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Objectives. The causes of ovarian cancer (OC) have been confirmed to be closely related to genetic factors. Identifying sequence
variants of hereditary ovarian cancer (HOC) susceptibility genes can increase clinical surveillance, facilitate early detection, and
provide personalized treatment for patients. This study is aimed at investigating the variation frequency of HOC susceptibility
genes in the Chinese population and providing information for the etiology and genetics of OC. Methods. 118 epithelial OC
patients were recruited in this clinical study. Variants of 18-gene panel were detected in blood samples by next-generation
sequencing (NGS) technology. Results. Overall, 36.44% (43/118) of patients carried at least one pathogenic variant. Among
these, BRCAI pathogenic variants were detected in 31 (26.27%) patients, and 5 (4.24%) patients carried pathogenic variants of
BRCA2. Moreover, 27.12% (32/118) of patients carried variants of unknown significance (VUSs). Importantly, we detected eight
variants that were not reported previously. Conclusions. Our study enlarged the spectrum of HOC-associated gene sequence
variants in the Chinese population and also proved the necessity of multigene testing in epithelial OC patients. The
identification of patients with HOC will allow family members to undergo cascade testing where identification of unaffected
carriers can facilitate early detection, risk reduction, or prevention of OC and ultimately improve long-term outcomes.

1. Introduction

The average annual ovarian cancer (OC) incidence rate
was 9.5 per 100,000 women in 2013-2017 in Asians [1].
The National Central Cancer Registry of China estimated
that in 2015, approximately 52,100 people in China were
newly diagnosed with OC, and 22,500 people died from
the disease [2]. Due to the development of diagnostic
capabilities, the number of newly diagnosed cases each
year is increasing gradually. Epithelial cancers are most

common among OC, accounting for 90% of all cases [3].
Based on tumor cell histology, epithelial carcinoma can
be classified into serous (52%), endometrioid (10%),
mucinous (6%), clear cell (6%), and unspecified subtypes.
The 5% death rate makes it the fifth leading cause of
cancer-related deaths in women [4]. Due to the lack of
early specific symptoms, most OC patients are diagnosed
at an advanced stage. More than half of the serous carci-
nomas are diagnosed at stage III, and nearly 30% are diag-
nosed at stage IV. The five-year cause-specific survival
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rates of these patients are 42% and 26%, respectively [3].
However, the five-year survival rate of OC diagnosed in
the local stage is 93% [1]. The prevention and early detec-
tion of OC are challenges faced by gynecological
oncologists.

Several studies have shown some high-risk factors related
to OC, such as genetic factors, older menopausal age, obesity,
menopausal hormone therapy use, a history of endometri-
osis, and smoking [5] Among these factors, genetic factors
are the most definitive cause. Multiple studies have shown
that women with germline pathogenic variants (PVs) of
hereditary ovarian cancer- (HOC-) related genes have an
increased risk of developing OC. Since Hall et al. [6] discov-
ered BRCA1 (MIM 113705) in 1990 and Wooster et al. [7]
discovered BRCA2 (MIM 600185) 4 years later, PVs of these
two genes are known to be the leading cause of HOC. The
lifetime risk of developing OC in general population is
1.3%, but for some specific women (BRCAI/BRCA2 PVs car-
riers), it can be as high as 44% and 17%, respectively [3, 8].
Nevertheless, recent studies have identified more PVs of
genes other than BRCAI and BRCA2 [9].The risk of OC
may also increase by PVs of Lynch syndrome-related DNA
Mismatch repair (MMR) genes (MSH2, MLHI, PMS2, etc.),
Li-Fraumeni syndrome-related tumor suppressant genes
(TP53, etc.), and other genes in the homologous recombina-
tion repair mechanism (e.g., ATM, CHEK2, RAD51, BRIP1,
and PALB?2) [10].

The National Comprehensive Cancer Network (NCCN)
guidelines clearly indicate that high-penetrance OC suscepti-
bility gene testing should be provided for patients with epi-
thelial OC diagnosed at any age [11]. The development of
next-generation sequencing (NGS) technology makes it pos-
sible to analyze multiple cancer susceptibility genes simulta-
neously. This helps in saving costs, shortening the detection
time, and providing unprecedented opportunities for molec-
ular diagnosis of HOC. In addition, genetic testing can also
help identify OC patients who are suitable to receive the
poly-ADP ribose polymerase inhibitor treatment. There exist
few studies on multigene panel testing of epithelial OC
patients in the Chinese population. Hence, this study, using
NGS technology to detect germline variants of the 18-gene
panel in patients with epithelial OC, is aimed at investigating
the variation frequency of HOC susceptibility genes in the
Chinese population and providing information for the etiol-
ogy and genetics of OC.

2. Materials and Methods

2.1. Study Cohort. The enrollment criteria for this study were
patients with epithelial OC diagnosed at any age. From Sep-
tember 2016 to December 2018, clinicians continuously pro-
vided genetic testing for all patients diagnosed with epithelial
OC in Anhui Provincial Cancer Hospital. All participants
signed informed consent forms. Genetic counseling experts
conducted information collection and genetic counseling to
inform them of the content, methods, necessity, risks, and
limitations of testing. This research project was approved
by the Medical Ethics Committee of Anhui Provincial Cancer
Hospital.
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2.2. Sample Collection and NGS. 5 milliliters of peripheral
blood was collected from the study subjects, and EDTA was
used as an anticoagulant. In accordance with the NCCN
guidelines and published research articles, 18 cancer suscep-
tibility genes (BRCA1, BRCA2, CHEK2, PALB2, BRIP1, TP53,
PTEN, STK11, CDHI, ATM, BARDI, MLH1, MSH2, MSH6,
MUTYH, NBN, PMS2, and RAD5IC) (Table S1) were
included in this panel for their possible role in the
development of OC. The detection range included exon and
adjacent +10bp intron regions (including point, deletion,
and insertion variation). In addition, we used quantitative
real-time polymerase chain reaction (qQPCR) to validate
copy number variants detected by target sequencing.

2.3. Germline Variants Classification. For PVs or likely PVs,
verified by Sanger sequencing or qPCR (depending on the
circumstances), the naming of variants were according to
the rules recommended by the Human Genome Variation
Society (http://www.hgvs.org/mutnomen/). Variants were
classified into the following 5 categories according to the
American College of Medical Genetics recommendations:
class 1, benign (B); class 2, likely benign (LB); class 3, variant
of uncertain significance(VUS); class 4, likely pathogenic
(LP); and class 5, pathogenic (P) [12].

3. Results

3.1. Patient Characteristics. A total of 118 patients with epi-
thelial OC were included in the study. The clinical character-
istics and personal and family cancer history of the patients
are displayed in Table 1. Age at diagnosis ranged from 31
to 79 years with an average age of 52 (£9.1) years. Serous can-
cer accounted for most of the cases when compared with
other histological types. More than 80% of the patients were
diagnosed at stages III and IV.

3.2. Variation Status. Overall, 77 variants were observed in 72
individuals after filtration. These variants were classified into
the following categories: 30 as PVs, 10 as likely pathogenic
variants (LPVs), and 37 as VUSs. Based on the type of varia-
tion, 36 were missense, 21 were frameshift, 9 were nonsense,
and 6 were splice variants. In addition, 5 large fragment dele-
tions were found in 6 patients. 8 of the 77 variants could not
be retrieved in related public databases and were considered
to be novel (Table 2).

3.3. PVs and LPVs. Sequencing results of the 18-gene panel
showed that 43 (36.44%) of the 118 patients carried at least
1 PV/LPV (Table S2). Among these, BRCAI PVs/LPVs
were detected in 31 (26.27%) patients and 5 (4.24%)
patients carried PVs/LPVs of BRCA2. The remaining 7
(5.93%) patients carried PVs/LPVs in non-BRCAI/2 genes
(ATM, BRIP1, CHEK2, MSH6, TP53, and STK11I). Half of
the PVs/LPVs were found to be frameshift variants.

3.4. VUSs. In this study, 37 VUSs were identified in 32
(27.12%) patients (Table S3). 26 of 32 patients carried
VUS in non-BRCAI1/2 genes while 8 (25%) of 32 patients
carried VUS in BRCAI/2 genes (2 patients carried both
BRCA1/2 and non-BRCA variants). It was found that at
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TaBLE 1: Clinical characteristics of 118 patients included in the
present study (all histology results are jointly reported by two
experienced pathologists).

Characteristics Total (n=118) Percent (%)

Age at diagnosis

30-39 9 7.63%
40-49 34 28.81%
50-59 53 44.92%
60-69 16 13.56%
70-79 6 5.08%
Stage
I 12 10.17%
II 7 5.93%
11 80 67.80%
v 19 16.10%
Histology
Serous 103 87.29%
Endometrioid 3.39%
Mucinous 5.08%
Clear cell 4.24%
Self, in addition to OC
Breast cancer 4 3.39%
No breast cancer 1 0.85%
Family history
Breast cancer 2 1.69%
Ovarian cancer 5 4.24%
Pancreatic cancer 4 3.39%
Uterine cancer 1 0.85%
Colon cancer 1 0.85%

least 1 VUS was identified in other 16 genes, except in
PTEN and STKI1I1. In addition, 8 patients carried 2
VUSs, and 1 patient carried 3 VUSs. Unlike PVs/LPVs,
almost all VUSs (33/37) were missense variants.
Interestingly, three unrelated patients (P24, P81, and
P86) carried the same variants of MUTYH c.74G>A
p-(Gly25Asp) and MUTYH ¢.53C>T p.(Prol8Leu).

4. Discussion

Although there have been similar studies abroad, there
exist few studies on multigene panel testing of OC patients
in the Chinese population. In this study, 118 patients were
screened for the presence of sequence variants in 18 HOC-
associated genes. PVs/LPVs variants were identified in 43
(36.44%) patients, and most of them were identified in
BRCA1/2 (30.51%). We also detected 37 VUSs in 32 indi-
viduals, and a majority of these were identified in ATM,
PMS2, MUTYH, and CDHI. In addition, 8 novel variants
were reported.

Compared with other studies, our BRCAI/2 gene
PVs/LPVs rate (30.51%) was higher than that of other races
(ranging from 13.3% to 18%) [13-15]. However, this finding
was in concordance with studies in the Chinese population.

This rate was 23.07% in Shao’s study [16] and 28.5% in
Wu’s study [17]. This may be related to the genetic back-
ground of different races. In addition, 7 (5.93%) patients
carried non-BRCAI/2 PVs/LPVs, which were found in
ATM, CHEK2, BRIP1, MSH6, TP53, and STKII
(Figure 1). Among them, 2 patients showed PVs/LPVs in
BRIPI. BRIPI is a member of the Fanconi anemia path-
way. It participates in DNA interstrand cross-link repair
[18, 19]. Many studies have shown that BRIPI is associ-
ated with an increased risk for OC [20, 21]. It is estimated
that the cumulative lifetime risk of developing OC by 80
years of age in BRIPI PVs/LPVs carriers is 5.8% [20]. A
novel BRIPI c.168_169insA p.(Leu57Thrfs+12) was identi-
fied in an OC patient diagnosed at age 47 (P55) (Table 2).
This variation causes the gene encoding protein to termi-
nate prematurely at position 68, causing its polypeptide
chain to be truncated, while the normal gene can encode
1249 amino acids.

One of the patients in the study (P18) carried 2 novel
VUSs simultaneously and was diagnosed with fallopian
tube cancer at age 54 (Table 2). The variants were located
at the ATM and NBN, respectively. The ATM protein
kinase is best known for its role as a chief mobilizer of
the cellular response to this DNA lesion, and biallelic
pathogenic ATM variants cause Ataxia Telangiectasia
[22]. ATM ¢.7084G>C p.(Glu2362Gln) leads to the varia-
tion of glutamate at position 2362 to glutamine. The
replacement of an acidic amino acid with a neutral amino
acid may lead to a change in the structure of the ATM
protein and influence its function.

The other novel VUS identified in P18 was NBN
¢.1037T>C p.(Val346Ala), resulting in the variation of valine
at position 346 to alanine. Existing scientific research is still
unable to clarify its relationship with the risk of OC. The
NBN gene is located on chromosome 8 and is responsible
for producing the protein nibrin. It regulates cellular reac-
tions to DNA breakdown and maintenance of chromosomal
stability [23].

In our study, we selected 18 genes to build a panel in
order to investigate the variation frequency of HOC suscepti-
bility genes. Among these genes, BRCAI, BRCA2, PALB2,
BRIPI, MLHI, MSH2, MSH6, and RAD5IC have been
proved to increase the risk of OC [11]. However, the relation-
ship between ATM, CHEK2, TP53, PTEN, CDH1, MUTYH,
NBN, PMS2, and the risk of OC is still controversial. STK11
has only been confirmed to be related to nonepithelial ovar-
ian tumors. Our study incorporates both moderate- and
high-penetrance genes and provides more updated data on
the genetic etiology of epitheliall OC in the Chinese
population.

NCCN guidelines have confirmed that genetic testing
should be offered to individuals with any blood relative with
a known PV/LPV in a cancer susceptibility gene. For the
PVs/LPVs we detected in this study, if the family members
of these patients have also detected BRCA/BRIP1/MSH6
PVs/LPVs, risk-reducing salpingo-oophorectomy (RRSO)
can be performed in advance [11]. For ATM PVs/LPVs car-
riers, there is currently insufficient evidence to recommend
RRSO. Germline STKI1 PVs/LPVs are associated with
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TaBLE 2: Novel variants identified in participants.
Function SIET POLYPHEN Mutationtaster Diagnosed
Gene Variant Protein change Cadd Dann score Class Patient 5
change pred score pred score pred age
BRCA1 ¢.2901delT p.Pro968Glnfs+32 Frameshift —— — — — — 4 P5 50
BRCA1 ¢.5439delT P'ASPlilfGIUfS* Frameshift ——  —  — — - 4 P58 54
c.2971_
BRCA1  2975del p.Lys991 % Frameshift — — — — — 4 P85 36
AAAAC
BRCA1 c.2483del p.Gly828fs Frameshift —— — — — — 5  P107 49
BRCA2 c.3861delT p.Asnl1287LysfsX6 Frameshift —— — — — 4 P4 54
ATM  ¢7084G>C  p.Glu2362Gln ~ Missense 3.5636 0.998 D D D 3 P18 54
c.168_ .
BRIP1 169insA p-Leu57Thrfs*12 Frameshift —— — — — — 4 P55 47
NBN  ¢.1037T>C p-Val346Ala Missense -0.0005 0.643 T B N 3 P18 54

Variants are named according to Human Genome Variation Society (HGVS) nomenclature. SIFT score pred: D: damaging; T: tolerated; POLYPHEN score
pred: B: benign; P: possibly damaging; D: probably damaging; MutationTaster score pred: D: disease causing; N: polymorphism.

RCA2, 5

ATM, 1
BRIP1, 2
\CHEKZ, 1

\\ TP53, 1

MSHS, 1
STK11, 1

FiGure 1: Distribution of PVs/LPVs in this study. 43 out of 118 patients were identified with pathogenic/likely pathogenic variants. PVs:

pathogenic variants; LPVs: likely pathogenic variants.

Peutz-Jeghers syndrome, and TP53 are associated with Li-
Fraumeni Syndrome. There are currently no recommenda-
tions to reduce the risk of OC for carriers of these two gene
PVs/LPVs. The management of these patients and their fam-
ily members still needs further study.

There are several limitations to our study. First, we need a
much larger study cohort to detect more variants in the Chi-
nese population. Second, the panel we designed in this study
included 18 genes that may not cover all high-penetrance
genes associated with HOC. Third, further research is needed
to clarify the correlation of sequence variants with clinical
features and prognosis.

Our study enlarged the spectrum of HOC-associated
gene sequence variants in the Chinese population and also
proved the necessity of multigene testing in epithelial OC
patients. The identification of patients with HOC allows the
patient to benefit from personalized treatment. It also allows
family members to undergo cascade testing where identifica-
tion of unaffected carriers can facilitate early detection, risk
reduction, or prevention of OC and ultimately improve
long-term outcomes. The screening and management of
high-risk women who carry PVs/LPVs, especially non-BRCA
variants, need further research.

Data Availability

The datasets used and/or analysed during the current study
are available from the corresponding authors on reasonable
request.

Ethical Approval

This study was approved by the Medical Ethics Committee of
Anhui Provincial Cancer Hospital.

Consent

Written informed consent was obtained from all patients.
Conlflicts of Interest

The authors have no conflict of interest to declare.

Authors’ Contributions

Weidong Zhao and Xiaofeng Xu are responsible for the con-
ceptualization; Zhengzheng Chen for the methodology; Xuxu
Zhao and Pingping Ren for the data curation; Xiao Wu and



BioMed Research International

Hao Geng for the writing—original draft preparation;
Xiao Wu for the supervision; and Dongdong Tang for the
writing—reviewing and editing.

Acknowledgments

We would like to thank all the individuals who participated
in and supported this research. This study was funded by
the Natural Science Foundation of Anhui Province in China
(No. 1708085MH184).

Supplementary Materials

Table S1: overview of the 18 genes investigated in this study.
Table S2: PVs/LPVs identified in this study. Table S3: vari-
ants of uncertain significance identified in this study.
(Supplementary Materials)

References

[1] N. Howlader, N. A. KM, D. Miller et al., “SEER Cancer Statis-
tics Review, 1975-2017, National Cancer Institute. Bethesda,
MD,” 2020, https://seer.cancer.gov/csr/1975_2017/.

[2] W. Chen, R. Zheng, P. D. Baade et al., “Cancer statistics in
China, 2015,” CA: a Cancer Journal for Clinicians, vol. 66,
no. 2, pp. 115-132, 2016.

[3] L. A. Torre, B. Trabert, C. E. DeSantis et al., “Ovarian cancer
statistics, 2018,” CA: a Cancer Journal for Clinicians, vol. 68,
no. 4, pp. 284-296, 2018.

[4] R. L. Siegel, K. D. Miller, and A. Jemal, “Cancer statistics,
2019,” CA: a Cancer Journal for Clinicians, vol. 69, no. 1,
pp. 7-34, 2019.

[5] P.M. Webb and S. J. Jordan, “Epidemiology of epithelial ovar-
ian cancer,” Best Practice ¢ Research. Clinical Obstetrics &
Gynaecology, vol. 41, pp. 3-14, 2017.

[6] J. M. Hall, M. K. Lee, B. Newman et al., “Linkage of early-onset
familial breast cancer to chromosome 17q21,” Science,
vol. 250, no. 4988, pp. 1684-1689, 1990.

[7] R.Wooster, S. L. Neuhausen, J. Mangion et al., “Localization of
a breast cancer susceptibility gene, BRCA2, to chromosome
13q12-13,” Science, vol. 265, no. 5181, pp. 2088-2090, 1994.

[8] K.B.Kuchenbaecker,]. L. Hopper, D. R. Barnes et al., “Risks of
breast, ovarian, and contralateral breast cancer for BRCA1 and
BRCA2 mutation carriers,” Journal of the American Medical
Association, vol. 317, no. 23, pp. 2402-2416, 2017.

[9] A.W.Kurian, K. C. Ward, N. Howlader et al., “Genetic testing
and results in a population-based cohort of breast cancer
patients and ovarian cancer patients,” Journal of Clinical
Oncology, vol. 37, no. 15, pp. 1305-1315, 2019.

[10] A. Toss, C. Tomasello, E. Razzaboni, G. Contu, G. Grandi,
A. Cagnacci et al., “Hereditary ovarian cancer: not only BRCA
1 and 2 genes,” BioMed Research International, vol. 2015,
2015.

[11] M. B. Daly, R. Pilarski, M. B. Yurgelun et al., “NCCN guide-
lines insights: genetic/familial high-risk assessment: breast,
ovarian, and pancreatic, version 1.2020,” Journal of the
National Comprehensive Cancer Network, vol. 18, no. 4,
Pp. 380-391, 2020.

[12] on behalf of the ACMG Laboratory Quality Assurance Com-
mittee, S. Richards, N. Aziz et al., “Standards and guidelines
for the interpretation of sequence variants: a joint consensus

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

recommendation of the American College of Medical Genetics
and Genomics and the Association for Molecular Pathology,”
Genetics in Medicine, vol. 17, no. 5, pp. 405-423, 2015.

S. Zhang, R. Royer, S. Li et al., “Frequencies of BRCA1 and
BRCA2 mutations among 1,342 unselected patients with inva-
sive ovarian cancer,” Gynecologic Oncology, vol. 121, no. 2,
pp- 353-357, 2011.

B. M. Norquist, M. I. Harrell, M. F. Brady et al., “Inherited
mutations in women with ovarian carcinoma,” JAMA Oncol-
ogy, vol. 2, no. 4, pp. 482-490, 2016.

T. Walsh, S. Casadei, M. K. Lee et al., “Mutations in 12 genes
for inherited ovarian, fallopian tube, and peritoneal carcinoma
identified by massively parallel sequencing,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 108, no. 44, pp. 18032-18037, 2011.

D. Shao, S. Cheng, F. Guo et al., “Prevalence of hereditary
breast and ovarian cancer (HBOC) predisposition gene muta-
tions among 882 HBOC high-risk Chinese individuals,” Can-
cer Science, vol. 111, no. 2, pp. 647-657, 2020.

X. Wu, L. Wu, B. Kong et al., “The first nationwide multicenter
prevalence study of germline BRCA1 and BRCA2 mutations in
Chinese ovarian cancer patients,” International Journal of
Gynecological Cancer, vol. 27, no. 8, pp. 1650-1657, 2017.

S. B. Cantor, D. W. Bell, S. Ganesan et al.,, “BACH1, a novel
helicase-like protein, interacts directly with BRCA1 and con-
tributes to its DNA repair function,” Cell, vol. 105, no. 1,
pp. 149-160, 2001.

R. Litman, M. Peng, Z. Jin et al., “BACHLI is critical for homol-
ogous recombination and appears to be the Fanconi anemia
gene product FANC],” Cancer Cell, vol. 8, no. 3, pp. 255-
265, 2005.

S. J. Ramus, H. Song, E. Dicks et al., “Germline mutations in
the BRIP1, BARDI, PALB2, and NBN genes in women with
ovarian cancer,” Journal of the National Cancer Institute,
vol. 107, no. 11, 2015.

T. Rafnar, D. F. Gudbjartsson, P. Sulem et al., “Mutations in
BRIP1 confer high risk of ovarian cancer,” Nature Genetics,
vol. 43, no. 11, pp. 1104-1107, 2011.

C. J. Bakkenist and M. B. Kastan, “DNA damage activates
ATM through intermolecular autophosphorylation and dimer
dissociation,” Nature, vol. 421, no. 6922, pp. 499-506, 2003.
P. Nithya and A. ChandraSekar, “NBN gene analysis and it's
impact on breast cancer,” Journal of Medical Systems, vol. 43,
no. 8, p. 270, 2019.


https://downloads.hindawi.com/journals/bmri/2021/5579543.f1.zip
https://seer.cancer.gov/csr/1975_2017/

	Identifying Sequence Variants of 18 Hereditary Ovarian Cancer-Associated Genes in Chinese Epithelial Ovarian Cancer Patients
	1. Introduction
	2. Materials and Methods
	2.1. Study Cohort
	2.2. Sample Collection and NGS
	2.3. Germline Variants Classification

	3. Results
	3.1. Patient Characteristics
	3.2. Variation Status
	3.3. PVs and LPVs
	3.4. VUSs

	4. Discussion
	Data Availability
	Ethical Approval
	Consent
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

