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Germ-line alterations of BRCAI are associated with
elevated risk of breast cancer. Evidence for the
involvement of Brcal in cellular differentiation and
morphogenesis has been obtained in mouse models during
embryogenesis. Although the presence of well-conserved
functional domains might suggest a similar function for
both human and mouse genes, very few data on BRCAI
expression in human fetal tissues are available. We have,
therefore, investigated the expression of BRCAI in the
mammary gland from human female fetuses aged
between 15 and 33 weeks. Quantification of BRCAI
transcripts, using a competitive reverse transcriptase
PCR method, indicates a progressive decrease in BRCAI
expression with increasing fetal age between the 15th and
30th week of gestation. Subsequently, the amount of
BRCAI transcripts becomes similar to that found in
adult mammary gland. Analysis of BRCA1 protein
revealed, in fetal samples, a 220 kDa band corresponding
to the 220 kDa BRCAI1 protein described in human cell
lines. These later experiments confirm that the relative
level of the 220 kDa BRCAI1 protein is highest in the
early stages of mammary gland development. The
temporal patterns of BRCAI expression in human
fetuses suggest a role for BRCAI in the morphogenesis
and differentiation of the human mammary gland.

Keywords: BRCA1; mRNA; protein; prenatal develop-
ment; human mammary gland

Familial risk of breast cancer is associated with germ-
line alterations of several genes including p53, BRCAI,
BRCA2 and pTEN (Ellisen and Haber, 1998). Among
these genes, BRCAI seems to be responsible for
predisposition in the large majority of families with
breast and ovarian cancer and about half of families
with breast cancer only (Friedman et al., 1994; Easton
et al., 1997), germ-line alterations of BRCAI conferring
a life time risk of 40% for ovarian cancers and 80—
90% for breast cancers (Ford ez al., 1994).

BRCAI gene encodes for a protein of 1863 amino
acids and the corresponding 220 kDa protein has been
detected in human cell lines using multiple BRCAI1-
specific antibodies (Chen et al., 1995; Scully et al.,
1996). The amino-terminal portion of this protein
contains a RING finger domain which has been
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previously described in several other proteins exhibit-
ing transactivation activity (Wu et al., 1996) and the C-
terminal region possess a BRCT domain also found in
several proteins involved in DNA repair (Bork et al.,
1997; Callebaut and Mornon 1997; Saka et al., 1997).
In addition, recent findings describing BRCA1/Rad51/
BARDI-multiprotein complexes and their behavior
following genotoxic insult, suggest a role for BRCAI
in the DNA damage-dependent cell cycle checkpoint
response (Wu et al., 1996; Scully et al., 1997a,b).
However, the presence of a transactivation domain in
BRCALI and its stable association via RNA helicase A
with RNA Polymerase II holenzyme (Anderson et al.,
1998) indicate that BRCA1 might also be involved in
the regulation of transcription. These two hypotheses,
which are not mutually exclusive, stress that BRCAI
may have an important role in cellular differentiation
and proliferation.

It is likely that BRCAI acts as a tumor suppressor
gene (Smith et al., 1992). Indeed, in breast cancers
linked to BRCAI, as expected for a tumor suppressor
gene, allelic deletions at this locus invariably involve
the wild type allele (Smith ez al., 1992; Neuhausen and
Marshall, 1994).

In sporadic human breast cancers, despite the fact
that somatic mutations have not been detected (Futreal
et al., 1994; Merajver et al., 1995), alterations of the
BRCAI mRNA level have been observed. Microdissec-
tions of biopsies from sporadic invasive breast tumors
have shown a decrease in BRCAI expression in the
tumoral component of the samples (Thompson et al.,
1995). In addition, quantification of BRCAI mRNA
molecules indicates that the majority of the tumors
analysed (33 out of 37) exhibit a 10—12-fold decrease
in BRCAI mRNA compared to that observed in
normal breast tissue (Magdinier et al., 1998), suggest-
ing that this down regulation might be a feature of
sporadic breast cancers, since a decrease in the BRCAI
mRNA level is observed in all histologic types of
tumors analysed.

Evidence for the involvement of BRCAI in cellular
growth and differentiation has also been obtained in
mouse models. In transgenic mice, homozygous
disruption of the Brcal gene results in embryonic
lethality (Hakem et al., 1996). The progressive changes
in Brcal expression during mouse embryogenesis also
imply a role for Brcal in the differentiation process. In
mouse embryos a relative high expression of Brcal in
rapidly proliferating tissues undergoing differentiation
has been found (Marquis et al., 1995). This up-
regulation is correlated with PCNA (proliferating cell
nuclear antigen) positive staining (Blackshear et al.,
1998) and seems to be associated with the terminal
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differentiation of ectodermally and mesodermally
derived tissues in mice (Lane et al., 1995).

Variations in Brcal expression were also observed in
adult mouse tissues during the postnatal mammary
gland development associated with pregnancy (Lane et
al., 1995; Blackshear ez al., 1998) and an up-regulation
of Brcal, in the adult mammary gland, occurs during
the ductular proliferation and morphogenesis stage
(Blackshear et al., 1998). In mice Brcal expression
seems to be, therefore, closely associated with the
differentiation of the mouse mammary gland.

Although the presence of well-conserved functional
domains, such as the RING finger structure and the
BRCT domain, might suggest a similar function for
both human and mouse genes, very few data on the
BRCAI expression in human fetal tissues are available.
We have, therefore, investigated the expression of
BRCAI in human fetal mammary gland.

Nascent breast tissue sections of human female
fetuses corresponding to the major stages of prenatal
development of the mammary gland (between 19th
week of gestation and newborn) were examined by
light microscopy (Figure 1). During fetal life,
descriptive embryology has demonstrated several
successive stages of development beginning during the
4th week of gestation (Dawson, 1934). One of the
earliest stages of mammary gland development
(between the 6th and 8th week of gestation) is the

Figure 1 Morphological changes of the mammary gland in
human females during prenatal development. (a) Mammary
sprout of a 19-week-old female human fetus. Lobular structure
of the fat pad is seen below the mammary rudiment. (b)
Mammary sprout of 27-week-old female human fetus. (c)
Mammary sprout of 30-week-old female human fetus. (d)
Mammary gland of a human female newborn (detail). The
mammary epithelial rudiment forms a funnel-shaped outline. The
mouth of the funnel is directed towards the surface and is filled
with cornified cells (each mammary gland averages 15-20
branched ducts at birth). cc, cornified cells; d, mammary ducts;
e, mammary epithelium; fp, fat pad; mm, dense mammary
mesenchyme. Bar=150 yum

formation of a Ilens-shaped structure composed of
several layers of epidermal cells surrounded by dense
mammary mesenchyme. This bud elongates rapidly
(8—15 weeks) forming the mammary sprout which
subsequently (16—19 weeks) invades the fat pad
precursor tissue composed of islets of preadipocytes
(Figure 1a and b). This stage is followed by an initial
branching of the mammary sprout (Figure 1c). Then, a
funnel-shaped outline is formed (Figure 1d), the mouth
of this funnel, partly filled with cornified cells, is
directed towards the surface (each mammary gland
averages 15—20 branched ducts at birth).

The steady state level of BRCAI mRNA was
determined in fetal mammary tissue samples (12 of
female fetuses analysed) spanning the fetal life between
the 15th and 33rd week of gestation, BRCAI

Table 1 Quantification of BRCAI mRNA during human fetal
mammary gland development by competitive RT-PCR assay

Mammary gland samples BRCA1 mRNA n
Fetal samples (weeks of gestation)

15th 563 1
19th 451% (409, 493) 1
21st 420 (500, 434, 362) 3
22nd 250 1
24th 216" (230, 202) 2
25th 230 (230, 230) 1
26th 200 1
30th 143* (133, 153) 1
33rd 147 1
4-month-old infant 156 1
Adult 179.2%+40.8 6

BRCAI mRNA level was determined by a competitive RT—-PCR
assay (Riberas et al., 1997) and expressed as the number of BRCAI
mRNA molecules x 10~ ug of total RNA. When several determina-
tions are performed, the values obtained are indicated in brackets
and ? indicates the mean value; n indicates the number of samples
analysed. The values for adult mammary glands have been previously
determined (Magdinier et al., 1998)
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Figure 2 RT-PCR assays of BRCAI transcripts during human
mammary gland development. The number of BRCAI mRNA
molecules/ug of total RNA was plotted against the gestational age
of the mammary gland. (a) schematic representation of the
mammary gland (Girod and Czyba, 1970) of a 16-week-old
female fetus. (b) 16—20 week of gestation, occurrence of the
branching stage. (¢) 20—32 week of gestation. Subsequently, the
mammary gland follows the general growth of the body
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transcripts were also analysed in a tissue sample
corresponding to the postnatal stage, 4 months after
birth (values obtained are shown in Table 1). BRCAI
mRNA was quantitated using a competitive RT—PCR
assay (Ribieras et al., 1997, Magdinier et al., 1998).
This PCR method measures the absolute amount of a
specific mRNA in a RNA sample, the competing RNA
acting as an internal control for the reverse transcrip-
tion and PCR reactions. This kinetic study indicates
that the amount of BRCAI mRNA molecules/ug of
total RNA is 4—5-fold higher in the first stages of
prenatal development analysed (between the 15th and
21st week of gestation) than the level observed in adult
mammary tissues. A major splice variant of the
BRCAI transcript has been described in human cell
lines and tissues (Lu et al., 1996; Thakur et al., 1997;
Wilson et al., 1997). In addition, the RT-PCR
experiments, performed with primers specific for the
BRCA1-Allb transcript (Wilson et al., 1997),
indicated that the amount of this transcript parallels
the amount of total BRCAL transcripts quantified by
the competitive RT—PCR assays described in these
report (data not shown).

Thus, BRCAI mRNA level decreases progressively
during the canalization stage, which occurs between the
20th and 33rd week of fetal life. At the 30th week of
gestation the number of mRNA molecules becomes
similar to the level observed in adult mammary gland
(Figure 2). After this stage, and until the approach of
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Figure 3 BRCAI expression in human breast cell lines. (a)
Immunoblot analysis of the 220 kDa BRCAI1 protein; whole cell
extracts from human breast cell lines, HBL-100 cells (lane 1),
MCEF-7 cells (lane 2) and BT-20 cells (lane 3) were separated on a
SDS-4 to 12% linear gradient polyacrylamide gel. BRCALI
proteins were probed using the SHU (1:60 diluted) polyclonal
antibody directed against the aminoacids 1345 to 1362 of the
BRCAI1 protein and visualized with the ECL chemiluminescent
detection kit (Amersham Life Science, France). (b) The signal
corresponding to the BRCA1 band (220 kDa) was normalized,
taking 1 for the signal corresponding to the HBL-100 cell lines.
Autoradiograms were scanned (UMAX) and the intensity of the
band corresponding to the 220 kDa BRCAI protein was
determined using image analyser software (Wayne Rasband,
NIH)
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puberty, the mammary gland follows the general
growth of the body and the BRCAI mRNA level
remains constant throughout the samples analysed.
These data, therefore, indicate that the expression of
BRCAI is associated with the prenatal development of
the human mammary gland.

In order to determine the potential relationship
between the amount of transcripts and BRCAI
protein, Western blot experiments were performed
from whole cell extracts (WCE) of human breast cell
lines (HBL-100, MCF-7, BT-20) previously analysed
for their BRCAI mRNA content (Ribieras et al., 1997).
The BRCAI1 proteins were detected using an affinity
purified antibody raised against a peptide (aminoacids
1345 to 1362) chosen within the exon 11 of BRCAI. A
strong band of 220 kDa is detected in these cell lines
(Figure 3), as expected since several authors have
described this 220 kDa BRCATI protein in human cell
lines (Chen et al, 1995; Scully et al., 1996).
Quantification of the signal obtained for the 220 kDa
protein indicated a ratio similar to that obtained in
RT-PCR assays (HBL 100/MCF7/BT-20; 1/0.56/0.24
compared with 1/0.56/0.16 for BRCAI mRNA content,
taking 1 for HBL-100 cell line).

We have, therefore, analysed BRCAI protein in
some tissue samples spanning crucial stages of
mammary gland development, i.e. 21Ist, 25th, 26th
and 30th week of gestation. BRCA1 proteins were,
also, investigated in an adult mammary gland and in
the human breast cell lines. Immunoblots revealed a
220 kDa protein in fetal and adult mammary tissues
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Figure 4 Immunoblot analysis of BRCAI in fetal mammary

gland. (a) WCE from four mammary gland samples correspond-
ing to the 21st week (lane 1), 25th week (lane 2), 26th week (lane
3), 30th week of gestation (lane 4) and from one sample of adult
mammary gland (lane 5) were separated on a SDS-4 to 12%
linear gradient polyacrylamide gel. BRCAI proteins were probed
using the SHU polyclonal antibody and visualized with the ECL
chemiluminescent detection kit (Amersham Life Science, France).
(b) The signal corresponding to the BRCAI1 band (220 kDa) was
normalized, taking 1 for the signal corresponding to the adult
tissue, as described in the legend of Figure 3
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(Figure 4a) indicating that the BRCAI protein, in
human mammary tissues, exhibits an apparent
molecular weight similar to that observed in human
cell lines (Chen et al., 1995; Scully et al., 1996).

The relative intensity of the bands corresponding to
the 220 kDa BRCALI protein (Figure 4b) indicates that
this protein is expressed at a high level between the
21st and the 26th week of fetal life and then, in the
30th week of gestation, this level becomes similar to
that observed in the adult mammary gland sample.
Control experiments performed with monoclonal
antibodies directed against the N-terminal part of the
BRCALI protein (Scully et al., 1996) also indicated, a
progressive decrease between the 21st week and 30th
week of gestation (data not shown).

Taken together these data indicate that BRCAI
expression is closely associated with the differentiation
of the human mammary gland during fetal life. In
addition, quantification of BRCAI transcripts in
kidney, spleen, adrenal gland, lung and pancreas
tissue samples from fetuses aged 24 and 30 weeks,
indicated that the level of BRCAI mRNA is lower at
the 24th week than in the 30th week (unpublished
data). Thus, the temporal pattern of BRCAI expression
in fetal human mammary tissues does not seem to be a
consequence of a general activation of this gene.
Consistent with this hypothesis, it has been shown in
mice embryos, using in situ hybridization methods, that
the activation of Brcal is dependant on the stage of
embryo development and on the tissues (Marquis et al.,
1995; Blackshear et al., 1998).

In mice, RNase protection assays and Northern blot
analysis have shown a 5-10-fold increase in Brcal
transcripts during pregnancy (Lane et al, 1995;
Marquis et al., 1995). This up-regulation seems to be
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