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Differential PCR for the detection of c-erbB 2 amplification in breast cancer

normal individuals. In addition, DNA was
extracted from two cell lines with known
alterations of c-erbB 2 copy numbers: MCF7
may be hemizygous for c-erbB2 and SKBR3
has up to eightfold c-erbB 2 amplification.’
These samples served as controls for the
optimisation of the assay.

All DNA was diluted to the same concentra-
tion (50 ng/ul). A dilution series of the SKBR3
DNA in normal DNA was prepared to test the
linearity of the measurement achieved by the
differential PCR.

The primers used were as follows. For
c-ertbB 2: 5-TCGGAACGTGCTGGTCA
AGA-3' (sense primer) and 5-ATGGTACT
CTGTCTCGTCAA-3' (antisense primer);
these primers amplify a 91 base pair fragment
from exon 3.

For B globin: 5-ACACAACTGTGTTCA
CTAGC-3' (sense primer) and 5'-CAACTT
CATCCACGTTCACC-3' (antisense primer);
these primers amplify a 110 base pair fragment
from exon 1.

DNA amplification was carried out in dupli-
cate for each sample using a Progene thermal
cycler (Techne, Cambridge, UK). Each 50 pl
teaction mixture contained 25 ul PCR master
mix (Boehringer Mannheim, Lewes, East
Sussex, UK), 5 ul of each primer (50 pmol),
2 pl of DNA (100 ng), and 13 pl of sterile dis-
tilled water. Two controls that contained all the
reagents but no target DNA were included with
each batch. The reaction mixtures were
prepared and kept on ice until the heating
block of the thermal cycler reached the
denaturation temperature (94°C). Each reac-
tion mixture was placed at 94°C for five
minutes and then subjected to 35 amplification
cycles; each cycle was 30 seconds at 94°C, 30
seconds at 50°C, and 30 seconds at 72°C. This
was followed by a final extension at 72°C for
seven minutes. Initially, the optimum number
of PCR cycles was determined empirically by
analysing the amplification products after 20 to
50 cycles, at five cycle increments.

Amplification -products were separated by
electrophoresis using a 3% metaphor agarose gel
(Flowgen, Lichfield, Staffordshire, UK), stained
with SYBR green DNA gel stain (Flowgen), and
visualised by ultraviolet illumination. The sizes
of the PCR products were compared with a
molecular weight marker, pUC18 DNA di-
gested with Haelll (Sigma, Poole, Dorset, UK).
The gel images were captured using a CCD
camera linked to an image processing system
(GDS 8000; UVP, Cambridge, UK). The inten-
sity of the c-erbB 2 band and the 3 globin band
was determined for each specimen, by means of
Gelworks software (UVP). These results were
expressed as the ratio: intensity of the c-erbB 2
band/intensity of the B globin band. The ratios
determined for the tumour samples were
converted into a measure of gene amplification
using the ratios determined for the normal con-
trols and cell line controls. The cut off point for
amplification was the mean of the normal range
plus two standard deviations (SD).

Univariate statistical analysis comparing
clinical and laboratory findings was carried out
using Fisher’s exact test.
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Figure 1 The amplification products from the differential
PCR of c-erbB 2 and the reference gene [ globin from three
normal DNA controls (lanes 1-3), from three breast
tumours with amplification of c-erbB 2 (lanes 4-6), and
from a dilution of SKBR3 DNA in normal DNA,
equivalent to eight copies (lane 7), five copies (lane 8), and
three copies (lane 9) of c-erbB 2. The 174, 102, and 80
base pair bands from the molecular weight marker (pUC18
DNA digested with Haelll) are seen in lane 10.

Results

The results relating to typical control DNA and
breast tumour DNA samples are shown in fig
1. The 91 and 110 base pair PCR products
were resolved clearly using 3% metaphor agar-
ose. For all normal DNA controls the intensity
of the higher molecular weight B globin band
was greater than the intensity of the lower
molecular weight c-erbB 2 band.

The study of the optimum numbers of PCR
cycles showed that consistent differences in the
c-erbB 2 and f globin PCR products could be
observed from 25 cycles (the sensitivity limit of
the assay) to 40 cycles (the PCR plateau).

A dilution series consisting of five twofold
dilutions of SKBR3 DNA into normal DNA
was used for differential PCR. The ratios of
c-erbB 2 to B globin showed a linear relation
with the number of copies of c-erbB 2 present
(examples are shown in fig 1). This demon-
strated the quantitative accuracy of this differ-
ential PCR method. Each sample was analysed
at least twice and each replicate gave concord-
ant results.

Forty two DNA samples from primary
tumours and six DNA samples from nodal
metastases were analysed for c-erbB 2 amplifi-
cation. The distribution of c-erbB 2/f globin
ratios was bimodal. The majority of samples
had ratios similar to the normal controls
(within the normal range of mean +2 SD) and
the remainder had from three to greater than
eightfold c-erbB 2 amplification. Eleven pri-
mary tumours and lymph node metastases
derived from two of these tumours had c-erbB
2 amplification. Thirty one primary tumours
and lymph node metastases derived from four
of these tumours had a normal c-erbB 2 copy
number. Therefore, 11 of 42 (26%) of these
breast cancer patients had c-erbB 2 amplifica-
tion in their tumours. These results are shown
in relation to the tumour types in table 1.

Clinical follow up information was available
for 41 of 42 patients. The median duration of
follow up was 28 months with a minimum of
six months for a patient who died and a maxi-
mum of 42 months. Seven patients died of
breast cancer and a further four had recurrent
disease. One patient died of other causes and so
was excluded from statistical analysis.
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Table 1 S "y of the t s with c-erbB 2
amplification in relation to tumour type and grade

Total number  Tumours with

Tumour type of tumours c-erbB 2 amplification
Ductal grade 1 6 1
Ductal grade 2 10 2
Ductal grade 3 19 6
Lobular 5 1
Special type 1 0
Other" 1 1

Eleven of 40 (28%) patients died of their
disease or had disease recurrence and 8 of 11
(73%) of these patients had c-erbB 2 amplifica-
tion. The latter was associated strongly with
early disease recurrence (p = 0.0003).

Twenty three patients had histological evi-
dence of lymph node metastases at presenta-
tion and eight of these patients (35%) died of
their disease or had disease recurrence. Lymph
node metastasis had an association with early
disease recurrence but this did not reach statis-
tical significance (p = 0.1). Six of seven (86%)
patients with c-erbB 2 amplification and lymph
node metastases died of their disease or had
disease recurrence.

Discussion

We present a robust differential PCR assay for
the detection of c-erbB 2 amplification in
human DNA. Because a numerical result is
generated by an image analysis system, this
technique provides objective analysis of a
molecular marker, making it a good candidate
for development as a routine pathology test.
The PCR primers and cycle numbers have
been optimised to give reproducible results that
are not subject to primer dimer or plateau
effect artefacts. The sensitivity of this assay,
with the use of SYBR green DNA stain and the
small sizes of the PCR products generated by
the chosen primers make the protocol amena-
ble to the analysis of small amounts of highly
degraded DNA, as described by others.® '*

We found that the concentration of DNA
must be standardised for each batch of samples
analysed. This may be necessary to avoid
differential chelation of magnesium ions by
DNA and to ensure that all reactions remain
within the exponential phase of the reaction.
The importance of using a standard DNA
template concentration for accurate differential
PCR has also been shown in other studies.™

c-erbB 2 amplification was detected in 11 of
42 (26%) of the primary breast tumours, a simi-
lar finding to other studies.’'' Eight sets of
primary breast carcinoma and their nodal
metastases were analysed for gene amplification.
There was no evidence for an alteration in gene
copy number between the primary and second-
ary tumour. This suggests that any alteration to
c-erbB 2 occurred before and was maintained
during metastasis. No significant correlation was
found between c-erbB 2 amplification and the
standard histopathological prognostic markers:
tumour size, type, grade, lymph node status, and
oestrogen receptor status.

After a short clinical follow up, this study
indicates that c-erbB 2 amplification is associ-
ated with more aggressive tumours because
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gene amplification was associated significantly
with a poor prognosis, assessed by death and/or
disease recurrence (p = 0.0003). This finding
concurs with those of some,” ' but not all,’
other studies that have used differential PCR
methods in retrospective analyses with longer
periods of clinical follow up than is presented
here. In this study, the DNA analysed was from
syptomatic patients, many of whom presented
with relatively large and intermediate or high
grade tumours. It would also be interesting to
investigate the prognostic use of this assay in
the often smaller and better differentiated
tumours detected in the national breast screen-
ing programme.

Breast cancer is a heterogeneous disease.
There may be many different mechanisms by
which tumours grow, metastasise, and evade
treatment response. Genetic markers that sub-
classify these tumours could help to identify
those patients who would benefit most from
adjuvant therapy.
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A differential PCR assay for the
detection of c-erbB 2 amplification
used in a prospective study of breast
cancer.
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