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Germline alterations of the BRCA1 tumor suppres-
sor gene have been implicated at least in half of famil-
ial breast cancers. Nevertheless, in sporadic breast
cancer no mutation of this gene has been character-
ized to date. In sporadic breast tumors, other BRCAL1
gene loss of function mechanisms, such as down-
regulation of gene expression, have been suggested. In
an effort to better understand the relationship be-
tween BRCA1 expression and malignant transforma-
tion, we have adapted the new real-time quantitative
PCR method based on a 5’ nuclease assay and the use
of doubly labeled fluorescent TagMan probes to quan-
tify BRCAL1 mRNA. We have compared expression of
BRCA1 mRNA with or without exon 11 in the normal
breast epithelial cell line MCF10a and in three cancer
cell lines (MCF-7, MDA-MB231 and HBL100) by com-
paring two methods of quantification: the comparative
C: and the standard curve. We found that the full
length BRCA1 mRNA, which encodes the functional
nuclear protein, was down-regulated in tumor cells

when compared with MCF10a cells. © 2000 Academic Press

Breast cancer is one of the most common malignan-
cies and causes of death among women in Western
industrialized societies. Although the majority of these
cancers are the result of somatic mutations, epidemio-
logical data indicate that 5-10% of all breast cancers
are associated with inherited mutations of tumor sup-
pressor genes. BRCAL seem to be responsible for 52%
of familial breast cancer (1). However, unlike the pre-
cedent of other tumor suppressor genes, where mutant
forms of the gene are responsible for both the inherited
and sporadic forms of the same type of cancer, BRCAl
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mutations have not yet been detected in sporadic
breast cancer (2, 3).

Alterations of BRCA1 mRNA levels have been ob-
served in sporadic breast cancer. The transition from
in situ carcinoma to invasive cancer is correlated with
a decrease of BRCAL1 mRNA expression (4).

In addition to the 7.8 kb mRNA, at least four alter-
native splice variants have been described (5). The 4.6
kb form, which lacks exon 11, appears to be the most
highly expressed (6, 7). It encodes a cytoplasmic pro-
tein of unknown function.

In an effort to characterize the expression pattern of
the different forms of BRCA1 mRNA in breast tumor
cell lines, we have used the real-time PCR quantifica-
tion, based on the cleavage of doubly labeled fluores-
cent TagMan probes (8, 9). The results presented in
this report confirm BRCAL gene expression in the stud-
ied tumor cell lines is lower than in immortalized,
non-tumorigenic breast epithelial cell-line MCF10a
and that expression of exon 11-containing BRCA1
(BRCA1-exon1l) mRNA is cell-line specific.

MATERIALS AND METHODS

Cell Lines

Breast epithelial normal cell MCF10a and breast cancer cells
MCF-7, HBL100 and MDA-MB231 were purchased from American
Type Culture Collection (10-13). RPMI 1640, L-15, DMEM/Ham'’s
F-12 media, fetal bovine serum and horse serum were obtained from
Gibco BRL (Life Technologies SARL). All cell lines were cultured as
described previously (14).

RNA Extraction

3 X 10° cells were plated in T75 cm? flasks. At 80% confluence, cells
were washed. Total RNA was isolated using 7 ml of Trizol (Gibco
BRL) according to manufacturer’s protocol. One ug of total RNA was
used for the synthesis of first strand cDNA using the First Strand
cDNA Synthesis kit (Amersham Pharmacia Biotech) following the
manufacturer’s instructions.
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Quantification of BRCA1 mRNA Using Real-Time
Quantitative RT-PCR

PCR amplification. For BRCA1 expression analysis, probes and
primers (Table 1) have been designed using the Primer Express
software (PE Biosystems) so that they overlapped splice junctions
(exons 11-12 for BRCA1 Ex11 probe and exons 23-24 for BRCAL1 3’)
(Fig. 1). The TagMan universal PCR master Mix and the 18S rRNA
doubly labeled TagMan probe and primers were obtained from PE
Biosystems.

Multiplex PCR was carried out in 96-well plates on cDNA equiv-
alent to 10 ng of total RNA. A typical 25 uL reaction sample con-
tained 12.5 uL TagMan universal PCR Master Mix (containing 1X
TagMan buffer, 200 uM dATP, dCTP, dGTP, and 400 uM dUTP, 5
mM MgCl,, 1.25 unit of AmpliTagGold, 0.5 unit of Amperase uracil-
N-glycolsylase (UNG), 200 nM of BRCA1 primers and 50 nM of 18S
rRNA primers, 200 nM of BRCA1 TagMan probes and 50 nM of 18S
rRNA TagMan probe. Thermal cycling conditions were 2 min at 50°C
and 10 min at 95°C followed with 40 cycles at 95°C for 30 s and 60°C
for 1 min. Data were collected using the ABI PRISM 7700 SDS
analytical thermal cycler (PE Biosystems). Each sample was tested
in triplicate.

Reverse primers
5'- *BCTACACTGTCCAACACCCACTEY S '

5'- *"CACACCCAGATGCTGCTTEA3 '
5’-GCTGGAATTACCGCGGCT-3

Relative quantification of BRCA1 gene expression. It was per-
formed using the comparative C; method or the standard curve
method.

First, the comparative C; method (15), which consists of the nor-
malization of the number of target gene copies to an endogenous
reference gene (i.e., 18S rRNA), designated as the calibrator, in order
to normalize quantity and quality of the cDNA samples.

The level of BRCA1 mRNA expression in each tumor cell line
was then normalized to the result obtained in the normal cell
line MCF10a, so that BRCAL1 normalized expression (BRCAL,) is
given by

TagMan probes®

BRCALy = 2 744¢T,

where AAC; = AC; cancer cells — AC; normal cells and assuming
that the efficiency of the PCR reaction was close to one.

The second quantification strategy is based on the use of a stan-
dard curve constructed with serial dilutions of specific PCR products.
BRCA1 Ex11 and BRCAL 3’ primers were used to amplify specific
fragments from cDNA equivalent to 10 ng of total RNA extracted
from MCF10a cells. PCR products were purified on MicroSpin S-400
HR columns (Amersham Pharmacia Biotech) and their concentration
was estimated by A, measurement. Aliquots were analyzed by
agarose gel electrophoresis to check their quality and to ensure the
correct size of the fragment. PCR products were diluted in plasmid
DNA to a final DNA concentration of 10 ng/uL. The standard curve
was determined using serial dilutions, ranging from 2.2 X 10* to 7 X
107 copies. Each point and each assay were done in triplicate.

5'- T AAAATAATCAAGAAGAGCAAAGCATGGATTCAAAETIA

5'- ¥ AATTGGGCAGATGTGTGAGGCAEETE
5’-TGCTGGCACCAGACTTGCCCTC-3

TABLE 1
Summary of Oligonucleotide Primer Pairs and TagMan Probes

RESULTS AND DISCUSSION
Validation Experiments

In previous work based on competitive RT-PCR, an
end-point quantification analysis, we determined the
BRCAL expression level in normal and cancer breast
cell lines (14). But, unlike the real-time TagMan PCR
presented in this paper, competitive quantitative PCR
requires the design and storage of an internal control,
and the validation of its amplification efficiency is te-
dious.

We present herein the application of the new Kinetic
method developed to quantify the expression of very

Forward primers
5'- S CAGAGGACAATGGCTTCCRY R ’
5'- " AAGAGGAACGGGTTGEGS ’
5'-CGGCTACCACATCCAAGGAA-3

Names
# The fluorescent reporter dyes FAM for BRCA1 3’ and BRCA1 Ex11; and VIC rRNA 18S are covalently linked to the 5'-end of the probe oligonucleotide and their fluorescence

is quenched by TAMRA located at the 3'-end.
® Numbers indicate the nucleotide position of oligonucleotides in the BRCA1 cDNA sequence (GenBank Accession No. U37574).

BRCA1 3’
BRCA1 Ex11
rRNA 18S
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TABLE 2
Reproducibility of the C; Parameter with the BRCA1 3’ TagMan Probe with MCF-7 Cells

RNA extractions: A
B
Reverse transcriptions: RTA, RTA, RTB,
AC; = C;BRCA1-C;18s 23.47 23.30 23.00 24.37
23.41 23.31 22.87 24.69
23.42 23.29 23.09 24.18
Mean = SD 23.43 = 0.03 23.30 = 0.01 22.09 = 0.09 24.41 = 0.21

Note. Four quantifications were determined with 2 independent total RNA extractions (A and B) from MCF-7. With RNA extraction A, two
independent reverse transcriptions (RTA;, and RTA;) were done. With extraction B, one reverse transcription (RTB,) was effected. On the
first RTA,, two quantifications were done according to the AC; formula. With the reverse transcriptions (RTA, and RTB;), only one
quantification was performed. In addition, each assays was done in triplicate and expressed in mean * SD.

rare mMRNA such as BRCAZ1: the real-time quantitative
PCR based on the cleavage of doubly labeled fluores-
cent TagMan probes (8, 16).

For each cell line, we extracted total RNA on two
occasions and carried out several reverse transcription
assays and real-time TagMan PCRs. For each quanti-
fication assay, samples were tested in triplicate. Com-
parison of C; values showed minimal variation based
on standard deviation (Table 2). Results obtained for
the same cDNA sample or between two cDNA samples
prepared with the same total RNA yielded similar re-
sults for BRCA1 quantity. The highest level of variabil-
ity was observed between RNA preparations. This re-
sult is a strong argument in favor of using a reference
gene (i.e., 18S rRNA) to normalize the amount and the
quality of cDNA.

For relative quantification of BRCAL1 gene expres-
sion analysis, we first used the comparative C; method
(15). Before using this method, we performed valida-
tion experiments to demonstrate that the efficiencies of
BRCA1 and 18S rRNA PCRs were equal. The absolute
value of the slope of log input amount versus AC-
should be =0.1. Both slopes (0.1 and 0.05, respectively)
pass this test.

3'BRCA1 TagMan probe

0_9®

BRCA1 cDNA ws lExoy/
s [T " o (LI s
Exon 11| Exon 12
Ex11 BRCA1 TaqMan probe
FIG. 1. Location of the two TagMan probes in the BRCAL cDNA

sequence. Probe BRCAL Ex11 is located at the exon 11-12 junction
and probe BRCA1 3’ at the exon 23-24 junction. Exact locations of
the two probes are indicated in Table 1.
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Determination of Total BRCAL Transcript Expression
Level in Cancer Cell Lines

We compared the level of expression of BRCA1
MRNA in the immortalized non tumorigenic breast
epithelial cell line MCF10a (considered as normal
breast cell control) and three tumor cell lines: MCF7,
MDA-MB231 and HBL100.

The BRCA1 3' TagMan probe was designed to
mainly quantify the expression of all BRCA1 mRNA
species together because no alternative splicing of exon
23 has been described (7) (Fig. 1 and Table 1). Expres-
sion of BRCAL in cancer cell lines was normalized to
the BRCA1 expression level in MCF10a cells. As shown
in Fig. 2, expression of each BRCA1 mRNA species was
dependent on the cell line. In MCF-7 and MDA-MB231,
the abundance of the 7.8 and 4.6 kb mRNAs was sig-
nificantly lower than in MCF10a (MCF-7: 0.54 = 0.04;
MDA-MB231: 0.27 = 0.04). However, in HBL100 cells,
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FIG. 2. Real-time PCR quantification of relative BRCA1 mRNA
expression with BRCAL 3’ (filled bars) or BRCAL1 Ex11 (empty bars)
TagMan probes according to comparative C; method. Data obtained
from four separate experiments was standardized by setting the
value of BRCA1 expression in MCF10a at 1.0. Those for other cell
lines are expressed (mean = SD) relative to this standard.
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BRCAL total transcript expression was up-regulated
(3.34 £ 0.22), although BRCAl-exon 11 transcripts
were down-regulated.

These results are in agreement with previous re-
ports: quantitative analysis based on competitive PCR
have shown that the BRCA1 mRNA copy number in
HBL100 cells was twofold higher than in MCF-7 (17).
Rice et al. have shown, using an end-point quantitative
analysis, that MCF-7 exhibited a three-fold decrease of
BRCA1 mRNA expression relative to normal breast
epithelial cells (18). Romagnolo et al., using RNase
protection assay, have established that expression of
the BRCAL1 gene was 10-fold higher in HBL100 than in
MCF-7 cells (19). It was hypothesized that up-
regulation of BRCA1 mRNA was related to SV-40 im-
mortalization. The decrease of BRCAL expression was
more important in the estrogen receptor negative
(ER") MDA-MB231 cell line than in the ER" cell line
MCF-7. Many data have implicated ER in the up-
regulation of BRCA1 gene expression (18, 20, 21), but
correlation between the expression of BRCAL1 and ER
expression appeared to be specific to tumor cells, since
we have shown that in the ER™ MCF10a cells, level of
BRCAL1 expression was high as compared to tumor
cells.

The level of expression in MCF-7 and MDA-MB231
cells relative to MCF10a was not consistent with an-
other study by Gudas et al. using Northern blotting (6).
According to their results, the level of expression in
MCF10a was lower than in tumor cells. These results
may be due to the use of a different method.

Determination of Exon 11-Containing BRCA1 mRNA
(BRCA1-Exonl1l) Level of Expression in Breast
Cancer Cell Lines

BRCAL Ex11 TagMan probe was used to estimated
the level of BRCAl-exon1l mRNA. Results obtained
with this probe are presented in Fig. 2. Expression of
full-length BRCA1 mRNA in breast cancer cells was
about half the level of MCF10a normal cells (MCF-7,
0.55 = 0.24; MDA-MB231, 0.26 = 0.012).

Our studies have confirmed that in two breast tumor
cell lines, the expression of BRCAl-exonll mRNA,
which encodes the functional nuclear protein, was
highly down-regulated (50% for MCF-7, 75% MDA-
MB231). The mechanisms involved in decreasing
BRCAL expression are not clearly understood, but sev-
eral lines of evidence suggest promoter methylation
(18, 22, 23).

For the HBL10O cell line, the expression of BRCA1-
exonll mRNA was about fourfold lower than in
MCF10a cells (HBL100, 0.27 = 0.001). These results
differ from those by Wilson et al. who showed that
BRCA1-A11 (BRCA1 mRNA which lacks exon 11) and
BRCA1l-exon1ll mRNA were expressed almost at the
same level (7). Here we have shown that BRCAL-
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BRCA1Ex11

MCF10a

MCF-7 MDA-MB231 HBL-100

FIG. 3. Relative expression BRCA1-exon 11 mRNA as a fraction
of all BRCA1 messengers. The level of expression of total BRCAl
mRNA was determined with BRCA1 3’ TagMan probe owing to the
specific standard curve method. The level of expression of BRCA1-
exon 11 mRNA was determined with BRCA1 Ex11 TagMan probe
using the specific standard curve. Data obtained from four separate
experiments was standardized by setting the value of total BRCAl
mMRNA expression at 1.0. Data for BRCA1-exon 11 mRNA in each cell
line was expressed (mean = SD) relative to this standard.

exonll was dramatically underexpressed relative to
total BRCA1 mRNA. To confirm this result we per-
formed absolute quantification of BRCALl-exonll
MRNA and all BRCAL1 transcripts in all cell lines.

Prevalence of BRCA1-Exon1ll mRNA versus All
BRCAL Transcripts

To evaluate the relative expression of BRCAL-
exonll transcripts versus the total BRCA1 mRNA spe-
cies, we used the absolute standard curve method (23,
24). Two standard curves were constructed with dilu-
tions of PCR products obtained with each specific set of
primers (BRCA1 3" and BRCA1 Ex11). We performed a
comparative evaluation for each cell line.

The level of BRCAl-exon1l mRNA was normalized
to the expression of all BRCA1 splice variant tran-
scripts as shown in Fig. 3. For MCF10a, MCF-7 and
MDA-MB231 cell lines, BRCAl-exon1l mRNA was the
most highly expressed BRCA1 mRNA (MCF10a,
0.67 = 0.19; MCF7, 0.84 = 0.09; MDA-MB231, 0.612 =
0.07). These results were consistent with other studies
which have shown that BRCAl-exonll was the most
abundant transcript (6, 18).

Nevertheless, our quantitative analysis of mMRNA in
HBL100 showed that the majority of transcripts lacked
exon 11. The discrepancies between our results and
those of others might come from the method used to
evaluate expression of BRCA1 (RNase protection ver-
sus real-time TagMan PCR). We also cannot exclude
differences between clones of HBL100 due to prolonged
in vitro culture of the cell line leading to important
genomic alterations. If we compare the ratios of
BRCA1l-exon 11 mRNA/all BRCA1 splice variants as
calculated according to the comparative C; method
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(Fig. 2) and the absolute standard curve method (Fig.
3), we notice a slight difference in the values obtained
for the MCF-7 and MDA-MB231, but not for the
HBL100 cell lines. This may be due to the use of a
PCR-produced DNA fragment to build the standard
curve. The PCR efficiency may be slightly different
from the PCR efficiency of the cDNA produced by the
reverse transcription.

The significance of the elimination of exon 11 is not
clear. The product of this mRNA is a protein which
does not include an NLS and so cannot autonomously
reach the nucleus (25). The biological role of this
polypeptide is not well understood but, according to
Wilson et al., it does not exhibit the cell toxicity appar-
ent with overexpression of the full-length protein in
transiently transfected cells (7). Cui et al. have estab-
lished that BRCA1-A11l associates with CBP co-
activator which is a component of the RNA polymerase
11 holoenzyme (26, 27). Furthermore, BRCA1-A11 may
encode a protein of physiologic importance since this
splice variant has also been described in the mouse
(28). Maintenance of a proper ratio between BRCA1-
exonll and BRCA1-A11 could be functionally relevant.
A precedent for such a situation has already been de-
scribed for WT1 gene, where a splice variant product
was a more potent tumor suppressor than the full
length version (29).

In conclusion, real-time quantitative TagMan PCR is
a powerful method allowing rapid and accurate quan-
tification of rare transcripts such as BRCA1 mRNA.
We have developed a strategy to evaluate quantitative
expression of the different splice variants of BRCAL.
Our results suggest that modifications of transcription
level and regulation of specific post-transcriptional
events were fundamental features of BRCAL gene ex-
pression.
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