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Abstract 

Breast cancer is a critical public health issue in Algeria, with increasing 

incidence and substantial challenges in diagnosis, treatment, and management. 

Breast cancer incidence in Algeria has increased significantly, with over 2.1 

million women diagnosed in 2018. 

BRCA1, a pivotal gene in DNA repair and tumor suppression, is critically 

implicated in the predisposition to breast and ovarian cancers. In silico analysis 

has emerged as a powerful approach to understand the functional implications 

of BRCA1 mutations, offering insights into their structural and mechanistic 

effects.  

This study leverages computational tools (I-Mutant 2.0), (SIFT), (Align-

GVGD), (PolyPhen-2), (Project HOPE) software) to analyze the impact of various 

BRCA1 mutations on protein structure and function. By employing molecular 

modeling, sequence alignment, and predictive algorithms, we identify mutations 

that significantly disrupt BRCA1’s role in maintaining genomic stability. 

The analysis reveals key regions within the BRCA1 protein that are 

particularly susceptible to substituted alterations in two different in silico 

analysis. The (c. 135G>C) (p. Lys45Asn) mutation and (c. 122A>G) (p. His41Arg) 

mutation provide a framework for prioritizing mutations for experimental 

validation and clinical assessment. Additionally, we explore the potential of in 

silico findings to inform the development of targeted therapies. 

Key words: breast cancer; BRCA1; mutations; in silico analysis. 

 

 



  

 ملخص

ي الاصابات  
ي الجزائر، حيث تشهد زيادة ف 

سرطان الثدي مشكلة صحية عامة حرجة ف 

ي  
ف  الثدي  بسرطان  الاصابة  حالات  زادت  والإدارة.  والعلاج  التشخيص  ي 

ف  ة  وتحديات كبير

، مع تشخيص أكير من   ي عام    2.1الجزائر بشكل كبير
،  BRCA1 . الجير  2018مليون امرأة ف 

ي  
ف  بشكل حرج  يشتبك  الأورام،  وقمع  النووي  الحمض  إصلاح  ي 

ف  الزاوية  يعد حجر  الذي 

ي   الحاسوب  التحليل  ظهر  المبيض.  وسرطان  الثدي  بسرطان  للإصابة  المسبقة  الإمكانية 

ي 
ف  للطفرات  الوظيفية  الآثار  لفهم  قوية  أداة  اتها  BRCA1 باعتباره  تأثير ي 

ف  رؤى  يوفر  مما   ،

 ،SIFT)  (، (I-Mutant 2.0) حاسوبيةالهيكلية والآلية. تستفيد هذه الدراسة من الأدوات ال

(Align-GVGD)، (PolyPhen-2)، (Project HOPE)  ي
 لتحليل تأثير مختلف الطفرات ف 

BRCA1  وموازنة الجزيئية  النمذجة  استخدام  خلال  من  ووظيفته.  وتير   الي  هيكل  على 

ي تؤثر بشكل كبير على دور
ي   BRCA1 التسلسل والخوارزميات التنبؤية، نحدد الطفرات الت 

ف 

بروتير   داخل  رئيسية  مناطق  عن  التحليل  يكشف   . الجينومي الاستقرار  على   الحفاظ 

BRCA1  الحاسوبية التحليلات  من  اثنير   ي 
ف  المستبدلة  ات  للتغيير خاص  بشكل  تعرض 

الطفرة  توفر   .p) (c. 122A>G) والطفرة (p. Lys45Asn) (c. 135G>C) المختلفة. 

His41Arg) ي والتقييم السريري. إطارًا لتحديد الأولويات لل طفرات من أجل التحقق التجريت 

بالإضافة إلى ذلك، نستكشف إمكانية استفادة النتائج الحاسوبية لإرشاد تطوير العلاجات  

 .المستهدفة

  

 

 

 

 

 

  



  

Résumé 

Le cancer du sein est un problème de santé publique critique en Algérie, 

avec une incidence croissante et d'importantes difficultés en matière de 

diagnostic, de traitement et de prise en charge. L'incidence du cancer du sein en 

Algérie a augmenté de manière significative, avec plus de 2,1 millions de femmes 

diagnostiquées en 2018. BRCA1, un gène essentiel dans la réparation de l'ADN 

et la suppression des tumeurs, est impliqué de manière critique dans la 

prédisposition au cancer du sein et de l'ovaire. L'analyse in silico est devenue une 

approche puissante pour comprendre les implications fonctionnelles des 

mutations de BRCA1, offrant des éclaircissements sur leurs effets structuraux et 

mécanistiques. Cette étude exploite des outils informatiques (logiciels I-Mutant 

2.0, SIFT, Align-GVGD, PolyPhen-2, Project HOPE) pour analyser l'impact de 

diverses mutations de BRCA1 sur la structure et la fonction des protéines. En 

utilisant la modélisation moléculaire, l'alignement des séquences et des 

algorithmes prédictifs, nous identifions des mutations qui perturbent 

significativement le rôle de BRCA1 dans le maintien de la stabilité du génome. 

L'analyse révèle des régions clés au sein de la protéine BRCA1 qui sont 

particulièrement susceptibles aux altérations substitutives dans deux analyses  

in silico différentes. La mutation (c. 135G>C) (p. Lys45Asn) et la mutation (c. 

122A>G) (p. His41Arg) fournissent un cadre pour prioriser les mutations en vue 

d'une validation expérimentale et d'une évaluation clinique. De plus, nous 

explorons le potentiel des découvertes in silico pour informer le développement 

de thérapies ciblées. 

LES MOTS Clés : cancer de sein, BRCA1 ; mutation ; analyse in silico   
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Introduction
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1 Introduction  

Cancer refers to  one of a large number of diseases characterized by the development 

of abnormal cells that divide uncontrollably and have the ability to infiltrate and destroy 

normal body tissue. Cancer often has the ability to spread throughout your body. Cancer is 

caused by changes (mutations) to the DNA within cells. The DNA inside a cell is packaged 

into a large number of individual genes, each of which contains a set of instructions telling 

the cell what functions to perform, as well as how to grow and divide. Errors in the 

instructions can cause the cell to stop its normal function and may allow a cell to become 

cancerous (1). 

Breast cancer is the result of a disorder of certain cells that multiply and most often 

form a mass called a tumor. There are different types that do not evolve in the same way. 

Some are “aggressive” and evolve very quickly, others more slowly. Cancer cells can remain 

in the breast. They can also spread to other organs, which is an even more threatening 

situation. Then we talk about metastases. In most cases, the development of breast cancer 

takes several months, or even years (2). 

BRCA1 and BRCA2 genes are tumor-suppressing genes the changes that genes 

undergo are called mutations. BRCA mutations are transmitted by the father or mother, or 

both parents, which increase the risk of cancer (3). 

Several research teams were interested in studying the BRCA1 gene in several 

populations; the in silico study focused on two mutations identified in Algerian patients with 

breast cancer  

In order to evaluate the impact of mutations of the BRCA1 gene in two deferent exons 

(c. 135G>C) (p. Lys45Asn) and (c. 122A>G) (p. His41Arg), at the level of protein function and 

structure. We have carried out a complementary study between two fields that are biology 

and bioinformatics by the use of multiple predation tools and molecular modulation (I-

Mutant 2.0, (SIFT), (Align-GVGD), (PolyPhen-2), (Project HOPE).



Bibliographic review 

2 
 

2 Definition and epidemiology  

2.1 Definition  

Breast cancer is a disease in which abnormal breast cells grow out of control and form 

tumours. If left unchecked, the tumours can spread throughout the body and become fatal 

(4). 

2.2 Epidemiology  

2.2.1 Patients disposition  

Breast cancer (BC) is a major health issue threatening women's life. No reliable 

epidemiological data on BC diagnosed by oncologists/senologists are available in Algeria. 

Overall, 1,437 patients were analysed: median age was 48 [41; 57] years and 337 

(23.5%) women had a family history of BC. BC incidence was 22.3 (95% CI: 21.5; 23.2) cases 

per 100,000 inhabitants over 8 months. Delayed diagnosis was reported in 400 (29.2%) 

patients. First line of treatments were mainly chemotherapy and surgery. Twenty-eight 

serious adverse events were reported including 10 (37.0%) events, which led to death. 

Mortality rate reached 3.2% at 12 months (5). 
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2.2.2 Demographics, clinical and disease characteristics 

Table 1: Tumor and molecular characteristics (5) 
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Breast cancer incidence in Algeria has increased significantly, with over 2.1 million 

women diagnosed in 2018 and 627,000 deaths. Algerian women are more affected than other 

types of cancer. Factors like histological grade, tumor type, oestrogen receptor, and HER2/neu 

affect cancer prognostics and therapy response. Classical immunohistochemistry plays a 

critical role in molecular subtyping. The main challenge is identifying the best therapy option 

for each patient. This study aims to explore the epidemiological profile of invasive breast 

cancer and prognostic factors expression among Algerian women to improve awareness and 

healthcare management (6). 

This retrospective study analyzed the histologic reports of 1037 mammary biopsies 

from January 2011 to December 2019, focusing on women with breast cancer. Pathologists 

performed histology examinations and graded cases according to the World Health 

Organization classification and Nottingham modification of Scarff Bloom Richardson (SBR) 

grading system. Immunohistochemical staining was performed on confirmed cases to 

evaluate prognostic markers, including oestrogen receptors, progesterone receptor, human 

epidermal growth factor type 2 receptor, and Ki-67. The study found that 455 (44%) of cases 

were histologically confirmed as breast cancer, while 568 (56%) were benign diseases. The 

mean age of the patients was 50.29 ± 12.24 years old, with a peak incidence between 50 and 

53 years old. Infiltrating ductal carcinoma was found in 85% of patients, and grade II was the 

most frequent grade in 355 (78%). A statistically significant difference was found between the 

distributions of the three modalities of SBR grade in different age groups. As shown in table 2. 



Bibliographic review 

6 
 

Table 2: Distribution of invasive breast cases according to SBR grade and hormone receptor 
expression in the three age groups (6). 

 

The study evaluated hormone receptors in invasive breast cancer cases, revealing that 

ER, PR, and HER2 are co-expressed in 58% of samples. Oestrogen receptors are expressed in 

19.9% of samples, while progesterone receptors are present in 62.2%. Young women tend to 

lose hormone receptors, while middle-aged women express all four phenotypes. Hormone 

receptor expression is correlated with patient age at diagnosis. Grade III tumors have a higher 

frequency of ER than grade II or grade I. as shown in table 3. 
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Table 3: Distribution of invasive breast cancer cases according to oestrogen and 
progesterone receptor status and SBR grade (6). 

 

HER2 overexpression was found in 22% of cases, while 61% of tumours lack HER2 

expression. In 17% cases, HER2 expression is equivoque. The gene amplification test using 

FISH is recommended for HER2-positive tumors. Ki-67 proliferation index expression is 

positive in 90% of cases, with high proliferation activity mostly positive for oestrogen and 

progesterone receptors. Ki-67 expression has no significant correlation with age or oestrogen 

receptor expression (6). 

Table 4: Distribution of invasive breast cancer cases according to Ki-67 expression 

status in correlation with histological grade, progesterone and human epidermal growth 

factor 2 receptor state (6). 

 

Algerian women with breast cancer face unfavorable outcomes, with early diagnosis 

resulting in better survival. The cancer screening organization is a key focus of Algeria's 2015-
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2019 cancer plan. Currently, treatment and care for breast cancer patients are high, but the 

challenge lies in identifying aggressive tumors and the best therapeutic option for each 

patient. This requires successfully transferring information about tumor biology to the clinical 

axe, as it is crucial for achieving this goal (6). 

3 Breast cancer localisation  

Breast cancers can start from different parts of the breast. The breast is an organ that 

sits on top of the upper ribs and chest muscles. There is a left and right breast and each one 

has mainly glands, ducts, and fatty tissue. In women, the breast makes and delivers milk to 

feed newborns and infants. The amount of fatty tissue in the breast determines the size of 

each breast (7). 

 
Figure 1: Breast constituent (8) 

3.1 Breast parts that can be affected 

• Lobules are the glands that make breast milk. Cancers that start here are called lobular 

cancers. 

• Ducts are small canals that come out from the lobules and carry the milk to the nipple. 

This is the most common place for breast cancer to start. Cancers that start here are 

called ductal cancers. 

• The nipple is the opening in the skin of the breast where the ducts come together and 

turn into larger ducts so the milk can leave the breast. The nipple is surrounded by 

slightly darker thicker skin called the areola. A less common type of breast cancer 

called Paget disease of the breast can start in the nipple. 

https://www.cancer.org/cancer/types/breast-cancer/about/types-of-breast-cancer/paget-disease-of-the-nipple.html
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• The fat and connective tissue (stroma) surround the ducts and lobules and help keep 

them in place. A less common type of breast cancer called phyllodes tumor can start in 

the stroma. 

• Blood vessels and lymph vessels are also found in each breast. Angiosarcoma is a less 

common type of breast cancer that can start in the lining of these vessels. The lymph 

system is described below (7). 

A small number of cancers start in other tissues in the breast. These cancers 

are called sarcomas and lymphomas and are not really thought of as breast cancers. 

 

Figure 2: Normal breast tissue (7) 

3.2 The diffusion of breast cancer  

Breast cancer can spread when the cancer cells get into the blood or lymph system and 

then are carried to other parts of the body.  

The lymph (or lymphatic) system is a part of your body's immune system. It is a network 

of lymph nodes (small, bean-sized glands), ducts or vessels, and organs that work together to 

collect and carry clear lymph fluid through the body tissues to the blood. The clear lymph fluid 

inside the lymph vessels contains tissue by-products and waste material, as well as immune 

system cells (7). 

https://www.cancer.org/cancer/types/breast-cancer/non-cancerous-breast-conditions/phyllodes-tumors-of-the-breast.html
https://www.cancer.org/cancer/types/breast-cancer/about/types-of-breast-cancer/angiosarcoma-of-the-breast.html
https://www.cancer.org/cancer/types/soft-tissue-sarcoma.html
https://www.cancer.org/cancer/types/lymphoma.html
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The lymph vessels carry lymph fluid away from the breast. In the case of breast cancer, 

cancer cells can enter those lymph vessels and start to grow in lymph nodes. Most of the lymph 

vessels of the breast drain into : 

• Lymph nodes under the arm (axillary lymph nodes) 

• Lymph nodes inside the chest near the breastbone (internal mammary lymph nodes) 

• Lymph nodes around the collar bone (supraclavicular [above the collar bone] 

and infraclavicular [below the collar bone] lymph nodes) 

If cancer cells have spread to your lymph nodes, there is a higher chance that the 

cells could have traveled through the lymph system and spread (metastasized) to other 

parts of your body. Still, not all women with cancer cells in their lymph nodes develop 

metastases, and some women with no cancer cells in their lymph nodes might develop 

metastases later (7). 

 

Figure 3: Lymph nodes in relation to the breast (7). 

4 Breast cancer types 

Healthcare providers determine cancer types and subtypes so they can tailor treatment 

to be as effective as possible with the fewest possible side effects. Common types of breast 

cancer include: 
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• Invasive (infiltrating) ductal carcinoma (IDC): This cancer starts in your milk ducts and 

spreads to nearby breast tissue. It is the most common type of breast cancer in the 

United States (9). 

 

Figure 4: Normal and invasive ductal carcinoma (IDC) (10). 

• Lobular breast cancer: This breast cancer starts in the milk-producing glands (lobules) 

in your breast and often spreads to nearby breast tissue. It is the second most common 

breast cancer in the United States. 

 

Figure 5: Lobular breast cancer (11) 

• Ductal carcinoma in situ (DCIS): Like IDC, this breast cancer starts in your milk ducts. 

The difference is DCIS doesn’t spread beyond your milk ducts (9). 

https://my.clevelandclinic.org/health/diseases/22117-invasive-ductal-carcinoma-idc
https://my.clevelandclinic.org/health/diseases/21180-lobular-breast-cancer
https://my.clevelandclinic.org/health/diseases/17869-ductal-carcinoma-in-situ-dcis


Bibliographic review 

12 
 

 

Figure 6: Ductal carcinoma in situ (12) 

Less common breast cancer types include: 

• Triple-negative breast cancer (TNBC): This invasive cancer is aggressive and spreads 

more quickly than other breast cancers. 

 

Figure 7: Triple negative breast cancer (TNBC) (13) 

• Inflammatory breast cancer (IBC): This rare, fast-growing cancer looks like a rash on 

your breast. IBC is rare in the United States. 

• Paget’s disease of the breast: This are cancer affects the skin of your nipple and may 

look like a rash. Less than 4% of all breast cancers are Paget’s disease of the breast (9). 

4.1 Subtypes include 

• ER-positive (ER+) breast cancers have estrogen receptors. 

• PR-positive (PR+) breast cancers have progesterone receptors. 

https://my.clevelandclinic.org/health/diseases/21756-triple-negative-breast-cancer-tnbc
https://my.clevelandclinic.org/health/diseases/17925-inflammatory-breast-cancer
https://my.clevelandclinic.org/health/diseases/17913-pagets-disease-of-the-breast
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• HR-positive (HR+) breast cancers have estrogen and progesterone receptors. 

• HR-negative (HR-) breast cancers don’t have estrogen or progesterone receptors. 

• HER2-positive (HER2+) breast cancers, which have higher than normal levels of the 

HER2 protein. This protein helps cancer cells to grow. About 15% to 20% of all breast 

cancers are HER2-positive (9). 

5 Risk factors for breast cancer 

Studies have shown that your risk for breast cancer is due to a combination of factors. 

The main factors that influence your risk include being a woman and getting older. Most breast 

cancers are found in women who are 50 years old or older (14). 

Some women will get breast cancer even without any other risk factors that they know of. 

Having a risk factor does not mean you will get the disease, and not all risk factors have the 

same effect. Most women have some risk factors, but most women do not get breast cancer. 

5.1 Risk factors that can’t be changed  

• Getting older. The risk for breast cancer increases with age. Most breast cancers are 

diagnosed after age 50. 

• Genetic mutations. Women who have inherited changes (mutations) to certain genes, 

such as BRCA1 and BRCA2, are at higher risk of breast and ovarian cancer. 

• Reproductive history. Starting menstrual periods before age 12 and starting 

menopause after age 55 expose women to hormones longer, raising their risk of 

getting breast cancer. 

• Having dense breasts. Dense breasts have more connective tissue than fatty tissue, 

which can sometimes make it hard to see tumors on a mammogram. Women with 

dense breasts are more likely to get breast cancer (14). 

• Personal history of breast cancer or certain non-cancerous breast diseases. Women 

who have had breast cancer are more likely to get breast cancer a second time. Some 

non-cancerous breast diseases such as atypical ductal hyperplasia or lobular 

carcinoma in situ are associated with a higher risk of getting breast cancer. 

• Family history of breast or ovarian cancer. A woman’s risk for breast cancer is higher if 

she has a mother, sister, or daughter (first-degree relative) or multiple family members 

https://my.clevelandclinic.org/health/diseases/25213-her2-positive-breast-cancer
https://www.cdc.gov/cancer/breast/young_women/bringyourbrave/hereditary_breast_cancer/
https://www.cdc.gov/cancer/breast/basic_info/dense-breasts.htm
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on either her mother’s or father’s side of the family who have had breast or ovarian 

cancer. Having a first-degree male relative with breast cancer also raises a woman’s 

risk. 

• Previous treatment using radiation therapy. Women who had radiation therapy to the 

chest or breasts (for instance, treatment of Hodgkin’s lymphoma) before age 30 have 

a higher risk of getting breast cancer later in life. 

• Exposure to the drug diethylstilbestrol (DES). DES was given to some pregnant women 

in the United States between 1940 and 1971 to prevent miscarriage. Women who took 

DES have a higher risk of getting breast cancer. Women whose mothers took DES while 

pregnant with them also may have a higher risk of getting breast cancer (14). 

5.2 Risk factors that can be changed 

• Not being physically active. Women who are not physically active have a higher risk of 

getting breast cancer. 

• Being overweight or having obesity after menopause. Older women who are 

overweight or have obesity have a higher risk of getting breast cancer than those at a 

healthy weight. 

• Taking hormones. Some forms of hormone replacement therapy (those that include 

both estrogen and progesterone) taken during menopause can raise risk for breast 

cancer when taken for more than five years. Certain oral contraceptives (birth control 

pills) also have been found to raise breast cancer risk. 

• Reproductive history. Having the first pregnancy after age 30, not breastfeeding, and 

never having a full-term pregnancy can raise breast cancer risk. 

• Drinking alcohol. Studies show that a woman’s risk for breast cancer increases with the 

more alcohol she drinks (14). 

6 Clinical aspects 

6.1 Symptomes of breast cancer  

The first symptom of breast cancer most people notice is a lump in their breast or some 

thickening (15). 

https://www.cdc.gov/nceh/radiation/ionizing.htm
https://www.cancer.gov/about-cancer/causes-prevention/risk/hormones/des-fact-sheet
https://www.cdc.gov/cancer/obesity/
https://www.cdc.gov/cancer/alcohol/
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6.1.1 Breast lump 

 Most breast lumps are not cancer. Lumps that aren’t cancer are called benign lumps 

(15). 

Most benign breast lumps are: 

• Areas of normal lumpiness. These are usually more obvious just before a period 

• Cysts. These are sacs of fluid in the breast tissue, which are quite common 

• Fibroadenoma. This is a collection of fibrous glandular tissue which is more common 

in women younger than 40 

6.1.2 Lump or sweeling in the armpit 

 You can’t usually feel the lymph glands in your body. But they can become swollen 

when you have an infection or a cold.  

A less common cause of swollen lymph glands in the armpit is breast cancer that has spread 

to this area.  

6.1.3 Change in the size and shape 

 Breast cancer might cause your breast to look bigger or have a different 

shape than usual it might feel different.  

It can help to be breast aware. This means getting to know the size, shape and 

feel of your breasts.  

6.1.4 Skin changes  

Skin changes of the breast include: 

• Puckering 

• Dimpling 

• Rash 

• Redness  

The skin might look like orange peel or the texture might feel different. These skin changes 

can also be caused by other breast conditions. 
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6.1.5 Fluid leaking from nipples 

 Fluid leaking from a nipple in a woman who isn't pregnant or breastfeeding can be a 

sign of breast cancer. But other medical conditions can also cause this. 

6.1.6 Change in the position the nipple  

One nipple might turn in or sink into the breast. It might look or feel different from 

usual. 

6.1.7 Breast pain  

Breast pain is common and it’s not normally due to cancer. You might get pain in one 

or both breasts. This usually goes away after some time. There might be no obvious reason 

for this pain, even if you have many tests (15). 

6.2 Tests for breast cancer  

You usually have a number of tests to check for breast cancer (16). These include: 

• Breast examination 

• Mammogram 

• Taking a sample of tissue from your breast called a biopsy 

• Scans 

6.2.1 GP test 

Most people with symptoms that could be due to breast cancer start by seeing their 

GP. Your GP might examine your breasts and feel the lymph nodes Open a glossary item under 

your arms and in your neck. If you have had a telephone appointment, your doctor might 

arrange for you to come in and see them. 

Your GP might also ask about your family history. If you have a strong family history of 

cancer, there might be a faulty gene Open a glossary item in your family that increases your 

risk of breast cancer. 

6.2.2 Breast cancer screening  

Some women do not have any symptoms and are referred to a breast clinic for tests if 

their screening mammogram shows an abnormal area (16). 
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6.2.3 Mammogram  

A mammogram is an x-ray of your breasts. X-rays use of high energy rays to take 

pictures of the inside of your body. It usually only takes a few minutes. 

You need to remove your clothes from the waist upwards and put on a hospital gown. 

A health professional who specialises in taking mammograms (a mammography) helps 

position your breast between the 2 plates on the machine. The plates press your breast firmly 

for a few moments. This is likely to be uncomfortable or painful, but it is over quickly. 

 

Figure 8: Mammogram (17). 

There are 2 types of mammography. They are done for different reasons. 

Screening mammography is used to look for cancer in women who do not have any 

symptoms of breast cancer or breast problems. Both breasts are examined during a screening 

mammography. 

 Diagnostic mammography is done to diagnose a breast problem, such as a lump or 

suspicious area 

6.2.4 Breast ultrasound scan  

A breast ultrasound is a test that uses high frequency sound waves to create a picture 

of the inside of the breast. A radiologist Open a glossary item or a specialist called a 

sonographer puts some gel over your breast. This can feel cold. They then use an ultrasound 

probe to slide over the skin and give a clear picture on a screen. 
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Figure 9: Breast ultrasound scan (18) (19). 

6.2.5 Breast biopsy  

A breast biopsy means taking samples of tissue from a suspicious area. It is the only 

way to find out if you have breast cancer or other breast condition. The results of your 

mammogram and ultrasound help your doctor know if you need to have a biopsy and where 

to take the biopsy. It also helps your doctor decide the type of biopsy you need (16). 

Your doctor sends the samples to a laboratory and a pathologist Open a glossary item 

looks at them under a microscope to check for cancer. 

You might have a breast biopsy during your clinic appointment. There are different 

types of breast biopsy. These include : 

• Needle core biopsy 

• Fine needle aspiration 

• Skin punch biopsy 

• Vacuum assisted biopsy 

The type of biopsy you have depends on a number of factors including how big the 

suspicious area is and where it is. Your doctor will tell you which type of biopsy you need. You 

may need more than one biopsy or different types of biopsies. (16) 

The pathologist does various tests on the sample. The tests can: 

• Diagnose breast cancer 

• Show which type of breast cancer you have 

• Look for proteins on the surface of the breast cancer cells 
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Fine needle aspiration (FNA) uses a very thin needle and syringe to remove a small 

amount of tissue from a lump. Doctors use it to find out if the lump is a cyst or solid tumour. 

FNA cannot tell doctors if the cancer is non-invasive or invasive.   

 

Figure 10: Fine needle aspiration (20). 

Core biopsy uses a special hollow needle to remove tissue from the body. Doctors use 

it to take a sample from a suspicious area in the breast. They may take several samples of the 

area during the procedure. Sometimes doctors use a special vacuum to remove more tissue 

through the hollow needle. This technique is called vacuum-assisted core  

 

Figure 11: Core biopsy needle (21). 

Stereotactic core biopsy uses 3-D, or stereotactic, images to find the exact location of 

a tumour or suspicious area in the breast. Doctors use these images to guide them during a 

core biopsy. Stereotactic core biopsy is used to take samples from lumps that can be seen on 

an imaging test but that can’t be felt in the breast. 
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Figure 12: Stereotatic core biopsy (22). 

Surgical, or open, biopsy removes all or part of a lump or a suspicious area. An 

excisional biopsy removes the whole area with a margin of healthy tissue around it. An 

incisional biopsy removes only part of the area.  

Punch biopsy uses a sharp hollow cutting instrument to remove an area of skin and the 

underlying tissue. It is used to diagnose inflammatory breast cancer, which means there are 

cancer cells in the lymph vessels of the skin.  

 

Figure 13: Punch biopsy (23). 

Lymph node biopsy a lymph node biopsy is a surgical procedure that removes lymph 

nodes so they can be examined under a microscope to find out if they contain cancer. 

Breast cancer cells can break away from the tumour and travel through the lymphatic 

system. The first place they may spread is the lymph nodes under the arm (called the axillary 

lymph nodes). 

Doctors use the number of lymph nodes that have cancer in them to help determine the 
stage of breast cancer (16). 
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Figure 14: Lymph node biopsy (24). 

6.2.6 Procedure after biopsy  

If you have a biopsy that shows that you have breast cancer, you might have more tests 

to work out where and how big the cancer is. This is called staging the cancer (25). 

The tests you may have include: 

• Checking for cancer cells in the lymph nodes in your armpit 

• MRI scan 

• CT scan 

• Blood tests 

6.2.7 Checking for cancer cells in the lymph nodes of the armpit  

Breast cancer cells can sometimes spread into the lymph nodes under the 

arm (the axilla). To check for this, you may have an axilla lymph node ultrasound 

and biopsy. 

The ultrasound scanner has a probe that gives off sound waves. The sound 

waves bounce off the organs inside your body, and the probe picks them up. The 

probe links to a computer that turns the sound waves into a picture on the 

screen. 

If there are any areas that look abnormal, doctors can use the ultrasound 

to guide a needle and take a sample of cells (25). 
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6.2.8 Breast MRI (Magnetic Resonance Imaging) scan  

MRI stands for magnetic resonance imaging. It uses magnetism and radio waves to 

take pictures of the inside of the body. 

An MRI scan can tell your doctor: 

• Where the cancer is and how big it is 

• If there are any other suspicious areas in the breast 

• Whether it has spread to the lymph nodes 

 

Figure 15: Breast MRI scan (26) (27). 

6.2.9 CT (Computed Tomography) scan  

CT (or CAT) scan stands for computed (axial) tomography. It is a test that uses x-rays 

and a computer to create detailed pictures of the inside of your body (25). 

 

Figure 16: Computed axial topography (CT) (28). 
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6.2.10 Blood tests  

Blood tests can check your general health, including how well your liver and kidneys 

are working. Doctors can also check the number of blood cells Open a glossary item. You 

usually have blood tests to check that you are well enough to have treatment.  

• Tumour marker blood test   

Tumour markers are substances that might be raised if there is a cancer. They’re 

usually proteins that can be found in the blood.   

A tumour marker that is sometimes used in breast cancer is a protein called CA 15-3. 

Doctors may use the CA 15-3, along with other tests, to check if treatment is working. 

A raised level may suggest that the cancer is spreading in some people with secondary breast 

cancer (25). 

Tumour marker tests are not reliable enough to use on their own too: 

•    Diagnose breast cancer  

•    Make decisions about your treatment  

6.2.11 Hormone receptors status testing  

Estrogen and progesterone are hormones that can stimulate the growth of breast 

cancer cells. Hormone receptor status testing looks for estrogen receptors (ERs) and 

progesterone receptors (PRs) in the breast cancer cells. This information will help your 

healthcare team decide which treatments will work best for you (16). 

HER2 status testing 

ERBB2 is more commonly known as HER2 (or HER2/neu). HER2 stands for human epidermal 

growth factor receptor 2. A gene has changed (mutated), so it helps a tumour grow (called an 

oncogene). 

HER2 status testing is done to find out if breast cancer cells are making more HER2 

protein than normal (called overexpression). This information will help your healthcare team 

decide which treatments will work best for you 
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6.2.12 Bone scan  

A bone scan uses bone-seeking radioactive materials (called radiopharmaceuticals) 

and a computer to create a picture of the bones. It is used to find out if breast cancer has 

spread to the bones (called bone metastasis). 

A bone scan is done if a woman has bone pain or the level of alkaline phosphatase is 

higher than normal. Doctors may also order a bone scan if a breast tumour is larger than 5 cm 

or they can feel lymph nodes under the arm (called axillary lymph nodes). They do not do bone 

scans for women with stage I breast cancer (16) . 

5 Treatments 

Treatment for breast cancer depends on the subtype of cancer and how much it has 

spread outside of the breast to lymph nodes (stages II or III) or to other parts of the body 

(stage IV) (29). 

Doctors combine treatments to minimize the chances of the cancer coming back 

(recurrence). These include : 

• Surgery to remove the breast tumour 

• Radiation therapy to reduce recurrence risk in the breast and surrounding tissues 

• Medications to kill cancer cells and prevent spread, including hormonal therapies, 

chemotherapy or targeted biological therapies. 

Early initiation and completion of breast cancer treatments result in improved 

efficacy and tolerance. Surgical options include lumpectomy (removal of cancerous 

tissue) or mastectomy (removal of the entire breast), often coupled with lymph node 

removal to assess cancer spread. Radiation therapy targets residual microscopic 

cancers in breast tissue or lymph nodes, reducing the risk of recurrence. 

Advanced breast cancers may manifest as painless skin erosion, necessitating medical 

attention for biopsy if wounds persist. Treatment selection hinges on tumor biology, 

determined through specialized tests. Many breast cancer medications are listed in the 

WHO Essential Medicines List. 
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Historically, complete axillary lymph node removal was standard practice, but 

now sentinel node biopsy is preferred due to fewer complications. Medical treatments 

administered before (neoadjuvant) or after (adjuvant) surgery, are tailored to cancer 

subtype. Hormone-positive cancers respond well to endocrine therapies, significantly 

reducing recurrence risk. Hormone receptor-negative cancers typically require 

chemotherapy, which is often outpatient-based. 

HER-2 positive breast cancers can be targeted with expensive biological agents 

like trastuzumab, usually combined with chemotherapy. Radiotherapy is vital, 

potentially averting mastectomy in early stages and lowering recurrence risk post-

mastectomy. In advanced cases, radiation may improve survival chances. Completion 

of the full treatment regimen is crucial for optimal outcomes (29). 
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Genetic aspects 
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2 Genetic aspects 

2.1 BRCA1 and BRCA2 

BRCA1 (on chromosome 17q12-21) and BRCA2 (on chromosome 13q12-13) genes are 

responsible for 80% of early-onset female breast cancer cases in families. Germline mutations 

in BRCA1 are linked to ovarian cancer, while BRCA2 mutations increase the risk of male breast, 

ovarian, prostate, and pancreatic cancer. The isolation of these genes could help identify 

genetic defects and use genetic information for predictive testing (30). 

 

Figure 17: BRCA1 BRCA2 gene localization (31). 

BRCA1 and BRCA2 are genes that repair DNA are sometimes called tumor suppressor 

genes. When inherited with harmful variants, cancer can develop. People with these variants 

have increased risks of breast and ovarian cancer, and may develop cancer at younger ages. 

Inherited mutations are present from birth in all cells in the body. Even if a harmful variant is 

inherited from one parent, the normal copy can be lost or altered, leading to somatic 

alteration, causing cells without functioning proteins to grow out of control and become 

cancerous (32). 

2.2 BRCA1 gene 

2.2.1 Structure and Function of BRCA1 Gene 

BRCA1 is an incomplete recessive gene located on an autosomal, positioned on 

chromosome 17q21. It encodes a 220 KD protein with multifunctional domains (33). The gene 

consists of 24 exons, with exons 2–5 responsible for the RING domain and exons 15–23 
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encoding, the BRCA1 C-terminal (BRCT) domain (Figure 19) (34) (35). The N-terminal RING 

domain demonstrates E3 ligase activity and forms a stable heterodimer with the BRCA1-

associated RING domain protein 1 (BARD1) (36). The BRCT domain interacts with various 

phosphorylated proteins. Apart from these domains, there exists a coiled-coil domain 

upstream of the BRCT domains, binding another coiled-coil domain at the N-terminus of 

PALB2. PALB2 also interacts with BRCA2, forming the BRCA1-PALB2-BRCA2 complex (37) (38). 

In mammalian cells, homologous recombination (HR) and non-homologous end-joining (NHEJ) 

are the primary repair pathways for DNA double-strand breaks (DSBs) to ensure genome 

integrity. Both the RING and BRCT domains of BRCA1 play essential roles in HR. Many clinically 

significant mutations of the BRCA1 gene frequently target these two domains (39). 

 

Figure 18: The domain structure of BRCA1 (39). 

The BRCT domain, present in various DNA damage response (DDR) proteins, allows 

BRCA1 to recognize a phospho-SPxF motif (S, serine; P, proline; x, varies; F, phenylalanine) (40) 

(41). BRCA1 forms four distinct complexes in cells by interacting with different adaptor 

proteins via the BRCT domain. These complexes include the BRCA1/RAP80/Abraxas complex, 

BRCA1/BACH1 complex, BRCA1/PALB2/BRCA2 complex, and BRCA1/CtIP complex (39). The 

BRCA1/RAP80/Abraxas complex is recruited to DNA double-strand breaks (DSBs) by RAP80, 

an ubiquitin-binding protein. It targets MDC1-rH2AX-dependent K6 and K63-linked ubiquitin 

polymers at DSBs, preventing excessive end resection and potentially harmful homology-

directed DSB repair mechanisms (42) (43). The helicase catalytic function of BRCA1/BACH1 is 

vital not only for BRCA1-mediated DDR but also for maintaining the DNA damage-induced 

G2/M checkpoint (44). As previously noted, PALB2, acting as the partner and localizer of 

BRCA2, can bind directly to BRCA1, forming the BRCA1/PALB2/BRCA2 complex. This complex 

facilitates RAD51-mediated localization and repair at DNA breaks (45) (46). Additionally, the 
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BRCA1/CtIP complex promotes homologous recombination (HR) by facilitating DNA end 

resection (39). 

 

Figure 19: BRCA1 different domain complexes (47) 

 

Figure 20: Types of DNA damage. DNA single-strand breaks: BER (base excision repair); bulky 
adducts: NER (nucleotide excision repair); base mismatches, insertions and deletions: MMR 
(Mismatch repair); R-loops caused double strand breaks (DSB): NHEJ (Non-homologous end 
joining) and HRR (homologous recombination repair); DNA double-strand breaks: NHEJ and 
HRR; G-quadruplex caused DSB: NHEJ, and HRR (39). 

BRCA1, known for its role in repairing DNA double-strand breaks (DSBs), also 

participates in DNA replication fork protection and transcriptional regulation (39). 

Independently of DSB repair, BRCA1 stabilizes RAD51 nucleofilaments during replication fork 

stress, inhibiting MRE11 exonuclease activity ( (48); (49)). Upon replication fork stress, BRCA1 

protects nascent DNA strands from degradation by stabilizing RAD51 nucleofilaments that 

affect the exonuclease activity of MRE11 (48). It facilitates RAD51-mediated fork restart after 



Bibliographic review 

30 
 

short replication blocks (50) . Additionally, BRCA1 transactivates heterologous promoters and 

maintains chromatin structures through histone ubiquitylation ( (51); (52); (53)) it influences 

gene transcription by modulating chromatin structure via the SWI/SNF complex. BRCA1 

resolves RNA/DNA hybrids (R-loops) at transcriptional pause sites by recruiting senataxin 

(SETX) (54) . Elevated R-loop levels alter BRCA1 distribution, affecting transcription inhibition 

post-DNA damage and HR repair (55). As a result, these cells could not inhibit the transcription 

after DNA damage and showed a defect in HR repair. Further investigation in human 

neuroblastoma cells reveals additional insights into the connection between BRCA1, R-loops, 

and transcriptional regulation (56). In MYCN-amplified cells, BRCA1 prevents R-loop formation 

at transcriptional pause sites, stabilizing MYCN on chromatin (39). 

2.2.2 BRCA1 DNA repair associated 

The BRCA1 protein is crucial for repairing damaged DNA, interacting with other 

proteins in the nucleus of normal cells to mend DNA breaks caused by radiation or genetic 

exchange during cell division (57). Additionally, BRCA1 regulates gene activity and contributes 

to embryonic development by interacting with various proteins, including tumor suppressors 

and cell division regulators. 

Mutations in the BRCA1 gene increase the risk of breast and other cancers and can be 

passed down through generations, although not everyone with these mutations develops 

cancer due to other factors (57). Most mutations lead to abnormal BRCA1 protein production, 

reducing DNA repair capacity and potentially triggering tumor formation. 

 

Figure 21: BRCA1 gene (58). 
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2.2.3 The Mutation of BRCA1 and Breast Cancer  

Since the cloning of the first BRCA1 gene in 1994 (59) , numerous studies have 

identified variable cut transcripts in both tumor and normal tissues (60). These alternative 

splicing transcripts, including BRCA1 exon 1a, exon 1b, exon 1c, BRCA1a (∆11q, ∆11), BRCA1b 

(∆9, 10), and BRCA1-IRIS, produce protein products with different molecular weights. 

Research has shown that some of these exon boundary variants may not result in loss of 

function, generating naturally occurring in-frame RNA isoforms, (61). Compared to the 

complete BRCA1 transcript, these variable-cut transcripts may exhibit similar or opposite 

functions and may even have unique functions (62). To date, approximately 1,800 mutations 

have been identified in human BRCA1, including intron mutations, missense mutations, 

nonsense mutations, frameshift mutations, and others. These mutations frequently occur in 

the RING and BRCT domains, critical for genome integrity (Supplementary Data Sheet). 

Missense mutations, such as BRCA1 c.5309G > T p. (Gly1770Val), pose significant challenges 

for patient prevention and treatment by inhibiting homologous recombination and serving as 

disease-causing mutations (63). Bioinformatic analysis has facilitated the discovery of 

additional BRCA1 variants through public databases like cBioPortal, ENIGMA, BRCA Exchange, 

and ClinVar (39). 

Patients with BRCA1 mutations have a higher risk for cancer. The estimated lifetime 

risk of BC is about 80%, and the lifetime risk of ovarian cancer is 40%–65% ( (64); (65)), which 

might alter according to the type and location of the mutations (66). BRCA1 gene deletion with 

or without p53 defect leads to a high incidence of basal-like BC and tends to form TNBC, which 

is the most aggressive type of BC (67). Some studies show that the TNBC in BRCA1 mutation 

carriers originated from luminal progenitor cells, not basal stem cells ( (68); (69)). If BRCA1/p53 

is perturbed in luminal progenitors, it could induce the abnormal alveolar differentiation 

premalignancy with pro-tumorigenic changes in the immune compartment. It belongs to cell 

autonomy and caused by the dysregulation of transcription factors (39). This study explains 

how BRCA1 aberration impacts the state of nascent tumor cells and their microenvironment. 

Bach et al. found that breast cells with BRCA1 mutations undergo changes similar to those 

common changes in women during pregnancy (70). Based on the data, they proposed a model 

in which BRCA1/p53-driven transcriptional and epigenetic changes inadvertently promote 

innate differentiation programs in luminal progenitors accompanied by protumorigenic 
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changes in the immune compartment, highlighting the decisive role of the origin cell and 

providing a potential explanation for the tissue specificity of BRCA1 tumors. Researchers have 

mapped early changes in seemingly healthy breast tissue before tumors appear which may 

have great significance for the early diagnosis of BC (70). 

In addition to familial BC, BRCA1 gene silencing due to promoter methylation can also 

lead to sporadic BC (71). A study of tumor xenografts from TNBC patients (72) revealed a novel 

resistance mechanism in BRCA1-methylated PDX (patient-derived xenograft) tumors. Next-

generation sequencing (NGS) data showed that the genome rearrangement places the BRCA1 

gene under the transcriptional control of the heterologous promoter, which results in the re-

expression of BRCA1 in a subset of BRCA1-mutated PDX tumors and leads to acquired 

resistance to PARP [poly (ADP-ribose) polymerase 1,2] inhibitor (PARPi) and cisplatin 

chemotherapy (72). This is a unique example of genomic plasticity that is caused by the 

treatment of BRCA1-deficient tumors, but it can lead to tumor regeneration (39). 

2.2.4 BRCA1 protein 

Breast cancer type 1 susceptibility (BRCA1) protein is a tumor suppressor that is 

expressed in breast tissue cells and other tissues where it primarily functions to sense and 

repair DNA damage. BRCA1 is an E3 ubiquitin-protein ligase that specifically mediates the 

formation of 'Lys6'-linked polyubiquitin chains and plays a central role in DNA repair by 

facilitating cellular responses to DNA damage (73). The E3 ubiquitin-protein ligase activity is 

required for its tumor suppressor function (73). BRCA1 associates with other tumor 

suppressors, DNA repair proteins, and signal transducers in a large complex known as the 

BRCA1-associated genome surveillance complex (BASC) that functions to identify double-

strand DNA breaks and either repair them or destroy cells where DNA damage cannot be 

repaired. BRCA1 also associates with RNA pol II and histone deacetylase complexes to 

modulate transcription. In addition to its role in ubiquitination, DNA damage repair and 

transcriptional regulation, it is known to be required for normal cell cycle progression. Defects 

in BRCA1 are a cause of susceptibility to familial breast-ovarian cancer type 1 (BROVCA1), a 

condition associated with familial predisposition to cancer of the breast and ovaries, and 

pancreatic cancer type 4 (PNCA4) (73). 
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Figure 22: BRCA1 3D structure (74). 

 

Figure 23: Structure and mechanism of BRCA1 BRCT domain recognition of phosphorylated 
BACH1 with implications for cancer (75) . 
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3 Bioinformatics 

Bioinformatics is a relatively new and evolving discipline that combines skills and 

technologies from computer science and biology to help us better understand and interpret 

biological data. 

One field where bioinformatics is especially useful is genomics, which can generate vast 

quantities of information. Bioinformatics helps to give meaning to the data, which can be used 

to make a diagnosis for a patient with a rare condition, to track and monitor infectious 

organisms as they move through a population, or to identify the best treatment for a patient 

with cancer (76). 

• Bioinformatics is the application of tools of computation and analysis to the capture 

and interpretation of biological data 

• Bioinformatics is essential for management of data in modern biology and medicine 

• The bioinformatics toolbox includes computer software programs such as BLAST and 

Ensembl, which depend on the availability of the internet 

• Analysis of genome sequence data, particularly the analysis of the human genome 

project, is one of the main achievements of bioinformatics to date 

• Prospects in the field of bioinformatics include its future contribution to functional 

understanding of the human genome, leading to enhanced discovery of drug targets 

and individualised therapy (77) 

 

Figure 24: Relation between bioinformatics and other science (77). 
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3.1 Bioinformatics history  

It is easy for today's students and researchers to believe that modern bioinformatics 

emerged recently to assist next-generation sequencing data analysis. However, the very 

beginnings of bioinformatics occurred more than 50 years ago, when desktop computers were 

still a hypothesis and DNA could not yet be sequenced. The foundations of bioinformatics were 

laid in the early 1960s with the application of computational methods to protein sequence 

analysis (notably, de novo sequence assembly, biological sequence databases and substitution 

models) (78). Later on, DNA analysis also emerged due to parallel advances in (i) molecular 

biology methods, which allowed easier manipulation of DNA, as well as its sequencing, and (ii) 

computer science, which saw the rise of increasingly miniaturized and more computers that 

are powerful as well as novel software better suited to handle bioinformatics tasks. In the 

1990s through the 2000s, major improvements in sequencing technology, along with reduced 

costs, gave rise to an exponential increase of data. The arrival of 'Big Data' has laid out new 

challenges in terms of data mining and management, calling for more expertise from 

computer science into the field. Coupled with an ever-increasing amount of bioinformatics 

tools, biological Big Data had (and continues to have) profound implications on the predictive 

power and reproducibility of bioinformatics results. To overcome this issue, universities are 

now fully integrating this discipline into the curriculum of biology students. Recent 

subdisciplines such as synthetic biology, systems biology and whole-cell modeling have 

emerged from the ever-increasing complementarity between computer science and biology 

(78). 

3.2 Bioinformatic tools 

The main tools of a bioinformatician are computer software programs and the internet 

(77). A fundamental activity is sequence analysis of DNA and proteins using various programs 

and databases available on the World Wide Web. Anyone, from clinicians to molecular 

biologists, with access to the internet and relevant websites can now freely discover the 

composition of biological molecules such as nucleic acids and proteins by using basic 

bioinformatic tools. This does not imply that handling and analysis of raw genomic data can 

easily be carried out by all. Bioinformatics is an evolving discipline, and expert 

bioinformaticians now use complex software programs for retrieving, sorting out, analysing, 

predicting, and storing DNA and protein sequence data. 
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Large commercial enterprises such as pharmaceutical companies employ 

bioinformaticians to perform and maintain the large scale and complicated bioinformatic 

needs of these industries. With an ever-increasing need for constant input from bioinformatic 

experts, most biomedical laboratories may soon have their own in-house bioinformatician. 

The individual researcher, beyond a basic acquisition and analysis of simple data, would 

certainly need external bioinformatic advice for any complex analysis. 

The growth of bioinformatics has been a global venture, creating computer networks 

that have allowed easy access to biological data and enabled the development of software 

programs for effortless analysis. Multiple international projects aimed at providing gene and 

protein databases are available freely to the whole scientific community via the internet (77). 

3.3 Bioinformatic analysis 

The escalating amount of data from the genome projects has necessitated computer 

databases that feature rapid assimilation, usable formats and algorithm software programs 

for efficient management of biological data.13 Because of the diverse nature of emerging 

data, no single comprehensive database exists for accessing all this information. However, a 

growing number of databases that contain helpful information for clinicians and researchers 

are available. Information provided by most of these databases is free of charge to academics, 

although some sites require subscription and industrial users pay a licence fee for particular 

sites. Examples range from sites providing comprehensive descriptions of clinical disorders, 

listing disease susceptibility genetic mutations and polymorphisms, to those enabling a search 

for disease genes given a DNA sequence (box). 

These databases include both “public” repositories of gene data as well as those 

developed by private companies. The easiest way to identify databases is by searching for 

bioinformatic tools and databases in any one of the commonly used search engines. Another 

way to identify bioinformatic sources is through database links and searchable indexes 

provided by one of the major public databases. For example, the National Center for 

Biotechnology Information (www.ncbi.nlm.nih.gov) provides the Entrez browser, which is an 

integrated database retrieval system that allows integration of DNA and protein sequence 

databases. The European Bioinformatic Institute archives gene and protein data from genome 

studies of all organisms, whereas Ensembl produces and maintains automatic annotation on 
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eukaryotic genomes (fig24). The quality and reliability of databases vary; certainly some of the 

better-known and more established ones, such as those above, are superior to others (77). 

 

Figure 25: Ensembl website: a genomic data search facility freely available on the internet 
(77). 

One of the simplest and better-known search tools is called BLAST (basic local 

alignment search tool, at www.ncbi.nlm.nih.gov/BLAST/). This algorithm software is capable 

of searching databases for genes with similar nucleotide structure (fig25) and allows 

comparison of an unknown DNA or amino acid sequence with hundreds or thousands of 

sequences from human or other organisms until a match is found. Databases of known 

sequences are thus used to identify similar sequences, which may be homologues of the query 

sequence. Homology implies that sequences may be related by divergence from a common 

ancestor or share common functional aspects. When a database is searched with a newly 

determined sequence (the query sequence), local alignment occurs between the query 

sequence and any similar sequence in the database. The result of the search is sorted in order 

of priority on the basis of maximum similarity. The sequence with the highest score in the 
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database of known genes is the homologue. If homologues or related molecules exist for a 

query sequence, then a newly discovered protein may be modelled and the gene product may 

be predicted without the need for further laboratory experiments (77) . 

 

Figure 26: Web page illustrating freely available BLAST (basic local alignment search tool). 
Services run by the National Center for Biotechnology Information (77) .  
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4 Population of the study 

The in silico study focused on two mutations identified in Algerian patients with breast 

cancer. The mutations are summarized in Table 5. 

Table 5: List of mutations identified in the Algerian population (79)  

Exon/Intron 
Type of 

mutation 
DNAc Protein 

Exon 2 missense c.122A>G p. His41Arg 

Exon 2 missense c.135G>C p. Lys45Asn 

5 Method  

The aim of our study is to see the effect of this mutations c.122A>G and c.135G>C by 

using different software (I-Mutant 2.0, (SIFT), (Align-GVGD), (PolyPhen-2), (Project HOPE). 

5.1 I-Mutant 2.0 software 

I-Mutant2.0 is a support vector machine (SVM)-based tool for the automatic prediction 

of protein stability changes upon single point mutations. I-Mutant2.0 predictions are 

performed starting either from the protein structure or, more importantly, from the protein 

sequence (80). (https://folding.biofold.org/i-mutant/i-mutant2.0.html) 

 

Figure 27: Interface of I-Mutant 2.0 software. 

https://folding.biofold.org/i-mutant/i-mutant2.0.html
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 Figure  28: Input data of I mutant 2.0 software. 

5.2 Project HOPE software 

HOPE (Have (y) Our Protein Explained) collects structural information from a series of 

sources, including calculations on the 3D protein structure, sequence annotations in UniProt 

and prediction from the Report software. HOPE combines this information to give analyse the 

effect of a certain mutation on the protein structure. HOPE is an online web service where the 

user can submit a sequence and mutation. HOPE will show the effect of that mutation in such 

a way that even those without a bioinformatics background can understand it (81). 

(https://www3.cmbi.umcn.nl/hope/) 

https://www3.cmbi.umcn.nl/hope/
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Figure 29: Project HOPE interface. 

 

Figure 30: Input data of Project HOPE. 

5.3 Align GVGD software 

Abbreviations Align-GVGD: Grantham Variation (GV) which measures the degree of 

biochemical variation among amino acids found at a given position in the multiple sequence 

alignment, Grantham Deviation (GD), which reflects the 'biochemical distance' of the mutant 

amino acid from the observed amino acid at a particular position (82) 

(http://agvgd.hci.utah.edu/agvgd_input.php). 

http://agvgd.hci.utah.edu/agvgd_input.php
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Figure 31: Align GVGD software interface. 

 

Figure 32: Input data of Align GVGD software. 

5.4 PolyPhen-2 software 

Polymorphism Phenotyping v2 is a tool which predicts possible impact of an amino acid 

substitution on the structure and function of a human protein using straightforward physical 

and comparative considerations. Please, use the form below to submit your query (83) 

(http://genetics.bwh.harvard.edu/pph2/)  

http://genetics.bwh.harvard.edu/pph2/
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Figure 33:  PolyPhen-2   software interface. 

 

Figure 34:  Input data of   PolyPhen-2 software. 

5.5 SIFT software 

The Sorting Intolerant from Tolerant (SIFT) algorithm predicts the effect of coding 

variants on protein function. It was first introduced in 2001, with a corresponding website that 

provides users with predictions on their variants. Since its release, SIFT has become one of the 

standard tools for characterizing missense variation (84) 

(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3394338/). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3394338/
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Figure 35: SIFT software interface. 

 

Figure 36: Input data of SIFT software.
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6 Exonic mutation analysis of (c.122A>G) (p. His41Arg) 

6.1 Result obtained by the I-Mutant 2.0 software 

Analysis the effects of c.122A>G missense mutation on the stability of protein BRCA1 

was predicted by I-Mutant 2.0 software. The result is shown in Figure 36. 

 

Figure 37: Result obtained by the I-Mutant 2.0 software for the mutation (c.122A>G) (p. 

His41Arg). 

The I-Mutant 2.0 software calculated the energy difference (DDG) between normal and 

mutated protein. The DDG value for this mutation is negative (-0.18) which means that the 

mutation is destabilizing for the structure of BRCA1 protein. 

6.2 Result obtained by Project HOPE 

The figure below shows the schematic structures of the original (Histidine) and the 

mutant (Arginine) amino acid. The backbone, which is the same for each amino acid, is colored 

red. The side chain, unique for each amino acid, is colored black. 
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Figure 38: Schematic structures of Histidine and Arginine. 

Table 6 : Phisiochemical properties of the residue before and after mutation. 

RESIDUE  SIZE CHARGE  

HISTIDINE  155 KD NEUTRAL 

ARGININE 174 KD POSITIVE 

Structure 

The differences in amino acid properties disturb a Zinc-finger domain. These type 

of domains are known to bind DNA that might be disturbed by this mutation. 

Variants 

We used dbNSFP to link this mutation to a genomic variant. This variant's MetaRNN 

score is (0.98977375). It can range from (0.0) to (1.0) the higher the score is the more likely 

to be pathogenic. 

Conservation 

The mutant and wild type residue are not very similar. Based on the conservation 

information this mutation is probably damaging to the protein. Our mutant residue is 

located near a highly conserved position. 

Domains 
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Figure 39: Domains affected by (c.122A>G) (p. His41Arg) mutation. 

The mutated residue is located in a domain that is important for binding of other 

molecules. Mutation of the residue might disturb this function. 

Amino Acid Properties 

The difference in charge between the wild type and mutant amino acid .The mutation 

introduces a charge, which can cause repulsion of ligands or other residues with the same 

charge. 

The wild type and mutant amino acids differ in size and since mutant residue is bigger, it might 

lead to bumps. 

6.3 Result obtained by Align GVGD  

The Align GVGD software was also used to predict the effects of c.122 A>G mutation 

on the BRCA1 protein. 

The following classifiers, ordered from most likely to interfere with function to least likely, 

were used: 

GD>=65+Tan (10) x (GV^2.5) => Class C65 <=> most likely 

GD>=55+Tan (10) x (GV^2.0) => Class C55 

GD>=45+Tan (15) x (GV^1.7) => Class C45 

GD>=35+Tan (50) x (GV^1.1) => Class C35 

GD>=25+Tan (55) x (GV^0.95) => Class C25 
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GD>=15+Tan (75) x (GV^0.6) => Class C15 

Else (GD<15+Tan (75) x (GV^0.6)) => Class C0 <=> less likely 

Table 7 : Result obtained by Align software of GV, GD values and the class for (c.122A>G) (p. 

His41Arg) mutation. 

 

 

 

 

The value of the variation of Grantham GV is equal to (0.00), which means that this 

substitution occurs at the level of a highly conserved region between species analyzed. 

On the other hand, this same software allowed us to calculate the Grantham GD gap 

between wild type and mutant amino acid. The GD value is equal to (28.82) which means that 

the physicochemical properties between Histidine and Arginine are moderately preserved. 

Also this software predicted that the class C25 indicating that the substitution does not affect 

the function of the protein. 

6.4 Result obtained by polyphen-2 software 

 

Figure 40 : Result obtained by polyphen-2 of the c.122A>G mutation. 

Substitution GV GD Prediction 

H41R 0.00 28.82 Class C25 
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The prediction of mutation in polyphen-2 software was divided into three categories: 

benign probably damaging, benign possible damaging and by two models HimDiv and HimVar. 

The models are confirmed by a score (specificity and sensitivity) to measure the results of 

BRCA1 protein, which are expressed in the table. In this case HIS 41 ARG the results show that 

the mutation predicated to be probably domaging with score of (0,959) indicated that vareints 

is likely to affect the BRCA1 protein function and structure. 

Table 8 : The result obtained by polyphen-2 software of HimDiv and HimVar values. 

Predaction Score  sensitivity specificity 

HimDIV Probably 

damaging 

0,959 0,78 0,95 

HimVar Possible 

damaging 

0,542 0,82 0,82 

This software also made it possible to obtain the multiple alignment result by 

comparison of the BRCA1 protein with all species recorded on UniProtKB, which allowed us to 

confirm that the mutation is located in a conserved region between several species. 

 

Figure 41: Result obtained by polyphen-2 software of the comparison between multiple 

sequence alignment from different species to (c.122A>G) (p. His41Arg) mutation. 
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6.5 Result obtained by SIFT software 

 

Figure 42: Result obtained by SIFT software for (c.122A>G) (p. His41Arg) mutation. 

The AA are colored according to their physicochemical properties: 

• red :for Basic AAs 

• green : for uncharged polar AAs 

• black :for non-polar AAs 

• blue : for acidic AAs   

Mutation analysis shows that no amino acid can replace Histidine at position 41. The 

replacement of Histidine by Arginine is intolerant which means that the mutation could impact 

the BRCA1 protein function. 

Probabilities 

•  Each row corresponds to a position in the reference protein.  Below each position is 

the fraction of sequences that contain one of the basic amino acids.  A low fraction 

indicates the position is either severely gapped or unalignable and has little 

information.  Expect poor prediction at these positions. 

• Each column corresponds to one of the twenty amino acids.  

• Each entry contains the score at a particular position (row) for an amino acid 

substitution (column).  Substitutions predicted to be intolerant are highlighted in red. 
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Figure 43: Score values between normale and mutated amino acids (c.122A>G) (p. His41Arg) 

Predictions 

Substitution at pos 41 from H to R is predicted to AFFECT PROTEIN FUNCTION with a score of 

0.00. 

Median sequence conservation: 3.59 

Sequences represented at this position: 97 

This substitution may have been predicted to affect function just because the sequences used 

were not diverse enough. There is LOW CONFIDENCE in this prediction. 

7 Exonic mutation analysis of (c.135G>C) (p. Lys45Asn) 

7.1 Result obtained by the I-Mutant 2.0 software  

Analysis the effects of (c.135G>C) missense mutation on the stability of protein BRCA1 

was predicted by I-Mutant 2.0 software. The result is shown in Figure 43. 
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Figure 44: Result obtained by I mutant about (c.135G>C) (p. Lys45Asn) mutation. 

The I-Mutant 2.0 software made it possible to calculate the energy difference (DDG) 

between the normal and mutated protein. The DDG value calculated for this mutation is equal 

(0.29). Since this value is positive, the mutation does not affect the stability of the BRCA1 

protein structure. 

7.2 Result obtained by Project HOPE software 

The figure below shows the schematic structures of the original (Lysine) and the 

mutant (Asparagine) amino acid. The backbone, which is the same for each amino acid, is 

colored red. The side chain, unique for each amino acid, is colored black. 

 

Figure 45: Schematic structures of Lysine and Asparagine. 
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Table 9 : Phisiochemical properties of the residue LYSINE after becoming ASPARAGINE. 

RESUDUE   SIZE   CHARGE  

LYSINE 146 DA  POSITIVE  

ASPARAGINE  132 DA Neutral 

Structure 

The differences in amino acid properties disturb a Zinc-finger domain. These type of 

domains are known to bind DNA, which might be disturbed by this mutation. 

Variants  

We used dbNSFP to link this mutation to a genomic variant. This variant's MetaRNN 

score is (0.6055749). It can range from 0.0 to 1.0. The higher, the more likely it is to be 

pathogenic. 

Conservation 

The wild-type residue is very conserved, but a few other residue types have been 

observed at this position too. Our mutant residue was among the residues at this position 

observed in other sequences. This means that homologous proteins exist with the same 

residue type as our mutant at this position and this mutation is possibly not damaging to the 

protein. The mutant residue is located near a highly conserved position. 

Domains 

 

Figure 46 Domains affected by (c.135G>C) (p. Lys45Asn) mutation. 



 

Result and discussion 

57 
 

The mutated residue is located in a domain that is important for binding of other 

molecules. Mutation of the residue might disturb this function. 

Amino Acid Properties 

• There is a difference in charge between the wild type and mutant amino acid. 

• The charge of the wild-type residue will be lost; this can cause loss of interactions with 

other molecules or residues. 

• The wild type and mutant amino acids differ in size. 

• The mutant residue is smaller; this might lead to loss of interactions. 

7.3 Result obtained by Align GVGD software 

The Align GVGD software was also used to predict the effects ofc.122 A>G mutation 

on the BRCA1 protein. 

The following classifiers, ordered from most likely to interfere with function to least likely, 

were used: 

GD>=65+Tan (10) x (GV^2.5) => Class C65 <=> most likely 

GD>=55+Tan (10) x (GV^2.0) => Class C55 

GD>=45+Tan (15) x (GV^1.7) => Class C45 

GD>=35+Tan (50) x (GV^1.1) => Class C35 

GD>=25+Tan (55) x (GV^0.95) => Class C25 

GD>=15+Tan (75) x (GV^0.6) => Class C15 

Else (GD<15+Tan (75) x (GV^0.6)) => Class C0 <=> less likely 

Table 10 : Result obtained by Align software of GV, GD values and the class for (c.135G>C) 

(p. Lys45Asn) mutation. 

Substitution GV GD Prediction 

K45N 0.00 93.88 Class C65 

Analysis of the c.122A>G by Align GVGD mutation made it possible to calculate the 

values GV and GD. The value of the variation of Grantham GV is equal  )0.00), which means 

that this substitution occurs at the level of a highly conserved region between species 

analyzed. On the other hand, this same software allowed us to calculate the Grantham GD gap 

between wild type and mutant amino acid. The GD value is equal to (93.88) which means that 
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the physicochemical properties between Lysine and Asparagine are moderately preserved. 

Also this software predicted that the class C65 indicating that the substitution does affect the 

function of the protein. 

7.4 Result obtained by polyphen-2 software 

 

Figure 47: Result obtained by polyphen-2 of (c.135G>C) (p. Lys45Asn) mutation. 

The c.135G>C (p.Lys45Asn) mutation was predicted by PolyPhen-2 software as benign. 

This means that it has no effect on the structure and function of the protein. 

 

Figure 48: Result obtained by polyphen-2 software of the comparison between multiple 

sequence alignment from different species to (c.135G>C) (p. Lys45Asn) mutation. 

 This software also made it possible to obtain the multiple alignment result by comparison of 

the protein BRCA1 with all species recorded on UniProtKB, which allowed us to confirm that 

the mutation does not sit in a conserved region between several species. 
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Table 11: The result obtained by polyphen-2 software of HimDiv and HimVar values. 

Predaction Score  sensitivity specificity 

HimDIV Benign 0,117 0,93 0,86 

HimVar Benign 0,149 0,89 0,71 

7.5 Result obtained by SIFT software 

Predictions for positions 1 through 100 

Threshold for intolerance is 0.05. 

Amino acid color code:  nonpolar, uncharged polar, basic, acidic.  

Capital letters indicate amino acids appearing in the alignment, lower case letters result from 

prediction.  

'Seq Rep' is the fraction of sequences that< contain one of the basic amino acids.  A low 

fraction indicates the position is either severely gapped or unalignable and has little 

information.  Expect poor prediction at these positions. 

 

Figure 49: Result obtained by SIFT software for (c.135G>C) (p. Lys45Asn) mutation. 

Probabilities 

• Each row corresponds to a position in the reference protein.  Below each position is 

the fraction of sequences that contain one of the basic amino acids.  A low fraction 

indicates the position is either severely gapped or unalignable and has little 

information.  Expect poor prediction at these positions. 

• Each column corresponds to one of the twenty amino acids.  
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• Each entry contains the score at a particular position (row) for an amino acid 

substitution (column).  Substitutions predicted to be intolerant are highlighted in red. 

 

Figure 50: Score values between normale and mutated amino acids (c.135G>C) (p. 
Lys45Asn). 

Predictions 

The substitution at pos 45 from K to N is predicted to AFFECT PROTEIN FUNCTION with a score 

of (0.00). 

Median sequence conservation: 3.59 

Sequences represented at this position: 97 

8 Discussion 

8.1 Discussion of (c.122A>G) (p. His41Arg) mutation results 

The c.122A>G mutation acts on the coding region of this gene and consists of a 

substitution of a Histidine by an Arginine at codon 41 thus affecting the protein synthesized. 

The results obtained by the I Mutant 2.0 software are in favore to tell us that the protein is 

destabilized. Also Polyphen2 software predicted that the substitution is Probably damaging 

Likewise, software SIFT predicted the substitution effects on the protein fonction. However, 

the result obtained by ALIGN GVGD shows that this variation didn’t affect the protein since 

the class 25 is less likely to interfere with function. Last but not least, in Software hope, the 

substitious shows changes in the physicochemical properties of the two amino acids. The 
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amino acid Histidine is smaller than Arginine. These differences could lead to the loss or gain 

of interactions with other molecules, which change the structural level of the protein. 

8.2 Discussion of (c.135G>C) (p. Lys45Asn) mutation results  

Similarly, the c.135G>C mutation the results obtained by I mutant software predict that 

the BRCA1 protein is stable in relation to the DDG value and is not destabilizing, even by 

polyphen-2 software which shows that the change is benign. At the other cost the two 

programs SIFT and align GVGD are among of the mutation affecte the structure and function 

of the protein. However, in HOPE software the differences in chemical properties of amino 

acids explain the effect of mutations, concerning the size, the mutated residue Asparagine is 

a little bit smaller than the wild residue Lysine, The charge in the mutated residue is neutral 

while the wild one is positive. These differences disrupt the protein BRCA1. 

8.3 General discussion  

Using all this software helped us to collect more information about our mutated gene 

BRCA1 since each software have its own properties. Starting with I-Mutant 2.0 software it 

inform us about what if our mutated protein is destabilized or not while project HOPE tell us 

the effect of the mutation on the amino acids and its interactions.  However, ALIGN GVGD 

informed us wether the protein interfere with function by using GV and GD values same to 

SIFT software which rate the mutation by scores. Last but not least, polyphen-2 software 

predict for us if the mutation will be damaging or benign also give us a comparison between 

multiple sequence alignment from different species to the mutation.  

Both substitutes are located in the Zinc Finger Domain region. This pattern is part of a 

wider range containing antiparallel alpha propellers essential for protein interactions; this 

domain is involved in the ubiquitination process; the large number of BRCA1 mutations occur 

in N-terminal RING domain, which is responsible for the E3 ubiquitin ligase activity of BRCA1. 

A growing body of evidence suggests that mutations in the BRCA1 RING domain 

inactivate BRCA1 ubiquitin protein ligase activity, may predispose to cancer development. 

Study of Nelson and Holt showed that BRCA1 protein with mutation in the RING domain fails 

to co-localize with BRCA1-interacting proteins BARD1 and BACH1, which are essential for DNA 

repair. Another study by Hashizume et al. showed that BRCA1-BARD1 heterodimeric complex 

can be inactivated by RING finger mutation, which results in the loss of ubiquitin ligase activity. 
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Taken together, the high rate of cancer-related mutations in specific domains of BRCA1 such 

as RING might explain the critical role of these domains for BRCA1 tumor suppressor activity 

(85). 

Many researchers in various institutes, using different bioinformatics tools based on 

the two mutations that we previously studied, have reached similar results. For example, 

the National Library of Medicine found the same result with ClinVAR software   .  The BRCA1 

(c.122A>G) (p.His41Arg) RING-domain variant was found from multifactorial likelihood 

analysis to have a posterior probability of pathogenicity of (0.995), a result consistent with 

existing protein functional assay data indicating lost BARD1 binding and ubiquitin ligase 

activity. Of the remaining variants, seven were determined to be not clinically significant 

(Class 1) (86).  

In another study for sequence variants used for mammalian two-hybrid assay 

calibration, the BRCA1 (c.122A>G) (p.His41Arg mutation) was which we found the value of 

the probability of low activity to be (0.870). The vast majority of known pathogenic variants 

in BRCA1 are ultimately, either protein-truncating variants or large gene rearrangements. 

Nonetheless, about 10% of known pathogenic variants are either non-spliceogenic missense 

substitutions or in-frame insertion or deletion mutations (IFIs, IFDs) (87). 

As for the (c.135G>C) (p. Lys45Asn) mutation there were also results; RAD51 is an 

important component of double-stranded DNA–repair mechanisms that interacts with both 

BRCA1 and BRCA2. A single-nucleotide polymorphism (SNP) in the 5′ untranslated region 

(UTR) of RAD51, 135G→C, has been suggested as a possible modifier of breast cancer risk 

in BRCA1 and BRCA2 mutation carriers. We pooled genotype data for 8,512 female 

mutation carriers from 19 studies for the RAD51 135G→C SNP (88).
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9 Conclusion 

In this study, we contributed to understand the molecular mechanisms that trigger the 

mutational status of BRCA1 genes, which is crucial information in defining therapeutic 

strategies for breast cancer patients. We've been studying the replacement effects of two 

mutations specific to the Algerian population by using a combination of in silico study 

software. These mutations correspond to two   missense mutations at exon 2 (c.122A>G) and 

(C.135G>C). 

The c.122A>G mutation (p.His41Arg) has been predicted as substituted at the 

structural level of the BRCA1 protein from the energy deference value in this mutation and 

even from Physico-chemical changes between native and mutant amino acids are responsible 

for loss of molecular interactions and conformational change having destabilizing effects on 

the structure of the protein. On the other hand, the variation c.135G>C (p.Lys45Asn) has been 

predicted as not substituted at the functional level of the protein. But the consequence of this 

false direction, mutation depends mainly on the position of the muted amino acid and its 

physiochemical properties on the protein BRCA1 so the functional study is very important for 

mutations evaluations. 

The implementation of our work has demonstrated the effectiveness of the combined 

use of several predictive software to assess the effect of mutations at the protein level. It is 

interesting to compare the results of in silico studies with those of functional studies, in order 

to evaluate the characteristics of new mutations. Furthermore, using bioinformatics software 

predict the effect of mutations on the protein of interest remains an affordable choice, and 

offers the ability to quickly provide a predictive value to the results of genotyping, making 

them potentially useful for patient care and scientific research. However, it is necessary to 

verify them by laboratory studies in vitro/or in vivo and even for the diagnosis, prognosis and 

development of new therapeutic strategies.
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