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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Ovarian serous carcinomas are a significant
cause of female cancer mortality. Emerging evidence suggests a
crucial role for the fallopian tube epithelium in the development
of high-grade serous ovarian carcinomas (HGSOC), supported
by shared molecular alterations like TP53 mutations. However,
the precise pathogenetic mechanisms, hormonal influences, and
the impact of cancer stem cells and intra-tumoral heterogeneity
remain incompletely understood.

Methods: This review synthesizes existing literature, including
clinical investigations, epidemiological studies, and molecular
analyses, to examine the origins and development of ovarian
serous carcinomas. Methodological approaches reviewed
include immunohistochemistry, genetic sequencing (e.g., next-
generation sequencing), RT-PCR, laser microdissection, and
analysis of prophylactic salpingo-oophorectomy specimens.

Results: The review highlights the growing evidence
supporting the fallopian tube origin of HGSOC, with frequent
co-occurrence of serous tubal intraepithelial carcinomas (STIC)
and shared TP53 mutations. Genetic mutations in BRCA1/2,
BRAF, KRAS, and PTEN contribute to tumor development.
Hormonal influences, particularly estrogen and progesterone
receptor expression, and the roles of cancer stem cells (CD117,
CD133, CD44) and intra-tumoral heterogeneity are crucial for
tumor progression and treatment response.

Conclusion: The fallopian tube epithelium plays a significant
role in HGSOC pathogenesis. Further research is needed to
elucidate the pathogenetic mechanisms, hormonal influences,
and the impact of cancer stem cells and intra-tumoral
heterogeneity. A comprehensive understanding of these factors
will improve prevention, prognosis, and the development of
tailored treatment strategies, including refined classification
systems that account for tumor heterogeneity.

Key words. Fallopian tube neoplasms, ovarian neoplasms,
tubo-ovarian oncogenesis.

Introduction.

The incidence of primary fallopian tube carcinomas globally
ranges from approximately 0.36 to 0.41 per 100,000 women,
equating to about 300 to 400 cases each year [1]. Ovarian
epithelial tumors consist of a diverse set of neoplastic lesions,
predominantly serous (68%), followed by clear cell (13%),
endometrioid (9%), and mucinous (3%) types. In 2020, there
were 313,959 cases of ovarian tumors and 207,252 deaths
reported worldwide, accounting for 3.4% of all female cancers
and 4.7% of cancer-related fatalities. About 30% of ovarian
cancer cases occur in European nations, while Asian countries
show the highest mortality rates [2].
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There are three main categories of primary ovarian tumors:
germinal/germinal, stromal, and superficial/epithelial tumors
[3]. In the first group, the tumor grade ranges from benign,
borderline (low malignant potential), and malignant (carcinoma)
forms [4]. Ovarian serous carcinomas can be divided into low-
grade serous ovarian carcinoma (LGSOC) and high-grade
serous ovarian carcinoma (HGSOC).

According to US data, women have a 1.38% risk of developing
high-grade ovarian carcinoma, with a median age of diagnosis of
63 years. High-grade ovarian carcinoma is strongly associated
with BRCA mutations, and almost all cases involve TP53
mutations [5]. High-grade serous ovarian carcinoma has a poor
prognosis, with a mortality rate of more than 70% [6].

There are two histological types of ovarian serous borderline
tumors: classic and micropapillary. Classic serous borderline
tumor is an epithelial neoplasm consisting of papillae lined
by fallopian tube-like epithelium and showing stratification,
clusters of single cells, and low-grade nuclear atypia without
obvious stromal invasion. Micropapillary borderline tumor is an
epithelial neoplasm that shows a sharp transition from central
fibrovascularnuclei to long, thin papillae that are five times longer
than wide and lined by fallopian tube-like cuboidal epithelium
without obvious stromal invasion [7]. Serous borderline tumors
account for 4% of all ovarian tumors and 10-15% of serous
ovarian tumors. The median age at diagnosis is 42-50 years [8].
Serous borderline ovarian tumors are positive for CK7, PAXS,
CA125, WT1, ER, and PR markers [9]. Calretinin and p16 may
be negative or heterogeneously positive, and p53 shows wild-
type expression (scattered positive cells) [10]. Genetic analysis
reveals mutations in the BRAF and KRAS genes with a 95%
concordance with serous borderline tumors and associated
implants [11].

The ovary originates from multiple embryonic structures,
including the coelomic epithelium, subcoelomic mesoderm,
primordial germ cells, and yolk sac endoderm. The remaining
components of the female reproductive tract, such as the
fallopian tubes, uterus, cervix, and upper vagina, arise from
Miillerian ducts. This distinct developmental trajectory is
underscored by the fact that in patients with Miillerian agenesis,
the ovaries typically remain functional. Consequently, the ovary
consists of various cell types, each fulfilling specific structural,
hormonal, or reproductive roles, leading to different neoplastic
processes. For instance, tumors such as granulosa cell tumors
and fibromas originate from stromal cells, whereas teratomas
and yolk sac tumors stem from germ cells.

Notably, the ovary does not possess a well-defined epithelium
but is instead covered by a single layer of mesothelium known
as the "ovarian surface epithelium." This layer derives from
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the coelomic epithelium rather than the Miillerian ducts and
contributes to the serous linings of the fallopian tubes, uterus,
and peritoneal cavity. At a molecular level, ovarian surface
epithelial cells differ from other differentiated epithelial cells,
lacking the expression of carcinoma antigen 125 (CA125) and
E-cadherin, which are markers of differentiated epithelium. This
distinction raises questions about the mechanisms by which
tumors with epithelial characteristics arise in the ovary [3].

Primary carcinomas of the fallopian tube are significantly
less frequent than ovarian carcinomas. Research indicates
that these tumors often show positivity for CK7, WTI, and
p53. The detection rates of fallopian tube carcinomas have
risen in recent years, especially in samples from prophylactic
salpingo-oophorectomies performed on women with BRCA1
and BRCA2 mutations, supporting the hypothesis regarding
the fallopian tube origin of ovarian carcinomas [3,4]. Initial
efforts to characterize ovarian carcinogenesis revealed a clear
association between ovulation and the risk of ovarian cancer,
supported by epidemiological data indicating that women
who use oral contraceptives, and thus have reduced ovulatory
cycles, experience nearly a 50% decrease in ovarian cancer risk.
Conversely, not all epidemiological findings back the theory
that uninterrupted ovulation initiates tumors, as evidenced by
women with polycystic ovary syndrome, who are at increased
risk despite infrequent ovulation [5]. Due to the limitations of
the continuous ovulation hypothesis, an alternative explanation
has been proposed regarding the malignant transformation of
the ovarian surface epithelium.

The gonadotropin hypothesis suggests that excessive
stimulation of the ovarian surface epithelium by follicle-
stimulating hormone and luteinizing hormone receptors
leads to increased cell proliferation, heightening the risk of
malignant transformation. Pregnant women and those using
oral contraceptives tend to maintain low gonadotropin levels,
potentially explaining the heightened risk of ovarian epithelial
carcinomas in nulliparous women, those with polycystic ovary
syndrome, and other women with primary infertility exhibiting
elevated gonadotropin production. Increased gonadotropin
synthesis during perimenopause might also elevate the risk
of developing ovarian epithelial carcinomas approximately a
decade post-menopause.

Despite these hypotheses, plasma levels of follicle-stimulating
hormone and luteinizing hormone do not correlate with disease
risk in premenopausal or postmenopausal women. Furthermore,
while animal studies indicate that gonadotropin exposure can
promote tumor growth, definitive evidence linking malignant
transformation of the ovarian surface epithelium or cortical
inclusion cysts to gonadotropin exposure remains lacking [6].

While several theories attempt to explain the metaplasia and
dysplasia of the ovarian mesothelium, a significant gap in our
understanding of ovarian carcinogenesis from the ovarian
surface epithelium is the identification of a precursor lesion to
high-grade carcinoma in the ovary. Progression from benign
ovarian cystadenomas to borderline malignant tumors (and
subsequently to low-grade malignant carcinomas) is noted, but
the transformation from low-grade malignant tumors to high-
grade malignant carcinomas is exceedingly rare [7].
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In the past two decades, our comprehension of high-grade
malignant carcinoma development in the ovary has evolved
substantially, primarily due to the identification of BRCA1
and BRCA2 tumor suppressor genes. Approximately 5% to
10% of ovarian cancer cases arise from inherited mutations
in these genes [8]. Carriers of BRCA1 and BRCA2 mutations
face a 40% to 60% risk of developing ovarian cancer by age 70,
in stark contrast to a mere 1.3% risk in the general populace.
Consequently, risk-reducing bilateral salpingo-oophorectomy is
advised for women with BRCA1 mutations between ages 35
and 40, and for those with BRCA2 mutations between ages 40
and 45.

In the early 2000s, initial reports highlighted epithelial
pathologies of the fallopian tubes in samples obtained via
prophylactic salpingo-oophorectomy, identified as serous tubal
intraepithelial carcinomas (STIC) [9]. In 2005, a standardized
protocol for collecting, preparing, and analyzing scrapings from
the fimbrial ends of fallopian tubes was established by Brigham
and Women’s Hospital for routine evaluation in women with
BRCA mutations and/or a family history of breast and/or
ovarian cancer [10]. This led to an increase in data on serous
tubal intraepithelial carcinomas or early serous disease, with
early lesions detected in about 2% of prophylactic salpingo-
oophorectomy specimens.

Materials and methods.

This review was conducted through a comprehensive analysis
of existing literature, encompassing published research, clinical
investigations, and epidemiological studies relevant to ovarian
carcinogenesis and the fallopian tube's role. The data synthesized
originates from a variety of sources. Methodological approaches
employed in the reviewed studies include, but are not limited to:
immunohistochemical analysis for protein expression profiling
(e.g., CK7, WT1, p53, ER, PR); genetic sequencing techniques
(e.g., p53 target sequencing, next-generation sequencing) for
gene mutation identification (e.g., BRCAl, BRCA2, TP53,
BRAF, KRAS, PTEN); reverse transcription-polymerase chain
reaction (RT-PCR) for mRNA quantification (e.g., ERa, ERp,
PR); lasermicrodissection; and analysis of prophylactic salpingo-
oophorectomy specimens. Furthermore, the review incorporates
epidemiological data to assess ovarian cancer incidence and risk
factors, alongside referencing established clinical protocols,
such as the standardized fallopian tube sample collection and
analysis protocol from Brigham and Women’s Hospital. The
aim of this review is to provide a comprehensive overview
of the current understanding of ovarian carcinogenesis, with
a specific focus on the evolving role of the fallopian tube and
the clinical implications of recent findings, by analyzing and
summarizing the current research and displaying the currently
accepted theories.

Results.

This review of existing literature revealed several key findings
regarding ovarian carcinogenesis and the role of the fallopian
tube. Primary fallopian tube carcinomas were established as
significantly less frequent than ovarian carcinomas, while ovarian
epithelial tumors were shown to be predominantly serous,
followed by clear cell, endometrioid, and mucinous subtypes.



Notably, evidence strongly suggests a fallopian tube origin for
high-grade serous ovarian carcinomas (HGSOC), supported
by the frequent co-occurrence of serous tubal intraepithelial
carcinomas (STIC) in approximately 50% of HGSOC patients
and the presence of identical TP53 mutations in both STIC and
HGSOC lesions. Molecular analyses highlighted the significant
role of TP53 mutations in HGSOC, as well as the involvement
of BRCA1 and BRCA2 mutations in increasing ovarian cancer
risk. Genetic studies further identified mutations in BRAF,
KRAS, and PTEN, contributing to the understanding of tumor
development. Histologically, HGSOC was associated with poor
prognosis, contrasting with serous borderline tumors, which
displayed distinct features and occurred at a younger age. Serous
borderline ovarian tumors were characterized by positivity for
CK7, PAX8, CA125, WT1, ER, and PR markers. Hormonal
influences were also significant, with estrogens promoting
carcinogenesis and progesterone exhibiting a protective effect.
Variations in estrogen receptor (ER) and progesterone receptor
(PR) expression across ovarian carcinoma subtypes were
observed, with PR-A loss correlating with malignancy and
PR-B labeling index serving as a prognostic factor. Finally,
intra-tumoral heterogeneity and cancer stem cells, marked by
CD117, CD133, and CD44, were identified as critical factors
in tumor progression, treatment resistance, and poor prognosis.

Discussion.

This article presents a comprehensive review of ovarian
carcinogenesis, focusing on the evolving understanding of the
fallopian tube's role in the development of high-grade serous
ovarian carcinoma (HGSOC). The identification of precancerous
lesions or early serous carcinoma in BRCA mutation carriers
has fueled the hypothesis that serous carcinoma can develop in
the ovary or other pelvic sites from the fallopian tubes. This
is corroborated by findings that approximately 50% of patients
with high-grade malignant serous carcinoma of the ovary have
concurrent STIC. Subsequent studies have reported varying
frequencies of this association (20% to 60%), which may be
due to challenges in identifying intact fallopian tubes likely
involved in ovarian masses. A key connection between STIC
and serous carcinoma is the presence of somatic TP53 mutations
in both lesions, alongside alterations in additional molecular
markers like shortened telomeres and cyclin-E amplification
[11]. Frequent p53 mutations, and subsequent overexpression
demonstrated via immunohistochemistry, are noted in both
STIC and serous carcinoma. However, it is also evident that
p53 overexpression can frequently occur in the fimbriae of the
fallopian tube, irrespective of BRCA status—a phenomenon
termed the "p53 signature." Detailed immunohistochemical
analyses reveal that the p53 signature is predominantly found
in the fimbrial ends of the fallopian tube, particularly in non-
ciliated (secretory) cells, and is often associated with STIC. p53
overexpression frequently coincides with y-H2AX staining, an
immunohistochemical marker of DNA double-strand breaks,
indicating existing DNA damage. Therefore, p53 overexpression
may represent a reactive change due to genotoxic conditions,
such as exposure to oxidants in follicular fluid during the
postovulatory phase. Notably, in cases of p53 overexpression,
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other gene mutations are present in 50% of instances, which are
analogous or identical to those in STIC [11].

Among the two epithelial cell types in the fallopian tube—
secretory and ciliated—the former is less mature and deemed
more susceptible to transformation. Secretory cells are also the
most sensitive to DNA damage in vitro. p53 overexpression is
associated with low proliferative activity, suggesting that DNA
damage activates ATM/ATR-regulated signaling pathways,
inducing cell cycle arrest. However, as these changes progress
to STIC, proliferative activity escalates, evidenced by high Ki67
(MIB1) expression and cytological atypia, along with loss of
cellular polarity.

Notably, transitional lesions often arise between p53
overexpression and STIC, displaying intermediate proliferative
and morphological traits, referred to as serous intraepithelial
lesions (STIL). The existence of these transitional lesions
implies that p53 overexpression serves as a precursor to STIC.
Some researchers propose that the onset of p53 mutations is
preceded by excessive proliferation of secretory cells, typically
observed in more proximal regions of the tube compared to
those showing p53 overexpression. This area of heightened
secretory cell proliferation is believed to consist of at least 30
secretory epithelial cells, acquiring a pseudostratified, benign
appearance with low proliferative activity. Occasionally, p53
mutations are detected in these cells, suggesting their potential
role as precursors to p53 mutations.

Numerous genetic studies have sought to clarify the molecular
connections between precursor lesions in the fallopian tube and
high-grade malignant serous carcinomas of the ovary. Utilizing
laser microdissection and p53 target sequencing, pS3 mutations
were identified in 57% of cases, predominantly comprising
missense mutations, with identical p53 mutations present in all
STIC and STIC/ovarian cancer pairs. However, later studies
have also found the same p53 mutations in STIC and high-grade
malignant ovarian carcinoma cases [12].

Recent comprehensive genomic analyses employing next-
generation sequencing technology revealed a significant
correlation between STIC and high-grade malignant ovarian
carcinomas. Besides identical p53 mutations, similar
modifications were identified in other genes, particularly
BRCAL1, BRCA2, or PTEN. Nevertheless, pre-existing ovarian
cancers also exhibit additional genetic alterations. Evolutionary
assessments indicate that p53 mutations and STIC serve as
precursors to ovarian carcinoma, defining a seven-year interval
between STIC development and the onset of ovarian carcinoma,
followed by a rapid potential for metastasis.

It is generally accepted that serous borderline malignant
ovarian tumors originate from the ovarian cortex and, unlike
high-grade malignant serous carcinomas, do not share a
fallopian tube origin [13]. However, this perspective remains
unverified and necessitates further exploration, as certain
studies have indicated PAX-2 loss in secretory outgrowth cells
of the fallopian tube.

The presence of various histological subtypes of ovarian
cancer, alongside the complexities of intra-tumoral
heterogeneity, enhances the disease's intricacy. Inter-tumoral
heterogeneity refers to the genotypic and phenotypic variances



observed among multiple tumors of the same type within an
individual patient, such as differences between primary tumors
and metastatic lesions or among various metastatic sites. The
coexistence of diverse cell populations within a single lesion leads
to intra-tumoral heterogeneity, which significantly impacts tumor
invasion, metastasis, recurrence, and treatment resistance [ 14].

Inter-tumoral heterogeneity arises from the clonal expansion
of tumor cells, driven by genetic alterations, specifically
somatic mutations and stochastic genetic or epigenetic changes.
Two principal theories explain the development of intra-tumoral
heterogeneity: the clonal evolution theory and the cancer stem
cell theory. It is believed that part of tumor heterogeneity arises
from stem cells while the clonal evolution model operates in
established tumors. As changes accumulate within tumor cell
populations, cells with varying and unique properties emerge
over time, leading to the eventual development of distinct
clones across time and space.

Intra-tumoral heterogeneity encompasses the variability among
tumor cells, characterized by different responses to treatment.
Research indicates that patients with highly heterogeneous
tumors tend to experience lower survival rates following
standard treatment. Investigating the heterogeneity of ovarian
tumors remains a critical area of study, highlighting the need to
collect information to develop suitable personalized treatment
strategies. For instance, conventional treatment combining
platinum and taxanes is often initially successful, yet resistance
typically develops over time.

Cancer stem cells are known to endure treatment conditions,
subsequently proliferating and repopulating the tumor with
chemoresistant progeny. Supporting this notion, Liu et al.
demonstrated that the dissemination of CD44+/CK19+ cancer
stem cells correlate with reduced progression-free survival,
while Steffensen et al. found that relapses occur more frequently
in the presence of early-stage tumor stem cells expressing
these markers. Thus, alongside intra-tumoral heterogeneity,
understanding the distribution characteristics of cancer stem
cells in ovarian carcinoma patients is crucial for prognosis and
the development of effective therapeutic strategies.

Several candidate markers are currently utilized to identify
ovarian carcinoma stem cells, with CD117 being the first
recognized marker associated with ovarian carcinoma stem
cells, reflecting tumor formation and poor prognosis. CD133 is
another frequently employed marker, linked with various stem
cell attributes such as tumor formation, lesion progression,
chemoresistance, and poor prognosis, making it a candidate
for targeted therapeutic interventions. Additionally, CD44
serves as an important marker for ovarian carcinoma stem
cells, associated with tumor formation, lesion progression, and
adverse outcomes.

The role of estrogens has long been recognized as a significant
factor in ovarian carcinoma development [15]. While estrogen-
based oral contraceptives are known to reduce ovarian cancer
risk, it is crucial to note that this effect largely stems from a
decrease in ovulatory frequency. Estrogen concentrations
in ovarian tissue are at least 100 times greater than those
in circulation, with levels in the fluid of ovulatory follicles
exceeding those in the ovary itself. Studies in breast cancer
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have demonstrated estrogen's direct genotoxic effects; thus, it is
reasonable to assume that genomic damage to ovarian epithelial
cells, associated with ovulatory follicles or inclusion cysts, may
be partially due to the high estrogen content in follicular fluid
or ovarian stroma.

In addition to genetic damage, Syed et al. demonstrated
that estradiol-17f8 and estrone stimulate both normal and
malignant ovarian cells via estrogen receptors (ER). Notably,
both estradiol-17f and estrone effectively promote the growth
of ovarian surface epithelial cells, despite estrone being a
considerably weaker estrogen than estradiol-17f. This finding
is significant because, in postmenopausal women, estrone is the
primary circulating estrogen produced in the skin and adipose
tissue through aromatization from androstenedione. A 2022
prospective study indicated that overweight (BMI >25) and
obesity (BMI >30) correlate with increased ovarian cancer
mortality rates, suggesting that peripheral estrogen production
may contribute to the progression of ovarian carcinoma.

Research has also illustrated that the mitogenic effects of
estrogens, androgens, and gonadotropins on ovarian surface
epithelial cells are mediated via the activation of the IL-6/STAT-
3 signaling pathway. Ovarian cancer cells are characterized
by high levels of persistently activated STAT-3 expression, a
known transforming cellular molecule.

A recent investigation revealed that primary cell cultures from
ovarian cancer patients secrete estradiol-17f but not testosterone
or progesterone. This study also indicated that estrogen exhibits
an anti-apoptotic effect on ovarian cancer cells. Ultimately, it
can be hypothesized that the combined genotoxic and mitogenic
actions of estrogens play a significant role in the neoplastic
transformation of normal ovarian surface epithelial cells.
Moreover, circulating and/or locally produced estrogens are
critical for tumor initiation and progression, as they contribute
to growth stimulation while inhibiting apoptosis.

Regarding progesterone, it is considered protective against
ovarian carcinogenesis. Loss of heterozygosity at 11q23.3-
24.3, where the progesterone receptor (PR) gene locus resides,
is frequently identified in ovarian epithelial tumors (~75%)
[16]. However, this genetic alteration correlates with a poor
prognosis. Epidemiological data further support the protective
role of progesterone in ovarian carcinoma development and
progression, as an increase in ovarian cancer incidence has been
noted in women with progesterone deficiency. Additionally,
multiparous women exhibit a reduced risk of developing ovarian
cancer, suggesting that the protective effect of pregnancy may
stem from heightened progesterone influence on ovarian surface
epithelial cells. Evidence also indicates that women with a
history of twin pregnancies demonstrate a decreased risk of
ovarian carcinoma, likely due to elevated progesterone levels in
maternal blood during twin gestation.

Data on the expression levels of estrogen receptors (ER)
and progesterone receptors (PR) in ovarian tumors or normal
ovarian surface epithelium are limited. Lau et al. utilized
semi-quantitative RT-PCR to show the presence of ERa and
ERB mRNA, as well as PR mRNA, in primary cultures of
normal ovarian surface epithelial cells. A moderate decrease
in ERa mRNA was noted alongside a sharp decline in PR



expression in ovarian carcinoma cell lines compared to normal
ovarian surface epithelial cells. Lee et al. reported that 86% of
ovarian tumor cases were ER-positive, with 50% PR-positive
and 45% exhibiting positivity for both. In another study, PR
immunopositivity was observed in the majority of borderline
malignant tumors, while nearly all (93%) cases of malignant
ovarian tumors were negative for PR. Among various ovarian
carcinoma subtypes, ERa immunopositivity was found in
97% of serous adenocarcinomas, 100% of endometrioid
adenocarcinomas, 70% of mucinous adenocarcinomas,
and none (0%) of clear cell carcinomas. Conversely, ERf
immunopositivity occurred in all ovarian carcinoma subtypes
(39% of clear cell carcinomas, 41% of serous adenocarcinomas,
30% of mucinous adenocarcinomas, and 75% of endometrioid
adenocarcinomas).

Aside from clear cell carcinoma, PR expression was detected
in 30% to 70% of other ovarian carcinoma types. A comparative
study of the two main PR isoforms (PR-A and PR-B) in ovarian
tumors versus normal and benign ovarian tissues indicated that
while there was no significant difference in PR-B expression
levels between normal/benign ovarian tissues and cancer cases,
PR-A was present in normal and benign tissues but exhibited a
marked decrease in malignant tumors. Overall, it appears that
the two PR subtypes are differentially regulated by estrogens and
show differential expression between normal ovarian surface
cells and ovarian carcinoma, with loss of PR-A correlating with
malignant ovarian diseases. The reason for the loss of PR-A
expression remains unclear, though it may relate to diminished
estrogen sensitivity and/or loss of PR heterozygosity in ovarian
carcinoma cells.

PROGINS, a complex gene polymorphism of the PR, includes
a polymorphism in the G intron of the human PR, resulting from
Alu insertion and a G-to-T substitution in exon 4, which causes
a valine-to-leucine to change in the receptor region, alongside a
C-to-T substitution in exon 5 linked to the Alu insertion. It has
been shown that the PROGINS allele is associated with increased
PR stability and hormone-induced transcriptional activity. This
polymorphism has been linked to ovarian carcinomas in various
European and North American Caucasian populations.

Some studies have struggled to establish a strong correlation
between ovarian carcinoma progression and PR and/or ER gene
expression. However, a recent study indicated that the PR-B
labeling index (immunopositivity) serves as an independent
prognostic factor for ovarian carcinoma patients [17-27].
Furthermore, it was determined that ER-negative and PR-
positive (ER-PR+) ovarian carcinomas, comprising about
10% of all tumors, are characterized by a markedly improved
prognosis compared to other combinations of ER and PR
expression. The five-year survival rate for patients with ER-
PR+ tumors exceeded 80%, while the corresponding rate for
tumors with all other steroid hormone receptor expression
combinations was approximately 45%.

Conclusion.

This comprehensive review has synthesized a wealth of research
to illuminate the complex landscape of ovarian carcinogenesis,
with a particular emphasis on the evolving understanding of the
fallopian tube's pivotal role. The data presented underscores a
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paradigm shift in our perception of high-grade serous ovarian
carcinoma (HGSOC) origins, strongly suggesting a fallopian
tube-centric model. The compelling evidence, including the
frequent co-occurrence of serous tubal intraepithelial carcinomas
(STIC) with HGSOC, and the shared molecular signatures,
notably identical TP53 mutations, supports this hypothesis.
However, the intricate interplay between ovarian and fallopian
tube pathologies necessitates further rigorous investigation to
solidify this connection.

The exploration into the molecular underpinnings of
ovarian tumors has revealed a complex interplay of genetic
and hormonal factors. The significant role of BRCA1 and
BRCA2 mutations in elevating ovarian cancer risk, alongside
the identification of other key genetic players such as BRAF,
KRAS, and PTEN, highlights the genetic complexity of
these malignancies. Furthermore, the hormonal influences,
particularly the contrasting roles of estrogens and progesterone,
underscore the importance of understanding the hormonal
milieu in ovarian carcinogenesis. The observed variations in
estrogen and progesterone receptor expression across different
ovarian carcinoma subtypes and the correlation of PR-A loss
with malignancy emphasize the need for a deeper understanding
of these hormonal pathways.

Beyond genetic and hormonal factors, the review has also
highlighted the critical role of intra-tumoral heterogeneity and
cancer stem cells in tumor progression, treatment resistance,
and poor prognosis. The identification of markers like CD117,
CD133, and CD44 as indicators of cancer stem cells underscores
their potential as therapeutic targets. The recognition that
conventional treatments, such as platinum and taxanes, often
succumb to resistance due to cancer stem cells and intra-tumoral
heterogeneity, necessitates the development of personalized
treatment strategies.

Despite the significant advancements in our understanding,
substantial gaps remain. The precise mechanisms driving the
malignant transformation of the ovarian surface epithelium, the
precursor lesions to high-grade carcinomas in the ovary, and
the detailed etio-pathogenetic connections between ovarian and
fallopian tube tumors require further elucidation. Specifically,
the pathogenetic mechanisms of solid tumors, including the
proliferative and apoptotic changes in ovarian tumors and the
associated fallopian tube epithelium, warrant in-depth investigation
to validate or refute the fallopian tube origin theory.

Furthermore, the hormonal influences on neoplastic
processes in the fallopian tube remain largely unexplored
compared to the well-documented effects in ovarian epithelial
tumors. Comparative studies of hormonal receptor expression
characteristics in both anatomical regions are crucial.
Additionally, a comprehensive understanding of cancer stem
cell distribution in both the fallopian tube and associated
neoplastic processes, as well as in ovarian epithelial tumors, is
essential for developing effective therapeutic strategies.

In conclusion, this review underscores the necessity for
continued research to unravel the intricate mechanisms of ovarian
carcinogenesis. Future studies should focus on validating the
fallopian tube origin of HGSOC, elucidating the hormonal and
genetic factors driving tumor development, and characterizing



the role of intra-tumoral heterogeneity and cancer stem cells.
Establishing a new classification system for ovarian epithelial
tumors that accounts for this heterogeneity will significantly
advance personalized treatment approaches. The ultimate goal
is to translate these scientific insights into improved prevention,
prognosis, and therapeutic strategies, ultimately improving the
lives of women affected by these devastating malignancies.
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