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Abstract

Breast cancer remains one of the most prevalent and socially significant malignancies
among women worldwide. Advances in molecular biology and oncogenetics have
substantially transformed approaches to the diagnosis, prognosis, and treatment of
breast cancer, with a growing emphasis on personalized medicine. This review
explores the molecular-genetic landscape of breast cancer, focusing on the
distinctions between germline and somatic mutations, their clinical relevance, and
their role in guiding individualized therapeutic strategies. The results of the
literature review demonstrated that germline mutations - particularly in BRCAI and
BRCA2 - are strongly associated with hereditary breast cancer predisposition,
influencing both risk assessment and preventive strategies. In contrast, somatic
mutations, including alterations in TP53, PIK3CA, and ESR1, play a pivotal role in
tumor behavior, treatment resistance, and disease progression. Moreover,
integrative molecular profiling using next generation sequencing incorporates both
germline and somatic mutation data provides a more accurate framework for clinical
decision-making in personalized therapy. Studies have shown that patients with

combined profiling benefit from more precise therapeutic targeting, including PARP
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inhibitors, endocrine therapies, and immune checkpoint inhibitors. The integration

of germline and somatic analyses represents a critical step in the realization of

precision medicine, ultimately improving therapeutic outcomes and prognosis in

breast cancer patients.

Keywords: breast cancer, BRCA1/2, germline somatic mutation, next-generation

sequencing, precision medicine.

1. Introduction

The relevance of breast cancer as a public health
issue

Breast cancer (BC) continues to be one of the most
common and socially impactful forms of malignant
neoplasms among women globally, posing a significant
challenge to public health systems. According to global
epidemiological data from 2022, the total number of
newly diagnosed cancer cases reached approximately 20
million, with cancer-related mortality approaching 10
million cases. Among these, BC ranks as the most
frequently diagnosed cancer in women, accounting for
more than 2.29 million new cases annually, making it the
leading oncological pathology in the female population
worldwide (1). A similar epidemiological pattern is
observed in the Republic of Kazakhstan, where breast
cancer accounted for 26.4% of all female malignancies in
2023, ranking first among cancers affecting women (2).

Understanding the molecular-genetic basis of
breast cancer is essential for accurate diagnosis, optimal
therapeutic decision-making, and outcome prediction in
the context of personalized medicine. Genetic analysis in
breast cancer typically involves the study of germline
(inherited) and

Determining which type of mutation should be

somatic  (acquired) mutations.

prioritized for clinical evaluation necessitates a

2. Materials and Methods

This study is based on the analysis of scientific
publications published between 2015 and 2025, with the
aim of systematizing modern data on the molecular

genetic characteristics of breast cancer, especially in the

comprehensive approach that considers clinical

objectives, therapeutic options, and the broader
framework of personalized oncology.

Drawing on current data and evolving clinical
demands in personalized breast cancer care, we
hypothesize that an integrated molecular-genetic
profiling approach - simultaneously assessing both
germline and somatic mutations, particularly in patients
with a hereditary predisposition - outperforms isolated
analyses in optimizing diagnostic, prognostic, and
therapeutic strategies. We suggest that such an
integrative method, which accounts for both the tumor’s
genetic architecture and hereditary risk factors, will
facilitate more accurate selection of targeted therapies,
improve the prediction of treatment response, and enable
more effective patient stratification for preventive
measures and genetic counseling. This, in turn, may
significantly enhance the clinical effectiveness of
personalized management in breast cancer. Accordingly,
this review consolidates current data on the molecular-
genetic characteristics of breast cancer, with particular
emphasis on the clinical implications of germline versus
somatic mutations, aiming to support evidence-based

decision-making in the era of precision medicine.

context of the differences between germline and somatic
mutations and their role in personalized medicine. The
sources of information were the

main leading

international scientific databases: PubMed, Scopus and
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Web of Science, Google Scholar (Fig. 1). The search
strategy included the use of the following keywords and
their "BRCA1/2",

mutations”,

combinations: "breast cancer",

"germline mutations", "somatic "next
generation sequencing" (NGS), "precision medicine".
Filters were applied to select peer-reviewed publications
in English. At the initial stage of the analysis, 327
publications were identified that met the search criteria.
After

methodological quality, taking into account the relevance

assessment of abstracts, study design and
and clinical significance of the presented data, 36 articles
that fully met the goals and objectives of this review were
included in the final analysis. The selected publications
were classified according to the following areas: genetic

aspects of breast cancer: the contribution of hereditary

and acquired mutations, the role of germline and somatic

mutations in breast cancer carcinogenesis: from
hereditary predisposition to molecular heterogeneity,
the significance of next-generation sequencing (NGS)
technologies: in diagnostics, prognosis and choice of
therapy; clinical relevance of the integration of germline
and somatic profiling in the framework of personalized
medicine and genetic counseling. The analysis was
carried out taking into account the latest
recommendations of NCCN, ESMO, ASCO and other
specialized communities. This approach allowed us to
conduct a comprehensive review of current knowledge,
identify current areas of scientific research and highlight
the importance of comprehensive molecular genetic

analysis in breast cancer in the era of precision medicine.

Records identified through
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Additional records identified
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Figure 1 - Flow diagram

3. Results

The genetic nature of breast cancer: the role of
germline and somatic mutations
Cancer is fundamentally a genetic disease,

arising from alterations in genes that regulate cell growth

and proliferation. These genetic aberrations may be
inherited from parents (germline mutations) or may
occur spontaneously during an individual’s lifetime as a

result of environmental and endogenous factors. Over
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several decades, basic research has elucidated the
mechanisms of cellular transformation and identified key
driver mutations responsible for uncontrolled -cell
division and tumorigenesis (3).

In contemporary oncology, molecular-genetic
profiling has become an integral component of

comprehensive cancer diagnostics and therapy.
Advances in molecular biology and cancer genetics have
significantly expanded our ability to identify molecular
biomarkers with substantial predictive and prognostic
value. Genetic aberrations, particularly mutations, play a
central role in oncogenesis. These mutations disrupt
cellular

proliferation, resistance to apoptosis, and metastatic

normal functions, promoting unregulated
potential (4). However, the identification of such
mutations also offers a unique opportunity to distinguish
malignant cells from normal tissues, which is critical for
both diagnosis and the development of targeted
therapeutic strategies. A profound understanding of the
molecular and genetic mechanisms underlying
malignancies, especially in the context of breast cancer
(BC), forms the foundation for personalized molecular-
targeted treatment approaches (5).

Genetic alterations associated with cancer can be
transmitted through the germline and are responsible for
approximately 5-10% of all breast cancer cases,
significantly increasing the risk of malignancy. In breast
cancer specifically, germline mutations, particularly in
BRCA1/2 genes, play a pivotal role in the development of
hereditary forms of the disease. In contrast, the majority
of cases (90-95%) are considered sporadic, arising de
novo and lacking familial inheritance patterns (6).
Extensive studies of proto-oncogenes and tumor
suppressor genes, as well as point mutations, have
contributed significantly to our understanding of cancer
pathogenesis. Proto-oncogenes, which normally regulate
cell growth and differentiation, can become oncogenic
through mutation or overexpression, resulting in loss of
cell cycle control and malignant transformation.

Conversely, tumor suppressor genes, which are
responsible for cell cycle regulation and apoptosis,
contribute to tumor development when inactivated or
dysfunctional (7). The response of breast cancer patients

to anti-cancer therapies is known to vary widely. This

heterogeneity is driven by individual differences in the
molecular pathogenesis of tumors, shaped by a diverse
spectrum of driver gene mutations that initiate and
sustain carcinogenesis. Studies of the molecular
characteristics of breast tumors have revealed significant
genetic heterogeneity and clonal evolution during
disease progression. Elucidating the molecular profiles of
tumor cells, particularly those associated with specific
mutations, opens new avenues for improving therapeutic
outcomes and survival (8).

Genetic testing can be applied in patients with a
confirmed diagnosis of breast cancer to guide the
selection of individualized targeted therapies.
Furthermore, in patients under the age of 50 diagnosed
with breast cancer, the identification of hereditary cancer
syndromes can significantly influence both treatment and
preventive strategies (9). Among unaffected individuals
with a family history of cancer, the detection of germline
predispositions  allows  for timely  preventive
interventions and early cancer detection. The variability
in treatment response among patients is explained by
molecular heterogeneity and the presence of diverse
driver mutations, and their identification enables not
only the discrimination of malignant from normal cells
but also the rational application of precision-targeted
therapies. Moreover, detecting either germline or somatic
mutations facilitates the selection of specific targeted
agents that directly interfere with aberrant signaling
pathways driving tumor growth (10).

Therefore, given the molecular heterogeneity of
breast cancer, modern approaches no longer prioritize
either germline or somatic mutations inisolation. Instead,
emphasis is placed on comprehensive molecular-genetic
profiling. An integrative analysis of both mutation types
- often utilizing next-generation sequencing (NGS) -
provides the most complete representation of the tumor’s
genetic landscape and hereditary risk factors. This
enables oncologists to make well-informed decisions that
enhance diagnostic accuracy, optimize treatment
strategies, and improve clinical outcomes for patients

with breast cancer.
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The role of germline mutations in the
development of hereditary breast cancer

Hereditary cancer comprises a heterogeneous
group of malignancies driven by germline mutations in
one or more genes, inherited from a parent and present
in all somatic cells of the body. These mutations typically
affect genes critical for maintaining genomic stability,
regulating the cell cycle, mediating DNA repair, or
suppressing tumor development. In contrast to sporadic
cancers, where mutations are acquired somatically
during an individual’s lifetime, germline mutations are
inherited and often follow an autosomal dominant
pattern, resulting in a 50% probability of transmission of
the mutant allele to offspring. Although the presence of
germline mutations significantly increases the risk of
cancer development, it does not in itself guarantee tumor
formation. This is explained by the concept of incomplete
penetrance, which postulates that disease manifestation
requires additional somatic mutations - the so-called
“second hits” that impair the function of the
remaining wild-type allele or affect other tumor
suppressor genes (11).

The most well-known and extensively studied
genes implicated in hereditary breast cancer are BRCA1
and BRCA2. Both are inherited in an autosomal dominant
manner and play a key role in the homologous
recombination repair of DNA double-strand breaks.
Mutations in these genes disrupt the synthesis of
functional proteins, leading to impaired DNA repair and
accumulation of genetic damage that promotes
malignant transformation (12). Carriers of BRCA1/2
mutations face a markedly increased lifetime risk of
developing breast cancer. Moreover, BRCA-associated
tumors are frequently characterized by a triple-negative
molecular phenotype - lacking expression of estrogen
receptors (ER), progesterone receptors (PR), and
HER2?/neu - which is associated with a more aggressive
clinical course and limited options for targeted therapy.
It has also been shown that mutation carriers tend to
develop cancer at a younger age, which underlines the
need for proactive clinical surveillance. Asymptomatic
individuals with BRCA1/2 mutations should undergo

regular monitoring and be considered for inclusion in

personalized prevention and early detection programs
(13).

Commonly variants
include BRCA1 (185del AG, 5382insC) and BRCA2 (617delT,

997del5) mutations, which result in loss of gene function

identified pathogenic

through frameshift-induced protein truncationrenos (14).
Beyond BRCAI/2, several other genes have been
implicated in hereditary breast cancer, including MLH1,
MSH?2, TP53, CHEK2, PALB2, PTEN, NBN, ATM, BRIP1,
RAD50, BLM, and FGFR2, all of which are involved in cell
cycle control, apoptosis, and DNA repair. This highlights
the genetic heterogeneity underlying hereditary breast
cancer syndromes. (15).

Accurate identification of germline mutations,
along with assessment of their functional significance
and population prevalence, is of critical importance for
risk stratification, prognostic evaluation, and the
selection of clinical management strategies. Given the
high degree of molecular and clinical heterogeneity, the
interpretation of mutational profiles necessitates an
integrated approach involving molecular-genetic testing,
genetic counseling, and personalized strategies for
surveillance and therapy.

Somatic mutations and their role in
carcinogenesis: molecular heterogeneity

Somatic mutations arise in post-zygotic somatic
cells and, unlike germline mutations, are not heritable.
These genetic alterations are confined to the affected cells
and their clonal descendants, creating a genetic
mosaicism within the organism. Although some somatic
mutations are a consequence of physiological aging, their
accumulation plays a critical role in the molecular
pathogenesis of numerous diseases, particularly
malignant neoplasms (16) .

It is now well established that somatic mutations
constitute the genetic basis of the vast majority of
sporadic cancers, which account for approximately 90%
of all oncological cases. These mutations accumulate over
a person’s lifetime. While many are functionally neutral,
a subset can disrupt critical cellular processes such as
proliferation, apoptosis, and replication, thereby
initiating oncogenesis. The principal molecular targets of
somatic mutations in carcinogenesis are proto-oncogenes

and tumor suppressor genes. When mutated, proto-
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oncogenes can convert into oncogenes, acquiring the
capacity to promote uncontrolled cell growth, invasion,
and metastasis. One of the most studied oncogenes in
breast cancer is HER2/neu (ERBB2), a member of the
epidermal growth factor receptor family. Its
overexpression is associated with a poor prognosis and
aggressive clinical behavior. Among the most frequently
mutated genes in breast cancer, significant alterations are
found in TP53, PIK3CA, AKT1, GATA3, CDH1, MAP3K1,
PTEN, ERBB2 (HER2), and RB1 (17).

TP53 mutations are predominantly found in
triple-negative breast cancers (TNBC) and are linked to a
high level of genomic instability and malignant potential
(18). In contrast, PIK3CA mutations are more common in
hormone receptor-positive tumors (ER+/HER2-) and are
generally associated with a favorable prognosis (19).
CDH1 mutations result in the loss of E-cadherin function,
impairing cell-cell adhesion and promoting invasive
growth, particularly in lobular carcinoma. ERBB2 (HER2)
amplification serves as a key biomarker for selecting
patients for anti-HER2 targeted therapies, including
trastuzumab, pertuzumab, and T-DM1. AKT1 mutations,
such as E17K, activate the PI3K/AKT signaling pathway,
conferring resistance to anti-estrogen therapy (20).
Mutations in MAP3K1 and GATA3 frequently occur in
luminal A/B subtypes and are generally associated with
hormone receptor-positive phenotypes. Furthermore,
ESR1 mutations are most commonly observed in patients
with metastatic or recurrent breast cancer who have
previously received hormone therapy, particularly
aromatase inhibitors. These mutations are rare in primary
tumors, highlighting their acquired nature and possible
selection under therapeutic pressure (21).

The immunogenic aspects of the somatic
mutational profile also warrant attention - particularly
PD-L1 (programmed death-ligand 1) expression, which
can be upregulated as a result of various somatic
rearrangements and mutations (22). PD-L1 expression is
notably enriched in triple-negative breast cancers (TNBC),
particularly those harboring TP53 mutations, a high
tumor mutational burden (TMB), and tumor-infiltrating
lymphocytes (TILs) (23). Such tumors may be responsive
to immune checkpoint inhibitors targeting PD-1/PD-L1,
atezolizumab

such as and pembrolizumab (24).

Additionally, rare but clinically significant mutations in
MSH6, MLH1, and POLE, associated with microsatellite
instability (MSI) and a hypermutated phenotype, are also
reported to confer enhanced immunotherapy sensitivity
(25).

The detection and molecular characterization of
somatic mutations are of paramount importance in
modern oncology, particularly in breast cancer. These
mutations are the driving force behind the majority of
sporadic tumors and contribute to the genetic
heterogeneity that underlies differences in tumor
behavior, aggressiveness, and therapeutic response.
Precise identification of somatic alterations - including
driver mutations, gene amplifications, translocations,
and immune-related markers such as PD-L1 - enables
patient stratification, disease prognostication, and the
selection of individualized targeted and
immunotherapies. As molecular diagnostic technologies
rapidly evolve, the role of somatic mutation profiling
continues to expand, becoming an indispensable element
in the implementation of precision oncology.

Next-generation sequencing (NGS) in
personalized breast cancer diagnostics

Contemporary molecular oncogenetics possesses
a broad arsenal of highly sensitive and specific methods
for detecting genetic alterations that play a pivotal role in
oncogenesis. These methods enable the effective
identification of both somatic mutations - occurring
directly within tumor cells and serving as key drivers of
malignant transformation - and germline mutations
inherited from parents, which determine constitutional
cancer predisposition (26). In routine clinical practice,
somatic mutation analysis commonly relies on tumor
tissue samples, most frequently formalin-fixed
paraffin-embedded blocks obtained via biopsy or
surgical resection. DNA extraction from these preserved
samples permits subsequent sequencing or other
molecular testing. In contrast, germline mutation
detection is standardized through DNA analysis
extracted from peripheral blood, since these mutations
are present in all nucleated cells of the body. The
application of advanced methods such as NGS enables
comprehensive and high-throughput genomic profiling,

allowing simultaneous analysis of numerous genes and
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the detection of a wide mutation spectrum - an essential
requirement for personalized oncology (27).

This technology, regarded as the “gold standard”
in molecular diagnostics of malignancies, permits
detailed examination of nucleotide sequences in both
DNA and RNA, providing integrative predictive,
prognostic, and diagnostic information necessary for
Unlike

conventional molecular methods, NGS facilitates parallel

personalized  patient management (28).
sequencing of thousands of fragments, significantly
accelerating genome decoding and enabling the detection
of rare or low-frequency mutations.

At the international level, leading clinical
guidelines - including those from NCCN, ESMO, and
ASCO - now incorporate NGS into diagnostic and
therapeutic algorithms for various cancers, including
breast cancer (29). NGS is particularly valuable when
triaging patients for targeted therapy. Large-scale studies
have shown that NGS usage is associated with improved
clinical outcomes: patients who underwent sequencing
and received tumor profile - guided treatment
demonstrated higher progression-free survival (PFS) and
overall survival (OS) compared to those who did not
receive  molecular  stratification. Hampumep, B
nccaeaosannm Kato et al. (2020) rtaprermposanHOe
AeyeHNe, OCHOBaHHOe Ha pesyabTarax For example, in the
study by Kato et al. (2020), targeted therapy based on
NGS results and evaluated by a multidisciplinary tumor
board resulted in statistically significant improvements
in both PFS (HR = 0.63; 95% CI: 0.50-0.80; P < 0.001) and
OS (HR = 0.67; 95% CI: 0.50-0.90; P = 0.007) (30).

Additionally, the size of the sequencing panel
influences diagnostic yield. In the study by Kopetz et al.
(2019), the use of an expanded NGS panel identified at
least one previously undetected activating oncogene
mutation in 41% of patients, of whom 19% received
personalized therapy - associated with a significant
improvement in overall survival (P = 0.017) (31).
Similarly, the systematic review by Gibbs et al. (2023)
demonstrated that in the majority of included
publications, the application of NGS and targeted
treatments led to improved clinical outcomes across

various tumor types, including breast cancer (32).

Thus, whole-genome sequencing utilizing NGS
technologies has become an indispensable component of
modern oncogenetic diagnostics. It enables the detection
of a broad spectrum of clinically relevant mutations and
the assessment of immune target expression. Given the
genetic heterogeneity of tumors - particularly in breast
cancer - implementing NGS facilitates more accurate
patient stratification, therapy response prediction, and
treatment optimization. The integration of this
technology into routine clinical practice significantly
enhances the capabilities of personalized medicine and
improves overall oncological treatment effectiveness.

Clinical significance of germline and somatic
mutations in breast cancer

The identification of germline and somatic
mutations in breast cancer holds substantial clinical
importance and should be conducted in alignment with
therapeutic goals, disease stage, and a personalized
approach. In many cases, the detection of germline
mutations - such as BRCAI and BRCA?2 - is essential at the
time of initial diagnosis to assess hereditary cancer risk
and to inform prophylactic or targeted interventions.
However, as the disease progresses or therapy resistance
develops, the clinical priority shifts toward re-evaluating
the tumor’s molecular profile to detect both BRCA1/2 and
newly acquired somatic mutations, which reflect
subclonal evolution and guide subsequent therapeutic
decisions (33).

The crucial role of early germline BRCAI1/2
mutation testing is underpinned by a combination of
factors suggestive of hereditary predisposition. These
include early-onset breast cancer, which significantly
increases the likelihood of harboring pathogenic variants
in predisposition genes (34). Special attention is given to
patients with triple-negative breast cancer (TNBC)
diagnosed at a young age, as this subtype is statistically
more frequently associated with germline BRCAI
mutations. A strong family history, including breast,
ovarian, pancreatic, or prostate cancer in first-degree
relatives, serves as a strong indicator for preventive
genetic screening (35). Beyond individual clinical
features, demographic and ethnic characteristics also
play a critical role in determining the appropriateness of

BRCA1/2 genetic testing. Due to the heterogeneity of
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tumor biology and population-specific genetic variations,
extended genetic screening is warranted in many
countries - even in the absence of early-onset disease or a
clear family history. The identification of BRCA1/2
mutation carriers not only allows for precise risk
stratification of the index patient but also provides
essential information for at-risk relatives, supporting
cascade testing and the implementation of individualized
surveillance and prophylactic strategies, including risk-
reducing mastectomy and salpingo-oophorectomy (36).
In the context of metastatic disease and
therapeutic resistance, the assessment of somatic
mutations becomes paramount, complementing data on
germline predisposition. Unlike inherited alterations,
somatic mutations arise de novo in tumor cells during
carcinogenesis and clonal evolution. These mutations are
not heritable and reflect the specific molecular profile of
a tumor at a given point in its progression. Modern
approaches to the treatment of metastatic breast cancer
increasingly rely on the principles of precision oncology,
whereby therapeutic selection is contingent upon the
identification of actionable driver mutations that dictate
drug sensitivity or resistance. Comprehensive genomic
profiling methods, such as next-generation sequencing
(NGS), enable the detection of a wide range of clinically
relevant somatic alterations in genes beyond BRCA -
including PIK3CA, ESR1, ERBB2, TP53, and others - thus

providing a foundation for treatment personalization (37).

As the disease advances or resistance emerges,
dynamic monitoring of somatic mutations becomes an

indispensable clinical tool. Under therapeutic pressure,

4. Discussion

The conducted literature analysis emphasized
the important role of both germline and somatic
mutations in the pathogenesis and clinical course of
breast cancer. Particular attention is paid to mutations in
the BRCAI1 and BRCA2 genes, inherited

pathogenic variants are associated with a high risk of

whose

breast cancer development and have a significant impact
on the choice of therapy. Impaired mechanisms of DNA

repair by homologous recombination caused by defects

tumors may acquire new mutations or exhibit clonal
selection of pre-existing resistant subpopulations. In such
scenarios, re-biopsy of tumor tissue - or increasingly,
liquid biopsy via analysis of circulating tumor DNA
(ctDNA) in plasma - enables real-time monitoring of
molecular evolution. For example, ESR1 mutations serve
as biomarkers of resistance to endocrine therapy and may
indicate the need for CDK4/6 inhibitors or alternative
treatments. Similarly, somatic mutations in DNA repair
BRCA1/2 or others
homologous recombination, may confer sensitivity to

PARP inhibitors - even in the absence of inherited

genes, such as involved in

mutations - when acquired de novo in the tumor (38).

In summary, the comprehensive assessment of
both germline and somatic mutations constitutes a
cornerstone of modern oncology. Germline mutations
inform hereditary risk assessment, guide familial testing
strategies, and influence systemic treatment choices,
including the use of PARP inhibitors in adjuvant and
metastatic settings. Somatic mutations, by contrast, are
critical for adapting treatment to the evolving molecular
landscape of the tumor, particularly in the metastatic
setting, where the timely identification of resistance
mechanisms enables switching to more effective targeted
therapies. The synthesis of data derived from both
germline and somatic analyses facilitates the design of
individualized treatment regimens tailored to the unique
biological characteristics of each patient’s tumor,
ultimately improving therapeutic efficacy and clinical

outcomes.

in these genes determines high sensitivity of tumors to
PARP inhibitors and other agents inducing DNA damage.
On the other hand, somatic mutations that occur
sporadically during life significantly contribute to the
molecular heterogeneity of breast cancer. In particular,
variations in the TP53, PIK3CA, AKT1, ESR1 and GATA3
genes are associated with tumor aggressiveness,
resistance to therapy and variability of the clinical course.

These mutations can serve as both prognostic and
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predictive biomarkers, especially when choosing
targeted or hormonal drugs. The heterogeneity of
somatic mutations necessitates molecular profiling of
each tumor to justify the therapeutic strategy.

An integrated approach combining the analysis
of germline and somatic changes using next-generation
sequencing technologies has demonstrated high
efficiency in the diagnosis and treatment of breast cancer.
Integration of data on the patient's genetic background
and tumor characteristics allows for more accurate risk
stratification, determination of sensitivity to treatment,
and prediction of outcomes. This is especially valuable
for patients with a family history or "BRCAness"
phenotype, in which tumors exhibit sensitivity to the
same drugs as in BRCA-associated breast cancer, despite
the absence of germline mutations.

At the same time, significant gaps in current
knowledge have been identified. The interactions
between different somatic mutations and their impact on

clinical resistance, as well as the relationship between

5. Conclusion

This review summarizes current knowledge on
the molecular pathology of breast cancer, with a
particular focus on germline and somatic mutations and
an emphasis on the clinical relevance of BRCAI1 and
BRCA2. Advances in molecular diagnostics have enabled
the identification of oncogenic mutations not only in
patients with breast cancer but also in healthy individuals,
which is critically important for the personalization of
diagnosis, treatment, and prevention strategies. The
detection of BRCA mutations significantly enhances
clinical disease management by informing the
development of targeted therapeutic approaches and
supporting genetic counseling and surveillance
programs for mutation carriers. A clear distinction
between germline mutations, which confer inherited
predisposition, and somatic mutations, which act as
drivers of sporadic tumor development, is of
fundamental importance for understanding pathogenesis
and selecting the appropriate clinical management

strategy. Contemporary high-throughput sequencing

germline mutations in less studied genes (PALB2, CHEK?2,
ATM) and the molecular phenotype of the tumor, are
insufficiently studied. The number of studies analyzing
the combined effect of germline and somatic mutations
on the choice of therapy, especially in the context of using
combination treatment regimens, is limited. Approaches
to interpreting variants of uncertain clinical significance
are poorly developed, which complicates decision-
making in clinical practice. The lack of uniform protocols
for integrating NGS results into breast cancer treatment
also remains an obstacle to the widespread
implementation of precision medicine. Thus, the need for
further research aimed at studying the interactions
between different types of mutations and their clinical
This will

improve genetic testing strategies, increase the accuracy

significance remains extremely relevant.

of prognosis and move towards truly personalized

treatment of breast cancer.

technologies facilitate comprehensive analysis of both
mutation types, forming the basis of personalized cancer
care. An individualized approach to the assessment of
both germline and somatic mutations is particularly
valuable. In the presence of factors suggestive of
hereditary cancer, comprehensive genetic testing -
encompassing both inherited and acquired alterations - is
advisable. Such an approach offers a more complete
understanding of tumor biology and enables the
optimization of therapeutic strategies tailored to the
specific molecular features of each patient’s disease.
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Tyiinaeme

Cyr Gesi karepai iciri Oykia aaemge oiteagep apacklHAa eH TapadfaH >KeHe 94eyMeTTiK MaHBI3Abl KarepAai
icikrepain Gipi 60451 Kaaa Gepei. MoaeKyAspABIK O10AOTMSI MEH OHKOTEHeTMKaJaFrbl JKeTicTikTep cyT 0e3i OOBIpBIH
AUarHoCTMKaJlayfa, Oo/XKayFa >KoHe eMAeyre JAereH Ke3KapacTapawl TyOereiiai esreprtri, AepOecTeHaipiaren
MeAnIIMHaFa KeOipek keHia O6eaeai. bya mroay cyT 6esi KaTepAi iciriHiH MOAeKyASpABIK-TeHEeTUKaABIK, AaHAIIapTHIH
3epTTeiii, TepMIHaAbA]L JKoHe COMaTMKaAbIK MyTallisAap apachlHAAFbI allblpMalllbLAbIKTapFa, OAapAbIH KAMHMKAABIK
MaHBI3ABIABIFbIHA JKoHe JKeKe TepalusAAbIK CTpaTermsiaapApl OacKkapyJarbl pediHe Hazap ayAapadbl. OaebumerTtepai
104y HaTHKeAepi repMuHaabAi MyTanusiaapsl, acipece BRCA1 sxane BRCA2 - cyT Gesi OOBIPBIHEIH TYKbIM KyaAaliThIH
OerrimaiairiMen THIFBI3 OailAaHBICTEI €KeHIH KopceTTi, Oya Toyekeaai Garasayra 4a, aaAbIH ady CTparerusiapbiHa Aa
acep eteai. Kepicinimre, comarnkaaslk MyTanusiaap, coHn iminae TP53, PIK3CA >xene ESR1 esrepicrepi icikrig
epekiIleliringe, emMaeyre Te3iMAidiKTe >KoHe aypyAblH OpIlyiHAe MaHBI3AbI pea aTkapaabl. COHbBIMEH KaTap, TOABIK
TeHOMABI CeKBeHIpAey apKblAbl aHbIKTaAFaH TepMIMHaAbAi >KoHe COMaTMKaAbIK MyTalus AepeKTepiH KaMTUThIH
VHTEIpaTuBTi MOJAeKyJAalblK, Ipoduabaey JAepOecTeHAIpiAreH Tepanmusaja KAMHMKAABIK INENHM KaOblagay YINiH
Aalipek Herizai kamTamachld ereai. 3eprreyaep Oipikripiaren npoduapai emgeayirizep PARP TexerimrepiH,
SHAOKPMHAIK TepalysHbl JKoHe MMMYHABIK Oakblaay HYKTeci MHIMOUTOpAapbIH KOCa, J24ipeK TepaleBTiK MaKcaTThl
TaralibIHAayAaH Ialida KepeTiHiH kepceTTi. [epMuHaabAl koHe coMaTUKaABIK TaldayAapAbIH MHTETPanyACH CyT Oesi
Karep4i iciriMeH ayblpaThlH HayKacTapJa TepalleBTiK HaTyoKelep MeH 0o4KaMabl >KaKcapTaThlH HaKTbLAaHFaH
MeANIIMHAHBI XKy 3ere achlpyJaFbl MaHbI3AbI KazaM OOABII TaOblAaAbL.

Tyitin cesgep: cyt Gesi karepai iciri, BRCA1/2, repmmHaspAi coMaTMKaABIK MyTarus, TOABIK T€HOMABI

CeKBeHMpAeY, HaKTblLAaHFaH MeAMIIMHA.
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>KeZe3pl, NP ®TOM Bce OOAblllee BHMMaHNE yJeAseTcs IePCOHAAM3MPOBAHHON MeAmiinHe. B ganHOM 0030pe
paccMaTpuBaeTcs MOAEKY ASPHO-TeHeTHYeCKUi AaHAIadT paka MOAOYHON JKeAe3hl C aKIIeHTOM Ha Pa3Anyls MeXAay
repMIHaABHBIMHU Y COMaTUYECKMMI MyTalIsIMU, X KAVMHIYeCKOe 3HadeHMe 1 pOAb B OIpeJeAeHNI MHAVUBUAYaAbHBIX
TepareBTHMYeCcKMX CTpaTernii. Pesyasrarsr 0630pa AnMTeparTypsl IIOKa3aan, 9TO repMUHaAbHbIe MyTal[l, OCOOEHHO B
renax BRCA1 u BRCA2, TecHO cBsI3aHBI C HACA€ACTBEHHOI IIPeAPacIIOA0KEeHHOCTHIO K PaKy MOAOUHOI >KeAe3bl, BAVSS
KaK Ha OIIeHKY pMCKa, TaK M Ha InpoduaakTuieckme crparerun. Hamporms, comarmdeckme MyTanmy, BKAIOYas
usMmeHeHus B reHax TP53, PIK3CA u ESR1, urpaioT KAI04eByIO pOAb B IIOBEAEHUM OITyXOAM, Pe3UCTEHTHOCTH K A@4eHUIO
U mporpeccupopanuy 3aboaepanus. boaee Toro, mHTErpaTuBHOE MOAEKYASIPHOE MPOPUAMPOBaHNE C UCIIOAb30BAHVIEM
CEeKBeHMPOBaHIsI HOBOTO ITOKOAEHMS, BKAIOYalolee 4aHHbIe Kak O TepMUHAABHBIX, TaK ¥ O COMaTUYeCKUX MyTaIlusXx,
obecrieunBaeT 00Aee TOYHYIO OCHOBY AAS IMPUHATUS KAUMHUYECKUX PelleHNI IIpU MePCOHAAM3MPOBAHHON TepariniA.
Vccaeaopanns 1mokasaay, 9TO MalMeHTHl ¢ KOMOMHMPOBaHHBIM ITPO(UAMPOBaHMEM IOAYYalOT IIperMyIlecTsa OT
002ee TOYHOTO TepareBTYeCcKOro BO3AeCTBI, BKAIoUas MHIMONTOpbI PARP, 9HAOKPUHHYIO Teparmio ¥ MHIMOUTOPEI
MMMYHHBIX KOHTPOABHBIX TOYeK. VIHTerpamus repMmHaAbHOTO M COMAaTUMYECKOTO aHaAM3a IIpejcTaBAseT coOoit
KPUTUYECKM BasKHBI 1A Ha ITyTU K peaau3al iy Mpelu3MOoHHON MeAUIIMHDI, B KOHEYHOM UTOTe yAYy4dIllas pesyAbTaThl
Ae4yeHMs1 U IMPOTHO3 y MaLleHTOB C PaKOM MOAOYHOI JKeAe3bl.

KaioueBble caoBa: pak MoaounHoir >xeae3bl, BRCA1/2, repmMmHaAbHas coMaTMyecKasl MyTarus,

CEeKBEHINPOBaHI1€ HOBOI'O ITOKOAEHVISI, ITPpEeNM3MOHHasI MEeANIINHA.
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