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 Cancers are widespread among women, and breast cancer is considered one of the 
deadliest cancers among women. Due to early detection of breast cancer and appropriate 
treatment, the recovery rate among women increases, reaching 80% in developed countries. 
There are various genes linked to breast cancer as well as cancer stem cells. Genetic and 
epigenetic changes that result in abnormal gene function are involved in breast cancer. The 
genes associated with breast and ovarian cancer are BRCA1 and BRCA2. They are tumour 
suppressor genes because they play a role in DNA repair procedures. Furthermore, different 
malignancies exhibit dysregulation of the MYC oncogene family, which is typically associated 
with a bad prognosis for tumours. HER receptors are found in many tissues of epithelial, 
mesenchymal, and neuronal origin, where they control a variety of vital processes such as cell 
migration, programmed cell death (apoptosis), cell differentiation, and abnormal cell growth. 
Our understanding of the mechanisms that give birth to breast cancer has been significantly 
impacted by recent advances in genomics research. This understanding has in turn prompted 
the development of novel diagnostic and treatment techniques. This review will focus on the 
concept of breast cancer and related genes.
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 An summary of female breast cancer 
statistics in the US, including information on 
incidence, mortality, survival, and screening, is 
given by the American Cancer Society. In the 
United States, women are predicted to experience 
40,290 breast cancer-related fatalities and 231,840 
new instances of invasive breast cancer in 2015. 
From 2008 to 2012, the incidence rates of breast 
cancer were steady for non-Hispanic white (white), 
Hispanic, and American Indian/Alaska Native 
women, but increased for black and Asian/Pacific 
Islander women. Despite traditionally having 
greater incidence rates than black women, white 

women’s rates converged in 2012. Remarkably, 
from 2008 to 2012, incidence rates in seven states, 
mostly in the South, were considerably higher for 
black women than for white women. There were 
249,000 fewer breast cancer deaths in the US 
between 1989 and 2012 as a result of a 36% decline 
in breast cancer death rates. With the exception of 
American Indians and Alaska Natives, all racial 
and ethnic groupings saw a decline in death rates. 
However, the mortality gap between white and 
black women has remained persistent across the 
country, with black women’s death rates being 42% 
higher in 2012 than those of white women1.



1100 AlAtAwi, Biosci., Biotech. Res. Asia,  Vol. 20(4), 1099-1108 (2023)

 The difficulty in treating and controlling 
malignant breast cancer lies in the fact that it 
extends and spreads to distant organs such as the 
bones, liver, lungs, and brain. Early diagnosis of 
breast cancer effectively contributes to avoiding 
the complications of the disease and reducing the 
high mortality rate among women . As a result of 
this early diagnosis, the cure rate increases to 80%, 
as in North America 2.
 One of the most common methods 
for diagnosing breast cancer is mammography. 
This method has proven its ability to predict the 
formation of a mammary tumor, thus speeding 
up the diagnosis of the disease and reducing the 
mortality rate. As a result of the advancement of 
techniques used in diagnosing breast cancer over 
the past ten years, new screening techniques have 
been used, such as magnetic resonance imaging 
(MRI). It is considered more accurate compared 
to mammography3. The possibility of an increased 
risk of breast cancer is linked to a group of risk 
factors, including gender, family history, aging, 
estrogen, genetic mutations, and lifestyle 4. 
 Due to the congenital and structural 
differences between female and male, the incidence 
of breast cancer is 100 times higher in female 
than in males. Annually, the incidence of breast 
cancer in America has increased. Nevertheless, 
the prevalence of early screenings and cutting-
edge medical treatments helps to lower the 
mortality rate. Currently, in light of medical 
and biological progress, medications have been 
manufactured based on individuals genome 
sequencing technologies, which aim primarily 
to treat breast cancer. This article addresses the 
functions of genetic machinery in the onset and 
recurrence of breast cancer.
What is breast cancer?
 Breast cancer is a malignant tumour that 
originates from breast cells. A malignant tumour is 
a mass of cancer cells that can infect nearby tissues 
or metastasis (It extends and affects distant organs 
in the human body). The breast cancer occurs 
almost entirely in female, however male can get it, 
too, but in rare cases. Trillions of live cells comprise 
the human body. In a healthy body, cells develop, 
divide, and decompose in a predictable manner. 
Normal cells divide more quickly in a person’s 
early years to facilitate growth. After reaching 
adulthood, the majority of cells only divide to 

replace damaged or dead cells or to heal wounds. 
When cells in a particular area of the body begin 
to multiply uncontrollably, cancer is the result. 
Despite the fact that there are numerous different 
types of cancer, all these types always begin as a 
result out-control growth of aberrant cells5.
 DNA damage leads to the development of 
cancerous cells in cells. Each cell contains DNA, 
which controls all activity in the cell. Damage 
to DNA in a normal cell results in one of two 
outcomes: either the cell repair the damage or 
dies. Nonetheless, cancer cells do not repair their 
damaged DNA, and the damaged DNA cells do 
not die as expected. Instead, these cells continue 
to produce additional cells that the body does not 
require. The damaged DNA present in the original 
cell will be present in all of these subsequent 
cells. Although DNA damage can be passed down 
through the generations, most DNA damage is 
triggered on by environmental factors or mistakes 
that occur during normal cell reproduction (Fig. 1) 
5.
Origins of breast cancer
 The first step in the formation of a breast 
tumor is the excessive proliferation of ducts 
(hyperproliferation), then this growth is stimulated 
by a group of carcinogenic stimuli, and ultimately 
this excessive growth turns into either benign 
or malignant tumors. Breast cancer formation 
and development are greatly influenced by the 
tumor microenvironment, which is represented 
by stromal and macrophage influences. Studies 
conducted on the mammary glands of mice have 
shown that tumors develop significantly when the 
stroma is exposed to carcinogens compared to 
when it is exposed to the extracellular matrix or 
epithelium6. Macrophages have the ability to create 
a mutagenic inflammatory microenvironment that 
encourages angiogenesis and makes it possible for 
cancer cells to resist immune rejection7. Different 
forms of DNA methylation are used to determine 
differences between normal and tumor-associated 
microenvironments. Subsequently, it has been 
proven that epigenetic alteration in the tumour 
microenvironment can encourage carcinogenesis8. 
 Recently, secondary malignant cancer 
cells known as cancer stem cells (CSCs) have 
been discovered. These cells have an effective 
role in the beginning of the tumor, its spread to 
other organs, and the recurrence of the tumor. 
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CSCs originate either from stem cells or ancestor 
cells within healthy tissues. These cells have 
the ability to regenerate and are resistant to 
conventional treatments such as chemotherapy and 
radiotherapy9. Breast cancer stem cells (bCSCs) 
were discovered by Ai Hajj. His experiment was 
based on injecting mice with weak immunity with 
cancer stem cells (100 cells), and he noticed that the 
mice’s cells had the ability to form new tumors10. 
The main source of bCSCs formation is likely to be 
luminal epithelial stem cells rather than basal stem 
cells9. Nevertheless, further research is necessary 
to understand bCSCs and design fresh methods for 
their complete suppression.
Theories of breast cancer
 There are two suppositional theories for 
the beginning and expansion of breast cancer, the 
cancer stem cell theory and the stochastic theory11. 
a) The cancer stem cell hypothesis suggests that:
 All tumour secondary types are produced 
by the same stem cells or transit-amplifying cells 
(progenitor cells). Genetic and epigenetic mutation 
in stem cells and progenitor cells lead to the 
emergence of multiple characteristics of tumors.
b) The stochastic hypothesis suggests that:
 Whether the single cell are stem cells, 
progenitor cells, or differentiated cells, each tumour 
subtype begins as one of these cell types. 
 Despite the fact that both hypotheses are 
well-supported by data, neither of them clearly 
explain the causes of the occurrence and proliferate 
of breast cancer. 

The breast cancer-related genes
 Several genes have been implicated in the 
onset and development of breast cancer. Oncogene 
and anti-oncogene have important roles in the 
initiation and development of tumors. Subsequently, 
any mutations or abnormal amplification of these 
genes lead to occurrence of breast cancer (Fig. 2)12.  
Anti-oncogenes: BRCA1 and BRCA2
 Two well-known anti-oncogenes for 
the risk of breast and ovarian cancer are BReast 
CAncer gene 1(BRCA1) and  BReast CAncer 
gene 2 (BRCA2). The BRCA1 gene is found on 
chromosome 17q21 and contains 24 exons. This 
gene has main role to encodes a protein that 
comprised of 1863 amino acids (5.6 kb)13. BRCA2 
gene is found on chromosome 13q12 and contains 
27 exons where the biggest exon is number 11 
(4.9 kb). The protein that encoded by BRCA2 
has 3418 amino acids (10.2 kb). The incidence 
of ovarian cancer is caused by mutations in exon 
13 of BRCA1 and in exon 11 of BRCA2 gene14. 
The BRCA1 and BRCA2 genes generally operate 
as tumour suppressors because they code for 
the proteins implicated in the response to DNA 
damage. Moreover, they are part of the DNA repair 
genes that regulate the cell cycle 15. 
The significance of the BRCA genes
 BRCA genes contribute to encode of 
groups of proteins that are necessary for the 
transcriptional control of DNA synthesis, function 
as tumour suppressor genes. Therefore, the 

Fig. 1. Comparison of breast cells pre and post toumr infection, (A) normal breast cells in women, (B) cancer 
breast cells (abnormal in growth and division), (C) structure of breast in normal woman, (D)  Formation of 

tumour (malignant), (Created in BioRender.com).
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Fig. 2. Numerous genes have been linked to the initiation and progression of breast cancer. HER2 and 
BRCA1genes are located on a chromosome 17, BRCA2 gene is located on a chromosome 13, MYC gene is located 

on a chromosome 8 (Created in BioRender.com)

identification of certain DNA damage, specifically 
double-stranded breaks, and correct the damage. 
These mutations may be in several patterns, such 
as point mutations or deletion/insertion mutations 
16. A crucial recombinase enzyme known as RAD51 
acts in conjunction with BRCA2 to repair double-
stranded DNA breaks and promote homologous 
recombination. Additionally, exon 11 codes for a 
structural motif that has eight repeats of “BRC,” 
through which BRCA2 regulates the function 
of RAD51. As a result, RAD51 protein and 
the proteins encoded by the BRCA1/2 tumour 
suppressor genes work cooperatively to repair DNA 
breaks, thereby promoting genomic homeostasis17. 
The whole genome sequencing analysis for 
BRCA 1/2 
 Numerous mutations have been found 
on the BRCA genes due to their size (large genes). 
Broadly, it is advisable to carry out a genetic 
analysis that takes into account both repeated and 
unusual  mutations in the BRCA1 and BRCA2 
genes. The typical procedure for the laboratory 
assessment of BRCA genes comprises extensive 
genomic rearrangement testing and sequencing. 
Lately, the mutations in both genes have been 

studied by using next generation sequencing. A 
single-site targeted mutation analysis can also 
be carried out if the patient has a family member 
who carries a specific mutation18. Clinically, the 
mutations in BRCA 1 and BRCA 2 were identified 
in 4–7% of the women that involved in significant 
studies that used multi-gene analysis. Because it is 
an expensive and time-consuming method, whole 
genome sequencing, which involves sequencing 
all of the DNA’s coding and non-coding regions, 
is rarely used in clinical practice. As a first-line test 
for hereditary breast/ovarian cancer, it has not been 
approved18.
Cancer risk associated with BRCA1/2 mutations
 BRCA1 and BRCA2 mutation carriers 
make up only 0.1–0.2% of the general population. 
2-3% of all breast cancer cases have BRCA1 or 
BRCA2 mutations. Breast and ovarian cancers 
patients whose have family history in mutations 
of BRCA genes are more susceptible to mutations 
at different age stages. Within and between 
family members, there seems to be variation in 
the prevalence of pathogenic BRCA mutations 
and the duration of cancer19. Furthermore, 
BRCA-associated cancers frequently develop into 
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Fig. 3. The role of c-MYC to control the tumour microenvironment (TME), and implicated in the stromal cell 
proliferation and angiogenesis. Patients with breast cancer experience the onset and advancement of the disease 

due to elevated c-MYC expression levels, (Created in BioRender.com)

invasive disease without a precancerous ductal 
carcinoma in situ component. Consequently, even 
using mammography to detect breast cancer, the 
likelihood of doing so is decreased. Several studies 
have determined that familial ovarian cancer 
syndromes do not frequently present with mucinous 
and borderline ovarian carcinomas. Primary 
cancers of the fallopian tubes and peritoneum are 
more common in mutation carriers20. 
 Ovarian cancer risk is increased in people 
with BRCA2 mutations as well, however it is not 
as great as it is in people with BRCA1 mutations. 
Although those who carry the BRCA1 and BRCA2 
mutations may experience ovarian cancer at an 
earlier age, ovarian cancers detected at an older 
age may also have an underlying mutation13. The 
presence of abnormalities in the BRCA1 gene has 
been observed in women with breast cancer only, as 
well as in cases with both breast and ovarian cancer, 
at a rate of 15-20% and 40-50%, respectively. A 
woman with a BRCA1 mutation has a 20% chance 
of breast cancer after age 40, a 51% risk after age 
50, and an 85% risk after age 70. After the age of 
70, the likelihood of developing ovarian cancer 
increases by 40–50%. BRCA2 mutation carriers 
had a 28 percent increased risk of developing breast 
cancer after age 50 and an 84 percent increased 
risk after age 70, and a 4 percent increased risk of 
developing ovarian cancer after age 50 and a 27 

percent increased risk after age 70. In conclusion, 
having a BRCA1 mutation increases a woman’s 
lifetime risk of acquiring breast cancer by up to 
85% and ovarian cancer by 40 to 50%, whilst 
having a BRCA2 mutation reduces these risks to 
40–45% and 15–30%, respectively13,21.
c-MYC in breast cancer
 A group of proto-oncogenes called 
the Myc genes includes a number of members 
(L-myc, N-myc and c-myc). The MYC family 
includes the c-MYC gene, which is found on 
human chromosome 8. Myc proteins are a subset 
of the transcription factor family known as “basic/
helix-loop-helix/leucine zipper” (HLH-LZ), 
which are involved in the control of cell growth, 
differentiation, and apoptosis22. 
 By a number of processes including 
transcriptional control of the proximal promoter 
region, the expression levels of c-MYC are tightly 
regulated. It has been determined that high levels of 
c-MYC expression in breast cancer patients cause 
the formation and progression of the disease22,23. 
 c-MYC is a crucial regulator of the 
tumour microenvironment (TME), and it has a 
role in stromal cell proliferation and angiogenesis, 
according to growing data (Fig. 3)24. Cancer-
associated fibroblasts (CAFs), tumour-associated 
macrophages (TAMs), vascular endothelial 
cells (VECs), myeloid-derived suppressor cells 
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(MDSCs), immune cells, inflammatory cells, 
adipocytes, and myoepithelial cells make up the 
TME. Extracellular matrix (ECM), extracellular 
vesicles (EVs), soluble cytokines, and signalling 
molecules are examples of non-cellular components 
that play a significant role in TME. Additionally, 
TME also includes the lymphatic system and blood 
arteries (Fig. 4)24. The strong connection between 
TME and tumour growth in breast cancer has been 
shown in several studies. This may be reliant on the 
interplay between TME and breast cancer cells that 
is mediated by c-MYC. Given the critical function 
of c-MYC in TME and malignant breast cancer25. 
HER2-positive breast cancer
 Several human cancers are the result 
of some pathogenesis factors such as the human 
epidermal growth factor receptor (HER) family 
of receptors. HER family consists of four main 
groups: HER-1, HER-2, HER-3, and HER-4, 
also known ErbB1, ErbB2, ErbB3, and ErbB4, 
respectively. These family of receptors have the 
fundamental functions, they control the growth of 
cell, survival, and differentiation through numerous 
signal transduction methods and participate in 

cellular proliferation and differentiation26. The 
cell systems that regulate growth have been the 
centre of contemporary study into the origins of 
cancer. This has demonstrated that growth factor 
receptor alterations have a role in oncogenesis. One 
of the systems in breast cancer that has been most 
thoroughly studied is HER family, which plays a 
significant role in the regulation of healthy growth. 
HER2 is a significant oncogene in breast cancer and 
found on the long arm of human chromosome 17 
(17q12)27. 
The significance of the HER
 The HER receptor monomers are 
present on the cell surface. When ligands bind to 
the extracellular domains of HER proteins, the 
intracellular domains undergo dimerization and 
transphosphorylation. Homo-or heterodimerization 
leads to the autophosphorylation of tyrosine 
residues within the cytoplasmic field of the 
receptors. Thus, it initiates a variation of signalling 
pathways, principally the mitogen-activated 
protein kinase (MAPK), phosphatidylinositol-
4,5-bisphosphate 3-kinase (PI3K), and protein 
kinase C (PKC) resulting in cell proliferation, 

Fig. 4. Non-cellular elements of TME that are important to TME. The robust relationship found in breast cancer 
between TME and tumor development, (Created in BioRender.com).
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survival, differentiation, angiogenesis, and 
invasion. Heterodimers provide stronger signals 
than homodimers, and those that contain HER2 
have a very high capacity for ligand binding and 
signalling since HER2 is the family member’s 
preferred dimerization partner because it occurs 
in an open conformation26. 
 The main regulator of cell proliferation 
and survival known as PI3K/Akt is most effectively 
stimulated by the HER2-HER3 heterodimer. 
Furthermore, the mislocalization and quick 
breakdown of the cell-cycle suppressor p27Kip1 
protein, which promotes cell-cycle advancement, 
are made possible by HER2 dimerization. 
Furthermore, the mislocalization and quick 
breakdown of the cell-cycle inhibitor p27Kip1 
protein, which promotes cell-cycle advancement, 
are made possible by HER2 dimerization. 
Receptors found in other membranes, for example 
insulin-like growth factor receptor 1, can combine 
with HER2 to activate it26. 
 In the HER family, HER2 plays a crucial 
function by interacting with the other receptors 
to enhance intracellular signalling12. Studies have 
connected HER2 gene amplification/receptor 
overexpression to cancer development despite our 
poor understanding of how HER2 operates and is 
controlled. A considerable part of different tumour 
types exhibit HER2 gene amplification/receptor 
overexpression, which happens relatively early 
in the course of disease and is associated with a 
bad outcome in women with female breast cancer. 
Making management choices will depend more 
and more on knowing the HER2 status of patients 
with breast cancer 28. 
Detection of HER2
 Despite the development of numerous 
HER2  testing techniques, approximately 
20% of HER2 tests performed today may be 
inaccurate.. As a result, the College of American 
Pathologists (CAP) and the American Society 
of Clinical Oncology (ASCO) have suggested 
recommendations for HER2 testing to assure 
accuracy. Immunohistochemistry (IHC) and 
fluorescence in situ hybridization are the two 
procedures that are currently authorized for HER2 
testing Fluorescence in situ hybridization (FISH)26.
 In cases of malignant breast cancer, it 
is recommended that patients undergo HER2 
analysis. And the test should be conducted more 

than once until the result is confirmed. Initial 
HER2 testing should be performed on breast cancer 
tissues employing an IHC technique to detect the 
presence of the HER2 protein. The first procedure 
in breast cancer specimens is examine the HER2 
by using validated IHC screening for HER2 protein 
expression29. Depending on the cell membrane 
staining manner, the grading scheme for HER2 
expression is as follows26: 
a) 3+: positive HER2 expression, over 30% of 
malignant tumor cells show  homogeneous, strong 
membrane staining.
b) 2+: equivocal for HER2 protein expression, 
complete membrane staining that is either faint or 
inconsistent in intensity, with at least 10% of cells 
exhibiting a circular distribution. 
c) 0 or 1+: negative for HER2 protein expression.
 FISH should be used as confirmation on 
breast cancer tissues with ambiguous IHC results. 
The results of the HER2-to-CEP17 ratio and gene 
copy number analysis are interpreted as follows:
a) Positive HER2 amplification: HER2 gene copy 
over 6.0 or FISH ratio more than 2.2.
b) Equivocal HER2 amplification: a HER2 gene 
copy number of 4.0–6.0 or a FISH ratio of 1.8–2.2.
c) Negative HER2 amplification: HER2 gene copy 
less than 4.0 or FISH ratio less than 1.8.
Amplification of the HER2 gene in breast cancer
 Since it was discovered that HER2 can 
cause mammary carcinogenesis both in vitro and in 
vivo, investigations on the protein have primarily 
focused on breast cancer. There are prognostic and 
predictive consequences for the overexpression 
of HER2 in 15–30% of malignant breast tumors. 
Approximately from 25 to 50 copies of the HER2 
gene and an increase of 40–100 fold in HER2 
protein lead to the expression of two million 
receptors on the tumor’s surface cells, are found 
in breast tumors30. 
 It has been demonstrated that even 
estrogen can activate HER2 signalling by way of 
the nongenomic activation of the estrogen receptor 
(ER) outside the nucleus. Breast cancer patients 
with HER2 gene amplification have lower overall 
and disease-free survival rates. In a research by 
Press et al, 704 node-negative breast tumors 
were examined for HER2 expression, and it was 
discovered that women whose breast cancers had 
high overexpression where had a 9.5-fold higher 
chance of recurrence compared to women whose 
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breast tumors had a normal expression (P = 
0.0001)31. 
 Seshadri et al. discovered that HER2 
amplification of thrice or more was related with 
significantly shorter disease-free survival (P = 
0.0027) in their study of 1056 patients with Stages 
I–III breast cancer32. 
 Significant correlations between HER2 
amplification and the pathologic stage of the 
disease, the number of axillary nodes that had 
tumors, the histologic type, and the lack of ER and 
progesterone receptor (PgR) have also been found. 
According to available data, HER2 amplification 
occurs early in the development of human breast 
tumors. Without any signs of invasive disease, 
over half of all in situ ductal carcinomas exhibit 
HER2 amplification, and HER2 status is maintained 
throughout the development of invasive disease, 
nodal metastasis, and distant metastases33. Breast 
cancers with HER2 amplification are more 
susceptible to some cytotoxic chemotherapeutic 
treatments, more resistant to some hormonal 
therapies, and more likely to spread to the brain34.

CONCLUSION
 
 Breast cancer may be prevented. Two 
key strategies for preventing breast cancer include 
lowering risk factors and using chemoprevention. 
To raise public knowledge of breast cancer, 
nevertheless, there is still more work to be done. 
Among high-risk females, just 4.1% are willing 
to use chemotherapy preventatives. The inability 
to find the correct method for treating malignant 
tumors such as breast cancer may be attributed 
to the genetic nature and its association with 
a several of factors, and thus the variation in 
complications between individuals. The Gail 
method, or International Breast Cancer Intervention 
Study (IBIS), is one of the most common methods 
for diagnosing the degree of breast cancer in 
women. These methods depend on determining 
age, family history and reproductive ability. 
However, these methods are inaccurate in their 
results to determine the severity of the infection 
in female patients. Due to the development of 
methods used in studying the genome, it is useful 
to use genome sequencing in individuals as a 
biomarker to diagnose the risk of breast cancer. 
The future goal is to modify the currently used 

medications and reduce their negative side effects 
on patients, based on genomic studies.
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