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Abstract

Breast cancer, a complex and heterogeneous disease, is influenced by various genetic, hormonal, and
environmental factors. Among these, the interplay between estrogen signaling and the tumor suppressor gene
BRCA1 has garnered significant attention due to their individual roles in breast cancer etiology. Estrogen, a pivotal
hormone in mammary gland development and function, has been associated with increased breast cancer risk,
primarily through its mitogenic and pro-survival effects. On the other hand, BRCA1 plays a critical role in maintaining
genomic stability and facilitating DNA repair processes. Mutations in BRCA1 are strongly linked to hereditary
breast and ovarian cancers. Recent research suggests a multifaceted interaction between estrogen signaling and
BRCA1 function, particularly in the context of DNA damage and repair mechanisms. This review delves into the
intricate relationship between estrogen and BRCA1 deficiency, emphasizing their collaborative role in driving breast
cancer-associated DNA damage and mutagenesis. We explore the molecular mechanisms through which estrogen
can compromise BRCA1-mediated DNA repair, potentially leading to the accumulation of deleterious mutations.
Furthermore, we discuss the implications of this synergistic interplay for therapeutic strategies targeting hormone
receptor-positive breast cancers with BRCA1 mutations. Enhancing our understanding of how estrogen and BRCA1
deficiency coalesce to promote mutation-related DNA damage is crucial for developing more effective preventive and

treatment approaches for breast cancer.
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Introduction

Breast cancer remains a foremost global health concern,
accounting for a substantial proportion of cancer-related morbidity
and mortality among women. The etiology of breast cancer is
multifaceted, encompassing genetic predisposition, hormonal
imbalances, and environmental influences [1]. Among the multitude
of factors contributing to its pathogenesis, the intricate interplay
between estrogen signaling and the tumor suppressor gene BRCA1
has garnered considerable attention. Estrogen, a pivotal hormone in
mammary gland development and homeostasis, exerts diverse effects
on cellular proliferation, differentiation, and survival. Its significance
in breast cancer is underscored by the observation that hormone
receptor-positive (HR-positive) breast cancers, characterized by
estrogen receptor (ER) expression, constitute the most prevalent
subtype. Concurrently, BRCA1 has emerged as a central guardian of
genomic stability, orchestrating key mechanisms that repair DNA
damage and prevent the accumulation of mutations [2]. Loss-of-
function mutations in the BRCA1 gene confer a significantly elevated
risk of hereditary breast and ovarian cancers, highlighting its critical
role in tumor suppression. Recent research has unveiled intricate
crosstalk between estrogen signaling and BRCA1 function, particularly
in the context of DNA damage and repair mechanisms. While estrogen
promotes cellular proliferation and survival, BRCA1 counters these
effects by orchestrating DNA repair processes, thereby maintaining
genomic integrity [3]. This review aims to elucidate the synergistic
relationship between estrogen and BRCA1 deficiency in the context of
breast cancer-associated DNA damage and mutation. We delve into
the molecular mechanisms through which estrogen may compromise
BRCA1-mediated DNA repair, potentially fostering the accumulation
of deleterious genetic alterations. By dissecting this complex interplay,
we aim to provide a comprehensive understanding of how estrogen
and BRCALI deficiency collaborate to drive mutation-related DNA
damage in breast cancer. Such insights hold paramount importance for

refining therapeutic strategies, especially in HR-positive breast cancers
harboring BRCA1 mutations [4]. As we uncover the intricate dynamics
of these pathways, we pave the way for more effective preventive and
treatment modalities targeting this formidable disease.

Discussion

The intricate interplay between estrogen signaling and BRCA1
function presents a compelling avenue for understanding the
mechanisms underlying breast cancer mutation-related DNA
damage. The convergence of these two influential factors adds a
layer of complexity to the already intricate landscape of breast cancer
pathogenesis [5]. In this discussion, we delve into the multifaceted ways
in which estrogen and BRCA1 deficiency collaboratively contribute
to DNA damage accumulation, with implications for therapeutic
strategies.

Estrogen-mediated DNA damage: Estrogen’s role in promoting
cell proliferation and survival is well-documented, with the hormone
driving cell cycle progression and inhibiting apoptosis. However,
emerging evidence suggests that estrogen exposure might also
contribute to DNA damage [6]. Estrogen-induced oxidative stress and
genotoxic effects could lead to DNA lesions, straining the DNA repair
machinery. In cases where BRCA1 function is compromised, the timely
and accurate repair of these lesions could be hindered, allowing for the
accumulation of mutations.
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BRCA1 dysfunction and DNA repair impairment: BRCAI
plays a pivotal role in homologous recombination (HR)-mediated
DNA repair, a high-fidelity mechanism for repairing double-strand
breaks. Deficiency in BRCALI function leads to defective HR, forcing
cells to rely on error-prone alternative repair pathways, such as non-
homologous end joining [7]. This shift increases the likelihood of
mutations, contributing to genomic instability. The simultaneous
presence of estrogen, particularly in ER-positive breast cancers, further
challenges the already compromised DNA repair capacity of BRCA1-
deficient cells.

Crosstalk and synergism: Beyond their individual roles, estrogen
and BRCA1 appear to engage in crosstalk that influences DNA damage
and repair pathways. Estrogen signaling has been demonstrated
to modulate BRCA1 expression levels, potentially impacting the
availability of this critical DNA repair factor [8]. Moreover, estrogen
receptor alpha (ERa) has been found to directly interact with BRCAL,
suggesting a possible regulatory relationship that influences the DNA
damage response.

Therapeutic implications: The identification of this synergistic
interplay between estrogen and BRCAI1 deficiency has important
therapeutic implications, particularly for HR-positive breast cancers
harbouring BRCA1 mutations [9]. Targeted therapies that exploit the
vulnerabilities arising from this interaction could offer new avenues for
treatment. Strategies that inhibit estrogen signaling, combined with
agents that selectively target DNA repair pathways, could potentially
sensitize tumor cells to therapy while sparing normal tissue.

Personalized approaches: As we unveil the complexities of
estrogen-BRCAL1 interplay, the notion of personalized medicine gains
prominence. Patient stratification based on the status of estrogen
signaling, BRCA1 function, and DNA repair proficiency could guide
treatment decisions [10]. Identifying patients who might benefit from
a combined approach of endocrine therapy and DNA repair-targeted
agents holds promise for improving treatment outcomes.

Conclusion

In conclusion, the convergence of estrogen signaling and
BRCAL deficiency offers a compelling perspective on the molecular
underpinnings of breast cancer mutation-related DNA damage. The
intricate interplay between these factors contributes to the initiation
and progression of breast cancer, and the therapeutic strategies derived
from this understanding hold significant promise in improving patient
outcomes. As research in this field progresses, we are poised to uncover
novel insights that could revolutionize our approach to managing
breast cancer and potentially extend these findings to other hormone-
driven cancers. The intricate balance between estrogen’s pro-survival
and mitogenic effects and BRCA1’s role in maintaining genomic
stability creates a delicate equilibrium that, when disrupted, can lead
to mutation-related DNA damage and oncogenic transformation.
The collaborative action of these factors underscores the complexity

of breast cancer etiology, especially in hormone receptor-positive
breast cancers with BRCA1 mutations. The therapeutic implications
of understanding this interplay are profound. Targeted therapies that
exploit the vulnerabilities arising from estrogen-BRCA1 synergism
hold promise, offering a more personalized and effective approach
to treatment. The collaborative efforts of researchers, clinicians,
and policymakers to translate this knowledge into innovative
therapeutic strategies have the potential to revolutionize breast cancer
management, improving patient outcomes and advancing our broader
understanding of hormone-driven cancers.

Conflict of Interest

None

Acknowledgment
None

References

1. Melero |, Castanon E, Alvarez M, Champiat S, Marabelle A (2021) Intratumoural
administration and tumour tissue targeting of cancer immunotherapies. Nat
Rev Clin Oncol 18: 558-576.

2. Brunt AM, Haviland JS, Wheatley DA, Sydenham MA, Alhasso A, et al.
(2020) Hypofractionated breast radiotherapy for 1 week versus 3 weeks
(FAST-Forward): 5-year efficacy and late normal tissue effects results from a
multicentre, non-inferiority, randomised, phase 3 trial. Lancet 395: 1613-1626.

3. Mamounas EP, Bandos H, Lembersky BC, Jeong JH, Geyer Jr CE, et al. (2019)
Use of letrozole after aromatase inhibitor-based therapy in postmenopausal
breast cancer (NRG Oncology/NSABP B-42): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet Oncol 20: 88-99.

4. Coles CE, Aristei C, Bliss J, Boersma L, Brunt AM, et al. (2020) International
guidelines on radiation therapy for breast cancer during the COVID-19
pandemic. Clin Oncol (R Coll Radiol) 32: 279-281.

5. Sjostrom M, Chang SL, Fishbane N, Davicioni E, Zhao SG, et al. (2019)
Clinicogenomic radiotherapy classifier predicting the need for intensified
locoregional treatment after breast-conserving surgery for early-stage breast
cancer. J Clin Oncol 37: 3340.

6. Azria D, Riou O, Castan F, Nguyen TD, Peignaux K, et al. (2015) Radiation-
induced CD8 T-lymphocyte apoptosis as a predictor of breast fibrosis after
radiotherapy: results of the prospective multicenter french trial. EBioMedicine
2:1965-1973.

7. Kindts |, Laenen A, Depuydt T, Weltens C (2017) Tumour bed boost
radiotherapy for women after breast-conserving surgery. Cochrane Database
Syst Rev 11: CD011987.

8. Coles CE, Griffin CL, Kirby AM, Titley J, Agrawal RK, et al. (2017) Partial-breast
radiotherapy after breast conservation surgery for patients with early breast
cancer (UK IMPORT LOW trial): 5-year results from a multicentre, randomised,
controlled, phase 3, non-inferiority trial. Lancet 390: 1048-1060.

9. Giuliano AE, Ballman KV, McCall L, Beitsch PD, Brennan MB, et al. (2017)
Effect of axillary dissection vs no axillary dissection on 10-year overall survival
among women with invasive breast cancer and sentinel node metastasis: the
ACOSOG 20011 (Alliance) randomized clinical trial. JAMA 318: 918-926.

10. Koulis TA, Phan T, Olivotto IA (2015) Hypofractionated whole breast
radiotherapy: current perspectives. Breast Cancer (Dove Med Press) 7: 363-
370.

Breast Can Curr Res, an open access journal

Volume 8 « Issue 4 + 1000201


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8130796/pdf/41571_2021_Article_507.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8130796/pdf/41571_2021_Article_507.pdf
https://www.thelancet.com/action/showPdf?pii=S0140-6736%2820%2930932-6
https://www.thelancet.com/action/showPdf?pii=S0140-6736%2820%2930932-6
https://www.thelancet.com/action/showPdf?pii=S0140-6736%2820%2930932-6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6691732/pdf/nihms-1516007.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6691732/pdf/nihms-1516007.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6691732/pdf/nihms-1516007.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270774/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270774/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270774/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6901281/pdf/JCO.19.00761.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6901281/pdf/JCO.19.00761.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6901281/pdf/JCO.19.00761.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4703704/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4703704/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4703704/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6486034/pdf/CD011987.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6486034/pdf/CD011987.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5594247/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5594247/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5594247/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5594247/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5672806/pdf/nihms908718.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5672806/pdf/nihms908718.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5672806/pdf/nihms908718.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4629948/pdf/bctt-7-363.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4629948/pdf/bctt-7-363.pdf

	Title
	Corresponding author
	Abstract 

