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Abstract

The role genes play in cancer progression and cancer subtypes has gained interest in research over
the years. Numerous studies have focused on the potential proliferation of oncogenes and their
transformation from proto-oncogenes. Through various research, these components have led to unique
cases of cancer. Oncogenic occurrences are being studied to limit their influences on future generations,
as their relation to the increasing rates of specific cancer types has not gone unnoticed. The focus of
this will be on the effects of oncogenes and proto-oncogenes in breast cancer development. The specific
oncogenes discussed in this paper are sectioned into three groups based on the effects of their mutations,
and these three groups are tyrosine-kinase activity, transcription factors, and GTPase activity. Moreover,
the study of these oncogenes can reveal a novel understanding of breast cancer, which can then be applied
to develop treatments.
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Introduction

With the growing prevalence of breast cancer cases, the role of oncogenic factors has been
demonstrated in many studies. Recently, despite the number of breast cancer cases continuing
to increase, growth in the number of cases has slowed down [1]. Studies have consistently
shown a relationship between oncogenes and the presence of breast cancer. Numerous
oncogenes are related to the proliferation of cells during the stages of breast cancer. These are
originally mutated and directly lead to negative effects by inducing overproduction of cells in
the body [2]. The deregulation of such genes has been noticed in various cases of breast cancer.
Alterations to these genes can cause deformed mechanisms in various cellular functions, such
as cell division and growth, and can impede the victim’s survival chances [2]. Although there
are still many unknowns regarding oncogenes, research is being conducted to understand
oncogenes’ potential effects on cancer-inducing pathways [1]. Novel understanding regarding
the role of oncogenes in breast cancer development as derived from this research is then
being used in developing treatments [1]. This paper will focus on certain oncogenes that have
facilitated breast cancer development through the alteration of tyrosine-kinase activities,
transcription factors, and GTPase activities. Recent advances in breast cancer development
and treatment will also be discussed [3-6].

Tyrosine Kinase-Affecting Breast Cancer Oncogenes

As part of the Epidermal Growth Factor Receptor (EGFR) family, the EGFR gene, also
commonly known as ErbB1, codes for the EGFR and is located on chromosome-7 [7-9]. EGFR
regulates certain cellular processes, such as cell growth and proliferation. It does so through a
receptor tyrosine pathway, a pathway in which the receptor is dimerized then phosphorylated
[9]. Specifically, the binding of ligands to the receptors induces the dimerization of EGFR with
other receptors. This occasionally creates a heterodimer group [9]. In the following events,
the cytoplasmic component of the receptor undergoes a structural change, which allows
for phosphorylation when the tyrosine kinase pathway is induced [8]. For accurate cellular

492


http://dx.doi.org/10.31031/NACS.2020.05.000612
https://crimsonpublishers.com/nacs/

NACS.000612. 5(3).2020

493

growth regulation throughout the cell cycle, numerous biological
pathways depend on this Receptor Kinase Pathway (RTK) to be
induced through mediums like the EGFR proto-oncogene. However,
mutations can act onto these proto-oncogenes and turn them into
oncogenes that promote tumorigenesis. The amplified version of
the gene leads to the overexpression of the EGFR genes, causing
an increase in the number of EGFR within the cell [8]. Elevated
amounts of EGFR can then cause an increase in the induction of
genes throughout the cell. The Ras protein can also come into play
through the tyrosine kinase process, which causes an increase
in cell proliferation [8]. Also, the tyrosine kinase process plays a
role in the transition from the G1 and S phases of the cell cycle,
critical for cell survival and growth [8]. The erbB2 gene’s location
is along chromosome-17, and it functions as a transmembrane
tyrosine receptor [4]. In addition to this, the erbB2 gene can
encode a product that can act as a transmembrane glycoprotein,
which allows for the emergence of the EGFR family [3]. This family
consists of four receptors, where the ErbB2 is primarily targeted as
the preferred binding site since it lacks ligand binding specificity
[6]. The overexpression of the gene can cause the ErbB2 receptor
to increase in cells drastically, and growth factor stimuli can be
reached to give rise to malignant tumors [3]. The erbB2 gene is
found to be overexpressed in approximately 30% of breast cancer
cases, making it a significant cause for the malignancy [4]. Also
known as the HER2 gene, the erbB2 oncogene codes for a receptor
that always has an open structure, further making the receptor the
primary target of ligands. Overexpression of the HER2 gene causes
the HER2 receptors to increase throughout the cell, which results
in an expanding rate of cell growth and multiplication. After the
dimerization process that accompanies such tyrosine receptors,
the termination of a cell cycle inhibitor called p27Kip1 is induced,

causing the cell cycle to progress at increased rates [3,5]. This
increase leads to a proliferation of cells, which then develop into
tumors responsible for breast cancer [10-12].

Another proto-oncogene, called the SRC gene, influences
cellular growth and tumorigenesis in humans, as it codes for a
nonreceptor tyrosine kinase that influences the induction of breast
cancer. Prominently used in cell signaling, the SRC gene can lead to
further growth and expansion in human cells if not regulated. The
SRC gene consists of Tyr416 and Tyr527, which are both respective
for  autophosphorylation-promoting phosphorylation-
inhibiting sites [13]. Furthermore, it contains an SH3 domain, SH2
domain, tyrosine kinase site, and a C-terminal regulatory site [13].
In numerous people with breast cancer, an increase in the SRC
gene expression and SRC Family Kinases (SFK) activity is present.
The levels of SFK or SRC family kinases are relatively higher in
tumorigenesis-inducing tissues than normal tissues in mammals
[10]. Studies show that the dephosphorylation of the location

and

Tyr530 on the SRC gene could have led to these increased kinase
activity levels and normal levels of SRC proteins [10]. SFK induction
could lead to cancer because specific SFKs amplify signals that lead
to cell proliferation, growth, and survival [10,12]. If the SFK activity
increases in the cell exceeding that of normal cells, increased
tumorigenic rates can be induced in breast cancer patients.
Furthermore, the effects of SFK can carry over to phosphorylating
Receptor Tyrosine Kinases (RTKs) at numerous Tyr-like locations,
and this can change their signaling mechanisms and product over
time [11,12]. In certain mice with the HERZ2 gene, the activation and
induction of the SRC gene correlated with the tumorigenesis in the
mice, which leaned toward the potential dependence of SRC genes
on the EGFR family during the progression of breast cancer risks in
mammals [11].
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Figure 1:The MYC-MAX complex that binds to the E-Box. Triggered by the MYC gene’s overexpression, other
transcription factors are overregulated in response, as they are usually regulated by homeostasis. The results

lead to cellular growth (adapted from [61]).
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Transcription Factor- Affecting Breast Cancer Oncogenes

Identified thirty years ago, the c-MYC gene continues to play a
prominent role in breast cancer development. The proto-oncogene
is regulated for normal cellular maturity, cellular proliferation, and
is essential for continuing the cell cycle [14-16]. Since the c-MYC
gene’s oncogenic component leads to unregulated and increased
growth of cells, breast cancer has been linked to this gene through
numerous biological pathways [14,15]. The gene is located on
chromosome 8, and it is commonly translated to produce the MYC
protein, which acts as a transcription factor [14,15]. The protein
has a shape similar to a bHLH (basic helix-loop-helix) protein,
and it binds to E-boxes along specific sequences with compliance
of an X-factor; as shown in Figure 1, the MYC-MAX is a crucial
protein complex that affects the activation of other transcription
factors, leading to cellular growth [14,17]. Moreover, the MYC
protein directly influences cell cycle progression from the G1
developmental phase to the S phase by activating certain molecules
like Cdk4, cyclin D1, E2F1, and more [14]. By promoting the
phase changes in the cell cycle, an increase in the number of MYC
proteins can have a negative impact by increasing cell proliferation
rates as well, causing tumors to form. Aside from behaving as a
transcription factor, the MYC protein has other effects. Telomerase
has been a primary target for the MYC protein, as the production
of TERT (Telomerase Reverse Transcriptase) induces the
activation of telomerase-producing processes [18]. Furthermore,
telomerase provides DNA sequences that increase cell longevity
and prolong its presence. The levels of TERT have been relatively
high compared to other proteins in numerous breast cancer cases
[14,18]. The oncogene also promotes the development of new
blood vessels, or angiogenesis, to support the growth of tumors in
humans [14]. By increasing the levels of miR9, a regulating agent
that prevents transcription from occurring, the suppressor in
metastasis, E-cadherin, is reduced, promoting the growth of breast
cancer in humans [14]. As highlighted above, the c-MYC gene has
transcriptional value in regulating tumor development in a range of
breast cancer cases.

The TP53 gene is found to be altered in approximately 20-40%
of all breast cancer cases in 2003 [19]. This gene is essential for
the negative feedback present in cell proliferation. In essence, the
gene produces a tumor-suppressor protein and transcriptional
factor that decreases the rate of tumorigenesis. The TP53 gene is
located on chromosome-17 and produces p53, a crucial protein
for DNA binding, transcription of other proteins, and regular
cellular growth [20-22]. If the TP53 gene is mutated, the cell cycle
can be disrupted, and cells in the body can potentially divide too
quickly, leading to the development of various cancer types. The
p53 protein is shaped with a structure of beta-sheets sequenced
together in an antiparallel fashion [21]. This composition gives the
protein its flexibility when binding to DNA as a transcription factor
[21]. To regulate the transcription of other sequences, the p53
protein binds at specific locations along the introns or promoter
of the gene region [21]. However, the spaces between each binding

location within the sequence vary, hinting that certain signaling
mechanisms are used to activate genes through p53 mediums [21].
By binding to these various sites on target genes, p53 can facilitate
the transcription of proteins that regulate mechanisms needed
for cell survival. For instance, Puma and Hdm2 are examples of
proteins synthesized after the activation of transcription by the
p53 protein, and both proteins respectively influence apoptosis and
p53 control within the cell [23]. On the other hand, mutations can
change the TP53 gene, resulting in conformational and functional
changes to the p53 protein. Even though UV light exposure and
other carcinogens affect the TP53 gene’s function, most are
missense mutations, where a different protein can be formed with
a single base change in the DNA sequence [21,23]. With this, the
shape of the p53 protein can be changed as internal interstices can
be formed within the protein [21]. These unnecessary structural
changes can induce inappropriate binding to target DNA sites. The
transcriptional processes that are activated to produce proteins
for cellular regulation are terminated due to these mutations.
Furthermore, many biological pathways, such as apoptosis, can
no longer regulate cell growth, and as a result, proliferation rates
will rise. This is evident in numerous breast cancer cases, as
tumorigenesis has been highly influenced by the p53 protein’s
absence and disruption of the TP53 gene [20].

The GATA family consists of various genes like the GATA3
gene that code for zinc-finger transcription factors, known for an
additional zinc component [24-27]. These proteins attach to specific
DNA segments thatinduce protein production for internal processes
in the human cell; therefore, the GATA3 gene’s deregulation
can allow tumorigenesis to occur. The GATA3 gene is located on
chromosome-10 of humans [24]. Additionally, it produces the GATA
binding protein 3, which acts as a transcription factor to activate
other proteins and pathways, such as mammary development in
luminal breast epithelial cells [25]. One pathway that is induced
through a positive feedback loop is the estrogen receptor alpha (ER-
alpha) signaling pathway and its relationship with the expression
of the GATA3 gene [28,29]. Through this feedback loop, the GATA3
gene produces a protein that binds to cis-regulatory components
of the estrogen receptor alpha gene [29]. As a transcription factor,
the GATA3 protein binding is essential for RNA Polymerase II
to bind to the target gene’s promoter region [29]. Through this,
estradiol can bind to receptors, causing cell cycle progression and
potentially resulting in humans’ cellular growth. When a frameshift
mutation occurs, the GATA3 protein undergoes a cycle and becomes
overexpressed [28]. This causes ER-alpha receptors and GATA3
proteins to be translated at higher rates, leading to increased cell
proliferation levels. More research is being done on how estrogen
receptor alpha mutations cause breast tumors to develop in recent
experiments. It has only recently been added to genetic breast
cancer risks. Human breast cancer cases have seen a correlation
between increased GATA3 expression and ER-positive tumors, as
ER-alpha feedback loops are positive concerning GATA3 regulation
[26]. Accelerated expression of the GATA3 gene led to increased
growth in mammary glands, as the same proportions have been
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observed in human cases as well [26]. The deregulation of the
GATA3 gene can cause potential overexpression in humans as its
relationship with ER-alpha can influence breast tumors to develop
at accelerated rates.

GTPase-Affecting Breast Cancer Oncogenes

The Rab1la gene, which primarily influences protein transport
in the endomembrane system, is crucial for the induction of breast
cancer through GTPase functions [30]. Located on chromosome 2,
the Rabla gene is most known for its placement among the Ras
gene family, which uses cellular signaling to promote human cells’
growth and development [30]. A pathway affected by the Rabla
gene is the mammalian target of rapamycin (mTOR) signaling. In
this process, the endoplasmic reticulum & Golgi apparatus have
the task of protein transport via vesicles [31]. To accomplish
this, chemical signaling needs to be promoted between the two
organelles. Through this nutrient signaling, the cell can promote
growth and protein specialization through the interaction between
mTOR pathways and Rabla proteins [31]. Specifically, a factor
called AA, which is used to stimulate mTORC1 in the nutrient
signaling, increases based on the expression levels of the Rabla
gene [31,32]. AA is prominent in cellular growth and in the
Golgi apparatus’s function, as the stimulation of GTP-dependent
pathways between Rabla and mTORC1 is in the organelle itself
[31]. When mutations occur, the oncogenic version of the Rabla
gene stimulates an increase in mTORC1 signaling as well. This
can stem from the increasing levels of the AA factor resulting
from overexpression of the Rabla gene [31,33]. Numerous cases
have reported an increase in breast cancer metastasis and tumor
growth from the overexpression of the oncogene [31]. Overall, the
increase in the interaction between mTORC1 signaling and Rabla
gene expression can lead to cell expansion and invasiveness in
humans. This can lead to increased rates of tumorigenesis, leading
to eventual proliferation into breast cancer.

Another GTPase protein that is produced derives from the Racl
gene. This gene belongs to a subclass called Rho genes, which are
components of the superclass Ras genes that code for GTP-binding
proteins [34-38]. The Racl gene is located on chromosome 7. Like
other functional Rho GTPases, the protein is constantly cycling
through activated and deactivated forms through the roles of
regulators, including GEF, GAP, and GDI [34,35]. GEF is commonly
associated with permitting the GTP-bound form to develop, but the
GAP is primarily involved in the inactivation of the GTPase [37]. The
expression of the Rac1 gene and GEF and GAP effects can induce cell
growth and motility through Rho GTPase signaling [36]. Moreover,
theseregulators are present at various levels during the progression
of certain cancers within humans [36]. The increased regulation of
the Racl gene can cause changes in upstream signaling, another
way that leads to pathways for cellular growth and tumorigenesis
[35]. GEF-related upregulation has been closely studied from the
past years and increases in GEF levels have introduced increased
cell growth and gene expression in cells. For instance, the P-Rex1
is a GEF that is specific to the Rac1 gene itself [36]. Overexpression

of P-Rex1 has shown that increases in the use of tyrosine-kinase
and other G-protein receptors have been integrated into pathways
of cellular growth and tumor promotion [36]. Another GEF that
influences the increasing risk of breast cancer in humans is Ect2
[38]. In proto-oncogene-containing cells, Ect2 diffuses and binds to
microtubules, promoting normal cytokinesis in the cell; however, the
cell’s oncogenic version induces Ect2 to promote overexpression of
the gene, causing the MEK/Erk pathway to be overexpressed [36].
The overexpression of this pathway can result in the mis regulation
of certain processes, thereby promoting cancer risks. A splice
variant of the Rac1 gene, Raclb, is also related to the induction of
breast cancer risks in humans [35]. Overexpression of this gene
sub-type induces the increasing levels of Reactive Oxygen Species
(ROS), which can have mutations leading to cancer cells’ growth in
humans. This leads to an increase in the Snail transcription factor,
leading to mammary cell growth and EMT, which is conducive
to cell invasion and increased development of tumors [35]. Rho
GTPases such as the Racl gene can have significant effects on the
progression of breast cancer.

Concerning the GTPases interconnected in pathways to
promote breast cancer, the Arf6 gene is another potential oncogene
that has been researched in the past and is known to lead to cell
invasiveness and tumorigenesis in breast cancer patients. The ADP-
ribosylation factor family, commonly known as the Arf family, is
a group of GTPases that belong to the superfamily of Ras factors.
These GTPases bind to G domains to promote cell signaling and
activation of certain tasks. The Arf6 gene is a component of the Arf
family that produces a specific G-binding protein, and it is located
on chromosome-14 [39]. Like the Racl gene and Rho GTPases,
the GEF and GAP factors are essential for the functioning of the
chemical signaling that results from the GTPase [40]. Besides, the
GEFs tend to activate the complexes, but the GAPs are primarily
localized with the inactivation of the proteins [37]. Ultimately, the
Arf6 can also become an oncogene, as it influences pathways that
lead to cell migration and malignant tumorigenesis in humans. For
cell migration to occur, cancerous cells need to detach from tumors
and migrate through the extracellular matrix (ECM) and adhere
to certain locations [40,41]. This can cause cells to proliferate in
different locations while contributing to the growth of tumors and
breastcancerin general. Overexpression of the Arf6 gene and specific
GEFs are showcased to connect with this defective cell phenotype.
In recent studies, the GEF BRAG2 and the overexpression of Arfé
have resulted in this invasive behavior of cells when paired with the
expression of the EGF genes [40,42]. In this process, E-cadherin’s
function, which has a large component in Adheren Junctions (A]s)
and is needed in cell-adhesion mechanisms, is defected [40]. The
Arf6 gene’s function is also related to that of the Racl gene since
the activation of the Racl gene can be induced with its fashions in
promoting breast cancer [40].

Treatments and Advancements

In clinical research, the c-MYC gene has been observed to
be overamplified in many breast cancers cases, including the
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aggressive subtype called triple-negative breast cancer [43]. During
gene amplification and increased cell growth, it has been postulated
that gene blockade can induce disruption of the ongoing oncogenic
processes [44]. Moreover, scientists have found the inactivation
of the MYC gene to lead to suppressed tumorigenesis [43,44].
However, this has only occurred in preclinical trials and has yet to
be researched further. In addition to this development, recently,
a molecule that degrades the MYC oncogene through the uses of
proteases has been found [43]. The molecule is called C1572, and it
specifically correlates with the degradation of cancer stem cells in
triple-negative breast cancer models that utilize xenograft tissues.
It may thus be used in future clinical studies [43].

Research has also been done to treat breast cancer by targeting
the TP53 gene. This gene codes for a transcription factor called p53,
and the absence of this protein can induce more severe pathways
leading to increased tumorigenesis. For instance, the drug Paclitaxel
has portrayed a significant relation with the absence of the p53
protein [45,6]. The loss of p53 was related to increased levels of
apoptosis induced by Paclitaxel and independent of the p53 gene
[45,46]. This causes cells to stop proliferating at high rates since
mitosis is disturbed by the loss of the p53 function [45]. The p53
gene can also provide insight towards molecular markers that
showcase tumor response in systems. Treatment-resistant tumors
can be developed through radiotherapy since a loss of p53 function
in tumor cells can cause apoptotic mechanisms to be disturbed [45].
This allows scientists to connect the function of p53 to the growth
of tumors in future studies regarding radiotherapy [45].

Although the GATA3 gene’s uses have not shown much definite
success, the role of the GATA3 gene in breast cancer development
is still being studied. Currently, experiments are being done to find
biological markers to target the gene and prevent cancer growth.
Studies in mice have shown that breast cancer prognosis is evident
with changes in GATA3 gene levels in relation to p18 gene deficiency
[47]. According to a study, the loss of the p18 gene and high GATA3
levels have been related to the development of ER-positive luminal
tumorigenesis [47]. Furthermore, the promotion of the gene has
shown differentiation in luminal cells [47]. Another area studied is
the expression of E-cadherin and how it can interact with varying
levels of MCF-7 and MDA-MB-231 cells to promote the reversal of
Epithelial-Mesenchymal Transition (EMT) [48]. This can prevent
the migratory phenotype of breast cancer [48]. The evidence
provided by these ongoing experiments shows that the GATA3 gene
must continue to be studied extensively to reduce breast cancer
risks.

For tyrosine kinase-based genes, such as the gene that codes
for the HER2 receptor, many treatments are based on inhibiting
these kinases. Trastuzumab and Pertuzumab are antibodies used
in breast cancer treatment. In clinical trials, the addition of kinase
inhibitors enhanced the effects of the treatments. In an experiment
conducted by Canonici et al. [49] tyrosine kinase inhibitors (TKIs),
afatinib, lapatinib, and neratinib, were used with Trastuzumab and
Pertuzumab to test cell proliferation effects in HER2 breast cancer

cells [49]. Pertuzumab by itself did not inhibit cellular growth
in breast cancer tumors, but when lapatinib was added with
Pertuzumab, the responses towards Trastuzumab were enhanced
[49]. Previous studies also hint that neratinib is useful in targeting
tyrosine kinases in the early onset of breast cancer [50]. From
these, it is understood that further research is needed to find more
inhibiting factors to reduce breast cancer risks in humans.

Treatments are also being researched for limiting the cell
proliferation from the overexpression of the EGFR gene. This gene
also interacts with tyrosine kinase mechanisms, which evinces the
uses of inhibitors to blockade its functions as an oncogene. However,
little success has been achieved in clinical trials and research with
this gene [51]. In the past, lung carcinomas, like NSCLC, have been
portrayed as cancers that grow on major mechanisms related to
the EGFR gene [51]. Since this is not the only path towards cell
proliferation in breast cancer cases, many EGFR mutations can still
occur, but the results of EGFR gene disruption can be small enough
for cancer to still progress [51]. In contrast to this clinical approach,
one treatment has proven successful in triple-negative breast
cancers. Cetuximab is a developed monoclonal antibody that acts as
an inhibitor on the gene’s downstream pathway [52]. Through this,
cell growth and proliferation can be stunted in oncogenic versions
of the EGFR gene [52].

The SRC gene has also been researched as a drug target. Many
drugs have been synthesized to disrupt the tyrosine kinase activity
that is overexpressed along with gene amplification. For instance,
the Dasatinib treatment (TKI) was met with an unsuccessful trial
when alone, but a modification occurred to increase anti-cancer
phenotypes [53,54]. Even though cell migration was decreased with
the addition of the TKI, the combination of Dasatinib, Cetuximab,
and Cisplatin was implemented [53]. This combination induced
apoptosis and the inhibition of EGFR and MAPK pathways, thereby
decreasing cell proliferation [53]. The cell migration rate was also
decreased in response to the three-compound drug associated
with the trial [53]. Also, another TKI that is being investigated is
Ponatinib, which is used to inhibit kinases with the SRC gene and
inhibit growth factor-inducing mechanisms [54,55]. This can limit
the cellular growth rate as well as tumorigenesis rates [55].

As part of the superfamily of GTPases, the Racl gene is
currently being researched for specific molecular targets that can
help decrease cell migration and growth in breast cancer cases. A
few inhibitors have been used to test the efficacy of decreasing the
oncogenic phenotypes of the products. For instance, NSC23766 is
a chemical compound developed by scientists to inhibit the Racl
gene’s role as a GTPase [56]. This molecule prevents the activation
of Racl GEFs, such as TRIO and TIAM1, in this case. It is thus useful
in inducing characteristics that decrease metastasis and growth
of tumors [56]. With breast cancer, the use of NSC23766 induces
apoptosis and limits cellular growth in breast cancer cells while not
affecting standard mammary cells [56]. The role of Rac1 in radiation
therapy is also being explored. In the experiment conducted by AL
Hein et al. [57] the HFR-cancer cells were selected since the levels
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of the Racl gene increased by radiation therapy [57]. Moreover,
the oncogene’s inhibition with molecule N17Racl decreases
HFR-breast cancer cell survival rates [57]. Through this, radiation
therapy can have significant effects while ensuring that cancer cells
do not develop resistance.

Research is still being conducted to find potential pathways to
inhibit cancer growth in humans through the Arf6 gene medium.
As an oncogene that acts as a GTPase, numerous mechanisms
are activated that promote cell migration and proliferation
[58]. Therefore, inhibiting these features could also impede
tumorigenesis in breast cancer cases. SGC-7901 cells were
considered for a study by Junlan Qiu et al. [58] with a group of cells
growing in standard conditions with Arf6 oncogene eradicated and
nonfunctional. The experiment’s result was that SGC-7901 cells
without Arf6 had significantly less cell proliferation and migration
of cancer cells, which decreased the probability of tumorigenesis
and cell growth [58]. Even though this process was done in vitro, it
can be deduced that future implementation of the Arf6 deletion can
lead to fewer breast cancer risks. However, more research is being
conducted to understand the gene’s uses in treatments for breast
cancer. Specific to the Rabla gene, the mTOR pathway is made up

of mTOR1 and mTOR2 [59]. As shown in Figure 2, the pathway is
prominent in the oncogenic response with the Rabla gene, and it
increases cellular growth and promotes cell proliferation. This is
a closely researched topic in preventing the risks that accompany
breast cancer in humans. The mTOR1 subunit is activated by a
molecule called p-P70S6K [60]. When the Rabla gene experiences
overexpression in breast cancer cases, there has also been the case
of an increase in p-P70S6K, leading to cell growth from mTOR
signaling [59]. In an experiment conducted by Hui et al. [59]
researchers deregulated the expression of the Rabla gene, which
suppressed the proteins produced from p-P70S6K; consequently,
cell proliferation was significantly decreased, and tumorigenesis
did not progress [60]. Another experiment in vitro was done to
explore the effects of the Rabla gene expression. A siRNA unit was
added with the gene, while another group acted as a control. In the
experimental group, the deregulation of the Rabla expression was
noticed in breast cancer cell lines MDA-MB-231 and BT-549 [59]. It
was then concluded that the number of cells migrating decreased
when siRNA was added to the Rabla gene [59]. Advances made
in combating cell invasion, such as those described above, will
significantly improve treating metastatic cancer [60-62].
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Figure 2: The mTOR signaling that is induced by increasing levels of Rabla expression. The result is increased
protein production and tumorigenesis (adapted from [62]).
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Discussion

By reviewing the potential effects of the previously identified
oncogenes, it is clear that they hold a prominent role in breast
cancer development. Tyrosine-kinase activity, transcription factors,
and GTPase activity are all targeted oncogenes pathways to affect
accelerated cell growth and migration. With regulation methods
impeded and growth unchecked, breast cancer cases are currently
being researched to reduce the disease’s effects in future patients.

Table 1 shows an overview of the oncogenic classifications and
examples discussed in this paper regarding breast cancer induction.
Despite the research done in the past, there is still more to learn
about oncogenes and their cancer development role. Furthermore,
the treatments found are still being researched. Given time,
successful clinical trials and further research can be implemented
to test these drugs and methods so that breast cancer risks can be
reduced in the future.

Table 1: An overview of the oncogenes and their classifications. Along with this, the main function that leads to breast

tumor growth is also listed.

Classification (What it Affects) Oncogene Function Oncogene
HER2
Receptor growth and cell growth increased due to increased gene
Tyrosine-Kinase activity ptors . 8 . L 8 EGFR
expression. Causes cell proliferation into breast tumors.
SRC
c-MYC
. Gene expression increased to promote production of transcription
Trancription Factor ) . TP53
factors. Hence, DNA synthesis and cell growth increase as well.
GATA3
Racl
Increased gene expression leads to more GTPase-dependent path-
GTPase activity g P . . P P Arfé
way occurences. Cell growth and invasion are promoted.
Rabla
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