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Background: Breast cancer ranks as the second highest cause of cancer-linked deaths in women, with varying rates
between Western and Asian countries. The consumption of phytoestrogens can influence breast cancer occurrence.
Objective: To comprehend how soy isoflavones impact breast cancer cells, we conducted a meta-analysis, combining
gene expression data from multiple studies. This approach aimed to identify crucial transcriptional characteristics driving
breast cancer cell response to soy phytoestrogens.

Materials and Methods: The gene expression profiles obtained from the Gene Expression Omnibus and Array Express
and were grouped into control and isoflavones exposure conditions. We performed a meta-analysis based on the effect
size combination method to identify the differentially expressed genes (DEGs). In addition, we performed Gene Ontology
(GO) enrichment analysis, pathway analysis, weighted gene co-expression network analysis (WGCNA) and recursive
support vector machine (R-SVM) algorithm.

Results: Based on this meta-analysis, we identified 3,890 DEGs, of which 2,173 were up-regulated and 1,717 were down-
regulated. For example, SGCG, PLK2, and TBC1D9 were the most highly down-regulated genes and EGR3, WISP2,
and FKBP4 were the most highly expressed genes in the isoflavones exposure condition. The functional enrichment and
pathway analysis were revealed “cell division” and “cell cycle” among the most enriched terms. Among the identified
DEGs, 269 transcription factor (TF) genes belonged to 42 TF families, where the CH, ZF, bZIP, and bHLH were the
most prominent families. We also employed the R-SVM for detecting the most important genes to classify samples into
isoflavones exposure and control conditions. It identified a subset of 100 DEGs related to regulation of cell growth,
response to estradiol, and intermediate ribonucleoside monophosphate in the purine (IMP) metabolic process. Moreover,
the WGCNA separated the DEGs into five discrete modules strongly enriched for genes involved in cell division, DNA
replication, embryonic digit morphogenesis, and cell-cell adhesion.

Conclusion: Our analysis provides evidence suggesting that isoflavone affects various mechanisms in cells, including
pathways associated with NF-kB, Akt, MAPK, Wnt, Notch, p53, and AR pathways, which can lead to the induction of
apoptosis, the alteration of the cell cycle, the inhibition of angiogenesis, and interference in the redox state of cells. These

findings can shed light on the molecular mechanisms that underlie the response of breast cancer cells to isoflavones.
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1. Background

Breast cancer is a significant global health concern for
women. Lifestyle choicesand diets play arole inbreast cancer
risk (1). Disparities in breast cancer rates between Asian and
Western countries are attributed to soy consumption, which
is linked to lower breast cancer risk in Asian populations
(2, 3). However, the impact of isoflavones (found in soy)
on breast cancer risk is debated. Some studies suggest
isoflavones decrease risk (1), while others, including lab
and animal studies, find no such association. A survey by
Maskarinec et al. (4) found no change in mammographic
density among premenopausal women taking isoflavone
supplements, hinting that soy’s influence might be linked
to long-term or early-life exposure. Hence, investigating
the cellular signaling related to soy-based breast cancer
treatments could be valuable.

Soy foods contain isoflavones, a type of phytoestrogen
found in plants like legumes, fruits, and vegetables. These
compounds resemble the human hormone 17f-estradiol
and act like estrogen in the body, potentially leading to
various effects (5, 6). The main soy isoflavones, daidzein
and genistein, can activate estrogen receptors (a and
b), influencing estrogen-responsive genes in a dose-
dependent manner (2, 5). These isoflavones compete with
natural estrogens (2). Genistein has anti-breast cancer
properties, inhibiting certain tumor-related activities,
such as growth factor receptors and enzymes, while also
exhibiting antioxidant, cell cycle-arresting, apoptotic,
and anti-inflammatory effects (7, 8). Daidzein, another
key phytoestrogen in soy, enhances the effectiveness of
tamoxifen at normal levels in a rat model (9).

2. Objectives
The availability of extensive transcriptomic data has

made it possible to study how exactly isoflavones affect
cancer cells. Moreover, it provides researchers with large
datasets, hence increasing statistical power (10, 11). As a
result, statistical methods have become powerful tools for
identifying genes suitable for testing under experimental
conditions (12-15). In this comprehensive meta-analysis,
we used microarray gene expression data to figure out
how differentially expressed genes (DEGs) involved in
breast cancer cells respond to isoflavones. In other words,
we intended to identify core genes’ regulatory responses
to isoflavones regarding breast cancer. We also analyzed
the DEGs by conducting functional enrichment analysis
of Transcription factor (TF) families, identifying hub
genes using topological analysis. Moreover, a pathway
enrichment analysis was employed to understand gene
differences in response to isoflavones regarding to breast
cancer cells.

3. Materials and Methods

3.1. Data Collection

We obtained microarray datasets from two public
databases, the Gene Expression Omnibus (GEO, www.
ncbi.nlm.nih.gov/geo/) and ArrayExpress (www.
ebi.ac.uk/arrayexpress). We used the search terms
isoflavone, soy, genistein, daidzein, breast cancer, as
well as combinations of these terms. We narrowed
down the findings to those related to Homo sapiens
to analyze MCF-7 cell lines (Table 1). Then, we used
the robust multi-array average (RMA) and Expression
Console software to normalize the data (16) and correct
the background (17). Finally, we visualized a box plot
for each sample to ensure identical selection among the
samples.

Table 1. Characteristics of used datasets in the meta-analysis.

GEO Accession Samples
Isoflavone exposure Control

GSE9936 33 18
GSE69845 9
GSE59345 4
GSES5258 83
GSES5200 9 3
GSE50705 82 11
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Figure 1. Schematic overview of multistep strategy for understanding aspects of response of breast

cancer cells to isoflavones.

3.2. Meta-Analysis

We used the empirical Bayes method (CombBat) to
adjust for batch effects (18). Further, we split datasets
containing more than two conditions into sub-datasets
in order to reduce heterogeneity within studies. We
performed a meta-analysis based on the effect size
combination method, and computed the effect sizes
using the metaMA (Version 3.1.2) R package. We used
the false discovery rate (FDR) to distinguish DEGs in
both the control and isoflavones exposure conditions
and other genes, so that genes with an FDR< 0.001
were considered to be DEGs.

3.3. Classification Analysis

We conducted a PCA and utilized a recursive SVM
(R-SVM) to obtain a global perspective and to evaluate
the performance of DEGs in the classification of control
conditions versus isoflavones exposure conditions.
The k-fold cross-validation (k=10) was also used to
calculate the error rate of the R-SVM predictor. The
PCA and SVM were implemented using the e1071 R
package and MetaboAnalyst, respectively (19).

3.4. The Analysis of Pathway Enrichment of DEGs and
Gene Ontology

To analyze gene ontology (GO) of DEGs in detail,
we annotated them, using DAVID (https://david.
ncifcrf.gov/home.jsp). We further used Benjamini-
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Hochberg method to determine the specific GO terms
and applied REVIGO to make significant GO term
lists less redundant. We used the Cluster profiler
R package to estimate the statistical enrichment of
DEGs in KEGG pathways. We retrieved TFs and
their families from the CIS-BP database (20). We
established a corrected p-value of 0.05 to test the
significance of the effect.

3.5. Co-Expression Module Detection

To cluster highly correlated DEGs, we analyzed
weighted gene co-expression networks (WGCN)
(21) on normalized expression values of DEGs.
Additionally, utilizing the determination of intra-
modular connectivity values (kWithin), we also
detected hub genes. We conducted GO functional
analysis of the lists of genes that correspond to
modules using the DAVID Web tool with a p-value <
0.05 as the cutoff.

4. Results

4.1. Identification of DEGs Associated with Isoflavones
Exposure

We selected datasets based on the inclusion criteria.
From these datasets, a total of 271 samples were
retrieved for a meta-analysis (Table S1). Figure 1
shows a flowchart of our analysis pipeline. There
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Figure 2. Gene expression comparison between control and isoflavone exposure conditions. Volcano plot
showing combined effect size (x-axis) and significance level (—logl0-adjusted p-value; y-axis). The significant

up and down-regulated genes are plotted as red dots.

were 12,462 genes shared across all datasets. Each
dataset was grouped into the control condition or
the isoflavones exposure condition to identify
DEGs according to a random-effects model. This
meta-analysis identified a total of 3,890 DEGs,
consisting of 2,173 up-regulated and 1,717 down-
regulated genes (Table S2). While SGCG, PLK?2,
and TBCI1D9 were the most highly down-regulated
genes; FGR3, WISP2, and FKBP4 were the most
highly expressed genes in the isoflavones exposure
condition (Fig. 2).

4.2. Classification Performance of DEGs

The PCA indicated that the DEGs are effective in
distinguishing between the control and isoflavones
exposure conditions (Fig. S1). Based on the expression
data from 3,890 DEGs, the R-SVM identified 1,556
genes (40% of 3,890) that could classify the control and
isoflavones exposure conditions with 95.4% accuracy.
Additionally, the R-SVM identified 100 genes (2.6%)
with 88.1% accuracy and eight genes (0.2%) with
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70.3% accuracy (Fig. S2).

The group of 100 genes identified with 88.1% accuracy
are involved in a number of cell growth regulation
processes, responses to estradiol, and IMP metabolic
processes. Among the genes identified above, multiple
genes encode a number of signal transductions
and unsaturated fatty acid biosynthetic processes.
Zhang et al. (22) reported that polyunsaturated fatty
acids inhibit the growth of colon cancer cells. The
TMPRSS3, ELOVL2, and S10046 genes scored the
highest in the R-SVM. The TMPRSS3 gene relates
to the development and progression of tumors, and
it is known as a prognostic marker of poor survival
of breast cancer. The ELOVL2 gene encodes an
enzyme responsible for the production of 24 carbon-
chain fatty acids, the depletion of which enhances the
metastatic characteristics of breast cancer cells. The
S10046 gene is a calcium-binding protein associated
with estrogen receptor expression. This gene has been
introduced as a biomarker of the early stages of breast
cancer in humans (23).
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4.3. Functional Enrichment Analysis

The analysis of up-regulated genes biological processes
showed a significant overrepresentation of terms related
to cell division, mitosis, and viral processes (Fig. 3A).
These results also indicate that genistein might impact
cell growth by affecting signaling pathways. The
recombination-based telomere maintenance was also
significant (Table S3). Genistein treatment (50—100
uM) suppressed the activity of telomerase in MCF-7
cells by altering the expression of crucial TFs and the
methylation status (3). Furthermore, the down-regulated
genes were found to have many terms associated
with negative regulation of protein transport and cell
proliferation. (Fig. 3B). Moreover, while the main
classes of molecular functions could both bind protein
and ATP for the upregulated genes, they could not bind
ATP for the down-regulated genes (Table S3, S4).
Accordingly, while the nucleus was highly represented
in the cellular class component for up-regulated genes,
the cytoplasm was the same for down-regulated genes
(Table S3, S4).

4.4. KEGG Pathway

We conducted an enrichment analysis of KEGG
pathway to identify pathways that were responsive
to isoflavones. We found a link between up-regulated
genes and the DNA replication, cell cycle, and mismatch
repair pathways (Fig. 4). There are reports suggesting
that soy isoflavones impede cancer progression by
regulating genes that are associated with the cell cycle.
Interestingly, we found many up-regulated genes
involved in the p53 signaling pathway (Table S5).
Isoflavones have been reported to inhibit activation
of NF-«B. Moreover, a number of the identified genes
involved in NF-kB signaling pathway, namely NF-
Kb2, NF-kBIA and GSK3B were down-regulated
(Table S1). The PI3K/Akt/mTOR intracellular
pathway is a determining factor in cell proliferation,
cellular survival, apoptosis, and protein synthesis (24).
Moreover, this pathway is the most frequently activated
signaling in breast cancer. In this study, a number of
genes family, namely, BAD, ERBB2, ERBB3, ERBB4,
IGF2R, IGFBP2, IGFBP3, IGFBP5, PDGF, VEGF,
FGFRI, FGFR4, EPHA4, DDR, and ROR were down-
regulated in this study (Table S1).

It has been found that isoflavones block the activation
of the p38 MAPK pathway and lead to the induction
of apoptosis. It also inhibits cancer cell invasion
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and metastasis in ER-negative and ER-positive
breast cancer cells, though apparently by different
mechanisms. Also, our result shows that TGF-beta and
MAPK signaling pathways were down-regulated in
isoflavones in the exposure condition (Table S1). In
cancer cells, the Wnt signaling pathway interacts with
the Akt signaling pathway to promote cell proliferation
and prevent apoptosis. Isoflavones could inactivate the
Whnt signaling pathway to induce apoptosis and inhibit
cell growth. Also, our result shows that Wnt genes
were down-regulated in isoflavones in the exposure
condition (Table S1). Previous studies have shown that
genistein can inhibit the expression of Notch genes (25,
26), which is consistent with our findings. Additionally,
isoflavones can induce apoptosis by the up regulating
the p53 pathway. The p53 gene has been shown to
function as a key tumor suppressor. It directly activates
gene expression in regions containing p53 binding
sites by acting as a transcription factor. It regulates
cancer cell progression via multiple mechanisms
(induction of cell cycle arrest and cellular senescence
or apoptosis) (27). In this study, several genes involved
in the p53 signaling pathway, such as CASP2, CASP3,
and CASPS, were found to be up-regulated, apoptosis
increased, CDK genes (CDK5 and CDKI7) were
down-regulated, and the cell cycle was arrested (Table
S1, S5). Also, p53 activation is induced by a number
of activated genes (i.e., MYC, E2FI, and NRAS), all
of which were up-regulated (Table S1). The androgen
receptor (AR) belongs to the steroid hormone receptor
family of ligand-activated nuclear TFs. It is heavily
involved in cancer development. Previous studies have
reported that genistein treatment down regulates AR
proteins and decreases the binding of nuclear proteins
to androgen-responsive elements (28). A number of
the identified genes that are AR activators (i.e., PIAS],
PNRC1, 2, PRMT2, and Smad3) were down-regulated,
and a number of the identified AR repressors genes (i.e.,
AKT, TGIF, and P53) were up-regulated (Table S1).
Many of the identified genes involved in the TGF-beta
signaling pathway were down-regulated. TGF-beta is
an important regulator of cell proliferation. Genistein
inhibits TGF-beta signaling and thus angiogenesis (5).
Our results show that CYP2J2, CYP4B1, and CYPIAI
were down-regulated after treatment with genistein and
daidzein. These genes have been shown to modulate the
CYP450 system (5).
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Figure 3. Gene Ontology of biological processes. A) The up-regulated and B) the down-regulated DEGs.
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Figure 6. Weighted gene co-expression network analysis (WGCNA) of DEGs. Cluster dendrogram
showing co-expression modules identified by WGCNA. The modules are denoted in the color bar.

Genistein has also been shown to be an effective
inhibitor of DNA damage in MCF-7 by inhibiting the
expression of CYPI1A1 and CYP4B1 that result from
inflammatory response and angiogenic activity.

4.5. Identification of TFs Related to Isoflavones Ex-
posure

Transcription factors play have been linked to a broad
spectrum of diseases and phenotypes. They have an
effect on genome expression regulation. Out of the
DEGs, 269 TFs were recognized, and these are part
of 42 families. With 85, 25 and 19 members, the
CH, ZF, bZIP and bHLH families were the most
abundant. Overall, 55.4% of the TFs were found
to be up-regulated, while 44.6% were found to be
down-regulated. Current studies have identified zinc
finger proteins as important TFs involved in cancer
progression throught regulating the transcription of
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downstream genes involved in migration, apoptosis,
proliferation, and invasion. Under the isoflavones
exposure condition TFs of the E2F family were up-
regulated (Fig.S, Table S6). Previous studies have
shown that during much of the G1 phase of the cell
cycle, pRb binds to E2F1, E2F2, and E2F3, silencing
gene expression by recruiting HDACs or HMTs. The
pRb affects cell growth by interacting with other
factors, such as activating E2F1, E2F2, and E2F3 (29).

4.6. A Network Analysis of DEG s Weighted Gene Co-
Expression

The WGCNA was conducted to discover modules
and hub genes within the modules. This WGCNA
analysis was utilized for all the DEGs. The genes were
organized into five distinct modules, each represented
by a distinct color code. There were a range 101 - 2,257
genes in each module. A module with 2,257 genes was
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called turquoise, and another one with 1,013 genes was
called blue (Fig. 6). The turquoise module significantly
enhances cell division and mitosis, the blue module
most of which were up-regulated for isoflavones,
helped DNA replication (Table S7). Additionally, the
blue module contained 39 genes associated with cancer
pathways, such as BAD, HSP90BI, and E2F3 (Table
S7). There are two distinct mechanisms by which BAD
regulates cell growth. Hsp90B1 has been shown to help
ovarian cells survive and apoptosis (30). The E2F3
transcription factor helps control cell cycle progression.
Expression of certain members of the E2F family has
been implicated in predicting breast cancer (29).

A highly enriched concentration of genes involved in
embryonic digit morphogenesis was found in the brown
module, being annotated in response to estrogen. It also
contained a highly enriched concentration of hippo
signaling pathway (Table S7). The Hippo signaling
pathway is important in breast cancer proliferation
and metastasis (31). In the brown module, the GATA3
gene was also found. The GATA3 required for normal
mammary developmentandrelatively high susceptibility
to breast cancer. The expression level of GATA3 is
down-regulated after soy exposure in immature lobules
(32). Properties such as cell-cell adhesion, translation
and protein folding were characterized in the yellow
module (Table S7). However, no significant enriched
biological process term was found in the green module.
A KEGG analysis of these modules revealed an
overrepresentation of KEGG pathways related to the
cell cycle. The DEGs were significantly enriched in
the cell cycle and cancer pathways in the blue module
(Table S8).

4.7. Identification of Hub Genes in Network Modules

The hub genes in each module were identified which
may play an important role in responding to exposure
to isoflavones. A total of 10 genes with the highest
intramodular connectivity were detected as hub
genes (Table S9). The results indicate a high degree
of interconnection between PKP4 and BYSL in the
turquoise module, between APBB2 and ASNS in the
blue module, between PRDX6 and NDUFBI in the
yellow module, between CNNM2 and PLGRKT in the
brown module, and between TPBG and PGAM]1 in the
green module. The results indicated in the isoflavones
exposure condition, the expression of PGAM1, TPBG,
PLGRKT, NDUFBI, PKP4, and APBB2 were down-
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regulated and BYSL, ASNS, PRDX6, and CNNM?2 were
up-regulated.

5. Discussion

Recent research has revealed that soy isoflavones
have multiple pathways of action, contributing to
their pleiotropic effects on cancer. These mechanisms
include regulation of cell proliferation, apoptosis, and
survival, along with the inhibition of angiogenesis and
metastasis, as well as their antioxidant properties (25). In
the current study, we have developed a comprehensive
pipeline to examine transcriptional alterations induced
by soy isoflavones, aiming to elucidate the molecular
mechanisms underlying their impact on breast cancer.
Through meta-analysis, we successfully pinpointed
3,890 genes that exhibit significant changes in
expression upon exposure to isoflavones. Notably,
certain genes, such as EGR3, WISP2, and FKBP4,
demonstrated particularly substantial alterations in
their expression levels. The EGR3 exhibited the highest
expression level. This was expected because EGR3 plays
an important role in induction of the immune evasion
system in ER-positive breast cancer (33). The WISP2
is a marker of estrogen exposure that is involved in the
regulation of tumor cell proliferation (23). FKBP4 may
have an important role in immunoregulation processes
and endocrine-responsive breast cancer (34).

The pathway analysis indicates that the DEGs are
primarily linked to key pathways, including the p53
signaling, cell cycle, DNA replication, and lysosome
pathways (Fig. 4). Soy isoflavones have been reported
to inhibit cancer development, which may be caused
by the regulation of genes related to the cell cycle
(27). Furthermore, a recent study highlighted that
minor defects within DNA repair systems raise the
breast cancer risk. The loss of some genes in this
pathway (e.g., MLHI and MSH2) may lead to breast
cancer progression (35). The induction of cell death in
MCF-7 cell cultures after treatment with genistein has
been reported due to upregulation of the proapoptotic
protein p53 (5). Generally, the lysosome pathway
contributes significantly to oncogenic transformation
in cancer cells (36). In addition, the genes related to
the insulin signaling pathway are also abundant (Table
S5). Normal homeostasis is maintained primarily
through the process that involves insulin, IGFs, and
IGF binding proteins. Any abnormal activity in these
key components or any aberrant expression of these
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components increases the risk for both type II diabetes
and cancer. Future clinical opportunities include
blocking insulin-mediated signalling and developing
potential anti-cancer therapies (37).

Within the set of DEGs, we have identified a total of
269 TFs, with the majority falling into the C,H, ZF,
bZIP, and bHLH families (Fig. 5, Table S6). Recent
studies suggest that zinc finger proteins play a role in
cancer progression, as they modulate the transcription
of downstream genes involved in invasion, mitigation,
apoptosis and proliferation (38). ZNF217, for instance,
contribute to breast cancer metastasis (39). We found
that the expression level of E2F1, E2F2, E2F3, E2F4,
E2F6, and E2F8 were up-regulated, when exposed to
isoflavones. Likewise, pRb has been found to silences
gene expression by recruiting HDACs or HMTs as
it binds to E2F1, E2F2, and E2F3 during G1 phase
of the cell cycle. It has also been reported that by
activating E2F1, E2F2, and E2F3, pRb influences cell
growth (40).

We conducted a WGCNA, to explore the interactions
among the DEGs to gain insights into the mechanisms
underlying the effects of isoflavones on cancer cells. We
grouped the DEGs into five distinct modules (Fig. 6).
Subsequent functional analysis revealed that the genes
within these modules were primarily linked to processes
such as mitotic nuclear division, cell division, and
DNA replication (Table S7). Furthermore, we found
39 genes, linked to cancer pathways, including key
genes such as BAD, HSP90BI1, and E2F3 in the blue
module (Table S7). BAD regulates cell growth via two
distinct mechanisms. There is evidence in the literature
for the role of Hsp90B1in ovarian cell survival and cell
apoptosis (30). The E2F3 transcription factor helps
control cell cycle progression. E2F3a, which differs
from E2F3b in its N-terminal sequence, has been linked
to the transcriptional activation of E2F-responsive
genes. These TF families are linked cycling E in the
cell life. In breast carcinomas, the expression of some
the E2F family members has been linked to prognosis
(29). Interestingly, it was found that the brown module
exhibited enrichment for genes related to the Hippo
signaling pathway (Table S7), which plays a crucial
part in breast cancer metastasis and cell proliferation
(31). GATA3, which was found in the brown module, is
to some extent sensitive to breast carcinomas because
it needs the mammary gland to develop normally (41).
The expression level of GATA3 is down-regulated after
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soy exposure in immature lobules (32).

The highly connected genes within the modules,
which include PKP4, BYSL, APBB2, ASNS, PRDXG,
NDUFBI1, CNNM2, PLGRKT, TPBG and PGAMI
were found to be significantly enriched in the PDGF
signaling pathway. A distant relative of plakophilins
and a member of the armadillo subfamily member,
PKP4 has been described as a component of adherents
junctions, as it clusters and stabilizes cadherins to
control intercellular adhesion (31). BYSL encodes
bystin, an essential protein component that contributes
to the attachment of the embryo to the uterus (42).
The BYSL protein can be found in human prostatic
carcinoma cells in areas of perineural invasion in in
substantial amount, playing an adhesive role (43).
Overexpression of amyloid beta A4 precursor protein
binding, family B, member 2 (APBB2) in PC12 cells
inhibits cell cycle progression, as it translocates
the nucleus and inhibits thymidylate synthase, thus
delaying the cell cycle. The CNNM family increases
intracellular magnesium levels that contribute to
oncogenic transformation, and PRL-2 interacts with
the magnesium transporter to promote oncogenesis
(44). These families have essential functions, such as
the regulation of the circadian rhythm and reproduction
(44). PRDX6 encodes a crucial antioxidant enzyme
with various roles in cellular function. For instance,
PRDX6 reduces a wide range of peroxide substrates
in the cell, thus it helps maintain redox homeostasis in
mammalian cells (45). Moreover, PRDX6 takes part
in intracellular and intercellular signal transduction
due to its phospholipase and peroxidase activity, thus
facilitating the initiation of regenerative processes
in the cell, the activation of cell proliferation, and
the suppression of apoptosis (46). NDUFBI relates
mainly to mitochondrial ATP synthesis coupled
electron transport, the electron transport chain, and
mitochondrial electron transport. It also plays a role
in lung adenocarcinoma carcinogenesis and could
potentially serve as a diagnostic marker for lung
cancer (47).

6. Conclusion

Our analysis provides evidence suggesting that
isoflavones affect the NF-«kB, Akt, MAPK, Wnt,
Notch, p53, and AR pathways. These effects cause the
induction of apoptosis, the alteration of the cell cycle,
the inhibition of angiogenesis, and interference in the
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redox state of the cell. In addition, our analysis expands
the understanding of the role played by transcription
factors such as CH,, bZIP, and bHLH, which are
essential for the development of breast cancer.
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