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Abstract: The germline carrier of the BRCA1 pathogenic mutation has been well proven to confer
an increased risk of breast and ovarian cancer. Despite BRCA1 biallelic pathogenic mutations being
extremely rare, they have been reported to be embryonically lethal or to cause Fanconi anemia
(FA). Here we describe a patient who was a 48-year-old female identified with biallelic pathogenic
mutations of the BRCAI gene, with no or very subtle FA-features. She was diagnosed with ovarian
cancer and breast cancer at the ages of 43 and 44 and had a strong family history of breast and
gynecological cancers.
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1. Introduction

Hereditary breast and ovarian cancer syndrome is an inherited cancer-predisposition
syndrome and is predominantly caused by mutations in the BRCA1 or BRCA2 genes. At
least one functional allele of BRCAI is essential for human embryogenesis and devel-
opment. Biallelic mutations in BRCA1 were considered to be lethal during embryonic
development [1], which was consistent with the observation in BRCA1 homozygous knock-
out mice models [2-5]. BRCA1 functions in the DNA double-strand break repair by
interacting with other proteins such as RAD51 in the repair process. BRCA1 also interacts
with proteins such as MSH2 in the DNA mismatch repair mechanism, and, possibly, poly
(ADP-ribose) polymerase (PARP) in the single-strand repair [6]. Women carrying BRCA1
pathogenic variant have a significant life time risk of breast and ovarian cancers as high as
84% [7]. Men with these mutations have an increased life time risk of breast cancer by 1%
over male non-carriers [8], in addition to the risk of developing prostate carcinoma. Other
studies reported that significant risk of melanoma and pancreatic cancer was observed in
BRCA mutation carriers [9,10]. BRCAT mutations have also been linked to increase risk
in cervical, esophagus, liver, stomach, and uterine cancers; however, the increased risks
ranged from one to four fold and the exact risk was inconsistent [11-14].

BRCAI1 biallelic pathogenic mutations are extremely rare, which are regarded as
embryonically lethal [1] or causing Fanconi anemia (FA) [15]. FA occurs in 1 in 160,000-
360,000 individuals worldwide [16]. It has a high incidence in individuals of Ashkenazi
Jewish descent, the Roma population of Spain and the Afrikaner population of South
Africans [17]. FA is a rare genetic disease with multi-organ disorder and patients usually
have variable clinical presentations. About 90% of the FA patients have an impaired bone
marrow function that leads to aplastic anemia, frequent infections and clotting problems.
Meanwhile, 60% of the FA patients have physical abnormalities, such as short stature,
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microcephaly and a triangular face. Other congenital abnormalities include malformed
or absent kidneys, gastrointestinal abnormalities, heart defects, eye abnormalities and
hearing loss [18]. The likelihood of developing cancers in individuals with Fanconi anemia
is between 10% and 30%, and studies showed that these individuals are hypersensitive to
DNA crosslinking agents, such as mitomycin C and cisplatin [19]. Mutations in at least
22 genes resulted in FA or FA-like phenotype, since proteins that produced from these
genes are involved in DNA replication and repair. Among the 22 FA or FA-like genes,
BRCAL1 is considered as FANCS (Fanconi anemia gene), homozygous mutations of the
BRCA1 gene contributed to FA group S [20]. Hence, it is crucial to identify individuals for
whom both parents had BRCAI mutations.

Clinically, we would expect that surviving patients who are compound heterozygous
for deleterious mutations in BRCA1 would have showed an early manifestation of promi-
nent FA features, such as anemia, infection tendency and cancer development [21-23].
Here, we described a family with a patient harboring two deleterious BRCA1 mutations
with no or very subtle FA-features.

2. Case Presentation

At the age of 43, the patient was first diagnosed with poorly differentiated high-grade
serous adenocarcinoma of the ovary (stage IIIA), presented with abdominal distension for
1 month and was managed by optimal debulking surgery followed by post-operation pacli-
taxel and carboplatin (TC) regimen. She had right breast cancer with surgery 7 months later,
showing pT1cN3MO triple-negative invasive ductal carcinoma. She underwent lumpec-
tomy which was followed by simple mastectomy with axillary lymph node dissection.
She received adjuvant chemotherapy with 4 cycles of doxorubicin and cyclophosphamide,
followed by local-regional radiotherapy up to 66 Gy and docetaxel. The patient devel-
oped extensive right chest wall recurrence one year after the mastectomy. She had mixed,
but generally poor responses to chemotherapy regimes that escalated from the first line
capecitabine. Her condition deteriorated in six months from the time of first recurrence,
and progressed to extensive lymphadenopathy, pleural effusion, lung metastasis, liver and
urinary bladder metastasis. She was also accidentally found to have an atrophic kidney
and renal stone. Second line chemotherapy with 6 cycles of carboplatin (AUC4) and gemc-
itabine was given, restaging PET with extensive soft tissue metastasis and local recurrence
was suggested. Third line chemotherapy with eribulin showed a partial response and
eventually changed to fourth line chemotherapy, consisting of weekly doses of vinorelbine
and carboplatin (AUC2). She subsequently had a trial of pembrolizumab and paclitaxel,
though unfortunately she developed obstructive jaundice and clinically sepsis succumbed
at four years after the initial ovarian surgery. No definitive diagnostic test for FA was
performed on her due to a lack of clinical indication of FA-like features being observed.
Her height was within the average Asian female range (165 cm; mean 157.1 cm [24]) with
a normal complete blood picture. No hypersensitive response to carboplatin was noted
during her treatment.

This patient was recruited by the Hong Kong Hereditary Breast Cancer Family Reg-
istry due to her young onset of breast and ovarian cancer, who met the selection criteria
for genetic testing for hereditary breast and ovarian cancer syndrome. Her blood was
screened by a next generation sequencing (NGS) four-gene panel that covered BRCAI,
BRCA2, TP53 and PTEN. Splicing variant analysis at the transcript level was performed
by classic Sanger sequencing on the cDNA. Pathogenic mutations were further recon-
firmed by Sanger sequencing. Compound heterozygotes BRCA1 mutations were iden-
tified in this proband. One of the mutations was a deleterious deletion in exon 11
(c.4065_4068delTCAA; p.Asn1355Lysfs*10), while the other was a splice site mutation
in intron 22 (c.5406+7A>G; r.5333_5406del74; p.Asp1778Glyfs*27). To further confirm the
pathogenicity of ¢.5406+7A>G, we tested the cDNA from the blood of this patient, and
confirmed a deletion of 74 nucleotides in her RNA. This deletion resulted in a frameshift
termination after an amino acid substitution D1778G (1.5333_5406del74; p.Asp1778Glyfs*27)
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(Figure 1A,B). These findings confirmed the presence of alternative splicing. The mutation
falls in one of the C-terminal BRCT domains of BRCA1, which was predicted to encode a
dysfunctional BRCA1 protein.

A

CATGCCCACAGI|IGGTGT CC A CCC A
Exon 2] €————> Exon 23

Figure 1. (A) Electropherogram showing that deletion of exon 22 on BRCA1 ¢.5406+7A>G splicing. Deletion was detected
by cDNA sequencing, (B) Gel electropherogram showing that deletion of 74bp by RT-PCR on BRCA1 ¢.5406+7A>G. Lane
M: 50-bp DNA ladder marker; lane C: Normal human cDNA control; lane S: Proband’s cDNA. HtNM: Heteroduplexes of
wild-type and mutant; HmW: Homoduplexes of wild-type; HmM: Homoduplexes of mutant.

In the family study, we were only able to obtain the genetic analyses on two of her
family members. Her sister had ovarian cancer at the age of 52 and breast cancer at age 56.
She carried only one of the two mutations of the proband, namely, BRCAI: ¢.5406+7A>G;
r.5333_5406del74; p.Aspl778Glyfs*27. The unaffected cancer-free daughter aged 19 of
the proband carried another mutation, BRCA1: ¢.4065_4068delTCAA; p.Asn1355Lysfs*10.
These findings showed that the two mutations are in trans and the proband has biallelic
mutations in BRCA1 (Figure 2). This young girl has multiple benign breast lumps. Biopsies
show benign breast tissue only. She is undergoing active clinical surveillance.
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Figure 2. Pedigree of proband’s family. ¥ carrier of BRCAT: ¢.5406+7A>G; 1.5333_5406del74;
p-Asp1778Glyfs*27 mutations; *: carrier of BRCA1: ¢.4065_4068delTCAA; p.Asn1355Lysfs*10.

3. Discussions

Biallelic mutations in BRCA1 are rarely reported. The occurrence of compound het-
erozygous mutations of BRCAI gene is very rare among breast cancer patients. Animal
models predicted that such a genetic make-up would be a disadvantage to early embryonic
development and survival [2-5]. In the literature, two adults and five consanguineous off-
spring at childhood had been reported (Table 1). These patients presented with cancers or
congenital abnormalities. All these cases showed FA-like features in different degrees and
penetrance. The short stature appeared to be a common presentation, and was clinically
suspicious in some of these families. There were drastic differences in manifestations in
all these patients, consistent with the classical description of the broad clinical spectrum
of FA. This patient is the first Asian patient reported with a family study and with no
significant FA features. This individual lack of physical stigmata with an average height
and no dysmorphic features. A thorough examination was performed after confirmation of
the biallelic BRCAI mutation. Subtle features, such as café-au-lait spots, were not seen. She
was known to have an atrophic left kidney, pelvic stone and possibly renal vein thrombus,
during clinical work-up for her first ovarian surgery. It was uncertain whether these abnor-
malities were acquired or congenital. Her clotting profile and complete blood picture before
the first surgery and before all the subsequent chemo-radiotherapy were all unremarkable.
She had no earlier imaging record to show any clinical significant urogenital problems.
She had one daughter and did not indicate any fertility problem. Patients with FA are
hypersensitive to DNA crosslinking agents, such as mitomycin C and cisplatin [9]. Such
features were not obvious in this patient. There have been reports of individuals carrying
biallelic FANCM mutations without developing FA; however, it has also been proved that
FANCM is not a canonical FA gene [25,26].
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Table 1. List of probands reported with biallelic BRCAT mutations.

References BRCA1 Mutations Patient Background Phenotype Suggesting Fanconi Anemia (FA) Family History
h £ short stature Breast, ovarian, intestinal
eterozygous carrier of mutations . . i hal ’ 4
28 year old woman with ovarian cancer microcephaly ;
[21] p-Asp8211lefs*25 and y at age 28 developmental delay Ezlr;:;l Ist—4th degree
p-Vall736Ala in trans significant toxicity from chemotherapy
h ’ multiple congenital anomalies ];r?gggggiﬁha,r?glg;arian
eterozygous carrier of mutations ; limb defects and dysmorphic features .
201 p-Ser198Argfs*35 and p.Arg1699Trp woman with breast cancer at age 23 consistent with a FA-like disorder cancer in 1st—2nd degree
relatives
severe short stature
failure to thrive
; neurodevelopmental delay .
[22] hgg;()szei%zﬁsta;;f; ?rfl ziliCﬁ] 2.5 year old girl (consanguineous congenital heart disease Breast Carllce'r in Ist—3rd
p.Cys903* offspring) facial dysmorphic features degree relatives
severe chromosomal fragility
consistent with a FA-like disorder
multiple congenital anomalies . .
1d eirl with 1A limb defects and dysmorphic features Intestinal and urological
5 year old girl with T cell ALL at age 5 ;
Y (Consinguineous offspring) & severe chromosomal fragility Eer;\ if\l;els 2nd and 3rd degree
consistent with a FA-like disorder
homozygously carrier of BRCA1
[23] nonsense mutations in exon 11

p-Trp372*

6 year old girl (consanguineous
offspring)

failure to thrive

multiple congenital anomalies

limb defects and dysmorphic features
severe chromosomal fragility
consistent with a FA-like disorder

Intestinal and urological
cancet, in 2nd and 3rd degree
relatives
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Table 1. Cont.

References BRCA1 Mutations Patient Background Phenotype Suggesting Fanconi Anemia (FA) Family History
Height < 3% percentile
multiple congenital anomalies .
15.5 year old boy (consanguineous Right undescended testis, adrenal Uterine, esophageal, and lung
: offepring) insufficiency cancer in 2nd and 3rd degree
pring severe chromosomal fragility relatives
consistent with a FA-like disorder
homozygously carrier of BRCA1
nonsense mutations in exon 11
p-Leud31* Height < 3% percentile
multiple congenital anomalies . h | and 1
7 year old girl with Neuroblastoma at growth hormone deficiency Uterine, esophageal, and lung
cancer in 2nd and 3rd degree
age 2 ] Heart defect relatives
(consanguineous offspring) severe chromosomal fragility
consistent with a FA-like disorder
Height < 5% percentile
; ; hearing loss (right side) .
heterozygous carrier of missense 30 year old woman with invasive-ductal liac di Breast and prostate cancer in
[27] mutations p.Argl1699GIn and cellac disease 2nd degree relatives
p.Cys61Gly breast cancer at age 30 dysmorphic features
consistent with a FA-like disorder
heterozygous carrier of nonsense . . ) ) Breast, ovarian and cervix
This study mutations p.Asn1355Lysfs*10 and 48 year old woman with ovarian cancer No FA-like disorder cancer in 1st degree relatives

p-Asp1778Glyfs*27

at age 43 and breast cancer at age 44
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Among the two mutations identified in the proband, the deletion in exon 11 mutation,
BRCAI: ¢.4065_4068delTCAA; p.Asn1355Lysfs*10, is well-documented. This variant is
classified as a pathogenic variant in ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/).
The interpretation of the other mutation is more complex, it is a splice site variant in
intron 22, ¢.5406+7A>G; r.5333_5406del74; p.Asp1778Glyfs*27. The ClinVar database of
the National Library of Medicine, USA, shows that this variant as “likely benign” (ref-
erenced on 4" Dec 2020), which is supported by four submissions based on germline
studies. The associated comments suggest that this variant is a “conservative change”, as
the variant occurs at a poorly conserved protein position. The variant has been predicted
to be benign by multiple in silico algorithms (DANN: 0.5816; dbscSNV: 0.00002789 (ADA
score)). The population frequency quoted in the ClinVar database was “not consistent
with disease”. However, these submissions were from privately owned sequencing compa-
nies. Unfortunately, no specific details of the clinical evidencFe for these interpretations.
In addition, this variant had not been reported in the Genome Aggregation Database
(gnomAD; https://gnomad.broadinstitute.org/) in different populations. No splicing
defect was observed in the functional studies [28]. This variant, in fact, cannot be consid-
ered as a common variant. We, therefore, proceeded to further characterize this variant.
We confirmed that there was a deletion of 74 nucleotides in the cDNA of the patient’s
blood and this deletion resulted in a frameshift termination in exon 22 (r.5333_5406del74;
p-Aspl778Glyfs*27), as shown in Figure 1A,B. In addition to a previous study conducted
by Khoo et al., this variant was also reported in Chinese breast and ovarian cancer patients
and their protein truncation test has shown an early stop codon after splicing [29]. By
integrating the genetic information and the family history, we could conclude that this
mutation is pathogenic, which excluded the possibility of splice variants. Her sister with
breast and ovarian cancers carried a ¢.5406+7A>G mutation, but did not carry the other,
well-documented exon 11 deletion. The clinical features of her sister were compatible with
predisposing effects of the deleterious BRCAI mutation. In our own Hereditary Breast
Cancer Family Registry, we have additional evidence on the disease association of this
intron 22 mutation. Two other unrelated families also carried this mutation (unpublished
data). One of the families had a female proband with breast cancer diagnosed at the age of
44, suffering from pT1INOMO ER/PR positive invasive ductal carcinoma, with a significant
family history of breast cancers, ovarian cancers, nasopharyngeal cancers and lymphoma
in her first and second-degree relatives (Figure 3A). Another family was a 51-year-old lady
diagnosed with high-grade serous adenocarcinoma of the fallopian tube. There was also
a strong family history of breast and esophagus cancers in her second-degree relatives
(Figure 3B). Therefore, based on this clinical and laboratory evidence, we concluded that
this intron 22 frame-shift mutation was pathogenic.
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Figure 3. (A,B) Pedigree of the 2 families in our Hereditary Breast Cancer Family Registry with BRCA1: ¢.5406+7A>G;

1.5333_5406del74; p.Asp1778Glyfs*27 mutations. d: carrier of BRCAL: ¢.5406+7A>G; 1.5333_5406del74; p.Asp1778Glyfs*27
mutations.

Usually patients carry biallelic deleterious mutations in cancer-causing genes are
expected to exhibit prominent phenotypes and present with malignant diseases at a young
age. The ages of onset of malignant diseases in this proband and her sister might have
provided proof of this theory. Both proband and her sister had breast and ovarian cancers;
however, the proband with two mutations had the conditions occur 10 years earlier than
her sister, who carried only one mutation. Unfortunately, there was no genetic information
about the four brothers of the proband. We therefore expected that they are likely to be
carriers of BRCA1 pathogenic variant. As there are definitive health risks for carriers and
their family members, there is a need for better community education on the hereditary
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References

cancer risk of BRCA1/2, including for males. Studies showed that males had a low aware-
ness of the BRCA mutation and were less willing to undergo genetic testing until their
family members were identified to have a mutation [30,31]. Male relatives were less likely
to be informed of test results and were more likely to forget about hearing them [27]. As
exemplified by this family, male family members were reluctant to be subject to genetic
testing. In our Registry’s data, 6.8% of all male family members compared with 10.4%
of female family members came forward for genetic testing when a positive mutation
was identified in their respective probands. In general, when both parents are carriers of
pathogenic BRCAI mutations, their offspring should have a 75% of chance carrying at least
one copy of the pathogenic mutation; hence, the clinical burden of developing cancer is
predictable. It is still challenging to convey the concept of cancer risk and the prevention
strategies of hereditary diseases to the general public. A better community program to
educate the community for both males and females is necessary.

4. Conclusions

Compound heterozygosity for deleterious BRCAI mutations exacerbated cancer dis-
ease phenotypes. If both parents are carriers of pathogenic BRCAI mutations, then their
offspring should have a 75% chance of carrying at least one copy of the pathogenic mu-
tation. Identification of families that show biallelic inheritance of BRCA1 mutations is
important for precise genetic counseling and implementation of disease surveillance or
prevention strategies.
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