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Abstract

Although a remarkable rise in the depth of our understanding and management of breast cancer (BCa) in the last
decade, this matter is still a major public health problem the entire world. But, researchers investigate about reason
of BCa. Especially, they detected some important genes (BRCA1/2, PIK3CA, MED12, CDH1, TP53, PTEN or
SALL4) for BCa diagnosis or treatment. For this reason we reviewed about roles, functions or effects of these crucial
genes in BCa. To determine candidate genes important in BCa processes need to be further analysis with a greater
number of patients.
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Introduction
Breast cancer (BCa) is one of the most common women cancers and

cause cancer death among women from cancer worldwide. 1.7 million
women were diagnosed with BCa in 2012 [1]. For this reason scientists
search for new prognostic and predictive factors to BCa. We know that
important prognostic factors for patients with BCa are tumor size,
histological type, degree of malignancy, and axillary lymph node status
[2]. On the other hand, nowadays molecular biology and cancer
genetic studies reveal new findings about BCa mechanism. The
important of candidate genes studies has been implied. Cancer
genetics research genetic and epigenetic mechanisms to tumor cell
proliferation, control cell cycle genes expression; apoptosis regulates
factors, and metastasis-related proteases levels [3]. In present review
we summarized candidate genes roles or functions in BCa
development.

Candidate Genes
Breast cancer (BCa) development includes numerous genetic events,

which can activate dominant acting oncogenes and disrupt the
function of specific tumor suppressor genes. Therefore, in BCa has
been identified a lots of genes including in BRCA1 and BRCA2,
PIK3CA, PTEN, SALL4. The ErbB2, PI3KCA, MYC, EGFR, RAS, ER,
PR, NM23 and CCND1 (encodes cyclin D1) oncogenes are frequently
deregulated in breast cancer. On the other hand, BRCA1/2, p53 or
ATM are important tumor suppressors genes. Last studies implied that
these genes may be useful prognostic marker in the management of
patients with BCa.

Oncogenes and breast Cancer
PIK3CA: Phosphatidylinositol 3-kinase catalytic subunit alpha

(PIK3CA) haves a crucial role in the initiation and progress of
cancerous tumors through the overexpression of the PI3K pathway

promoting uncontrollable levels of cell proliferation [4]. Furthermore,
oncogenic mutations in the PI3K pathway generally involve the
activation PIK3CA mutation which has been detected in numerous
BCa subtypes [5]. PIK3CA mutations are related with favorable
prognostic features such as high ER positivity and a relatively good
clinical outcome with hormonal therapy [6]. But, in HER2+ BC,
several reports show that PIK3CA mutations predict adverse outcomes
after treatment with trastuzumab.

SALL4: SALL4 expression has been detected in various cancers,
including a subset (30 %) of solid tumors, such as BCa, ovarian cancer,
gastric cancer, Wilms tumor and germ cell tumors [7]. SALL4 improves
cell migration in vivo [8]. Besides, SALL4 knockdown inhibits the
growth of the drug resistant BCa due to cell cycle arrest and reverses
tumor chemo-resistance through down-regulating the membrane
transporter, BCPR. The researchers reported that SALL4 has potential
as a novel target for the treatment of BCa [9].

TOP2A: Topoisomerase-II alpha (TopoIIA: TOP2A), a DNA gyrase
isoform that plays an important role in the cell cycle, is present in
normal tissues and various human cancers, and can show altered
expression in both. TOP2A gene amplifications forecast improved
efficacy of epirubicin in patients with BCa. TOP2A which plays crucial
roles in a number of fundamental nuclear processes including DNA
replication, transcription, chromosome structure, condensation and
segregation [10].

Tumor suppressor genes and breast cancer
BRCA1 and BRCA2: Inherited mutations in BRCA1 and this gene,

BRCA2, confer increased lifetime risk of developing BCa. Particularly,
both BRCA1 and BRCA2 are involved in maintenance of genome
stability, specifically the homologous recombination pathway for
double-strand DNA repair [11]. Germline pathogenic variants in
BRCA1/2 are inherited in an autosomal dominant manner. According
to a study, the proportion of BRCA1 mutations among triple negative
(TN) cases ranged from 9–100% (mean 35%), while the proportion of
BRCA2 mutations among TN cases ranged from 2–12% (mean 8%)
[12].
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PTEN and TP53: Phosphatase and tensin homolog (PTEN) and
TP53 are associated with various subtypes of BCa. PTEN is a lipid
phosphatase whose action targets phosphatidylinositol 3,4,5-
trisphosphate (PIP3), a component of the lipid cellular membrane and
has role as a tumor suppressor [13]. PTEN is reported as one of the
most frequently mutated or mutated in many human cancers.
Moreover, many findings have exhibited that PTEN as well as TP53
plays a critical role in DNA damage response. Nakanishi et al. [14]
reported that the role of PTEN signaling through its interaction with
p53 and MDM2 pathways for the potential implications in hereditary
cancer prevention and therapeutic intervention. Bertheau et al. [15]
reported that in ER negative (ER(-)) TP53 mutated BCa, accumulation
of genetic abnormalities would lead to mitotic catastrophe and
subsequent better response. However, PTEN mutations are more
extensively seen in ER (+) BCa.

CDH1: E-cadherin (CDH1) is a glycoprotein that interferes
adhesion between epithelial cells. Moreover, CDH1 suppresses cancer
invasion and mutation/deletion of the CDH1 gene has been detected in
30-60% cases of invasive lobular carcinoma (ILC). But, little is known
about genomic differences between ILC with and without a CDH1
alteration [16]. E-cadherin is an important switch in EMT [17].
Moreover, we know there are many EMT-associated genes; VIM,
SNAI1, SNAI2, TWIST1, TWIST2, ZEB1, ZEB2, CLDN3 (claudin 3),
CLDN4 (claudin 4), CLDN7 (claudin 7).

Other important genes in breast cancer
Mutations in the ESR1 gene, encoding ERα, found in about 20% of

recurrent and metastatic BCa patients treated with endocrine therapies
[18], whereas ESR1 mutations are extremely rare in primary BCa [18].
Moreover, ESR1 mutations are currently considered as novel
mechanisms of resistance to endocrine therapies [19].

AKT1 is related with altered cell migration and invasion in several
mammalian systems. Thus, AKT1 is considered a valuable therapeutic
target for several cancer types [20]. AKT1 gene amplification only
accounts for 1% of estrogen receptor (ER)-positive breast carcinomas
[21].

Conclusion
Single gene analysis to anticipate whether cancers reply to specific

targeted therapies is performed progressively often. Developments in
molecular genetic technology collectively referred to as high resolution
melting analysis (HRM) or next generation sequencing (NGS) mean
the entire cancer genome [22].

BCa is the most common cancer among women worldwide and the
second-most common cancer overall. Many studies suggest that
BRCA1/2, PIK3CA, MED12, CDH1, TP53, PTEN or SALL4 genes
abnormalies may be related with increased risk of BCa development. A
lots of inhibitors and drugs has been development for BCa (examples:
everolimus or caffeine for PIK3CA; VO-OHpic for PTEN; C2826 for
TP53). Pentraxin-3 as a newly identified PI3K-regulated biomarker
and a potential therapeutic target in basal-like breast cancers [23].
WEE1 inhibitors and PARP inhibitors are all in advanced phases of
clinical trials for BRCA1/2 mutated tumors. Therefore, these candidate
genes could be considered as one possible risk factor of BCa according
to new studies. So, the genes may be a biomarker for BCa prognosis or
treatment. Targeted of candidate genes has potential clinical utility to
detect biomarkers from BCa-targeted therapies.
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