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Abstract: Ovarian cancer (OC) represents a significant challenge in the realm of gynecological cancers,
characterized by poor survival rates and complex etiology. In this review, we delve into the selected genetic,
environmental, and hormonal factors underpinning OC development. We have reviewed scientific databases
searching for ovarian cancer genetic and epigenetic factors. We have included studies based on their relevancy.
As aresult of exploring ovarian carcinogenesis, this systematic review contains data collected from 126 various
works. The role of prominent genetic players such as BRCA mutations, DNA repair mechanisms, underscores
the intricate landscape of OC susceptibility. We explore Li-Fraumeni and Lynch syndrome, which impart a
heightened predisposition to OC development. Hormonal factors such as estrogen, progesterone, and
androgens are also discussed. Environmental alterations, ranging from lifestyle influences on OC to
microbiome dysbiosis and lifestyle factors such as obesity, alcohol consumption, and physical activity intersect
with genetic and epigenetic pathways, shaping the risk landscape for OC. Through a meticulous examination
of current literature, this review provides a nuanced understanding of the multifactorial nature of OC,
emphasizing the need for holistic approaches to prevention, diagnosis, and treatment.

Keywords: Ovarian cancer; Genetic factors; Hormonal factors; Environmental factors; BRCA
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cancer

1. Introduction

Ovarian cancer (OC) is one of the most common gynecological cancers, associated with poor
survival rates [1,2]. According to the Ovarian Cancer Research Alliance in 2023 there were 19,710
estimated new cases of OC in the United States, which contribute to 1% of all new cancers. OC is
responsible for 13,270 deaths in 2023, which is 2.2 % of all cancer deaths. The five-year survival rates
for ovarian cancer in the USA are relatively 50,8%. [2]. In 2020 in Central Eastern Europe there were
28 530 new cases and 17 565 deaths. In Northern Europe, the number of new cases was 9457 and the
number of deaths was 6530. In Southern Europe, the numbers were 12 779 new cases and 8015 deaths.
In Western Europe 12 779 new cases were noted and 8015 deaths [3]. It occurs more often in
postmenopausal, white women older than 63 [4] (Figure 1). Ovarian cancer involves numerous
factors, complex biological processes, and unpredictable consequences. Non-specific symptoms
make early diagnosis more difficult. There is a wide spectrum of factors participating in
carcinogenesis, which are worth taking into the deeper analysis. They are divided into genetic and
epigenetic factors.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. Percent of new cases of ovarian cancer in particular age groups.

Type I tumors, accounting for 30% of the tumors, are low-grade tumors, characterized by slow
growth and large cystic formations with mutations in KRAS, BRAF, PTEN, CTNNBI1, PIK3CA,
PPP2R1A, and ARID1A genes. Opposite, type I tumors, constituting 70% of all ovarian malignancies,
are aggressive, high-grade cancers that almost always present at an advanced stage with high
mortality. Type II tumors have alterations in the TP53, BRCA1, and BRCA2 genes and are very
genetically unstable [5] (Figure 2). This study is focused mainly on factors related to type II tumors,
considering them as a significant medical concern, requiring extensive knowledge and quick action.
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Figure 2. Frequency of mutations of particular genes in hereditary ovarian cancer.
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Our study aims to provide a comprehensive overview of the main genetic, hormonal, and
environmental factors that could be related to the development of ovarian cancer.

As stated above — various genetic factors influence the development of ovarian cancer. We
chose to discuss in detail the actions of BRCA1/2, Double Strand Break Repair, Li-Fraumeni and
Lynch syndromes, and phosphatase and tensin homolog protein expression. Androgens, estrogens,
and progesterone are proven to affect the development of ovarian cancer. That is why we also discuss
their mechanism of action. Environmental factors that can be related to the female reproductive
system such as late menopause, hormone therapy, polycystic ovary syndrome, as well as pregnancy
and breastfeeding. Also, we discuss the effect microbiota and viruses such as HPV, have on the
development of ovarian cancer. In this review, the most important factors, the understanding of
which is important from a prevention perspective, have been described.

Numerous studies have confirmed the role of epigenetic changes in the development of OC. In
ovarian cancer, as in many cancer types, two opposing epigenetic phenomena have been identified:
a global decrease in DNA methylation, leading to the demethylation of several oncogenes and
repetitive elements; and specific CpG island hypermethylation associated with the promoters of
tumor suppressor genes, deactivating these genes [6]. However, a detailed discussion of epigenetic
factors falls outside of scope of this review.

2. Materials and Methods
2.1. Overview

Investigation by two autonomous researchers, via a systematic review of scientific literature
accessible online, was carried out to uncover valuable publications, analyze the quantity and quality
of research, and assess the availability of the materials.

A multistep search through online databases PubMed, Google Scholar, and Science Direct was
performed to identify the scientific publications suitable for analysis. Two separate review sessions
were conducted using the keywords "ovarian cancer genetic factors” and "ovarian cancer epigenetic
factors".

Articles were chosen in a period since 2000 and then based on the most suitable results, a list of
records was organized. All types of scientific papers, which meet the criteria were analyzed. As a
result, searching through three databases 89 468 works, in summary, were found after entering the
keyword “ovarian cancer genetic factor”. After entering the second keyword “ovarian cancer
epigenetic factor” 20 375 publications were found.

2.2. Exclusion and Inclusion Criteria

The research methodology employed a set of exclusion criteria to accurately identify pertinent
scientific papers. We have decided to search only for journal articles, published in or after the year
2000, because from this year important works in terms of the described factors began to appear, which
contain information confirmed in the subsequent works included.

While searching in PubMed, Embase, and Google Scholar we have utilized the “sort by
relevancy” function provided by those databases. We have a priori decided to cut the number of
publications screened to the first 200 results in each search in every database.

Papers that were inaccessible or were of any kind of scientific work other than journal articles
also were excluded from further review. Only papers in English and Polish were read, as those were
the only languages used by the authors. We relied on studies using both human samples and mice.

We have decided to include only papers that directly regard genetic factors connected to ovarian
cancer etiology. If a paper was included by one author and excluded by another based on relation to
the subject of this review, then it was up for discussion in which all authors could assess the paper’s
relevancy until reaching a unanimous decision on the inclusion of that article.

2.3. Records Retrieval
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After entering the keyword “ovarian cancer genetic factors” in 3 databases we received 89 468
works. The keyword “ovarian cancer epigenetic factors” produced 20 375 results. The first 200
records from all 3 databases were analyzed by title and abstract. In the next step, 729 works were
chosen from the most relevant as sorted by database. After this selection process, the removal of
duplicates was carried out to prevent redundancy and uphold data integrity. Duplication exclusion
was based on publication identifiers or an analysis of titles, authors, and other metadata, and as a
result, 619 publications remain included.

Publications focusing mainly on other than ovarian types of cancers linked to the described
genes, as well as articles discussing methods of treatment and causes of cancer resistance for specific
chemotherapeutics were excluded.

Inaccessible papers and those containing inaccurate data were eliminated to uphold the
credibility of the results. 126 papers met the criteria and were included in this work

(Figure 10).
Keyword : Keyword :
Ovarian cancer genetic factors Ovarian cancer epigenetic factors
All databases (n= 2401221) All databases (n=328577 )
PubMed (n=12239) PubMed (n=579)
Google Scholar (n=2320000) Google Scholar (n=308000)
Science direct (n=68982) Science direct (n=19998)
Records excluded (n=2544958):
-publication date since 2000
Keyword : Keyword :
Ovarian cancer genetic factors Ovarian cancer epigenetic factors
All databases (n= 89468) All databases (n=95372)
PubMed (n=11218) PubMed (n=573)
Google Scholar (n=17900) Google Scholar (n=75200)
Science direct (n=60350) Science direct (n=19599)
Fast search:
-records sorted by relevance
-first 200 records analyzed by title
and abstract

| Summary (n=791) |

| Duplicates (n=172)

| n=619 | Records excluded:
-publications focusing mainly
on other types of cancer
-publications describing
treatment or resistance to
treatment
Records included in review -inaccesible papers
n=126 -insufficient data

Figure 10. Exclusion criteria and number of works excluded and included in research. .

2.4. Data Analysis

All articles were examined by two authors independently. Title, structure, materials, methods,
and results were analyzed, including figures and tables. Works unusual or problematic in any way
were, as well, fully read.

2.5. Data Compilation

After conducting a comparative examination of the articles (based on discussion and consensus),
the researchers established the structure for the classification of papers in specific thematic groups,
and the essential qualifiers for each group were defined. Our classification included the most
important etiological factors. The factors we deemed most relevant were alterations in BRCAIL,
BRCA2, and double-strand break repair, TP53 mutations, and genetic syndromes such as Li-
Fraumeni and Lynch. The impact of microbiome and HPV infection, obesity, alcohol, and caffeine
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intake were also included considering them as equal. The paper was, based on this classification,
grouped with other papers discussing this distinct etiological factor.

The analysis emphasized commonalities among the papers, comparing various aspects such as
the form of the articles, scientific discipline, concepts and types of research, choice of research
methods, objectives, and subject matter to identify global tendencies. On this basis, an initial
categorization of the papers was carried out. The articles within each category were then analyzed
again and compared to ensure alignment with the established criteria, enhancing the method’s
sensitivity. A subset of articles was selected from each group for discussion in the review. Our team
has experience in systematic reviews in morphological sciences and associated disciplines [124-126].

3. Results
3.1. Selected Genetic FACTORS in Ovarian Carcinogenesis
3.1.1. BRCA1/2 and Double Strand Break Repair

BRCA1 and 2 are the tumor suppressor genes, which mutations can lead to breast and ovarian
cancer [7]. BRCAI mutations relate to an increased risk of developing ovarian cancer by the age of 70
from 18% to 54%, and BRCA2 mutations provide an increased risk of developing ovarian cancer by
age 70 from 2.4% to 19% [8]. BRCA1 gene mutations were found in 40-50% of families with both breast
and ovarian cancer [9].

There are more than 400 mutations detected in BRCA1/2 genes, and presumable numerous of
them remain unexplored. At the same time, most of the human mutations are unique, and each family
can present specific mutations. Most of them (80%) occur as point mutations or deletion/insertion
mutations. Due to this, the p53-dependent DNA breakdown is activated, which may lead to cell cycle
arrest and apoptosis [9].

These genetic factors are relevant to such numbers of ovarian cancer cases because of the
function that the proteins BRCA, which are products of these genes, perform.

Firstt, BRCA genes through proteins which are their products occur as “caretakers” of
chromosome stability [10].

Cells deficient in the murine BRCA2 homolog appear to sustain spontaneous aberrations in
chromosome structures, during the cells division. The abnormalities include broken chromosomes
and chromatids, triradial and quadradial structures (characteristic for human diseases Bloom's
syndrome and Fanconi's anemia which can also cause increased susceptibility to cancer),
translocations, deletions, and fusions. In BRCA1 deficient mouse cells the structural abnormalities
were similar- the abnormality in chromosomal structure occurred, as well as in BRCAI or BRCA2
deficient human cancer cells [10].

The second important evidence of BRCA’s role in carcinogenesis is that mammalian cells
deficient in BRCA have gross chromosomal rearrangement which is a result of inappropriate double-
strand break repair (DSB), during the S and G2 phase, when the BRCA proteins are maximally
expressed. The main cause of this is the fact that these cells exhibit a lack of homologous
recombination (HR), which is the only error-free way to repair DBS. Without HR the altered cells “are
doomed to” error-prone DSB repair mechanisms. Nevertheless, in its simplest conception,
chromosomal instability in BRCA deficient cells is generated by incorrect directing of DSB processing
down inappropriate pathways, rather than the failure of repair [11,12] (Figure 3).
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Figure 3. Preferred ways of Double Strand Break repair in normal cells and in BRCA deficient cells.

Another role of BRCA? is that it binds directly with RAD51- a key for DSB repair by HR [9,13].
Studies show that BRCA2 directly regulates the availability and activity of RAD51. This mechanism
is responsible for creating nucleoprotein filament which invades and pairs with a homologous DNA
duplex, initiating strand exchange between the paired DNA molecules [10,14].

In the presence of BRC peptides, recombinant RAD51 instead of polymerizing spontaneously
becomes largely monomeric [10]. Both nonhomologous ends joining (NHE]J) and single-strand
annealing (SSA) are processes independent from RAD51 and are error-prone [15].

BRCA2-deficient cells use NHE] and SSA to repair site-specific DSBs [10,12]. In BRCAI-deficient
cells NHE] predominates as the mechanism for repair. These examples explain that the role of BRCA
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proteins in the process of repair relies on directing them to the wrong pathways [10,15]. BRCA2 not
only participates in DNA repair but also can regulate the cell cycle (G2/M phase) through its
interaction with protein BRAF35 which binds in vitro to the branched DNA structures [8].

What about BRCA1?

BRCAL1 can also inhibit the activity of MRE11 — a protein essential for the generation of ssDNA
(needed for HR and SSA repair) at sites of DNA breakage and interact with enzymes that alter
chromatin and DNA structures. BRCA 1 interacts with SWI/SNF that remodel chromatin, with
regulators of histone acetylation/deacetylation, and with DNA helicases [10].

BRCA1 may be responsible for sensing the DNA damage because when the damage in dividing
cells, it is done the BRCAL is rapidly phosphorylated. It has been implicated in a few different
checkpoint events- BRCA1 deficient cells fail to arrest scheduled DNA synthesis in S and G2 phases.
It can also cohabit in high-molecular-weight complexes with many different proteins that bind to
abnormal DNA structures. BRCA1's precise role here remains to be clarified. It is attractive to posit,
however, that it works as a signal “processor” to coordinate DNA damage-sensing mechanisms with
appropriate biological responses. On the one hand, BRCA1 participates in protein complexes that
have functions intrinsic to the sensing and signaling of different types of DNA lesions. On the other
hand, it works as a sequence-specific transcriptional regulator of genes whose expression affects
checkpoint enforcement and other downstream biological responses [10].

There is evidence that mutations in p53 are more frequent in cancers with BRCA alterations. The
spectrum of mutations is also different [10].

Women who are carriers of BRCA1 and BRCA2 mutations are more susceptible to breast, ovary,
colon, stomach, pancreas, and gallbladder cancer. In patients with known BRCA mutations, more
frequent monitoring is indicated. The main goal is early detection of malignancy or lesions. A positive
BRCA mutation indicates a higher probability of cancer growth but not every mutation has to end
that way. Likewise, a negative mutation result is not an exclusion for the development of breast or
ovarian cancer in a lifetime [8]

3.1.2. Li-Fraumeni Syndrome

The Li-Fraumeni syndrome (LES) is a hereditary predisposition to cancers. It is also known as
the sarcoma, breast, leukemia, and adrenal gland (SBLA) cancer syndrome [16]. It is related to the
development of ovarian cancer. It was first described in 1969 by Dr Frederick Li and Joseph Fraumeni
from the National Cancer Institute [17] who observed the high frequency of the same kind of cancer
within the young members of one family. We can distinguish three types of the disease.

LFS1, the most common variant, is associated with a mutation in TP53. TP53 is the genetic
blueprint for a protein called p53 and most commonly causes this condition by mutations or
alterations in that gene. Mutations prevent the gene from functioning properly [18]. In all families
with LFS1 sequencing has shown mutations in the p53 DNA binding domain that is caused by
germline missense.

These initial findings have been confirmed by several subsequent studies, but mutations in the
TP53 gene have also been shown to be distributed throughout the germline Missense mutations
account for 74% of germline TP53 mutations, followed by nonsense mutations (~9%), and splice
mutations (~8%)[18]. Most mutations occur in the highly conserved DNA-binding domain and the
six most common “hotspot” mutations are found in codons 175, 245, 248 (two common substitutions),
273, 282, and 337 [18,19]. Mutation can occur in the parent germ cell and be inherited or develop de-
novo during embryogenesis. There is a lack of data on the frequency of de novo mutations in LFS
patients, although estimates range from 7% to 20% [20] (Figure 4).
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Figure 4. The distribution of point variants in the TP53 gene at specific codon numbers.

Two other less frequent types are LFS 2, and LFS-L. LFS-L are individuals that do not have
detectable mutations in P53. LFS2 is associated with a mutation in CHEK?2 (checkpoint kinase two),
which regulates the activity of P53 [20].

P53 plays a very important part in cancer prevention mechanisms. It controls apoptosis, inhibits
angiogenesis, and helps to maintain genomic stability [20]. It participates in fixing DNA by activation
of DNA repair proteins. Mutations in LFS lead to the loss of functional P53 protein, which causes the
cell’s defense against genetic changes to be decreased.

The most common types of cancer found in families with LFS include osteosarcoma, soft tissue
sarcoma, acute leukemia, breast cancer, brain cancer, and adrenal cortical tumors. An increased risk
of melanoma, Wilms’ tumor, and cancers of the stomach, colon, pancreas, esophagus, lung, and
gonadal germ cells have been reported [5,17]. Although only about 3% of cases of ovarian cancer are
associated with LFS, it increases its risk by 47% [5]. Also, they occur much earlier than expected. The
median age for patients diagnosed with ovarian cancer is 39,5 years, compared to an average of
almost 65 years for those who do not suffer from the Li-Fraumeni syndrome.

In the past, Li-Fraumeni syndrome was diagnosed based on the patient’s and their family’s
symptoms and signs. However, with the advent of advanced genetic testing, it's now possible for
patients to determine if they carry a TP53 tumor mutation even before any symptoms of LFS appear
[16]. If it's determined that a patient carries a TP53 mutation, they must be advised about ongoing
surveillance and regular screening for cancers associated with LFS.

During the treatment of cancers, radiation therapy on patients with LFS should be avoided due
to the increased risk of radiation-induced cancers. Exposure to CT scans or X-rays is not
recommended [16]. The treatment remains the same, but to date, cancers developed in LES have
worse survival rates, are more susceptible to malignancy, and are more resistant to chemotherapy.

The probability of individuals with LFS developing any cancer in their lifetime is 75% for men
and almost 100% for women [20]. As mentioned previously LFS is associated with only 3 % of all
ovarian cancers, but the risk of developing OC is 47% higher for women with LFS compared to ones
without it [5].

3.1.3.  Lynch Syndrome


https://doi.org/10.20944/preprints202405.1320.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 May 2024 doi:10.20944/preprints202405.1320.v1

Lynch syndrome is a hereditary cancer syndrome that is passed down in an autosomal dominant
manner. It may lead to various types of cancer including ovarian cancer. It is caused by pathogenic
variants (PVs) in the DNA mismatch repair system [21]. These genes include mutL homolog 1 (MLH1),
mutS homolog 2 (MSH2), mutS homolog 6 (MSH6), and PMS1 homolog 2 (PMS2). Deletions in the
epithelial cell adhesion molecule (EpCAM) can result in the downstream epigenetic silencing of
MSH?2. The loss of this gene causes a point or frameshift mutation that can lead to the creation of a
non-functioning protein. These mutations accumulate in the areas of microsatellites that can be easily
recognized when compared with the microsatellite regions of normal cells [22]. Loss of MSH 6 or
MSH 3 alone does not result in cancer formation as the genes share redundant function. If both genes
are non-functional then mutations can accumulate with subsequent cancer development [22]. In rarer
cases, the inherited inactivation of the MMR system can occur from germline hypermethylation of
the promoter region of MLH1 [23]. MLH1 forms a heterodimer with PMS2 to participate in the
mismatch repair system, however, its exact function is not known. MLH1 also likely dimerizes with
MLHS3 [22] (Figure 5-8).

Distribution of the types of germline variants across
MLH1

40,57% 41,13%

Missense
m Silent
m In frame
Intronic

m Nonsense

11,92% 1,94%

Figure 5. The distribution of types of germline variants across MLH1 gene. Each chart represents
different types of variants: Missense, Silent, In frame, Intronic, and Nonsense.
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Distribution of the types of germline variants across
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Figure 6. The distribution of types of germline variants across MSH2 gene. Each chart represents
different types of variants: Missense, Silent, In frame, Intronic, and Nonsense.
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Figure 7. The distribution of types of germline variants across MSH6 gene. Each chart represents
different types of variants: Missense, Silent, In frame, Intronic, and Nonsense.
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Distribution of the types of germline variants across
PMS2
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Figure 8. The distribution of types of germline variants across PMS2 gene. Each chart represents
different types of variants: Missense, Silent, In frame, Intronic, and Nonsense.

MLH1 and MSH?2 are two of the most frequently mutated genes in Lynch syndrome tumors. This
accounts for approximately 75% of mutations in patients diagnosed with Lynch syndrome [24]. This
syndrome is believed to affect 1 in every 278 individuals, but more than 95% of people remain
undiagnosed [25]. It increases a lifetime cancer risk by 10-90% [26], which varies based on the specific
variant and type of cancer. It exhibits a lack of uniformity. The penetrance level, range of diseases,
and the age at which cancer begins can differ based on the specific gene mutation [21] (Figure 9).

Mutation frequency of individual genes in Lynch
syndrome

7,5%

41,7%

uMLH1
 MSH2
u MSH6

uPMS2

Figure 9. An overview of the mutation frequency of individual genes associated with Lynch
syndrome.
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Lynch syndrome is the leading cause of inherited colorectal cancer. However, for women, the
first sign of Lynch syndrome is more likely to be endometrial cancer.

Additionally, certain variants that cause Lynch syndrome have been shown to increase the risk
of ovarian cancer [21]. A lifetime cumulative risk of ovarian cancer for women with Lynch syndrome
is about 10% [27], which is especially high for MSH2 - mutation carriers [28]. They constitute 2% of
all ovarian cancers [27]. Cancers associated with Lynch syndrome are typically diagnosed at a
younger age compared to similar cases in the general population [29]. On average ovarian cancer is
diagnosed in individuals with Lynch syndrome between the ages of 43 and 46, compared to the age
of 60 in patients without Lynch syndrome (Table 1-3).
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Table 1. A comparative analysis of the lifetime risk and average age of diagnosis for
ovarian, colorectal and endometrial cancers in the general population versus individuals with MLH1

mutation.
Lifetime Risk in Lifetime Risk with  Average age of diagnosis in Average age of diagnosis
Cancer Type
general population MLH1 mutation general population with MLH1 mutation
Ovarian 4-20% 1,30% 46 63
Colorectal 46-61% 4,20% 44 68-72
Endometrial 34-54% 3,10% 49 60

Table 2. A comparative analysis of the lifetime risk and average age of diagnosis for
ovarian, colorectal and endometrial cancers in the general population versus individuals with MSH2

mutation.
Lifetime Risk in Lifetime Risk with  Average age of diagnosis Average age of diagnosis
Cancer Type
general population MSH?2 mutation in general population with MSH2 mutation
Ovarian 8-38% 1,30% 43 63
Colorectal 33-52% 4,20% 44 68-72
Endometrial 21-57% 3,10% 47-48 60

Table 3. A comparative analysis of the lifetime risk and average age of diagnosis for
ovarian, colorectal and endometrial cancers in the general population versus individuals with MSH6

mutation.
Lifetime Risk in Lifetime Risk with  Average age of diagnosis Average age of diagnosis
Cancer Type
general population MSH6 mutation in general population with MSH6 mutation
Ovarian <1-13% 1,30% 46 63
Colorectal 10-44% 4,20% 42-69 68-72
Endometrial 16-49% 3,10% 53-55 60

Ovarian cancer associated with LS is primarily endometroid and has a better prognosis than the
ones linked to BCRA mutations [23]. It is preferable for women diagnosed with Lynch syndrome to
consult with a gynecologist around the age of 25 to understand the warning signs of cancer, discuss
family planning, and consider strategies to reduce risk [30].

There’s limited evidence on how lifestyle impacts the risk of gynecological cancer in women
with Lynch syndrome. The oral contraceptive pill is known to lower the risk of sporadic endometrial
and ovarian cancer, as well as ovarian cancer associated with BRCA1/2. Aspirin has been proven to
lower the risk of all Lynch syndrome-associated cancers. Also, aspirin has been shown to reduce the
incidence of endometrial cancer in women with Lynch syndrome, also in patients with lifestyle-
related comorbidities like obesity. This suggests aspirin’s effect on ovarian cancer should be further
investigated. Individuals with Lynch syndrome may also be more susceptible to cancer due to
lifestyle factors. In people with Lynch syndrome, smoking, alcohol use, and having a higher body
mass index increase the risk of colorectal cancer; however, little research has specifically investigated
how lifestyle decisions affect the risk of gynecological cancers. Although there isn't enough proof, it
would be wise for women with Lynch syndrome to maintain a healthy weight, exercise frequently,
abstain from smoking, and consume alcohol in moderation or not at all [23].
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As arisk-reducing measure, the National Comprehensive Cancer Network (NCCN) now advises
that MLH1 and MSH2/EPCAM carriers decide whether to have a BSO (bilateral salpingo-
oophorectomy) on an individual basis. The date ought to be determined by factors such as family
history, specific variants, medical comorbidities, menopausal status, and completion of childbearing.
According to NCCN, MSH6 carriers should make their own decisions because there is not enough
information to advocate BSO in this case. They offer even more specific advice for PMS2 carriers,
noting that they seem to have no increased risk of ovarian cancer and that they can legitimately decide
without having an oophorectomy [21].

3.14. Phosphatase and Tensin Homolog Protein Expression

It has been demonstrated that there is a link between PTEN (phosphatase and tensin homolog
deleted on chromosome 10) protein expression and estrogen receptor expression in EOC (epithelial
ovarian cancer). PTEN expression is low in EOC tissues, and estrogen inhibits it through the estrogen
receptor 1 (ESR1) in EOC cells [31]. Knocking down PTEN boosted the proliferation and migration of
estrogen-driven EOC cells. In addition, estrogen stimulation activated the G protein-coupled receptor
30 (GPR30)-Protein kinase C (PKC) signalling pathway, which phosphorylated PTEN. Inhibiting
PTEN phosphorylation inhibited estrogen-induced EOC cell proliferation and migration while
lowering AKT and mTOR phosphorylation. These findings revealed that estrogen lowered PTEN
expression levels via the ESR1 genomic pathway and phosphorylated PTEN via the GPR30-PKC non-
genomic pathway, triggering the PI3K/AKT/mTOR signalling cascade and influencing the fate of
EOC cells [43,44].

3.2. Hormonal Factors

3.21. Estrogens

The majority of ovarian tumors are thought to emerge in the surface epithelium because of
hormonal changes. Prolonged treatment with hormone replacement treatment (HRT) is additionally
considered a contributing figure [32]. A 22% increased risk of ovarian cancer was seen in
postmenopausal women using unopposed estrogen as HRT [12]. The risk was still significantly
increased (by approximately 10%) by the application of a combination of estrogen and progestin [33].
Women who have early menarche, and late menopause, and women who are taking fertility drugs
(gonadotropin-releasing hormone antagonists or clomiphene) are at increased risk of developing
ovarian cancer [34]. It is caused by a high concentration of estrogen after stimulation of the sex-steroid
hormone synthesis in the ovary [35]. Early menarche increases its risk by 4% in Europe and by 5-9%
in the USA [36].

3.2.2.  Androgens

Androgens are a group of steroid hormones, including testosterone, dihydrotestosterone (DHT),
and androstenedione. They play a crucial role in the development and maintenance of male sexual
characteristics. Recent research has shed light on the potential role of androgens, a class of male sex
hormones, in the development and progression of certain ovarian cancer subtypes [37].

Several studies have reported the expression of androgen receptors (AR) in ovarian cancer cells,
particularly in hormone-sensitive subtypes, such as endometrioid and low-grade serous ovarian
carcinomas[37]. The presence of AR suggests that these tumors may be responsive to androgen
signaling, which could influence their growth and progression. Preclinical studies have
demonstrated that androgen stimulation can promote the proliferation and survival of AR-positive
ovarian cancer cells in vitro and in vivo models [37,38]. This androgen-driven tumor growth is
mediated through the activation of various signaling pathways, including the PI3K/AKT and MAPK
pathways, which are known to play crucial roles in cancer cell proliferation and survival [38].

According to global cancer statistics from the World Health Organization (WHO), ovarian
cancer accounts for approximately 3% of all new cancer cases and 5% of cancer-related deaths among
women worldwide [39] The incidence and mortality rates vary across different regions, with higher
rates observed in developed countries compared to developing nations. This variation may be
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attributed to factors such as differences in risk factors, access to screening and early detection
programs, and the availability of effective treatment options [39].

3.2.3. Progesterone

Progesterone, a steroid hormone, has been extensively studied for its potential influence on the
development and progression of ovarian cancer. Several recent scientific studies have shed light on
the complex relationship between progesterone and ovarian cancer.

Numerous studies have suggested that progesterone may play a protective role against ovarian
cancer. A study published in the Journal of the National Cancer Institute in 2013 found that women
who used progesterone-only contraceptives had a significantly lower risk of developing ovarian
cancer compared to non-users [40]. Similarly, a 2015 study in the International Journal of Cancer
reported that higher levels of progesterone were associated with a reduced risk of ovarian cancer
[41].

The proposed mechanisms by which progesterone may inhibit ovarian cancer development
include its ability to induce apoptosis in ovarian cancer cells, suppress cell proliferation, and inhibit
angiogenesis which is crucial for tumor growth. Additionally, progesterone has been shown to
modulate the immune system, potentially enhancing the body's ability to recognize and eliminate
cancer cells [42-44].

However, the relationship between progesterone and ovarian cancer is not entirely
straightforward. Some studies have suggested that progesterone may also have a stimulatory effect
on ovarian cancer cells under certain conditions. Another study has found that progesterone could
promote the growth and invasion of ovarian cancer cells in the presence of specific genetic alterations
[45].

In conclusion, the current scientific evidence suggests that progesterone may play a complex
and multifaceted role in the development and progression of ovarian cancer. While many studies
have reported a protective effect of progesterone, the specific mechanisms, and the influence of
various factors, such as genetic and hormonal profiles, require further investigation to fully
understand the relationship between this hormone and ovarian cancer.

3.2.4. Progesterone Receptor

The type of progesterone receptor (PR) and its genetic variations have been implicated in the
development of ovarian cancer. One significant factor is the loss of heterozygosity (LOH) at the
11q23.3-24.3 locus, where the PR gene is located [46].

LOH at 11q23.3-24.3 has been frequently observed in ovarian cancer cases, suggesting that this
region harbors tumor suppressor genes crucial for ovarian carcinogenesis [47,48]. The loss of one
functional copy of the PR gene in this region may contribute to the dysregulation of progesterone
signaling, potentially promoting ovarian cancer development.

Regarding specific PR gene polymorphisms, scientists have identified four variants: +44C/T,
+331G/A, G393G, and V660L[47,48]. After extensive research, it was found that the +44C/T, +331G/A,
and G393G polymorphisms did not appear to be associated with an increased risk of ovarian
cancer[47,48]. However, an inverse relationship was observed between the V660L variant and
ovarian cancer risk (odds ratio = 0.70, 95% confidence interval: 0.57, 0.85)[47,48]. This suggests that
individuals carrying the V660L variant may have a reduced risk of developing ovarian cancer
compared to those without this genetic variation.

The V660L polymorphism is thought to potentially alter the biological functions of the
progesterone receptor, which could influence the development and progression of ovarian cancer[47-
49]. However, the specific mechanisms by which this variant confers a protective effect are not fully
understood and require further investigation. The association between PR gene variations and
ovarian cancer risk may be influenced by various factors, such as ovarian cancer histology,
reproductive history, and other risk factors[50]. Further research is needed to fully elucidate the
complex interplay between progesterone receptor genetics, hormone signaling pathways, and the
development of ovarian cancer.
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3.3. Environmental Factors
3.3.1. PCOS and Age of Menopause

The direct correlation between polycystic ovary syndrome (PCOS) and ovarian malignancies is
not yet confirmed but it has been shown in many studies that they share the same risk factors, such
as obesity and hormonal imbalances [51]. Because of that it is now believed that PCOS may lead to
ovarian cancer. Endometriosis also is one of the risk factors.

The proof for age at menopause as a risk factor is conflicting [6]. In the European Prospective
Investigation into Cancer and Nutrition (EPIC) cohort, age above 52 was associated with an increased
risk of ovarian cancer by 5.7% (HR =1.57, 95% CI 1.16-2,13) compared with age of menopause under
45. However, when excluding women who were diagnosed with OC within their first 2 years of
follow-up, the risk decreased slightly and amounted to 4% (HR =1.40, 95% CI 0.98-2.00) [52].

3.3.2. Pregnancy and Breastfeeding

Pregnancy has a great impact on decreasing the risk of OC. It has been proven that women who
had given birth had 30-40% lower chances of developing ovarian cancer [53,57,58]. Some other
studies calculated the risk of OC decreasing by 8% with every pregnancy and another one calculated
a decline of 18%, 26%, 33%, and 42% for the first, second, third, and fourth pregnancy, respectively
[54,55]. In Finland, scientists have proven that the odds ratio (OR) between parity and developing
OC for serous cancer was 0.65 (95% confidence interval 0.56-0.77), for mucinous cancer 0.66 (0.52-
0.83), for endometrioid cancer 0.52 (0.40-0.68), for clear-cell cancer 0.30 (0.19-0.46) and other types
0.59 (0.43-0.80). In women aged 55 or older, the respective (ORs) were 0.86 (0.75-0.99), 0.78 (0.57-1.07),
0.61 (0.47-0.79), 0.44 (0.29-0.66) and 0.74 (0.57- 0.95), adjusted for hormone therapy [56].

The number of childbirths was associated with a trend toward reduction of risk, especially in
serous and clear-cell cancers. Higher age at first birth was associated with a higher risk of clear-cell
cancer but otherwise, age at first or last birth did not have an impact on the incidence of cancer
subtypes [56]. Breastfeeding decreases the risk of OC, especially with long-term duration [57], but
some studies have proven that prolactin may induce carcinogenesis by regulating gene expression or
by activating signaling pathways associated with proliferation and inhibition of apoptosis [57].

3.3.3. Combined Oral Contraceptive Pills

Combined oral contraceptive pills (COCPs) are unquestionably the strongest protective factor
and play an important role in preventing ovarian cancer. Substantial reduction in epithelial ovarian
cancer risk was observed among women who used COCPs for <1 year if they were recent users (time
since first or last COCP use within 20 years), each year of COCP use provided an average 5%
reduction in the odds ratio (OR 0.95; CI 0.92-0.98) [58]. The greatest reduction in risk was [58] use
before age 20 years and stopped after age 30 years [47,59].

3.3.4. Role of Microbiome

Our microbiome can impact a lot of different parts of our body. More and more scientific papers
are being published about the higher risk of developing cancer caused by dysbiosis [60-63]. There is
evidence that dysbiosis, which can be called oncobiosis, may also contribute to the carcinogenesis of
ovarian malignancies [64-66]. Many different factors can cause the transformation of the microbiome.
The most common are lifestyle choices such as smoking, obesity, type of diet, changes to the diurnal
rhythm, aging, underlying diseases, exercise, and antibiotic and probiotic use [67].

Women who have vaginal colonies poor in Lactobacillus spp. are proven to be carriers of BRCA
1 mutations. Deficiency of Lactobacillus is also observed in women with ovarian cancer. This relation
is more observable in the group of patients who are less than 40 years old [68]. Nevertheless, scoliosis
is not only caused by a decrease but also an increased number of some other species. The tumor tissue
is enriched in Gram-negative bacteria such as Proteobacteria and Fusobacteria [67]. Potentially
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pathogenic microorganisms such as Brucella, Mycoplasma, and Chlamydia spp. were found in 60-76%
of ovarian tumors, as well as HSV virus, cytomegalovirus, or C. trachomatis [69].

Presumably changes in the microbiome affect carcinogenesis by inducting inflammation and
regulating immune responses. Bacterial metabolites and components play a major role in these
processes. Specifically, lipopolysaccharides, lysophosphatides, tryptophan metabolites, short-chain
fatty acids, secondary bile acids, and polyamines are shown to participate in ovarian cancer
pathogenesis [67].

First, lipopolysaccharides (LPS), which are the components of gram-negative bacteria’s outer
membrane, can activate cancer cells and tumor-associated macrophages, moreover, the tumor tissue
is more reactive to the LPS than normal tissue. LPS also drives the inflammation in cancer cells, by
activating TLR4 receptors [70,71].

Lysophosphatides can also induce cell proliferation, migration, and invasion of cancer cells and
increase the expression of the elements essential for cancer angiogenesis [67]. Other bacterial
metabolites were shown to engage in carcinogenesis in general, however their impact on ovarian
cancer specifically is still ambiguous.

3.3.5. Role of Viruses

Another factor, associated with dysbiosis and ovarian cancer development is a viral infection.
The analysis found that potentially tumorigenic viruses were present in more than 50% of the
analyzed tumor tissues. In this group, the Herpesviruses and Human Papillomaviruses have a great
share [72].

Human herpesvirus-6a (HHV6a) is present in 50% of tumor samples and may exhibit two
oncogenic mechanisms. First is its ability to block insulin growth factor binding protein, which causes
a great share of free and active growth factors with potentially mitogenic consequences. The second
mechanism may consist of activation of some oncogenic genes like SH3RF2 [73].

Viruses of the human papillomavirus group are one of the most common sexually transmitted
viruses in the world. HPV16, 18, 31, and 45 have a high oncogenic potential and these types cause
intraepithelial neoplasia, which can lead to invasive cancers.

The early region of HPV genomes encodes six proteins participating in viral replication- E1, E2,
E3-E4. E6 and E7 act as oncogenes by promoting tumor growth and malignant transformation. These
proteins target several negative regulators of the cell cycle, including p53, which can be an important
factor in ovarian carcinogenesis. The HR-HPV E6 oncoprotein supports proteasomal degradation of
P53, removes the trophic sentinel response for viral DNA synthesis, and increases telomerase activity
to elude cell senescence [74]. Some reports have confirmed the presence of HPV in malignant ovarian
cancer [75-77]. However, the frequency of occurrence varies significantly by geographical region
with a prevalence of zero in most studies from Western Europe and North America and an HPV
prevalence reaching almost 19% in Eastern Europe and 67% in Asia. This may be the result of
environmental and genetic factors or differences in lifestyle factors such as smoking [78].

3.3.6. Obesity, Physical Activity, and Metabolic Basis of Ovarian Cancer

It is indisputable that obesity and physical activity are important factors in carcinogenesis in
general. There are studies describing the correlation between these aspects and the risk of OC [79-
82]. Reserved evidence associates a small amount of physical activity with a higher risk of ovarian
cancer [83]. Obesity is a risk factor for 13 different cancers including OC. According to the Sook Bae
meta-analysis presence of obesity 5 years before the diagnosis of ovarian cancer and at a young age
is related to a poor prognosis [83].

The main biological mechanism whereby these components are related to cancer incidence is the
fact that a high concentration of adipocytes in the human organism can lead to adipose tissue
impairment, which affects immune and hormonal alternations in the microenvironment which is an
important part of carcinogenesis [84]. The other participating factors may be altered adipokine
expression, increased levels of circulating growth factors, and chronic inflammation [85]. Obesity and
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lack of physical activity relate to pathways related to oxidative stress, DNA methylation, telomere
length, immune function, and gut microbiome [83].

Adipose tissue produces several interleukins IL such as Il-6, II-8 as well as leptin, C reactive
protein, IFNs, monocyte chemotactic protein 1 (MCP1), and tumor necrosis factor o (TNF-a). It is
proven that IL-6 is increased in ovarian patient’s serum, and it is related to poor outcomes and
chemotherapy resistance [86]. IL-6 activates the JAK-STAT3 pathway and enables ovarian cancer cell
invasion and metastasis. Moreover, IL-6 induces Mcl-1 antiapoptotic protein expression which
happens to be overexpressed in OC. Higher levels of IL-8, TNF-a, and CRP are also related to
increased risk of ovarian carcinogenesis.

Adipose tissue also produces leptin, which is related to the estradiol secretion from the ovaries.
Furthermore, in ovarian cancer patients reduced serum leptin levels have been observed. On the
other hand, overexpression of leptin receptors in ovarian cancer tissue has indicated aggressive
disease [87]. Besides, leptin is involved in the proinflammatory process, which as we mentioned
earlier is an important component of OC. Leptin contributes to the metastatic advancement of
epithelial ovarian cancer by participating in tissue invasion and cell migration by binding Ob-Rb
mediated via JAK/STAT3, MAPK, AKT, mTOR, RhoA/ROCK, and MYPT1 signaling pathways.
Leptin also inhibits some of the apoptosis pathway elements such as TNF receptor 1, caspase-6,
caspase-3, and Bad, which are a part of the carcinogenic mechanism.

There is some evidence adiponectin is also a factor in ovarian carcinogenesis, it is known that
adiponectin has antiangiogenic, anti-inflammatory, and anti-neoplastic properties and its levels are
decreased in obesity. Increased levels of II-6, leptin, and VEGF (vascular endothelial growth factor)
and decreased levels of adiponectin have been observed to be caused by hypoxia [85]. Hypoxia itself
is closely connected with higher fatty mass [88]. IGF-1 (insulin growth factor), which is also related
to obesity can activate HIF 1 (hypoxia-inducible factor) in conditions of lower oxygen availability.
Increased level of IGF-1 is inversely linked with the survival of epithelial ovarian cancer [85].

Metabolic derangements can also contribute to the progress of OC by influencing levels of sex
hormones important in ovarian carcinogenesis. As mentioned, there are a lot of potential processes
connected with obesity that may increase ovarian cancer risk. A cohort study of 461,646 women (<49
years of age) registered in the Danish Medical Birth Registry found a correlation that the risk of
premenopausal ovarian cancer increased by 23 % per 5 kg/m? increase in BMI [89].

3.3.7. Alcohol

There are increasing numbers of evidence showing that alcohol consumption may induct
epigenetic changes such as suppression of DNAm mechanism [90]. DNAm alterations are the early
step in ovarian carcinogenesis [91], which is why there is a possible association between drinking
alcohol and the development of epithelial ovarian cancer. Despite all, these days, there are more
studies describing no such relation [90,92,93]. Moreover, there is some evidence showing a decreasing
risk of ovarian cancer connected with higher red wine consumption [93].

3.3.8. Caffeine

Although coffee is proven to have a few antioxidant and anti-carcinogenic compounds, we also
know that it correlates with a higher level of sex hormones (testosterone, estradiol), which is
associated with an enhanced risk of ovarian cancer [94]. Coffee contains acrylamide which can also
affect carcinogenesis [95]. Previous studies have shown an increased risk of ovarian cancer associated
with caffeine intake in premenopausal women and no or slight association in postmenopausal
women [96].

4. Discussion

Evaluation of available global literature regarding genetic and epigenetic factors of ovarian
cancer revealed significant aspects influencing the development of this cancer, which remain unclear.
Our article focused solely on factors of highest importance to the etiology of ovarian cancer. There
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are still many other significant factors, both genetic and epigenetic — such as polymorphisms of
matrix metalloproteinases [97,98], non-coding RNAs [99], TIPARP gene [100], XRCC3 18067 C>T
(Thr241Met) and XRCC2 rs3218536 [101,102], as well as, RAD21 amplification [103], transcription
factor KLF5 [104] or vitamin D [105-107].

But crucial ones are BRCA1/2 genes variations which are already proven as a major etiologic
factor of various cancers. Said variations play an important factor in the development of not only
ovarian but also breast and endometrial cancer. Research regarding BRCA1/2 shall be therefore
number one priority for researchers in modern gynecologic oncology. Numerous articles about BRCA
mutations are being written every year, although it can still be assumed that not all mutations have
been identified. Knowledge about processes related to these mutations is essential for discovering
new, effective treatments. An example of that is therapy by poly-(ADP-ribose) polymerase (PARP)
inhibitors (PARPis), such as olaparib, niraparib, and rucaparib, which with the new diagnostic
possibilities, provide the greatest clinical benefit in patients with BRCA mutations or who test
positive for homologous recombination deficiency [108,109].

Furthermore, we have found cancer-related syndromes, such as Li-Fraumeni syndrome and
Lynch syndrome to be serious factors in the development of ovarian cancer. From 5000 to 20000
people are diagnosed with Li-Fraumeni syndrome[110]. Lynch syndrome is estimated to affect 1 in
280 to 1 in 2000 people in the general population[111]. This creates a considerable group of patients
who require better prophylaxis, diagnostics, and treatment options. Hereditary cancer syndromes
such as Li-Fraumeni syndrome and Lynch syndrome are important areas of research regarding the
genetic causes of ovarian cancer. Both syndromes increase susceptibility to various types of cancer,
including ovarian cancer. However, there is limited data characterizing ovarian cancer in these
specific inherited cancer syndromes. In the case of Li-Fraumeni syndrome, the association between
mutations in the tumor suppressor gene p53 and the occurrence of ovarian cancer is well-
documented, yet the detailed mechanisms underlying this association remain to be investigated.
Similarly, in Lynch syndrome, mutations in DNA repair genes are associated with an increased risk
of developing ovarian cancer, but further research is needed to comprehensively understand these
relationships. Precisely identifying specific gene mutations in these inherited cancer syndromes and
their impact on ovarian cancer development is crucial for effective clinical research, genetic
diagnostics, and the development of personalized treatment and prevention strategies.

These ambiguities make us unable to apply full ovarian cancer treatment and prevention, which
can result in a greater number of new cases.

Furthermore, epigenetic factors related to the reproductive system play an important role in the
field of ovarian cancer. Many relationships have been established, such as the effects of contraception,
childbirth, breastfeeding, hormonal factors, and even coffee and alcohol 1 however there is still much
research to be done and many relationships remain uncertain[112-120].

For example, polycystic ovary syndrome (PCOS) represents a complex scenario. While it is now
believed that there is a potential association between PCOS and an increased risk of ovarian cancer,
the data remains inconclusive and varies across different studies[121,122]. Further research is needed
to clarify the relationship between PCOS and ovarian cancer development. In Lynch syndrome, the
data on gynecological surveillance is of low quality, with most studies being single-center and
retrospective. The results are inconsistent, with some studies showing benefits and others not. The
United Kingdom Familial Ovarian Cancer Screening Study (UKFOCS) found that a combination of
serum CA125 testing and transvaginal ultrasound scanning was sensitive and resulted in a shift in
disease stage in women with a lifetime risk of ovarian cancer greater than 10% [123].

A significant number of works concerning the role of microbiome in carcinogenesis remain
ambiguous and require further research. The great quantity of articles explains potentially important
processes, connected with dysbiosis and the presence of specific pathogens and ovarian
carcinogenesis, however many speculations need to be confirmed.

Human papillomavirus (HPV) infection, consists of, as well, the subject of more and more
publications including it as a possible OC factor, however, the results are different in various
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geographic regions. Regrettably, there is no substantial evidence to verify its impact. HPV infection
is a significant issue on a broad scale, and that is why more works regarding this problem are needed.

5. Conclusion

Our review shows that ovarian cancer is a multifactor disease. We attempted to summarize our
actual knowledge about the most important genetic and epigenetic factors in ovarian carcinogenesis.
This condition can occur alone, but it also maintains a part of complex disorders like Lynch and Li-
Fraumeni syndrome. Although BRCA-1 and BRCA-2 seem to be the most common genetic causes of
OC, the variety of genes and mutations are numerous.

Knowledge about described genes is crucial to early diagnosis and treatment of OC, which, as
mentioned earlier, is one of the most common gynecologic cancers with the worst prognosis. While
exploring the available articles about genetics and epigenetics of ovarian cancer we also came across
materials regarding some substances’ influence and lifestyle on mutation development, thereby
development of ovarian cancer. Although still a lot of them remain ambiguous, awareness of their
potential role in ovarian carcinogenesis can also be an important element of OC prevention (Figure
11).

EPIGENETIC RISK FACTORS OF
OVARIAN CANCER

/\

Related to reproductive system Non-related to reproductive system
T Prolonged hormone replacement ‘/\‘
treatment
Microbiome Behavioral factors
T Early menarche
{ Lactobacillus f Caffine
T Late menopause
f Proteobacteria f Obesity
T PTEN protein expression f Fusobacteria * Physical activity
f Mycoplasma f Increased level of leptin
l Parity
f Chlamydia f Increased level of IL-6
l Breastfeeding 4 Brucella % Alcohol
4 HPV
l Oral contraceptives pill
4 HSV
4 cMV

Figure 11. Differentation of epigentic factos into related and non- related to reproductive system.

Please, as a reader keep in mind our research discusses only the most important factors only
shedding some light on this subject, which still is shrouded in darkness. In search of answers to one
of the most important questions of today’s oncologic gynecology, we hope to aid frontline researchers
who are constantly searching in laboratories and clinics for solutions to this page-one problem.
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