
Abstract The etiology of breast cancer in Africa is

scarcely investigated. Breast cancer was responsible for

456/2,233 cancer patients (20.4%) ascertained between

1999 and 2004 at Gezira University, Central Sudan.

Male breast cancer accounted for 16/456 patients

(3.5%), 275/440 female patients (62.5%) were pre-

menopausal and 150/440 cases (34%) occurred in

women with ‡5 childbirths. We characterized for

germline BRCA1/2 mutations a one-year series of pa-

tients (34 females, 1 male) selected by diagnosis within

age 40 years or male gender. Overall 33/35 patients

were found to carry 60 BRCA1/2 variants, of which 17

(28%) were novel, 22 (37%) reported in populations

from various geographic areas and 21 (35%) reported

worldwide. Detected variants included 5 truncating

mutations, one of which (in BRCA2) was in the male

patient. The 55 non-truncating variants included 3

unclassified variants predicted to affect protein product

and not co-occurring with a truncating mutation in the

same gene. Patients were from different tribes but

AMOVA showed that most BRCA1/2 variation was

within individuals (86.41%) and patients clustered

independently of tribe in a phylogenetic tree. Cluster

analysis based on age at cancer diagnosis and repro-

ductive variables split female patients in two clusters

that, by factor analysis, were explained by low versus

high scores of the total period occupied by pregnancies

and lactation. The cluster with low scores comprised all

4 patients with truncating mutations and 3 of the 4

carriers of unclassified variants predicted to affect

protein product. Our findings suggest that in Central

Sudan BRCA1/2 represent an important etiological

factor of breast cancer in males and young women less

exposed to pregnancy and lactation. Factors other than

BRCA1/2 may contribute to breast cancer in young

highly multiparous women who breast-fed for pro-

longed periods.
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Introduction

Breast cancer (BC), a classical hormone-dependent

malignancy [1] that represents the commonest cancer of

women in the world, is a biologically heterogeneous
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disease influenced by complex interactions between

multiple genetic and environmental risk factors [2–8].

This most likely contributes to the geographic and eth-

nic variation observed in worldwide BC incidence [9].

BC and its associated risk factors have been pre-

dominantly investigated in the industrialized Western

world, whose populations share relatively similar life-

styles and socio-cultural environments and have the

highest age-standardized BC incidence rates worldwide

[9, 10]. Much less is known about BC in the developing

world, with particular regard to populations indigenous

to sub-Saharan Africa, which strongly differ from

Western populations in ethnicity, lifestyle and envi-

ronmental exposures [11, 12]. Age-adjusted BC inci-

dence rates in indigenous African women are

estimated to be much lower than rates in Western

women [9, 13], nevertheless BC remains the first or

second most common malignancy of females in African

hospital-based cancer series and BC incidence in

Africa is predicted to rapidly increase [9, 13–15].

BC in Africa seems to be characterized by advanced

stage, poor prognosis, presentation in mainly multipa-

rous premenopausal women and relatively high male

BC (MBC) frequency [15–17]. These characteristics

are consistent with demographics, especially high fer-

tility rates, young population age and low life expec-

tancy, and with delayed diagnosis [13]. Furthermore,

comparatively low BC incidence rates in women pre-

dict relatively high proportions of males in BC series.

Therefore, beyond lack of adequate health care sys-

tems, the features of BC in Africa may reflect popu-

lation structure and comparatively low female BC

(FBC) risk. This would imply that the role(s) of etio-

logical factors responsible for MBC and for early onset

BC, particularly in parous women, could be magnified

in African cancer series.

African women are predominantly non-contra-

cepting and their reproductive lifestyle is character-

ized by early childbearing, high multiparity and very

extended postpartum breast-feeding [18]. Reproduc-

tive variables, main determinants of lifetime exposure

to female hormones, were shown to have dual effect

on BC risk [3–5]. Parity, multi-parity and early age at

first full-term pregnancy (£20 years) impart a well-

documented and long-lasting protective effect, par-

ticularly in the postmenopausal period [3–5, 19]. This

could be due to several not mutually exclusive rea-

sons, including interruption of ovulatory cycles,

modification of the hormonal milieu and induction of

a new persistent mammary epithelial cell population

refractory to mutagenic damage [1, 20]. On the other

hand, BC risk is transiently increased postpartum and

in the years immediately following childbirth [3, 21,

22], an apparent paradox that may reflect a cancer-

promoting effect of sex hormone stimulation [23].

Parity-associated BC risk may be modulated by race

and could be higher in Black women [2, 7, 24]. Lack

or short lifetime duration of breast-feeding is re-

garded as a contributor to the high BC incidence in

developed countries and a number of epidemiological

studies reported a protective effect of lactation, with

the strongest risk reduction in women who breast-fed

for longer periods [2, 5, 19, 25–30]. However, some

studies did not detect any protective effect of breast-

feeding, particularly among Black women [31, 32].

Reproductive variables could interact with constitu-

tional BC risk factors which are predicted to facilitate

cancer initiation in mammary epithelia [33]. In this

respect it is intriguing that the clinical-pathological

features of African BC are somewhat reminiscent of

those of hereditary BC associated with deleterious

germ-line mutations in either of the two major BC

susceptibility genes, BRCA1 (GenBank accession no.

U14680; MIM#113705) and BRCA2 (GenBank

accession no. U43746; MIM#600185) [17]. Mutations

in these genes are the most important risk factors for

early-onset female BC (FBC) and MBC [34]. Thus

the hypothesis that BC in Africa could be enriched in

BRCA1/2-related disease needs to be verified.

The Sudan, the largest African country, is an ethnic

mosaic of about 700 tribes, many of which traditionally

endogamic [35, 36]. Diet is based on vegetable foods,

with meat and animal fat accounting for less than 1/4th

of the dietary energy supply [37], a pattern considered

protective against BC [38] and that could be relevant to

the prevention of BRCA1/2-related disease [39]. The

fertility rate is high (from 5 to 6 between 1993 and

2004) and infants are extensively breast-fed [37, 40, 41].

Little is known about BC in the Sudan [13]. We

report here the salient features of a Central Sudanese

BC series ascertained between 1999 and 2004 at the

newly established Institute of Nuclear Medicine,

Molecular Biology and Oncology (INMO) of Gezira

University in Wad Medani. Revision of this BC series

prompted us to explore in a selected series of patients

the relationships between BRCA1/2 status, ethnic and

reproductive variables.

Patients and methods

Patients

The study has been approved by the Review Boards at

the participating Sudanese and Italian Institutions. The

medical records of the BC patients ascertained at
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INMO from May 1999 through December 2004 were

reviewed with regard to age at diagnosis and repro-

ductive data. Patients with pathologically confirmed

BC ascertained between September 20, 2001 and

October 23, 2002, were consecutively selected using the

following criteria: age at diagnosis £ 40 years (34 FBC

patients); MBC at any age (1 patient). Individual data,

reported in a standardized questionnaire after inter-

view in person and review of medical records are

summarized in online Table S1. Hormone receptor

data were not available. Acid citrate–dextrose anti-

coagulated blood (10 ml) was collected from each

study subject and preserved frozen at –20�C in two

5 ml aliquots for replicate genetic testing. All patients

gave informed consent to the study.

Genetic testing

Genomic DNA was isolated from frozen blood using

the QIAamp DNA Blood Mini Kit (QIAGEN Inc,

Chatsworth, CA). Protein truncation test (PTT),

denaturing high performance liquid chromatography

(DHPLC) and direct sequencing were used for muta-

tion detection. BRCA1 exon 11 and BRCA2 exons

10–11 were screened by PTT as previously described

[42]. The entire BRCA1/2 coding sequences, including

intron-exon boundaries, were analyzed by DHPLC

using the Wave�Nucleic Acid Fragment Analysis

System (Transgenomic Inc., San Jose, CA). Primers for

exons 2–24 of BRCA1 and 2–27 of BRCA2 were as

reported in the literature [43, 44]. DHPLC conditions

were adapted based on the manufacturer’s software

and published literature [43, 44]. Samples that showed

PTT shifts or altered DHPLC profiles were directly

sequenced using an ABI PRISMTM310 genetic ana-

lyzer (Applied Biosystems, Foster City, CA). Variants

nomenclature follows the guidelines of the Human

Genome Variation Society (HGVS). Variants were

confirmed on replicate 5 ml blood aliquots. Unavail-

ability of fresh blood precluded allele expression

studies of non-truncating mutations.

Genetic and statistical analyses

Tolerability prediction of amino acid changes was

tested by SIFT version 2 (available at http://

blocks.fhcrc.org/sift/SIFT.html) [45]. The BRCA1/2

genetic structure of study patients was tested through

analysis of molecular variance (AMOVA) imple-

mented in Arlequin version 3.01 using phased geno-

types estimated by Bayesian approach (ELB

algorithm) [46]. Genetic diversity among tribes, among

individuals within tribes and among all individuals

regardless of tribes was examined by the F statistics of

Wright [47]. Tribes represented by only one patient in

the series were not considered. We calculated the

matrix of pairwise Fst values between tribes and tested

for statistical significance after 1,000 permutations.

Moreover, population differentiation was analyzed by

exact test of non-random genotype distribution, also

implemented in Arlequin version 3.01. A phylogenetic

tree based on all BRCA1/2 sequence data retrieved

from study patients was constructed through neighbor

joining (NJ) algorithm by MEGA3 version 3.0 [48].

The genetic distance matrix was based on Kimura 2-

parameter with uniform rate of heterogeneity [49].

Significance was determined from bootstrap percent-

ages obtained after replication of 1,000 trees.

Unsupervised cluster analysis (CA) was used to

investigate the natural clustering of the 33 FBC pa-

tients for whom reproductive data were available. CA

was performed by STATISTICA 5.0 (Statsoft, inc.,

Tulsa, OK) using Euclidean distance measurements to

obtain a dissimilarity matrix based on age at BC

diagnosis and reproductive variables known to deter-

mine lifetime exposure to sex hormones, including age

at menarche (or, when not available, median age at

menarche of patients in the series), number of children

and total lactation years. All parous patients admitted

extended breast-feeding, but duration of each lactation

period could not be defined and was uniformly set at

1.6 years (19 months) according to the most recent

FAO estimate for the Sudan [37]. The period of fertile

life occupied by pregnancies and lactation should be

regarded as a maximum estimate, because it does not

take into account overlaps. Abortions (reported by 3

patients) were not considered. Ward’s method was

applied to the dissimilarity matrix to build a tree [50].

This method uses analysis of variance to evaluate dis-

tances between clusters, minimizing the sum of squares

of any two hypothetical clusters that can be formed at

each step.

Factor analysis using principal components analysis

(PCA) was applied to age at BC diagnosis and to the

above-described reproductive variables. This was done

to determine the minimum number of factors among

those considered that retained most of the dataset

variance and to quantify the significance of the

explained variance for each variable in dataset group-

ing(s). A scoring algorithm that loaded each individual

variable most strongly onto the factor with which it was

most correlated created summary factors. The adopted

extraction method was a sum of squared factor load-

ings (eigenvalue) >1. PCA was developed by SPSS

version 11.5 (SPSS Inc, Chicago, IL). A default setting
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of 25 maximum iterations of algorithm steps to obtain

convergence was used to extract factors. Factor scores

were shown graphically, with a high factor score indi-

cating a high influence of the factor on the clustering of

the patient. BRCA1/2 status was then correlated with

the observed clustering.

Results

Cancer cases treated at INMO from May 1999 through

December 2004 were reviewed. BC was the leading

cancer and accounted for 20.4% (456/2,233) of all

cancer patients admitted in the 5-year period. The

MBC frequency was 3.5% (16/456), with mean age at

MBC diagnosis of 51.9 years (±17.9, age range: 22–

85 years). Mean age at diagnosis of the 440 FBC pa-

tients was 46.1 years (±13.7, age range: 20–90 years)

and 275/440 patients (62.5%) were premenopausal

(age 50 years or less). Overall 335/440 FBC cases

(76%) occurred in parous women: 150/440 women

(34%) reported ‡5 childbirths, 185/440 (42%) < 5

childbirths and 105/440 (24%) were nulliparous.

All BC patients diagnosed within 40 years of age or

of male gender ascertained between September 20,

2001 and October 23, 2002 were consecutively re-

cruited and screened for BRCA1/2 mutations using

PTT, DHPLC and direct sequencing. This series in-

cluded 34 FBC patients (age range 23–40 years, mean

34.3 ± 4.7 years) selected out of a total of 74

women with pathologically diagnosed BC (age range

23–80 years, mean 44 ± 11.7 years), and one 65-year-

old MBC patient. Selected patients derived from 18

Central Sudanese tribes, including Ja-alia (9 patients),

Kawahla (6 patients), Arakeia (4 patients), Danagla (2

patients) and other 14 tribes with one patient each.

Twenty-two patients were from rural and 13 from ur-

ban settings. Most cases were diagnosed as advanced

stage ductal carcinomas. The distribution of the se-

lected FBC patients with regard to age at disease

diagnosis and reproductive and clinical-pathological

features is detailed in online Table S1.

A total of 60 sequence variants (32 in BRCA1, 28 in

BRCA2) were detected in 33 of the 35 cases. Muta-

tions, predicted effects, carrier frequencies, tribal ori-

gins of carriers, reported occurrence(s) of variants in

major ethnic groups worldwide and relevant references

are listed in online Table S2.

Truncating mutations (2 in BRCA1, 3 in BRCA2,

Table 1) were detected in 5/35 patients (14%). These

comprised the MBC patient and 4/34 FBC patients

(12%), including 1/3 in the series with bilateral BC and 1/

2 with clinically ascertained BC in a first-degree relative.

With regard to tribal background 3 carriers were Ara-

keia; the other 2 belonged respectively to the Ja-alia and

Hawsa tribes. Ages at BC diagnosis of the 4 FBC pa-

tients with truncating mutations ranged from 28 to

36 years, two patients were nulliparous and two re-

ported two children each.

The majority of the studied cases (33/35, 94%) car-

ried at least one of the 55 non-truncating variants. Five

of these were predicted to affect protein product and

were previously reported as unclassified (UV, 4 vari-

ants) or were novel (Table 1). These included 3 mis-

sense UVs (i.e., BRCA1 p.Ser186Tyr, BRCA1

p.Lys820Glu, BRCA2 p.Arg2034His), a novel BRCA2

missense variant (p.Pro41Leu) and a controversial

BRCA2 UV in the splice acceptor site of intron 2 (c.68-

7delT), predicted to delete the amino-terminal trans-

activation domain encoded in exon 3 [51, 52]. BRCA1

p.Ser186Tyr and BRCA2 p.Pro41Leu were found in

more than one patient and co-occurred with a trun-

Table 1 BRCA1/2 truncating mutations and unclassified or novel non-truncating variants predicted to affect the BRCA1/2 gene
products identified in 11/35 BC patients

Mutation Effect Carrier(s) (%)

BRCA1 c.3999delT Stop (codon 1335) S10 (3%)
BRCA1 c.4065_4068delTCAA Stop (codon 1364) S15 (3%)
BRCA2 c.3195_3198delTAAT Stop (codon 1075) S8 (3%)
BRCA2 c.6406_6407delTTa Stop (codon 2139) S20 (3%)
BRCA2 c.8642_8643insTTTT Stop (codon 2907) S35 (3%)
BRCA1 c.557C>Ab p.Ser186Tyr (SIFT-intolerated) S8, S10, S11, S33 (11%)
BRCA1 c.2458A>G p.Lys820Glu (SIFT-tolerated) S9 (3%)
BRCA2 c.122C>Tb p.Pro41Leu (SIFT-tolerated) S26, S35 (6%)
BRCA2 c.6101G>A p.Arg2034His (SIFT-tolerated) S16 (3%)
BRCA2 c.68-7delT In-frame deletion, exon 3 S26, S27 (6%)

Novel mutations in bold characters
aDetected in the MBC patient
bCo-occurring with a truncating mutation in the same gene
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cating mutation in the same gene. Therefore these two

mutations were regarded as most probably neutral [34,

53, 54]. BRCA1 p.Lys820Glu and BRCA2 p.Ar-

g2034His were both SIFT-tolerated. The remaining 50

non-truncating variants, without reported or predicted

effects, included polymorphisms, synonymous variants

and sequence changes in introns and un-translated re-

gions (detailed in online Table S2).

The BRCA1/2 mutations detected in the BC series

were highly diverse. Of 60 detected variants 17 (28%)

were novel and are thus far unique to the Sudan, 21

(35%) were reported worldwide (i.e., in ethnic groups

from at least 3 continents), 2 (3.3%) were reported

only in Africans and the remaining variants comprised

mutations previously detected in ethnic groups from

Europe, Asia and the Americas (details in online Fig-

ure S1 and online Table S2).

It could be argued that the diverse mutational

spectrum could reflect the tribal heterogeneity of the

patients. To address this issue the BRCA1/2 genotype

structure of the study series was investigated using

genetic and phylogenetic analyses [48, 49, 55]. Twenty-

nine (29) BRCA1/2 variants (48%) recurred in patients

from different tribes (details in online Table S2).

AMOVA showed that 2.27% of the observed

BRCA1/2 variation was among tribes, with a low co-

ancestry coefficient Fst of 0.022 (P < 0.0001); 11.32%

was among individuals within tribes, with a relatively

low inbreeding coefficient Fis of 0.115 (P = 0.0254),

and 86.41% among individuals regardless of tribe with

a high Fit coefficient of 0.135 (P = 0.0273). Altogether

this indicates no association of BRCA1/2 phased

genotypes with tribes. Comparisons between pairs of

tribes computed by pairwise of Fst values and exact test

of population differentiation were both not significant,

indicating lack of tribe-related differentiation.

The NJ tree, built to investigate relationships

between individual sequence variation and tribal origin

in a phylogenetic context, split patients in two clusters,

identified with Roman numerals in Fig. 1, with cluster

II showing significant bootstrap support (over 50%),

which indicates phylogenetic relevance. Tribes repre-

sented by more than one patient (i.e., Ja-alia, Kawahla,

Arakeia and Danagla) always split to both clusters.

Four of the five carriers of truncating mutations (i.e.,

S8, S10, S35, Arakeias, and S15, Ja-alia) joined cluster

II, one (S20, Hawsa) clustered in I. The NJ tree also

highlighted that the truncating mutations detected in

Arakeia patients S8 and S10 arose in individuals that

were strictly related (as supported by bootstrap value)

but that did not diverge significantly from the other

patients, being embedded in the same cluster II genetic

background. Overall genetic and phylogenetic

evidences show that the detected BRCA1/2 sequence

diversity was independent of tribal origins.

CA based on age at BC diagnosis and reproductive

factors was used to verify the natural clustering of the

33 FBC patients for whom reproductive data were

available. The obtained NJ tree split patients in two

major clusters, respectively comprising 19 and 14

patients, designated A and B in Fig. 2 (data of patients

detailed in online Table S3). Mean ages at BC diag-

nosis were 33.4 ± 5 years (range: 23–40 years) in A

versus 35.7 ± 3.6 (range 30–40) in B, mean ages at

menarche 13.7 ± 1.3 years (range: 12–18 years) in A

versus 13.8 ± 1.2 (range 11–16) in B, patients in A

reported 0–3 children and 0–5 individual lactation

years versus 4–10 children and 6–16 lactation years for

patients in B. Factor analysis using PCA was per-

formed to better understand the features of the two

clusters highlighted by the NJ tree. The goal was to

determine the minimum number of factors among the

Fig. 1 Phylogenetic tree of the studied individuals based on the
BRCA1/2 genes. BRCA1 and BRCA2 sequences were aligned
and analyzed for phylogenetic relationships using NJ algorithm,
with the Kimura 2-parameter (uniform rate of heterogeneity
applied) as distance measure. Support values are indicated at
nodes when found in at least 50% of 1,000 bootstrap trees. The
NJ tree split the individuals in two clusters (I and II)
independently of tribal origins (distance bar is shown below
the tree)
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selected variables that retained most of the observed

dataset variance. As expected, complete correlation

(r2 = 1) was observed between number of children and

lactation years (P < 0.05). Although not significant, a

slight positive correlation (r2 = 0.339) was also ob-

served between age and, respectively, number of chil-

dren and lactation years. Factor analysis showed that

two factors explained 80.093% of the dataset variance.

The first factor extracted (eigenvalue = 2.192) ac-

counted for the largest proportion of variance

(54.812%) and corresponded to the total time period

occupied by pregnancy and lactation, with a load of

0.972 each. The second factor (eigenvalue = 1.011)

explained 25.281% of variance and corresponded to

age at menarche, with a load of 0.979. A third factor

(eigenvalue = 0.796) explained 19.907% of variance

and corresponded to age at BC diagnosis, with a load

of 0.806. The total variance of the three extracted

factors explained 100% of the dataset variance. Factor

scores of the total individual time periods occupied by

pregnancy and lactation ranged from –1.303 to 2.734,

with a median of 1.121. Factor scores ranged from –

2.472 to 3.625 for age at menarche (median –1.324) and

from –2.253 to 2.134 (median –1.100) for age at BC

diagnosis. As indicated by factor scores the total indi-

vidual time periods occupied by pregnancy and lacta-

tion was crucial for the NJ clustering of the patients

(Fig. 3). Patients that joined cluster A had factor scores

£–0.2 (Fig. 3), while factor scores ‡0.16 determined

inclusion in cluster B (except for case S13, detailed

below, that had a low factor score of –0.173). The more

limited proportions of variance explained by age at BC

diagnosis and age at menarche indicate that these

factors had a low influence on the observed grouping

pattern, with the exception of case S13, that joined

cluster B because of the low value of the age at men-

arche factor (–1.551).

As shown in Figs. 2 and 3, cluster A included all 4

patients with truncating mutations and 3 out of the 4

carriers of unclassified variants predicted to affect gene

product that did not co-occur with a truncating muta-

tion in the same gene (i.e., patients S26 and S27, with

BRCA2 c.68-7delT, predicted to delete the amino-

terminal transactivation domain, and patient S16, with

BRCA2 p.Arg2034His, reported as UV in BIC but

SIFT-tolerated). Cluster B included patient S9, carrier

of BRCA1 p.Lys820Glu, also reported as UV in BIC

but SIFT-tolerated.

Discussion

Little is known about BC in the Sudan. We report that

BC was the most frequent malignancy clinically

ascertained at INMO, Central Sudan, in the 5-year

period 1999–2004. This agrees with the published

cancer case series from the Radiation and Isotope

Centre (RICK) in Khartoum (up to 1999 the only

Sudanese cancer hospital), where BC is also reported

as the leading malignancy [13]. Thus the available

evidence suggests that BC is a major cancer of Suda-

Fig. 2 Hierarchical clustering tree (Ward’s method, Euclidean
distances) based on four variables (age at cancer diagnosis, age at
menarche, number of children and estimated total lactation
period). The linkage distance (Dlink) is presented as a percentage
of the maximum linkage distance (Dmax). The tree split patients
in two clusters. Cluster A comprised 19 patients that included the

4 carriers of truncating mutations and 3 carriers of unclassified
variants predicted to affect the BRCA1/2 protein products.
Cluster B comprised 14 patients, including 1 carrier of an
unclassified missense variant. Carriers of truncating mutations
and of unclassified variants predicted to affect the BRCA1/2
protein products are designated by � and * respectively
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nese women, although in hospital-based series it might

be over-represented relative to other malignancies,

being a tumor that over time becomes readily evident.

Largely premenopausal presentation, considerable

proportion of highly multiparous patients that lactated

for prolonged periods and relatively high MBC fre-

quency are relevant features of the INMO BC series.

This agrees with the major characteristics of hospital-

based BC series from other parts of sub-Saharan Africa

[13–17] and is consistent with the young age structure

and high fertility rate of the Sudanese population [37,

40, 41]. The above-mentioned characteristics also sug-

gest an enrichment with disease due to highly pene-

trant etiologic factors of early onset and/or male BC,

such as germ-line BRCA1/2 mutations [3, 21, 22].

The prevalence of BRCA1/2 carriers among clinic-

or population-based series of FBC patients diagnosed

within 40 years of age varies from up to about 10% in

out-bred White Western populations to up to 30% in

Ashkenazi Jews, an endogamous population with

strong ‘‘founder effect’’ [34]. Only few studies investi-

gated BRCA1/2 mutation carrier status in indigenous

African patients. In a Nigerian clinic-based series of 70

BC patients mostly diagnosed within 40 years of age

the proportion (4%) with truncating BRCA1/2 muta-

tions was lower than described among young White

FBC patients [56]. A study in the Sudan tested 1 MBC

and 19 age-unselected FBC cases for mutations in

BRCA2 exon 11, with no identified mutations [57].

Our study focused on a series including all young

(age £40 years) FBC patients and one MBC ascertained

in a one-year period at INMO. Clearly deleterious

truncating BRCA1/2 mutations were detected in 5/35

patients (14%) (Table 1). One of these mutations (in

BRCA2) occurred in the unique MBC patient, the other

4 (2 in BRCA1, 2 in BRCA2) were detected in 4/34 FBC

patients (12%), of which 2 showed individual or family

history characteristics known to be associated with

BRCA1/2 carrier status. Thus our data, although based

on a small series, suggest that at INMO the proportion

of early-onset FBC cases due to BRCA1/2 could be at

least comparable to the highest proportions found in

series of young Western FBC patients [34]. As in most

studies we probably underestimated deleterious

BRCA1/2 mutations because current screening tech-

niques, although highly sensitive for point mutations

and small insertions/deletions (the most common

BRCA1/2 mutation types), do not detect genomic

rearrangements (that could contribute to the homozy-

gous BRCA1/2 variants observed in the series), muta-

tions in regulatory sequences and epigenetic alterations

[34, 58]. Many non-truncating BRCA1/2 mutations

considered as probably neutral in this study may need

to be verified with additional epidemiological evidences

from Central Sudan. Classification of rare missense

variants is a major challenge [34, 53, 54]. Furthermore,

the role of the controversial BRCA2 c.68-7delT muta-

tion in the splice acceptor site of intron 2, detected in

two patients, remains highly ambiguous. This variant,

predicted to delete BRCA2 exon 3, which encodes a

highly conserved transcriptional activation domain, was

originally detected as a somatic mutation in sporadic

endometrial and colorectal cancers with high-level mi-

crosatellite instability [51, 52, 59]. However, the role of

BRCA2 c.68-7delT is difficult to interpret, because

exon 3 undergoes alternative splicing physiologically

and normal tissues, including mammary gland, express

a BRCA2 protein lacking the putative aminoterminal

transcriptional activation domain [52, 59].

The spectrum of detected BRCA1/2 mutations

comprised a relevant fraction of unique variants com-

bined with variants known to occur in worldwide

populations. This is not unexpected in view of the well-

documented genetic diversity of Africans [60] and of

the BRCA1/2 variation found in African-Americans

[44, 56, 61–64]. The interpretation of the considerable

sequence diversity observed in the currently studied

series is complicated by the fact that the Sudanese

population is organized in tribes [35, 60]. Addressing

this issue we examined the relationships between

BRCA1/2 sequence variation and tribal origin in a

phylogenetic context.

Fig. 3 Factor scores for the total time period occupied by
pregnancy and lactation. This factor accounted for the largest
proportion of dataset variance (54.812%), with a load of 0.972
each, and was crucial for hierarchical clustering. Patients that
joined cluster A had factor scores £–0.2, while factor scores ‡0.16
determined inclusion in cluster B, except for S13 that joined
cluster B because of the low value of the age at menarche factor
(–1.551). Black bars, carriers of truncating mutations; gray bars,
patients with UV variants predicted to affect the BRCA1/2
protein products. Individual scores are in the order obtained by
hierarchical clustering tree in Fig. 2
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Although the Sudanese tribes are considered tradi-

tionally endogamous, AMOVA results showed that

most of the detected BRCA1/2 genetic variation was

not associated with tribes. Furthermore, tribal pairwise

differences and the exact test of population differen-

tiation indicated lack of tribe-related differentiation.

The observed BRCA1/2 sequence diversity agrees with

reported data concerning mitochondrial DNA varia-

tion in the Upper Nile River Valley [65] and with the

historic/archaeological record of the region [66, 67].

These lines of evidence concordantly suggest that

within the past few hundred to few thousand years

Central Sudan has been a corridor for bi-directional

migrations between Mediterranean and sub-Saharan

Africa rather than a genetically and culturally isolated

region [65]. Based on BRCA1/2 sequence variation the

patients split in two discrete clusters independent of

tribes, one of which had bootstrap support indicating

phylogenetic relevance. These clusters may reflect

distinct ethnic components that contributed to the

population of Central Sudan prior to the definition of

the present tribes [65].

Literature data about the relationship between

reproductive factors and BRCA1/2-related BC risk are

rather conflicting. Narod and co-authors [68] found a

higher BC rate and an earlier age at BC diagnosis in

recent birth cohorts of women with BRCA1 mutations

compared to older relatives, a finding which could be

partially explained by differences in reproductive his-

tory [68]. This would agree with studies suggesting an

association between parity and decreased lifetime BC

risk in BRCA1 carriers, particularly with early age at

first live birth and parity of 3 or more [68–70]. However,

other studies suggest that in women with BRCA1/2

mutations parity may increase BC risk, particularly be-

fore 40 years of age [71–74]. More recently a large

international case–control study found that BC risk in

the 2 years after childbirth slightly increased in BRCA2

carriers, whereas lifetime risk was modestly reduced

among BRCA1 carriers with 4 or more children [75]. A

slight to moderate reduction in BC risk was also re-

ported in BRCA1 carriers who breast-fed for at least one

year, although no effect of lactation could be demon-

strated for BRCA2 carriers [76]. With respect to this

debate it is of interest to explore interactions between

BRCA1/2 status and parity combined with prolonged

lactation, a situation that, due to the comparatively long

breast-feeding dependency of infants, reflects a physi-

ological adaptation of the human mammary gland, but

that is currently unusual among Western women [19].

After CA based on age at BC diagnosis, age at

menarche, number of childbirths and estimated total

lactation, we observed that the tested Sudanese FBC

patients split in two clusters, being the lifetime period

occupied by pregnancy and lactation crucial for clus-

tering. The two clusters were respectively character-

ized by low versus high factor scores of the total

individual time periods occupied by pregnancy and

lactation. The cluster with low factor scores comprised

all the 4 carriers of truncating mutations, together with

3 out of the 4 carriers of unclassified variants predicted

to affect gene product that did not co-occur with a

truncating mutation in the same gene (i.e., S26 and S27,

with BRCA2 c.68-7delT, predicted to delete exon 3;

S16, with BRCA2 p.Arg2034His, reported as UV in

BIC but SIFT-tolerated). Patient S9, who carried

BRCA1 p.Lys820Glu, the other missense mutations

reported as UV in BIC (also SIFT-tolerated), joined

the cluster with high factor scores.

In conclusion, we explored interactions between BC

and hereditary, ethnic and reproductive factors in a

specific sub-Saharan African context. Overall, our

findings suggest that in Central Sudan BRCA1/2

mutations represent an important etiological factor of

BC in males and young women less exposed to preg-

nancy and lactation, regardless of tribal origin. On the

other hand other risk factors, possibly promoted by

pregnancy and lactation, could contribute to the disease

ascertained in young highly multiparous women, who

might instead be protected from BRCA1/2-related BC.

This study highlights the importance of the two

major BC susceptibility genes in the etiology of BC

ascertained in a specific sub-Saharan African context,

but could also be relevant to wider contexts. A better

understanding of the causes of BC in Africa could

provide new insight into the factors that influence

mammary carcinogenesis and could contribute to the

design of BC preventive strategies, particularly in the

setting of developing nations.
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