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Abstract
Introduction:

Breast cancer is the most common neoplasia of women from all over the world especially 
women from Colombia. 5%10% of all cases are caused by hereditary factors, 25% of those 
cases have mutations in the BRCA1/BRCA2 genes.

Objective:

The purpose of this study was to identify the mutations associated with the risk of familial breast 
and/or ovarian cancer in a population of Colombian pacific.

Methods:

58 high-risk breast and/or ovarian cancer families and 20 controls were screened for germline 
mutations in BRCA1 and BRCA2, by Single Strand Conformation Polymorphism (SSCP) and 
sequencing.

Results:

Four families (6.9%) were found to carry BRCA1 mutations and eight families (13.8%) had 
mutations in BRCA2. In BRCA1, we found three Variants of Uncertain Significance (VUS), of 
which we concluded, using in silico tools, that c.8112C>G and c.3119G>A (p.Ser1040Asn) 
are probably deleterious, and c.3083G>A (p.Arg1028His) is probably neutral. In BRCA2, we 
found three variants of uncertain significance: two were previously described and one novel 
mutation. Using in silico analysis, we concluded that c.865A>G (p.Asn289Asp) and c.6427T>C 
(p.Ser2143Pro) are probably deleterious and c.125A>G (p.Tyr42Cys) is probably neutral. Only 
one of them has previously been reported in Colombia. We also identified 13 polymorphisms 
(4 in BRCA1 and 9 in BRCA2), two of them are associated with a moderate increase in breast 
cancer risk (BRCA2 c.1114A>C and c.875566T>C).

Conclusion:

According to our results, the Colombian pacific population presents diverse mutational spectrum 
for BRCA genes that differs from the findings in other regions in the country.
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Remark

1)Why was this study conducted?
The prevalence and type of BRCA1 or BRCA2 germline mutations varies considerably, among diverse ethnic 
groups and geographical areas. The population from Colombian pacific have a special genomic background 
with a high degree population admixture between Amerindians, Afro-descendants and Europeans. Data on the 
contribution of germline BRCA1/BRCA2 mutations to breast cancer in the Colombian population is scarce. 
The purpose of this study was to identify the mutations associated with the risk of familial breast and/or ovarian 
cancer in a population of Colombian pacific.

2) What were the most relevant results of the study?
In this study, a mutational screening was performed for the entire coding region and exon-intron boundaries of 
the BRCA1 and BRCA2 genes in high-risk Colombian families selected based on their family history of breast 
and ovarian cancer. 58 high-risk breast and/or ovarian cancer families and 20 controls were screened for germ-
line mutations in BRCA1 and BRCA2, by Single Strand Conformation Polymorphism (SSCP) and sequencing. 
Four families were found to carry BRCA1 mutations and eight families had mutations in BRCA2. In BRCA1, we 
found three Variants of Uncertain Significance (VUS), of which we concluded, using in silico tools, that c.81
12C>G and c.3119G>A (p.Ser1040Asn) are probably deleterious, and c.3083G>A (p.Arg1028His) is probably 
neutral. In BRCA2, we found three variants of uncertain significance, using in silico analysis, we concluded that 
c.865A>G (p.Asn289Asp) and c.6427T>C (p.Ser2143Pro) are probably deleterious and c.125A>G (p.Tyr42Cys) 
is probably neutral. We also identified 13 polymorphisms (4 in BRCA1 and 9 in BRCA2), two of them are associ-
ated with a moderate increase in breast cancer risk (BRCA2 c.1114A>C and c.875566T>C).

3) What do these results contribute?
The Colombian pacific population presents diverse mutational spectrum for BRCA genes that differs from 
the findings in other regions in the country. Therefore, the extrapolation of results from one region to 
the rest of the Colombian population is risky; these findings indicate that the Colombian population has 
a heterogeneous spectrum of BRCA mutations, so it is of utmost importance to generate studies where 
the different regions of the country are represented, in order to make a real approach to the Colombian 
mutational spectrum.

BRCA1 and BRCA2 mutations in a sample of breast and ovarian cancer families from the Colombian pacific

Resumen
Introducción:
El cáncer de mama es la neoplasia más común en mujeres de todo el mundo, y, también de 
Colombia. 5% a 10% de todos los casos son causados por factores hereditarios; 25% de estos 
casos tienen mutaciones en los genes BRCA1/BRCA2.

Objetivo:
El propósito de este estudio fue el de identificar mutaciones asociadas con riesgo de cáncer de 
mama y/u ovario familiar en pacientes del pacífico colombiano.

Métodos:
Fueron revisados para mutaciones en BRCA1 y BRCA2 de línea germinal mediante SSCP y 
secuenciación 58 familias de alto riesgo para cáncer de mama y/u ovario y 20 controles

Resultados:
cuatro familias (6.9%) presentaron mutaciones en BRCA1 y ocho familias (13.8%) en BRCA2. 
En BRCA1, encontramos tres variantes de significado clínico desconocido (VUS), de las 
cuales concluimos, usando herramientas bioinformáticas, que c.8112C>G y c.3119G>A 
(p.Ser1040Asn) son probablemente deletéreas, y c.3083G>A (p.Arg1028His) es probablemente 
neutral. En BRCA2, encontramos tres VUS: una mutación nueva y dos previamente descritas, 
usando análisis bioinformáticos, concluimos que c.865A>G (p.Asn289Asp) y c.6427T>C 
(p.Ser2143Pro) son probablemente deletéreas y c.125A>G (p.Tyr42Cys) es probablemente 
neutral. Solo una de ellas ha sido reportada previamente en Colombia. También identificamos 
13 polimorfismos (4 en BRCA1 y 9 en BRCA2), dos de ellos asociados con un moderado 
incremento del riesgo para cáncer de mama (BRCA2 c.1114A>C and c.875566T>C).

Conclusión:
de acuerdo con nuestros resultados, la población del suroccidente colombiano presenta 
un espectro mutacional diverso para los genes BRCA que difiere de lo encontrado en otras 
regiones del país.
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Introduction

Breast Cancer (BC) is the most common type of cancer among women, with an estimated value 
of 1.67 million new cancer cases diagnosed in the year 2012 1. In Colombia, this neoplasia is the 
main cause of cancer death in women1 and for Santiago de Cali, which is the main urban center 
from Southwest Colombia, breast cancer occupies the first place in incidence and mortality 
rates in the female population 2.

Of all cases of breast cancer, about 5%-10% have a strong inherited component, of which 
25% is explained by germline mutations in the high penetrance breast cancer predisposition 
genes, BRCA1 3 and BRCA2 4. The risk of breast cancer for BRCA1 mutation carriers at age 70, 
has been estimated to be within the range of 40%-87% and for ovarian cancer 16%-68%; the 
corresponding risks for BRCA2 mutation carriers were estimated to be 40%-84% for breast 
cancer and 11%-27% for ovarian cancer 5. The risk not explained by the high penetrance genes 
is due to moderate or low penetrance genes 6,7, each having a small effect on breast cancer risk 8.

The prevalence and type of BRCA1 or BRCA2 germline mutations varies considerably, among 
diverse ethnic groups and geographical areas. Population specific and recurrent mutations 
have been described among the Ashkenazi Jews, Iceland, The Netherlands, Sweden, Norway, 
Germany, France, Spain, Canada, countries of eastern and southern Europe 9 and in Latin 
American populations, such as Chile, México, Brazil and Costa Rica10. Thousands of mutations 
found in BRCA genes, in families with breast/ovarian cancer are now described in several 
websites, such as The Breast Cancer Information Core (BIC) (https://research.nhgri.nih.gov/
bic/), the Leiden Open Variation Database (LOVD) (http://www.lovd.nl/3.0/home) and The 
Universal Mutation Database (UMD) website (http://www.umd.be/).

The population from Colombian pacific have a special genomic background with a high 
degree population admixture between Amerindians, Afro-descendants and the Europeans 11. 
Data on the contribution of germline BRCA1/BRCA2 mutations to breast cancer in the 
Colombian population is scarce; Torres et al.12, evaluated both genes using the SSCP (Single 
Strand Conformation Polymorphism), DHPLC (Denaturing High Performance Liquid 
Chromatography) and PTT (Protein Truncation Test) methodologies, and five deleterious 
mutations were reported in the central region of Colombia. The additional works conducted 
in the country have focused on searching for specific mutations 13,14 or evaluating mutational 
panels 15,16. In this study, a mutational screening was performed for the entire coding region and 
exon-intron boundaries of the BRCA1 and BRCA2 genes in a group of 58 high-risk Colombian 
families selected based on their family history of breast and ovarian cancer.

Material and Methods

High-risk BC/OC (Breast Cancer/ Ovarian Cancer) Families from the Colombian pacific were 
selected from the clinical files of four institutions that offer attention to the population of the 
pacific region. The selected families met, at least, one of the following criteria: at least three family 
members with breast or ovarian cancer at any age; two first degree family members affected, at 
least one, with breast cancer before 41 years of age or with ovarian cancer at any age; one breast 
cancer case diagnosed before 35 years or less; one ovarian cancer case diagnosed before age 32.

Pedigrees were constructed based on an index case; none of the families met the strict criteria 
for other known syndromes involving breast cancer, such as Li Fraumeni syndrome, ataxia 
telangiectasia, or Cowden disease.

Control population
The sample of healthy Colombian controls was recruited from the Cali community. DNA 
samples were taken from unrelated individuals, with no personal or familial history of cancer. 
These individuals were interviewed and informed as to the aims of the study. The control 
sample was matched by age, sex and socioeconomic status with respect to the cases.

The DNA samples of patients and controls were obtained after due considerations of ethical and 
legal requirements of the Universidad del Valle and the Colombian law for human research.

BRCA1 and BRCA2 mutations in a sample of breast and ovarian cancer families from the Colombian pacific
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BRCA1 and BRCA2 mutation analysis
Genomic DNA was extracted from the peripheral blood lymphocytes and was obtained based 
on the method described by Miller et al17. The whole coding sequences and exon-intron 
boundaries of the BRCA1 and BRCA2 genes were amplified by the polymerase chain reaction, 
using the primers described by Barker18 and by the BIC database. The fragments obtained were 
analyzed using SSCP19,20. Any fragment showing a mobility shift was directly sequenced in both 
directions. Sequencing was performed in an ABI 3130 Genetic Analyzer (Applied Biosystems, 
United States).

The obtained sequences were analyzed with the software ChromasPro version 1.7.6 (http://
technelysium.com.au/wp/chromaspro/). The presence and localization of mutations were 
obtained by sequence alignment using BLAST (Basic Local Alignment Search Tool) (http://
blast.ncbi.nlm.nih.gov/Blast.cgi), and the reference sequences used were for BRCA1: 
ADN NG_005905.2, ARN NM_007294.3 and for BRCA2: ADN NG_012772.3 and ARN 
MN_000059.3. Two types of nomenclature were used to verify if the detected variants were 
reported in the databases and in the literature; the traditional system of the BIC - database and 
the nomenclature from the Human Genetic Variation Society (HGVS) (http://www.hgvs.org/).

Computational analysis
In order to determine the possible effects of sequence alterations of unknown clinical 
significance, the following prediction software were run for missense substitutions: Align
GVGD (http://agvgd.iarc.fr/index.php), PANTHER (http://pantherdb.org/), PolyPhen2 (http://
genetics.bwh.harvard.edu/pph2/), SIFT (http://sift.bii.a-star.edu.sg/), PROVEAN (http://
provean.jcvi.org/index.php), MutPred (http://mutpred.mutdb.org/) and SNPs&GO (http://snps.
biofold.org/snps-and-go/snps-and-go.html). Native alignments of each algorithm were used. 
For intronic mutations, splicing predictions were performed with: SSF, MaxEntScan, NNSplice 
and HSF algorithms, through the Alamut Visual Software v.2.7 (http://www.interactive-
biosoftware.com/). Default thresholds were used for all the analyses. For the interpretation of 
the predictions of these five algorithms, we used the criteria by Thery et al21.

Results

A total of 72 index cases, belonging to 58 high-risk BC/OC families, were tested 
for BRCA1 and BRCA2. In the sample of selected families, 57% (33/58) had only BC; 24% 
(14/58) had both BC and OC, 7% (4/58) had BC and prostate cancer, and 12% (7/58) had 
breast, ovarian and prostate cancer. The clinical characteristics of the families included in this 
study are listed in Table 1. The diagnosis of cancer was certified by asking all index cases to 
provide their original pathology reports. The mean age of the patients at diagnosis was 41.7 
years (ranging between 30-66 years). 46.6% of the patients were diagnosed before the age of 40, 
and 87.9 were diagnosed before the age of 50, 31 % of the families had three or more first degree 
relatives with either or both breast cancer and ovarian cancer.

Germline BRCA1 or BRCA2 mutations were found in 12 (20.6%) of the 58 families from 
the Colombian pacific region. We detected 6 variants of unknown clinical significance (3 
in BRCA1 and 3 in BRCA2) (Table 2), only one of them has previously been reported in 
Colombia and 13 polymorphisms were also found (4 in BRCA1 and 9 in BRCA2) (Table 3).

BRCA1 and BRCA2 mutations in a sample of breast and ovarian cancer families from the Colombian pacific

Table 1. Selection criteria and clinical characteristics of the families included in this study
Selection Criteria Family n (%)
≥3 family members with breast cancer, at least one with ovarian cancer 5 (8.6%)
≥3 family members with breast cancer 13 (22.4%)
2 family members with breast cancer, at least one with ovarian cancer 8 (13.8%)
2 family members with breast cancer 18 (31.0%)
1 family member with breast cancer, at least one with ovarian cancer 7 (12.1%)
Single affected individual with breast cancer < age 35 6 (10.4%)
Single affected individual with bilateral Ovarian cancer < age 31 1 (1.7%)
Total 58 (100%)

https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2049806/#B17
https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2049806/#B18
https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2049806/#B19
https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2049806/#B20
http://agvgd.iarc.fr/index.php
http://pantherdb.org/
http://genetics.bwh.harvard.edu/pph2/
http://genetics.bwh.harvard.edu/pph2/
http://sift.bii.a-star.edu.sg/
http://provean.jcvi.org/index.php
http://provean.jcvi.org/index.php
http://mutpred.mutdb.org/
http://www.interactive-biosoftware.com/
http://www.interactive-biosoftware.com/
https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2049806/#B21
https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2049806/table/t2/
https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2049806/table/t3/
https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2049806/table/t4/


167Colombia Médica | http://dx.org/1025100/cm.v50i3.2385 Sep 30, 2019

Individuals without personal or familial breast cancer history were invited to participate as 
controls in the study. We recruited 20 control samples from the city of Cali (Colombia) who 
satisfied the inclusion criteria as stated in the methods.

BRCA1 Mutations
For BRCA1 we found three VUS, two corresponded to the missense type and one to the 
intronic type. The mutations found were identified in four families (6.9%) of our cohort, three 
of these families presented breast cancer and one family presented breast/ovarian cancer.

The mutation c.8112C>G, was found in three sisters, two with ovarian cancer (42 and 44 years, 
respectively) and one with breast cancer (42 years) (Table 2 and Fig. 1). This mutation has been 
reported 9 times in the BIC database, and it is found mainly in African American descendants. 
Till date, in South America, there are no previous reports for this mutation. Besides this 
intronic mutation, the three patients also presented the polymorphisms c.3113A>G and 
c.4837A>T in BRCA1.

The mutation c.3083G>A (p.Arg1028His) was found in two families, the index cases were 
diagnosed at 45 and 59 years of age (Table 2 and Fig. 2). This mutation has been reported 13 
times in the BIC database, 6 of these reports are from Latin America. Additionally, Arias-
Blanco et al, reported this mutation in the Colombian population 22.

BRCA1 mutation c.3119G>A (p.Ser1040Asn), was found in a family with two cases of breast 
cancer (Table 2 and Fig. 3). In the BIC database, it has been reported 68 times, in Latin America it 
has been reported in Brazil 23, Argentina 24 and Venezuela 25. The missense mutations c.3119G>A 
and c.3083G>A, were always found together with the BRCA1 c.3113A>G polymorphism.

BRCA1 and BRCA2 mutations in a sample of breast and ovarian cancer families from the Colombian pacific

Table 2.  BRCA1 and BRCA2 germline mutations detected in Colombian pacific high-risk breast/ovarian cancer families

E/I no. cDNA Protein change Mutation 
Type Family Family Type Index case status 

(age)
Family history 

(Br/Ov Ca) Other cancers

BRCA1
I2 c.81-12C>G NA Intronic F43 Br/Ov BrCa (42 ) Ov Ca (42, 44) 7 Br Ca 4 Ov Ca Prostate, cervix, lung
E11 c.3083G>A p.Arg1028His Missense F52 

F57 Br Br BrCa (45) BrCa (59) 2 Br Ca 3 Br Ca Column Prostate 
Gastric Lymphatic

E11 c.3119G>A p.Ser1040Asn Missense F56 Br BrCa (50) 2 Br Ca -
BRCA2
E3 c.125A>G p.Tyr42Cys Missense F44 Br BrCa (39) 4 Br Ca Lung, Stomach
E10 c.865A>G p.Asn289Asp Missense F9 Br BrCa (41) 3 BrCa -

F37 Br BrCa (47) 4 BrCa Lung, Colon
F38 Br/Ov BrCa (49) 1 BrCa 1 OvCa Prostate Ovarian
F49 Br BrCa (65) 3 BrCa -
F52 Br BrCa (45) 2 BrCa Column
F53 Br BrCa (51) 2 BrCa Colon

E11 c.6427T>C p.Ser2143Pro Missense F34 Br BrCa (40) 2 Br Ca prostate, melanoma
E/I= exon/intron, Br and BrCa: Breast Cancer, Ov and OvCa: Ovarian Cancer

Table 3.  BRCA1 and BRCA2 polymorphisms detected in Colombian high-risk breast/ovarian cancer families
E/I no. Nucleotide Change Protein Change dbSNP Mutation Type patients n=72 controls n=20
BRCA1
I7 c.442-34C>T NA rs799923 Intronic 3 2
E11 c.2311T>C p.Leu771= rs16940 S 7 6
E11 c.3113A>G p.Glu1038Gly rs16941 M 32 12
E16 c.4837A>T p.Ser1613Cys rs1799966 M 48 12
BRCA2
E2 c.-26G>A NA rs1799943 5’UTR 23 2
I4 c.426-89T>C NA rs3783265 Intronic 2 0
E10 c.1114C>A p.Asn372His rs144848 M 25 2
E11 c.2971A>G p.Asn991Asp rs1799944 M 1 0
E11 c.3396A>G p.Lys1132= rs1801406 S 34 9
E11 c.6513C>G p.Val2171= rs206076 S 4 4
I11 c.6841+80_6841+83delTTAA NA rs3783265 Intronic 4 1
I21 c.8755-66T>C NA rs4942486 Intronic 40 9
E22 c.8851G>A p.Ala2951Thr rs11571769 M 23 6

E/I: exon/intron, S: synonymous, M: missense, NA: not applied, 5’UTR: 5’ untraslated region
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BRCA2 Mutations
In BRCA2 we detected three missense variants of uncertain significance.

A new mutation not previously described was found in the BRCA2 gene, that is, the transition 
c.6427T>C that generates a serine to proline change (p.Ser2143Pro), this variant has neither 
been reported in the BIC databases, nor other databases consulted. Due to it being a missense 
mutation, we consider it as a VUS. This mutation was found in a family with two cases of breast 
cancer and one case of prostate cancer (Table 2). None of the controls presented the mutation.

The most prevalent mutation was c.865A>G, found in six (10.3%) of the families analyzed, in 
five of them, the age of diagnosis of index cases was between 41 and 51 years (Table 2). This 
mutation generates an asparagine for aspartate (p.Asn289Asp) change in the BRCA2 protein 

BRCA1 and BRCA2 mutations in a sample of breast and ovarian cancer families from the Colombian pacific

Figure 1.  Capillary sequencing chromatogram showing the BRCA1 c.8112C>G variant (marked with the arrow).

Figure 2.  Capillary sequencing chromatogram showing the BRCA1 c.3083G>A (p.Arg1028His) variant (marked with the arrow).
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and has been reported 13 times in the BIC database, where it is classified as a VUS; however, 
this is the first report in South America. In this work, this mutation was found in every case 
accompanied by the BRCA2 c.8755-66T>C polymorphism.

The mutation c.125A>G (p.Tyr42Cys) was identified in a patient diagnosed with breast cancer 
at the age of 39, whose mother and two aunts also presented the neoplasia (Table 2 and Fig. 4). 
Of the 144 reports in the BIC database, two of them are from Latin America, additionally Ruiz-
Flores et al.26, reported this mutation in the Mexican population.

None of the identified mutations were found in the control sample. All families with mutations 
in the BRCA genes, also presented polymorphisms. Regarding the found polymorphisms, it is 
important to note that the majority of these were detected in both, patients and controls, except 
for c.42689T>C and c.2971A>G, observed only in patients (Table 3).
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Figure 3.  Capillary sequencing chromatogram showing the BRCA1 c.3119G>A (p.Ser1040Asn) variant (marked 
with the arrow).

Figure 4.  Capillary sequencing chromatogram showing the BRCA2 c.125A>G (p.Tyr42Cys) variant                                                                  
(marked with the arrow).
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BRCA2 c.6841+80_6841+83delTTAA has been reported as a VUS, 223 times in the BIC 
database. In this study, this alteration was found in homozygous state, taking into account the 
presence of this mutation in double doses, and being that, it was found in patients and controls, 
we concluded that this variant is of no clinical importance.

Analysis in silico
To predict the possible clinical relevance of VUS in BRCA1 and BRCA2, bioinformatics 
tools were used. Those in silico analysis were performed for five missense variants (two in 
the BRCA1 gene and three in BRCA2 gene) and for one intronic variant. From these results, the 
mutations c.8112C>G, c.3119G>A (p.Ser1040Asn) in BRCA1 and c.865A>G (p.Asn289Asp), 
c.6427T>C (p.Ser2143Pro) in BRCA2, were classified as probably deleterious and the 
mutations BRCA1 c.3083G>A (p.Arg1028His) and BRCA2 c.125A>G (p.Tyr42Cys), as probably 
neutrals. The details of the results of the in silico analysis, are shown in (Table 4 and ​and55).

Discussion

A large number of mutations has been characterized in both BRCA1 and BRCA2 genes. Except 
for specific ethnic groups, there is no predominant mutation to account for the majority of cases 
of inherited breast cancer 27. Despite the high prevalence of breast cancer in Colombia, data for 
this population is scarce 12,16. An extrapolation of the results obtained in other populations is 
risky because the Colombian population is the result of a complex process of admixture 28.

In this study, we examined 72 patients (58 families) with breast and/or ovarian familial 
cancer from the Southwestern region of Colombia, in order to identify the mutational 
spectrum of BRCA1 and BRCA2 genes. For the BRCA1 gene, we found 7 sequence variants, 
of which 3 have previously been classified as having unknown clinical significance, and 4 as 
polymorphisms. For BRCA2 gene, we found 12 variants, of which 2 have previously been 
classified as being of unknown clinical significance, one new mutation which has not been 
previously described, and 9 polymorphisms.

The most recurrent mutation in this study was BRCA2 c.865A>G (p.Asn289Asp). The analysis 
with SIFT classifies this mutation as being probably damaging (score: 0.008), just as SNP&GO 
(RI: 9) (Table 4). c.865A>G is located in a region of transcriptional activation 29, and in the 
interaction region with the ALIX protein (amino acids 203300) 30, this protein is part of the 
machinery that mediates the final membrane abscission event 31. The possible role of BRCA2 in 
this process is controversial, but it is likely that recruits and delivers ALIX and other proteins, 
facilitating the completion of abscission 30. Considering this evidence and the results from 
our in silico analysis, we suggest the p.Asn289Asp mutation as being probably deleterious.
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Table 4.  Results of bioinformatics analysis for BRCA1 and BRCA2 mutations

Gene cDNA Protein 
Change Align-GVGD PANTHER 

(SubSPEC)
SIFT 

(Score) PROVEAN (Score) PolyPhen-2 
(Prob.)

MutPred 
(Prob.)

SNP&GO 
(RI; EA)

BRCA1 c.3083G>A p.Arg1028His C0 Neutral 
(-2.90)

Tolerated 
(0.23) Neutral (0.12) Benign 

(0)
Neutral 
(0.391)

Disease 
(4; 72%)

c.3119G>A p.Ser1040Asn C0 Damaging 
(-3.46)

Tolerated 
(1)

Neutral 
(-1.69)

Probably Damag-
ing (0.974)

Neutral 
(0.123)

Disease 
(7; 85%)

BRCA2 c.125A>G p.Tyr42Cys C0 NA Tolerated 
(0.113) Neutral (-1.32) Benign 

(0.09)
Neutral 
(0.243)

Disease 
(6; 78%)

c.865A>G p.Asn289Asp C0 NA Damaging 
(0.008)

Neutral 
(-1.14) Benign (0.055) Neutral 

(0.165)
Disease 

(9; 96%)

c.6427T>C p.Ser2143Pro C0 Damaging 
(-3.38)

Damaging 
(0.015)

Neutral 
(-1.22)

Probably Damag-
ing (0.999)

Neutral 
(0.179)

Disease 
(8; 88%)

Table 5.  Results of bioinformatics analysis for BRCA1 intronic variant
Gene cDNA 5' or 3' score modification (% variation)

BRCA1 c.81-12C>G c.81N SSF: 70.09 → - -100.0%

c.81N MaxEnt: 7.05 → 5.37 -23.8%

c.81N NNSPLICE: 0.52 → - -100.0%

c.81N GS: 4.46 → 3.40 -23.8%

c.81N HSF: 77.26 → 75.36 -2.5%
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Interestingly, p.Asn289Asp was found, in all cases, accompanied by polymorphism c.8755
66T>C, which has been associated with a 1.79fold increased risk of breast cancer (95% CI: 1.16-
2.78, p= 0.009) 32, therefore, it is likely that the convergence of p.Asn289Asp with polymorphism 
c.875566T>C further increases the risk of malfunction of the protein. Therefore, it is suggested, 
these variants as markers to consider in the diagnosis of the predisposition to breast and 
ovarian cancer in Colombian patients, taking into account the high frequency in which it was 
found, since 10.3% of the families exhibited this alteration.

Also, in the BRCA2 gene we report a novel mutation, the c.6427T>C (p.Ser2143Pro), this 
mutation was found in the index case, which presented BC at 40 years. For this missense 
mutation, PANTHER (3.38), SIFT (0.015) and Polyphen2 (score: 0.999) (Table 4) predicts 
that this variant is damaging, due to the Ser2143 being in a position highly conserved, 
additionally, SNP&GO predicts it as disease (RI 8), indicating a high probability of affecting 
the three dimensional structure of the protein, and probably its function. Therefore, we 
propose BRCA2 c.6427T>C as a variant to be considered in the diagnosis of predisposition to 
breast cancer and which, till date, can be considered as an exclusive variant from the Colombian 
population, considering that it has not been previously reported.

The other VUS found in BRCA2 gene was the alteration c.125A>G (p.Tyr42Cys), classified as non 
pathogenic by the majority of the in silico tools (Table 4). This variant has been widely classified as 
a neutral variant 33. Wu et al. (,34, and Kuznetsov et al.35, using different functional assays, compared 
the mutant and the wildtype forms of BRCA2 and concluded that p.Tyr42Cys variant has no 
effect on the BRCA2 function. These results are consistent with the results obtained in our in 
silico analysis, so we suggest that the BRCA2 p.Tyr42Cys variant is probably neutral.

For the intronic variant BRCA1 c.8112C>G, the integrated in silico tools in Alamut predicted 
that the natural splice site in exon 3 (c.81N) would be altered as shown in [Table 5], where 
four of five splicing tools show a percentage of variation higher than 10%. To have a better 
understanding of the effect of this mutation on exon 3 in the acceptor site, we used the 
NNsplice program, and after mutation, the program predicts that the normal acceptor site 
would be altered, and one new possible alternative site would be used, the program gives to 
this site a score of 0.97 and it corresponds to the acceptor site in exon 4 (tag//ATTTTGC), 
this would lead to loss of exon 3, and the generation of a premature stop codon. We therefore, 
suggest that the mutation BRCA1 c.81-12C>G is probably deleterious because the generation 
of significant changes in the BRCA1 protein; this mutation was found in three sisters, which 
belong to a family with a high incidence of BC (7 cases) and OC (4 cases).

Other missense mutation identified in BRCA1 was c.3119G>A (p.Ser1040Asn), the PolyPhen-2 
algorithm predicts this change as probably damaging (0,974), just as PANTHER (3.46) and 
SNP&GO (7. 85%) (Table 4). The region in which this variant is located has been suggested to be 
a region of direct interaction of BRCA1 with the RAD51 protein; this direct binding with RAD51 
has been proposed to occur at amino acids 758-1064 of BRCA1 36, however, till date, there is still 
no consensus on whether this interaction is direct or indirect 37, furthermore, the controversy 
regarding this variant role need to be clarified because some authors classify it as neutral 38-43. 
Taking into account the interaction with RAD51, and the fact that three of the programs portray 
this position as highly conserved, we suggest that this variant is probably deleterious.

For the BRCA1 missense mutations c.3083G>A (p.Arg1028His), the majority of the in 
silico tools used, predict that this variant is neutral or tolerated (Table 4), but only the SNP&GO 
algorithm predicts this variant as disease inducing, however, the RI index lacks sufficient 
confidence for the prediction. These results are consistent with previous studies, among them 
is an analysis of the interspecific sequence variation in which the p.Arg1028His variant is 
classified as probably neutral or of little clinical significance 44. Considering all the previous 
evidence, we can conclude that this variant is probably neutral.

Although, BRCA2 c.1114A>C (p.Asn372His) is considered as a polymorphism, this variant is 
located within the region that interacts with the histone acetyltransferase domain of the P300/
CBP associated Factor (PCAF) protein 45 and has been associated with a 2.29fold (95% CI: 1.16
4.49; p= 0.016) increased risk, in families with no BRCA1/2 mutations with high-risk of BC 32. 
Wen-Qiong et al. 46, performed a pooled analysis, where the BRCA2 p.Asn372His variant was 
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significantly associated with an increased risk of overall cancer (dominant model: OR= 1.07, 
95% CI: 1.01-1.13; recessive model: OR= 1.12, 95% CI: 1.02-1.23). Therefore, we suggest that 
this variant could be considered as a low penetrance allele to breast cancer.

Additionally, the BRCA2 c.426-89T>C polymorphism was found in two families, in both cases, 
it was accompanied by the mutation c.865A>G (p.Asn289Asp) and the polymorphisms c.8755-
66T>C and c.8851G>A. The BIC database reported this variant 37 times, and it is a normal 
allelic variant that does not play a direct role in the generation of tumors in breast cancer 47.

We found that 11 (18.9%) of the families studied present germline mutations 
in BRCA1 or BRCA2, and 9 of them were probably deleterious in the Pacific colombian region. 
Therefore, these mutations explain 15.5% of the breast/ovarian cancer cases in our sample. 
Additionally, all the individuals analyzed have, at least, one polymorphism, and none of the 
controls presented the classified mutations as probably deleterious in this study.

Mutation screening was performed using a combination of SSCP (single-strand conformational 
polymorphism) and sequencing analysis. Considering that the SSCP method has a sensitivity of 
94% 48 it is possible that around 6% of mutations in the coding region of the BRCA1 and BRCA2 
genes may have not been detected. Additionally, this work did not include the search for large 
genomic deletions and rearrangements which explain approximately 10% of all BRCA1 mutations 12.

The spectrum of mutations found in this study is different from that reported in previous studies, 
which evaluated patients from the central region of Colombia 12,22,49,50. We suggest that the main 
reason for this difference between studies, is that the Colombian population is the result of a 
complex process of admixture between European, African and Native Americans, in varying 
degrees, depending on the region 28. Therefore, the extrapolation of results from one region to the 
rest of the Colombian population is risky, for example, the population of Southwestern Colombia, 
has a specific population dynamic and it is different from the central region 51. These findings 
indicate that the Colombian population has a heterogeneous spectrum of BRCA mutations, 
so it is of utmost importance to generate studies where the different regions of the country are 
represented, in order to make a real approach to the Colombian mutational spectrum.

Conclusions

We found that 11 of the families studied present germline mutations in BRCA1 or BRCA2, 
and 9 of them were probably deleterious. These mutations explain 15.5% of the breast/ovarian 
cancer cases in our sample

The most recurrent mutation in this study was BRCA2 c.865A>G we suggest the p.Asn289Asp 
mutation as being probably deleterious. Also, in the BRCA2 gene we report a novel mutation, 
the c.6427T>C (p.Ser2143Pro), we propose this, as a variant to be considered as an exclusive 
variant from the Colombian population.

For the intronic variant BRCA1 c.8112C>G we suggest that the mutation BRCA1 c.8112C>G is 
probably deleterious; this mutation was found in a family with a high incidence of BC and OC. 
Also, in the BRCA1 gene we report the mutation c.3119G>A (p.Ser1040Asn),we suggest that 
this variant is probably deleterious.

We considered then, that at this time, the use of genetics test based on mutational panels 
for BRCA1 and BRCA2 in Colombian patients, would not be informative enough, because of 
the diverse mutational spectrum of this population, which is evidenced in this work. Therefore, 
the mutational screening of the BRCA1 and BRCA2 entire coding regions, is necessary for the 
molecular genetic testing of the Colombian high-risk breast cancer patients.
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