Folia Biologica et Oecologica 18: 122-132 (2024)

Acta Universitatis Lodziensis

Potential role of bacterial pathogens in the immunopathogenesis of
ovarian cancer

WIKTORIA WIERZBINSKA 12 OLGA KuzmyCz®2

'BioMedChem Doctoral School of the University of Lodz and Lodz Institutes of the Polish Academy of
Sciences, Matejki 21/23, 90-237 Lodz, Poland,

2University of Lodz, Faculty of Biology, Department of Molecular Microbiology, Banacha 12/16, 90-237
Lodz, Poland

E-mail: wiktoria.wierzbinska@edu.uni.lodz.pl, olga.kuzmycz@biol.uni.lodz.pl

ABSTRACT

The development of next-generation sequencing (NGS) techniques allowed
conducting research with greater efficiency and determining the microbial
pattern of niches in the human body that were previously considered sterile.
Observed changes in the microbiome composition of patients with cancer
lesions increasingly indicate the role of microorganisms in the tumour
induction and progression. Overgrowth of certain pathogenic strains within
the tissue may cause inflammation, which in its chronic form may lead to
destabilization of host genome. Such changes may result in altering the
expression of genes encoding proteins involved in significant metabolic
pathways and promote pathogenic cell functions such as proliferation
stimulation, apoptosis inhibition and modulation of inflammatory response.
Consequently, these events may lead to tissue destruction, disruption of
physiological processes and development of disease states including cancer.
In light of emerging reports on the role of changes in the composition of the
microbiota in tumorigenesis induction and the presence of pathogenic
strains in the ovarian cancer (OC) tumour microenvironment (TME), the
hypothesis of a potential role for bacteria in the pathogenesis of this cancer
is also gaining interest. The following review presents a summary of
scientific research indicating potential role of TME bacteria in the
immunopathogenesis of OC.
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Introduction

Ovarian cancer is the deadliest disease ~ year. Due to the lack of specific

of the female upper reproductive tract
(URT) with a cancerous origin, with more
than 300 000 new cases and more than
150 000 deaths reported worldwide each

symptoms, most patients are diagnosed at
an advanced stage of the disease, which,
combined with a poor prognosis and
frequent drug resistance, translates into a
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high mortality rate. Therefore, it is
extremely important to identify potential
indicators that would allow early
detection and diagnosis of these cancers,
which  would imply an improved
prognosis for patients (Pathak et al.,
2020). Particular attention of the scientific
community has been drawn in recent
years to the relationship between the
presence of microorganisms in specific
locations of the human body and the
genesis  of  neoplastic  processes
(Laniewski et al., 2020). The presence of
certain bacterial species can contribute to
altering the expression of genes encoding
proteins involved in the inflammatory
response, proliferation, apoptosis,
cytotoxicity, as well as modifying the
secretion of inflammatory factors.
Consequently, these events can disrupt
physiological processes and promote
tumorigenesis (Francescone et al., 2014;
Di Tucci et al., 2023). Relationships
between the presence of specific strains
and carcinogenesis have previously been
demonstrated  for  several  cancers
(including gastric, colorectal cancers),
and there are also reports of the possible
involvement of a dysbiotic microbiota in
some female URT cancers, including
endometrial cancer (Walther-Antonio et
al., 2016; Walsh et al., 2019; Li et al.,
2021; Lu et al., 2021; Chen et al., 2021).
In recent years, the role of changes in the
composition of patients’ microbiota has
gained increasing support from the
scientific world in terms of potentially
promoting carcinogenesis. Also, in the
case of ovarian cancer (OC), the first
reports of the presence of pathogenic
strains in the TME are emerging (Zhou et
al., 2019; Banerjee et al., 2017; Wang et
al., 2020; Asangba et al., 2023). However,
determining their potential role in the
induction or progression of carcinogenic
processes requires further research.

The female URT microbiota

For almost a century female URT was
divided into three areas; the non-sterile
vagina, the cervical mucus plug, which
was believed to form a barrier to
microorganisms, and the  sterile
endometrium, fallopian tubes, and ovaries
(Baker et al., 2018). That is until the
second part of the 20-th century when the
first reports of microorganisms isolated
from other than the vagina parts of the
female reproductive tract (FRT) appeared.
However, since these studies were
conducted using culture methods, they did
not reflect the biodiversity or abundance
of microorganisms harbouring these
niches, as only 1% of microorganisms
residing in the human body are capable of
growing on synthetic media. Moreover,
the material used in these studies was
mostly obtained from swabs, resulting in
a high risk of contamination and thus
inaccurate results (Tao et al., 2017). A
breakthrough in case of understanding
microbial composition within previously
inaccessible areas of the human body was
the development of NGS, which not only
allowed more precise identification of the
material, but also increased the efficiency
of the process (Human Microbiome
Project Consortium, 2012). Thanks to
NGS, today without a doubt, we can say
that not only vagina, but also other parts
of FRT harbour their own microbiota
(Pelzer et al., 2011).

Years of research into the origins of
microorganisms within the URT indicate
that they are most likely bacteria
ascending from the vagina (Swidsinski et
al., 2013). The argument supporting this
thesis is the fact that the cervical mucus
plug, wrongly considered an impermeable
barrier for microorganisms, is not
effective against all bacteria (Hansen et
al., 2014). Transport of microorganisms
down the FRT can be supported by the
physiological uterine contractions, as well
as the peristaltic pump which promotes
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the sperm transport. This mechanism can
also promote the transport of other
associated macromolecules including
bacteria, especially during the follicular
and luteal phases of the menstrual cycle,
which are characterized by increased
frequency of contractions (Kunz and
Leyendecker 2002; Zeryomanolakis et al.,
2007).

Regardless numerous research results,
we are still unable to conclusively
determine the species composition of
microorganisms residing in particular
parts of the female URT. There are several
limitations that we must consider in the
context of interpreting the results of
studies on the healthy microbial pattern of
female URT. First of all, in majority of
studies, the analysed material was
obtained transcervically  which is
associated with a high risk of
contamination. A potential solution to this
problem could be to take material directly
from the tissues of patients undergoing
hysterectomy or oophorectomy, however,
neither of these procedures is performed
on healthy patients, so the results obtained
could also be inaccurate. Moreover, most
studies were performed on relatively
small groups of patients, which can lead
to false conclusions (Franasiak et al.,
2020).

Despite the variations in the results
obtained and multiple factors that must be
considered when interpreting them, we
can make some general conclusions based
on the known data. While vagina is
considered one of the most microbial-rich
niches in female body, the available data
indicate that the URT differs from it
fundamentally in terms of both quantity
and biodiversity. Comparing to vagina
URT is considered as an environment
with a lower bacterial abundance as it
harbours up to 10 000 times less
microorganisms, yet according to
available data it exhibits a higher bacterial
biodiversity. The study by Chen et al.,

showed that in the deeper parts of the
reproductive tract, the number of
Lactobacillus bacteria decreases sharply
accounting for 97% of the microbiota at
the cervical level, 30% at the uterine level
and only 1.7% at the ovarian level, while
the number of species with more diverse
populations increases (Chen et al., 2017).
However, it is worth noting that the study
was conducted on material collected from
patients with gynecologic conditions such
as: hysteromyoma, adenomyosis, endo-
metriosis and salpingemphraxis, whose
microbiota composition may differ from
healthy patients.

Ovarian microbiota

While the composition of the vaginal
microbiota is considered relatively well
understood, and studies of the endometrial
microbial pattern provide new reports that
bring us closer to determining its
composition, we still do not know
relatively much about the microorganisms
residing in the ovary. Pelzer et al,
screened follicular fluid collected from
262 in vitro fertilized (IVF) women for the
presence of microorganisms. Study
confirmed that the human follicular fluid
contains bacteria, which allows us to
hypothesize that the bacteria are also
present in the ovary (Pelzer et al., 2013).
Confirmation of this thesis may be a study
conducted by Brewster et al. (2022) on a
group of 10 postmenopausal women
scheduled for salpingo-oophorectomy.
Sequencing  results  confirmed the
bacterial presence within  proximal
fallopian tube, fimbriae, and ovary of
examined  patients.  Moreover, a
significant  difference  between the
microbiota of different parts of URT were
observed. Microbial composition between
the fallopian tube and the ovary differed,
which confirmed the thesis that each part
of the female URT harbours its own,
unique microbiological pattern. Similar
observations were made after comparing
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the microbiota of the fallopian tube and
the fimbriated end. The most abundant
species detected in the ovaries were
Proteobacteria  (69%), Bacteroides
(19%), Actinobacteria (10%) and
Firmicutes (2%) (Brewster et al., 2022).
In another study Miles et al. (2017)
collected swabs and tissue samples from
10 patients undergoing total hysterectomy
and bilateral salpingo-oopherectomy. The
sequencing results obtained indicated
greater biodiversity within the URT
compared to the vaginal environment
which is consistent with the observations
of Chen et al (Miles et al., 2017; Chen et
al., 2017). In another study Wang et
al.(2020) compared the microbiome of 6
patients diagnosed with OC and 10
patients diagnosed with noncancerous
ovarian conditions, which formed the
control group in this study. Results
revealed the presence of bacterial LPS
both in oncologic and non-cancerous
group, which once again confirmed the
bacterial presence within the ovaries.
Similarly to previous reports Proteo-
bacteria was the most abundant phylium
both in cancer (67.2%) and the control
group (67.1%). Unlikely previous reports
the second most abundant phylium in this
study was Firmicutes (23.77% in the
control group and 23.82% in the cancer
group) and the third most abundant
phylium was Bacteroidetes (3.26% in the
control group and 3.41% in the cancer
group) (Wang et al., 2020). The above
studies undoubtedly provide us with
valuable scientific evidence of microbial
presence in the ovaries, but they cannot
establish a scientific basis for determining
the composition of a healthy ovarian
microbiota. The available data comes
from studies conducted on relatively small
groups of patients who have been
diagnosed with gynecological abnor-
malities such as ovarian cancer or fertility
disorders, which can lead to false
conclusions.

Role of TME in the immunepatho-
genesis of cancer

Tumour microenvironment, which is a
complex, dynamic, and continuously
evolving entity, consists of, among other
factors; immune cells, extracellular matrix
elements, stroma, and endothelial cells
(Anderson and Simon, 2020).
Considering recent reports indicating the
presence of microorganisms in niches
previously considered sterile and their
potential role in carcinogenesis, microbes
residing in the TME are increasingly
being included among other elements
forming this specific environment (Nifio
et al, 2022). The presence of
microorganisms within a certain niche,
can be safe and beneficial for the host, as
long as a certain limit of bacterial invasion
is maintained. When the microbial load is
too high, or enriched in representatives of
certain taxa, induction of abnormal
pathological processes within the tissue
may occur. Disruption of microbal
homeostasis may contribute to excessive
tissue destruction, immune stimulation,
and disruption of key metabolic pathways
(Punzon-Jiménez and Labarta, 2021).

Most cases of pathogen-induced
inflammation, results in intruders’
complete elimination by the immune
system and restoration of homeostasis.
Unfortunately, in case of some infections,
complete elimination of pathogens does
not occur, and their presence within the
tissue results in the excessive secretion of
inflammatory mediators, which over time
results in  chronic  inflammation
(Laniewski et al, 2020). Toll-like
receptors (TLRs) play a key role in
detecting the presence of pathogens
within the tissue, through both receptor
and activation functions (Janeway and
Medzhitov, 2002). Once bacterial
molecular patterns are recognized by TLR
receptors, the inflammatory cascade
within the infected tissue is activated (Fig.
1). The released cytokines stimulate the
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Figure 1. Progression of the inflammatory response in ovarian tissue.

differentiation of type 1 T helper (Th-1)
lymphocytes, as well as the activation of
monocytes and natural-killer (NK) cells,
which secrete further inflammatory
mediators including interleukin-2 (IL-2),
IL-12, IL-15, IL-18, tumour necrosis
factor a (TNF-a), interferons o (IFN-1)
and B (IFN-2). Another line of defence
activated by TLRs are B lymphocytes,
which under activation transform into
plasmatic cells secreting antibodies,
which are a precise tool to fight foreign
microorganisms. TLR receptors thus
represent an activating factors for both
specific and non-specific immunity
(Majewska and  Szczepanik, 2006;
Bossowska-Nowicka et al., 2015).

Under physiological conditions, the
inflammatory response persists until the
intruder is eliminated, and then undergoes
self-silencing. Unfortunately, in the case
of a chronic reaction, which may be driven
by a persistent bacterial infection,
constant activation of TLR receptors, may
result in their excessive mobilization, and

thus  further  stimulation of the
inflammatory response, or promotion of
cellular angiogenesis (Basith et al., 2012).
TLR receptors may express their role in
promoting angiogenesis by stimulating
the secretion of vascular endothelial
growth factor (VEGF), which is
responsible for the vascularization of
tumour cells, allowing for significant
tumour growth due to its supply in oxygen
and  nutrients  (Carmeliet,  2005).
Moreover, TLR activation may result
in the activation of protein complex
nuclear factor kappa B (NF-xB). NF-xB
expresses its role in the inflammatory
response by stimulating the production of
pro-inflammatory  cytokines,  which,
unfortunately, can also result in inhibition
of apoptosis, stimulation of proliferation
or enhancement of angiogenesis
— processes which are the hallmarks of
tumorigenesis (Liu et al., 2017).
Moreover, TLR activation results in
production of oxygen free radicals (ROS),
which in excessive amount contributes to

126

WIKTORIA WIERZBINSKA, OLGA KUZMYCZ



FOLIA BIOLOGICA ET OECOLOGICA

lipids, proteins and nucleic-acid damage.
Such changes within cell metabolism may
contribute  to  tumour initiation,
development and growth as well as
therapy-resistance development (Ding et
al., 2021).

Presence of certain bacterial taxa
within the ovaries and persistent chronic
inflammation can also lead to
destabilization of host genome. Chronic
inflammation, as well as bacterial second
metabolites, provide an environment in
which damage, resulting in changes to the
host genome is more likely to occur.
Among other things, the changes can be
associated  with  overexpression  of
cyclooxygenase 1 (COX1) and 2 (COX2),
nitric oxide, and ROS, which in high
concentration within the TME may
promote damage to the genetic material of
host cells, potentially resulting in
mutations (Vakkila and Lotze, 2004).
Carcinogenesis requires at least two
allelic mutations in a single gene,
according to model proposed by Knudson.
Such single mutations could lead to the
development of cancer, but usually more
mutations are required. However, chronic
inflammation  provides a  highly
mutagenic environment in which DNA
damage is more likely to happen. The
resulting mutations can lead to
abnormalities in cellular metabolism such
as proliferation or apoptosis — key
processes in the pathogenesis of cancer
(Knudson, 1971)

Even up to 13-20% of cancers
diagnosed each year may have an
inflammatory basis (Shahanavaj et al.,
2015). However, identification of specific
species and the mechanisms responsible
for processes underlying carcinogenesis
has been a challenge. To date,
International Agency for Research on
Cancer has classified only one bacterial
species as a human carcinogen. Infection
with bacteria Helicobacter pylori, referred
to results in an inflammation of gastric

mucosa (Rudnicka et al., 2019). The
chronic inflammation can lead to peptic
ulcer disease which if sustained for a long
time, may also lead to stomach cancer
(Nomura et al, 1991). Similar
relationship has been demonstrated in
case of colon cancer and the
Fusobacterium sp. infection, in particular
F. mortiferum, F. nucleatum and F.
necrophorum species. Activated by F.
nucleatum NF-kB factor, may result in
development of chronic inflammation
(Kostic et al., 2012).

Similar relationships were observed in
case of URT cancers such as endometrial
cancer (EC). In experiment conducted by
Walther-Antonio et al. (2016), presence
of Atopobium vaginae and Porphyro-
monas sp. bacteria in combination with
high vaginal pH was linked with EC.
Walsh et al. (2019), also identified
Porphyromonas somerae as the most
predative marker for uterine cancer. In
another study, Li et al. (2021), confirmed
that increasing Prevotella abundance in
endometrial tissue, especially when
correlated with elevated serum levels of
D-dimers (DD) and fibrin degradation
products (FDP), may be associated with
carcinogenesis. In study conducted by Lu
et al. (2021), correlation between
increased Micrococcus sp. abundance and
IL-6 and IL-17 micro-RNA levels in EC
patients was observed. In another study
enrichment of Firmicutes, Proteobac-
teria, Tenericutes, Actinobacteria and
Bacteroidete was observed in group of EC
patients (Chen et al., 2021). The results
presented, despite the variation, indicate
that the role of changes in the composition
of the microbiota not only of the stomach
or colon, but also of the female URT
should not be underestimated. In addition,
some results point to a potentially
inflammatory role of pathogens present in
the tumour environment. Unfortunately,
there is still a lack of evidence indicating
whether the presence of microorganisms
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in altered tumour tissue is an effect or a
cause of neoplastic changes.

Pathogens associated with ovarian
cancer

Ovarian cancer is the third most
common female cancer with the highest
mortality rate worldwide. Every year 300
000 women receive a diagnosis of ovarian
cancer, which causes up to 152 000 deaths
worldwide each year. The high mortality
is caused mostly by the asymptomatic
nature of OC, which results in late
diagnosis, usually at an advanced stage of
cancer (Sung et al., 2021). The high
mortality rate of this cancer is also
influenced by frequent resistance to
chemotherapy. OC therapy most often
includes optimal surgical reduction of
tumour-altered tissue in combination with
chemotherapy, as well as neoadjuvant
chemotherapy, radiotherapy, and
immunotherapy. Unfortunately, for more
than 50% of patients with OC, the cancer
recurs, usually in a form that is refractory
to the chemotherapy used (Ding et al.,
2021).

Autosomally inherited mutations in the
BRCA breast cancer susceptibility
(BRCA) genes, also known as hereditary
breast and ovarian cancer (HBOC)
syndrome, and in the DNA mismatch
repair (MMR) genes, also known as
hereditary nonpolyposis colorectal cancer
(HNPCC) syndrome or Lynch I
syndrome, are assumed to be responsible
for about 15% of OC cases. However,
mutations in the BRCA 1/2 genes, which
account for up to 90% of hereditary OC
cases, are most often responsible for
HBOC syndrome. BRCA genes are a
group of cancer suppressor genes, and
mutations that are associated with them
are predisposed to various cancers,
including OC (Pan and Xie, 2017).
Among other risk factors the most
commonly discussed are high body mass
index (BMI), smoking cigarettes,

nulliparity and the family history. It is also
supposed that a specific factor may be
linked to the particular type of ovarian
cancer (Fortner et al., 2019). Based on the
genetic, clinical, and histopathological
factors, OC is divided into type | and type
1. Type | tumours are characterized by a
good prognosis accounting for only 10%
OC-related deaths. In this type of tumour
cancer cells develop from benign
extraovarian precursor lesions which are
present in the ovary (Ducie et al., 2017).
Type Il cancers represent the majority of
OC cases, characterized as highly
aggressive neoplasms. The mortality of
type Il OC is reaching up to 90% of
OC-related deaths, of which high-grade
serous carcinoma (HGSC) is considered
the most common form of diagnosis,
resulting in 70-80% of deaths from OC
(Bowtell et al., 2017). Scientific evidence
over the past decade has challenged the
theory that serous ovarian cancer
originates in the surface epithelium of the
ovary and has identified the fallopian tube
as the source of HGSC. The distal region
of the fallopian tube, also known as the
fimbria, is exposed to the pelvic cavity,
which is the most common location of
serous carcinoma in BRCA-positive
women with p53 mutations (Crum et al.,
2007). Accordingly, Zhou et al. (2019)
hypothesized that OC carcinogenesis may
be promoted or driven by several factors,
including but not limited to pelvic
inflammatory disease (PID), local tumour
immune microenvironment, hormonal
fluctuations, and spontaneous mutations.
The research team also points to
disruptions in microbial composition as a
potential driver of chronic inflammation,
and thus perhaps carcinogenesis. In a
conducted study, they compared the
microbiota composition of tissue samples
collected from 25 patients diagnosed with
ovarian cancer and 25 normal distal
fallopian tube tissue samples. High-
throughput sequencing results revealed
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that both diversity and richness indexes
were significantly reduced in ovarian
cancer tissues compared to tissues from
normal distal fallopian tubes, which
represented a control group in this study.
At the phylum level, Proteobacteria and
Firmicutes were the most dominant taxa
in both groups. Whereas at the genus
level, Acinetobacter, Sphingomonas and
Methylobacterium  were  significantly
enriched in the group of cancer patients,
while Lactobacillus was the outstandingly
dominant genus in the control group.
Moreover, study  revealed that
transcriptional profiles of ovarian cancer
tissues differed from the normal fallopian
tube tissues. Inflammation-associated
signalling pathways including NF-xB
signalling pathway, cytokine-cytokine
receptor interaction and chemokine
signalling pathway were dramatically
activated in OC tissues. Overall, presented
results suggest role of changes within the
ovarian microbiome in the stimulation of
inflammatory processes, which may have
a key role in the induction of carcinogenic
processes (Zhou et al., 2019). Banerjee et
al. (2017) screened 99 ovarian cancer
samples using pan-pathogen array
(PatoChip), combined with capture-next
generation sequencing. In contrast to the
results of Zhou et al., the above study
showed greater biodiversity in the
material collected from cancer patients,
compared to the non-ovarian control
group. The predominant bacterial phyla in
ovarian cancer samples were Proteo-
bacteria (52%), followed by Firmicutes
(22%). Other phylla including Bactero-
idetes,  Actinobacteria, Chlamydiae,
Fusobacteria, Spirochaetes and Tene-
ricutes were also present in OC samples
(Banerjee et al., 2017). Another study
conducted by Wang et al. (2020) revealed
that ovarian bacterial communities in
ovarian cancer group were dominated by
Gemmata  obscureglobus  (13.89%),
followed by Halobacteroides halobius

(11.99%) and Methyloprofundus
sedimenti  (11.12%). An interesting
conclusion was reached by the research
team of Asangba and colleagues, they
analysed the microbiome of all body sites,
with the exception of the stool and
peritoneal network, which were not
collected from the control group of
patients with benign non-cancerous
lesions in this study and compared them
with the microbiome of patients
diagnosed with cancer ovary (Asangba et
al., 2023). The study showed significant
differences between the microbiome of
patients with OC, compared to a group of
patients with benign gynecological
conditions. In addition, the team also
observed an overall enrichment of several
microbial taxa, including Dialister,
Corynebacterium, Prevotella and
Peptoniphilus in all body sites of patients
with  unfavourable ovarian  cancer
outcomes, which may suggest a role for
these microbes in modulating the body's
response to therapy and provide an
indicator in predicting the efficacy of
treatment (Asangba et al., 2023). This
result is also consistent with the thesis that
microbial-induced carcinogenesis is often
associated with global changes in the
microbiome, rather than attributed to
individual pathogens (Schwabe and Jobin,
2013).

Conclusions

With the development of research on
the human microbiota, more and more
evidence point to the undeniable role of
microorganisms in the induction and
progression of diseases that have posed a
challenge to modern medicine for years.
Among them, the role of disorders within
the microbial composition in the context
of cancer is increasingly being discussed.
In recent years, numerous studies have
shown that female URT, for years
wrongly considered sterile, also has its
own unique microbiota. Moreover, with
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more reports of the presence of
pathogenic ~ microorganisms,  among
patients with established cancerous
lesions, there is growing support for the
thesis according to which bacteria may
play an important role in the induction,
and perhaps progression of cancer. Such
relationships have previously been well
established for gastric cancer, as well as
for colorectal cancer. There is also
growing evidence supporting the
involvement of microorganisms in the
induction of neoplastic lesions in the
female URT, including the EC. Emerging
evidence of the presence of pathogenic
strains in the tissues of patients with OC,
indicates that a similar relationship may
also exist for this cancer. The presence of
certain bacterial strains within the tissue
can induce inflammation, which,
persisting for a long time, develops into a
chronic form. Chronic inflammation, in
turn, can provoke can provoke changes
within the host's genetic material that
result in disruption of key metabolic
pathways, posing a risk of cancer
development.

Ovarian cancer is now one of the most
frequently diagnosed and deadliest female
cancers in the world. Due to its late
diagnosis and lack of specific symptoms,
it is most often detected at an advanced
stage, when treatment options are severely
limited. Determining the microbiological
pattern of the ovary, as well as identifying
strains with a potentially carcinogenic
role, gives hope for the development of
specific biomarkers that would allow an
early detection of pathological changes in
the tissue. However, further research is
needed, not only to indicate the
composition of the ovarian microbiome in
a state of eubiosis and potentially
pathogenic strains, but also to detect
mechanisms underlying bacterial-induced
carcinogenesis.

Literature

Anderson, N.M., Simon, M.C. 2020. The tumor
microenvironment. Current biology: CB,
30(16), R921-R925.

Asangba, A.E., Chen, J., Goergen, K.M., Larson,
M.C., Oberg, A.L., Casarin, J., Multinu, F.,
Kaufmann, S.H., Mariani, A., Chia, N.,
Walther-Antonio, M.R.S. 2023. Diagnostic and
prognostic potential of the microbiome in
ovarian cancer treatment response. Scientific
Reports, 13(1), 730.

Baker, J.M., Chase, D.M., Herbst-Kralovetz, M.M.
2018. Uterine Microbiota: Residents, Tourists,
or Invaders? Frontiers in immunology, 9, 208.

Banerjee, S., Tian, T., Wei, Z., Shih, N., Feldman,
M.D., Alwine, J.C., Coukos, G., Robertson, E.S.
2017. The ovarian cancer oncobiome.
Oncotarget, 8(22), 36225-36245.

Basith, S., Manavalan, B., Yoo, T.H., Kim, S.G.,
Choi, S. 2012. Roles of toll-like receptors in
cancer: a double-edged sword for defense and
offense. Archives of Pharmacal Research, 35(8),
1297-1316.

Bossowska-Nowicka M., Dembele K., Toka F. 2015.
Udzial receptoréw Toll-podobnych w pato-
genezie atopowego zapalenia skéry u ludzi
i zwierzagt. Cz. 1 Rola receptordéw Toll-
podobnych w odpornoéci. Zycie Weterynaryjne.
2015:789-792.

Bowtell, D.D., Béhm, S., Ahmed, A.A., Aspuria,
P.J., Bast, R.C., Jr, Beral, V., Berek, J.S., Birrer,
M.J., Blagden, S., Bookman, M.A., Brenton,
J.D., Chiappinelli, K.B., Martins, F.C., Coukos,
G., Drapkin, R., Edmondson, R., Fotopoulou,
C., Gabra, H., Galon, J., Gourley, C., Heong V,
Huntsman, D.G., lwanicki, M., Karlan, B.Y.,
Kaye, A., Lengyel, E., Levine, D.A,, Lu, K.H,,
McNeish, I.A., Menon, U., Narod, S.A., Nelson,
B.H., Nephew, K.P., Pharoah, P., Powell, D.J
Jr., Ramos, P, Romero, I.L., Scott C.L., Sood,
A.K., Stronach, E.A., Balkwill, F.R. 2015.
Rethinking ovarian cancer I1: reducing mortality
from high-grade serous ovarian cancer. Nature
Reviews. Cancer, 15(11), 668-679.

Brewster, W.R., Burkett, W.C., Ko, E.M., Bae-
Jump, V., Nicole McCoy, A., Keku, T.O. 2022.
An evaluation of the microbiota of the upper
reproductive tract of women with and without
epithelial  ovarian  cancer.  Gynecologic
Oncology Reports, 42, 101017.

Carmeliet P. 2005. VEGF as a key mediator of
angiogenesis in cancer. Oncology, 69 Suppl 3,
4-10.

Chen, C., Song, X., Wei, W., Zhong, H., Dai, J., Lan,
Z., Li, F, Yu, X, Feng, Q., Wang, Z., Xie, H.,
Chen, X., Zeng, C., Wen, B., Zeng, L., Du, H.,
Tang, H., Xu, C., Xia, Y., Xia, H., Yang H,
Wang J, Wang J, Madsen L, Brix S, Kristiansen

130

WIKTORIA WIERZBINSKA, OLGA KUZMYCZ



FOLIA BIOLOGICA ET OECOLOGICA

K, Xu X, Li J, Wu R, Jia, H. 2017. The
microbiota continuum along the female
reproductive tract and its relation to uterine-
related diseases. Nature Communications, 8(1),
875.

Chen, P., Guo, Y., Jia, L., Wan, J., He, T., Fang, C.,
Li, T. 2021. Interaction Between Functionally
Activate Endometrial Microbiota and Host
Gene Regulation in Endometrial Cancer.
Frontiers in Cell and Developmental Biology, 9,
727286.

Crum, C.P., Drapkin, R., Miron, A., Ince, T.A,
Muto, M., Kindelberger, D.W., Lee, Y. 2007.
The distal fallopian tube: a new model for pelvic
serous carcinogenesis. Current Opinion in
Obstetrics & Gynecology, 19(1), 3-9.

Di Tucci C, De Vito I, Muzii L. 2023. Immune-
Onco-Microbiome: A New Revolution for
Gynecological Cancers. Biomedicines.
2023;11(3):782.

Ding, D.N., Xie, L.Z., Shen, Y., Li, J., Guo, Y., Fu,
Y., Liu, F. Y., Han, F. J. 2021. Insights into the
Role of Oxidative Stress in Ovarian Cancer.
Oxidative Medicine and Cellular Longevity,
2021, 8388258.

Ducie, J., Dao, F., Considine, M., Olvera, N., Shaw,
P.A., Kurman, R.J., Shih, .M., Soslow, R.A.,
Cope, L., Levine, D. A. 2017. Molecular
analysis of high-grade serous ovarian carcinoma
with and without associated serous tubal intra-
epithelial carcinoma. Nature Communications,
8(1), 990.

Fortner, R.T., Poole, E.M., Wentzensen, N.A,,
Trabert, B., White, E., Arslan, A.A., Patel, AV,
Setiawan, V.W., Visvanathan, K., Weiderpass,
E., Adami, H.O., Black, A., Bernstein, L.,
Brinton, L.A., Buring, J., Clendenen, T.V.,
Fournier, A., Fraser, G., Gapstur, S.M., Gaudet,
M.M., Giles, G.G., Gram, L.T., Hartge, P.,
Hoffman-Bolton, J., Idahl, A., Kaaks, R., Kirsh,
V.A., Knutsen, S., Koh, W.P., Lacey, J.V.Jr.,
Lee, I.M., Lundin E., Merritt, M.A., Milne, R.
L., Onland-Moret, N.C., Peters, U., Poynter, J.
N., Rinaldi, S., Robien, K., Rohan, T., Sanchez,
M.J., Schairer, C., Schouten, L.J., Tjonneland,
A., Townsend, M.K., Travis, R.C,
Trichopoulou, A., van den Brandt, P.A., Vineis,
P., Wilkens, L., Wolk, A. Yang, H.P,
Zeleniuch-Jacquotte, A., Tworoger, S.S. 2019.
Ovarian cancer risk factors hy tumor
aggressiveness: An analysis from the Ovarian
Cancer Cohort Consortium. International
Journal of Cancer, 145(1), 58-69.

Francescone R, Hou V, Grivennikov S.I. 2014.
Microbiome, inflammation, and cancer. Cancer
Journal. 2014;20(3):181-189.

Galeano Nifio, J.L., Wu, H., LaCourse, K.D.,
Kempchinsky, A.G., Baryiames, A., Barber, B.,

Futran, N., Houlton, J., Sather, C., Sicinska, E.,
Taylor, A., Minot, S.S., Johnston, C.D.,
Bullman, S. 2022. Effect of the intratumoral
microbiota on spatial and cellular heterogeneity
in cancer. Nature, 611(7937), 810-817.

Hansen L.K., Becher N., Bastholm S., Glavind J.,
Ramsing M., Kim C.J., Romero R., Jensen J.S.,
Uldbjerg N. 2014. The cervical mucus plug
inhibits, but does not block, the passage of
ascending bacteria from the vagina during
pregnancy. Acta Obstetricia et Gynecologica
Scandinavica, 93(1):102-118.

Human Microbiome Project Consortium. 2012.
Structure, function and diversity of the healthy
human microbiome. Nature, 486(7402), 207

-214.
Janeway, C.A. Jr, Medzhitov, R. 2002. Innate
immune recognition. Annual Review of

Immunology, 20, 197-216.

Knudson, A.G. Jr. 1971. Mutation and cancer:
statistical study of retinoblastoma. Proceedings
of the National Academy of Sciences of the
United States of America, 68, 820-823.

Kostic A.D., Gevers D., Pedamallu C.S., Michaud
M., Duke F., Earl A. M., Ojesina A.l., Jung J.,
Bass A.J., Tabernero J., Baselga J., Liu C,,
Shivdasani R.A., Ogino S., Birren B.W,,
Huttenhower C., Garrett W.S., Meyerson M.
2012. Genomic analysis identifies association of
Fusobacterium with colorectal carcinoma.
Genome Research, 22(2), 292-298.

Kunz G., Leyendecker G. 2002. Uterine peristaltic
activity during the menstrual cycle:
characterization, regulation, function, and
dysfunction. Reproductive BioMedicine Online,
4,5-9.

Laniewski, P., Ilhan, Z.E., Herbst-Kralovetz, M.M.
2020. The microbiome and gynaecological
cancer development, prevention and therapy.
Nature Reviews. Urology, 17(4), 232—250.

Li C., Gu Y., He Q., Huang, J., Song Y., Wan X., Li
Y. 2021. Integrated Analysis of Microbiome and
Transcriptome Data Reveals the Interplay
Between Commensal Bacteria and Fibrin
Degradation in Endometrial Cancer. Frontiers in
Cellular  and  Infection  Microbiology,
11:748558.

Liu, T., Zhang, L., Joo, D., Sun, S.C. 2017. NF-xB
signaling in inflammation. Signal transduction
and targeted therapy, 2, 17023.

Lu, W., He, F., Lin, Z., Liu, S., Tang, L., Huang, Y.,
Hu, Z. 2021. Dysbiosis of the endometrial
microbiota and its  association  with
inflammatory cytokines in endometrial cancer.
International Journal of Cancer, 148(7), 1708
—1716.

Majewska M, Szczepanik M. 2006. Rola receptorow
toll-podobnych (TLR) w odporno$ci wrodzonej

ROLE OF BACTERIAL PATHOGENS IN THE OVARIAN CANCER 131



FOLIA BIOLOGICA ET OECOLOGICA

i nabytej oraz ich funkcja w regulacji
odpowiedzi immunologicznej. Postgpy Higieny
i Medycyny Do$wiadczalnej 60(null):52-63.

Miles, S.M., Hardy, B.L., Merrell, D.S. 2017.
Investigation of the microbiota of the
reproductive tract in women undergoing a total
hysterectomy  and  bilateral  salpingo-
oopherectomy. Fertility and Sterility, 107(3),
813-820.el.

Nomura A., Stemmermann G.N., Chyou P.H., Kato
l., Perez-Perez G.l, Blaser M.J. 1991.
Helicobacter pylori infection and gastric
carcinoma among Japanese Americans in
Hawaii. New England Journal of Medicine, 17,
325(16), 1132-1136.

Pan, Z., Xie, X. 2017. BRCA mutations in the
manifestation and treatment of ovarian cancer.
Oncotarget, 8(57), 97657-97670.

Pelzer, E.S., Allan, J A., Waterhouse, M.A., Ross,
T., Beagley, KW, Knox, C.L. 2013.
Microorganisms within human follicular fluid:
effects on IVF. PloS one, 8(3), €59062.

Pelzer, E.S., Allan, J.A., Cunningham, K,
Mengersen, K., Allan, J.M., Launchbury, T.,
Beagley, K., Knox, C.L. 2011. Microbial
colonization of follicular fluid: alterations in
cytokine expression and adverse assisted
reproduction technology outcomes. Human
Reproduction (Oxford, England), 26(7), 1799—
1812.

Punzén-Jiménez P., Labarta E. 2021. The impact of
the female genital tract microbiome in women
health and reproduction: a review. Journal of
Assisted Reproduction and Genetics, 38(10),
2519-2541.

Rudnicka K., Backert S., Chmiela M. 2019. Genetic
Polymorphisms in Inflammatory and Other
Regulators in Gastric Cancer: Risks and Clinical
Consequences. Current topics in microbiology
and immunology, 421, 53-76.

Schwabe, R.F., Jobin, C. 2013. The microbiome and
cancer. Nature Reviews. Cancer, 13(11), 800
-812.

Shahanavaj K., Gil-Bazo ., Castiglia M., Bronte G.,
Passiglia F., Carreca A.P., del Pozo J.L., Russo
A., Peeters M., Rolfo C. 2015. Cancer and the
microbiome: Potential applications as new
tumor biomarker. Expert review of anticancer
therapy, 2015; 15:317-330.

Sudipta P., Jacek R. Wilczynski J.R., Paradowska E.
2020. Factors in Oncogenesis: Viral Infections
in Ovarian Cancer. Cancers, 12(3), 561.

Sung, H., Ferlay, J., Siegel, R.L., Laversanne, M.,
Soerjomataram, |., Jemal, A., Bray, F. 2021.

Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries.
CA:—A Cancer Journal for Clinicians, 71(3),
209-249.

Swidsinski A., Verstraelen H., Loening-Baucke V.,
Swidsinski S., Mendling W., Halwani Z. 2013.
Presence of a polymicrobial endometrial biofilm
in patients with bacterial vaginosis. PLOS One,
8(1): €53997.

Tao X., Franasiak J. M., Zhan Y., Scott R. T,
Rajchel J., Bedard J., Newby R. J., Treff N. R.,
Chu T. 2017. Characterizing the endometrial
microbiome by analyzing the ultra-low bacteria
from embryo transfer catheter tips in IVF
cycles: next generation sequencing (NGS)
analysis of the 16S ribosomal gene. Human
Microbiome Journal, 3: 15-21.

Vakkila, J., Lotze, M.T. 2004. Inflammation and
necrosis promote tumour growth. Nature
Reviews. Immunology, 4(8), 641-648.

Walsh, D.M., Hokenstad, A.N., Chen, J., Sung, J.,
Jenkins, G. D., Chia, N., Nelson, H., Mariani,

A, Walther-Antonio, M.R.S. 2019.
Postmenopause as a key factor in the
composition of the Endometrial Cancer

Microbiome (EChiome). Scientific Reports,
9(1), 19213.

Walther-Anténio, M.R., Chen, J., Multinu, F.,
Hokenstad, A., Distad, T.J., Cheek, E.H.,
Keeney, G.L., Creedon, D.J., Nelson, H.,
Mariani, A., Chia, N. 2016. Potential
contribution of the uterine microbiome in the
development of endometrial cancer. Genome
Medicine, 8(1), 122.

Wang, Q., Zhao, L., Han, L., Fu, G., Tuo, X., Ma, S.,
Li, Q., Wang, Y., Liang, D., Tang, M., Sun, C.,
Wang, Q., Song, Q. Li, Q. 2020. The
differential distribution of bacteria between
cancerous and noncancerous ovarian tissues in
situ. Journal of Ovarian Research, 13(1), 8.

Zervomanolakis, I., Ott, H.W., Hadziomerovic, D.,
Mattle, V., Seeber, B.E., Virgolini, I., Heute, D.,
Kissler, S., Leyendecker, G., Wildt, L. 2007.
Physiology of upward transport in the human
female genital tract. Annals of the New York
Academy of Sciences, 1101, 1-20.

Zhou, B., Sun, C., Huang, J., Xia, M., Guo, E., Li,
N., Lu, H., Shan, W., Wu, Y., Li, Y., Xu, X,
Weng, D., Meng, L., Hu, J., Gao, Q., Ma, D.,
Chen, G. 2019. The biodiversity Composition of
Microbiome in Ovarian Carcinoma Patients.
Scientific Reports, 9(1), 1691.

132

WIKTORIA WIERZBINSKA, OLGA KUZMYCZ



