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Abstract

Introduction: Genetic mutations play a crucial role in breast cancer
pathogenesis. While BRCA 1/2 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
SAMDY, predicted to disrupt tumor suppression, and two variants of uncertain
significance in 77K 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 BRCAI, 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 BRCAI and
BRCA2 genes are critically involved in the
repair of DNA damage, whereas 7P53
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,
CHEK?2, and ATM, contribute to DNA repair
mechanisms and the maintenance of genomic
integrity. These genes exhibit varying degrees
of penetrance; as a result, BRCAI, 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 SAMDY9 gene and two variants
of uncertain significance in 77K 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 SAMDY, 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 SAMDY frameshift mutation
(c.4109delC; p.Thr1370Ilefs*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 7TK 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 77K 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 SAMDY 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 SAMD?9 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 wvariants, 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 SAMDY
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 S4MD9 mutations are
better known in hematologic malignancies,
recent evidence suggests their broader
relevance in solid tumors.

The TTK missense variant (p.Ile737Thr),
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: SAMD? gene expression patterns in various human tissues.
(SAMD? transcriptomic expression levels based on data from different normal human tissues.)
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Table 1: Prevalence of SAMD9, 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.)
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SAMD9 <1% (11
TTK 5-10% (12)
BRAF <5% (13)

s,ylg abhi caiS S LS S eanS oS oS TTK 5
S b SAMDY 5 b aslia 5 ol (g5n
SS9k 095 o0 S lars Gl Ol )3 (6 i
oz shls Gl b o)lae slas 0 Ve B O g0
2l P TTK o Gl (oizmesn aitws ()5 (nl 5
aS Wloods cvlive PR qu).M: oo )‘ l.:bqu).M:

OV) Sl oads (5,155 0,0 VB Y o byl Slgl 3
5 JBS,9dsS Gl 13 TTK 5 slaiez «onl 2 ogdle
@‘9‘)9 aS ‘5)5.'44.: cloads ol ).u w‘)xl.a uUa).m
‘ﬁ‘ OA) el jstie 30,0 0 B Y O LmQT o_ubuia)l}f
slao; 5l S ol TTK (5 a5 sws oo lis glis
ol Jloml (i ks 5l egar (ol ju Slagiod 5o oo
w85 )3 4z g5 090 ¢ Slays Cueglie 5 (093 S 5
205 ol o G 4z 81 BRAF (5 5550 )0 ol
ao,d 05 xeS ol Eouis g 009 oL by b
Eouis by glail pla jo LI OVY) canl oass 3,155
5 BRAF (05 slagiezr degdle )3 o)l g
30 (V) 058 o0 0dnlice 3)lge jl o, £ U e dg0
oz Ol ) Ol 9 JUS 59lsS by 0 a5 >
Y ) Cawl onls ui))ljf G, VOO wBRAF 050
39 s ol ;9 BRAF (5 sbogiuz «onl 2 097l
bz &‘5.5‘ L) Lﬁuu.@‘? u.!‘ S9>g NG B Q,q)‘)f
alizes gloasl,d 0 BRAF (5 a5 ans oo ylis b

955! plp 5o Cuglie (ygags oy alez 5l 2559068

3 ’ 3

FoS (S5 sl ez oy p o asdllas (pl Cosal
A.A.CLQ .J OLM qu)...u )5); )b LQQT L)M.a.: 9 oLl
s TTK SAMDY slays 5 35 a5 b ofigs el
-\-3-i‘)-é 5o ..\...»‘9.:64 as GLa‘}c Ols.;.ca\.g LQQj Q.;‘l BRAF
lbobs waaly 30T Gl by (5,5 IS
2954 e b s elgl sl 1o oyl 2 Lol casloods
Ay 4o il B lS b Gae ol eans aslil
olbys 5o ke baps ol slogier b 5 Sl
bl o 5 00 Glagls w5l sl jo aSy ol
adlas pl 0 a5 SAMDY 5 )5 59390 s jig>
g atted ;30 B iy Gl 50 wilosds olulis
O D)ol ol (5,55 aoy0 ) 5l S gyl gous

2 ot ol glgl plo jo i cpl (Jlcnl b
a5 ebas )l iy gods {AML) o> sudsle
Dl e VEY o o lew opl o G Slgl,8
(\ [)) Gl 00

‘_;l.&bQUa).w 5 SAMD9 u) ‘_;Lmd‘..gr? ‘Q'.’.‘)'.'°5>Lc
Ol iz e iloads (3155 5 iy g 4y« JUS y5lsS
BURVE I I ISVOX SR Yw 5 009 ;0L Lo o)lse
A SAMD9 O Bz 45 e o lis leassly
5 $9> S g0 Slml ;o 9 Wijls by (o s 5l 518
A f5e 30 sl sloygegs (S


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

[ Downloaded from ijbd.ir on 2025-10-11 ]

59 0L (s sl g olwlis 4y (68,50 (5,155 ol
4 Miw 5,k ,0 BRAF JTTK SAMD9 o y;
ol basly il o Sk iy oy
908 295w SBpuedlSe 0 P aT wes
2 Bl Jokw Slosely b s 5 (0555 SL
ax 31 asl asls 1d olb e Cdpin 5 65 S
lladle s plires sl ly ool 5l (& (Gl Soes

plxl 8y, 2 2lasier iz d97s Lol ol 1,8 pled

2 saass ojplie &l 5 aelr (S5 sl
ablo b o5 555 b (b Glb s 0 M (4]l

Sl i 69 ,Slee ladllas plosl o s 0sST o Solgils
4 (ST Sl a0 by) ul A 5335 (e
Mals csiasan Sloys (slas ol dngs 5 liny oyl oo

w0 58 4 (5590

&L )l
5 Bl o)l dgSme a5 Wls oo el B s g
0,105 0935 Alie opl b bLS )|

References

1. Terpstra A, West CE, Fennis J, Schouten J,
Van der Veen E. Hypocholesterolemic
effect of dietary soy protein versus casein in
rhesus monkeys (Macaca mulatta). The
American Journal of Clinical Nutrition.
1984;39(1):1-7. doi:10.1093/ajen/39.1.1

2. Subasioglu A, Gii¢ ZG, Giir EO, Tekindal
MA, Atahan MK. Genetic, surgical and
oncological approach to breast cancer, with
BRCA1, BRCA2, CDHI1, PALB2, PTEN
and TP53 variants. European Journal of
Breast Health. 2023;19(1):55.
doi:10.4274/ejbh.galenos.2022.2022-7-2

3. Yiallourou A. Hereditary Breast Cancer
Syndromes Breast cancer represents the
most common type of cancer affect-ing the
female population worldwide. According to
the most recent data from the Global Cancer
Observatory (GLOBOCAN), breast cancer
has surpassed lung cancer as the leading
cause of. Breast Cancer Management for
Surgeons: An  Examination  Guide.
2023:79. DOI:10.1111/his.14808

4. chek n, rad51c rd. Germline genetic testing
for gene variants associated with breast
cancer in individuals at moderate and high

! sl W lows (oode alixo | oo Ko § 60 ,5T (6,0l suzlo

Jo jsba jee by Gl 0 BRAF slo i
o3l oyl s glgil plo b T bLS I Lol el sais (g,

sloyi sloging Foo s Cosal 4 loadl (pl
ooy wlitins; ,o BRAF 5 TTK SAMD9

@l gloil o b iga cnl Slold bl a8l o)Ll
» gl B 5l spEee Sy Wl ol
adllas plojle el )8 0gdll Sloys sladon yizes
ablo b ologlb s )0 (55 (6,50 ,¢ plol & j9 00 5
Rl S 1z S e aSE pllasgy 590 5 (Solgls
LS‘)-.‘ (& ooy ")’)| SledMbs| el ,SM ;.u.:) sb@le.)‘s
S8 LS s eadgile patds Sleyo slas paly pgas

NS

breast cancer risk (e.g., chek2, atm, bardl,
etc.). doi:10.1016/j.breast.2022.06.003

5. Imyanitov EN, Kuligina ES, Sokolenko AP,
Suspitsin EN, Yanus GA, Iyevleva AG, et
al. Hereditary cancer syndromes. World
Journal of Clinical Oncology.
2023;14(2):40. doi: 10.5306/wjco.v14.i2.40

6. Elengoe A. A Short Review on Breast
Cancer: A Short Review on Breast Cancer.
International Journal of Biotechnology and
Biomedicine  (IJBB).  2024;1(1):1-11.
doi:10.31674/ijbb.2024.v01i01.001

7. Huang Y, Qiu Y, Ding L, Ren S, Jiang Y,
Luo J, et al. Somatic mutations in four novel
genes contribute  to  homologous
recombination deficiency in breast cancer: a
real-world clinical tumor sequencing study.
The Journal of Pathology: Clinical
Research. 2024;10(2):e12367. doi:
10.1002/2056-4538.12367.

8. Kiecolt-Glaser JK, Bane C, Glaser R,
Malarkey WB. Love, marriage, and divorce:
newlyweds' stress hormones foreshadow
relationship changes. Journal of consulting
and clinical psychology. 2003;71(1):176.
doi:10.1037/0022-006X.71.1.176.

Y.

VA - =AY



https://doi.org/10.1093/ajcn/39.1.1
https://doi.org/10.4274/ejbh.galenos.2022.2022-7-2
https://doi.org/10.1111/his.14808
https://doi.org/10.1016/j.breast.2022.06.003
https://ijbd.ir/article-1-1168-fa.html

[ Downloaded from ijbd.ir on 2025-10-11 ]

BB

VAN - =AY

o 2L Gl @by by b o 5o (SuS LS

9. Sorokowski P, Zelazniewicz A, Nowak J,
Groyecka A, Kaleta M, Lech W, et al.
Romantic love and reproductive hormones
in women. International Journal of
Environmental Research and Public Health.
2019;16(21):4224.
doi10.3390/ijerph16214224.

10.Marazziti D, Canale D. Hormonal changes

when falling in love.
Psychoneuroendocrinology.
2004;29(7):931-6. doi:

10.1016/j.psyneuen.2003.08.006.

11.Inaba T, Nagamachi A. Revertant somatic
mosaicism as a cause of cancer. Cancer
Science. 2021;112(4):1383-9.
doi:10.1111/cas.14852.

12.Rivera-Rivera Y, Vargas G, Jaiswal N,
Nufiez-Marrero A, Li J, Chen D-T, et al.
Ethnic and racial-specific differences in
levels of centrosome-associated mitotic
kinases, proliferative and epithelial-to-
mesenchymal markers in breast cancers.
Cell Division. 2022;17(1):6.
doi:10.1186/s13008-022-00082-3.

13.0wsley J, Stein MK, Porter J, In GK, Salem
M, O’Day S, et al. Prevalence of class -1l
BRAF mutations among 114,662 cancer
patients in a large genomic database.
Experimental Biology and Medicine.
2021;246(1):31-9. doi:
10.1177/1535370220959657.

14.Lukasiewicz S, Czeczelewski M, Forma A,
Baj J, Sitarz R, Stanistawek A. Breast
cancer—epidemiology, risk factors,
classification, prognostic markers, and
current treatment strategies—an updated
review. Cancers. 2021;13(17):4287. doi:
10.3390/cancers13174287.

15.Wong JC, Bryant V, Lamprecht T, Ma J,
Walsh M, Schwartz J, et al. Germline
SAMDY9 and SAMDY9L mutations are
associated with extensive genetic evolution
and diverse hematologic outcomes. JCI
insight. 2018;3(14):e121086.
doi:10.1172/jci.insight.121086.

16.Hershkovitz D, Gross Y, Nahum §,
Yehezkel S, Sarig O, Uitto J, et al
Functional characterization of SAMD?9, a
protein deficient in normophosphatemic

familial tumoral calcinosis. Journal of
Investigative Dermatology.
2011;131(3):662-9. doi:

10.1038/jid.2010.387.

17.Tsai Y-M, Wu K-L, Chang Y-Y, Hung J-Y,
Chang W-A, Chang C-Y, et al. Upregulation
of Thr/Tyr kinase increases the cancer
progression by neurotensin and
dihydropyrimidinase-like 3 in lung cancer.
International Journal of Molecular Sciences.
2020;21(5):1640.
doi:10.3390/ijms21051640.

18.Niittyméki I, Gylfe A, Laine L, Laakso M,
Lehtonen HJ, Kondelin J, et al. High
frequency of TTK  mutations in
microsatellite-unstable colorectal cancer
and evaluation of their effect on spindle
assembly  checkpoint.  Carcinogenesis.
2011;32(3):305-11. doi:
10.1093/carcin/bgq272.

19.Castellani G, Buccarelli M, Arasi MB, Rossi
S, Pisanu ME, Bellenghi M, et al. BRAF
mutations in melanoma: biological aspects,
therapeutic implications, and circulating
biomarkers. Cancers. 2023;15(16):4026.
doi:10.3390/cancers15164026.

20.Thiel A, Ristimaki A. Toward a molecular
classification of colorectal cancer: the role
of BRAF. Frontiers in oncology.
2013;3:281. doi:10.3389/fonc.2013.00281.

21.Henke LE, Pfeifer JD, Ma C, Perkins SM,
DeWees T, El-Mofty S, et al. BRAF
mutation is not predictive of long-term
outcome in papillary thyroid carcinoma.
Cancer medicine. 2015;4(6):791-9.
doi:10.1002/cam4.417.


https://ijbd.ir/article-1-1168-fa.html
http://www.tcpdf.org

