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Metastasis Associated 1 (MTA1) chromatin modifier oncoprotein played a crucial role in both normal and
genotoxic stress situations for genome maintenance. To investigates MTA1 regulatory pattern with drug
resistance abilities in breast primary carcinoma to advanced invasive stages for identification of cancer
adapting defense system. We design rationale in silico pipeline from data retrieval to analysis i.e. gene
enrichment analysis performed by GeneCards Version 5.1: THE HUMAN GENE DATABASE (www.gene-
cards.org), UALCAN database (www.ualcan.path.uab.edu) for analyzing MTA1 gene expression and pro-
moter methylation in both breasts normal and cancerous tissue samples, cBioPortal for Cancer
Genomics (www.cbioportal.org) database for MTA1 mutation analysis and finally analyzed MTA1 func-
tional association with anticancer drugs in breast malignancy via online CCLE GDSC toolkit (www.pub-
lic.tableau.com/CCLE_GDSC_Correlations). Our results revealed MTA1 overexpression aggressive
behavior in stage II, stage III, TNBC-LAR, TNBC-M, TNBC-UNS, IDC, ILC, and post-menopause events of
breast malignancy. MTA1 upregulation strongly promotes primary tumor transformation into invasive
metastatic carcinoma by hijacking the host lymphatic system and cytokine signaling in both ductal
and glandular breast cancers. MTA1 upregulation in the African-American population invites to design
de novo model of cancer cell homeostasis under a reduced supply of vegetable nutrients, local-foreign
stress, and replicative capacity for metastasis. MTA1 showed a hypomethylation profile that reflects reg-
ulatory strength under stress-mediated situations for higher events of transcription. In drug resistance
analysis MTA1 has strong resistance towards 15 anti-cancer drugs that confirmed its previously reported
behavior of genotoxic stress adaptation for metastasis. Our in silico evidence invites us to design a com-
prehensive strategy against MTA1 mediated stress managing proteome. In the future there is an urgent
need to explore MTA1 shared stress coped protein networks for early diagnosis and better prognosis.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Advancements in biochemistry approaches greatly explored
huge data regarding both macromolecules (nucleic acids, proteins,
vitamins, lipids and carbohydrates) and micromolecles (ions and
small molecules) in cellular microenvironment. Nowadays, bio-
chemistry deeply focuses on mechanistic view of disease develop-
ment from early onset to fatal behavior. Biochemistry findings are
appilied in disease investigation, impact on cell–cell communica-
tion, influence on survival status, prediction of therapeutic strete-
tigies and development of prognostic kits. Biochemical omics
technologies enables us to re-investigate molecular bases of tumor
based diseases (Fiorentini et al., 2021; Barr, 2018; Hariharan and
Sivakumar, 2017; Bhaumik and Patel, 2017; Coelho et al., 2013).
Metastasis Associated 1 (MTA1) oncoprotein is a vital member of
nucleosome remodeling/histone deacetylase complex (NuRD) that
is involved in cell cycle regulation, genome stability and transcrip-
tional mechanisms. In nucleolus MTA1-NuRD complex triggered
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transcription of pre-ribosomal RNA by association with nucle-
ophosmin and nucleolin proteins (Liu et al., 2021). MTA1 act as
chromatin modifier that supports cancer cell to stabilize the effects
of genotoxic stress and hypoxia that leads to resistance towards
anti-cancer drugs (Galluzzi et al., 2018). MTA1-NuRD complex
overexpression stimulates breast invasive carcinoma to metastasis
through transcriptional regulation of oncogenes by chromatin
remodeling process (Sen et al., 2014). MTA1 regulates both co-
activator and co-repressor activities for oncogenes regulation due
to the specific association of the NuRD complex (Malisetty et al.,
2017). MTA1 overexpression caused quantitative accumulation in
the tumor microenvironment that reduces the effects of therapeu-
tic regimes (Liu et al., 2020). MTA1 oncogenic activity managed via
protein binding with OGT, OGA and components NuRD complex
that affects a wide range of cellular processes including survival,
proliferation and colony formation (Millard et al., 2016). In breast
carcinoma, MTA1-OGT interaction produced S237, S241, and
S246 serine residues post-translational modifications that lead to
carcinoma cells adaptation towards genotoxic stress (Liu et al.,
2020). During genotoxic stress conditions, MTA1 occupied down-
stream gene promoters for the protection of breast cancer cells that
further translate into worse dispersion as metastasis (Jang et al.,
2006). In carcinoma cells, MTA1 upregulation enhances oncogene-
sis effects by encouraging STAT3, WNT1, MYC and RAS signaling
pathways that are active indicators of invasion, transformation,
epithelial-mesenchymal transmission, inflammation and angio-
genesis (Gao et al., 20182018). In breast cancer biology, the
MTA1-NuRD complex drives fate of estrogen receptor (ER) medi-
ated cancer progression. MTA1-HSF1-NuRD complex upregulation
negatively regulates transcription of ER targeted genes that devel-
ops ER- phenotype which offered resistance towards tamoxifen
(Khaleque et al., 2008). Similarly MTA1-NRIF3-CAK complex per-
forms inhibitory actions towards ER-dependent genes that pro-
mote hormone independence and progression of triple-negative
breast carcinoma (TNBC) (Talukder et al., 2003). The immune sys-
tem capability to encounter mitogens or carcenogens for improve-
ment in patient survival against tumor progression is known as
immunosurveillance. In this phenomenon immune system acti-
vates anti-tumor cascades through both innate and adapative
immune signals in response of oncogenes overexpression. The lack
of comprehensive understanding regarding breast preinvasive to
highly invasive triple-negative cancers interaction with immune
system behavior offered limited success in drug development for
better prognosis. Several studies reported increased level of leuko-
cytes, neutrophils, microphages and other antibody proteins in
higher stages of breast carcinoma than primary tumors. In breast
malignancy combination of atezolizomab and nab-paclitaxel
immunotherapeutic drugs are approved first time against triple
negative disease (Gil Del Alcazar et al., 2020; Schreiber et al.,
2011; Kwa and Adams, 2018; Adams et al., 2019). Biochemistry
of metastasis played essential role in treatment failure by provid-
ing resistance towards anti-cancer drugs (Kachalaki et al., 2016).
In metastatic cancer biochemical factors triggered several key
events including tumor localization, migration, angiogenesis and
aggressiveness (Icard and Lincet, 2012). The identification of bio-
chemical markers in MTA1 mediated tumor biology offered active
agents for blocking malignant capabilities in personalized medi-
cine areana (Taddia et al., 2015). MTA1 protein is biochemical
modifier that has excellent ability in either tumor expension or
invasion on host immune system (Madureira et al., 2012).

MTA1 positive performance promotes metastatic malignant
trend in human carcinomas; despite these proteomic studies, the
exact role of MTA1 regulation in tumor progression to metastasis
in breast malignancy remains unclear. In this study, we investi-
gated MTA1 expression, methylation, mutation and survival with
resistance behavior towards breast cancer therapeutic strategies.
2

Here, we provide MTA1 as a novel biomarker for the regulation
of stress-mediated carcinogenesis.
2. Protocol

2.1. MTA1 gene enrichment analysis

We performed gene enrichment analysis from GeneCards Ver-
sion 5.1: THE HUMAN GENE DATABASE (www.genecards.org)
which is a user-friendly comprehensive integrative search engine
for gene characterization. It incorporates the data from genomic,
proteomic, transcriptomic, metabolomic and clinical resources.
The GeneCards Version 5.1 contains 321,417 genes in which signif-
icantly 20,713 protein-coding genes and 19,195 disease genes are
stored. Initially, we queried ‘MTA1’ in the search box that displayed
plenty of valuable information including functions, domains, loca-
tion, disorders, drugs, pathways and products.

2.2. MTA1 expression analysis in BRIC

We used an online, interactive and user-friendly UALCAN data-
base (www.ualcan.path.uab.edu) for analyzing MTA1 expression in
both breast normal and cancer tissue samples. It arranged the
omics data from TCGA, CPTAC and MET500 omics platforms. It
has a diverse variety of biomarkers for more than 31 human can-
cers through simple operating processes. Firstly we pressed ‘TCGA
Analysis’ option that displayed a comprehensive and up-to-date
list of human malignancies with the gene search box. We entered
‘MTA1’ as the gene in the gene search box, select ‘Breast Invasive
Carcinoma (BRIC)’ as a disease of interest and finally pressed the
‘Explore’ option that presents vital information regarding differen-
tial expression in normal breast tissue and diverse carcinoma
parameters including stages, race, gender, age, menopause state,
TNBC subtypes and histological subtypes. All MTA1 gene expres-
sion profiles are displayed in box and whisker plots with multiple
downloading options i.e. PNG, JPEG, PDF and SVG formats. The
whisker box plots are generated on Transcript per Million (TPM)
values that represent differential expression significance among
different parameters. TPM value is used for comparisons across dif-
ferent RNA-seq gene expression samples. In cancer studies relative
expression levels among normal and tumor samples are deter-
mined by TPM values calculation.

2.3. MTA1 promoter methylation analysis in BRIC

UALCAN database also allows us to the evaluation of MTA1 pro-
moter methylation in both normal and tumor tissue samples. We
select the ‘Methylation’ option that displayed whisker box plots
based on beta-values that indicate 0 (fully unmethylated) and 1
(fully methylated). UALCAN database set cut-off value of 0.2–0.3
(hypomethylation) and 0.5–0.7 (hypermethylation). Here, we
determined the impact of promoter methylation on gene expres-
sion across different group samples. The beta-values statistics is
normally used in the estimation and quantification of DNA methy-
lation status in microarray profiling studies.

2.4. MTA1 mutation analysis in BRIC

We used cBioPortal for Cancer Genomics (www.cbioportal.org)
database for MTA1 mutation analysis in breast carcinoma. We
queried ‘MTA1’ gene in the search box, selected all available 4
datasets including (1) Breast Invasive Carcinoma TCGA, Cell 2015
of 817 samples dataset (2) Breast Invasive Carcinoma TCGA, Fire-
house Legacy of 1108 samples dataset (3) Breast Invasive Carci-
noma TCGA, Nature 2012 of 825 samples dataset (4) Breast
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Invasive Carcinoma TCGA, PanCancer Atlas of 1084 samples data-
set and pressed ‘submit’ option that displayed a wide range of
results. We select ‘mutation’ tab that displayed graphical view
and tubular information of MTA1 mutations, frequency and posi-
tions in breast cancer diverse samples. MTA1 mutation map con-
sists of different mutation types including missense, truncating,
splice site, insertions, and deletions with unique coloring patterns.

2.5. MTA1 drug sensitivity analysis in breast cancer

We analyzed MTA1 functional association with anticancer
drugs in breast malignancy via online CCLE GDSC toolkit (www.
public.tableau.com/CCLE_GDSC_Correlations). We entered ‘MTA1’
gene in the gene list and selected ‘EC50/IC50’ coefficient concentra-
tion from CCLE GDSC side options. The CCLE GDSC toolkit provides
green color negative (non-resistant) and red color positive (resis-
tant) characteristics. We obtained and arranged all available
MTA1-drug sensitivity relationships in tabulated form for breast
carcinoma.

3. Results

3.1. MTA1 gene enrichment analysis

Metastasis Associated 1 (MTA1) oncoprotein has 715 amino
acids and 5 transcripts with 80786 Da molecular mass. MTA1 gene
occupied 105,419,820–105,470,729 nucleotides of 50,910 bases at
chromosome 14q32.33. It has 8 domains i.e. BAH, Znf/GATA, SANT/
Myb, Homeobox-like, SANT, ELM2, MTA1_R1 and MIER-MTA
domain. MTA1 regulates SNAI1, SNAI2 and CXCL1 while deregu-
lates MTA3, EPHA2 and CDH1. The expression of PITX3 positively
regulates MTA1 at the transcriptional level. MTA1 at the microen-
vironment level participates in plasma proteins and transcription
factor protein classes. MTA1 resides in the cytoskeleton, cytosol
and nucleus with low tissue specificity. MTA1 is a favorable prog-
nostic marker in pancreatic cancer and an unfavorable prognostic
marker in liver carcinoma. It is involved in SUMOylation, Acetyla-
tion, chromatin remodeling and RNA polymerase I mediated tran-
scription, promoter clearance and epigenetic processes. MTA1 gene
mutations are responsible for epileptic encephalopathy, tonsil
malignancy and aggressive metastatic behavior towards cell lines
of breast tissue adenocarcinoma (Fig. 1).

3.2. MTA1 expression analysis in BRIC

MTA1 differential expression analysis reveals lower expression
(57.56% TPM) in breast normal tissue 114 samples and higher
expression in breast cancer stage I 183 samples (78.02% TPM),
stage II 615 samples (87.87% TPM), stage III 247 samples (83.71%
TPM) and stage IV 20 samples (62.77% TPM). MTA1 has elevated
expression in different populations including African-American
179 samples (90.51% TPM), Asian 61 samples (84.02% TPM) and
Caucasian race 748 samples (83.71% TPM). MTA1 has higher
expression in female gender 1075 samples (85.67% TPM) than male
12 samples (49.73% TPM). MTA1 also has overexpression in
age-related factors i.e. 21–40 years 97 samples (83.71% TPM),
41–60 years 505 samples (85.96% TPM), 61–80 years 431 samples
Fig. 1. Red line at q32.33 ind
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(84.54% TPM) and 81–100 years 54 samples (75.74% TPM). MTA1
has higher expression in breast malignancy-related parameters
i.e. stages, race, age and gender cases than normal tissue expres-
sion. Here MTA1 has overexpression in stage II, African-American
race, female gender and 41–60 years age group that reflects its link
with the initiation of the aggressive mode of the tumor with speci-
fic ethnic groups (Fig. 2).

Our study reveals MTA1 higher expression in various breast car-
cinomas subtypes i.e. luminal 566 samples (81.78% TPM),
HER2 + 37 samples (78.59% TPM) and TNBC 116 samples (95.87%
TPM). MTA1 showed overexpression in TNBC subtypes including
luminal 566 samples (81.78% TPM), HER2 + 37 samples (78.59%
TPM), TNBC-BL1 13 samples (61.74% TPM), TNBC-BL2 11 samples
(54.87% TPM), TNBC-IM 20 samples (76.92% TPM), TNBC-LAR 8
samples (144.93% TPM), TNBC-MSL 8 samples (77.66% TPM),
TNBC-M 29 samples (109.26% TPM) and TNBC-UNS 27 samples
(111.27% TPM). MTA1 showed upregulation in menopause condi-
tions i.e. pre-menopause 230 samples (78.39% TPM), peri-
menopause 37 samples (74.88% TPM) and post-menopause 700
samples (84.68% TPM). Breast carcinomas histological subtypes
has overexpression of MTA1 including IDC 784 samples (81.21%
TPM), ILC 203 samples (86.29% TPM), Mixed 29 samples (87.87%
TPM), others 45 samples (73.53% TPM), Mucinous 17 samples
(73.12% TPM) and Metaplastic 9 samples (109.26% TPM) while
lower expression in INOS 1 sample (34.49% TPM) and medullary
6 samples (25.04% TPM). MTA1 has observable high expression in
TNBC-BL1-IM-M-LAR-MSL-UNS related cancer scenarios with
menopause conditions showed its contribution in worse prognosis
malignancy. The IDC, ILC, mucinous and medullary types also
showed overexpression that are strong signs of MTA1 expression
link with tubular-glandular system-mediated invasiveness (Fig. 3).

We performed MTA1 copy number variation analysis in all
existing breast invasive carcinoma datasets in cBioPortal database.
In overall in silico experiment 46 samples showed alterations in
which 33 samples indicates amplification mediated overexpres-
sion while 13 samples present deep deletion mediated loss of func-
tion. MTA1 gene depicts functionally aggressive behavior towards
the synthesis of metastasis-promoting factors (Fig. 4).

MTA1 showed overexpression in several human malignancies
including colon adenocarcinoma, pancreatic adenocarcinoma, lung
squamous cell carcinoma, head and neck squamous cell carcinoma,
esophageal carcinoma, liver hepatocellular carcinoma, rectum ade-
nocarcinoma, pheochromocytoma and paraganglioma, cholangio-
carcinoma and stomach adenocarcinoma. MTA1 aggressive
behavior in multiple malignancies depicts its global role in cancer
therapeutics. MTA1 also showed sensitive functional association
with kinase coding genes, cell cycle genes, apoptosis-related genes,
and metastasis-associated genes, oncogenes, DNA damage
response genes and integrin coding genes. MTA1 inhibition is an
ideal opportunity to reduce the risk of metastatic colony formation.

3.3. MTA1 promoter methylation analysis in BRIC

MTA1 presents moderate methylation rates at gene promoter in
both normal breast tissue 97 samples (0.38% b-value) and breast
cancer specific stages i.e. stage I 127 samples (0.39% b-value), stage
II 442 samples (0.42% b-value), stage III 200 samples (0.41%
icates. Location of MTA1.
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Fig. 2. MTA1 differential expression analysis in normal, cancer stages, race, gender and age-related factors of breast tissue.

Fig. 3. MTA1 differential expression analysis in normal, cancer subtypes, TNBC subtypes, menopause conditions and histological subtypes of breast tissue.
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b-value) and stage IV 11 samples (0.40% b-value). MTA1 showed
moderate methylation in diverse populations i.e. Caucasian 578
samples (0.42% b-value), African-american 160 samples (0.39% b-
value) and Asian 38 samples (0.40% b-value). MTA1 has moderate
methylation in both male 9 samples (0.40% b-value) and female
4

783 samples (0.42% b-value). MTA1 showed moderate methylation
in all age groups i.e. 21–40 years 73 samples (0.40% b-value), 41–
60 years 374 samples (0.42% b-value), 61–80 years 306 samples
(0.42% b-value) and 81–100 years 37 samples (0.38% b-value). Here
MTA1 promoter moderate methylation showed its influence



Fig. 4. MTA1 gene copy number variation analysis in all available 4 breast cancer datasets.
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towards methylation pathways that leads to aberrant expression in
diverse conditions including cancer (Fig. 5).

MTA1 showed moderate methylation in various breast cancer
histological forms including IDC 516 samples (0.42% b-value), ILC
182 samples (0.40% b-value), mixed 26 samples (0.41% b-value),
others 35 samples (0.41% b-value), mucinous 15 samples (0.39%
b-value), metaplastic 10 samples (0.37% b-value), INOS 1 sample
(0.38% b-value) and medullary 6 samples (0.38% b-value). MTA1
presents moderate methylation in pre-menopause 171 samples
(0.42% b-value), peri-menopause 23 samples (0.38% b-value) and
Fig. 5. MTA1 promoter methylation in normal, cancer stage

5

post-menopause 506 samples (0.42% b-value). MTA1 moderate
methylation in all histological types and menopause diverse states
presents its interaction with methylation generating system that
reduces the ratio of regulation in either normal or oncogenic con-
ditions (Fig. 6).
3.4. MTA1 mutation analysis in BRIC

In all available breast cancer datasets, MTA1 gene has a muta-
tion in only Breast Invasive Carcinoma TCGA, Cell 2015 of 817 sam-
s, race, gender and age-related factors of breast tissue.



Fig. 6. MTA1 promoter methylation in normal, menopause states and histological subtypes of breast tissue.

Fig. 7. A–D: (A) MTA1 mutation analysis in Breast Invasive Carcinoma TCGA, Cell 2015 of 817 samples dataset. (B) MTA1 mutation analysis in Breast Invasive Carcinoma
TCGA, Firehouse Legacy of 1108 samples dataset. (C) MTA1 mutation analysis in Breast Invasive Carcinoma TCGA, Nature 2012 of 825 samples dataset (D) MTA1 mutation
analysis in Breast Invasive Carcinoma TCGA, PanCancer Atlas of 1084 samples dataset.
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ples dataset. In mutation analysis, the MTA1 gene has a single fra-
meshift mutation R636Gfs13 in the GATA zinc finger (393-429AA)
region. MTA1 has in which 3 important regions i.e. BHA domain
from 4 to 164AA, ELM2domain from 167 to 220 AA and GATA zinc
finger 393–429 AA in 3477 AA (Fig. 7A–D).

3.5. MTA1 drug sensitivity analysis in breast cancer

MTA1 showed significant crucial association with 17 anti-
cancer drugs in which it has resistance towards 15 drugs efficiency
and showed cooperative role to enhance the effectiveness of 2
drugs (Afatinib and AC-220). MTA1 has strong resistance towards
influential drugs that are involved in damage repairing, growth
inhibition, cell cycle arrest, activation of cell cycle checkpoints
and metabolic pathways. MTA1 positive regulation provides ideal
opportunities for breast cancer progression into metastasis by
interrupting genotoxic effects (Table 1).

4. Discussion

The term ‘‘Precision Medicine” is emerged due to day-to-day
advancements in healthcare approaches for precise detection,
diagnosis, treatment and prevention of diseases. Precision medi-
cine biology modified the therapeutic regime regarding the old tra-
ditional view of a one-size-fits-all scheme. MTA1 multi-omics
analysis also address parameter-specific attributes of breast malig-
nancy that highlights exact therapeutic options under the context-
dependent scenario. Globally above 3 million women are affected
in the female population from breast carcinoma due to lack of
awareness and late diagnosis (Waks and Winer, 2019). The exact
mechanism of speedy forceful progression of the primary tumor
to the invasive mode of carcinoma still remains a challenge in
breast cancer therapy (Momenimovahed and Salehiniya, 2019
Momenimovahed and Salehiniya, 2019). Cancer cells’ microenvi-
ronment proposed favorable adaptions towards genotoxic stress
which is the basic philosophy of drug resistance (Ferrao et al.,
2015). In carcinoma cellular homeostasis switched on the bulk of
genes that are responsible for nucleotide damage repairing, detox-
ification and degradation of death signals (Hammerlindl and
Schaider, 2018). MTA1 as a stress response protein primarily iden-
tified from breast malignant cells in higher quantity after induction
of stress therapeutic agents (Lai and Wade, 2011). MTA1-NuRD
complex modulates the estrogen-mediated genetic regulations
that promote hormone independence based on drug resistance
(Lovitt et al., 2018). MTA1 mediated stress response biology regu-
Table 1
MTA1 positive regulation correlation with anti-cancer drugs.

Drugs Targets Correlation

YK-4-279 RNAHA Positive
Trametinib MEK1, 2 Positive
SN-38 TOP1 Positive
Selumetinib MEK1, 2 Positive
RDEA119 MEK1, 2 Positive
PD-0325901 MEK1, 2 Positive
Olaparib PARP1, 2 Positive
Ispinesib Mesylate KIF11 Positive
DMOG Hydroxylase Positive
Cyclopamine SMO Positive
CMK RSK Positive
Cetuximab EGFR Positive
Camptothecin TOP1 Positive
Bleomycin DNA damage Positive
AZD-7762 CHECK1, 2 Positive
AC-220 FLT3 Negative
Afatinib EGFR Negative
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lates cellular survival cascades for opposing the effects of apoptotic
pathways during chemo-therapeutic approaches (Cong et al.,
2011). In our findings, MTA1 has prominently overexpression in
breast invasive carcinoma samples as compared to breast normal
tissue samples. We found MTA1 mRNA higher levels are associated
with most important stage II to stage III which are vital indicators
of primary tumor transformation into invasive carcinoma. In stage
II/stage III localized tumor cells dispersed into nearby lymph nodes
that are key components of the lymphatic system which is the
worse carrier of cancer clones. MTA1 aggressive behavior in stage
II/stage III presents its oncogenic vitality that counteracts immune
system response as well as hijacked lymphatic system transport for
metastasis. MTA1 showed upregulation in TNBC-LAR, TNBC-M and
TNBC-UNS that are involved in rapid proliferation by cytokine sig-
naling pathway, differentiation, migration, epithelial-
mesenchymal transmission and glycolysis. MTA1 upregulation in
TNBC as compared to normal and hormone receptor-positive
breast carcinoma proposed its contribution in a worse prognosis.
MTA1 also showed higher expression in IDC, ILC and Metaplastic
breast cancer that depicts its deep-rooted participation in both
ductal and glandular tumorigenic dispersions. Here, MTA1elevated
position in IDC/ILC displayed its transforming activity against
homeostasis stress of local tissue immune system. MTA1 has
higher expression in the African-American population that con-
nects its upregulation with the low-level intake of fruits and veg-
etables which are strong risk factors for carcinogenesis. MTA1
upregulation invites to design de novo model of cancer cell home-
ostasis under a reduced supply of vegetable nutrients, local-foreign
stress and replicative capacity for metastasis. We found MTA1
overexpression in 21–40, 41–60 and 61–80 years old age groups
that highlight its regulatory power in any stage of life. MTA1 ele-
vated expression in age groups addresses its influence at primary
tumor initiation to invasive dissemination into distant parts of
the body. MTA1 showed upregulation in postmenopause state that
is a strong indicator of hormone-independent generation of cancer
microenvironment with poor prognosis. MTA1 overexpression in
diverse breast cancer parameters proposed it excellent biomarker
for diagnosis and treatment in females. Here, MTA1 promoter
methylation analysis displayed insignificant methylation varia-
tions between normal and cancerous tissue samples. MTA1
hypomethylation profile indicates its regulatory strength under
stress-mediated situations for higher events of transcription.
MTA1 mutation analysis showed single frameshift deletion in the
20th exon which has insignificant effects on protein folding to
functioning that is an ideal factor for the precise and accurate
higher amount of protein synthesis. In MTA1 drug resistance anal-
ysis, it has strong resistance towards 15 anti-cancer drugs that con-
firmed its previously reported behavior of genotoxic stress
adaptation for metastasis. MTA1 strongly opposed the anti-
metastatic effects of Trametinib drug that assists the lymphatic
system for better performance against the invasive mode of disper-
sion (Robert et al., 2012). MTA1 resists the effectiveness of Selume-
tinib which is used in nervous, gastric and kidney carcinomas to
reverse the mutations regarding deformations and inflammations
(Patel et al., 2017). MTA1 also reduces the efficiency of Olaparib
which maintenance and nucleotide repairing drug in BRCA
mutated breast and ovarian carcinomas (Farago et al., 2019). Here,
our in silico findings of MTA1 overexpression validate previous
studies that addressed its lethal oncogenic role in the progression
of the primary tumor to higher invasive stages by reducing stress
effects (Liu et al., 2018). MTA1 overexpression in all breast cancer
variables indicates its high esteem capacity to initiate and pro-
motes the aggressive nature of breast metastasis. MTA1 positive
regulation boosts up inflammation, angiogenesis, invasion, EMT,
survival, damage response, chemo-resistance and transformation
(Li, 2010). In cancer cells MTA1 oncogenic property functionally
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correlated with STAT3, WNT1 and RAS signaling pathways
(Ohshiro et al., 2010). MTA1-nucleosome complex played an influ-
ential role in chromatin decondensation during the cell cycle pro-
gressive phase (Kumar et al., 2010). In metastasis hyper-
stimulation of extracellular mitogens, mediated signaling cascades
reshape MTA1 functionality as the master organizer of chromatin
material (Pakala et al., 2013). Under carcinogenic stress conditions,
MTA1 responsible genes strongly develop metastatic lesions by
governing a wide spectrum of cancer progressing processes.
MTA1 onco-proteome assembly is controlled by post-
translational modifications of several upstream signaling units.
MTA1 upregulation act as a ‘hub’ gene that integrates and func-
tionalizes the whole invasive machinery of the metastatic cell.
MTA1 also participates in global complexes of both Corepressor
and Coactivator factors (Pakala et al., 2013).

Our presented MTA1 in silico investigation confirmed its role as
a novel biomarker for the regulation of stress-mediated carcino-
genesis. MTA1 overexpression speedup breast tumor metastatic
abilities through the forceful promotion of cancer cell dispersion,
invasive attitude and resistance towards anti-neoplastic agents.
Collectively, our in silico approach suggesting MTA1 mediated
oncogenic shift in cellular response by interacting with the tumor
microenvironment.
5. Conclusion

Our in silico protocol demonstrates MTA1 overexpression that
enhances metastatic chances in multiple breast invasive carcino-
mas attributes. MTA1 upregulation presents a strong defense sys-
tem of cancer cells against apoptotic pathways and drugs-
mediated genotoxic stress. MTA1 positive regulation adds a layer
of metastasis promoting members to derive the fate of error-
prone gene pools. Our in silico evidence invites us to design a com-
prehensive strategy against MTA1 mediated stress managing pro-
teome. In the future there is an urgent need to explore MTA1
shared stress coped protein networks for early diagnosis and better
prognosis. MTA1 overactivation triggered the synthesis of both
autocrine and paracrine signaling factors that are viable agents of
invasive dispersion. MTA1 gene-centered microenvironmental
changes ultimately lead to de novo chemo-resistant metabolome
organization. In the future MTA1 mediated oncology reopens sev-
eral successful opportunities in the cancer medicine discipline to
limit the transformation of neoplastic cells into metastatic cells.
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