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Abstract

Introduction: Genetic mutations play a crucial role in breast cancer
pathogenesis. While BRCA1/2 mutations are well-characterized, rare variants in
other genes with moderate-to-low penetrance may also contribute to hereditary
breast cancer risk, particularly in early-onset cases.

CasePresentation: A 38-year-old woman with invasive ductal carcinoma and
axillary lymph node metastasis, with a strong family history of breast and
prostate cancer, underwent whole-exome sequencing (WES).

Findings: The WES identified a likely pathogenic frameshift mutation in
SAMD?9, predicted to disrupt tumor suppression, and two variants of uncertain
significance in TTK and BRAF.

Conclusion: This case underscores the value of WES in identifying rare variants
for personalized risk assessment, targeted surveillance, and potential family
screening in early-onset and familial breast cancer. Identification of rare variants
can facilitate personalized risk assessment and guide clinical management.
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Introduction

Breast cancer (BC) is the most common
malignancy among women worldwide, with a
lifetime risk of approximately 10% in the
general population. While most cases occur
after the age of 40, a small but significant subset
of cases is diagnosed in younger women, often
with more aggressive disease and a stronger
hereditary component. Approximately 5-10%
of all BC cases are hereditary, commonly
associated with high-penetrance mutations in
genes, such as BRCAL, BRCA2, TP53, and
PTEN. In recent years, additional moderate- to
low-penetrance genes, such as PALB2, CHEK?2,
and ATM, have also been implicated in
inherited breast cancer risk. The BRCAL and
BRCA2 genes are critically involved in the
repair of DNA damage, whereas TP53
primarily governs the regulation of cell cycle
checkpoints. The PTEN functions as a key
modulator of cellular growth signaling
pathways. Additionally, genes, such as PALB2,
CHEK2, and ATM, contribute to DNA repair
mechanisms and the maintenance of genomic
integrity. These genes exhibit varying degrees
of penetrance; as a result, BRCAL, BRCA2, and
TP53 are linked to a significantly increased
cancer risk, while others, including CHEK?2 and
ATM, are associated with moderate to lower
levels of penetrance.

However, approximately 20-30% of familial
breast cancer cases remain unexplained by
known mutations, suggesting a role for rare or
novel variants (1). Advances in genomic
technologies—particularly whole-exome
sequencing (WES)—have enhanced our ability
to identify such variants, offering new insights
into cancer susceptibility and precision
medicine (2).

This study aimed to report a case of early-onset
metastatic breast cancer with a strong familial
history, where WES identified novel genetic
variants, expanding the spectrum of hereditary
cancer predisposition. This report presented a
rare case of early-onset metastatic breast cancer
in a patient with a notable family history of
malignancy. Through WES, a likely pathogenic
mutation in the SAMD9 gene and two variants
of uncertain significance in TTK and BRAF
were identified, expanding the understanding of
the genetic spectrum associated with hereditary
breast cancer.

Case Presentation
A 38-year-old woman, born to nonconsanguineous

parents, was referred to the hospital for genetic
evaluation in December 2022 following a
diagnosis of invasive ductal carcinoma of the
breast with axillary lymph node metastasis.
Although detailed clinical data, such as tumor
stage, receptor status (e.g., ER/PR/HER2), and
treatment history, were unavailable at the time
of genetic assessment, the primary focus of this
report was on the genetic and prognostic
implications rather than therapeutic decision-
making, which would require comprehensive
clinical information.

Her family history indicated a potential
hereditary cancer syndrome, with several
relatives affected by malignancies on the
paternal side. Accordingly, her paternal
grandfather had prostate cancer, two paternal
aunts had breast cancer, and a paternal aunt
(sister of her father) had breast cancer as well.
Her father had died in a car accident, and on her
husband’s side, an uncle was affected by lung
cancer and an aunt by breast cancer. Given the
early age of onset and the aggregation of
hormone-related cancers in her family, WES
was recommended to identify possible
pathogenic variants underlying hereditary
cancer predisposition.

The primary aim of this case report was to
evaluate the prognostic significance of potential
pathogenic mutations identified through WES,
particularly regarding the future cancer risk for
the daughters of the patient. While detailed
clinical management and individualized
therapy are essential and would vary according
to tumor characteristics and receptor status, the
focus here was on the implications of identified
genetic alterations for cancer prognosis and
familial risk assessment. In the event that
pathogenic or likely pathogenic variants are
discovered, confirming their heritability could
enable predictive genetic testing, risk
stratification, and cancer prevention strategies
for at-risk family members.

Genetic Findings

The WES was performed using the Illumina
NovaSeq 6,000 platform and identified three
germline variants in the SAMD9, TTK, and
BRAF genes. A summary of the molecular
characteristics and clinical relevance of these
variants is presented in the table below.

These variants differ in mutation type,
chromosomal  location, and  predicted
pathogenicity. The SAMD9 frameshift mutation
(c.4109delC; p.Thrl370llefs*4) introduces a
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premature stop codon, likely disrupting critical
tumor-suppressive domains of the protein. This
loss of function aligns with its classification as
“likely pathogenic” according to the College of
Medical Genetics and Genomics criteria and is
supported by its extremely low minor allele
frequency (MAF = 0.0001 in gnomAD).

The TTK and BRAF variants are currently
categorized as variants of uncertain
significance (VUS), but they are located in
genes implicated in cell cycle regulation and
oncogenic signaling, respectively. Table 1
provides a consolidated view of the genomic
features, breast cancer prevalence, and
biological roles of each gene.

The TTK missense variant (c.2210T > C;
p.1le737Thr) occurs in a gene that is essential

for mitotic checkpoint control and chromosome
segregation.  Alterations in  TTK may
compromise the fidelity of mitosis, potentially
contributing to genomic instability—a hallmark
of cancer progression. However, the
pathogenicity of this specific variant remains
uncertain, and functional studies are needed to
clarify its clinical significance.

The intronic BRAF variant (c.2128-5dup) is
currently classified as a VUS. While BRAF is a
well-known oncogene involved in mitogen-
activated protein kinase (MAPK) signaling, the
potential effect of this duplication on splicing
or gene regulation has not been determined yet.

Table 1:
Feature SAMD9 TTK BRAF
Mutation Type Frameshift (Deletion) Missense Intron Duplication
Chromosomal Chr7:92731302 Chr6:80749492 Chr7:140434575

Location

suppression

Predicted Impact | Premature  stop and | Amino acid change with | Potential  disruption  of
disruption ~ of  tumor | uncertain significance

splicing or gene regulation

Breast Cancer

Frequency in | <1% (1) 5-10% (3) <5% (4)

Other Cancers

Prevalence in | MDS/AML (2-7%), | Lung
colorectal, lung, prostate | colorectal/pancreatic  (1- | (40-70%), colorectal/lung (5—

(3-7%), | Melanoma (40-60%), thyroid

(< 1%) 5%) 15%)
Biological Role Tumor suppression | Mitotic control and cell | MAPK signaling pathway
regulation division
Database rs779349886; ClinVar: | rs1237151385;  ClinVar: | rs373442098; ClinVar: VUS
Annotation Likely Pathogenic VUS

MDS: Myelodysplastic syndrome, AML: acute myeloid leukemia, MAPK: mitogen-activated protein kinase, VUS: variants

of uncertain significance

The frequency estimates provided in the table
refer primarily to somatic mutations reported in
breast cancer cohorts, as germline variants in
SAMD?9, TTK, and BRAF are exceedingly rare.
For example, the SAMDS frameshift mutation
identified in this case has a minor allele
frequency of 0.0001 in the general population
according to the gnomAD database, supporting
its rarity and likely pathogenic classification.
No reported germline frequency is available for
the TTK and BRAF variants, and most
described mutations in these genes in breast
cancer are somatic in origin.

Discussion

This case illustrates the clinical significance of
rare germline variants in hereditary breast
cancer, particularly when common mutations

are absent. The likely pathogenic SAMD9
frameshift mutation (p.Thr1370llefs*4) may
impair interferon-mediated tumor suppression
by truncating essential protein domains
involved in cellular anti-tumor immunity,
potentially contributing to breast cancer
predisposition. Although SAMD9 mutations are
better known in hematologic malignancies,
recent evidence suggests their broader
relevance in solid tumors.

The TTK missense variant (p.lle737Thr),
despite its current classification as a variant of
uncertain significance, may affect the spindle
assembly checkpoint, increasing the risk of
chromosomal instability—an established driver
of tumorigenesis.

The BRAF intronic variant (c.2128-5dup) is
located near splice sites and could disrupt
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normal mRNA splicing, possibly leading to
abnormal MAPK pathway activation. While
BRAF-targeted therapies are established in
cancers with somatic activating mutations, their
relevance to rare or noncanonical germline
variants remains to be determined.
Identification of such variants underscores the
need for comprehensive genomic approaches,
like WES, as many familial breast cancer cases
lack identifiable mutations in established genes.
These findings may inform enhanced
surveillance and, with further functional
validation, support future personalized
therapies for at-risk individuals.

Conclusion
This case highlights the value of whole-exome
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Fig 1: SAMD9 gene expression patterns in various human tissues.
(SAMD?9 transcriptomic expression levels based on data from different normal human tissues.)

SAMD9
RMAseq GTEx Microarray . SAGE (Seria Analysis of Gene Expression)
100xFPKM}*®  llumina Body Map BioGPS < intensity >% TAG:
0 |1 10 100 1000 1 10 100 1000 1 10 100 1000 1

Bone Marrow
Whale Blood
White Blood Cells
Lymph Mode
Thymus

Brain [—

Cortex
Ceregbellum ==
Retina

Spinal Cord =———nbvx
Tibial Merve
Heart

Artery

Smooth Muscle
Skeletal Muscle
Small Intestine
Colon
Adpocyte
Kidney

Liver

Lung

Spleen

Major Tissues

Stomach
Esophagus
Bladder
Pancreas ==
Thyroid
Salivary Gland
Adrenal Gland
Pituitary
Breast

Skin

Ovary

Uterus
Placenta
Prostate

Testis

B mmune [l Nervous Muscle [l ntenal [l Secretory [l Reproductive

Vo

VA(Y):N o=V



https://ijbd.ir/article-1-1168-en.html

[ Downloaded from ijbd.ir on 2025-10-02 ]

AR

VA(Y):N o=V

- b3l e @by liomy by 5o (Sid) s Giea

L SNP (rsID) gz o awlis ged ol oo (gandib
o eod 5o Sdbsle ol ghmex Slglyd o)lys (slesls

S925 05 4 Grmeslail Sl latealannl yoi 4 e oS
ws e olis ) TTK 05 055-28l Gl ol ¥ JSS
() 35lo oo i p (6,355 slaans T8 y0 1, T i

G9y 2 TTK 5 4 by e oo olulils il ylg puego
59 (€.2210T>C) A+ VFAFAY Coedgo 10 F pgi903,S

5 Cool (MISSENSE) s e €55 5 Ltz (ol 0
(Sgp 0,Sdes 5 o] ).«.;ls 0,by0 SUL wales Loy
(VUS) (aseinl odb comal b Sibyly olsieas

Sl gl 1o TTK o5 ol agles 1Y JSCi

(Al oo Az 3 Johow 735 5110 SEBL 40 3T Callad g ol jginn (glabali J5iiS 5Las S a5  TTK 5 05908l (k)
Fig 2:Tissue-specific expression profile of the TTK gene in human tissues.
(TTK shows high expression in proliferative tissues, reflecting its role as a mitotic checkpoint

kinase.)
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Fig 3: BRAF gene expression in human tissues.

(Basic expression patterns of BRAF, a key component of the MAPK signaling pathway, across various
tissue types.)
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Table 1: Prevalence of SAMDY, TTK, and BRAF mutations in breast cancer patient cohorts.
(A summary of reported mutation frequencies for these three genes based on public genomic databases of

breast cancer samples.)

Gene Prevalence of Mutations in Breast Cancer | Source Frequency
SAMD9 <1% (11)

TTK 5-10% (12)

BRAF <5% (13)
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