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ABSTRACT

Introduction: Breast cancer consists huge amount of the cancer-
related death in population. Ovarian cancer is the second most
frequent seen type of gynecological cancer and has the highest
mortality among gynecological cancers since most cases are
detected late. The current study intended to determine the prevalence
of oncogene mutations, especially BRCA1 and BRCAZ2, in high-risk
patients diagnosed with ovarian and breast cancer in the Black Sea
region of our country.

Material and method: Between August 2017 and January 2022, a
total of 223 individuals who applied to our center and met the genetic
test criteria were included in the study. Next-generation sequencing
(NGS) was used to detect germ-line deleterious variants in genes
included in the oncogenetic panel of patients (34 genes).

Results: Among the 223 patients analyzed within the scope of the
study, 195 had breast cancer, and 28 had ovarian cancer, resulting
in the detection of 15 different pathogenic variants of BRCA1 (%4,9)
and BRCA2 (%6,7) genes in 26 (11.6%) patients. In the analysis of
32 oncogenes other than BRCA1 and BRCA2 genes, 26 different
pathogenic (P) or likely pathogenic (LP) variants were detected in
a total of 35 patients (15.7%). Based on the analysis of 223 breast/
ovarian cancer patients together, 41 different pathogenic (P) or
likely pathogenic (LP) variants were found in 61 patients (27.3%).
Furthermore, 65 different VUSs (Variant of Uncertain Significance)
were detected in 73 patients (32.7%).

Conclusion: This is the first study to be conducted in our region in a
single center located in the Black Sea region. The study was conducted
in a single center within the Black Sea region and, to our knowledge,
provides the first data in this region in terms of cancer genes other
than BRCAs. To appreciate of the genetic susceptibility spectrum
of hereditary breast and/or ovarian cancer better, it is imperative to
clarify the risks associated with genes other than BRCAs, which carry
a high risk for other breast and ovarian cancers, as well as BRCA1 and
BRCAZ2. Therefore, patients in the risk group must undergo multigene
panel testing in addition to routine BRCA1 and BRCA2 gene testing.
We detected two novel variants in the BRCA2 gene and five novel
variants other than BRCA oncogenes. Furthermore, the results of this
study contributed to the development of our country's specific variant
pool.
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OzZET

Giris: Meme kanseri kadinlarda en sik gorilen kanserdir ve kansere
bagh 6limlerin en sik nedenlerinden biridir. Over kanseri, jinekolojik
kanserler arasinda ikinci en sik kanser turtdir ve bu hastalarin cogu
gec tani aldigindan dolayr mortalitesi en ylksek jinekolojik kanser
olarak bilinir. Bu calismada Ulkemiz karadeniz boélgesinde Meme
ve Over kanseri tanisi almis yiiksek risk grubundaki hastalarda
BRCA1 ve BRCA2 basta olmak lizere sorumlu olabilecek onkogen
mutasyonlarinin prevalansi ve bdlge populasyonumuza 6zgu
varyantlari belirlemeyi amagladik.

Materyal ve metod: Calismada Agustos 2017—0cak 2022 araliginda
merkezimize basvuran ve genetik test kriterlerini karsilayan 223 hasta
analiz edilmistir. Calismaya alinan hastalarda onkogenetik panel (34
gen) kapsamindaki genlerde germ-line zararli varyantlari tanimlamak
icin (Next generation sequencing (NGS)) yeni nesil dizileme kullanildi.
Bulgular: Calisma kapsaminda analiz edilen 195 Meme kanserli ve
28 Over kanserli olmak lizere toplam 223 hastanin BRCA1 (%4,9)
ve BRCA2 (6,7) genlerinde toplam 26 (%11,6) hastada 15 farkli
Patojenik varyant saptanmistir. BRCA1 ve BRCA2 genleri disindaki
diger 32 onkogenin analizinde ise toplam 35 hastada (%15,7) 26
farkli Patojenik (P) veya Likely Patojenik (LP) varyant tespit edilmistir.
Analiz edilen 223 meme/over kanserli hasta beraber disundldiginde
ise 61 hastada (%27.3) 41 farkli Patojenik (P) veya Likely Patojenik
(LP) variant tespit edilmistir. Bunlara ek olarak Calismaki 73 hastada
(%32.7) ise 65 farkli VUS (Variant of Uncertain Significance = Onemi
Belirsiz Varyant) saptanmistir.

Sonug: Calisma karadeniz bolgesindeki Gglncl basamak bir
hastanede yurittlmus olup bildigimiz kadariyla BRCA genleri digindaki
kanser genleri acisindan boélgemize dair ilk verileri ortaya koymaktadir.
Kalitsal meme/over kanseri genetik yatkinlik spektrumunun daha
fazla anlasiimasi icin BRCA1 ve BRCA2 genlerinin yani sira diger
meme/over ca agisindan yiiksek risk tasiyan BRCA1 ve BRCA2
genleri digindaki kanser genlerine 6zgu risklerin de aydinlatiimasi
gerekmektedir. Bundan dolayi risk grubundaki hastalara rutin BRCA1
ve BRCAZ2 genlerine ek olarak goklu gen panel testine ihtiyag vardir.
Calismada BRCA2 geninde 2 novel variant saptanirken BRCA
genleri digindaki onkogenlerde 5 novel variant tespit edildi. Ek olarak
calismamiz sonucunda llkemize spesifik varyant havuzuna da katki
saglandi.

Anahtar kelimeler: NGS, BRCA1, CHEK2, Meme/Over kanseri
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INTRODUCTION

Breast Cancer (BC) is the most seen type of cancer and
consists huge amount of the cancer-related death in
women (1). The second common type of cancer among
gynecological cancers is ovarian cancer and since most
of these patients are diagnosed late, it is known as
gynecological cancer with the highest mortality (2). Breast/
ovarian cancer are divided into two groups as hereditary
and sporadic. Almost 5-10% of all breast cancer cases and
more than 23% of all ovarian cancers are thought to be
hereditary (3, 4). It is thought that this hereditary condition
develops due to highly effective germ-line mutations in
oncogenes that predispose to breast cancer.

BRCA1 and BRCA2 genes were identified as high-
penetration tenderness genetic factors for inherited
ovarian and breast cancers (5, 6). Mutations in BRCA1
and BRCA2 genes are responsible for 25% of inherited
breast cancers (HBCs), approximately (7). Individuals who
carry BRCA1 and BRCA2 mutation have an 83% risk of
future breast or 76% risk of ovarian cancer, respectively
(8). Moreover, these patients also have an increased risk
of developing other types of cancer such as pancreatic,
prostate, stomach, colorectal, and malignant melanoma
(8, 9). To test BRCA gene mutations is essential to agree
prophylactic salpingo-oophorectomy and mastectomy to
diminish the risk of ovarian and breast cancers in high-
risk groups (10-12) The spectrum of mutation for BRCA1
and BRCA2 shows alterations amongst populations from
different tertiaries and ethnic groups. Although initiator
mutations have been shown in the literature in definite
ethnic communities, most of the mutations recognized in
BRCA1 and BRCAZ2 are dynasty dependent (13). The main
risk factor in inherited ovarian and breast cancer cases is
defects in BRCA1 and BRCA2 genes, however mutations
in other cancer susceptibility genes including PTEN, TP53,
CHEK2, ATM, PALB2, and STK11, which are less common,
are also blamed (14). The prevalence and risk ratios of
pathogenic variants in oncogenes predisposing to breast/
ovarian cancer other than BRCA1 and BRCA2 genes
may differ between populations (15). Oncogenetic testing
facilitates a sound risk valuation and influences choices
about preventive approachs, survivor, and management
choices for both affected individuals and their families at
risk (16).

Today, when breast/ovarian cancer is mentioned, mutations
of BRCA1 and BRCA2 genes are generally thought of, and
genetic analyzes may be limited to these genes. Clinical
testing of inherited cancer susceptibility by concurrent
sequencing of multiple target oncogenes is more available
through in developments in Next Generation Sequencing
(NGS)technology (17). By theintroduction of next-generation
sequencing into routine diagnosis, germ-line oncogenetic

inherited testing for breast ca/over ca has moved beyond
the analysis of the BRCA1 and BRCA2 genes (18). With
the widespread use of next-generation sequencing (NGS)-
based inherited ca panels, high-throughput sequencing
became possible, databases of different populations were
created, and the spectrum of cancer susceptibility genes
was provided (19). While distinctive populations’s data
obtained from genetic databases and reported in academic
studies continue to increase, most of the studies involve the
cancer susceptibility genes mutation spectrum in various
populations from all over the world (19, 20). Therefore,
determining the oncogene mutation spectrum of different
regions in our country will be a significant step in estimating
the cancer risk of the population. Furthermore, it is very
important to identify the spectrum of damaging variants
in genes that predispose to oncogenetic and to identify
common founder mutations to develop national health
strategies for cancer screening. In this study, patients in
the high-risk group diagnosed with Breast cancer (BC)
and Ovarian cancer (OC) in the Black Sea region of our
country were analyzed using a comprehensive oncogenetic
panel (34 genes). The prevalence of germline mutations of
oncogenes that may be responsible, especially BRCA1 and
BRCA2, and the breast and ovarian ca risk associated with
them were investigated.

MATERIALS AND METHODS

Study population

The study was performed in the Department of Medical
Genetics of a single center in the Black Sea Region
between August 2017 and January 2022. A total of 223
patients, 195 of them were diagnosed with Breast Ca and
28 with Ovarian Ca, who were analyzed to detect and
identify genetic mutations that may cause the disease
were evaluated retrospectively. Only individuals who
have ca history were included in the study. In addition,
individuals who were analyzed due to their high-risk family
history were not included in the study. The local ethics
committee approved the study before it was conducted
(Tokat Gaziosmanpasa University Clinical Research
Ethics  Committee/18.03.2021/21-KAEK-081).  Before
testing isolated DNA samples for research purposes, all
participants provided written informed consent. All data
such as sex, age at diagnosis, histopathology reports...
of all patients included in the study were obtained from
the hospital automation system. The study also recorded
detailed demographic and clinical characteristics, including
pedigree analyses and family cancer histories. The kinship
statuses were revealed. Family histories of all patients
were recorded from mothers and fathers. In addition, none
of the patients included in the study were consanguineous.
Based on National Comprehensive Cancer Network
(NCCN) guidelines, a genetic risk assessment for cancer
susceptibility was conducted.
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Genetic analysis

The DNA isolation process was executed by following the
instructions of manufacturer using a DNA isolation kit for
5 cc EDTA blood samples taken from the patients (21).
The Hereditary Cancer Panel (Celemics) was sequenced
on the lllumina system using next-generation sequencing
(NGS). MiSeq platform (lllumina, San Diego, California,
United States) was used for DNA sequencing of the
products. VarSome, Franklin, InterVar, lllumina BaseSpace
Variant Interpreter, ClinVar, PubMed, OMIM, and in silico
methods (Mutation Taster, PolyPhen-2, SIFT) were utilized
to annotate the obtained variations.

Genes (34 genes) included in the hereditary cancer panel
in the study (Celemics): BRCA1, BRCA2, MLH1, MSH2,
MSH6, VHL, BRIP1, BARD1, PALB2, CDH1, EPCAM,
RAD50, NBN, PMS2, RB1, TP53, ATM, SLX4, MRE11,
STK11, RAD51C, MEN1, SMAD4, CTNNB1, BLM, NF1,
PTEN, BMPR1A, MUTYH, CHEK2, APC, CDKN2A,
RAD51D

Sanger confirmation method was implemented for de novo
variants, homopolymer regions, insertions and deletions,
and splice site changes.

Variant Classification

“The American College of Medical Genetics and Genomics
and the Association for Molecular Pathology (ACMG-
AMP)” guidelines was followed for the classification of
pathogenicity of the variations detected in the study
(22). Pathogenic variants (P) have disease-causing DNA
changes that are well-known in the literature.

Likely pathogenic (LP) variants are considered the probable
cause of the disease or the effect on protein function is
predicted to be possibly deleterious (>90% probability of
causing disease). VUS (Variant of Uncertain Significance)
changes are genetic variants that have an unknown or
suspected effect on the disease. These variants are
typically scarce and predicted to be harmful.

RESULTS

DNA sequence analysis was conducted in this study on
peripheral blood samples taken from 223 patients, 195
with breast cancer and 28 with ovarian cancer, using NGS
technology.

Of the 223 patients analyzed, five different pathogenic
variants were detected in the BRCA1 gene in 11 (4.9%)
patients and ten different pathogenic (P) variants in the
BRCA2 gene in 15 (6.7%) patients. When the BRCA1 and
BRCAZ2 genes were evaluated, 15 pathogenic variants were
detected in 26 patients (11.6%) (Table 1). In 26 patients with
pathogenic variants in the BRCA1 and BRCA2 genes, the
average age was 42.7 years when breast/ ovarian CA was
diagnosed. A total of 15 pathogenic variants were detected,
of which 9 were frame-shift variants (in 10 patients), 6 were
nonsense variants (in 15 patients), and 1 was a splice site

defect (noncoding).

In 223 patients with breast/ovarian cancer, excluding the
BRCA1 and BRCAZ2 genes, and in the analysis of another
32 genes within the scope of panels, 26 different pathogenic
(P) or likely pathogenic (LP) variants were identified. The
average age of the 35 patients in this group was 41.3 years.
The distribution of pathogenic (P) or likely pathogenic (LP)
variants in this group was as follows: CHEK2 gene 14
(6.2%) in patients, multigene 6 (2.7%) in patients, ATM gene
4 (1.8%) patients, MRE11 gene 2 (%) 0.9) patient, SLX4
gene 2 (0.9%) patient, MSH6 gene 1 (0.4%) patient, MLH1
1(0.4%) patient, NBN gene in 1 (0.4%) patient, BRIP1 gene
1 (0.4%) patient MSH2 gene 1 (0.4%) patient, TP53 gene
1 (0.4%) patient, and RAD50 gene 1 (0.4) patient (Table
2). The spectrum of these 26 different pathogenic and
likely pathogenic variants detected includes 14 missense
mutations in 19 patients, one synonymous mutation in 2
patients, three frame-shift mutations in 3 patients, four
nonsense mutations in 6 patients, and four splice site
mutations in 4 patients (noncoding) (in 4 patients), and 1
of them was found as an in-frame variant (in 1 patient).
Among the 223 breast/ovarian cancer patients analyzed, 41
different pathogenic (P) or likely pathogenic (LP) variants
were identified in 61 patients (27.3%) according to a total
of 34 gene analyses. Moreover, the mean age at diagnosis
(61 patients) for all patients with P and LP variation was
41.8 years.

In our study (34 gene panel analyses), 64 different VUS
(Variant of Uncertain Significance) changes were detected
in 73 patients (32.7%), except for the pathogenic (P) or likely
pathogenic (LP) variants. The mean age of the patients with
VUS at diagnosis was 44.4 years. The distribution of these
VUSs detected in patients according to genes is as follows:
CHEK2 gene in 13 (5.8%) patients, ATM gene in 11 (4.9%)
patients, MRE11 gene in 7 (3.1%) patients, BRCA2 gene
in 6 (2.7%) patients, BRIP1 gene in 6 (2.7%) patients, and
CDH1 gene in 3 (%) patients. 1,3) patients, MSH2 gene in
3 (1.3%) patients, MSH6 gene in 3 (1.3%) patients, RAD50
gene in 3 (1.3%) patients, SLX4 gene in 3 (1.3%) patients,
APC gene in 3 (1.3%) patients, NF1 gene in 2 (0.9%)
patients, PMS gene in 2 (0.9%) patients, BARD1 gene in 1
(0.4%) patient, BLM gene in 1 (0.4%) patient, BRCA1 gene
in 1 (0.4%) patient, CDK4 gene in 1 (0.4%) patient, MLH
gene in 1 (0.4%) patient, NBN gene in 1 (0.4%) patient,
PALB2 gene in 1 (0%) patient. 4) The MUTYH gene was
detected in 1 (0.4%) patient (Table 3). Among the 64
different VUS variants detected, 55 were missense variants
(in 64 patients), 5 were synonymous variants (5 patients),
and 4 were noncoding variants (4 patients).

DISCUSSION

In the current study, we assessed the spectrum and
prevalence of pathogenic/likely pathogenic and VUS
variants in 34 cancer susceptibility genes in 223 patients,
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Table 1: BRCAI and BRCA2 Gene variant spectrum in patients with Breast/ Ovarian Ca

Breast Cancer

Gen Transeript Dna Change Protein Change dbsnp Zigosite Consequence | Variant | n
Type
I [ BRCAI | NM_007294 | c445G>T pGlul49Ter 15876658381 | Heterozygote | Nonsense | Pathogenic | 3

2 | BRCAI | NM_007294 | c.1961delA pLys654SerfsTerd7 | 1580357522 | Heterozygote | Frameshift | Pathogenic | 1
3| BRCAT | NM_007300 | ¢.843_846delCTCA .Ser282TyrfsTerl5 | 1580357919 | Heterozygote | Frameshift | Pathogenic | 1
4 BRCA2 | NM_000059 c.8414dupT p.Leu2805PhefsTer7 | - Heterozygote | Frameshift Pathogenic | 2
5 | BRCA2 | NM_000059 | ¢.5073dupA p.Trpl692MetfsTer3 | s80359479 | Heterozygote | Frameshift | Pathogenic | 1
6 | BRCA2 | NM_000059 | c.2835delA pAsp946llefsTer14 | rs80359356 | Helerozygote | Frameshift | Pathogenic | 1

[7 | BRCA2 | NM_000059 | ¢.5975C>T p.Ser1992Ter 1580358830 | Heterozygote | Nonsense | Pathogenic | |

[8 | BRCA2 | NM_000059 | c.2808 2811delACAA | p.Ala938ProfsTer2l | rs80359351 | Heterozygote | Frameshift | Pathogenic | 1

[9 [ BRCA2 | NM_000059 | c.1670T>G pLeus57Ter 1580358452 | Heterozygote | Nonsense | Pathogenic | 2

[ 10| BRCA2 | NM_000059 | c.7018G>T p.Glu2340Ter Heterozygote | Nonsense | Pathogenic | 3

[ 11| BRCA2 [ NM_000059 | c.378dupA pAlal27SerfTer3 | 15879255321 | Heterozygote | Frameshift | Pathogenic | 1
12| BRCA2 | NM_000059 | c.5952dup pSerl985llefsTerl8 | 15397507814 | Heterozygote | Frameshift | Pathogenic | 1
13 | BRCA2 | NM_000059 | c.3465_3466del pSerl156Ter 15397507671 | Heterozygote | Nonsense | Pathogenic | 1

Ovarian Cancer
14 [ BRCA1 [ NM_007294 | c445G>T

p.Glul49Ter

=

15876658381 | Heterozygote | Nonsense | Pathogenic

15 [ BRCAI | NM_0073003 | ¢.2197_2201delGAGAA | p.Glu733ThrfsTers | 1580357507 | Heterozygote | Frameshift | Pathogenic

16 [ BRCAL | NM_007294.4 | ¢.5194-12G>A intronic 1580358079 | Heterozygote | Non coding | Pathogenic

17 [ BRCA2 [ NM_000059 | ¢.7018G>T p.Glu2340Ter

Heterozygote | Nonsense | Pathogenic

including 195 breast cancer patients and 28 ovarian
cancer patients in a single center in the Black Sea region,
which presents the first data about our region. Using a
comprehensive hereditary cancer panel (34 genes) in high-
risk women with breast/ovarian cancer diagnosed at our
center, we report for the first time the germ-line pathogenic/
likely pathogenic variation frequencies of oncogenes,
especially BRCA1 and BRCAZ2.

In recent years, numerous studies have been conducted
in Turkey regarding the BRCA1 and BRCA2 genes and
hereditary breast/ovarian cancer. The article published by
Bisgin A et al in 2022 regarding the BRCA1 and BRCA2
gene mutation spectrum in Turkey was conducted with the
largest number of patients. In that study, germ-line analysis
results of BRCA1 and BRCA2 genes from seven different
regions of Turkiye were presented. The authors stated
that 20.66% of cancer patients had BRCA1/2 variants
associated with the disease. Of participants who had no
disease, 22.61% were identified with potentially pathogenic
variants. According to geographical distribution in their
findings, the highest rates of potentially pathogenic variants
were seen in the Aegean (43.39%) and Central Anatolia
(46.49%) regions, while the lowest rates were seen in
Eastern Anatolia (8.06%) and Mediterranean (8.05%),
respectively. In the Black Sea region, this rate was reported
to be 9.3% (23).

Regarding the BRCA1 and BRCA2 gene mutation
spectrum, Bahsi T et al. published 1419 disease studies in
2019. This study found a 9.7% rate of pathogenic (9.4%)
and likely pathogenic (0.3%) variants in the BRCA1 and
BRCAZ2 genes. In the same study, VUS was found in the

Table 2: Spectrum of Pathogenic or Likely Pathogenic variants detected outside of BRCAI

and BRCA2 Genes in patients with Breast/ Ovarian Cancer

Transcript <DNA Change Protein Change | dbsnp Zigosite Consequence | Variant Type | n
T [ATM [ NM_0000SI | c6679C>T 15564652222 | Heterozygote | missense Pathogenic | 2
2 [ATM | NM_0000ST | c3576G=A 1587776551 | Heterozygote | synonymous | Pathogenic | 2
3 [ BRIPI | NM_032043 | c.2947delA plle83LeulsTer2 | 15774684620 | Heterozygote | Frameshift | Pathogenic | 1
4 [ CHEK2 | NM_007194 | c291G>A pTip97Ter B Heterozygote | Nonsense | Pathogenic | 3
[5CHEK2 | NM_001005735 | .1309G=A p.Glud3TLys 1587780169 | Heterozygote | missense L Pathogenic | 1
6 | CHEK2 | NM_001005735 | c.628GA p.Gly210Are 1872552322 1
7 | CHEK2 | NM_007194 | c701T>G pVal234Gly 1
§ | CHEK2 | NM_007194 | c967A>C p.Thi323Pro 13750984976 T
9 [ CHEK2 | NM_007194 | c.5923A5T ntronic 1587782849 1
10 | CHEK2 | NM_001005735 | c.678G=C pLeu26Phe 13745646057 0
11| CHEK2 | NM_007I94 | c.592+3A5T intronic 1587782849 | Heterozygote | Non coding | L Pathogenic | |
[T cHER [ NM_007194 | <470T>G plel57Ser 1517879961 | Heterozygote | missense L Pathogenic | 1
13 MLHI | NM_000249 | e883AC p.Ser295Arg 163751598 | Heterozygote | missense Patt 1
14 MREIT | NM_005591 | c.1500+1G>A intronic B Heterozygote | Non coding | L Pathogenic | 1
[T5MRETT [ NM_005591 | <.196A>T P Lys66Ter B Heterozygote | Nonsense | Pathogenic | 1
16| MSH2 | NM_000251 | c274C>G pLewd2Val SRT779154 | H e 1
17| MSH6 | NM_000I79 | c2515GA p-Asp839Asn 131553413868 | H e ense. T
18 | MUTYH | NM_001128425 | c.934-2A°G intronic 1577542170 | Heterozygote | Non coding | LPathogenic | |
19 | MUTYH | NM_001128425 | c.1187GA p.Gly396Asp 1336053993 | Heterozygote Pathogenic
20 [ MUTYH | NM_012222 | e875C>T pPro202Leu 13374950566 | Homozygote | n Pathogenic | |
20 NBN | NM_002485 | c.1071dupA p.Val358SerfsTerd | - Heterozygote Pathogenic | |
22 SLX4 | NM_032444 | c634CoT AR I2Ter 151395992833 | Heterozygote L Pathogenic | 1
23| SLX4 | NM 032444 | c.2808 2809DeIAG | p.AR938ThrfsTer7 | 15767631456 | Homozygote Pathogenic | 1
24 TPS3 | NM_000546 | c.733GoA P.Gly2455er 128934575 | Heterozygote | missense Pathogenic | |
Ovarian Cancer
25 [ RADS0 | NM_0057323 | ¢.3229C=T pArgl077Ter 15368980595 | Heterozygote | Nonsense | Pathogenic | 1
26 | MUTYH | NM_001128425 | c.1437_1439eIGGA | p.Glud80del 1587778541 | Heterozygote | in frame Pathogenic | |
27 [ MUTYH | NM_0122222 | e875C>T pPro292leu 13374950566 | Homozygote | missense Pathogenic | 1

L Pathogenic: Likely Pathogenic

BRCA1 and BRCA2 genes with a rate of 6.4% (24). Our
study did not detect any likely pathogenic variants in the
BRCA1 and BRCA2 genes, and all variants we identified
were classified as pathogenic. The rate of pathogenic
variants in these genes was 11.6%, which was higher than
the rate reported by Bahsi T et al. The rate of VUS in the
BRCA1 and BRCA2 genes in our study was 2.7%. While
we detected more pathogenic mutations than in Bahsi T et
al, the number of VUS changes we detected was almost
half. This may be an incidental finding or related to regional
localization. This is because the study was conducted only
in a single center in the Black Sea region and covers a
relatively closed gene pool.

A study conducted by Solmaz et al. in 2020 examined the
BRCA1 and BRCA2 genes in 910 patients at high risk for
breast/ovarian cancer. In this study, pathogenic and likely
pathogenic variants were detected in the BRCA1 and
BRCAZ2 genes at a rate of 9.34% (in 85 patients), whereas
VUS was detected in 6 patients (0.66%) (25).

In another study conducted in 2020 by Demir S et al. in the
Thrace region of Turkey, a total of 493 participants were
analyzed, of which 442 were diagnosed with breast/ovarian
cancer, and 51 were not diagnosed with any clinical cancer
but had a family history. Among all participants in this study,
the frequency of pathogenic/likely pathogenic mutations
in the BRCA1 and BRCA2 genes was 17.84%, while the
frequency in participants with breast/ovarian cancer was
19.23% (85/442) (26).

In a study published by GezdiriciAetal.in 2021, BRCA1 and
BRCAZ2 genes in hereditary breast/ovarian cancers were
analyzed in 149 patients. The ACMG guidelines were used

Eskisehir Med J. 2023; 4(1): 41-48
doi: 10.48176/esmj.2023.102

44



Citli et al.

Gene mutations in breast and ovarian cancer

Table 3: VUSs detected in patients with Breast/ Ovarian Cancer

Breast Cancer
Gen Transeript <DNA Change Protein Change | dbanp Zigosite Conzequence | o
T |APC NM_000038 | c.220+7T=A ronic Heterozygote | Noncoding | 1
7 [AFC TM_000038 | e317G=A pArgl06H: | 1201764637 | Heterozyzote | missense T
3 |ATM | NM_000051 <3051C-G pSerl684Cys | r=1565473651 | Heterozygote | missense 3
4 |ATM | NM_000051 c6l09G-A p.Glu2037Lys | 151448711296 | Heterozygote | missense 1
5 [ATM | NM_000051 c43965C-G pArz1466Gly | 1730881369 | Heterozyzote | missense 1
6 |ATM | NM_000051 c8288GA PATE2763GIln | 351411717 | Heterozyzote | missense T
7 [ATM | NM_000051 <22514A°G nfronic 1=786202935 | Heterozygote | Noncoding | |
8 |ATM | NM_000051 <1272T-C pProdli= 135578748 | Heterozygote | synonymous | 1
9 |ATM | NM_000051 <162T-C p.Tyrsd= 123218690 | Heterozygote | symonymous | 1
10 [ BARDI | NM_000465 <697G=A p.Glu233Ly= Heterozygote | missense T
TT[BLM | MM 000057 | c1979A-G pHis660ATE Heterozyzote | missense [
12 [BRCAI | NM_007254 | c4054G-C p.Glul352Gin | r=80357202 | Heterozygote | missense 1
[13 [BRCAZ | NM_000059 | c10078A-G pLy=3360Gln | 11593202262 | Heterozygote | missense T
[T4[BRCAZ | MM 000059 | c4599A-C pLysI533Am | 180358694 | Heterozygote | missense T
[15 [BRCAZ |NM_000039 | c.707A-G pH236Arg | 180338938 | Heterozygote | Misemse. | 1
[ 16 [BRCAZ | MM 000059 | e1106A-C (A365Thn) | 1=876660966 | Heterozygote | missense T
17 [BRCAZ | NM_000039 | c.6038G=A p.Gu2020Lys | r=80358842 | Heterozygote | missense 1
[T8[BRIFT | WM _032043 <3459T-C pAsplISi= | rs4987050 | Heterozyzote | synonymous | 1
[T5[BRIFT | WM 032043 AT pSerl39AL | 1202072866 | Heterozyote | missense T
20 | BRIPI | NM_032043 CI883GA P.GIy628Ap | r=1064794507 | Heterozygote | missense T
[21[BRIPT | NM_032043 <2MIT-C pLewfldSer | 1886033215 | Heterozygote | missense 1
22 | BRIPI | NM_032043 <3020C-A pSerl007Tyr | r=886053214 | Heterozygote | missense 1
[25[BRIFT | MM _032043 <1255C-T pArgdlSTip | 1:150624408 | Heterozygote | missense 1
24| CDHI | NM_004360 | cl793G-A pArg598Gn | 1780739537 | Heterozygote | missense T
[25 [CDHI | NM_004360 | c160A-G pAre54Gy 1=587781329 | Heterozygote | missense T
26 | CDHEI | NM_004360 | c.1036C-G p.Gln346Glu | r=878854676 | Heterozygote | missense 1
27| CDK4 | NM_000075 <383G-A pApl20Am | r:876660606 | Heterozygote | missense 1
78 | CHEK2 | NM_001005735 | e.1166G=A pATE389H: | 5730881688 | Heterozygote | mizsense T
75 | CHEK? | NM_001005735 | e.721+3A-T Tnfronic 1s387782849 | Homozygote | Nom codinz | 1
30 | CHEK2 | NM_001005735 | c.1196C>T pSe3%Len | 1121908703 | Heterozygote | Missense 3
31| CHEK? |NM_ 007194 | e867A-G pThr33AL | 5750984976 | Heterozygote | missense T
31 | CHEKZ | NM_001005735 | c.1335A-T pAspi5IVal | 15761085543 | Heterozygote | missense T
33 | CHEKZ | NM_001005735 | c678G-C pLen26Fhe | 15743646057 | Heterozygofe | missense [
34 | CHEK2 | NM_001005735 | c.678G=C pLen226Phe | 1743646057 | Homozygote | missense 1
35 | CHEK2 | NM 007194 | e548G-C pLeulS3Phe | 743636057 | Heterozygote | Missense T
36 | MLHI | NM_000248 | <.18761-C pPhe626len | 1377241633 | Heterozygote | Missense 1
37 | MREIL | NM_005391 CIdT5CA pALA9IA:p | 161745249 | Heterozygote | missense 2
38 | MREIL | NM_005591 <1051C-T pATE331Cy: | 757452041 | Heterozygote | missense T
35 | MREIL | NM_005591 <113C-T pProd7sser Heterozygote | missense T
40 [ MREIL | NM_005391 <358A-G plel20val 13372131911 | Heterozyzote | missense 1
41 [ MREIL | NM_005591 ©845+4_845+5delAG | intronic Heterozygote | Noncoding | 1
[47[MSHZ | WM _000251 <2606C-A pALS6SGl | 730881772 | Heterozygote | missense T
[43[MsH2 | NM_000251 cITHAG pMet392Val | 12371614039 | Hetetozygote | missense 1
43 MSH2 | NM_000251 <1004C-T p.The3350le 1363750602 | Heterozygote | missense 1
[45[MS5HE | NM 000179 | c898C-G pAre300Gly Heterozygote | missense T
46 [ MSH6 | NM_ 000179 | e3727A-T pThr12435er | r=147433959 | Heterozygote | missense T
[47 | MSHE | NM_000179 c2515G-A pAp830A:m | 121553413868 | Heterozyzote | muzsense T
48 | MUTYH | NM_001128435 | e.713G=A p-Val39lle 15759295912 | Beterozyzote | missense T
45 [NBN | NM_0024855 | c628G-T pVAl10Phe | 61754796 | Heterozygote | missense T
50 [ NFL NM_001042492 | <5401T=C pLeulS0I= Heterozygote | symonymens | 1
ST | NFL TM_001042492 | c6581G-A pATE2194Lys Heterozygote | mizsense T
51| PALBI | NM_024675 < 1656C-T PArg566Cys | 1746582620 | Heterozygote | missense T
53 | PMS2 | NM_000335 <2012C-T p.Th6TIMet | 1387780046 | Heterozygote | missense 1
54 PMS2 | NM_000335 <2068A-C pLys690Gl | r387781909 | Heterozygote | missense 1
55 |RADS0 | NM_005732 | c2003A-G P.GIn66SATz | 1876660716 | Heterozygote | mizsense T
56 | RAD30 | NM 005731 | c2891A-G PS5 TMet Heterozygote | missense T
57| RADS0 | NM_005732 | c980G=A PAEI2THE | 1228903091 | Heterozygote | mizsense T
58| SLF | NM 0324 | c3096C-G P5er1899Cys Heterozygote | missense T
59| SL4 | NM 03244 | c2023GAA p.Giy675Arg | 13767473953 | Heterozygote | mizsense 1
60 | SLX4 | NM 032444 | c.708G-A pALZI6= 15765742613 | Heterozygote | synonymous | 1
Ovarian Cancer
61 | APC NM_000038 | c6I51A-G ©Ly:2051Gh) | - Heterozyzote | missense 1
62 | ATM | NM_000051 <3630G-A @Mst1210le | 3387775073 | Heterozygote | missenze T
63 [ATM | NM_000051 < SSR0A-G pLy=1964Ghn | 1201563507 | Heterozyzote | missense T
64 | BRCA2 | NM_000059 | c.707A-G pHi:236Arz | 180358938 | Heterozygote | missense 1
65 | MRELL | NM_003591 <58G-A (pARL7TTh) | 142996063 | Heterozyzote | missense T

in this study to classify the variants found in the study. Ten
different pathogenic variants were detected in 12 patients
in the BRCA1 gene, while five were detected in 6 patients
in the BRCA2 gene. Additionally, four variants of uncertain
clinical significance (VUS) were detected in five patients in
the BRCA1 gene, while two different VUSs were detected
in two patients in the BRCA2 gene. Considering the BRCA1
and BRCAZ2 genes, 15 different pathogenic variants have
been reported in 18 patients, while 6 VUSs have been
reported in 7 patients. Two of these reported variants were
novel: a pathogenic variant and a VUS variant. The likely
pathogenic variant was not reported in any patients in the
current study (27).

BRCA1 and BRCA2 mutations prevelance was studied in
high-risk breast ca individuals in Jordan in 2020. Based on
a study of 517 patients, the rate of pathogenic and likely
pathogenic variants was 13.9% (72 patients), with BRCA1
4.6% (24 patients) and BRCA2 9.3% (48 patients). The
incidence of VUS was reported to be 10.3% (53 patients)
(28).

In a study published in 2022 by Gerik Celebi HB et al,
routine molecular genetic analyses of the BRCA1 and
BRCA2 genes were conducted on 120 hereditary breast
and ovarian cancer patients. A targeted multigene panel
analysis was also performed on genes other than BRCAs.
It was reported that the rate of a pathogenic variant in
BRCA1 and BRCA2 was 12.5%, the likely pathogenic
variant rate was 0.83%, and the rate of VUS was 3.3%,
resulting in an overall rate of 16.6% (29). These rates were
closer to the variation in BRCA1 and BRCA2 that we found
in our study. There may be variations in the BRCA1 and
BRCA2 mutations frequencies in different ethnicities and
tertiaries. The results of studies in our country show a wide
range between 5% and 26.1% (24, 27, 29, 30). In our study,
we observed similar BRCA1 and BRCAZ2 variation rates to
those observed in previous studies in our country.

It is becoming increasingly common to screen hereditary
breast/ovarian cancer patients using multigene panel
analyses in addition to BRCA1 and BRCA2 (31). In the
study of Gerik Celebi HB et al, in addition to the BRCA1 and
BRCA2 genes, multigene panel analysis was performed
with  NGS, and 12 genes were analyzed, including
CHEK2, RAD51D, ATM, MSH6, RAD50, STK11, SDHA,
RB1, CDH1, CDKN2, POLD1, and SMAD4. This study
identified 21 variants in 20 patients (17.5%), including three
pathogenic variants, five likely pathogenic variants, and
13 VUS variants. In this study, ATM gene variations were
reported to be the most common among genes other than
BRCAs (5%) (29). Based on our study, the most common
variation other than of BRCA1 and BRCA2 was observed
in the CHEK2 gene, while the ATM gene was the second
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most common.

According to the study of Jan Hauke et al., published in
2018 as a German consortium and involving 5589 patients
with hereditary breast and ovarian cancers with negative
BRCA1/2 mutations, eight genes were analyzed, namely,
ATM, CDH1, CHEK2, NBN, PALB2, RAD51C, RAD51D, and
TP53. This study reported pathogenic and likely pathogenic
variation in 6.1% (339/5589) of patients. The most significant
prevalence of these deleterious variants was detected in
the CHEK2 gene (138 carriers, 2.5%), followed by ATM (81
carriers, 1.4%) and PALB2 (68 carriers, 1.2%). In the same
study, the prevalence of deleterious variants in the CDH1,
NBN, RAD51C, RAD51D, and TP53 genes was reported as
0.3% or less for each gene (32). According to our study, the
most common pathogenic/L pathogenic variation outside
BRCA1 and BRCA2 was found in the CHEK2 gene (6.2%),
which is consistent with Jan Hauke et al. (CHEK2 2.5%),
and our rate is higher. According to Jan Hauke et al., the
variation rates in the ATM gene (1.4%), which is the second
most common pathogenic/L pathogenic variation in their
study, were very similar to our findings (ATM gene (1.8%).
The PALB2 gene, described by Jan Hauke et al. as the
third most common pathogenic/L pathogenic variation in
their study, was not detected in our study.

In our study, we observed 2.7% of pathogenic/L pathogenic
variations in the MUTYH gene, which was not present in
Jan Hauke et al.'s study. It is, therefore, not possible to
make such a comment. Although the concordance and
differences between studies are partially compatible with
the gene selection and the number of genes studied in
the panels, we think that the mentioned differences may
primarily be due to the sample size or may be an incidental
finding, as well as a result of social diversity or ethnicity
differences.

Jan Hauke et al. detected mutations in 339 (6.1%) cases
by analyzing eight genes other than BRCA1 and BRCAZ2.
Nevertheless, in our study, mutations were found in 35
(15.7%) of the 32 genes other than BRCAs included in the
panel. Unlike the studies of Jan Hauke et al., we selected
32 genes for analysis in our study. The number of genes
we have analyzed is four times greater than that of Jan
Huke and colleagues. We believe this situation contributes
significantly to the higher mutation rates we observed in
our study. Fifty-eight VUSs were detected in 66 (29.6%)
patients in 32 genes other than BRCA1 and BRCAZ2 in our
study. Most of the VUSs had missense mutations, with 49
(84.5%). Five VUSs were synonymous (8.6%), and 4 VUSs
were splice defects (non-coding) (6.9%). Based on a study
of the German consortium of Jan Hauke et al., 421 different
VUS were observed in 827 (14.8%) of 5589 index patients,
and the majority of the VUS (94.1%) were missense

mutations. Although they found almost half as many VUSs
as we did in our study, the most common missense defect
they detected was consistent with what we found. The
proportional difference between the two studies could be
due to sample size or an incidental finding, or it could be
related to social diversity or differences in ethnicity. Our
data should be supported by studies involving a larger
number of patients in our country. Moreover, more studies
are needed regarding the pathogenicity of the VUSs found
in this study.

In our study, the most common BRCA1/2 variant in patients
with breastand ovarian cancerwas c.445G>T (p. Glu149Ter)
pathogenic variant in the BRCA1 gene, with a total rate of
3.1%. The most common variant in the BRCA2 gene was
the pathogenic variant ¢.7018G>T (p. Glu2340Ter), which
was detected as the novel variant, with a rate of 1.79% (4
patients). In addition to this novel variant, the other novel
variant detected in the BRCA2 gene in our study was
BRCA2 c.8414 dupT (p. Leu2805PhefsTer) with a rate of
only 0.90% (in two patients). In the BRCA1/BRCAZ2 analysis,
two different variants were detected in the brca2 gene, but
no new variants were detected in the brca1 gene. A total
of 2.69% of novel variants were detected (in 6 patients).
We detected 26 different pathogenic or likely pathogenic
variants in 12 genes, excluding BRCA1 and BRCAZ2, in 35
patients, 32 of whom had breast cancer and three of whom
had ovarian cancer. Five were identified as novel variants,
three of which were pathogenic, and two were likely to be
pathogenic. A total of two novel mutations were found in the
CHEK2 gene, two in the MRE11 gene, and one in the NBN
gene (Table 2). Except for the BRCA1 and BRCA2 genes,
the most common mutation was detected in the CHEK2
gene with the number 14 (6.2%). Next, the MUTYH gene 6
(2.7%), ATM gene 4 (1.8%), MRE11 gene 2 (0.9%), SLX4
gene 2 (0.9%), and single cases of the BRIP1, TP53, NBN,
RAD50, MSH2, MSH6, APC genes were identified.

Our study confirmed the utility of multigene testing for the
assessment of risk in Breast Cancer and Ovarian Cancer
patients/ families. In our study, if only BRCA1 and BRCA2
genes were sequenced in routine molecular diagnosis for
breast/ovarian cancer, information on approximately 35
patients with pathogenic or likely pathogenic variants could
not be obtained. Therefore, BRCA1 and BRCA2 analysis
alone may not reveal underlying molecular gene defects
for many patients. Thus, some potential treatment options,
potential risks of primary tumors developing in organs
related to the current patient, and information concerning
the involvement of the next generation will be left in
the dark. Furthermore, early identification of mutations
provides an advantage in surgical treatment options. By
identifying mutations in patients with breast cancer, genetic
counseling can be provided that will improve the chances of
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the patient's blood relatives being aware of early diagnosis
and treatment and taking precautions before they become
sick.

Study limitation

MLPA (Multiplex ligation-dependent probe amplification)
could have been used to detect possible deletions and
duplications in the genes analyzed within the scope of
the study, but we were unable to do so due to a lack of
resources in our center. Additionally, our study involved
a relatively small sample size. This finding should be
supported by studies involving more patients. Furthermore,
the genes we analyzed are limited by the panel (celemix)
we use in an optimized manner at our center. A study using
a kit that can analyze more genes will be able to provide
more information.

CONCLUSION

Our study was conducted in a single center in the Black Sea
region. To the best of our knowledge, this is the first study
reporting the germ-line pathogenic/likely pathogenic/VUS
variation frequencies of related oncogenes, particularly
BRCA1 and BRCAZ2, in high-risk breast and ovarian cancer
patients. In our study, we suggest that sequencing other
oncogenes with high risk for breast and ovarian cancer
and the BRCA1/BRCA2 genes is an appropriate approach
for individuals at risk of developing oncogene-associated
cancer. In our study, we discovered a high prevalence of
VUS, which is one of the main disadvantages of using the
multigene test as a routine diagnostic tool. As part of our
study, we also identified two different pathogenic variants
in the BRCA2 gene (6 patients), two different pathogenic/L
pathogenic variants in the CHEK2 gene (4 patients), two
different pathogenic/L pathogenic variants in the MRE11
gene (2 patients) and one pathogenic variant in the NBN
gene (1 patient). A total of seven novel pathogenic/L
pathogenic variants have been identified.
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