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Summary

Our aim was to analyze the incidence of mutations in BRCA1 and BRCA2 genes in 54 families with breast/ovarian
cancer. Families were selected from three Institutions following the standard criteria for hereditary breast/ovarian
cancer. PCR amplification of all exons was performed, followed by SSCP, heteroduplex, PTT and sequencing
analysis. We identified eight truncation mutations, three in the BRCA1 gene and five in the BRCA2 gene. Three of
these mutations have not been reported previously by other groups: 308insA in one family, 3936 C>T in two
families, for BRCA1, and 4970insTG in one family for BRCAZ2. In addition two families having Ashkenazi Jewish
ancestors present the well known mutations 185delAG and 6174delT. Interestingly, 5 out of 11 families have
mutations recurrent in Spanish families. Among the 54 families selected, seven have breast and ovary cancer cases,
and only two presented a mutation in BRCA1 or BRCAZ2 genes. Other cancers as prostate and stomach are frequent
among relatives carrying the mutation. Five cases of very early onset (<31 years old) breast cancer were detected.
The frequencies of BRCA1 (0.074) and BRCAZ2 (0.13) mutations in our families is low but similar to the incidence
found in other populations, like in Spain. Since is widely known that risk factors that modulate the development of
breast cancer such as lifestyle risk factors, geographic location, country of origin and socioeconomic status, besides
a familial history of breast cancer our findings suggest that the history of colonization and immigrations is very
relevant when studying hereditary factors associated to breast cancer.

Introduction BRCA2 mutations varies widely among populations

[3,4]. To date there are no extensive screening studies

In Chile, Breast cancer is the third cause of death by
cancer among the general population with annual inci-
dence rates of 13 per 100,000 women (National Statistics
Institute Chilean Health Ministry, 2001). Two genes,
BRCAI1 [1] and BRCA2 [2] have been identified for
familial breast cancer. Since the identification of these
genes more than 1647 germ-line mutations, polymor-
phisms, and unclassified variants have been reported for
BRCAT1 and 1406 for BRCA?2 in breast and/or ovarian
cancer families. The proportion of high-risk families
with breast or ovarian cancer attributable to BRCA1 or

reported on the genetic susceptibility of familial breast
cancer in Latin American populations, other than
Mexico [5] Due to the extended Spanish colonization of
Latin America, since the XVI century, we could assume
an important genetic influence in families with muta-
tions in these BRCA1 and BRCA2 genes, without dis-
missing the relevant Amerindian component as well.

In the present study we describe a screening of
mutations on the BRCAI and BRCA2 genes in 54
Chilean families with two or more members affected
with breast cancer and/or ovarian cancer.
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Methods
Families and patients

Seventy-seven patients from to 54 families with breast
or, breast and ovarian cancer were screened for muta-
tions in the BRCA1 and BRCA2 genes. Families were
selected by any of the following criteria: three cases of
breast cancer in first degree relatives; or two cases of
breast cancer in first degree relatives, one diagnosed
before age 40; or one breast cancer and one ovarian
cancer in first degree relatives. The selected individuals
are patients of three Cancer Centers in Santiago, Chile.
After informed consent, blood samples were obtained
from affected individuals and relatives. DNA was iso-
lated from peripheral blood lymphocytes of each
patient, as previously described [6].

Mutation screening

PCR amplification covering coding sequences and in-
tron-exon boundaries, of exons 2 to 24 was performed
by standard methods. The coding region of exon 11 for
BRCAI1, and exons 10 and 11 for BRCA2, were
screened through heteroduplex analysis [7] and Protein
Truncation Test (PTT) [8] for some families. The
remaining exons were analyzed by single strand con-
formational polymorphism (SSCP). Briefly, PCR prod-
ucts were denatured 95° for 5 min, cool on ice for 5 min,
and submitted to electrophoresis on MDE 0.5x (FMC
Bioproducts) at 18°, 3W for 13 h. The gels were silver
stained after electrophoresis. PCR products or peptides
showing an abnormal migration on heteroduplex, SSCP
or PTT, were subjected to direct sequencing, using the
dsDNA Cycle Sequencing System (Life Technologies),
and y-*P-ATP. Electrophoresis of sequencing gels was
carried out onto 6% acrylamide/bisacrylamide (19:1)
gels in the presence of 8 M urea. Gels were dried and
subjected to autoradiography for 2448 h.

Results

Seventy seven Chilean women from 54 selected families,
with breast, or breast and ovarian cancer (Table 1) were
screened for germline mutations in the BRCA1 and
BRCA2 genes. Twelve families had only 2-5 breast
cancer cases, six families presented breast and ovary
cancer cases simultaneously, and the remaining families
showed other cancer types being stomach and prostate
cancers the most frequent ones (Table 1).

Molecular screening of BRCAI gene

Molecular screening of the BRCAI1 gene revealed the
presence of two truncating mutations, ¢.3936C > T pre-
viously reported by our group [9] and one novel muta-
tion ¢.308insA. The first mutation was found in families
3 and 14, and the second one in Family 5 (Table 2). A

third mutation ¢.185_186delAG was found in Family
19, which has Ashkenazi Jewish ancestry. Family 5 in-
cludes mother, daughter, and maternal cousin diagnosed
with breast cancer at ages of 68, 43 and 30 respectively.
In this family the maternal cousin died at 31 years of
age. A frame shift mutation was found in exon 5 con-
sisting of an A insertion at position 308 in the cDNA,
which leads into a stop at codon 65 (Table 2). We
screened for this mutation in four nonaffected relatives.
The mutation was present in three women, aged 38, 28,
and 80 suggesting a case of incomplete penetrance in the
latter case. The mutation ¢.3936C>T in Family 14,
which shows several cases of cancer, including six cases
of breast cancer (at least five detected between 28 and
41 years old), three cases of ovarian cancer, two cases of
prostate cancer, and two cases of stomach cancer. This
truncating mutation causing a stop at codon 1273, in
exon 11, was found through PTT and sequence analysis
(Table 2). It is interesting to note that there are three
individuals in this family which are obligate carriers of
the same mutation and were affected by prostate cancer
(2), ovarian cancer (1) and stomach cancer (2). The
¢.3936 C>T mutation was analyzed in 17 healthy rela-
tives who agreed to be tested. Eight women between 24
and 51 years old were carriers of the mutation, and nine
women between 29 and 72 years old were not [9] The
same mutation was found in Family 3. This is a small
family, presenting two sisters with breast cancer, one
bilateral, and two maternal uncles with stomach (age at
diagnosis 40 years old) and prostate cancer (50 years
old) respectively. The mother of the proband, who is not
affected, and is suspected to have been the carrier of the
mutation died at 80 years old, before starting this study.
Family 19, has Ashkenazi Jews ancestors, and shows
one of the most frequent mutations found in this pop-
ulation, ¢.185_186delAG, detected in the only affected
woman who is still alive. The index case has two breast
cancer relatives from the maternal side and one from the
paternal side.

The screening of all families also revealed the presence
of several polymorphisms and allelic variants as shown in
Table 3. Two of these polymorphisms have not been
previously described, ¢.560 + 18 to ¢.561-4206del(CTT)6,
and, ¢.560+41 to ¢.561-4190 delC(T)10,. Interestingly,
five polymorphisms: ¢.560 + 18 to ¢.561-4206del(CTT)6,
c.560+41 to ¢.561-4190delC(T)10, c.660+2421 to
661-58del(T)7, ¢.4956 A> G and ¢.5106—68 A > G form
a haplotype, found in 31 out of 68 heterozygous and
homozygous patients. The haplotype frequency in this
group of patients is 0.316. This haplotype has also been
detected in a frequency of 0.402 in 92 chromosomes
from 46 Chilean controls individuals. Due to the
important aboriginal admixture, 30%, of the Chilean
population [10], we tested the presence of the same
haplotype in a sample of 40 Chilean aborigines (80
chromosomes), and found a frequency of 0.275 for the
haplotype. No association of this haplotype to breast
cancer was found. It is also interesting to note that this
haplotype is present in chromosomes with diverse ethnic
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Table 1. Ethnic origin of families and type of tumors included in this study

Family Ethnicity Type and number of cancer cases per family

1 Jewish/German Breast (4); bone (1)

2 Chilean Breast (2); ovary (1)

3 Chilean Breast (2); breast bilateral (1); cervix (1); prostate (1); stomach (1); brain (1); Osteosarcoma (1)

4 Chilean Breast (4); breast bilateral (1); stomach (1); bladder (1); internal (1)

5 Chilean Breast (3)

6 Chilean Breast (4); internal (1)

7 Chilean Breast (2); Fibroadenoma (2); liver (1); other (1)

8 Ttalian Breast (4); breast bilateral (1); stomach (1); other (1)

9 Chilean Breast (2)

10 French/German Breast (2); ovary (1); cervix (1); uterus (1); stomach (1); Oesophagus (1); lung (1); internal (1)

11 Chilean/Italian Breast (2); breast bilateral (1); ovary (1); stomach (1);
Oesophagus (1); testis (1); leukemia (1); sarcoma (1); lymphoma (1)

12 Ttalian Breast (3)

13 Chilean Breast (3); stomach (1)

14 Chilean Breast (6); ovary (2), uterus (1); prostate (2); stomach (2)

15 Chilean Breast (2); bladder (1); Oesophagus (1); uterus (1); mieloma (1)

16 Chilean Breast (2)

17 Chilean Breast (3)

18 Chilean/German Breast (4)

19 Russian/Jewish Breast (4); internal (1)

20 Chilean Breast (3)

21 Italian/Chilean Breast (2); stomach (1)

22 Chilean Breast (3); uterus (1); liver (1)

23 Chilean Breast (4)

24 Chilean/Spanish Breast (3), stomach (1), larynx (1), skin(1), leukemia(1)

25 Chilean Breast (2); stomach (1)

26 Chilean Breast (4); testis (1); Oesophagus (1); lung (1)

27 Spanish Breast (6); breast bilateral (1); prostate (4); colon (2); stomach (1)

28 French/Spanish Breast (5); ovary (1); colon (3)

29 Chilean Breast (4); breast bilateral (1);

30 Chilean/Spanish Breast (4); Oesophagus (1)

31 Chilean/French Breast (3); lymph node (1)

32 Chilean/Spanish Breast (3); other (1)

33 Chilean Breast bilateral (1)

34 Croatian/Spanish Breast (2)

35 Chilean/Spanish Breast (6); breast bilateral (1); lung (1); brain (1)

36 Chilean/Spanish Breast (3); prostate (1); pancreas (1); stomach (1)

38 Italian Breast (3)

39 Chilean/Spanish Breast (2); prostate (1)

40 Chilean Breast (5)

41 Chilean Breast (2)

42 Chilean Breast bilateral (1); ovary (1)

43 Chilean Breast (1); stomach (1); ovary (1)

44 Chilean Breast (4); other (1)

45 Chilean Breast (3); uterus (1); stomach (1); other (1)

46 Chilean/Danish Breast (6); stomach (1); other (1)

47 Chilean Breast (2); internal (1)

48 Arabian/Spanish Breast (3); one in man

49 German Breast (2); cevix (1); pancreas (1); skin (1)

50 Spanish Breast (2); breast bilateral (1); pancreas (2)

51 Chilean/Peruvian Breast (5); breast bilateral (1); Oesophagus (1)

52 Chilean/Italian Breast (3); testis (2)

53 Chilean Breast (2); uterus (1); stomach (1)

54 Chilean Breast (2); uterus (1); colon (1); lung (2)
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Table 2. BRCA1 germline mutations in Chilean breast/ovarian cancer families

Family Exon Mutation Change (codon) Reference
3 11 3936 C>T Stop at codon 1273 BIC no. 5152
5 5 ¢.308_309 ins A Stop at codon 65 Novel
14 11 ¢.3936 C>T Stop at codon 1273 BIC no. 5152
19 2 c.185_186 del AG Stop at codon 39 Struewing et al. (1995)

Table 3. BRCA1 polymorphisms and variants in Chilean breast/ovarian cancer

Exon(E)/intron(I) Sequence variant or alteration Predicted effect Allelic frequency Reference

17 c.560+ 18 to ¢.561-4221 del CTT Unknown 0.316 Novel

17 c.560+41 del C Unknown 0.316 Novel

17 ¢.560+42 to ¢.561-4190 del (T)10 Unknown 0.316 Novel

18 c. 661-58 del T Unknown 0.316 BIC no. 4687
Ell c.1186A>G p-Q 356 R 0.007 BIC no. 2558
Ell c.3232 A>G p.E 1038 G 0.0147 BIC no. 1087
Ell c.3238 G>A p.S 1040 N 0.0147 BIC no. 1089
116 c.5106-68 A>G Unknown 0.316 BIC no. 4770
El6 c.4956 A>G p.S 1613 G 0.316 BIC no. 1140
Ell c.3667 A>G p-K 1183 N 0.0147 BIC no. 1099
118 c.5271+66 G> A Unknown 0.007 BIC no. 2896
El6 c.5075 G>A p. M1652 1 0.007 BIC no. 1143

origins (Amerindians, Ashkenazim and Europeans)
suggesting a very old ancestry.

Molecular screening of BRCA2 gene

Molecular screening of BRCA2 revealed the presence of
5 mutations (Table 4). Family 21 presented a novel
frame shift mutation c.4970insTG, leading into a stop at
codon 1617. From the two women affected with breast
in this family, one died at 50 years old, and her mother
(diagnosed at 31 years old) was dead at age of 34, before
starting this study. We identified three mutations al-
ready described for Spanish families: E49X [11] (Fami-
lies 2 and 16), ¢.6857_6858delAA [12,13] (Family 27),
and ¢.5373 5376delGTAT [11] (Families 24 and 25)
(Table 4). In Family 2 the proband diagnosed at
35 years old of breast cancer, has a maternal aunt with
ovarian cancer (diagnosed at 59, dead at 60 years old).
In this case the mother of the proband, healthy at
70 years old is an obligated carrier of the mutation.
Family 16, presenting the same mutation, has two

affected women, the mother diagnosed at 55 years old
and her daughter diagnosed at age of 35. There is no
information of second degree relatives. In Family 27 the
father, dead from prostate cancer, was the obligated
carrier of the mutation. From the 11 siblings, 5 out of 6
women presented breast cancer (three died at ages of 43,
39 and 49), and 3 out of 5 men had prostate cancer (one
dead at age of 61). This mutation has been associated to
male breast cancer in Spanish families. In our family we
tested three alive men for this mutation, two affected by
prostate cancer (56 and 60 years old) and one not af-
fected. Two of them were carriers of the ¢.6174delT, and
one had prostate cancer. On the other hand one sibling
affected by prostate cancer did not have the mutation. In
this family we could not find a correlation of this
mutation with prostate cancer, nor with breast cancer in
men. Family 24 presents three cases of breast cancer, the
proband diagnosed at 28 years old and dead at age of
33, her mother diagnosed at age of 45 and a maternal
cousin diagnosed at 51, both alive. In Family 25 there
are two cases of breast cancer, the proband with bilat-

Table 4. BRCA2 germline mutations in Chilean breast/ovarian cancer families

Family Exon Mutation Change (codon) Reference

1 11G c.6174 del T Stop at codon 2003 BIC no. 1042
27 11H c.6857_6858 del AA Stop at codon 2223 BIC no. 1152
21 11E ¢.4970_4971 ins TG Stop at codon 1617 Novel
24 11F ¢.5373_5376 del GTAT Stop at codon 1724 [11]
25 11F c.5373_5376 del GTAT Stop at codon 1724 [11]

2 3 c373G>T Stop at codon 49 [11]
16 3 c373G>T Stop at codon 49 [11]




eral breast cancer (52 and 54 years old) and her
daughter diagnosed at 30 years old and dead at age of
32. In Family 1, an Ashkenazi Jewish, we detected the
¢.6174delT mutation (Table 4).

The screening revealed also the presence of sev-
eral polymorphisms and allelic variants of BRCA2
as shown in Table 5. Two novel polymorphisms
were found ¢.203insA in the 5’UTR in exon 2, and
c.544+82 ¢.544+83 ins TTA, in intron 3. These se-
quence changes have been found in more than 1% of a
sample from the control population from Chile. The
other polymorphisms found, ¢.203G > A, c.1093A > C,
c.3199A > G, ¢.7069 +80_c.7070—3279delTTAA, and
¢.8034-14 T > C, have been described previously in BIC.

Discussion

Fifty four breast cancer families were screened for
BRCA1 and BRCA2 mutations in Chile. In most of
these families we obtained reliable information about
causes of death for two generations. It is interesting to
mention that ethnically the Chilean population is con-
sidered to be an admixture of 30% Amerindian origin
and 70% European, mostly Spanish origin based on
autosomal genetic markers [10]. In relation to mito-
chondrial DNA haplotypes, the Chilean population re-
veal a frequency of 0.84 on Amerindian matrilineal
ancestors besides 0.16 of European [14,15], which is
concordant with the history of colonization. All the
families selected in this study lived in Chile for three or
more generations, and 27 out of 53 had at least two
surnames from Spanish origin (Table 1). Other families
with different European origins were also included in
this study and classified by the ethnic ancestry from the
family branch carrying breast or ovarian cancer
(Table 1). The determination of mitochondrial DNA
haplotypes in the selected group of families showed a
significant difference in the frequency of Amerindian
matrilineal component (0.69) besides the general popu-
lation (0.84) (p=0.0000428).

In this study we were able to identify 11 out of 54
families with BRCA1 or BRCA2 mutations. For
BRCATI three families (3, 5 and 19) had only breast
cancer cases and one family (14) presented 6 breast and
2 ovarian cancer cases. Two truncating mutations not
previously published were found, ¢.308insA and c.3936
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C>T. The ¢.3936 C>T mutation has been reported
twice in BIC, but there is no information on the ethnic
origin or clinical characteristics of the patients. Family
14 carrying the ¢.3936 C>T mutation present other
types of cancer such as prostate and stomach cancer,
being obligated carriers of the BRCAI1 mutation,
strongly suggesting the involvement of the BRCA1 gene
in other cancer types. It is interesting to note that these
two types of cancer are the most frequent in our group
of families. Family 3 sharing the same mutation also
present two maternal uncles with stomach (age 40) and
prostate (age 50) cancers. The ¢.308insA mutation in
Family 5 is only associated to breast cancer cases with
no history of other cancer types among the relatives of
this family. These two mutations at BRCAI1 gene seem
to affect the three families in a very different manner.
The ¢.308insA mutation creates a stop at codon 65, and
the 3936 mutation creates a stop at codon 1273. The
latter mutation seems to be more deleterious in the
number and variability of tumors. In this sense, Risch
et al [16] have described an increased breast cancer risk,
for first degree relatives, when mutations are located in
the 3’ fifth portion of the BRCA1 gene and Hohenstein
and Fodde [17] reviewing information from other
authors and their own experience, conclude that muta-
tions in the middle portion of BRCA1 (nt 2401-4191)
result in higher incidence of ovarian versus breast can-
cer, and mutations at the 5" or 3’ ends of BRCA1 may
result in unstable proteins with an attenuated effect.
Perhaps the truncated protein formed from the
¢.3936C>T BRCAI gene is somehow associated with
other types of cancer in addition to breast and ovarian
tumors. A functional analysis of these mutants could
corroborate some of these hypotheses.

The BRCA2 mutation ¢.6857_6558delAA is associ-
ated with breast cancer in men, and ovary cancer for the
Spanish families, but no association with these types of
cancers has been found in Family 27 sharing the same
mutation. Besides none of the Chilean families pre-
senting mutations in BRCA2 gene have breast cancer
cases in men.

We performed a haplotype analysis with 5 STR loci
close to the BRCA2 gene, in the Spanish and the Chil-
ean Family 27, and found a strong evidence of common
ancestry [18]. The BRCA2 mutation ¢.5373_5376delG-
TAT, described in one Spanish family [11], is present in
two Chilean families, Family 24 and Family 25. In both

Table 5. BRCA2 polymorphisms and rare variants in Chilean breast/ovarian cancer families

Exon (E)/intron (I) Sequence variant or alteration Predicted effect Allelic frequency Reference

E2 c203 G>A Unknown 0.013 BIC no. 1797
E2 ¢.203 ins A Unknown 0.006 Novel

I3 c.544+82 c.544+83 ins TTA Unknown 0.013 Novel

El10 c.1093 A>C p-N 289 H 0.039 BIC no. 1129
Ell c3199 A>G p-N 991 D 0.039 BIC no. 1903
111 ¢.7069 +80_¢.7070-3279 del TTAA Unknown 0.104 BIC no. 2022
I16 ¢.8034-14 T>C Unknown 0.006 BIC no. 2029
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Chilean families cancer was detected at a very early age
28 and 30 years old, and both patients died 2 and
5 years, after diagnosis, respectively. The Spanish family
presenting the same mutation, shows three cancer cases
diagnosed at 40, 46 and 39 years old. The age of onset in
the Spanish family is significantly different to the early
ages at onset (28 and 30 years old) in the two Chilean
families. In Families 27, 24 and 25, we found different
expression of the mutations compared to the Spanish
families [11-13], in relation to the type of cancer
(c.6857_6558delAA, family 27) and the age of onset
(c.5373_5376delGTAT, families 24, 25). These differ-
ences are in agreement with the belief that nongenetic
factors as environment, lifestyle, and diet are directly
implicated not only to the expression of cancer, but to
the types of tissue affected, age at onset and degree of
severity of cancer. Another important aspect is that only
2 out of 11 families with a mutation in BRCA1 or
BRCAZ2 genes have an ovarian cancer, Family 14 and
Family 2 (BRCA1l and BRCA2 respectively). This
findings means that we did not come across with the
higher incidence of ovarian cancers in families with
mutations in BRCAT as it has been described.

In this study we found five women diagnosed with
breast cancer at very early ages, between 28 and 31 years
of age, and two cases of incomplete penetrance. Prostate
is the most frequent type of cancer related to mutation
carriers, and stomach is the most frequent between rel-
atives of the proband. Thompson and Easton [19] have
described a high risk of developing prostate cancer in
men carrying a mutation in BRCAIL. In relation to
BRCA2, the Breast Cancer Linkage Consortium [20]
determined a relative risk of 4.6, and a cumulative risk
of 20% for prostate cancer in men carrying a mutation.
In relation to stomach cancer, a study from Jakubowska
et al. [21] confirms that BRCA2 gene mutations, in
families with breast cancer, are also associated with a
higher than expected incidence of stomach cancer.

The low frequency of BRCA1 (7.4%) and BRCA2
(12.9%) mutations in the Chilean breast/ovarian cancer
families correlates with three different studies made in
Spanish families [22-25]. In two of these studies only the
BRCAI gene was screened, finding that 10 and 15% of
families, respectively, have mutations. Osorio et al. [24]
screened a total of 32 families, including 5 families with
male breast cancer, and found a higher proportion of
BRCA2 mutations (15.6%) than BRCA1 mutations
(9.3%). It has been already pointed out [3,4] that the
proportion of high-risk families having mutations in the
BRCA1 and BRCA2 genes varies with the ethnicity of
the population analyzed. Our results are in agreement
with the history of colonization during the XVI and
XVII centuries. The similarity in the mutation fre-
quencies in both genes, with that reported for Spanish
families, and the high percentage (45.4%) of Chilean
families with Spanish mutations, found in our study is in
part in agreement with the composition Chilean popu-
lation, which is an admixture of Amerindian and
European, mainly Spanish individuals. Interestingly the

group of families selected in this study showed a sig-
nificant low frequency of Amerindian mitochondrial
DNA haplotypes. This finding is in agreement with a
recent report by Joslyn et al. [26] describing a lower
frequency of breast cancer in Hispanic versus non-His-
panic women in the US. Our results also show a high
frequency (7 out of 11 families) of BRCA1/2 mutations
of known Spanish or Ashkenazi Jewish origin, revealing
a relevant non-Amerindian genetic component in
familial breast cancer in relation to these genes.
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