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Oral microbiome is a complex population of micro-organisms, which by cross-
talking with the local immune system, plays a major role in the immune
homeostasis of the oral cavity, further contributing in the physiology of the
gastro-intestinal microbiota. Understanding their involvement in the onset and
pathogenesis of oropharyngeal cancers is paramount, despite very few reports
deal with the fundamental role exerted by oral microbiota disorders, such as
dysbiosis and impairment in the oral microbiome composition as causative
factors in the development of oropharyngeal tumors. Current research, via
metabolomic or meta-transcriptomic analyses, is wondering how this complex
microbial population regulates the immune homeostasis in oral and pharyngeal
mucosa and whether changes in bacterial composition may give insights on the
role of oral microbiome in the development of oropharyngeal tumors, so to
prevent their occurrence.

KEYWORDS
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Introduction

What is generally known in dentistry is that oral hygiene should have a major impact
on the prevention of oral diseases, even including cancer, and actually many experts are
wondering if oral bacteria can be considered as direct causative agents promoting
oropharyngeal tumors (1-4). Moreover, teeth and gums associated pathologies, e.g.
periodontitis, seem to be a leading cause of oropharyngeal cancers, although lifestyle and
voluptuary habits, associated with age, sex, smoke, tobacco and alcohol abuse, have to be
included in the causative group of factors (5).
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The complex relationship between oral microbiota and
tumor development in the oral-gastro-intestinal tract, was
recently reviewed, reporting that a major shift in the
composition of oral microbiota between apparently healthy
subjects and cancer patients is demonstrable (6). According to
Mascitti et al., the most predominant phyla in the majority of
cancer patients are Firmicutes and Actinobacteria (6).

Actually, Schmidt et al., reported that changes in the
abundance of Firmicutes (genus Streptococcus) were associated
with oral pre-cancers, suggesting that any oral lesion is related to
significant shifts in the oral microbiome and that these changes
are associated with the rate of occurrence in oral cancers (7).
Actinobacteria are particularly represented, alongside with
Firmicutes, Bacteroides, and Fusobacteria, in the tongue coating
(TC) microbiota (8). The TC microbiota is particularly related
with the development of upper gastrointestinal cancers (8) and
moreover, in the oral squamous cell carcinoma (OSCC) the
Actinobacteria genus Veillonella and the species Granulicatella
adiacens Veillonella rogosae and Streptococcus sanguinis are
particularly abundant in normal paracancerous tissues of OSCC
patients (9).

Searching for envisaging the particular strain or species and/or
bacterial composition in the oral microbiome as a biomarker of a
possible carcinogenesis, might be a leading target of current oral
oncology, despite many controversial aspects are far to be fully
elucidated (10). In this context, some authors have introduced the
concept of “resilience” to describe the behavior of oral microbiota
facing new microenvironmental changes towards the prevention
of a shift in the microbial composition, which may lead to
immune impairments and cancer onset (6, 7). Briefly speaking,
a homeostatic interplay microbiota-oral immunity, might be the
actual source of this resilience, ie. the complex cross-talk of
microbes and oral immunity may be the key for maintaining a
tolerant, anti-inflammatory phenotype, in the oral micro-
environment. In this perspective, the thorough knowledge of the
many interrelationships among different bacterial phyla and
genera in the community of the oral microbiome, via
metabolomic or meta-transcriptomic analyses, should give
insightful clues about possible existing relationships between
oral microbiome dysbiosis and cancer pathogenesis (6, 10, 11).

As a matter of fact, DNA sequencing of the oral microbiota is
gaining a growing interest. It relies on a thorough and accurate
pick up of the oral microbiome (saliva, teeth, and other microbial
niches) and its DNA profiling, then allowing to draw the
molecular profiles of the whole set of microorganisms, including
such strains or species that do not grow easily in standard
culture media.

Genetic profiling can be performed using at least two
different approaches: the most common 16S rRNA gene
sequencing (16Ss), and the most recent shotgun metagenomic
sequencing (SMs).

16Ss is based on the sequencing of one single gene, the 16S
rRNA gene (12, 13).
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In particular, sequencing enrolls one or more of the 9 hyper-
variable regions (V1-V9) of the gene. Each hyper-variable region
is supposed to recognize specific microbial taxonomic groups,
using proper bioinformatic approaches together with bacterial
taxonomic reference databases (14, 15). Although the
sequencing of the full 16S rRNA gene would increases the
chances to cover in greater detail the microbial taxonomy of a
given sample, this is not generally pursued, since the standard
approach employs the sequencing of only 2-3 hyper-variable
regions. Since different microbial communities colonize different
oral environments/niches (lips, cheeks, palate, teeth, gingival
sulcus, saliva), a successful identification of bacterial at a good
taxonomic depth (genus or rarely species) is not granted when
sequencing only a subgroup of the hyper-variable regions or
even when sequencing the entire 16S rRNA. Most importantly, it
appears clear that the choice of the hyper-variable region
undergoing sequencing might dramatically impact on the final
overall results (identification and quantification of the microbial
taxonomic groups) (16).

SMs involves the sequencing of small random fragments of
the microbial DNA to identify the species and genes present in
the samples. Unlike 16Ss, SMs reads DNA fragments from all the
microbial genomes, rather than just one specific gene region of
the 16 rRNA gene. Sequencing can identify and profile bacteria,
fungi, viruses and many other types of microorganisms at the
same time (17). Moreover, with this approach, which requires
more complex bioinformatics methods and is more expensive
than 16Ss, researchers can also identify genes (the metagenome),
which provide additional information about microbiome
functional potential (e.g. virulence, metabolic or antibiotic
resistance genes). When it is necessary to look at the species
and strains within the microbiome of interest, SMs is therefore
more powerful than 16Ss. SMs represents a new incoming
approach to study bacterial, fungal and viral microbiomes in
terms of composition and functions of the microbial community
(18, 19). Moreover, it is likely that future studies will expand the
complexity of the association analyses by including interactions
between the oral-microbiome and the host genome in order to
target the most susceptible oral microbiota- host profiles.

Actually, the major question experts should raise is whether
a thorough knowledge of the composition of the oral
microbiome via genomic and metabolomic analysis may serve
as a leading diagnostic tool in forecasting the risk of a
cancer onset.

The oral microbiome composition in
the hygiene perspective of
oropharyngeal cancers

Knowing the complex milieu of the oral microbial

population, cross-talking with mucosal and immune cells,
might be, therefore, the actual playground to understand the
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relationship between oral hygiene and cancer. If correct, the
medical expert should be endowed with a thorough knowledge
of which kind of oral microbiome is mostly represented in
healthy individuals, respect to patients with oropharyngeal
cancer. This investigation may start with comparing oral
microenvironments with different degrees of daily hygiene.

Anderson and colleagues recently performed an RCT using
stannous ions in the oral hygiene for three years compared with
a control group and reported that the oral microbiome
composition did not vary significantly between the two
cohorts of subjects, but found that the genus Prevotella was
particularly represented in the treated group, whereas the genus
Neisseria and Granulicatella, were more abundant in the salivary
samples of the control group (20).

Interestingly, despite the immune microenvironment the
species Porphyromonas gingivalis has been recently associated
with OSCC, despite many mechanisms by which this bacterial
species promotes tumor progression is far to be fully elucidated
(21). Several microbiota profiles reported that P. gingivalis in
oral biofilms is associated with advanced stages and poor
prognosis of esophageal squamous cell carcinoma (22). A
possibility by which P. gingivalis activates the development of
esophageal cancers should involve the NF-xB signaling (23).
Actually, the causative and promotion role of P. gingivalis in oral
cancers and in OSCC appears confirmed in recent reports and
meta-analyses (24, 25). As P. gingivalis is the major causative
microbial agent of periodontitis (26), therefore its association
with oral cancers pertains to the direct association with previous
gum and dental hygiene impairments leading to periodontitis (5,
27), and this may be beyond the purpose of our report.

Progressing with the role of the immune microenvironment,
oral hygiene and the composition of the oral microbiome in the
onset of pre-cancerous lesions and further of oral cancers,
another study conducted on children reported that a relatively
poor oral hygiene reduced the presence of the genus
Streptococcus and increased the presence of the genus
Veillonella (28). The interesting study performed by Gong and
coworkers, reported that in patients with laryngeal squamous
cell carcinoma (LSCC), swab specimens collected from the upper
portion of the throat, near the epiglottis, reported the presence of
the genus Streptococcus (38.8%), Prevotella (8.2%), Veillonella
(7.3%), Neisseria (9.2%) and Granulicatella (2.8%) (29). Gong
et al, reported that the genus Prevotella increased in LSCC
patients, whereas the genus Streptococcus was significantly
reduced (29).

However, Gong et al., concluded that the existence of a
“pathological unit”, i.e. a complex multi-strain population of
interacting genera and phyla, should be considered in any study
relating oral microbiome with oropharyngeal cancers, instead of
singular changes in the genus representation.

The highly stressed linkage between a scant oral hygiene and
the etiopathogenesis of many oropharyngeal cancers, should be
read not simply as the concurrent action of a pro-inflammatory
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micro-environment in triggering a malignancy but, most
probably, in the upset homeostasis of the oral microbiome
composition (30, 31).

This should suggest that the relationship between oral
microbiome and cancers in the oral and pharyngeal tracts is
still a crucial matter of debate. In this context, a possible question
is: “Do dysbiosis modify the immune homeostasis in the oral
cavity so to lead to a pro-carcinogenic microenvironment? or
“Are particular bacterial species to be investigated as purported
to be leading causative agents of oropharyngeal tumors™?

As indicated before, a possible straightforward, sound marker
is P. gigivalis, or its presence in periodontits, as recently was
reported by some authors for OSCC, where P. gingivalis was
described as one of the leading causative bacterial strain of oral
tumors (32). Gong and colleagues studied the relationship
between oral microbiome and laryngeal carcinomas, concluding
that impairments in the host’s oral microbiota structure and
composition, may be major causative factors of laryngeal cancer
(33). Most isolates in this case are saccharolytic and acid tolerant.
Streptococcus anginosus, commonly linked with esophageal and
oropharyngeal cancers, does not seem to be of significance in this
kind of cancers. Similarly, significant salivary specificity is noted
for three bacterial species, namely Capnocytophaga gingivalis, P.
melaninogenica, and Streptococcus mitis in oropharyngeal cancer
patients, making these species as major salivary markers for the
early detection of these forms of cancers, thus improving the
survival rate significantly (33, 34). Also, such high degree of
bacterial specificity in oropharyngeal cancers has also prompted
the design and testing of new treatment options for cancer
prevention by way of vaccine delivery. However, for the success
of these steps, a deeper exploration into this issue, ameliorating
our previous knowledge, is warranted.

Sun et al., investigated the role of oral microbiota and
associated specific species in the development of cancer, i.e.
Porphyromonas gingivalis, Fusobacterium nucleatum, the order
Bacteriodales, the genus Latropia and the species Tannerella
forsythia, were associated with esophageal cancer and
Porphyromonas gingivalis, the genus Capnocytophaga, Dialisater,
Filifactor, Catonella and Peptostreptococcus, with oropharyngeal
cancers (35). According to the authors, the genus Streptococcus,
which encompasses a wide range (more than one hundred) of
different strains and species, has controversial activities on
promoting cancer, whereas streptococci in saliva were recently
associated with gastric cancer (36), and S. pneumoniae was
associated with lower risk of esophageal cancer (37).
Investigating the immune interaction of specific bacteria with
the oropharyngeal tissue and cell microenvironment, rather than
bacterial species each other, probably represents a more suitable
and affordable biomarker for cancer prevention and/or diagnosis.
In this perspective, it would be particularly useful to investigate the
physio-pathological state of those bacterial communities
colonizing the oral cavity and the pharynx and their cross talk
with the oral immune system.
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From a microbiological point of view, it might be too
simplistic, therefore, to ascribe the risk of oropharyngeal
cancer to a single bacterial genus notoriously causing teeth
and gum hygiene pathologies, because, as Gong and colleagues
reported elsewhere (29, 33), the whole oral bacterial community
and the interplays within, are to be focused to highlight possible
causative factors for oropharyngeal tumors. This perspective
should include, obviously, the impact of the microbial
community on the immune homeostasis of the oral cavity.

Controversial issues in this context and study limitations are,
yet, present.

Currently, oral microbiota in the oropharynx is still
unexplored, even using culture-independent approaches and
genomic research. Gong and colleagues recently characterized
the composition and microbial structure of the pharynx in
patients with laryngeal carcinoma, using a pyrosequencing of
16 sRNA libraries on 68 subjects with the carcinoma and 28 with
only vocal cord polyps (2). Firmicutes represented the major
phylum, whereas Streptococcus was the predominant genus, yet
no difference between cases and controls in microbiota
composition, as a whole, was observed (2).

In general, Firmicutes predominance was inversely related to
Fusobacteria, Actinobacteria, Proteobacteria and Bacteroidetes,
whereas the relative abundance of Streptococcus genus was
inversely associated with the presence of Prevotella, Actinomyces,
Fusobacterium, Leptotrichia and Neisseria (2). In a recent scoping
review, performed on 274 papers of which only 9 eligible, authors
reported that the association between oral tumors and oral
microbiome was significant when changes in the microbiota
composition occurred, particularly when an impaired abundance
of the phyla Firmicutes, Fusobacteria and Actinobacteria and some
species of the genus Streptococcus, Actinomyces, Leptotrichia,
Campylobacter e Fusobacterium were predominant in the oral
microbiome (38). In this study, tongue-related microbiome has
been used as a predictor of cancers in the oral cavity (38). It would be
interesting to assess the role of such microbiomes in tongue cancers,
aswell, as still representing a huge concern in oral oncology (39, 40).

The relationship between oral microbiome and oral cancers
claims periodontal diseases as a major causative factor in
oropharyngeal cancer, yet paucity in clinical and experimental
reports cannot ensure about the reliability of this thesis, though
intriguing (41).

Does the immune microenvironment
plays a role?

A first question oncologists should put forward regards the
microbial composition in the nose-mouth-pharynx cavities, i.e.
if an “optimal” bacterial population structure does exist and how
to support and recover a balanced composition during oral
dysbiosis events. Gut microbiome may be a possible specular
model to elucidate the role of oral microbiome in cancer but
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differential biochemical microenvironments, either aerobic or
anaerobic, in the oropharyngeal and gut microbiomes, might
obviously be a matter of debate, due to those marked differences.

So, which kind of consideration one may achieve by looking
into this evidence?

Gut microbiome dysbiosis has been recently associated with
sporadic young-onset colorectal cancer (yCRC) and Streptococcus
genus is again a major key phylotype in colorectal cancer, whereas
yCRC is characterized also by the co-dominant presence of
Flavonifractor plautii (42). The genus Streptococcus, in particular S.
anginosus, has been linked with esophageal and pharyngeal cancers
and interest in the involvement of oral microbiota in laryngeal
cancers is recently increasing (3, 29, 43). Most of the bacterial
isolates in the oral cavity are saccharolytic and acid tolerant species
and are of poor significance in oropharyngeal cancer, including
Streptococcus anginosus, which was controversially linked with
esophageal and pharyngeal cancers (43). Yet, at least three bacterial
strains, i.e. Capnocytophaga gingivalis, P. melaninogenica, and
Streptococcus mitis in oropharyngeal cancer patients, were
considered fundamental markers in salivary samples for early
detection of oral tumors (43).

The role of Streptococcus genus may be particularly relevant, as
with Actinomyces species, streptococci are the first oral colonizers
anaerobic facultative bacteria. A possible homeostasis of the
bacterial community in the oral cavity, may be ruled by most
represented bacteria, such as some member of the Streptococcus
genus (44).

Past reports appear quite intriguing in this sense, when
streptococci were used to prevent cancer (45).

Oral streptococci modulate CD4" CD25" Foxp3" regulatory
T cells (T reg cells) via a TLR2-mediated NF-«B activation (46)
and despite an exhaustive comprehension of the role of these cell
subsets in oropharyngeal cancers is still far to be fully
accomplished (47), some intriguing speculative hypothesis, can
be put forward, at least on the basis of the unexpected and
paradoxical protective role of some streptococcal strains on the
cancer etiology in the oral microenvironment (48, 49).

T reg cells may be the key to understand how different species
of commensal and resident bacteria in the oral cavities stay
altogether in a homeostatic maintenance via the Streptococcus
action on these CD4" lymphocyte subsets. Actually, the oral
mucosa very rarely experiences raw inflammatory events,
despite the huge deal of micro-organisms occurring in its sites,
an evidence suggesting that, somehow, immune activation is
tolerated or attenuated. Hypotheses were forwarded about the
possible role of Foxp3™ T regs cells in controlling the immune
micro-environment in the oral mucosa. These cells are quite
different as compared with spleen Foxp3™ Treg cells, as cells in
the oral cavity express high amount of the membrane biomarker
CD103 and high levels of CTLA4 (50), whose genetic
polymorphism, i.e. particular polymorphic alleles, are associated
with oral tumors (51). Actually, the acute depletion of these Treg
cells cause severe pathology in oral mucosa.
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One of the leading species modulating Foxp3 Treg cells in
oral mucosa is Streptococcus gordonii, which usually disappears
in laryngeal oral tumors to be replaced by other streptococcal
species (33, 46). It is arguable that the Streptococcus genus, highly
represented within the oral microbiome, may play a major role
in maintaining the microbial homeostasis in the oral cavity by
attenuating the immune response via the upregulation of Foxp3™
T reg cells (48). The participation of the Streptococcus genus to
the aforementioned immune homeostasis occurs because this
bacterial phylotype colonizes prevalently the oral mucosa as
compared with other strains (51). Defined species, such as S.
mutans and S. subrirus, causes caries, which has been associated
with head and neck cancers, but not with laryngeal cancer (52).

Are there specific bacterial genus and species that act as
preventive microbial barrier against a cancer onset? A possible
response has to be searched in the complex field of the immune
regulation, where Tregs and other immune cells participates in
organizing an efficient cross talk between colonizing bacteria in
the oral cavity and mucosal immunity. Despite this may appear
as a speculative description of the role of oral microbiome in
oropharyngeal cancer pathogenesis, further research should
address the role of specific bacterial genus and Treg cells in
this context.

Probably, science must address novel concepts in investigating
the role of the oral microbial community as a microenvironment
promoting cancer, such as the concept of oralome, which can be
approached as the summary of the dynamic interactions
orchestrated by a huge crowd of micro-organisms living in our
own oral cavities (53).

Conclusions

Does oral microbiome act as a friend or a foe in oral immunity?
The search for some presumptive connection between oral bacteria,
oral hygiene, lifestyle, voluptuary habits and predisposition to
oropharyngeal tumors, is a burdensome task, as the relationship
between a complex interacting microbiome with oral mucosal
immunity and the gut microbiome is the actual playground of any
sound research in this field. The mutual interplay between bacterial
species present in the oral microbiome, particularly the genus
Streptococcus, and the immune regulation by streptococcal-
induced Foxp3" Treg cells, should represent an insightful matter
of debate to comprehend the onset and pathogenetic mechanisms of
laryngeal oropharyngeal cancers. Insights on the pathophysiology of
different oral microbiomes in patients with oropharyngeal cancers

References

1. Lau HC, Hsueh CY, Gong H, Sun J, Huang HY, Zhang M, et al. Oropharynx
microbiota transitions in hypopharyngeal carcinoma treatment of induced

Frontiers in Oncology

05

10.3389/fonc.2022.948068

and on the interrelationship with the local oral mucosal immunity,
may be the correct strategy to highlight and elucidate these issues.
Oral microbiome, connected to lung and gut microbiome in a
complex way, is able to modulate inflammatory signals via the
orchestrated cross talks occurring between different species of
resident bacteria, which promote, via their most represented
strains, TLR-2 mediated activation of T cells, and maintain the
oral microenvironment refractory to pro-inflammatory
mechanisms leading to tumorigenesis. Further clinical studies in
this sense may elucidate the great concern of oropharyngeal cancers.
In particular, they may deepen the relationship with the oral
microbiome, at least in order to focus on the factors enabling
dentistry and head and neck medicine to set and recommend
optimal preventive measures and successful therapies.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

Author contributions

Conceptualization, RN, SC, NZ, MM and DG; methodology,
DG, LM, MM, GM.; software, SC, NZ.; validation, NZ, DG, MM,
GM; formal analysis, RN, SC, NZ,; investigation, SC, DG; resources,
NZ, LM.; data curation, NZ, RN; writing—original draft preparation,
SC,NZ,DG.; writing—review and editing, SC; visualization, RN, DG,
NZ; supervision, RN, NZ, SC, DG. All authors have read and agreed
to the published version of the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

chemotherapy followed by surgery. BMC Microbiol (2021) 21(1):310.
doi: 10.1186/512866-021-02362-4

frontiersin.org


https://doi.org/10.1186/s12866-021-02362-4
https://doi.org/10.3389/fonc.2022.948068
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Nocini et al.

2. Gong H, Wang B, Shi Y, Shi Y, Xiao X, Cao P, et al. Composition and
abundance of microbiota in the pharynx in patients with laryngeal carcinoma
and vocal cord polyps. J Microbiol (2017) 55(8):648-54. doi: 10.1007/s12275-
017-6636-8

3. Hsueh CY, Gong H, Cong N, Sun J, Lau HC, Guo Y, et al. Throat microbial
community structure and functional changes in postsurgery laryngeal carcinoma
patients. Appl Environ Microbiol (2020) 86(24):e01849-20. doi: 10.1128/
AEM.01849-20

4. Marsh PD. Are dental diseases examples of ecological catastrophes? Microbiol
(Reading) (2003) 149(Pt 2):279-94. doi: 10.1099/mic.0.26082-0

5. Komlos G, Csurgay K, Horvath F, Pelyhe L, Németh Z. Periodontitis as a risk
for oral cancer: a case-control study. BMC Oral Health (2021) 21(1):640.
doi: 10.1186/s12903-021-01998-y

6. Mascitti M, Togni L, Troiano G, Caponio VCA, Gissi DB, Montebugnoli L,
et al. Beyond head and neck cancer: The relationship between oral microbiota and
tumour development in distant organs. Front Cell Infect Microbiol (2019) 9:232.
doi: 10.3389/fcimb.2019.00232

7. Schmidt BL, Kuczynski ], Bhattacharya A, Huey B, Corby PM, Queiroz EL,
et al. Changes in abundance of oral microbiota associated with oral cancer. PloS
One (2014) 9(6):¢98741. doi: 10.1371/journal.pone.0098741

8. Kang X, Lu B, Xiao P, Hua Z, Shen R, Wu J, et al. Microbial characteristics of
common tongue coatings in patients with precancerous lesions of the upper
gastrointestinal tract. J Healthc Eng (2022) 2022:7598427. doi: 10.1155/2022/
7598427

9. Yang K, Wang Y, Zhang S, Zhang D, Hu L, Zhao T, et al. Oral microbiota
analysis of tissue pairs and saliva samples from patients with oral squamous cell
carcinoma - A pilot study. Front Microbiol (2021) 12:719601. doi: 10.3389/
fmicb.2021.719601

10. Hou K, Wu ZX, Chen XY, Wang JQ, Zhang D, Xiao C, et al. Microbiota in
health and diseases. Signal Transduct Target Ther (2022) 7(1):135. doi: 10.1038/
$41392-022-00974-4

11. Bacali C, Vulturar R, Buduru S, Cozma A, Fodor A, Chis A, et al. Oral
microbiome: Getting to know and befriend neighbors, a biological approach.
Biomedicines (2022) 10(3):671. doi: 10.3390/biomedicines10030671

12. Kolbert CP, Persing DH. Ribosomal DNA sequencing as a tool for
identification of bacterial pathogens. Curr Opin Microbiol (1999) 2(3):299-305.
doi: 10.1016/S1369-5274(99)80052-6

13. Langille MG, Zaneveld ], Caporaso JG, McDonald D, Knights D, Reyes JA,
et al. Predictive functional profiling of microbial communities using 16S rRNA
marker gene sequences. Nat Biotechnol (2013) 31(9):814-21. doi: 10.1038/nbt.2676

14. Glockner FO, Yilmaz P, Quast C, Gerken J, Beccati A, Ciuprina A, et al. 25
years of serving the community with ribosomal RNA gene reference databases and
tools. J Biotechnol (2017) 261:169-76. doi: 10.1016/j.jbiotec.2017.06.1198

15. Wade WG, Prosdocimi EM. Profiling of oral bacterial communities. J Dent
Res (2020) 99(6):621-9. doi: 10.1177/0022034520914594

16. Kumar PS, Brooker MR, Dowd SE, Camerlengo T. Target region selection is
a critical determinant of community fingerprints generated by 16S pyrosequencing.
PloS One (2011) 6(6):¢20956. doi: 10.1371/journal.pone.0020956

17. Segata N, Waldron L, Ballarini A, Narasimhan V, Jousson O, Huttenhower
C. Metagenomic microbial community profiling using unique clade-specific
marker genes. Nat Methods (2012) 9(8):811-4. doi: 10.1038/nmeth.2066

18. Gomez A, Espinoza JL, Harkins DM, Leong P, Saffery R, Bockmann M, et al.
Host genetic control of the oral microbiome in health and disease. Cell Host
Microbe (2017) 22(3):269-78.¢3. doi: 10.1016/j.chom.2017.08.013

19. Annavajhala MK, May M, Compres G, Freedberg DE, Graham R, Stump §,
et al. Relationship of the esophageal microbiome and tissue gene expression and
links to the oral microbiome: A randomized clinical trial. Clin Transl Gastroenterol
(2020) 11(12):€00235. doi: 10.14309/ctg.0000000000000235

20. Anderson AC, Al-Ahmad A, Schlueter N, Frese C, Hellwig E, Binder N.
Influence of the long-term use of oral hygiene products containing stannous ions
on the salivary microbiome - a randomized controlled trial. Sci Rep (2020) 10
(1):9546. doi: 10.1038/s41598-020-66412-z

21. Wen L, Mu W, Lu H, Wang X, Fang ], Jia Y, et al. Porphyromonas gingivalis
promotes oral squamous cell carcinoma progression in an immune
microenvironment. J Dent Res (2020) 99(6):666-75. doi: 10.1177/
0022034520909312

22. Chen MF, Lu MS, Hsieh CC, Chen WC. Porphyromonas gingivalis
promotes tumor progression in esophageal squamous cell carcinoma. Cell Oncol
(Dordr) (2021) 44(2):373-84. doi: 10.1007/s13402-020-00573-x

23. Meng F, Li R, Ma L, Liu L, Lai X, Yang D, et al. Porphyromonas gingivalis
promotes the motility of esophageal squamous cell carcinoma by activating NF-xB
signaling pathway. Microbes Infect (2019) 21(7):296-304. doi: 10.1016/
jmicinf.2019.01.005

Frontiers in Oncology

06

10.3389/fonc.2022.948068

24. Lafuente Ibafiez de Mendoza I, Maritxalar Mendia X, Garcia de la Fuente
AM, Quindos Andrés G, Aguirre Urizar JM. Role of porphyromonas gingivalis in
oral squamous cell carcinoma development: A systematic review. ] Periodontal Res
(2020) 55(1):13-22. doi: 10.1111/jre.12691

25. Lamont RJ, Fitzsimonds ZR, Wang H, Gao S. Role of porphyromonas
gingivalis in oral and orodigestive squamous cell carcinoma. Periodontol 2000
(2022) 89(1):154-65. doi: 10.1111/prd.12425

26. Singhrao SK, Harding A, Poole S, Kesavalu L, Crean S. Porphyromonas
gingivalis periodontal infection and its putative links with alzheimer’s disease.
Mediators Inflamm (2015) 2015:137357. doi: 10.1155/2015/137357

27. Irani S, Barati I, Badiei M. Periodontitis and oral cancer - current concepts
of the etiopathogenesis. Oncol Rev (2020) 14(1):465. doi: 10.4081/0ncol.2020.465

28. Mashima I, Theodorea CF, Thaweboon B, Thaweboon S, Scannapieco FA,
Nakazawa F. Exploring the salivary microbiome of children stratified by the oral
hygiene index. PloS One (2017) 12(9):¢0185274. doi: 10.1371/journal.pone.0185274

29. Gong H, Shi Y, Zhou X, Wu C, Cao P, Xu C, et al. Microbiota in the throat
and risk factors for laryngeal carcinoma. Appl Environ Microbiol (2014) 80
(23):7356-63. doi: 10.1128/AEM.02329-14

30. Reitano E, de’Angelis N, Gavriilidis P, Gaiani F, Memeo R, Inchingolo R,
et al. Oral bacterial microbiota in digestive cancer patients: A systematic review.
Microorganisms (2021) 9(12):2585. doi: 10.3390/microorganisms9122585

31. La Rosa GRM, Gattuso G, Pedulla E, Rapisarda E, Nicolosi D, Salmeri M.
Association of oral dysbiosis with oral cancer development. Oncol Lett (2020) 19
(4):3045-58. doi: 10.3892/01.2020.11441

32. Irfan M, Delgado RZR, Frias-Lopez J. The oral microbiome and cancer.
Front Immunol (2020) 11:591088. doi: 10.3389/fimmu.2020.591088

33. Gong H, Shi Y, Xiao X, Cao P, Wu C, Tao L, et al. Alterations of microbiota
structure in the larynx relevant to laryngeal carcinoma. Sci Rep (2017) 7(1):5507.
doi: 10.1038/s41598-017-05576-7

34. Kitagawa K, Gonoi R, Tatsumi M, Kadowaki M, Katayama T, Hashii Y, et al.
Preclinical development of a WT1 oral cancer vaccine using a bacterial vector to
treat castration-resistant prostate cancer. Mol Cancer Ther (2019) 18(5):980-90.
doi: 10.1158/1535-7163.MCT-18-1105

35. Sun]J, Tang Q, Yu S, Xie M, Xie Y, Chen G, et al. Role of the oral microbiota
in cancer evolution and progression. Cancer Med (2020) 9(17):6306-21. doi:
10.1002/cam4.3206

36. WuJ, Xu S, Xiang C, Cao Q, Li Q, Huang J, et al. Tongue coating microbiota
community and risk effect on gastric cancer. ] Cancer (2018) 9(21):4039-48. doi:
10.7150/jca.25280

37. Peters BA, Wu ], Pei Z, Yang L, Purdue MP, Freedman ND, et al. Oral
microbiome composition reflects prospective risk for esophageal cancers. Cancer
Res (2017) 77(23):6777-87. doi: 10.1158/0008-5472.CAN-17-1296

38. Ali Mohammed MM, Al Kawas S, Al-Qadhi G. Tongue-coating microbiome
as a cancer predictor: A scoping review. Arch Oral Biol (2021) 132:105271. doi:
10.1016/j.archoralbio.2021.105271

39. Carinci F, Lo Muzio L, Piattelli A, Rubini C, Chiesa F, Ionna F, et al.
Potential markers of tongue tumor progression selected by cDNA microarray. Int ]
Immunopathol Pharmacol (2005) 18(3):513-24. doi: 10.1177/039463200501800311

40. Limongelli L, Capodiferro S, Tempesta A, Sportelli P, Dell’Olio F, Angelelli
G, et al. Early tongue carcinomas (clinical stage I and II): Echo-guided three-
dimensional diode laser mini-invasive surgery with evaluation of histological
prognostic parameters. a study of 85 cases with prolonged follow-up. Lasers Med
Sci (2020) 35(3):751-8. doi: 10.1007/s10103-019-02932-z

41. Corbella S, Veronesi P, Galimberti V, Weinstein R, Del Fabbro M, Francetti
L. Is periodontitis a risk indicator for cancer? A meta-analysis. PloS One (2018) 13:
€0195683. doi: 10.1371/journal.pone.0195683

42. Yang Y, Du L, Shi D, Kong C, Liu J, Liu G, et al. Dysbiosis of human gut
microbiome in young-onset colorectal cancer. Nat Commun (2021) 12(1):6757.
doi: 10.1038/s41467-021-27112-y

43. Chocolatewala N, Chaturvedi P, Desale R. The role of bacteria in oral cancer.
Indian ] Med Paediatr Oncol (2010) 31(4):126-31. doi: 10.4103/0971-5851.76195

44. Lamont RJ, Koo H, Hajishengallis G. The oral microbiota: Dynamic
communities and host interactions. Nat Rev Microbiol (2018) 16(12):745-59.
doi: 10.1038/s41579-018-0089-x

45. Coley WB. The treatment of malignant tumors by repeated inoculations of
erysipelas. With a report of ten original cases. 1893. Clin Orthop Relat Res (1991)
262:3-11.

46. Saeki A, Segawa T, Abe T, Sugiyama M, Arimoto T, Hara H, et al. Toll-like
receptor 2-mediated modulation of growth and functions of regulatory T cells by
oral streptococci. Mol Oral Microbiol (2013) 28(4):267-80. doi: 10.1111/0mi.12023

47. O’Higgins C, Ward FJ, Abu Eid R. Deciphering the role of regulatory CD4 T
cells in oral and oropharyngeal cancer: A systematic review. Front Oncol (2018)
8:442. doi: 10.3389/fonc.2018.00442

frontiersin.org


https://doi.org/10.1007/s12275-017-6636-8
https://doi.org/10.1007/s12275-017-6636-8
https://doi.org/10.1128/AEM.01849-20
https://doi.org/10.1128/AEM.01849-20
https://doi.org/10.1099/mic.0.26082-0
https://doi.org/10.1186/s12903-021-01998-y
https://doi.org/10.3389/fcimb.2019.00232
https://doi.org/10.1371/journal.pone.0098741
https://doi.org/10.1155/2022/7598427
https://doi.org/10.1155/2022/7598427
https://doi.org/10.3389/fmicb.2021.719601
https://doi.org/10.3389/fmicb.2021.719601
https://doi.org/10.1038/s41392-022-00974-4
https://doi.org/10.1038/s41392-022-00974-4
https://doi.org/10.3390/biomedicines10030671
https://doi.org/10.1016/S1369-5274(99)80052-6
https://doi.org/10.1038/nbt.2676
https://doi.org/10.1016/j.jbiotec.2017.06.1198
https://doi.org/10.1177/0022034520914594
https://doi.org/10.1371/journal.pone.0020956
https://doi.org/10.1038/nmeth.2066
https://doi.org/10.1016/j.chom.2017.08.013
https://doi.org/10.14309/ctg.0000000000000235
https://doi.org/10.1038/s41598-020-66412-z
https://doi.org/10.1177/0022034520909312
https://doi.org/10.1177/0022034520909312
https://doi.org/10.1007/s13402-020-00573-x
https://doi.org/10.1016/j.micinf.2019.01.005
https://doi.org/10.1016/j.micinf.2019.01.005
https://doi.org/10.1111/jre.12691
https://doi.org/10.1111/prd.12425
https://doi.org/10.1155/2015/137357
https://doi.org/10.4081/oncol.2020.465
https://doi.org/10.1371/journal.pone.0185274
https://doi.org/10.1128/AEM.02329-14
https://doi.org/10.3390/microorganisms9122585
https://doi.org/10.3892/ol.2020.11441
https://doi.org/10.3389/fimmu.2020.591088
https://doi.org/10.1038/s41598-017-05576-7
https://doi.org/10.1158/1535-7163.MCT-18-1105
https://doi.org/10.1002/cam4.3206
https://doi.org/10.7150/jca.25280
https://doi.org/10.1158/0008-5472.CAN-17-1296
https://doi.org/10.1016/j.archoralbio.2021.105271
https://doi.org/10.1177/039463200501800311
https://doi.org/10.1007/s10103-019-02932-z
https://doi.org/10.1371/journal.pone.0195683
https://doi.org/10.1038/s41467-021-27112-y
https://doi.org/10.4103/0971-5851.76195
https://doi.org/10.1038/s41579-018-0089-x
https://doi.org/10.1111/omi.12023
https://doi.org/10.3389/fonc.2018.00442
https://doi.org/10.3389/fonc.2022.948068
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Nocini et al.

48. Marzhoseyni Z, Shojaie L, Tabatabaei SA, Movahedpour A, Safari M,
Esmaeili D, et al. Streptococcal bacterial components in cancer therapy. Cancer
Gene Ther (2022) 29(2):141-55. doi: 10.1038/s41417-021-00308-6

49. Steer AC, Jenney AW, Kado ], Good MF, Batzloff M, Magor G, et al.
Prospective surveillance of streptococcal sore throat in a tropical country. Pediatr
Infect Dis J (2009) 28(6):477-82. doi: 10.1097/INF.0b013e318194b2af

50. Park JY, Chung H, DiPalma DT, Tai X, Park JH. Immune quiescence in the oral
mucosa is maintained by a uniquely large population of highly activated Foxp3* regulatory
T cells. Mucosal Immunol (2018) 11(4):1092-102. doi: 10.1038/s41385-018-0027-2

Frontiers in Oncology

07

10.3389/fonc.2022.948068

51. Wong YK, Chang KW, Cheng CY, Liu CJ. Association of CTLA-4 gene
polymorphism with oral squamous cell carcinoma. J Oral Pathol Med (2006) 35
(1):51-4. doi: 10.1111/j.1600-0714.2005.00377.x

52. Tezal M, Scannapieco FA, Wactawski-Wende J, Meurman JH, Marshall JR,
Rojas IG, et al. Dental caries and head and neck cancers. JAMA Otolaryngol Head
Neck Surg (2013) 139(10):1054-60. doi: 10.1001/jamaoto.2013.4569

53. Radaic A, Kapila YL. The oralome and its dysbiosis: New insights into oral
microbiome-host interactions. Comput Struct Biotechnol J (2021) 19:1335-60. doi:
10.1016/j.csbj.2021.02.010

frontiersin.org


https://doi.org/10.1038/s41417-021-00308-6
https://doi.org/10.1097/INF.0b013e318194b2af
https://doi.org/10.1038/s41385-018-0027-2
https://doi.org/10.1111/j.1600-0714.2005.00377.x
https://doi.org/10.1001/jamaoto.2013.4569
https://doi.org/10.1016/j.csbj.2021.02.010
https://doi.org/10.3389/fonc.2022.948068
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Oral microbiota in oropharyngeal cancers: Friend or foe?
	Introduction
	The oral microbiome composition in the hygiene perspective of oropharyngeal cancers
	Does the immune microenvironment plays a role?
	Conclusions
	Data availability statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


