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Abstract
Background: Ovarian and endometrial cancers are characterized by a complex interplay
of genetic alterations that underlie their pathogenesis, progression and clinical behavior.
Recent advances in genomic technologies have revolutionized our understanding of
the genetic landscape of these gynecological malignancies, shedding light on the
intricate molecular mechanisms driving tumorigenesis. The introduction of advanced
sequencing methods and precision medicine has facilitated the investigation of targeted
treatments tailored to specific genetic variations, opening up novel paths for personalized
therapeutic interventions. Methods: Herein in our study, we analyzed fifty patients
diagnosed with ovarian cancer and twenty patients diagnosed with endometrial cancer
using the NextSeq-550-Illumina, Next-generation sequencing (NGS) system and Qiaseq
Targeted (Qiagen) DNA panel. Results: Thirty-seven variants were detected in 50
ovarian cancer-diagnosed cases. In total forty-six variants were detected, eleven (23.9%)
of them were pathogenic/likely pathogenic -one novel- and thirty-five (76.1%) of them
were classified as variants of uncertain significance (VUS), so the diagnostic rate for
ovarian cancer in our study is (18%). In endometrium cancer we detected variants
in 12 cases, we detected 17 variants, six (35.2%) of which were pathogenic/likely
pathogenic, and 11 (64.7%) VUS. For endometrium cancer, the diagnostic rate was
(30%). Conclusions: Integrating genomic data with clinical and pathological parameters
holds promise for refining risk stratification, prognostication and treatment selection,
ultimately improving outcomes for patients. This study provides the landscape of genetic
research in our laboratory in ovarian and endometrial cancer cases and also highlights
the importance of hereditary variants in ovarian and endometrium cancers.
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1. Introduction

Hereditary variants play a significant role in all cancer types
and are responsible for approximately 10% of diagnosed can-
cer cases [1]. Detection of these variants has vital importance
in affected patients as identifying cancer-related variants helps
with prognosis, follow-up, systematic treatment and surgery
steps [2]. Many predisposing genes have been reported re-
lated to cancer types, most of which are tumour-suppressing
and demonstrate an autosomal dominant inheritance [3]. For
hereditary breast and ovarian cancer (HBOC), BRCA1 Dna
Repair-Associated Protein—BRCA1 and BRCA2 Dna Repair-
Associated Protein—BRCA2 are the best-known predisposing
genes [3].

The DNA repair genes (BRCA1 DNA Repair-Associated
Protein—BRCA1, BRCA2 Dna Repair-Associated Protein—
BRCA2, BRCA1-Interacting Protein 1—BRIP1, RAD51
Paralog D—RAD51D, RAD51 Paralog D—RAD51C, Partner
and Localizer Of BRCA2—PALB2, ATM Serine/Threonine

Kinase—ATM, ATR Serine/Threonine Kinase—ATR and APC
Regulator Of Wnt Signaling Pathway—APC) and mismatch
repair genes (DNA Mismatch Repair Protein—MLH1, MutS
Homolog 2—MSH2, MutS HOMOLOG 6—MSH6 and PMS1
Homolog 2, Mismatch Repair System Component—PMS2) are
associated with cancer types. Mutations that occur especially
in theMLH1 andMSH2 genes directly affect the protein dimer
structure and cause loss of function in the obligatory and
secondary partners of protein [4]. These genes’ pathogenic
variants play an important role in diagnosing ovarian and
endometrial cancer [5].

Ovarian cancer (OC) is the eighth most-common cancer
in terms of mortality in women [6]. For treatment in recent
years, poly-ADP-ribose-polymerase (PARP) inhibitors have
been used. Treatment is defined according to molecular ge-
netic analysis and the variants detected in the BRCA1 and
BRCA2 genes related to the homologous recombinant repair
(HRR) genes [7]. The appearance of a deficiency in these
genes increases the sensitivity to PARP inhibitors [8].
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Endometrial cancer (EC) is rarer than OC and is detected
mainly in the postmenopausal phase; in recent years, however,
the incidence of EC has been rapidly increasing [9]. En-
dometrial cancer has subtypes that are classified according to
histopathological results. Even if these results have a powerful
effect on prognosis, molecular genetics results are required
[10].
This study aimed to illuminate the critical role of hereditary

variants in the development of OC and EC. Recent advance-
ments in next-generation sequencing technology have signif-
icantly streamlined the identification of these genetic vari-
ants, thereby making the process not only more accessible but
also cost-effective. In the contemporary landscape of cancer
diagnostics, multigene-targeted cancer panels have emerged
as essential tools that provide comprehensive insights that
facilitate more accurate diagnoses and personalised treatment
strategies. Notably, this research introduces novel perspectives
on the interplay between hereditary genetics and cancer sus-
ceptibility, thereby contributing to a deeper understanding of
these complex diseases.
By using next-generation sequencing technology the de-

tection of these variants became more easily at a low cost.
Multigene-targeted cancer panels are very important nowadays
for the cancer diagnosis process.

2. Methods

2.1 Patient selection step

In this prospective study approved by our university’s ethical
committee (2023/71), we included seventy unrelated patients
who applied to our Medical Genetics Department between
January 2017 and January 2023. In this study, fifty patients
diagnosed with ovarian cancer with a mean age of 50, and a
range between 32–78 years old, and twenty patients diagnosed
with endometrial cancer with a mean age of 51.6 and a range of
37–69 years old are included. Inclusion criteria were to have
only hereditary ovarian and endometrial cancer diagnoses. The
exclusion criteria for this study were specifically designed
to ensure the integrity of the data collected. Participants
were excluded if they had been diagnosed with any cancer
types other than ovarian or endometrial cancers, as this could
introduce confounding variables that might affect the results.
Additionally, individuals with known syndromic conditions
that are associated with an increased risk of these cancers were
also excluded from the study. This approach was implemented
to focus exclusively on the hereditary variants pertinent to
ovarian and endometrial cancers, thereby enhancing the reli-
ability and relevance of the findings.
In this study, a sample size of 70 unrelated patients is

considered sufficient for reliable statistical analysis due to
several factors. Firstly, this sample size allows for adequate
representation of the population, enabling the identification
of meaningful trends and patterns. Statistical power analyses
according to ovarian and endometrial cancer-affected patients
are capable of detecting significant effects with a reasonable
degree of confidence.

2.2 Extraction of DNA samples
DNA samples were taken from peripheral venose blood
into Ethylenediaminetetraacetic acid (EDTA)-containing
tubes. The isolation of DNA samples was performed using
an EZ1 DNA isolation kit (148026603, Qiagen, Hilden,
NW, Germany). The concentration and purity of DNA
were controlled using Nanodrop 2000C (Thermo Scientific,
Waltham, MA, USA).

2.3 Next-generation sequencing (NGS)
In this study, we performed a targeted multigenic cancer
panel. NGS technologies include several key steps, which
are the fragmentation of genomic DNA, adding an adapter
ligation for indexing and targeted panels, amplification of
targeted genes or preparation of library and sequencing
part. Sequencing depth and coverage are the main points of
NGS data analysis, here in our targeted cancer panels we
use 20× coverage for reading. The quality control of the
NGS data it is dependent on a quality Q score of 30 (Q30)
corresponds to a 99.9% accuracy rate, which is typically
considered acceptable. By meticulously addressing these
aspects of library preparation, sequencing depth, and quality
control metrics, researchers can enhance the reproducibility
and transparency of their NGS studies.
Cancer predisposition genes were analyzed with a NextSeq-

550-Illumina NGS system (Illumina, San Diego, CA, USA)
and Qiaseq Targeted (Qiagen) DNA panel (3891121889, Qi-
agen, Hilden, NW, Germany). In the Trusight Illumina NGS
system, 94 predisposition cancer genes were included shown
in Fig. 1, and in the Qiaseq Targeted DNA panel 93 genes were
shown in Fig. 2.
NGS technology has three essential steps: library prepara-

tion, sequencing and data analysis.

2.4 Variant interpretation and classification
In the data analysis process, a Qiagen Clinical Insight (QCI)
program was used to convert the FastQ data to bam.bai files.
Variant calling and analysis step was done using the Genomize
platform. We used Integrative Genomic Viewer (IGV) soft-
ware to visually explore genomic data analysis.
After the analysis, the detected variants are classified

according to The American College of Medical
Genetics and Genomics (ACMG) 2015 criteria as likely
pathogenic/pathogenic, a variant of uncertain significance
(VUS) and likely benign/benign. Clinvar information and
literature data were also considered for the interpretation of
variants.

3. Results

In our study, we analysed 50 patients with OC and 20 patients
with EC. The identified variants played a vital role in diagnosis
and genetic counselling. Of the 50 OC cases, we detected
variants in 37 cases. In total, 46 variants were detected, 11
(23.9%) of which were pathogenic/likely pathogenic, 1 was
novel and 35 (76.1%) were classified as VUS as shown in
Tables 1 and 2. Thus, the diagnostic rate for OC in our study
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FIGURE 1. Trusight Illumina Next-Generation Sequencing system 94 predisposition cancer genes.

F IGURE 2. QIAGEN Targeted DNA Panel Next-Generation Sequencing system 94 predisposition cancer genes.

was 18%.
BRCA1 variants are the most frequently found variants

in OC. In our study, we detected three pathogenic/likely
pathogenic (P/LP) variants and one VUS variant in the BRCA1
gene. We also detected pathogenic variants in the Menin
1—MEN1, Exocyst Complex Component 1—EXOC1, Rad51
Recombinase—RAD51, Atm Serine/Threonine Kinase—ATM,
Nibrin—NBN, Activin A Receptor, Type Ib—ACVR1B, Tumor
Protein P53—TP53 and Dna Mismatch Repair Protein
Mlh1—MLH1 genes.
Using a targeted gene panel for the 20 EC cases, we detected

variants in 12 cases. In total, we detected 17 variants, 6
(35.2%) of which were pathogenic/likely pathogenic and 11
(64.7%) were VUS variants, as shown in Tables 3 and 4. For
EC, the diagnostic rate was 30%.
We also detected P/LP variants in the ATM, MLH1, MSH2

and BRCA2 genes in the EC cases. In both of the cancers,
the number of the VUS variants detected was higher than that
of the P/LP variants. The VUS variants must be followed up
every six months and the cases must be informed.
In addition, we detected a benign TP53NM_000546.5:c.215

C>G (p.Pro72Arg) variant in 25 OC cases and 9 EC cases.
Functional analysis plays a crucial role in the interpretation

of genetic variants, particularly those classified as variants of
uncertain significance (VUS). Functional analysis provides a

systematic approach to evaluating how specific genetic alter-
ations influence protein function, cellular pathways and overall
organismal behavior. By elucidating the effects of VUS,
researchers can distinguish between benign variants and those
with pathogenic potential, thereby enhancing the reliability
of genetic diagnoses. Unfortunately, we could not perform
functional analysis in our laboratory.

4. Discussion

Ovarian and endometrial malignancies result in considerable
diagnostic, therapeutic and management issues [11, 12]. In-
herited variants play a critical role as they have a substantial
impact on an individual’s susceptibility to various diseases,
including cancer. These variants can greatly raise the chances
of getting cancer [13].
The DNA mismatch repair (MMR) pathway is a highly

conserved mechanism that is crucial for maintaining genome
stability. Defects in MMR are associated with genome-wide
instability and increased susceptibility to specific cancers [14].
Detecting cases with these genetic risksmeans that special tests
can be performed and preventive steps, such as more frequent
check-ups or surgeries, can reduce the risk of cancer or detect
it early, when it is easier to treat.



70TABLE 1. Pathogenic and likely pathogenic variants associated with ovarian cancer.
Sample
ID

Age/Sex Gene Zygosity Variant type HGVS Protein dbSNP ACMG Clinvar

OV-1 50/F
MEN1 (MENIN 1) Heterozygous Missense NM_130799.2:

c.247C>A (p.Leu83Met) - (PM2, PP3) -

EXOC2 (EXOCYST COMPLEX
COMPONENT 2)

Heterozygous Missense NM_018303.6:
c.2236C>A (p.Gln746Ly) rs757060314 (PM2, PP3) VCV002385791.1

OV-2 49/F RAD51D (RAD51 PARALOG D) Heterozygous Non-coding
NM_001142571:
c.540+1G>A

(p.Gln746Lys) rs1597862471 (PVS1,
PMS2, PP5)

-

OV-3 60/F ATM (ATM SERINE/THREONINE
KINASE)

Heterozygous Non-coding NM_000051:
c.2921+1G>A - rs587781558 (PVS1,

PMS2, PP5)
-

OV-4 37/F BRCA1 (BRCA1 DNA
REPAIR-ASSOCIATED PROTEIN)

Heterozygous Nonsense NM_007294.3:
c.4393delA (p.Ile1465fs) rs397507230 (PVS1,

PMS2, PP5)
-

OV-5 69/F NBN (NIBRIN) Heterozygous Frameshift NM_002485:
c.1651dupT (p.Arg551fs) rs766044684 (PVS1,

PMS2, PP5)
-

OV-6 64/F ACVR1B (ACTIVIN A
RECEPTOR, TYPE IB)

Heterozygous Nonsense NM_020327:
c.979C>T (p.Arg327Ter) Novel (PVS1, PM2) -

OV-7 54/F TP53 (TUMOR PROTEIN p5) Heterozygous Missense NM_000546.6:
c.493C>T (p.Gln165Ter) rs730882001 (PVS1, PP5,

PM2)
VCV000182930.20

OV-8 47/F
BRCA1 (BRCA1 DNA

REPAIR-ASSOCIATED PROTEIN)
Heterozygous Frameshift NM_007294.4:

c.5266dupC (p.Gln1756fs) rs80357906 (PVS1, PS3,
PP5, PM2)

VCV000017677.99

MLH1 (DNA MISMATCH REPAIR
PROTEIN MLH1)

Heterozygous Missense NM_000249.4:
c.1690C>T (p.Leu564Phe) rs786202693 (PM1, PM5,

PM2, PP3)
VCV000186100.17

OV-9 69/F BRCA1 (BRCA1 DNA
REPAIR-ASSOCIATED PROTEIN)

Heterozygous Nonsense NM_007294:
c.4393delA

(p.Pro1464_I
le1465insTer) rs397507230 (PVS1, PP5,

PM2)
VCV000037590.5

ID: identity; OV: ovarian cancer; F: Female; HGVS: Human Genome Variation Society; dbSNP: Single Nucleotide Polymorphism Database; ACMG: American College of Medical
Genetics.
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TABLE 2. Variant of Uncertain Significance associated with ovarian cancer.
Sample
ID

Age/Sex Gene Zygosity Variant type HGVS Protein dbSNP ACMG Clinvar

OV-10 59/F PALLD (PALLADIN,
CYTOSKELETAL ASSOCIATED

PROTEIN)

Heterozygous Missense
NM_016081.3:
c.671_672del
TGinsCA

(p.Met224Thr) rs373066707 (PM2, BP6) VCV000704515.7

OV-11 48/F
ATM (ATM SERINE/THREONINE

KINASE)
Heterozygous Missense NM_000051.3:

c.2404T>C (p.Phe802Leu) - (PM2, BP4) VCV001098790.2

ATM (ATM SERINE/THREONINE
KINASE)

Heterozygous Missense NM_000051.3:
c.1010G>A (p.Arg337His) rs202160435 (PM2, PM1) VCV000127328.36

OV-13 48/F ERCC4 (ERCC EXCISION
REPAIR 4, ENDONUCLEASE

CATALYTIC SUBUNIT)

Heterozygous Missense NM_005236.3:
c.1910A>G (p.Lys637Arg) - (PM2, BP4) -

OV-14 45/F SMARCA (SWI/SNF-RELATED,
MATRIX-ASSOCIATED)

Heterozygous Missense
NM_001128849.2:

c.805C>T

(p.Pro269Ser) rs759641262 (PM2, BP4) -

OV-15 67/F SMARCA4 (SWI/SNF-RELATED,
MATRIX-ASSOCIATED)

Homozygous Missense
NM_001128849.3:

c.827C>T

(p.Pro276Leu) - (PM2, BP4) VCV001358432.4

OV-16 47/F BARD1 (BRCA1-ASSOCIATED
RING DOMAIN 1)

Heterozygous Missense NM_000465.4:
c.1603G>C (p.Asp535His) - (BP1, BP4,

PM2)
VCV001319415.3

OV-17 32/F FGFR1 (FIBROBLAST GROWTH
FACTOR RECEPTOR 1)

Heterozygous Missense NM_023110.3:
c.202C>T (p.Arg68Trp) rs775895631 (PM2, PP3) -

OV-18 44/F
ATR (ATR SERINE/THREONINE

KINASE)
Heterozygous Missense NM_001184.4:

c.721A>G (p.Ser241Gly) rs200418139 (BP1, BP4,
PM2)

VCV001021316.3

ERBB3 (ERB-B2 RECEPTOR
TYROSINE KINASE 3)

Heterozygous In frame
NM_001005915.1:

c.518del
CinsGTCA

(p.Ser173delins
CysHis) - (BP3, BP4,

PM2, PM4)
-

OV-19 45/F HERC1 (HECT DOMAIN AND
RCC1-LIKE DOMAIN 1)

Heterozygous Missense NM_003922.4:
c.12686C>T (p.Ser4229Leu) rs199683306 (PM2, BP1) VCV001217956.6

OV-20 41/F RAD51 (RAD51 RECOMBINASE) Heterozygous Missense NM_002875.5:
c.523G>A (p.Ala175THr) - (PM2, PP3,

BP1)
-



72TABLE 2. Continued.
Sample
ID

Age/Sex Gene Zygosity Variant type HGVS Protein dbSNP ACMG Clinvar

OV-21 48/F
CDH1 (CADHERIN 1) Heterozygous Missense NM_004360.5:

c.652G>A (p.Glu218Lys) rs1555515280 (BP1, BP4,
PM2)

VCV000463787.15

KMT2C (LYSINE-SPECIFIC
METHYLTRANSFERASE 2C)

Heterozygous Missense
NM_170606.3:
c.2645_2646del

TCinsCA
(p.Ile882Thr) - (PM2, BP1) -

OV-22 61/F EXT2 (EXOSTOSIN
GLYCOSYLTRANSFERASE 2)

Heterozygous Missense NM_207122.2:
c.985G>A (p.Ala329Thr) - (PM2, BP1) -

OV-23 64/F MDM2
(MDM2 PROTOONCOGENE)

Heterozygous Missense NM_002392.6:
c.1242A>C (p.Gln414His) rs201686188 (BP1, BP4,

PM2)
-

OV-24 37/F BLM (BLOOM SYNDROME) Heterozygous Missense NM_000057.4:
c.3416G>C (p.Arg1139Pro) rs771776126 (BP1, BP,

PM2)
VCV000405312.13

OV-25 51/F RAD50 (DOUBLE-STRAND
BREAK REPAIR PROTEIN)

Heterozygous Missense NM_005732.4:
c.695C>A (p.Ala232Asp) rs28903089 (PM2, PB4) VCV000185142.13

OV-26 66/F MAP2K4 (MITOGEN-ACTIVATED
PROTEIN KINASE KINASE 4)

Heterozygous Missense NM_003010.4:
c.911G>A (p.Arg304Gln) rs1194360851 (PM2, PP2) -

OV-27 55/F
BLM (BLOOM SYNDROME) Heterozygous Missense NM_000057.4:

c.3923G>A (p.Gly1308Glu) rs750865930 (BP1, BP,
PM2)

VCV000405320.13

ERCC4 (ERCC EXCISION
REPAIR 4, ENDONUCLEASE

CATALYTIC SUBUNIT)

Heterozygous Missense NM_005236.3:
c.16C>T (p.Pro6Ser) rs61760160 (BP4, BP6,

BP1, PM2)
VCV000134131.37

ESR1 (ESTROGEN RECEPTOR 1) Heterozygous In frame
NM_000125.4:

c.909_911delGAA

(p.Lys303del) rs748961781 (PM1, PM4,
PM2)

-

OV-28 52/F AXIN2 (AXIS INHIBITOR 2) Heterozygous Missense
NM_001363813.1:

c.936G>A

(p.Met312Ile) rs1394762778 (BP1, PM2) -

OV-29 61/F FGFR1 (FIBROBLAST GROWTH
FACTOR RECEPTOR 1)

Heterozygous Missense NM_023110.3:
c.202C>T (p.Arg68Trp) rs775895631 (PP2, PP3) -

OV-30 18/F MAP3K1 (MITOGEN-ACTIVATED
PROTEIN KINASE KINASE

KINASE 1)

Heterozygous Missense NM_005921.2:
c.164C>T (p.Ala55Val) rs890879399 (BP4, BP1,

PM2)
-
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TABLE 2. Continued.
Sample
ID

Age/Sex Gene Zygosity Variant type HGVS Protein dbSNP ACMG Clinvar

OV-31 47/F ATR (ATR SERINE/THREONINE
KINASE)

Heterozygous Non coding
NM_001184.4:

c.5739-11_5739-4
delACTTCCTT

- rs797045404 (PM2) VCV000210492.28

OV-32 58/F
BARD1 (BRCA1-ASSOCIATED

RING DOMAIN 1)
Heterozygous Missense NM_000465.4:

c.1958T>C (p.Ile653Thr) rs1574706961 (PM2, BP1) VCV000820414.3

CDKN2A
(CYCLIN-DEPENDENT KINASE

INHIBITOR 2A)

Heterozygous Missense NM_058195.4:
c.94G>A (p.Gly32Arg) rs879254043 (PB4, BS2) VCV000246004.8

OV-33 57/F CDK6 (CYCLIN-DEPENDENT
KINASE 6)

Heterozygous Missense NM_001259:
c.331A>G (p.Lys111Glu) rs757348412 (PM2, PP3,

BP1)
-

OV-34 69/F BRCA1 (BRCA1 DNA
REPAIR-ASSOCIATED PROTEI)

Heterozygous Missense NM_007294:
c.4391C>T (p.Pro1464Leu) - (PM2, BP4) -

OV-35 78/F
ERBB3 (ERB-B2 RECEPTOR

TYROSINE KINASE 3)
Heterozygous Missense

NM_001005915.1:
c.433A>G

(p.Met145Val) - (PM2, BP4) -

PALB2 (PARTNER AND
LOCALIZER OF BRCA2)

Heterozygous Missense NM_024675:
c.3367G>A (p.Val1123Met) rs757118000 (PM2) VCV000185518.15

RAD50 Heterozygous Missense NM_005732:
c.1972A>G (p.Met658Val) rs587782450 (PM2, BP4) VCV000142417.9

OV-36 69/F MAP3K1
(MITOGEN-ACTIVATED

PROTEIN KINASE KINASE
KINASE 1)

Heterozygous Missense NM_005921.2:
c.271C>T (p.Pro91Ser) - (PM2, BP4) -

OV-37 58/F SYNE1 (SPECTRIN
REPEAT-CONTAINING
NUCLEAR ENVELOPE

PROTEIN 1)

Heterozygous Missense NM_182961:
c.17824C>T (p.Arg5942Cys) rs770337064 (PM2) -

ID: identity; OV: ovarian cancer; F: Female; HGVS: Human Genome Variation Society; dbSNP: Single Nucleotide Polymorphism Database; ACMG: American College of Medical
Genetics.



74TABLE 3. Pathogenic and likely pathogenic variants associated with endometrial cancer.

Sample
ID

Age/Sex Gene Zygosity Variant type HGVS Protein dbSNP ACMG Clinvar

E1 56/F MLH1 (DNA MISMATCH
REPAIR PROTEIN)

Heterozygous Non-coding NM_000249.3:
c.790+1G>A - rs267607789 (PVS1, PP5,

PM2)
VCV000090356.34

E2 55/F ATM
(ATM SERINE/THREONINE

KINASE)

Heterozygous Non-coding NM_000051.3:
c.2125-1G>A - rs1402299151 (PVS1, PP5,

PM2)
VCV000551858.5

E3 56/F MSH2 (MutS HOMOLOG 2) Heterozygous Missense NM_000251.2:
c.274C>G (p.Leu92Val) rs587779154 (PM2, PP3,

BP6)
VCV000091041.23

E4 39/F ATM
(ATM SERINE/THREONINE

KINASE)

Heterozygous Non-coding NM_000051.4:
c.902-2A>T - - (PVS1, PP5,

PM2)
VCV001172262.2

E5 50/F MSH6 (MutS HOMOLOG 6) Heterozygous Frameshift
NM_000179.3:
c.3962_3966
dupGAGAA

(p.Phe1323fs) - (PVS1, PP5,
PM2)

VCV001736527.3

E6 59/F BRCA2 (BRCA2 DNA
REPAIR-ASSOCIATED

PROTEIN)

Heterozygous Non-coding NM_000059.4:
c.67+1G>A - rs81002796 (PVS1, PP5,

PM2)
VCV000052160.14

ID: identity; E: endometrial cancer; F: Female; HGVS: Human Genome Variation Society; dbSNP: Single Nucleotide Polymorphism Database; ACMG: American College of Medical
Genetics.
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TABLE 4. Variant of Uncertain Significance associated with endometrial cancer.
Sample
ID

Age/Sex Gene Zygosity Variant type HGVS Protein dbSNP ACMG Clinvar

E3 56/F MLH1 (DNA MISMATCH
REPAIR PROTEIN)

Heterozygous Missense NM_000249.3:
c.1060G>A (p.Gly354Ser) rs199706698 (PM2, BP1,

BP4)
VCV000161295.14

E4 39/F ATM
(ATM SERINE/THREONINE

KINASE)

Heterozygous Missense NM_000051.4:
c.2441A>G (p.Asp814Gly) - (PM2) -

E6 59/F BLM (BLOOM SYNDROME) Heterozygous Missense NM_000057.4:
c.980C>T (p.Thr327Ile) - (PM2, BP4) VCV001768281.1

E7 69/F BRCA1 (BRCA1 DNA
REPAIR-ASSOCIATED

PROTEIN)

Heterozygous Missense NM_007294.3:
c.427G>C (p.Glu143Gln) rs80356991 (BP4, BP1,

BP3, PM2)
VCV000232628.15

E8 37/F
APC (APC REGULATOR OF
WNT SIGNALING PATHWAY )

Heterozygous Missense NM_000038.6:
c.1858C>T (p.Leu620Ph - (PM2, BP1) -

BARD1 (BRCA1-ASSOCIATED
RING DOMAIN 1)

Heterozygous Missense NM_000465.4:
c.1369A>G (p.Lys457Glu), - (PM2, BP1) VCV001956291.2

E9 63/F NCOR1 (NUCLEAR RECEPTOR
COREPRESSOR 1)

Heterozygous Missense
NM_001190440.1:

c.3307T>G

(p.Ser1103Ala) - (PM2, PP2) -

E10 46/F PALLD
(CYTOSKELETAL-ASSOCIATED

PROTEIN)

Heterozygous Missense NM_016081.4:
c.647G>C (p.Ser216Thr) rs757199423 (PM1, BP4) VCV002448515.1

E11 43/F MEN1 (MENIN 1) Heterozygous Missense
NM_001370259.2:

c.563C>T

(p.Pro188Leu) rs199706698 (PM2, PP3,
PP2)

VCV000161295.14

E12 47/F
RB1 (RB TRANSCRIPTIONAL

COREPRESSOR 1)
Heterozygous Missense NM_000321.3:

c.1814+3A>G - rs376886420 (PM2, PP3,
BP6)

VCV000252476.14

CSMD1 (CUB AND SUSHI
MULTIPLE DOMAINS 1)

Heterozygous Missense NM_033225.6:
c.476C>T (p.Thr159Met) rs377017264 (PM2) -

ID: identity; E: endometrial cancer; F: Female; HGVS: Human Genome Variation Society; dbSNP: Single Nucleotide Polymorphism Database; ACMG: American College of Medical
Genetics.
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Here we present the germline genetic mutations observed in
ovarian cancer patients that were shown in our Medical Ge-
netics department, as determined through NGS analysis. NGS
technology is widely used for disease diagnosis, prognosis,
therapeutic decision-making and follow-up of patients and is
becoming more important for the detection of new variations
andmutations [15]. The liquid biopsy process is one of the new
variant detection methods that is an easy step, especially when
the investigation needs to be performed from biopsies [16].
In addition, DNA repair genes are important in cancer

cases; in our study, we detected the likely pathogenic
variant NM_000249.4(MLH1):c.1690C>T in one of
the OC cases (OV-8). The same case had a pathogenic
NM_007294.4(BRCA1):c.5266dupC variant (see Table 1).
The BRCA1:c.5266dupC variant has been reported as a
founder effect and is the most common variation among
patients diagnosed with breast cancer and OC, with a
frequency of 5.47% [17].
In a molecular genetic analysis of 1197 individuals with a

familial history of breast cancer and/or OC in Greece, Romania
and Turkey, a pathogenic variant was identified in 264 (22.1%)
cases, while a VUS was identified in 34.8% of the cases.
A significant 43.6% of the detected variants were located in
the BRCA1/2 genes [1]. Another study detected the highest
number of pathogenic somatic mutations in high-grade serous
carcinoma (HGSC) patients in the TP53 and BRCA1 genes in
86 OC cases [18]. Santonocito et al. [19] presented a spectrum
of detected BRCA1/2 in 517 of 2351 variants in Italian breast
cancer and/or OC cases.
We detected a pathogenic novel variant in OV-6 case, a

nonsense NM_020327(ACVR1B):c.979C>T variant that is re-
lated to pancreatic cancer. Our patient was diagnosed with
ovarian cancer, in recently published literature this gene was
investigated in various cows with cystic ovarian disease and
the results were significant [20]. ACVR1B gene has also a
main role in ovarian follicular development [21]. ACVR1B
gene plays a crucial role in the signaling pathway mediated
by Transforming growth factor-beta (TGF-β) family members,
such as activins and inhibins [22] but the certain role in ovarian
cancer it is not yet revealed. The gene function or detected
variants in ACVR1B need to be investigated in functional
analysis.
In EC cases, we detected three variants related to DNA re-

pair genes: an NM_000249.3(MSH1):c.790+1G>A variant in
case E1, a missense NM_000251.2(MSH2):c.274C>G variant
in case E4 and a frameshift variant in case E5 (see Table 3).
The tumor-suppressing gene TP53 stands out as the most

commonly mutated gene across various human tumors, thus
implicating its pivotal role in tumorigenesis [14]. We detected
amissenseNM_000546.6(TP53):c.493C>T variant in theOV-
7 case in our study. The ATM gene also has an important
role in the homologous recombination (HR) repair process;
however, ATM signalling remains relatively limited in compar-
ison to other DNA damage response (DDR) molecules, such
as PARP and ATR, but ATM’s intricacies hold promise for
advancing targeted therapeutic strategies in cancer treatment
[23]. Ongoing clinical studies are investigating the efficacy of
PARP inhibitors, platinum combinations, ATR inhibitors and
immunotherapy in patients with germline BRCA mutations

[24].
Although multiple assays have been developed to forecast

homologous recombination deficiency (HRD), determining
the most reliable predictor of drug response remains elusive.
There have been nine FDA PARPi approvals/indications in
OC since 2014 [25].
The results of forthcoming clinical trials are eagerly antic-

ipated to provide clarity and guide treatment approaches in
this rapidly evolving domain [16]. Certain PARP inhibitors,
including niraparib and rucaparib, have been licensed by the
FDA for the treatment of advanced or recurrent EC with par-
ticular molecular features, such as HRD [15]. PARP inhibitors
offer significant clinical benefits for patients with BRCA1/2
mutations (BRCAm) [16].
In the context of genetic counseling, the management of

variants of uncertain significance (VUS) presents unique chal-
lenges that require a nuanced approach. Clinicians should em-
phasize that these variants are neither definitively pathogenic
nor benign. Clear communication is essential to help pa-
tients understand the potential implications for their health
and the significance of uncertainty in genetic testing results.
Clinicians should conduct thorough risk assessments based on
the patient’s personal and family medical history and should
consider collaborating with genetic counselors or specialists
who can provide additional expertise in interpretingVUS. Peri-
odically they must reevaluating VUS in light of new evidence,
clinical guidelines and updated databases. This may involve
reinterpreting variants as additional data become available,
potentially leading to reclassification that could impact patient
management. By integrating these strategies into clinical prac-
tice, clinicians can effectively manage VUS, enhancing patient
understanding and care while navigating the complexities of
genetic information.
We acknowledge the importance of experimental validation

in confirming these functional implications. The follow-up
studies that need to be performed involve various functional
assays to assess the impact of the identified VUS on relevant
biological processes. These experiments will include cellular
assays to evaluate changes in cellular behavior, as well as
biochemical assays to investigate alterations in protein func-
tion. We believe that this experimental validation will not only
strengthen our findings but also provide invaluable insights
into the pathogenicity of these variants.
Overall these findings of the detected variants give infor-

mation about the disease risk assessment, inherited variant
predispositions can be used in prevention strategies, targeted
screening procedures and early intervention in some cases.
One another important part is precision medicine according
to the variation results the treatment methods are planned.
Inherited genetic variants provide valuable insights into family
health history and they are important in genetic counseling.

5. Conclusions

Inherited variants play a pivotal role in the development and
progression of ovarian and endometrial cancers. Their influ-
ence on disease susceptibility underscores the importance of
genetic screening and risk assessment, enabling targeted inter-
ventions for at-risk individuals. Early detection and person-
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alized management strategies, informed by an understanding
of inherited variants, offer promise for improving outcomes
and reducing the burden of these gynecological malignancies.
This study has several limitations that warrant consideration.
Firstly, our analysis was restricted to the genes included in the
targeted panel, which may not encompass all potential genetic
contributors to ovarian and endometrial cancers. As cancer is
a complex disease influenced by a multitude of genetic factors,
it is plausible that variants in other genes, not covered by our
panel, could also play a significant role in the etiology of these
cancers. To gain a more comprehensive understanding of the
genetic landscape associated with these diseases, whole exome
sequencing (WES) or whole genome sequencing (WGS) could
be beneficial. These approaches would allow for the identifi-
cation of a broader range of variants, including those in non-
coding regions, and may uncover additional genetic alterations
that contribute to cancer development. Furthermore, in the
context of cancer, the assessment of microsatellite instability
(MSI) is crucial, as it is associated with the effectiveness
of certain therapies and provides insights into tumorigene-
sis. Additionally, both ovarian and endometrial cancers are
considered rare in our region when compared to other cancer
types. The limited number of cases may restrict the diversity
of the variant spectrum observed in our study, potentially
hindering our ability to draw robust conclusions about their
clinical implications. If the incidence of these cancers were
higher, it is likely that we would encounter a more varied
set of genetic variants, which could provide more specific
and actionable insights in terms of diagnosis and treatment
strategies. Addressing these limitations in future studies could
significantly enhance our understanding of the genetic factors
associated with ovarian and endometrial cancers.
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