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I. INTRODUCTION/BACKGROUND 

BRCA1 GENE  
The BRCA1 gene is a tumor suppressor gene that is most 

commonly known for its correlation with breast and 

ovarian cancers. BRCA 1 is a human gene that is also a 

tumor suppressor gene. Sometimes the gene is branded 

the name “caretaker gene”. Evidence showing the 

presence of a gene encoding a DNA repair enzyme that 

is involved in susceptibility was produced by Mary-

Claire King’s laboratory located at UC Berkeley in the 

1990s. Within the next four years, the same gene was 

cloned by some scientists from the Utah University and 

Myriad. The location of the gene is the chromosome’s 

long arm within region 2 band 1, ranging from 

41,196,312 base pairs to 41,277,500 base pairs. The 

orthologs of the gene have been isolated from a good 

number of vertebrates which has provided 

comprehensive data. The gene also functions in DNA 

repair. BRCA 1 and BRCA 2 normally have no 

relatedness, that is, they are neither homologs nor 

paralogs but they are both expressed in the breast cells 

and they aid in repairing damaged DNA or destroying 

the entire breast cells if the DNA is damaged beyond 

repair. A case whereby BRCA 1 is damaged by the 

mutation of BRCA, the damaged DNA cannot be 

repaired and thus leads to high risks of breast cancer.
[3]

 

BRCA 1 normally combines with some other tumor 

suppressor genes, DNA damage sensors, and signal 

transducers to produce a protein complex referred to as 

the BRCA 1-associated genome surveillance complex 

(BASC).
[4]

 The gene also combines with RNA 

polymerase II and it also associates with histone 

deacetylase complexes at its C-terminal. Therefore, this 

makes BRCA 1 play a key role in the regulation of 

transcription and the repair of dsDNA breaks, among 

other functions. Regarding the structure of BRCA 1, the 

gene has the following domains.
[5]

 

I.  Zinc finger domain. 

II. BRCA 1 C-terminus. 

 

In addition, the protein also contains two motifs, that is, 

Nuclear Export Signals and Nuclear Localization 

Signals. The BRCA1 gene found in the human genome is 

composed of two BRCT domains, a BRCA 1 serine 

domain, a Zinc finger domain and four major protein 

domains. All these domains can encode about 26% of the 

gene BRCA 1. Moreover, there are approximately six 

known isoforms of this gene whereby each first and 

second isoform comprises of around 1863 amino 

acids. First, the Znf domain is found in the peptides of 

eukaryotes and its length is approximated at 40-60 amino 

acids with eight residues for metal binding; 2 histidine or 

cysteine which brings together two zinc atoms. Short 

beta-sheets which are antiparallel are present in this 

motif. In addition, there are two zinc-binding loops and a 

central alpha-helix and two loops for binging zinc in a 

small domain. This domain normally associates with the 

attached proteins. For example, BARD 1, which has a 
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ABSTRACT  
Mutations in the BRCA 1 Gene (BReast CAncer) greatly impact women in a lifetime risk of developing ovarian 

and or breast cancer. Men are also at equal risk of developing breast cancer if they inherit the abnormal gene of 

BRCA 1. Recent studies have indicated abnormal inheritance of the BRCA 1 gene not only plays a significant role 

in breast and ovarian cancer, but may indicate a crucial role in neurocognitive disorder, specifically Alzheimer’s 

Disease. The integrity maintenance of deoxyribonucleic acid (DNA) is important for all organisms and cells. A 

defect in the repair of DNA results in neurological disorders, such as Alzheimer’s disease. Related studies were 

reviewed in the correlation of low levels of BRCA 1 gene and neurological disorders such as: Alzheimer’s disease, 

Amyotrophic Lateral Sclerosis, and Frontotemporal Dementia. 
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RING motif, also results in a heterodimer. The residues 

of BRCA 1, the 81-96 and 8-22 residues, normally form 

alpha helices leading to flanking of the motif of BRCA 1 

RING. It interacts with the homologous section of  

BARD 1 which also consists of a ring finger that is 

flanked by 2 alpha helices formed from residues 36-48 

and 101-116. Together, the four helices result in a 

heterodimerization interface that makes the BARD 1-

BRCA 1 heterodimer complex stable.
[6]

 Moreover, the 

stability of the heterodimer complex is also attained 

through the association of hydrophobic interactions and 

the adjacent residues present in the flanked region. The 

ring domain is a key component of ubiquitin E3 ligase, 

an enzyme responsible for catalyzing ubiquitination.
[7]

 

Ubiquitin is described as a small regulatory gene that is 

present in all tissues that directs genes to cell 

compartmentations. The polypeptides for BRCA 1 gene, 

especially Lys-48-linked chains for polyubiquitin are 

distributed all over the nucleus of resting cells. When the 

process of replication of DNA begins, they come 

together to form retrained groups that are composed of 

both BARD 1and BRCA 2. BARD is assumed to have a 

role in binding and recognition of gene targets for 

ubiquitination which takes place through BRCA 1 fusion 

gene and is abolished by chelation of Zn. It is important 

to note that activity of the fusion protein depends on how 

proper the folding of the ring domain is.  Second, another 

domain of BRCA 1 is the Serine Cluster Domain (SCD) 

which crosses amino acids 1280-1524. Some section of 

this domain is situated in 11-13 coding regions (exons) 

where high mutation rates occurs. It has been reported 

that SCD holds the site for the phosphorylation of BRCA 

1. The phosphorylation in these sites is done by 

ATR/ATM kinases either in vivo or in vitro. The 

activation of the ATR/ATM kinases is through DNA 

damage. For instance, if a mutation occurs in the Serine 

residues, the transfer of BRCA 1 to the DNA damage 

sites is normally affected and this equally affects the 

response to DNA damage. Third, the last domain of 

BRCA 1is the BRCT domain which is an elongated 

structure of approximately 70 amino acids long and 

about 30-36 amino acids wide. The 84-96 amino acid 

domains of this domain can be in the form of one module 

or in the form of many repeated tandems that contains 

two domains. The C-terminal of this domain of BRCA 1 

is quite important in tumor suppression, regulation of 

transcription and repair of DNA damages.  The tandem 

repeats of the BRCT domain of BRCA 1 are normally 

arranged in head-tail format in 3D structure thereby 

burying 1600 amino acids of the hydrophobic region in 

the interface. This brings about tightness in packaging of 

the knob-in-hole structure of the interface. All these 

homologous domains come together to regulate DNA 

damage responses. In case of a missense mutation in the 

interface of the two genes, the cell cycle can be perturbed 

thus resulting in high risks of having cancer.
[8]

 The 

BRCA 1 gene forms a portion of the complex whose role 

is the repair of the DS breaks in the dsDNA. The two 

strands of the DNA double helix frequently break due to 

damages. In some cases, both strands of the DNA double 

helix are broken while in other cases only a single strand 

is broken. DNA/chromosome damages are normally 

connected to cross-linked agents of the DNA. For 

instance, when the cross-links are removed, breaks occur 

on both strands, and for sure, biallelic mutation in BRCA 

1 gene has been identified to be the cause of Fancomi 

Anemia, which is a complementation group S; this is a 

genetic disease that is related to hypersensitivity to the 

cross-link agents of the DNA. Therefore, BRCA 1 is part 

of the complex that aids in the repair of DNA damages 

when both strands are broken; and in such a scenario, it 

is quite a difficult task for the DNA repair mechanism to 

figure out the exact DNA sequence. Thus, this brings 

about a number of ways of attempting the repair For 

example, in a double strand repair process whereby the 

BRCA 1gene takes part is the homology-directed repair 

in which genes for DNA repair makes a copy of the same 

sequence from the undamaged sister chromatid. BRCA 1 

also takes part in the mismatch DNA repair whereby it 

associates with mismatch repair protein MSH2. Research 

has revealed that in breast tumors that have low levels of 

BRCA 1, there is a high amount of PARP, MSH2, MSH6 

and other proteins that take part in the single strand 

repair. There is a protein known as Valosin-containing 

Protein (VCP) which is also known as p97 whose role is 

to transport BRCA 1to the sites of DNA damage. For 

instance, after any ionization radiation, this p97 is 

recruited to the lesions in the DNA and then it interacts 

with ubiquitin ligase RNF8 to orchestrate the assembly 

of signaling complexes for effective repair of double 

strand breaks (DSB) (4). Furthermore, there are some 

variations of BRCA 1gene that result in elevated breast 

cancer risks. Research conducted has pointed out over a 

hundred types of mutations that occur in BRCA 1 and a 

good number of these mutations normally lead to high 

cancer risks. Such mutations can be in the form of 

changes in a number of base pairs of a given DNA; and 

this is easily and practically identified through carefully 

conducting PCR and sequencing of the DNA. In some 

instances, huge DNA segments are normally rearranged; 

this can occur through either deletions or duplications of 

some coding regions within a given gene. The classical 

techniques for detecting mutations have failed in 

revealing these types of mutations and, therefore, the 

proposed methods include MLPA, QMPSF and HAD. 

BRCA 1 gene that has been mutated always produces a 

protein that does not function effectively. Therefore, 

such a BRCA 1 gene cannot help in fixing damaged 

DNA and thus results in mutations in other genes. Such 

mutations can multiply and enable cells to proliferate at a 

rate that cannot be controlled thereby resulting in cancer 

cells. Hence, Inactivation of BRCA 1 is regarded as a 

predisposing factor of cancer.
[8]

  

  

Ovarian Cancer  
Ovarian Cancer refers to the neoplasm that affects the 

ovaries. It is one of the significant tumor s that affect 

females. Ovarian Cancer is one of the very dangerous 

neoplasms considering its ability to grow and expand 

while causing minimal concern.
[9]

 With this 
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phenomenon, diagnosis occurs at a very late stage in life 

when the tumor  has advanced and has metastasized to 

affect other parts of the body.  Late diagnosis hinders 

proper treatment since the illness is not identified in its 

early stage of development. However, advancement in 

imaging and other diagnostic procedures have made it 

possible to track the condition when it has not yet 

advanced. Ovarian cancer has caused numerous deaths to 

patients because diagnosis occurs mostly during the latter 

stages of development where management is impossible 

even with the extraction of the tumor from the body. The 

presence of the germline mutation of BRCA1 and 

BRCA2 predisposes women to the development of 

ovarian cancer such as null-parity, family history and 

age, among other factors.
[10]

 According to 2016 statistics, 

ovarian cancer contributes to 22,000 cases in the United 

States, with 14,000 deaths from the tumor . It is the fifth 

leading malignancy contributing to the cancer mortality 

in women.
[11]

 BCRA1 gene mutation is one of the risk 

factors contributing to ovarian cancer. This specific gene 

is responsible in most patients with familial ovarian 

cancer. This, therefore, forms the basis of explanation as 

to the cause of hereditary ovarian cancer in a patient with 

a positive heredity of ovarian cancer. The risk of 

developing ovarian cancer is approximately 30% in those 

with the BCRA1 carrier state.
[12]

 However, as compared 

to the BCRA2, BCRA1 risk is quite higher. BRCA1 is 

the human gene that encodes for the tumor suppressor 

gene in the body.
[13]

 The coded protein by the gene is 

responsible for the prevention of the formation of the 

tumor  cell. BRCA1 gene encodes for the protein that 

ensures that DNA repair is done appropriately.
[14]

 This is 

important as the cell transitions during the cell cycle. In 

the cell cycle, the multiplication of the genetic material 

may lead to damage to some of the genetic materials, 

which need to be repaired before the cell continues with 

the cell process. Therefore, the BRCA1 gene encodes the 

protein necessary in the DNA repair process to ensure 

that the cell continues to divide with the genetic material 

intact.
[9]

 BRCA1 gene is expressed in the ovarian cells, 

enabling the cells to appropriately deal with the genetic 

repair as they transition during the cell cycle.
[10]

 As they 

undergo the process of ovulation and the formation of 

female gametes, ovarian cells are prone to turning 

malignant if they are unable to repair the genetic 

material.
[11]

 When there is a mutation of the BRCA1 

gene in the patient, the tumor  suppressor gene loses its 

function. The resultant protein formed after the mutation 

functions abnormally when compared to its original 

intended function. Therefore, DNA repair property is 

lost.
[14]

 This makes the cell highly susceptible to the 

formation of malignant cells. The loss of ovarian cells’ 

DNA repair capability gives a lot of room for genetic 

errors to progress unchanged as the cell transitions in the 

process of cell division. The genetic error may lead to the 

development of genetic changes that form the basis of 

tumor  development.
[11]

 Loss of tumor  suppressor 

capability allows for the cell to acquire a lot of mutation 

that is tailored to making the ovarian cell have the ability 

to excessively proliferate, metastasize, and gain self-

sufficiency in growth pattern. It leads to excessive 

proliferation of ovarian cells leading to tumor formation 

in the ovaries.
[11]

  

 

The BRCA1 gene is hereditary.
[13]

 It is an autosomal 

dominant gene mutation that a patient may acquire from 

the parents who have the genetic mutation. Similarly, it 

can be acquired as a result of the exposure to teratogenic 

components from the environment like radiation which 

in turn makes the ovarian cells susceptible to malignancy 

development. 

 

BRCA1 gene mutation does not necessarily mean that 

the patient will develop ovarian cancer. Instead, it 

increases the degree of susceptibility in the patients.
[12]

 

Those who have the mutation are at a higher risk of 

developing cancer as compared to the general 

population. Other factors should be acted upon to make 

the patient develop the cancer.
[12]

 This includes mostly 

the environmental factors to serve as the enhancers to 

cancer development. The advancement in research has 

led to the understanding of the pathophysiology that 

explains ovarian cancer development among the patient 

with this gene mutation. This has also led to the initiation 

of the appropriate management to help curb the patient 

who is susceptible to the development of ovarian cancer 

so that they can have the lowest chances possible.”
.[11]

 

Identification of the genetic link of BRCA1 gene to 

ovarian cancer has been a boost in the improvement of 

the degree of development of ovarian cancer.
[13]

 Some of 

the stipulated measures in place to help reduce the 

development of ovarian cancer in a patient with ovarian 

cancer include undergoing oophorectomy in which the 

ovaries are removed to reduce the chances of cancer 

development. Research has shown that bilateral salpingo-

oophorectomy reduces the opportunities for the 

development of ovarian cancer since the site of 

malignancy development has been removed. Genetic 

counselling helps reduce the chance of cancer 

development among the patient with a high risk of 

familial ovarian cancer. The genetic mutation serves as 

the initial process for cancer development. Minimizing 

the enhancers of ovarian cancer halts the progression of 

ovarian cancer development.
[10]

 The susceptible patient is 

closely monitored in order that the early detection may 

be managed to help achieve a good prognosis. The 

monitoring of the cancer is done through the 

determination of tumor markers such as CA-125 as well 

as serial ultrasound or CT scan of the ovaries.
[11]

 Ovarian 

cancer can further be classified into surface epithelial 

tumor, germ cell tumor and sex cord tumors depending 

on the tissue of origin. The surface epithelial tumors are 

also classified into serous tumors, mucinous tumors, 

endometrioid carcinoma, and undifferentiated tumors, 

among others.
[14]

 Among the tumors affected by the 

BRCA1 gene mutation include the surface epithelial 

tumors. In serous tumors, there are some tumors that 

arise because of the BRCA1 gene mutation, but the most 

common cause is due to the mutation of KRAS gene for 

low grade and TP53 gene for the high degree.
[15]

 Ovarian 
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cancer is one of the most dangerous gynecological 

cancers, which is ranked fifth in cancer-causing mortality 

in women.
[10]

 It is challenging to track and identify the 

condition in the early stages since its clinical 

presentation is vague, and it is misjudged and ignored by 

many patients. It is therefore identified when it has 

advanced to affect other structures. BRCA1 gene is a 

tumor suppressor gene which is essential in the 

prevention of development of ovarian cancer among 

other neoplasms.
[14]

 Its mutation has been associated with 

an increase in the risk for development of ovarian cancer. 

Similarly, it is associated with hereditary or familial 

ovarian cancer. The mutation impairs DNA repair, which 

allows for mutation and formation of malignant cells in 

the ovaries. BRCA1 gene mutation is shown to affect 

surface epithelial tumors and the serous tumor types of 

ovarian cancer.
[12]

 Understanding the effect of BRCA1 

gene mutation has led to genetic counselling, 

prophylactic bilateral salpingo-oophorectomy, and oral 

prophylaxis contraceptive, among other treatment 

modality to reduce the probability of development of 

ovarian cancer. 

 

Breast cancer  
Breast cancer is one of the most common malignancies 

in women. It affects both male and female but is more 

common in the female patient.
[16]

 It is the most common 

cause of mortality in women.
[9]

 Women generally have a 

higher risk of breast cancer development with a lifetime 

risk of about 1 in 8 women above the age of 90 years 

developing the malignancy.
[9]

 The risk factor for the 

development of cancer includes the advancement in age, 

ethnicity, exposure to radiation, early menarche,
[15]

 null-

parity, absence in breastfeeding, obesity, hormone 

replacement therapy as well as a family history of breast 

cancer.
[9]

 The management of breast cancer has been 

advancing over the years in an attempt to reduce 

mortality associated with the condition. Regular breast 

examination is encouraged to identify breast cancer as 

early as possible which is associated with a better 

prognosis. BRCA1 is located on chromosome 17, and it 

is a tumor suppressor gene.
[9]

 The gene is responsible for 

the prevention of cells formed with damaged DNA 

material. It codes for a protein that is responsible for the 

DNA repair during the cell cycle, thus preventing the 

development of cells with deranged genetic material to 

go through the cell cycle. Mutation of the BRCA1 gene 

causes the formation of the new genetic sequence with a 

different function than the original gene. For the gene 

mutation to be effective, the mutation should occur on 

both alleles.
[15]

 If the mutation is on one gene alone, the 

effect mutation is not usually witnessed. The mutation 

leads to the formation of a different sequence of a gene 

which causes the loss of the intended function. 

Therefore, the DNA repair capability is lost.
[16]

 Thus, the 

new protein formed does not aid in DNA repair resulting 

in a detrimental effect on breast tissue cells. The BRCA1 

gene is expressed in the breast tissue, which makes the 

cells in the tissue to undergo cell cycle without the 

proper mechanism in place to ensure the DNA repair. 

This gives room for genetic material alteration in which 

it could lead to the development of malignant cells in the 

breast.
[17]

  

 

Therefore, the BRCA1 gene mutation makes the cells in 

breast tissue highly susceptible to mutation and 

formation of malignant cells giving rise to breast cancer 

when the cells acquire the ability to have uncontrolled 

proliferation, ability to metastasize, self-sufficiency, 

evasion of the immune system as well as other properties 

of the cancerous cells Usually, the BRCA1 mutation is 

the initial insult to which the cell is subjected. Later, it 

acquires other mutations that lead to the development of 

the breast carcinoma.
[10]

 The germline mutation of 

BRCA1 followed with the mutation of the PIK3CA leads 

to the development of the ER-positive and HER negative 

invasive tumor s that form the major part of the breast 

cancer, that is, 50-65%.
[17]

 Similarly, the germline 

mutation that is later followed with the development of 

the TP53 mutation leads to the formation of the ER-

negative and HER negative cancer that accounts for 

roughly 15% of invasive breast cancers.
[9]

 This indicates 

that BRCA1 mutation is essential in the pathophysiology 

and the development of breast cancer as it serves as the 

initial insult to breast cells. Other insults become 

secondary, which help to enhance the development of 

breast cancer in the patient already at risk of 

development of breast cancer. 

 

It should, however, be noted that BRCA1 mutation 

increases the risks of breast cancer development. Not all 

patients with BRCA1 mutation develop breast cancer. In 

the absence of the other mutations, it becomes difficult to 

develop breast cancer.
[17]

  

 

The presence of the BRCA1 mutation in the patient 

could be acquired or could be a result of the congenital 

case of hereditary genetic alteration.
[15]

 The presence of a 

first degree relative with breast cancer increases the risk 

for the development of breast cancer despite the degree 

of penetrance being varied. The presence of the germline 

mutation for breast cancer with BRCA1 gene could also 

be inherited by the offspring.
[18]

 It is an autosomal 

dominant form of inheritance pattern. The incidence of 

developing breast cancer is up to 90% in a lifetime in a 

patient with a germline mutation. The knowledge on the 

germline mutation of BRCA1 gene has made it possible 

for the better control of the patient with the breast cancer. 

Of great importance, the experience has made it possible 

to come up with the target treatment towards minimizing 

the mutation and thus managing the patient with breast 

cancer.
[9]

 Understanding of the germline BRCA1 

mutation has led to initiation of genetic counseling of the 

patient in an attempt to ensure that the patient 

understands that they are at a higher risk than the general 

population to develop breast cancer. They are therefore 

encouraged to undertake in regular breast examination 

and serial imaging to determine the condition as early as 

possible so that appropriate management can be laid 

down. 
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The knowledge has led to the development of targeted 

therapy against the alterations which reduces the chances 

for the development of breast cancer. The introduction of 

the autoimmune antibodies has shown to reduce the 

chances in breast cancer management. For example, 

tamoxifen is used to target the ER type of breast cancer. 

The BRCA1 mutation can be managed with the use of 

chemotherapy (e.g. platinum agents) that causes DNA 

damage.
[18]

 These management plans with patients have 

resulted in a better prognosis. This could not be possible 

without understanding the pathophysiology of breast 

cancer concerning BRCA1. Prophylactic surgery is as 

well at the pole in managing the patient who is at high 

risk of breast cancer due to the inheritance of genetic 

defect. This prophylactic surgery may include the 

bilateral mastectomy and bilateral oophorectomy. 

Mastectomy leads to removal of the target cells in the 

patients, and thus they will not develop breast cancer at 

all.
[19]

 Different approaches can be used to classify breast 

cancer. Majority of the breast cancers are 

adenocarcinoma which contributes to more than 95% of 

cases.
[18]

 The essential classification of breast cancer is 

based on the clinical approach, which is based on the 

receptor profiling in which tumor either has ER receptor-

positive, HER positive of triple-negative.
[11]

 The 

approach, therefore, classifies breast cancer into four 

types:  Luminal A, Luminal B, HER enriched and basal-

like type. Among these types, tumors with BRCA1 

include the luminal and basal-like type. Another 

classification is based on the form of carcinoma. 

Example of the noninvasive carcinoma includes the 

ductal and lobular carcinoma in situ. Examples of 

invasive carcinoma consists of invasive ductal 

carcinoma, invasive carcinoma, carcinoma with 

medullary features, mucinous carcinoma, tubular 

carcinoma and others.
[19]

 Breast cancer is a common type 

of cancer among women; the most prevalent type being 

the adenocarcinoma. BRCA1 gene mutation makes the 

breast tissue susceptible to acquisition of other mutation 

in which they become prone to the development of breast 

cancer. Among the implicated types are the luminal and 

Basal-like type. The BRCA1 gene mutation poses the 

risk of inheritance leading to hereditary breast cancer. 

Understanding the role of the BRCA1 gene in breast 

cancer has led to improved management of the breast 

cancer patient and prevention of breast cancer.   

 

II. METHODS 

The data presented here were gathered via Research 

Gate, National Center for Biotechnology Information, 

PubMed, and Google Scholar to identify peer reviewed 

articles regarding BRCA1 gene and its role in 

Alzheimer’s Disease, Amyotrophic Lateral Sclerosis, and 

Frontotemporal Dementia. 

 

III. DISCUSSION: EFFECTS OF BRCA1 GENE 

THERAPEUTIC EFFECTS ON ALZHEIMER'S 

DISEASE 
Every year, over 4.5 million people are affected by 

Alzheimer’s Disease in the United States alone (1). 

Alzheimer’s Disease is an irreversible type of dementia 

that affects both an individual’s memory as well as their 

behavior (2). Patients with Alzheimer’s show many signs 

and symptoms of difficulty with simple daily tasks 

including difficulty completing familiar tasks, challenges 

in problem solving or planning, inability to retrace steps, 

trouble understanding visual images, etc. Patients with 

Alzheimer’s go through different stages as they progress 

through the disease’s clinical course. The “Preclinical” 

stage is the initial stage, which can last for years, with 

the individual failing to display any sort of signs or 

symptoms of the disease. “Early” stage, also known as 

the “mild” stage, is the second stage of Alzheimer’s, 

where the patient begins to display early signs of 

Alzheimer’s disease. During this stage, there can be 

symptoms of mild forgetfulness, which may become 

confused with symptoms of aging. Simple forgetfulness 

tasks would include difficulty remembering a name, 

recalling tasks, or staying organized. The “Moderate,” or 

“Second” stage, is considered the longest clinical stage in 

the duration of Alzheimer’s. This stage is characterized 

by the development of problems with learning new 

things, reading, writing, or remembering their own 

names. Eventually, it will progress to the point where the 

individual will lose track of time or place, have mood 

swings, or forget familiar names. Often it is within this 

stage that some Alzheimer’s patients are known to 

wander off from their homes and also have difficulty 

sleeping. The “Final” stage, also known as the “Severe” 

or “Later” stage, is the most critical stage where the 

patient cannot hold a simple conversation. The patient is 

unaware of their surroundings and cannot perform daily 

life activities, thus requiring assistance. Regardless of 

which stage the patient may display, Alzheimer’s 

Disease starts off by destroying parts of the 

hippocampus, which is the underlying cause of the signs 

and symptoms. The pathophysiology behind the deadly 

disease is the accumulation and aggregation of amyloid 

peptides and tau proteins which causes the neurofibrils to 

tangle (2). The BRCA1 gene encodes the instructions to 

proteins necessary to form a tumor suppressor. These 

suppressor gene proteins help prevent the spread and 

growth of uncontrolled cell division. The BRCA1 gene’s 

cytogenetic location is 17q21.31, which makes it unique 

when a mutation has occurred. Women who have 

inherited this mutation are more likely at risk of 

developing breast cancer as well as ovarian cancer. 

BRCA1 genes are important to repair damage or breaks 

that have occurred in the double stranded DNA within a 

healthy brain. Without the BRCA1 gene, these brain 

cells can die without being repaired. Therefore, a strong 

correlation has been shown to be significant between 

Alzheimer's disease and the BRCA1 gene. Alzheimer’s 

disease damages nucleic acid within the pyramidal 

neurons, which causes neurodegeneration death; lower 

levels of BRCA1 gene results in uncorrected DNA 

damage.
[20]

 In a study done by Evans et al., hippocampal 

and cortical specimens were obtained postmortem from 

patients with confirmed diagnosis of Alzheimer’s and 

within these hippocampal neurons, BRCA1 was found to 
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be intensely localized with intracellular neurofibrillary 

tangles.
[20]

 These results within the postmortem patients 

suggest a strong linkage between Alzheimer’s and the 

BRCA1 gene. Throughout this study by Evans et al., a 

control was also used with postmortem patients who had 

phosphorylated tau proteins due to normal aging, and 

within the control group of patients, the BRCA1 gene 

was absent in the hippocampal neurons. The tumor 

suppressor, BRCA1, increases as the disease progresses, 

in which the transcription has been found to be activated 

earlier which ultimately leads to neurodegeneration.
[21]

 

Another study done in San Francisco, California by 

scientists led by Lennart Mucke, at the Gladstone 

Institute of Neurological Disease, found patients with 

AD have less amount of BRCA1 gene in the 

hippocampus.
[22]

 The same researchers also found in wild 

type mice that accumulation in DNA breaks occurred 

when the expression of the BRCA 1 gene was 

reduced.
[22]

 These mice showed problems with learning 

and memory tests. These mice had some alterations done 

to their neurons which caused them to have 

dysfunction.
[22]

 The stimulation of N-Methyl-D-aspartate 

(NMDA) receptors by amyloid beta proteins leads to 

extra-synaptic activation which links both BRCA1 gene 

and the amyloid protein.
[22]

 This activation worsens the 

problems by reducing the BRCA1 gene and increasing 

the buildup of the DNA breaks causing damage to the 

brain.
[22]

 The emerging evidence of the presence of the 

beta-amyloid protein lowering the levels of BRCA1 gene 

shows a promising lead. Therefore, evidence shows a 

strong relationship between BRCA1 gene and 

Alzheimer’s disease. Low levels of BRCA1 was present 

excluding other DNA repair factors, in hAPP (human 

amyloid precursor protein) transgenic mice as well in 

Alzheimer’s disease patients’ brains. BRCA1 levels 

contained in basic neural cultures are lowered by 

Amyloid-β oligomers. In wild mice, reducing neuronal 

BRCA1 in some dentate gyrus led to memory and 

learning deficits, synaptic plasticity impairments, neural 

shrinkage and increased double-strand DNA breaks. Low 

concentrations of Amyloid-β or hAPP overexpression 

increased these effects. Activation of physiological 

neurons raised BRCA1 concentrations. On the other 

hand, activating primary extrasynaptic N-methyl-d-

aspartate neurons reduced levels of BRCA1
 
(1). 

Conclusive findings of neuronal activity-regulated 

BRCA1 and protected neuronal genome as well as 

critically supporting cognitive functions and neuronal 

activity. Accumulating Aβ reduces BRCA1 and may 

result in cognitive deficits occurring in Alzheimer’s. The 

molecules of tumor suppressor play an important role as 

they regulate DNA repair, cell death and proliferation, 

which is a vital process in the pathogenesis of 

Alzheimer’s disease. Alzheimer’s disease has been 

identified as the most common neurodegenerative 

disorder. However, scientists do not know the molecular 

events which are linked to the death of neuronal cells. In 

the recent past, highlight was made on the function of 

tumor suppressor in the regulation process of neurons in 

Alzheimer’s disease. 

D. ALS 
Amyotrophic Lateral Sclerosis is a neurodegeneration in 

the spinal cord, brainstem, and motor cortex.
[23]

 

Inflammation and T-cell activation is the pathological 

hallmark for ALS causing quick degeneration of 

neurons.
[24]

 This destruction leads to poor motor function 

like weakness, stiffness, and paralysis.
[25]

 Patients with 

ALS continue to worsen as there is no cure. Increased 

paralysis becomes problematic to patients because it 

makes it difficult to live with the disease. ALS is a 

disease that can be attributed to both genetics and 

environment abnormalities. One genetic relationship 

being the correlation between BRCA1 gene and ALS. 

BRCA1 gene is hypothesized to contribute to ALS due to 

improper regulations.
[23]

 BRCA1 Gene interacts with 

different proteins in the body that have protective 

properties against oxidative stress by regulating 

antioxidant function.
[23]

  This is due to the expression of 

heat-shock proteins.
[23]

 Damage to this function in the 

brain may cause overall damage to neurons and possible 

motor function. Alteration of BRCA1 gene functions 

may lead to the deterioration of neurons in early stages 

of ALS. Microglia are macrophages within the brain that 

help with removing debris and microbes. Change in the 

amount of Microglia in a person’s brain could lead to 

attack on neurons because of their neurotoxic 

properties.
[23]

 Motoneurone death may be due to a 

combination of vulnerability and toxicity from 

microglia.
[23]

 It is shown that in rodents, BRCA1 gene 

can be shown expressed in neurons by the hSOD1G93A 

microglia gene.
[23]

 Rodents show increased regulation of 

BRCA1 gene specifically the microglia gene in ALS 

which could potentially relate to human genes and 

developing ALS.
[23]

 Patients with ALS had increased 

regulation of BRCA1 gene in gray and white matter 

within the spinal cord compared with a control group.
[23]

 

With the upregulation of BRCA1, this may show that 

there is a correlation between ALS degeneration and 

genetics. Both BRCA1 and IGF genes signal pathways 

which have been reported to have familial cancer in 

patients by increased regulation.
[23]

 BRCA1 gene 

dysregulation was related to the DNA damage pathway 

causing potential destruction of neurons within the spinal 

cord.
[23]

 With the BRCA1 gene having multiple functions 

including DNA repair pathways, regulating transcription, 

and cell cycle progression, these functions can all lead to 

a proper development of the CNS.
[23]

 IOne alteration of 

the BRCA1 gene may cause CNS damage. Improper 

function of BRCA1 gene could lead to smaller brain size 

and underlying DNA damage.
[23]

 Due to the precise 

function of this gene, major problems can arise from 

changes within the gene including potential risk of 

developing ALS. BRCA1 gene has potential factors for 

many different diseases. However, ALS can potentially 

arise from this mutation due to improper function of 

microglia, DNA repair pathways, and potential toxicity 

within the CNS causing poor motor function. Although 

BRCA1 genes can show some abnormalities for ALS, 

many other diseases can arise from alterations to BRCA1 

genes.  
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E. FRONTOTEMPORAL DEMENTIA  
Frontotemporal dementia is the second most common 

neurodegenerative dementia.
[26]

 FTD is a focal dementia 

resulting in drastic changes in personality and social 

conduct which can proceed into prefrontal and anterior 

temporal cortex degeneration.
[27]

 Memory is usually 

intact in this disease until late stages.
[26]

 FTD has many 

different factors including genetic abnormalities that 

contribute to the disease. One of the correlations is a 

change in the BRCA1 gene. FTD may develop due to an 

alteration to the 17q21 region of BRCA1-NBR LCRs 

which may be leading to the degeneration of the frontal 

and temporal lobe of certain populations.
[26]

 The 

abnormalities may also be seen in the FTDU-17 region 

on BRCA1 genes which causes an inversion existing 

within patients with FTD.
[26]

 This may also lead into a 

common polymorphism, all of which can cause genomic 

mutations within a population due to FTDU-17 region 

being unstable.
[26]

 With these types of mutations within 

the specific gene of both BRCA1 and FTDU-17 region 

all could lead to frontotemporal dementia later in life. 

BRCA1-NBR LCRs have also been associated with 

ovarian and breast cancer that could mean that FTD 

genetics may still be unclear.
[26]

 In an Ashkenazim 

Jewish community, they were genetically tested for 

mutations in BRCA1 genes which showed 1-2% of 

carrier frequencies for genetic diseases, one that includes 

frontotemporal dementia.
[28]

 It was thought that BRCA1 

mutations were found in post-reproductive stages in 

life.
[28]

  This can be related to FTD because FTD 

manifests later in adulthood, but it is much earlier than 

any other dementia. An increasing number of Jews being 

a carrier of these mutations may explain the increase in 

disease prevalence within this community. Mutations 

within the BRCA1 genes are not entirely correlated with 

FTD with many different factors contributing to this 

disease. 

 

CONCLUSION  
Throughout this paper, we intended to provide an overall 

insight on the BRCA 1 gene and its correlation to 

neurodegenerative disorders. BRCA 1, also known as the 

caretaker gene, is a human gene that is also a tumor 

suppressor gene that plays a vital role in repair of DNA 

damages in which it associates with sensors for DNA 

damages, other tumor suppressor genes, and signal 

transducers to produce a complex known as BASC. 

BRCA 1 gene also combines with RNA polymerase II 

together with its association with histone deacetylase 

complex at the C-terminal. These properties together 

give the gene the ability to repair damaged DNA, and 

provide an added role in regulating DNA transcription 

gene. It also combines with RNA polymerase II; it also 

associates with histone deacetylase complexes at its C-

terminal. Mutation accompanied by this gene normally 

renders it inactive and thus it cannot act as a tumor 

suppressor gene; as a result, the gene fails to control cell 

growth and thus, cells grow uncontrollably leading to the 

development of cancer. In Alzheimer’s disease, BRCA1 

is important in repairing damage to dsDNA in a healthy 

brain. Lower levels of BRCA1 results in uncorrected 

DNA damage and is linked to Alzheimer’s. Amyloid-β 

accumulation further reduces BRCA1 protein levels and 

may contribute to cognitive defects seen in Alzheimer’s 

patients. In ALS, alterations in BRCA1 gene function 

may lead to neuron deterioration in the early stages of 

ALS. Due to the involvement of BRCA1 in DNA repair, 

transcription regulation, and cell cycle progression, 

BRCA1 dysfunction may correlate with damage to the 

CNS and subsequent development of ALS. In regards to 

FTD, mutations in the BRCA1 gene may be correlated 

with frontal and temporal lobe degeneration. BRCA1 

gene mutations may play a role in the development of 

FTD, but these gene mutations alone are not entirely 

correlated with the disease. This is due to a number of 

other factors which are involved in contributing to the 

disease.   
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