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ABSTRACT

Breast invasive carcinoma has poor prognosis in women malignances due
to late diagnosis and lack of awareness. BRCA1 has a central role in growth
suppression, cell-cycle arrest, and apoptosis in adverse carcinogenic
situations. There is an inevitable need to re-analyze the regulatory behavior
of BRCA1 in multiple breast malignancy parameters for advancing
therapeutic regimen. Due to a huge bulk of molecular data regarding the
role of BRCAL in breast carcinoma, the current study designed rational in
silico pipeline from data generation to analysis. Firstly, the study used
GeneCards: The Human Gene Database of Gene Cards Suite for enrichment
analysis, cBioPortal for Cancer Genomic platform for regulatory analysis,
UALCAN database for expression analysis, REPAIRtoire database for
determining the involvement of BRCAL in repairing pathways, and finally
Cancer Cell Lines Encyclopedia and the Genomics of Drug Sensitivity in
Cancer projects (CCLE GDSC) toolkit for drug sensitivity analysis. The
study revealed BRCAT1’s insufficient expression with huge number of
mutations in Invasive Ductal Carcinoma (IDC), which leads towards non-
functional protein synthesis. BRCA1 majority of mutations are presented in
exon 8-11 that becomes unable to interact with RB1, RAD50, RADS51,
MREI11, NBS1 and PALBI damage sensing/repairing partners. BRCAI
promoter hyper methylation also reduces BRCA1 regulation, which is an
alarming factor that may damage repairing apparatus. BRCA1-repairing
pathways association also highlights its core significance in tumor
protective system. BRCA1 regulation also plays an ideal supportive role in
anti-cancer drug performance. On the basis of these in silico outcomes, in
future, there might be an urgent need to design rational strategies for the
activation of BRCA1 mutation reversal pathways, inhibition of methylation
pathways towards BRCAL1, construction of BRCA1-drug correlome map
for ideal prognosis, and identification of alternative options other than
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BRCAL.
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1.INTRODUCTION

The mass of unwanted highly proliferating cells in breast milk glands
with associated ducts and skin-bearing general symptoms, such as nipple
discharge, thickening, swelling, and redness is known as ‘breast
carcinoma’. There are two staging systems, that is, American Joint
Committee on Cancer (AJCC) and Surveillance, Epidemiology, and End
Results (SEER) categorized breast carcinoma into various stages. These
stages included existence of tumor cells in originated layer (in situ stage),
invasive nature of tumor cells into other breast tissues (local stage), invasive
dispersal of cancerous cells into nearby lymph nodes/tissues (regional
stage), and trafficking of carcinoma cells into other organs (distant stage).
Both staging systems address the prediction of disease outcomes
(prognosis) based on receptors, such as estrogen, progesterone, and human
epidermal growth factor receptor 2, as well as grading that reflects closeness
of tumor cells with normal cells. The women with in situ ductal carcinoma
(20%-53%) are more likely to develop breast invasive carcinoma which is
the most prevalent (81%) breast cancer-type diagnosis mainly at
premenopausal state. In breast invasive carcinoma, tumor cells shatter
ductal walls and quickly spreading into neighboring tissues to organs [1-8].

Breast Cancer Susceptibility Gene 1 (BRCAI) encodes tumor
suppressor protein for genome integrity and chromosome stability. The
BRCA1 mutations have above 75% involvement in worse prognosis triple
negative breast carcinoma that is a collection of somatic mutations [9].
BRCAT gains highly influential attention due to participation in apoptosis,
controlling cell cycle checkpoints, epigenetic remodeling of chromatin
material, transcriptional regulation, and repairing of DNA damage sites
[10—12]. BRCAL1 performance depends on TP53 mediated signaling under
genome aberration activities that trigger its export from cytoplasm to
nucleus [13]. In cytoplasm, BRCAL also has a key role in mitochondrial
functions, such as autophagy that is an essential process for the regulation
of nervous system, suppression of inflammatory pathways, and
maintenance of normal cell growth patterns. BRCA1 mutations halt cardio-
muscular activities by abnormal oxidative phosphorylation that leads to
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reduced ATP synthesis [14-21]. Here, BRCA1 needs comprehensive study
to investigate its part in breast invasive carcinoma progression based on
copy number variation, mutation, expression, drug resistance, and
association with repairing pathway members. The in-silico approach
determines BRCA1 mechanistic view for advancement of therapeutic
strategies in BRCA1 mediated breast malignancy. To address BRCAL1
mediated participation in breast cancer primary initiation to invasive
progression, the study selected TCGA project platform that offered a huge
number of cancer genomic datasets with large sample numbers. The
foremost objective was the exploration of therapeutic, diagnostic, and
prognostic BRCA1 dependent biomarkers for early detection and
prevention of tumorigenesis to carcinogenesis.

2.METHODOLOGY
2.1. BRCA1 Enrichment Analysis

The study performed BRCA1 gene enrichment analysis by GeneCards:
The Human Gene Database of GeneCardsSuite (www.genecards.org)
which is a user-friendly knowledgebase web resource for comprehensive
enquiry regarding human genes. Firstly, the study queried ‘BRCA1’ as a
human gene in search box and followed ‘GO’ option that displayed a variety
of characteristics about the respective gene including aliases, functions,
disorders, domains, pathways, orthologs, paralogs, localization, and several
other biomedical features. Additionally, the study selected BRCALI
participation in pathways to determine its role in tissue microenvironment.

2.2. BRCA1 Regulation Analysis

The study performed BRCA1 genomic regulation analysis through
cBioPortal for Cancer Genomic (www.cbioportal.org), which is an open
access resource for multiple cancer type’s genomic profiles. It has diverse
molecular data types including copy number variation, mutations,
methylations, phosphorylation, mRNA expression, and clinical data
regarding prognosis. ‘TCGA or ICGA’ option was selected from the main
page search box. Afterwards, the study chose ‘Breast Invasive Carcinoma
TCGA, PanCancer Atlas’ that further followed submitting of ‘BRCA1’ as
query gene in ‘search box’. Finally, the ‘submit’ option was followed that
displayed ‘OncoPrint tab’ alteration summary of BRCA1 gene in breast
cancer dataset. Moreover, ‘mutation tab’ was used to determine the
comprehensive mutational signatures in breast malignancy. The user-
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friendly cBioPortal provided a unique coloring pattern for different
molecular entities with various downloading options for export of
molecular data.

2.3. BRCA1 Expression Analysis

The study used UALCAN database (www.ualcan.uab.edu) which is a
human malignancies omics data analysis web resource. Initially, ‘TCGA
analysis’ tab was followed that displayed the main analysis page. This
consisted of listing human cancer omics datasets, search gene box, search
cancer dataset bar, and ‘explore’ option. The study queried BRCA1 gene in
search gene box, selected breast invasive carcinoma from dataset list, and
followed the explore option that displayed box-whisker plots of BRCAI
with diverse attributes. Furthermore, the study selected expression and
methylation profile of histologic subtypes that encompassed various breast
cancer types. UALCAN database uses Transcript per Million (TPM) ratio
and beta values for estimation of expression and methylation analysis. The
in silico approach used TCGA-Assembler for level 3 RNA-seq data
retrieval, which was processed into rsem.genes.results files of gene
expression values by RSEM algorithm. The PERL program extracts TPM
values for measurement of expression across diverse dataset samples. The
PERL module algorithm is used to calculate minimum, 1* quartile, median,
3" quartile, and maximum values. On the basis of clinicopathological
aspects, the Welch’s T-test is applied to estimate the significance of
expression level differences among normal and BRIC subgroup samples. In
cancer studies, relative expression levels among normal and tumor samples
are determined by calculating TPM values.

2.4. Determination of BRCA1 Involvement in DNA Damage Signaling

The study used the REPAIRtoire database
(www.repairtoire.genesilico.pl), which is an integrated resource of genome
damage events, sensing and repairing molecular entities. It comprises
molecular data of 3 model organisms, that is, Homo sapiens,
Saccharomyces cerevisiae, and Escherichia coli regarding cytotoxic
mutagenic elements for DNA damage, damage removal pathways, repairing
enzymes, and damage mediated diseases. Firstly, ‘Pathways’ option list was
selected at main page that displayed the above-mentioned 3 model
organisms. Afterwards, the study selected ‘Homo sapiens’ as specie with
‘DNA Damage Signaling or Checkpoint pathway (DDS)’. As a result, it
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displayed a comprehensive list of damage checkpoint sensors.
2.5. BRCA1 Drug Sensitivity Analysis

Automatic rational pipeline Cancer Cell Lines Encyclopedia and the
Genomics of Drug Sensitivity (CCLE GDSC) were used in the toolkit of
cancer projects that offered easy to use web-based interface. This helped
calculate and display genes expression effect on anticancer drug
performance from the already randomly published data. The CCLE GDSC
toolkit utilized spearman’s correlation coefficient algorithm for estimation
of gene expression impact on drug activity. The gene-drug association is
expressed in a coloring pattern in which red color shows (positive
correlation) and green color presents (negative correlation). Here, positive
correlation defines gene expression resistance towards drug activity and
negative correlation indicates supportive role in drug performance. The
CCLE GDSC gene expression-drug sensitivity correlations toolkit
integrates gene expression-drug effectiveness correlation data from cell
lines experiments based on EC50 and IC50 values for 265 drugs against
more than one thousand cancer cell lines. The toolkit calculated Spearman’s
rank correlation coefficients by using the R software and included only the
correlations with p < 0.05.

3.RESULTS
Table 1. BRCA1 Involvement in KEGG Pathways
S.NO Pathways
| Breast cancer
2 Fanconi anemia pathway
3 Homologous recombination
4 MicroRNAs in cancer
5 PI3K-AKT signaling pathway
6 ATEF-2 signaling pathway
7 ATM signaling pathway
8 BARDI signaling pathway
9 Cell cycle transition and termination of DNA replication

—
S

DNA double strand break response
3.1. BRCA1 Enrichment Analysis
BRCA1 occurred at chromosome 17q21.31 of 125,951 bases that

Department of Knowledge and Research Support Services ;@\‘
Ny

UMT— 27

Volume 6 Issue 1, Spring 2026



Multi-omics Investigation of BRCAL...

encodes 1863 amino acids of 207721 Da molecular mass. BRCA1 activates
various genes (CDKNI1B, ATM, RBBPB and RNASEL) and inactivates
(ESR1, AKT1, CTSD, FOXC2, HSPAS and TFF1). BRCAL is activated by
(PALB2, RAD50, UIMC1, ABRAXAS1, AKTI1, ASPM, ATM, ATR,
AURKA, BARDI, BRIP1, CDK1, CDK2 and CHECK) and inactivated by
(PPP1CA, CASP3, CDK4 and CTBP1). Here, BRCA1 showed influential
significance due to involvement in cell cycle regulatory pathways, damage
response and repairing pathways, growth arrest pathways, angiogenesis,
and breast malignancy pathways (Table 1).

3.2. BRCA1 Regulation Analysis

The study analyzed BRCA1 genomic regulation in breast invasive
carcinoma TCGA, PanCancer Atlas dataset of 996 samples, out of which
44 samples showed alteration in BRCA1 gene makeup. Here, 12 samples
(amplification), 12 samples (truncating mutation), 11 samples (missense
mutation with unknown significance), 5 samples (deep deletion), 2 samples
(missense mutation putative driver), and 2 samples showed in-frame
mutation putative driver. In this dataset, 32 samples showed BRCAI
deficiency in context of deletion and non-functional protein performance in
diverse scenarios. This included post-translational modifications, protein-
protein interaction, and transcriptional regulation (Figure 1).

great & |HINININIDN D onsnnsnnannisii

Genetic Alteration ¥ Inframe Mutation (unknown significance) W Missense Mutation (putative driver) ¥ Missense Mutation (unknown significance)

B Truncating Mutation (putative driver) I Amplification I Deep Delefion  * No alterations

Figure 1. BRCA1 Genomic Regulatory View in Breast Invasive Carcinoma
Dataset. Each Bar Represents Patient Sample with Relevant Coloring
Pattern of Copy Number, Alteration, or Mutation. Here, 12 Red Bars Show
Amplification of BRCA1 Copy Number Resulting in Overexpression of
Protein Synthesis, 5 Blue Bars Show Deep Deletions of BRCA1 Gene
Resulting into Abnormal mRNA Transcription, 12 Black Bars Show
Truncating Mutations Leading to Premature Termination Codon
Translation, 12 Dark/Light Green Bars Show Missense Mutations
Indicating Non-Functional Protein Product, and Finally 2 In-frame
Mutations also Result in BRCA1 Functionless Protein

BRCAT has 5 main regions, that is, zinc finger (24-64 AA), serine-rich
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domain associated with BRCT (344-507 AA), ethylene insensitive 3 (648-
978 AA), BRCT domain (1662-1723 AA), and BRCT domain (1662-1723
AA). In mutatome map, 27 mutations are showed in which breast invasive
ductal carcinoma has 23 mutations, breast invasive lobular carcinoma has 2
mutations, and breast invasive carcinoma mixed has 2 mutations. Here, 13
missense mutations are V83F, D1578H, G1788V, Q1811L, D1344H, E9Q,
S10271, D366N, D96H, E1419K, L1098I, D2E, and S915C. BRCAI1
mutatome map has 12 truncating mutations, that is, X1559 Splice,
X27 Splice, N1121Kfs12 (frameshift insertion), 3 frameshift deletions
(E23Sfs8, T688Vfs12, C903W1s97), Q934, Q1408, E720, E272, E1329,
and Q139 non-sense truncating mutation. There are 2 in-frame mutations as
well, that is, R1589 A1615del and C644del. The majority of mutations
occur from 600-1811aa in ethylene insensitive 3 to BRCT domain tail that
is highly involved in enzymatic activities (Figure 2).

L]
T
0 400

800 1200 1800 186322

# BRCAT1 Mutations

Figure 2. BRCA1 Mutatome Map in Breast Invasive Carcinoma Dataset
Represents Significant Regions in BRCA1 gene. The Green Box Shows
Zinc Finger from 24-64 AA, Red Box Shows Serine-Rich Domain
Associated with BRCT from 344-507 AA, Blue Box Shows Ethylene
Insensitive 3 from 648-978 AA, and 2 Yellow Boxes Show 2 BRCT
Domain Repeats from 1662-1723 AA/ 1662-1723 AA. Here, Round-headed
Lines Indicate Mutations, that is, Green-Circled Line Shows Missense
Mutation and Black-circled Line Shows Truncating Mutation.

3.3. BRCA1 Expression and Methylation Analysis

In the in silico findings, BRCA1 showed overexpression in breast
invasive carcinoma histological subtypes than normal tissue samples. The
BRCAT1 showed higher expression in IDC (25.11 TPM), Invasive Lobular
Carcinoma (ILC) (18.24 TPM), mixed (18.51 TPM), others (20.16 TPM),
mucinous (16.42 TPM), INOS (6.06 TPM), and medullary (15.20 TPM) as
compared with normal tissues (6.73 TPM). Here, BRCA1l showed
prominent upregulation in IDC, mucinous, and medullary type of carcinoma
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derived from breast ductal branches harboring units of breast metastasis.
BRCAL1 epigenetic promoter methylation status in histological subtypes and
normal tissue samples showed close affiliation towards hyper methylation.
BRCA1 showed hyper methylation in all normal to medullary type of
cancers. This reflects its significance for low level transcription. Here, 0
beta-values indicate unmethylated state, 1 beta-value fully methylated, 0.3-
0.2 beta-value hypo-methylation, and 0.7-0.5 beta-value hyper-methylation
(FigURE 3).

Expression of BRCA1 in BRCA based on Histologic subtypes
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Figure 3. BRCA1 Expression/Methylation Profile in Breast Invasive
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Carcinoma Dataset. Upper Plot Shows BRCA1 Expression Profile in Both
Normal Tissues (114 samples) and Breast Carcinoma Histological Subtypes
Including IDC (784 samples), ILC (203 samples), Mixed Types of Cancers
(29 samples), Other Types of Cancers than Ductal Carcinoma (45 Samples),
Mucinous Ductal Carcinoma (17 Samples), Metaplastic Ductal Carcinoma
(9 Samples), INOS Ductal Carcinoma (1 Sample), And Medullary Ductal
Type of Carcinoma (6 Samples). BRCA1 Expression Values are Defined
by TPM Values that are Calculated from Quartile Ranges Data Analysis.
Lower Plot Showed BRCA1 Promoter Methylation Profile in Both Normal
Tissues (97 Samples) and Breast Carcinoma Histological Subtypes
Including IDC (516 Samples), ILC (182 Samples), Mixed Types of Cancers
(26 Samples), Other Types of Cancers than Ductal Carcinoma (35
Samples), Mucinous Ductal Carcinoma (15 Samples), Metaplastic Ductal
Carcinoma (10 Samples), INOS Ductal Carcinoma (1 Sample), and
Medullary Ductal Type of Carcinoma (6 Samples). BRCA1 Methylation
Values are Estimated by Beta-values, that is, 0 (Unmethylated), 1 (Fully
Methylated), 0.3-0.2 (Hypomethylation), and 0.7-0.5 (Hypermethylation).

3.4. Determination of BRCAI1-repairing Pathway Association

A total of 34 members were obtained regarding DNA damage signaling
or checkpoint that played essential role in cell cycle arrest. Here, RAD9-
RADI-HUSI damage sensing complex with RADI17-RFC cascade
regulates ATM-ATR-CHKI1-CHK2 that further activates TP53-TP21-
CDC25. As a result, deactivation of CDK family occurs, which is a signal
of cell-cycle arrest. BRCA1 has key membership of damage checkpoint
complex that is responsible for genome integrity and stability (Table 2).

Table 2. BRCAI Involvement in DNA Damage Signaling Complex

ATM ATR ATRIP BLM BRCAI
CCNH CDK7 CDKNIA CHEKI CHEK2
COPS5 DCLREIA DCLREIB FANCA FANCC

GPSI HUSI MDCI1 MNATI MREIIA

NBN RADI RAD17 RADI8 RAD23A
RADS50 RAD9A RFCl1 RFC2 RFC3

RFC4 RFCS5 TOPBP1 TP53

3.5. BRCA1 Drug Sensitivity Analysis

In drug sensitivity analysis, BRCA1 expression showed an interesting
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relationship towards anti-cancer drugs. Here, BRCA1 has regulatory
association with 18 drugs and all functional correlations are negative,
indicating its supportive role in drug efficiency. BRCA1 positive regulation
enhances anti-cancer drug activity in breast cancer (Table 3).

Table 3. BRCA1 Drug Sensitivity Role in Breast Carcinoma

Drugs Targets Correlation
AG-014699 PARPI1 and PARP2 Negative
BMS-754807 IGFIR Negative
BX-912 PDK1 Negative
CAL-101 PIK3 Delta Negative
Debrafenib BRAF Negative
GDC0449 SMO Negative
GSK1070916 AURKB Negative
KINO001-236 TIE2 Negative
LFM-A13 BTK Negative
MLN4924 NEDD8-activity Negative
NPK76-11-72-1 PLK3 Negative
PF-562271 FAK Negative
Ruxolitinib JAK1, JAK2 and TYK2 Negative
Salubrinal GADD34 and PPIC Negative
SGCO946 DOTIL Negative
SNX-2112 HSP90 Negative
XMD14-99 EPHB3 and CAMK1 Negative
Obatoclax Mesylate = BCL2, BCL-XL and MCL-1 Negative

4. DISCUSSION

In various studies, BRCA1 is considered as a growth suppressor to
inhibit error prone proliferation by mainlining genome repairing
mechanism. BRCAT alterations caused structural aberrations in a variety of
proteins, leading towards over-growth of breast tissues. BRCA1-BRCA2
mutations carried 45-80% risk in developing breast cancer throughout the
lifespan of females [22, 23]. BRCA protein’s role in genome repairing
proposed anti-oncogene components that offered resistance towards
mutations. If BRCA1 gene carries deleterious mutations, then cellular
machinery is unable to repair genomic lesions which harbor oncogenic
mutations [24]. Above 30%, ovarian and breast malignancies cases carried
BRCA gene mutations, and more than 10% breast carcinomas had BRCA1
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deleterious mutations [25]. BRCA1 mutations varied in different ethnic
zones, such as Jewish population had BRCA1 dominant gene mutations in
breast cancer progression, while Italian population had lesser effect of
BRCA1 mutations [26]. BRCA1 mutations in women breast carcinoma
caused more than 80% elevated risk of ovarian and prostate carcinoma in
women and men, respectively [27]. Several genome caretaker genes
mutations including TP53, CHEK2, ATM, STK11, and CDH1 genes in
breast cancer indicated that BRCA1 mutations influenced the whole
genome repairing machinery [28]. BRCA1 gene mutations produced higher
lymphatic penetrance and aggressive mitotic process, leading towards an
invasive behavior of carcinoma [29].

In this study, BRCA1 showed 27 mutations in which majority of
mutations were missense mutations, followed by truncating mutations and
frameshift alterations. The BRCA1 deep deletions, in-frame mutations, and
splicing zone mutations encoded non-functional protein, which is unable to
perform tumor suppression activity [30]. BRCA1 has several non-sense
mutations which may lead towards truncated shortened protein product by
mRNA premature termination [31]. In mutatome map, BRCA1 alterations
indicated its abnormal protein synthesis via aberrant splicing and irregular
modifications in protein structure, leading to functional failure in
oncogenesis. BRCA1 showed key mutations (V83F, E9Q, D96H, D2E,
E23Sfs8, and X27 Splice) in RING domains from exon 2-7, which are
responsible for E3 ubiquitin activity mediated proteomic interactions. On
the other hand, few mutations were also observed in BRCT domains
(G1788V and QI1811L) from exon 16-24 which are very crucial for
phosphoprotein, including ATM-ATR kinases binding. BRCA1 mutations
in these domains clearly indicated its functionally de-active role in cell
death regulation. BRCA1 has important D366N missense mutation in exon
11 which is vital for tumor suppressor Retinoblastoma (RB) protein
interaction at ABC domain. BRCA1 exon 11 mutations caused inhibition of
BRCAT1-RB interaction that led towards cell cycle proliferation. Here, few
mutations and in-frame deletions (D366N, E720, T688Vfs12, and C644del)
in exon 11 prevent significant interactions with RAD50-MRE11-NBS1
genome repairing apparatus. These BRCA1 mutations deregulate both non-
homologous ends joining (NHEJ) and homologous recombination (HR)
repairing processes. The BRCAT1 exon 11 mutations (S10271, S915C, Q934
and C903Wf{1s97) inhibit essential association with RADS51 damage
repairing protein. There is single non-sense E272 mutation in exon 8-11,
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which is important for binding with c-MYC protein that promotes
transcription of above 15% of whole genome, especially oncogenes.
BRCATI has 2 mutations in exonl1-13 (E1419K and Q1408), which has
gained attention for PALB2 binding that played vital role in HR. Here,
serine cluster domain in exonl1-13 has 2 mutations (D1344H and E1329)
that halt BRCA1-ATM/ATR interaction, which are essential members of
DNA damage response mechanism.

In the current study, BRCA1 showed majority of mutations in ductal
invasive carcinoma which had above 95% cases in breast malignancy [32].
IDC is categorized into diverse types based on secretion location, type and
amount, tissue cell type, and architectural pattern of proliferation [33]. Here,
BRCAT1 high frequency mutations in IDC indicate its sensitive significance
in most prevalent and lethal forms of breast carcinoma. These findings
proposed BRCA1 as diagnostic biomarker in IDC for estimation of
functional efficacy of genome repairing pathways in worse prognosis
malignancies. Here, BRCA1 overexpression in breast invasive carcinoma
samples including IDC, ILC, and medullary type of carcinomas than normal
tissue samples showed its successful dependence on transcriptional
regulators. There is an urgent need to re-evaluate BRCA1 expression with
association of its regulatory unit as regulome. BRCAI1 upregulation in
breast carcinoma is insufficient to carry out required damage response
activities. Here, BRCAIl promoter hypermethylation also played a
significant role in BRCAI1 deregulation, leading towards reduced
expression. In this study, BRCA1 showed key membership of DNA damage
signaling or checkpoint complex, this indicated its functional correlation
with protection of housekeeping regulatory genome. BRCA1 regulation had
a supportive effect on anti-cancer drugs, proposing its powerful contribution
against oncogenes. This study highlighted the novel role of BRCALI in drug
efficacy to block oncogenic transcriptional regulation. Here, BRCA1 has 2
core functions, that is, tumor suppressor activity by damage repairing/cell
cycle arrest and increasing anti-oncogenic drug effect in breast carcinoma.

4.1. Conclusion

BRCATI biology played a significant role in breast cancer therapeutics
with the advent of omics era. Multiple research institutes conducted system
biology-based laboratory and in silico experiments that generated a huge
amount of molecular data regarding BRCA1 up/low-regulation in diverse
stress scenarios. The in silico approach used in this study revealed the
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regulatory behavior of BRCA1 towards a wide number of both normal and
cancerous tissue samples with drug sensitivity patterns. Here, BRCAL1
showed an influential relationship with the most prevalent invasive IDC in
either the context of mutations or expression as diagnostic biomarker.

Author Contributions

Zafar Abbas Shah: methodology, writing-original draft, formal analysis, validation. Shumaila
Noreen: writing-review & editing. Faisal Nouroz: project administration.

Conflict of Interest

The authors of the manuscript have no financial or non-financial conflict of interest in the subject
matter or materials discussed in this manuscript.

Data Availability Statement

Data supporting the findings of this study will be made available by the corresponding author upon
request.

Funding Details
No funding has been received for this research.
Generative Al Disclosure Statement

The authors did not use any type of generative artificial intelligence software for this research.

REFERENCES

1. Amin MB, Greene FL, Edge SB, et al. The eighth edition AJCC cancer
staging manual: continuing to build a bridge from a population-based to
a more personalized approach to cancer staging. CA Cancer J Clin.
2017;67(2):93-99. https://doi.org/10.3322/caac.21388

2. Weiss A, Chavez-MacGregor M, Lichtensztajn DY, et al. Validation
study of the American Joint Committee on Cancer eighth edition
prognostic stage compared with the anatomic stage in breast cancer.
JAMA Oncol. 2018;4(2):203-209. https://doi.org/10.1001/jamaoncol.
2017.4298

3. Erbas B, Provenzano E, Armes J, Gertig D. The natural history of ductal
carcinoma in situ of the breast: a review. Breast Cancer Res Treat.
2006;97(2):135-144. https://doi.org/10.1007/s10549-005-9101-z

4. Sanders ME, Schuyler PA, Simpson JF, Page DL, Dupont WD.
Continued observation of the natural history of low-grade ductal
carcinoma in situ reaffirms proclivity for local recurrence even after
more than 30 years of follow-up. Mod Pathol. 2015;28(5):662-669.
https://doi.org/10.1038/modpathol.2014.141

UMT— 35

Department of Knowledge and Research Support Services ;@\‘
Ny

Volume 6 Issue 1, Spring 2026


https://doi.org/10.3322/caac.21388
https://doi.org/10.1001/jamaoncol.%202017.4298
https://doi.org/10.1001/jamaoncol.%202017.4298
https://doi.org/10.1007/s10549-005-9101-z
https://doi.org/10.1038/modpathol.2014.141

Multi-omics Investigation of BRCAL...

5.

10.

1.

12.

13

14.

36—

Collins LC, Tamimi RM, Baer HJ, et al. Outcome of patients with ductal
carcinoma in situ untreated after diagnostic biopsy: results from the
Nurses' Health Study. Cancer. 2005;103(9):1778-1784.
https://doi.org/10.1002/cncr.20979

Punglia RS, Bifolck K, Golshan M, et al. Epidemiology, biology,
treatment, and prevention of ductal carcinoma in situ (DCIS). JNCI
Cancer Spectr. 2018;2(4):epky063. https://doi.org/10.1093/jncics

/pky063

Visser LL, Groen EJ, van Leeuwen FE, et al. Predictors of an invasive
breast cancer recurrence after DCIS: a systematic review and meta-
analyses. Cancer Epidemiol Biomarkers Prev. 2019;28(5):835-845.
https://doi.org/10.1158/1055-9965.EPI-18-0976

Cheang MCU, Martin M, Nielsen TO, et al. Defining breast cancer
intrinsic subtypes by quantitative receptor expression. Oncologist.
2015;20(5):474-482. https://doi.org/10.1634/theoncologist.2014-0372

Bayraktar S, Gutierrez-Barrera AM, Liu D, et al. Outcome of triple-
negative breast cancer in patients with or without deleterious BRCA
mutations. Breast Cancer Res Treat. 2011;130(1):145-153.
https://doi.org/10.1007/s10549-011-1711-z

Deng CX. BRCAI: cell cycle checkpoint, genetic instability, DNA
damage response and cancer evolution. Nucleic Acids Res.
2006;34(5):1416-1426. https://doi.org/10.1093/nar/gkl010

Dine J, Deng CX. Mouse models of BRCA1 and their application to
breast cancer research. Cancer Metastasis Rev. 2013;32(1-2):25-37.
https://doi.org/10.1007/s10555-012-9403-7

Rodriguez JA, Henderson BR. Identification of a functional nuclear
export sequence in BRCAL. J Biol Chem. 2000;275(49):38589-38596.
https://doi.org/10.1074/jbc.M003851200

.Jiang J, Yang ES, Jiang G, et al. p53-dependent BRCA 1 nuclear export

controls cellular susceptibility to DNA damage. Cancer Res.
2011;71(16):5546-5554. https://doi.org/10.1158/0008-5472.CAN-10-
3423

Pickles S, Vigi¢ P, Youle RJ. Mitophagy and quality control
mechanisms in  mitochondrial  maintenance. Curr  Biol.

Current Trends in OMICS
OMICS Volume 6 Issue 1, Spring 2026



https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://doi.org/10.1002/cncr.20979
https://doi.org/10.1093/jncics%20/pky063
https://doi.org/10.1093/jncics%20/pky063
https://doi.org/10.1158/1055-9965.EPI-18-0976
https://doi.org/10.1634/theoncologist.2014-0372
https://doi.org/10.1007/s10549-011-1711-z
https://doi.org/10.1093/nar/gkl010
https://doi.org/10.1007/s10555-012-9403-7
https://doi.org/10.1074/jbc.M003851200
https://doi.org/10.1158/0008-5472.CAN-10-3423
https://doi.org/10.1158/0008-5472.CAN-10-3423

Shah et al.

15.
16.
17.
18.
19.
20.

21.

22.

23.

24.

Department of Knowledge and Research Support Services ;@\(
Ny

2018;28(4):R170-R185. https://doi.org/10.1016/j.cub.2018.01.004

Archer SL. Mitochondrial dynamics—mitochondrial fission and fusion
in human diseases. N FEngl J Med. 2013;369(23):2236-2251.
https://doi.org/10.1056/NEJMral215233

Harper JW, Ordureau A, Heo JM. Building and decoding ubiquitin
chains for mitophagy. Nat Rev Mol Cell Biol. 2018;19(2):93-108.
https://doi.org/10.1038/nrm.2017.129

Zhou R, Yazdi AS, Menu P, Tschopp J. A role for mitochondria in
NLRP3 inflammasome activation. Nature. 2011;469(7329):221-225.
https://doi.org/10.1038/naturc09663

Vyas S, Zaganjor E, Haigis MC. Mitochondria and cancer. Cell.
2016;166(3):555-566. https://doi.org/10.1016/j.cell.2016.07.002

Singh KK, Shukla PC, Yanagawa B, et al. Regulating cardiac energy
metabolism and bioenergetics by targeting the DNA damage repair
protein BRCAI1. J Thorac Cardiovasc Surg. 2013;146(3):702-709.
https://doi.org/10.1016/].jtcvs.2012.12.046

Jackson KC, Gidlund EK, Norrbom J, et al. BRCA1 is a novel regulator
of metabolic function in skeletal muscle. J Lipid Res. 2014;55(4):668-
680. https://doi.org/10.1194/jlr.M043851

Jackson KC, Tarpey MD, Valencia AP, et al. Induced Cre-mediated
knockdown of Brcal in skeletal muscle reduces mitochondrial
respiration and prevents glucose intolerance in adult mice on a high-fat
diet. FASEB J. 2018;32(6):3070-3084. https://doi.org/10.1096/1].
201700464R

Rosen EM, Fan S, Pestell RG, Goldberg ID. BRCA1 gene in breast
cancer. J Cell Physiol. 2003;196(1):19-41. https://doi.org/10.1002

/icp.10257

Zhong Q, Peng HL,, Zhao X, Zhang L, Hwang WT. Effects of BRCA1-
and BRCAZ2-related mutations on ovarian and breast cancer survival: a
meta-analysis. Clin Cancer Res. 2015;21(1):211-220.
https://doi.org/10.1158/1078-0432.CCR-14-1816

Ayub SG, Rasool S, Ayub T, et al. Mutational analysis of the BRCA2
gene in breast carcinoma patients of Kashmiri descent. Mol Med Rep.
2014;9(3):749-753. https://doi.org/10.3892/mmr.2013.1862

UMT— 37

Volume 6 Issue 1, Spring 2026


https://doi.org/10.1016/j.cub.2018.01.004
https://doi.org/10.1056/NEJMra1215233
https://doi.org/10.1038/nrm.2017.129
https://doi.org/10.1038/nature09663
https://doi.org/10.1016/j.cell.2016.07.002
https://doi.org/10.1016/j.jtcvs.2012.12.046
https://doi.org/10.1194/jlr.M043851
https://doi.org/10.1096/fj.%20201700464R
https://doi.org/10.1096/fj.%20201700464R
https://doi.org/10.1002%20/jcp.10257
https://doi.org/10.1002%20/jcp.10257
https://doi.org/10.1158/1078-0432.CCR-14-1816
https://doi.org/10.3892/mmr.2013.1862

Multi-omics Investigation of BRCAL...

25.

26.

27.

28.

29.

30.

31.

32.

33.

38

Loizidou MA, Marcou Y, Anastasiadou V, et al. Contribution of
BRCA1 and BRCA2 germline mutations to the incidence of early-onset
breast cancer in Cyprus. Clin Genet. 2007;71(2):165-170.
https://doi.org/10.1111/5.1399-0004.2007.00747.x

Neamatzadeh H, Shiryazdi SM, Kalantar SM. BRCA1 and BRCA2
mutations in Iranian breast cancer patients: a systematic review. J Res
Med  Sci.  2015;20(3):284-293.  https://doi.org/10.4103/1735-
1995.156178

Armaou S, Pertesi M, Fostira F, et al. Contribution of BRCA1 germline
mutations to breast cancer in Greece: a hospital-based study of 987
unselected breast cancer cases. Br J Cancer. 2009;101(1):32-37.
https://doi.org/10.1038/sj.bjc.6605115

Walsh T, King MC. Ten genes for inherited breast cancer. Cancer Cell.
2007;11(2):103-105. https://doi.org/10.1016/j.ccr.2007.01.010

Musolino A, Naldi N, Michiara M, Bella MA, Zanelli P, Bortesi B. A
breast cancer patient from Italy with germline mutations in both the
BRCAT and BRCAZ2 genes. Breast Cancer Res Treat. 2005;91(2):203-
205. https://doi.org/10.1007/s10549-004-7704-4

Pylkds K, Erkko H, Nikkild J, et al. Analysis of large deletions in
BRCAI1, BRCA2 and PALB2 genes in Finnish breast and ovarian
cancer families. BMC Cancer. 2008;8:€146. https://doi.org/10.1186/
1471-2407-8-146

Pohlreich P, Zikan M, Stribrna J, et al. High proportion of recurrent
germline mutations in the BRCA1 gene in breast and ovarian cancer
patients from the Prague area. Breast Cancer Res. 2005;7(5):R728-
R736. https://doi.org/10.1186/bcr1282

Dumasia R, Eagle KA, Kline-Rogers E, et al. Role of PPAR-gamma
agonist thiazolidinediones in treatment of pre-diabetic and diabetic
individuals: a cardiovascular perspective. Curr Drug Targets
Cardiovasc Haematol Disord. 2005;5(4):377-386. https://doi.org/
10.2174/156800605774370362

Eheman CR, Shaw KM, Ryerson AB, et al. The changing incidence of
in situ and invasive ductal and lobular breast carcinomas. Cancer
Epidemiol Biomarkers Prev. 2009;18(6):1763-1769.

Current Trends in OMICS
OMICS Volume 6 Issue 1, Spring 2026


https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://ojs.umt.edu.pk/index.php/jmr
https://doi.org/10.1111/j.1399-0004.2007.00747.x
https://doi.org/10.4103/1735-1995.156178
https://doi.org/10.4103/1735-1995.156178
https://doi.org/10.1038/sj.bjc.6605115
https://doi.org/10.1016/j.ccr.2007.01.010
https://doi.org/10.1007/s10549-004-7704-4
https://doi.org/10.1186/%201471-2407-8-146
https://doi.org/10.1186/%201471-2407-8-146
https://doi.org/10.1186/bcr1282
https://doi.org/%2010.2174/156800605774370362
https://doi.org/%2010.2174/156800605774370362

