein (CagA),
vacuolating cytotoxin (VacA), and the HPV subtypes in the cancer cohort and chronic
inflammation group compared to healthy persons.



Int. J. Environ. Res. Public Health 2021, 18, 9545 3o0f12

2. Materials and Methods

This study has a similar methodology as our previous manuscripts based on this
grant [14,21-23].

The authors declare that the prospective study “Genome of Helicobacter pylori and
serotype of HPV detected in oropharyngeal and laryngeal cancer and chronic inflammation
patients” was conducted with the consent of the Ethics Committee of the Motol University
Hospital, Czech Republic—project number IGA NT-11523/6-2010.

The authors declare that the prospective study “Genome of Helicobacter pylori and
serotype of HPV detected in oropharyngeal and laryngeal cancer and chronic inflammation
patients” took place with the consent of the patient. Each patient provided informed
consent for accordance into the study. All of them are in accordance with the Helsinki protocols.

Inclusion parameters [14,21-23]:

Patients with oropharyngeal SCC. The patients were included across all nodal statuses
(NO-N3) but no presence of distant metastases.

Patients with chronic tonsillar inflammation and/or patients with tonsillar infection
recurrence were observed minimally two times yearly in the last five years or three or
more times in the last two years. No antibiotic therapy was given in the six months
preceding surgery.

The tissue samples were taken after removing the primary tumor by a surgical proce-
dure in cancer patients, and in the chronic inflammation group were taken after tonsillec-
tomy from chronic tonsillitis patients.

The saliva samples (control group only) were taken from the healthy persons group
without any chronic inflammation in their patient history. No signs of cancer were present
in the patient’s history [14,21-23].

Exclusion’s parameters used for all groups:

1.  Child and adolescent patients were excluded (age under 18).

Pregnant women were excluded.

3. The patients with any of the following: human immunodeficiency virus (HIV), Hep-
atitis B or C viruses.

4. Any chronic Salmonella infections, tuberculosis, or zoonosis were excluded.

5. The patients of any other cancer in history were excluded.

6.  The patients with any treatment of the immune system, such as HIV (incl. transplan-
tation of any organs, among others), and patients on immunosuppression therapy
(incl. steroids) were excluded.

7. The patients suffering from chronic gastric inflammation and/or ulcers. The persons
with a history of from reflux (gastro-esophageal reflux) were excluded.

8. Antibiotic treatment administered within six months preceding the surgery or sam-
ple collecting.

N

Clinical selection of samples was done in three groups:

(a) Tissue of cancer by patients undergoing surgical treatment of oropharyngeal SCC.

(b) Tissue of tonsils by patients undergoing surgical treatment of chronic tonsillitis,
suffering one infection yearly for more than 5 years, or 2 infections in the last 3-5 years,
or 4-5 infections in the last two years.

(c)  For the control group, we used the saliva samples from patients coming for a routine
checkup appointment.

2.1. Collection and Handing of Samples

Samples were taken from patients suffering from oropharyngeal SCC and chronic ton-
sillitis (TCR). For the control group, saliva samples from patients with non-oropharyngeal
diagnoses were collected [14,21-23].

The samples were stored in the Department of Otorhinolaryngology and Maxillofacial
Surgery, 3rd Faculty of Medicine Charles University and Military University Hospital
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Prague. All surgical teams were instructed to handle tissue biopsies according to identical
protocols [14,21-23].

Collection of tissue specimens was done using sterile instruments at the start of surgery
prior to application of any drug disinfection substances into the oral cavity [14,21-23].

For collection of samples, we used Remel Microtest® M4RT Collection and Transport
Medium. These specimens were transported into the laboratory where they were vortexed,
aliquoted, and the nucleic acids isolated using a Roche MagINAPure Compact (Tegimenta
AG, Switzerland) automated isolator. The following procedure involved the real-time PCR
technique for Helicobacter pylori detection and genotyping [14,21-23].

We developed and optimized the tests and procedures in co-operation with TIB Mol-
Biol Berlin, Germany. Samples and nucleic acid isolates were stored at —80 °C [14,21-23].
The isolates and samples were analyzed for the Helicobacter pylori flagellar gene by com-
mercial real-time PCR and commercial real-time PCR screening tests for HPV, based on fla
gene detection [14,21-23].

2.2. Detection Techniques
2.2.1. Real-Time PCR Amplification and Genotyping of Helicobacter pylori

With regard to genotyping, the vacA gene was genotyped from the middle and final
regions according to the technology described in the literature [14,21-23].

The primers used for PCR detection of HP were used according to van Doorn et al. [16].
For detection of fluorescently labelled hybridization, TagMan Probes were used [14,21-23].

2.2.2. Helicobacter pylori Confirmation by Commercial Real-Time PCR Assay

The commercial real-time PCR assay BIORON Real-Line Helicobacter pylori Fla-Format
Assay (Bioron Diagnostics GmbH., Romerberg, Germany) was used. Helicobacter pylori
real-time PCR assay probes were used: cagA, vacAsla, vacAslb, vacAs2, vacAm1, and
vacAm2, comprehensively described in published papers [14,21-23].

2.2.3. Human Papilloma Virus DNA Detection

Detection was done by Sacace HPV High-Risk Screen Real-TM Quant Assay (A5, A6,
A7 and A9: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59). Assays were performed according to
technology instruction and according to published technology [14,21-23].

Helicobacter pylori assays primer sequences was used for cag AF+, cagAR—, VAF1F+,
VAXR—, HPMGE and HPMGR. This has been comprehensively described in the litera-
ture [14,21-23].

2.2.4. Statistical Analyses

All statistical analyses were performed using IBM SPSS statistics (version 22.0; SPSS,
IBM, Armonk, NY, USA). The data were analyzed using descriptive methods, Fisher’s exact
test (two-tailed), and Pearson’s chi-square test. p-values < 0.05 were considered statistically
significant in all statistical analyses.

3. Results

This study analyzed 103 samples taken from squamous cell carcinoma in oropharyn-
geal area, 85 specimens taken from chronic inflammation of palatine tonsils, and 50 spec-
imens of saliva from healthy persons (control group specimens), using techniques for
detection of Helicobacter pylori DNA sequences (cagA gene, vacA gene, and fla gene). On the
other hand, we analyzed the DNA of the high-risk types of HPV groups A9, A7, and A5/6.
The incidence of both HP and HPV is summarized in Table 1.

These data show evidence of HP presence in the cancer tissue in oropharyngeal area,
especially in the lymphoid one. We can conclude that the significance of a higher rate of HP
presence (83.5%) is based on improved laboratory techniques and methods of sampling,
and on the other hand based on a higher incidence of this infection in tissue generally. A
higher presence as also observed in chronic tonsillar inflammation patients (76.5%). This
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incidence is significantly higher compared to the control group (HP incidence 12.0% only).
Statistical result: statistically significantly lower prevalence of HP (p < 0.001) and HPV
(p = 0.006) in the control group.

Table 1. Absolute and percent occurrence of Helicobacter pylori and human papillomaviruses in the
malignancy, chronic inflammation, and control groups.

Total HP+ % p-Value HPV+ Y% p-Value
Malignancy 103 86 83.5 62 60.2
Group A
Inflammation 85 65 76.5 <0.001 38 447 0.006
Group B
Control
Group C 50 6 12.0 17 34.0

HP—Helicobacter pylori; HPV—human papilloma virus; +—positive detection.

The distribution of CagA in each group is described in Table 2. Mostly, the samples
showed the CagA — cytotoxin and only 23.3% of the isolates presented the CagA+ cytotoxin.
This protein is considered the main important factor of pathogenicity of HP in the stomach.
These data support the low incidence of the CagA+ genotypes in patients with chronic
tonsillar inflammation (15.2%), which also only rarely was present in the control group
(4.0% only). In contrary, the CagA— genotypes are presented in the cancer and chronic
inflammation groups at a similar incidence.

Table 2. Distribution of the CagA+ and CagA— genotypes of Helicobacter pylori in the respective groups.

Total HP+ CagA+ % of Total CagA— % of Total

Malignancy 103 86 24 233 62 60.2
Group A

Inflammation 85 65 13 153 52 61.2
Group B
Control

Group C 50 6 2 4.0 4 8.0

HP—Helicobacter pylori; CagA—cytotoxin-associated protein; +—positive detection; ——negative detection.

The incidence in Group A was 60.2% and in Group B 61.2%. These data suggest that
any other cytotoxin can play a role in the pathogenicity of HP in the oropharyngeal area
(see Table 3).

Table 3. Percentage of the CagA+ genotype in samples with Helicobacter pylori detected.

Total HP+ CagA+ % CagA— % p-Value
Mali
Aty 86 24 27.9 62 72.1
roup A
Inflammation
Group B 65 13 20.0 42 80.0 0.482
Control
Group C 6 2 33.3 4 66.7
HP—Helicobacter pylori; CagA—cytotoxin-associated protein; +—positive detection; ——negative detection.

The co-infection combinations of HP and/or HPV are described in Table 4. These
incidences describe the distribution of both agents in all three groups (Figure 1).



Int. J. Environ. Res. Public Health 2021, 18, 9545 6 of 12

100

80

60

%

40

20

60.0

15.3
9.7

HP- / HPV-

Table 4. Samples with different co-infection combinations.

Malignancy (n =103) Total %
HP—-/HPV— 10 9.7
HP—-/HPV+ 7 6.8

HP-CagA+/HPV- 16 15.5

HP-CagA—/HPV— 17 16.5

HP-CagA+/HPV+ 8 7.8
HP-CagA—/HPV+ 45 43.7
Chronic Inflammation (n = 85) Total %
HP-/HPV— 13 15.3
HP—-/HPV+ 7 8.2
HP-CagA+/HPV— 8 9.4
HP-CagA—/HPV— 23 271
HP-CagA+/HPV+ 6 7.1
HP-CagA—/HPV+ 28 329
Control Group (n = 50) Total %
HP-/HPV— 30 60.0
HP—-/HPV+ 14 28.0
HP-CagA+/HPV— 1 2.0
HP-CagA—/HPV— 2 4.0
HP-CagA+/HPV+ 1 2.0
HP-CagA—/HPV+ 2 4.0

HP—Helicobacter pylori; HPV—human papilloma virus; CagA—cytotoxin-associated protein; +—positive detec-
tion; ——mnegative detection.
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Figure 1. Samples with different co-infection combinations.

The presence of genotypes of HP in the malignant tumour group (Group A) are
displayed in Table 5. The presence of the VacA S1bM1 genotype is the most common, seen
in 33.7% of cases in Group A, independent of the CagA genotype.

On the other hand, VacA Sla,bM1 presents in 41.9% of CagA-negative cases compared
to VacAS1,bM2 that presents in 24.4%. This result suggests that the presence of CagA-
negative VacA genotypes was higher than the CagA-positive and VacA genotypes generally.
This may reinforce the hypothesis that VacA positivity of HP can be the reason for the
pathogenicity of HP in oropharyngeal malignancies.

The confirmation of VacA pathogenicity detected by analysis of Helicobacter pylori
genotypes in the chronic inflammation cases (Group B) is presented in Table 5.
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Table 5. Distribution of different Helicobacter pylori genotypes in positive samples of the respective

groups (malignancy, 1 = 86).

CagA Protein Gene Detection Genotype of VacA Cytotoxin  DETECTED (N) %

POSITIVE VacA Sla M1 4 47
POSITIVE VacA Sla M2 5 5.8
POSITIVE VacA S1b M1 10 11.6
POSITIVE VacA S1b M2 4 47
POSITIVE VacA S2 M1 1 1.2
POSITIVE VacA 52 M2 0 0.0
NEGATIVE VacA Sla M1 17 19.8
NEGATIVE VacA Sla M2 11 12.8
NEGATIVE VacA S1b M1 19 221
NEGATIVE VacA S1b M2 10 11.6
NEGATIVE VacA S2 M1 5 5.8
NEGATIVE Vac A 52 M2 0 0.0

Incidence of the VacA S1bM1 genotype is the most often and presents in 27.7% of cases
in Group B, independently of the CagA genotype. On the other hand, in CagA-negative
cases, the presentation of VacASla,bMl1 is in 30.8% of cases compared toVacAS1bM2 in
33.9%. These results suggest that the CagA-negative VacA genotype cases were present
in the same incidence (see Tables 5-7). This fact can support the hypothesis that the VacA
gene of Helicobacter pylori can play a role in the pathogenicity of Helicobacter pylori in
oropharyngeal malignancies.

Table 6. Distribution of the different Helicobacter pylori genotypes in positive samples of the chronic
tonsillitis groups: (a) inflammation, n = 65.

CagA Protein Gene Detection Genotype of VacA Cytotoxin  DETECTED (N) %

POSITIVE VacA Sla M1 8 12.3
POSITIVE VacA Sla M2 1 1.5
POSITIVE VacA S1b M1 7 10.8
POSITIVE VacA S1b M2 1 1.5
POSITIVE VacA S2 M1 0 0.0
POSITIVE VacA 52 M2 0 0.0
NEGATIVE VacA Sla M1 9 13.9
NEGATIVE VacA Sla M2 10 15.4
NEGATIVE VacA S1b M1 11 16.9
NEGATIVE VacA S1b M2 12 18.5
NEGATIVE VacA S2 M1 6 9.2
NEGATIVE VacA S2 M2 0 0.0

Table 7. Distribution of the different Helicobacter pylori genotypes in positive samples of the control
group: (b) controls, n = 12.

CagA Protein Gene Detection Genotype of VacA Cytotoxin DETECTED (N)

POSITIVE VacA Sla M1 1
POSITIVE VacA Sla M2

POSITIVE VacA S1b M1

POSITIVE VacA S1b M2

POSITIVE VacA S2 M1 1
POSITIVE VacA S2 M2
NEGATIVE VacA Sla M1 1
NEGATIVE VacA Sla M2 1
NEGATIVE VacA S1b M1 1
NEGATIVE VacA S1b M2 1
NEGATIVE VacA 52 M1

NEGATIVE VacA S2 M2
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The presence of different genotypes of HP in Group A and Group B compared to the
control group suggest the association of HP infection with moderate immunological status
of the lymphatic tissue and/or the local immunity (see Table 4). The cancerogenic effect on
the tissue in the oropharyngeal area has to be supported by more evidence in the future.

DNA of Helicobacter pylori was detected in 86 samples (83.5%), while high-risk HPV in
62 samples (60.2%). The HPV positivity A5/6 and any HP positivity together were detected
in 38.8% of cases in Group A. HPV positivity A7 was detected in 16 cases (15.5%) and
HPV positivity A9 in 12 cases (11.6%). Helicobacter pylori was genotyped as a sole agent in
34 samples (32.98%). HPV A5/6, a7, and A9 was detected as a sole agent in 7 cases (6.8%)
only. A high number of papers reported HPV type 16 as the main cancer inductor. HPV
type 16 is included the A9 group. In the used tests, we used a specific fluorescent signal
for detecting the A9 group. We detected HPV type 19 in the A9 group only in 13 cases
out of 60 HPV-positive cases. The A5/A group was detected in 46 cases (44.6%) out of
60 HPV-positive cases. The A7 group was detected in 21 cases (20.4%) out of 60 HPV
positive cases.

4. Discussion

Chen et al. described the microbiota role in four cancer types (colorectal cancer, head
and neck cancer, pancreatic cancer, and lung cancer) [24]. This Baltimore group focused
on the evidence of association and causality of microbiota in diseases, specifically, cancers.
Therefore, our research shares a component regarding head and neck cancers.

Lopez et al. detected the circulating markers after resection of HNSCC [25]. The
analysis included the oncogenic pathogens HPV, Epstein—Barr virus, and HP in 21 patients,
with the presence of tumour markers in 52% of patients only (commonly p53 and HPV).
This reinforces the well-accepted role of HPV in SCC of the head and neck. De Martel et al.
estimated that 16% of new cancers diagnosed in 2008 were attributable to infections [26].
This could indicate that other less studied infections may share a role in the development
of head and neck cancers. Ank et al. published a study on oropharyngeal SCC treated
by primary RCT, and was able to separate patients in three group (low, intermediate,
and high risk) for survival based on HPV status, smoking, tumor staging, and tumor
grading [27]. The incidence of HPV and serotypes of HPV described in this study are like
the results that were published. The incidence in cancer patient was nearly 60%, but in
chronic inflammation (chronic tonsillitis) cases it was much lower. We attribute this finding
as evidence of HPV’s influence in carcinogenesis.

The incidence of HP in the tonsil tissue in the chronic inflammation group is of a lower
rate than cancer patients.

Paydo et Rasmussen described extra gastric reservoirs of HP in saliva and dental
plaque, the tongue, and oropharynx [28]. The authors’ conclusions provide sufficient
evidence to support the role of adenoids and tonsils as a reservoir of Helicobacter pylori.

The presence of HP in the oropharyngeal area, chronic tonsillitis, and oropharyngeal
tumors has been described by us in many publications [8,10,21,22]. This study analyzed
85 samples of chronic tonsillitis (recurrent or chronic tonsillitis). The results showed that
19 cases (22.4%) the samples were Helicobacter pylori-negative samples. HP was detected in
77.6% of patients in this group. HPV was positive in 47.1% samples. On the other hand,
Hwang et al. published a meta-analysis with no finding of HP colonization in tonsillar
tissue [29]. The meta-analysis was done using publications that were published from
1997 to 2014 [29]. Siupsinskiene et al. analyzed 62 patients with chronic tonsillitis and
35 with hypertrophy of tonsillar tissue [30]. The conclusions were that the HP infection and
chronic tonsillitis and/or laryngopharyngeal reflux present coincidence and the infection
can be a reason for this. The presence of HP in the adenoid tissue and its association to
reflux episodes was described [23].

The role of HP infection in adenoid and tonsillar tissue is unclear yet. The incidence of
HP in tonsils is not strong evidence of the influence of HP to immune cells in the orophar-
ynx. On the other hand, the presence of CagA-positive HP in stomach area associates with
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a cancerogenic effect. This fact can relate to some influence on the local immunity in the
tonsils and /or oropharyngeal area. The sharp difference in HP presence in the oropharyn-
geal area published in many papers depends on methods of HP detection. The data in
our study support that the “gold standard” for oropharyngeal area is the PCR detection of
the HP. Naserpour Farivar et al. described the colonization of tonsils in chronic tonsillitis
patients by HP [31]. These authors formulated conclusions that the existence of Helicobacter
pylori in tonsillar tissue samples of patients with chronic tonsillitis is controversial.

The results of this study showed a very high incidence of HP detected by PCR resp. rt-
PCR. In the cancer group, the HP was detected in 82.5% cases. In the same group there was
HPYV positivity in 57.8%. Only 7.2% of cancer patients were negative both for Helicobacter
pylori and HPV. To the contrary, 53.6% of cancer patients were positive both for HP and
HPV. Only four cases (4.2%) were positive for HPV only.

If we compare these results to the control group of saliva analyses of healthy persons,
we can see that HP positivity was detected in 5 cases (11.1%) and HPV positivity in 19 cases
(42.2%). A saliva sample was used for the control group because no tissue samples could
be taken in healthy patients. The HP detection in saliva was described in the literature [32].
The use of a saliva sample is supported by studies that demonstrate the possibility of
using HPV16 DNA detection in saliva as a potential screening tool for the detection of
HPV-positive oropharyngeal SCC [33]. On the other hand, it can be assumed that the
accuracy of HPV or HB detection in saliva may be lower than from tissue samples. We take
this fact into account in our study.

We suggest that the fact about the incidence of HP in the oropharyngeal area is
described in the present study.

We have analyzed the HP genome, respectively, the vacA and cagA genes. Our analysis
focused on the incidence of the CagA and VacA cytotoxins. The presence of CagA-positive
HP was in 23 cases (23.7%). CagA was described as the main carcinogenic factor in the
stomach. Hatakeyama described the main carcinogenic process in stomach epithelial
cells by bacteria through the effect of tyrosine phosphorylation at the Glu-Pro-Ile-Tyr-Ala
(EPIYA) [34]. This way, the cagA gene-encoded CagA protein is delivered into the gastric
epithelial cells. The CagA intracellular effect promotes the neoplastic transformation in
epithelial cells in the stomach. The role VacA in the epithelial human cells has not been
described yet. In the literature described, some have studied an association between the
vacA s1/m1 strains and gastric adenocarcinoma [35,36]. The role of VacA in immunity was
described completely by Farnaz Fahmi et al. [37]. The VacA activity is in the interaction
with the vacuole surface and developing of vacuoles in the cells. On the other hand, this
cytotoxin has an influence on the secretion of CytC for starting the apoptotic activity in the
cells. VacA was classified as a pore-forming cytotoxin, and many of its effects on epithelial
cells are influenced by the channel functions in the intracellular space. HP VacA cytotoxin
facilitates bacteria against the defense system. The toxin has multiple effects in epithelial
cells and immune cells such as T lymphocytes, B lymphocytes, macrophages, and dendritic
cells [38]. The activity of this pore-forming cytotoxin in the immune system can be modified
by the cytokine activity in the cells and/or can influence apoptotic activity, too [39].

The significant difference among the presence of HP in the respective group and the
higher incidence of Helicobacter pylori than HPV lead to more questions. We cannot asign
HP to be a carcinogen for the oropharyngeal area yet. The evidence requires further studies.
The cancerogenic effect of HPV has been declared in the literature, with strong evidence.

5. Conclusions

Considering our data, we suggest the revision of the theory on HPV-induced oropha-
ryngeal cancer. Our results should support the hypothesis about the influence of HP (VacA)
on local immunity. It seems evident that HP is a long-term resident in the oropharyngeal
area and tonsils. We suggest that HP should be seen as a contributor who could switch on
the process, resulting in cancerogenesis.

We believe that the results in this study support the following conclusions:
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We suggest that the tonsils (oropharyngeal area) can be colonized by Helicobacter pylori.
The high frequency of detected DNA of HP in the tissue of cancers and tonsillar tissue is
the reason for these conclusions that HP is a resident in the oropharyngeal area.

The presence of HP in oropharyngeal cancer is real in more cases compared to
HPYV infection.

e  The majority of HPV-infected patients has an HP infection at the same time in the
same sample.
The presence of HPV in oropharyngeal cancer patients alone is rare.
Data in the study suggest that HP can influence local immune cells and may cause a
decrease in immunity towards HPV and/or any other infectious agents.

e  The CagA-positive HP was detected in less cases. This result of the study does not sup-
port the idea that CagA-positive HP is a primary carcinogen in the oropharyngeal area.

The high number of HP patients in the oropharyngeal cancer group compared to the
HPYV infection must be explained in the next study.

The incidence of HP infection and the presence of different genotypes suggest the
association of infectious agents with oropharyngeal cancer.

Author Contributions: Conceptualization, E.P.,, EM. and J.A.; methodology, E.P, EM., J.R. and B.D;
validation, R.H., J.R., D.K,, T.Y. and ].A ; formal analysis, D.K.; investigation, EM., ].R., B.D. and ] A,;
data curation, J.R., EM., R.H., B.D., D.K. and T.Y,; visualization, R.H. and T.Y.; writing—original
draft preparation, J.A., EM. and B.D.; writing—review and editing, R.H., E.P, D.K,, T.Y. and ] A ;
supervision, R.H., E.P. and J.A.; project administration, J.A.; funding acquisition, J.A. All authors
have read and agreed to the published version of the manuscript.

Funding: The project has been funded by the Defense Ministry of the Czech Republic, MO 1012.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of the Motol University Hospital,
Czech Republic—project number IGA NT-11523/6-2010.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: There are no conflict of interest.

References

1. Geng, R.; Cagly, S.; Yiice, I; Vural, A.; Okuducu, H.; Patiroglu, T.; Giiney, E. The Role ofH. pyloriin the Development of Laryngeal
Squamous Cell Carcinoma. Dis. Markers 2013, 35, 447-449. [CrossRef]

2. Karczewska, E.; Konturek, J.E.; Konturek, P.C.; Czes$nikiewicz, M.; Sito, E.; Bielaniski, W.; Kwiecieni, N.; Obtutowicz, W.; Ziemniak,
W.; Majka, J.; et al. Oral cavity as a potential source of gastric reinfection by Helicobacter pylori. Dig. Dis. Sci. 2002, 47, 978-986.
[CrossRef]

3. Burduk, PK. Association between infection of virulence cagA gene Helicobacter pylori and laryngeal squamous cell carcinoma.
Med. Sci. Monit. 2013, 19, 584-591. [CrossRef]

4. Sivars, L.; Tani, E.; Ndasman, A.; Ramqvist, T.; Munck-Wikland, E.; Dalianis, T. Human Papillomavirus as a Diagnostic and
Prognostic Tool in Cancer of Unknown Primary in the Head and Neck Region. Anticancer. Res. 2016, 36, 487-493.

5. Ramgqvist, T.; Mints, M.; Tertipis, N.; Nasman, A.; Romanitan, M.; Dalianis, T. Studies on human papillomavirus (HPV) 16 E2, E5
and E7 mRNA in HPV-positive tonsillar and base of tongue cancer in relation to clinical outcome and immunological parameters.
Oral. Oncol. 2015, 51, 1126-1131. [CrossRef]

6. Lim, Y,; Totsika, M.; Morrison, M.; Punyadeera, C. Oral Microbiome: A New Biomarker Reservoir for Oral and Oropharyngeal
Cancers. Theranostics 2017, 7, 4313-4321. [CrossRef]

7. Bulut, Y,; Agacayak, A.; Karlidag, T.; Toraman, Z.A.; Yilmaz, M. Association of cagA+ Helicobacter pylori with Adenotonsillar
Hypertrophy. Tohoku J. Exp. Med. 2006, 209, 229-233. [CrossRef]

8.  Pavlik, E.; Lukes, P; Potuznikova, B.; Astl, J.; Hrd4, P; Soutek, A.; Matucha, P.; Dosedél, J.; Sterzl, I. Helicobacter pylori isolated
from patients with tonsillar cancer or tonsillitis chronica could be of different genotype compared to isolates from gastrointestinal
tract. Folia. Microbiol. 2007, 52, 91-94. [CrossRef]

9.  Abdel-Monem, M.H.; Magdy, E.; Nour, Y.A.; Harfoush, R.A.; Ibreak, A. Detection of Helicobacter pylori in adenotonsillar
tissue of children with chronic adenotonsillitis using rapid urease test, PCR and blood serology: A prospective study. Int. |.
Pediatric Otorhinolaryngol. 2011, 75, 568-572. [CrossRef]

10. Lukes, P; Astl, ].; Pavlik, E.; Potuznikovd, B.; Sterzl, I.; Betka, J. Helicobacter pylori in tonsillar and adenoid tissue and its possible

role in oropharyngeal carcinogenesis. Folia. Biol. 2008, 54, 33-39.


http://doi.org/10.1155/2013/950701
http://doi.org/10.1023/A:1015017502772
http://doi.org/10.12659/MSM.889011
http://doi.org/10.1016/j.oraloncology.2015.09.007
http://doi.org/10.7150/thno.21804
http://doi.org/10.1620/tjem.209.229
http://doi.org/10.1007/BF02932145
http://doi.org/10.1016/j.ijporl.2011.01.021

Int. J. Environ. Res. Public Health 2021, 18, 9545 11 of 12

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chen, M.; Fang, Y.; Cheng, L.; Wu, H. Helicobacter pylori is associated with poor prognosis of laryngeal precancerous lesion.
Auris. Nasus. Larynx. 2020, 47, 268-275. [CrossRef]

Pandey, S.; Follin-Arbelet, B.; Pun, C.B.; Gautam, D.K,; Johannessen, A.C.; Petersen, F.C.; Costea, D.E.; Sapkota, D. Helicobacter
pylori was not detected in oral squamous cell carcinomas from cohorts of Norwegian and Nepalese patients. Sci. Rep. 2020,
10, 8737. [CrossRef]

Fellmann, J.; Weisert, ].U.; Soltermann, A.; Morand, G.; Morra, L.; Moch, H.; Huber, G.F.; Probst, R. Helicobacter pylori detected
in pharyngeal and laryngeal pathologies in patients with proven gastric colonization. Head Neck 2013, 36, 1562-1566. [CrossRef]
Nartova, E.; Kraus, J.; Pavlik, E.; Lukes, P; Katra, R.; Plzak, J.; Kolatova, L.; Sterzl, 1.; Betka, J.; Astl, J. Presence of different
genotypes of Helicobacter pylori in patients with chronic tonsillitis and sleep apnoea syndrome. Eur. Arch. Oto-Rhino-Laryngol.
2014, 271, 607-613. [CrossRef]

Rotnaglova, E.; Tachezy, R.; Salakova, M.; Prochazka, B.; Kosl’abova, E.; Vesela, E.; Ludvikova, V.; Hamsikov4, E.; Klozar, J.
HPYV involvement in tonsillar cancer: Prognostic significance and clinically relevant markers. Int. |. Cancer 2011, 129, 101-110.
[CrossRef]

Berman, T.A_; Schiller, ].T. Human papillomavirus in cervical cancer and oropharyngeal cancer: One cause, two diseases. Carncer
2017, 123, 2219-2229. [CrossRef] [PubMed]

Simonidesova, S.; Hamsikova, E.; Ludvikova, V.; Klozar, J.; Vencalek, O.; Tachezy, R. Prognostic value of posttreatment HPV-
specific antibodies in patients with oropharyngeal tumors. J. Surg. Oncol. 2019, 120, 117-124. [CrossRef]

Timbang, M.R; Sim, M.W.; Bewley, A.E,; Farwell, D.G.; Mantravadi, A.; Moore, M.G. HPV-related oropharyngeal cancer: A review
on burden of the disease and opportunities for prevention and early detection. Hum. Vaccines Immunother. 2019, 15, 1920-1928.
[CrossRef] [PubMed]

D’Souza, G.; McNeel, T.; Fakhry, C. Understanding personal risk of oropharyngeal cancer: Risk-groups for oncogenic oral HPV
infection and oropharyngeal cancer. Ann. Oncol. 2017, 28, 3065-3069. [CrossRef] [PubMed]

Wittekindt, C.; Klussmann, J.P. Tumor Staging and HPV-Related Oropharyngeal Cancer. Adv. Struct. Saf. Stud. 2016, 206, 123-133.
[CrossRef]

Lukes, P; Pavlik, E.; Potuznikova, B.; Plzdk, J.; Nartova, E.; Dosedél, J.; Katra, R.; Sterzl, 1.; Betka, J.; Astl, J. Comparison of Heli-
cobacter Pylori Genotypes Obtained from the Oropharynx and Stomach of the Same Individuals-A Pilot Study. Prague Med. Rep.
2012, 113, 231-239. [CrossRef]

Lukes, P; Pavlik, E.; Potuznikova, B.; Nartova, E.; Foltynova, E.; Plzak, J.; Katra, R.; Sterzl, I.; Bartunkova, J.; Betka, J.; et al.
Detection of Helicobacter pylori in oropharyngeal lymphatic tissue with real-time PCR and assessment of its carcinogenic
potential. Eur. Arch. Oto-Rhino-Laryngol. 2014, 271, 399—405. [CrossRef]

Katra, R.; Kabelka, Z.; Jurovcik, M.; Hradsky, O.; Kraus, J.; Pavlik, E.; Nartova, E.; Lukes, P.; Astl, J. Pilot study: Association
between Helicobacter pylori in adenoid hyperplasia and reflux episodes detected by multiple intraluminal impedance in children.
Int. J. Pediatric Otorhinolaryngol. 2014, 78, 1243-1249. [CrossRef] [PubMed]

Chen, J.; Domingue, J.C.; Sears, C.L. Microbiota dysbiosis in select human cancers: Evidence of association and causality.
Semin. Immunol. 2017, 32, 25-34. [CrossRef]

Lopez, EM.; Tanner, A.M.; Du, E,; Patel, S.N.; Weiss, J.; Weissler, M.C.; Hackman, T.; Gupta, G.P.; Zevallos, ].; Elmore, S.; et al.
Decline in circulating viral and human tumor markers after resection of head and neck carcinoma. Head Neck 2021, 43, 27-34.
[CrossRef]

De Martel, C.; Ferlay, J.; Franceschi, S.; Vignat, J.; Bray, F.; Forman, D.; Plummer, M. Global burden of cancers attributable to
infections in 2008: A review and synthetic analysis. Lancet Oncol. 2012, 13, 607-615. [CrossRef]

Ang, K.K,; Harris, J.; Wheeler, R.; Weber, R.; Rosenthal, D.I.; Nguyen-Téan, P.F.; Westra, W.H.; Chung, C.H.; Jordan, R.C.; Lu,
C.; etal. Human Papillomavirus and Survival of Patients with Oropharyngeal Cancer. N. Engl. |. Med. 2010, 363, 24-35. [CrossRef]
[PubMed]

Payao, L.T.R.S.L.M. Helicobacter pyloriand its reservoirs: A correlation with the gastric infection. World ]. Gastrointest.
Pharmacol. Ther. 2016, 7, 126-132. [CrossRef]

Hwang, M.S.; Forman, S.N.; Kanter, J.A.; Friedman, M. Tonsillar Helicobacter pylori Colonization in Chronic Tonsillitis.
JAMA Otolaryngol. Neck Surg. 2015, 141, 245. [CrossRef] [PubMed]

Siupsinskiene, N.; Katutiene, I.; Jonikiene, V.; Janciauskas, D.; Vaitkus, S. Helicobacter pylori in the tonsillar tissue: A possible
association with chronic tonsillitis and laryngopharyngeal reflux. J. Laryngol. Otol. 2017, 131, 549-556. [CrossRef]

Najafipour, R.; Ahmadpour, F; Farivar, T.N.; Pahlevan, A.; Johari, P.,; Safdarian, F.; Mehr, M.A. Assessment of Helicobacter pylori
prevalence by scorpion real-time PCR in chronic tonsillitis patients. J. Glob. Infect. Dis. 2012, 4, 38-42. [CrossRef]

Song, Q.; Lange, T.; Spahr, A.; Adler, G.; Bode, G. Characteristic distribution pattern of Helicobacter pylori in dental plaque and
saliva detected with nested PCR. |. Med. Microbiol. 2000, 49, 349-353. [CrossRef] [PubMed]

Tang, K.D.; Vasani, S.; Menezes, L.; Taheri, T.; Walsh, L.J.; Hughes, B.G.; Frazer, LH.; Kenny, L.; Scheper, G.C.; Punyadeera, C.
Oral HPV16 DNA as a screening tool to detect early oropharyngeal squamous cell carcinoma. Cancer Sci. 2020, 111, 3854-3861.
[CrossRef] [PubMed]

Hatakeyama, M. Structure and function of Helicobacter pylori CagA, the first-identified bacterial protein involved in human
cancer. Proc. Jpn. Acad. Ser. B 2017, 93, 196-219. [CrossRef] [PubMed]


http://doi.org/10.1016/j.anl.2019.08.004
http://doi.org/10.1038/s41598-020-65694-7
http://doi.org/10.1002/hed.23492
http://doi.org/10.1007/s00405-013-2607-9
http://doi.org/10.1002/ijc.25889
http://doi.org/10.1002/cncr.30588
http://www.ncbi.nlm.nih.gov/pubmed/28346680
http://doi.org/10.1002/jso.25473
http://doi.org/10.1080/21645515.2019.1600985
http://www.ncbi.nlm.nih.gov/pubmed/31050595
http://doi.org/10.1093/annonc/mdx535
http://www.ncbi.nlm.nih.gov/pubmed/29059337
http://doi.org/10.1007/978-3-319-43580-0_9
http://doi.org/10.14712/23362936.2015.21
http://doi.org/10.1007/s00405-013-2574-1
http://doi.org/10.1016/j.ijporl.2014.04.040
http://www.ncbi.nlm.nih.gov/pubmed/24865809
http://doi.org/10.1016/j.smim.2017.08.001
http://doi.org/10.1002/hed.26444
http://doi.org/10.1016/S1470-2045(12)70137-7
http://doi.org/10.1056/NEJMoa0912217
http://www.ncbi.nlm.nih.gov/pubmed/20530316
http://doi.org/10.4292/wjgpt.v7.i1.126
http://doi.org/10.1001/jamaoto.2014.3296
http://www.ncbi.nlm.nih.gov/pubmed/25541915
http://doi.org/10.1017/S0022215117000597
http://doi.org/10.4103/0974-777X.93760
http://doi.org/10.1099/0022-1317-49-4-349
http://www.ncbi.nlm.nih.gov/pubmed/10755629
http://doi.org/10.1111/cas.14585
http://www.ncbi.nlm.nih.gov/pubmed/32713038
http://doi.org/10.2183/pjab.93.013
http://www.ncbi.nlm.nih.gov/pubmed/28413197

Int. J. Environ. Res. Public Health 2021, 18, 9545 12 of 12

35.

36.

37.

38.

39.

Basso, D.; Navaglia, E; Brigato, L.; Piva, M.G.; Toma, A.; Greco, E.; Di Mario, F.; Galeotti, F.; Roveroni, G.; Corsini, A.; et al.
Analysis of Helicobacter pylori vacA andcagA genotypes and serum antibody profile in benign and malignant gastroduodenal
diseases. Gut 1998, 43, 182-186. [CrossRef]

Miehlke, S.; Kirsch, C.; Agha-Amiri, K; Glinther, T.; Lehn, N.; Malfertheiner, P; Stolte, M.; Ehninger, G.; Bayerdorffer, E. The
Helicobacter pylori vacA s1, m1 genotype and cagA is associated with gastric carcinoma in Germany. Int. |. Cancer 2000,
87,322-327. [CrossRef]

Fahimi, F.; Tohidkia, M.R.; Fouladi, M.; Aghabeygi, R.; Samadi, N.; Omidji, Y. Pleiotropic cytotoxicity of VacA toxin in host cells
and its impact on immunotherapy. Biolmpacts 2017, 7, 59-71. [CrossRef] [PubMed]

Chauhan, N.; Tay, A.C.Y.; Marshall, B.J.; Jain, U. Helicobacter pyloriVacA, a distinct toxin exerts diverse functionalities in
numerous cells: An overview. Helicobacter 2019, 24, e12544. [CrossRef] [PubMed]

Caston, R.R; Sierra, J.C.; Foegeding, N.J.; Truelock, M.D.; Campbell, A.M.; Frick-Cheng, A.E.; Bimczok, D.; Wilson, K.T.; McClain,
M.S.; Cover, T.L. Functional Properties of Helicobacter pylori VacA Toxin m1 and m2 Variants. Infect. Immun. 2020, 88, e00032-20.
[CrossRef]


http://doi.org/10.1136/gut.43.2.182
http://doi.org/10.1002/1097-0215(20000801)87:3&lt;322::AID-IJC3&gt;3.0.CO;2-M
http://doi.org/10.15171/bi.2017.08
http://www.ncbi.nlm.nih.gov/pubmed/28546954
http://doi.org/10.1111/hel.12544
http://www.ncbi.nlm.nih.gov/pubmed/30324717
http://doi.org/10.1128/IAI.00032-20

	Introduction 
	Materials and Methods 
	Collection and Handing of Samples 
	Detection Techniques 
	Real-Time PCR Amplification and Genotyping of Helicobacter pylori 
	Helicobacter pylori Confirmation by Commercial Real-Time PCR Assay 
	Human Papilloma Virus DNA Detection 
	Statistical Analyses 


	Results 
	Discussion 
	Conclusions 
	References

