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An Improved Method for
Semiquantification of Gene Amplification
from Archival Material

M.A. Underwood, J.M.S. Bartlett, and T.G. Cooke

University Department of Surgery, Glasgow Royal Infirmary, Glasgow, Scotland G31 2ER

A differential PCR-based assay is pre-
sented that increases the accuracy of
quantification of C-erbB-2 gene-copy
number in DNA extracted from archi-
val tumors. The C-erbB-2 gene is am-
plified in a high percentage of hu-
man adenocarcinomas arising at
numerous sites, including breast,
lung, and stomach. A number of
studies have correlated C-erbB-2 with
poor prognosis. Gene copy number
may be relevant in identifying pa-
tients with different clinical out-
comes. In this study a target gene
and a single copy reference gene
were coamplified in the same reac-
tion tube. The level of target gene
amplification was reflected by the ra-
tio of the two resuliting PCR products.
Cell lines exhibiting variable copies
ranging from 1 to >8 of the C-erbB-2
gene were used as quality controls.
This technique can reliably show a
single copy difference between cell
lines and can be used to semiquanti-
tatively estimate gene copy number
in DNA extracted from archival par-
affin-embedded samples.
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Gene amplification is an important
event in the induction and/or progres-
sion of many tumors. As more data be-
come available, the clinical conse-
quences of those genotypic changes
become evident. In neuroblastoma the
copy number of the N-myc gene needs to
be assessed accurately to predict severity
of disease and, therefore, treatment re-
sponse.:? In consequence, the need for
accurate reproducible and quantitative
data using molecular biology techniques
needs to parallel that seen with other
routine biochemical parameters.

An increasing number of articles have
appeared in the literature that have
semiquantitatively estimated gene copy
number and correlated this to known
clinical parameters. The variations seen
between these results can make interpre-
tation difficult. How accurate gene copy
number needs to be is open to debate,
and whether semiquantitative data give
as much prognostic information over
more accurate methods remains to be
shown.

Southern blotting is the most com-
monly used technique for the analysis of
gene copy number. Improved methods
for Southern blotting to increase sim-
plicity and accuracy are now being used.
This, in some ways, attempts to over-
come the problems associated with inac-
curate DNA loading, tissue degradation,
and differing relative intensities, sizes,
and, therefore, efficiencies of probes.®
Good-quality,  high-molecular-weight
DNA is required for Southern blots, re-
quiring extraction from fresh tissue. Of-
ten, however, fresh tissue is not available
in sufficient quantity for analysis; there-
fore a method that would allow quanti-
tation of gene copy number from small

amounts of fixed tissues would be bene-
ficial. In addition, tumor samples often
contain high proportions of stromal
contamination. This can be corrected us-
ing microdissection of tumor tissue.

The detection of C-erbB-2 gene ampli-
fication in archival tissue by differential
PCR has been described.*> A semiquan-
titative estimation of results was pro-
posed using the cell line SKBR3 as a qual-
ity control. This technique claimed to be
capable of detecting amplification in
specific target genes as low as two-fold.
The differential PCR involves the coam-
plification of a single-copy reference
gene and target gene of unknown ampli-
fication within the same reaction tube.
Following completion of the reaction,
the relative ratio of intensity of target
gene to single-copy reference gene can
be calculated. These ratios can then be
analyzed against those of the quality
controls, and an estimation of gene copy
number can therefore be made. We have
extended this technique to include other
cell lines with a known copy number of
C-erbB-2, thereby improving the accu-
racy of quantification.

The aim of this study was to assess the
intra-assay variation of results for
C-erbB-2 amplification from a DNA pool
in a number of cell lines known to har-
bor different copies of the C-erbB-2 gene.
This would enable us to determine the
consistency of our results from the same
10 pm section and, therefore, the effi-
ciency and reproducibility of our mea-
surements. Also, by increasing the num-
ber of cell lines used as quality controls,
we aimed to improve on the semiquan-
titative methods already available for
C-erbB-2 gene copy number estima-
tion.
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MATERIALS AND METHODS
Cell Lines

The mammary carcinoma cell lines
SKBR3, MDA-MB-361, MDA-MB-453, and
BT20 were acquired from the American
Type Culture Collection. The N87 gastric
cell line was provided by Dr. C.R. King
(Molecular Oncology, Inc., Gaithers-
burg, Maryland 20878).

C-erbB-2 gene amplification in the
cell lines used in this study had been es-
timated by Southern hybridization and
dot-blot analysis: N87, >8 copies;®
SKBR3, 4-8 copies;” MDA-MB-361, 2-4
copies;”” MDA-MB-453, 2 copies;'” and
BT20, 1 copy.”

Cell Culture

All cells were cultured using the appro-
priate media: 10% heat-inactivated fetal
calf serum (MDA-MB-361, 15%), 100
U/ml of penicillin, and 100 pg/ml of
streptomycin (GIBCO). Cells were grown
in 5% CO, in air at 37°C in a humidified
incubator. Media used for culture were
Leibovitz's L-15 (MDA-MB-453 and
MDA-MB-361), McCoy’s 5a medium
(SKBR3), RPMI 1640 (N87) and Eagle’s
minimal essential medium with nones-
sential amino acids, and Earle’s BSS
(BT20). Cells were grown to confluence
and harvested using a cell scraper from a
175-cm? flask into sterile PBS. The cell
suspension was centrifuged at 900g for
10 min. Cell pellets were resuspended in
1-2 drops of 1% agarose, fixed in 10%
phosphate-buffered formalin for 48 hr,
and then embedded in paraffin wax. Sec-
tions of this fixed material (10 wm) were
processed to provide controls for PCR
analysis.

DNA Extraction

A 10-pm section from each block was
taken and placed in a sterile microcen-
trifuge tube. The blade was changed be-

were cleaned continually with xylene to
prevent cross-contamination. The tissue
was dewaxed by adding 1 ml of xylene
and then pelleted by centrifuging at
13,0008 for 15 min. This step was re-
peated. The xylene was decanted off be-
tween steps as waste. The tissue was then
washed twice using 100% alcohol and
pelleted, and the alcohol was decanted.
The Eppendorf tube was covered with a
piece of perforated parafilm, and the pel-
leted tissue was dried in a 300-position
vacuum centrifuge at 37°C.® Care was
taken to ensure a minimum of five
spaces between samples on the rotor to
reduce the risk of any cross-contamina-
tion of the samples.

Tissue DNA was extracted in 200-300
ul of digestion buffer (50 mwm Tris at pH
8.5, 1 mmM EDTA, 0.5% Tween 20, and 500
pg/ml of proteinase K) (Boehringer Man-
nheim) over 5 days at 37°C. The protei-
nase K was then inactivated by boiling
the sample at 94°C for 8 min. Any re-
maining tissue was pelleted and the sam-
ple stored at —20°C.&-19

PCR

Oligonucleotides

Oligonucleotides were selected for the
target gene C-erbB-2 generating a 98-bp
fragment and for reference genes as de-
fined by Neubauer et al.'® Sequences of
the oligonucleotides used as PCR prim-
ers in this study are shown in Table 1.

PCR Conditions

Competitive PCRs were carried out in a
total volume of 50 pl. For individual am-
plimer pairings, see Analytical Algo-
rithm, below. Prior to PCR, 0.5 pm olig-
onucleotides each (4 in total) were
combined with 10 pl of archival DNA in
a final volume of 25 pl, heated to 95°C
for 10 min, and cooled rapidly to 4°C on

were pulse-centrifuged, and the tubes
were placed on ice. Twenty-five microli-
ters of Mastermix comprising 2 mm each
dATP, dTTT, and dGTP, 0.5 mMm dCTP
(Pharmacia), 1 pCi of either [a-3?P]dCTP
or [a-**P]dCTP, 1 unit of Tag DNA poly-
merase, and 10X reaction buffer (Boeh-
ringer Mannheim) was added. The reac-
tion mixture was overlaid with 2 drops
of mineral oil. PCR conditions were 94°C
for 1 min, 51°C for 1 min, and 72°C for 1
min for cycles 1-24 and 94°C for 1 min,
51°C for 1 min, and 72°C for 11 min for
cycle 25, followed by incubation at 60°C
for 30 min.

The radiolabeled PCR products gener-
ated were resolved by electrophoresis on
a 10% polyacrylamide gel. The gel was
transferred onto Whatman 3MM paper
and dried under vacuum for 50 min. The
products were visualized by autoradiog-
raphy with Min-R PE (Kodak) film at
—70°C.

Analytical Algorithm

To analyze gene copy number for C-erbB-
2, an analytical algorithm as described
by Neubauer et al.®® was used (Fig. 1). In
this algorithm a series of competitive
PCRs are performed to confirm gene am-
plification and to exclude spurious re-
sults.

Reaction 1: y IFN 150 and vy IFN 82
Competitive PCR

DNA extracted from archival material is
known to be fragmented.®1? This reac-
tion was carried out to confirm that ex-
tracted DNA would be of sufficient qual-
ity to allow further analysis. In any
competitive PCR, preferential amplifica-
tion of shorter PCR products occurs.
Highly fragmented DNA would contain
significantly more targets for the v-inter-
feron (IFN) 82 primers than the y-IFN
150 primers and could also give spurious

tween blocks, and the work surfaces a thermocycler (Biometra). Samples results in subsequent competitive PCRs.
TABLE 1 Sequences of Oligonucleotides Used in This Study
Amplimer size S’ Primer 3’ Primer

C-erbB-2 98 bp 2122-22194Y
~-IFN 150 bp 4582~473142
v-IFN 85 bp 464747312
~-IEN 82 bp 2012-2093?
n-Ras 110 bp 1-1114%

5'-CCTCTGACGTCCATCATCTC-3'
S-TCTTTTCTTTCCCGATAGGT-3'
5'-AGTGATGGCTGAACTGTCGC-3'
5'-GCAGAGCCAAATTGTCTCCT-3'
5'-ATGACTGAGTACAAACTGGT-3'

S'-ATCTTCTGCTGCCGTCGCT-3’

5'-CTGGGATGCTCTTCGACCT C-3’
§'-CTGGGATGCTCTTCGACCT C-3'
5'-GGTCTCCACACTCTTTTGCA -3’
5'-CTCTATGGTGGGATCATAT T -3’
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1)  yIFN (150bp) : yIEN (82bp)

* ;» Discard

Intact DNA

|

2) 4 IFN (150bp) : C-erbB-2 (98bp) —™ Negative

Amplified

!

3)  C-erbB-2 (98bp) : yIFN (85bp) —™ Negative

Amplified

#

4) n-ras (110bp) : C-erbB-2 (98bp) —™ Negative

Amplified

#

Positive

FIGURE 1 Analytical algorithm used to ana-
lyze gene copy number for C-erbB-2.

The reaction generates two different-
sized fragments, each from a different
exon of the y-IFN gene. Differences in
signal intensity of the two bands could
not be attributed to gene amplification
but would result from DNA fragmenta-
tion. The GC content, and, therefore, the
labeling index, differ significantly (40%
vs. 23%, v-IFN 150 vs. y-IFN 82) for these
products; after correction for this factor,
DNA exhibiting a ratio of y-IFN 82 to
¥-IFN 150 of >3:1 was excluded from fur-
ther analysis. Neubauer et al.® found
DNase-digested genomic DNA resulting
in y-IFN 150 versus y-IFN 82 ratios of 4

still able to be analyzed for C-erbB-2 gene.

amplification using the C-erbB-2 98-bp to
v-IFN 85 ratio); however, results were
more variable when employing DNA
that was further degraded by formalin
fixation.

Reactions 2 and 3: v-IFN 150 and
C-erbB-2 98 and y-IFN 85 and C-erbB-2
98 Competitive PCR

These reactions provide the screen for
gene amplification of the target C-erbB-2
using y-IFN as a reference gene. The as-
sumption was that y-IFN was not ampli-
fied in any of the tissue samples. Reac-
tion 2 screened C-erbB-2 amplification
against the larger amplimer y-IFN 150.
Potentially, this reaction may produce
false-positive results should the smaller
C-erbB-2 PCR product undergo a more ef-
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ficient process of amplification than the
larger y-IFN. Reaction 3 was performed
to eliminate this possibility. The y-IFN
85 amplimer amplifies the same exon of
the y-IFN gene, using the same 3’ primer
as the v-IFN 150 reaction. This reduces
variation between these reactions that
might otherwise complicate the analysis.
The combination of these two reactions
provides a stringent screening procedure
for amplification of C-erbB-2 in relation
to the reference gene y-IFN.

Reaction 4: n-RAS 110 vs. C-erbB-2 98
competitive PCR

Genetic instability is a function of many
tumors. The potential for chromosomal
deletion or replication involving the
v-IFN reference gene used above there-
fore exists. To exclude the possibility
that deletion or replication of the y-IFN
gene might bias results in some aneu-
ploid tumors, a further reference gene
from a different chromosome was used.
Competitive PCR with n-RAS 110 versus
C-erbB-2 98 was performed on all ampli-
fied tumors and a proportion of nonam-
plified tumors.

Only tumors that showed amplifica-
tion in all three test reactions (reactions
2, 3, and 4) were scored as amplified.

Estimation of Copy Number
Quantitation of Copy Number

Copy number was estimated by densito-
metric analysis of the reaction products
from PCR 3. The densitometric ratio of
C-erbB-2 98 to y-IFN 85 was calculated for
all samples. All densitometry was per-
formed by one observer using a Joyce
Loebel Digitizer and a Sony CCD video
camera module. To allow quantification
of signal, a linear relationship of optical
density versus concentration of isotope
(nCi/g) for the autoradiograph was estab-
lished. *C standards (Amersham) were
used to give an estimate of the linear
range for quantification and an upper
limit of optical density for the film. The
autoradiographic exposure times were
varied between 1 and 4 hr to ensure that
saturation of the film did not occur.

Use of Cell Lines as External Standards

Although the densitometric technique
described above could provide data on

the relative degree of gene amplification
between tumor samples, external stan-
dards of known amplification would be
required to allow a degree of quantita-
tive analysis to be performed. To this
end, cell lines were selected with increas-
ing copy numbers of the C-erbB-2 gene
and included in each PCR assay as exter-
nal standards. By analyzing these sam-
ples in an identical manner, it would be
possible to produce a quantitative esti-
mate of the degree of C-erbB-2 gene am-
plification for each individual tumor
sample. These external standards were
also used to assess the reproducibility,
sensitivity, and accuracy of this method
in multiple experiments.

RESULTS
DNA Extraction

To assess the efficiency of DNA extrac-
tion from tissue sections, samples were
incubated for either 24 or 120 hr (5 days)
prior to performance of PCR for a 137-bp
fragment of h-y-actin on 10-pl aliquots
of extracted DNA. Insufficient DNA was
extracted over 24 hr to allow consistent
detection of «y-actin using the PCR pro-
tocol described above. Following extrac-
tion of DNA over 5 days, all samples
showed strong signals for y-actin (data
not shown).

Cycle Number

The ratios of target gene to reference
gene are relatively insensitive to cycle
number.*® This was confirmed by tak-
ing DNA from the BT20 cell line and per-
forming differential PCR for a variable
number of cycles (Fig. 2). The relative
ratios for the products of PCR reaction 3
(C-erbB-2 and v-IFN 85) did not alter sig-
nificantly with cycle numbers between
25 and 40 (see Table 2). For each cycle
number, six PCR reactions have been
performed. The relative ratios for the
products are shown along with mean ra-
tios and 95% confidence limits.

Ratio of C-erbB-2 98 to y-IFN 85 vs.
Copy Number

The ratio of C-erbB-2 98 to -IFN 85 re-
action product to gene copy number was
established using the cell lines described
(see Materials and Methods). A linear re-
lationship between these parameters was
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28 30 35 40

Cycle Number

FIGURE 2 Evidence showing that the ratio (O) of target and reference gene are preserved through

a range of PCR cycles.

observed when multiple samples from
each cell line were analyzed (Fig. 3).

Sensitivity

To determine the sensitivity of the assay
system in detecting differences in copy
number, samples of the cell lines BT-20
(1 copy C-erbB-2), MDA-MB-453 (2 cop-
ies), MDA-MB-361 (2-4 copies), SKBR3
(4-8 copies), and N87 (>8 copies) were
included in the assays, using both 32P
and 3P and performed over a 3-day pe-
riod. In all cases, the mean=*2 s.n. were
estimated to provide the 95% confidence
intervals for each of the cell lines (and,
therefore, the relative copy number for
C-erbB-2). These results are shown in Ta-
ble 3.

Samples with ratios for PCR reaction 3
that fell within the range of one of the
above cell lines were assigned a copy
number identical to the cell line, those
with ratios falling between the ranges of
two cell lines were assigned a copy num-
ber between the copy numbers of the
two cell lines. For example, in assay 1
above, a sample with a ratio of 1.24
would fall within the range found for
MDA-MB-453 and would be assigned a
copy number of 2, whereas a sample
with a ratio of 1.6 would fall between the
ratios of MDA-MB-453 and SKBR3 and be
assigned a copy number of 2-4. By in-
creasing the number of cell lines as qual-
ity controls, a more accurate assessment
of C-erb-B2 copy number can be estab-
lished.

TABLE 2 Relative Ratios of PCR Products for Reaction 3

Cycles
25 28 30 35 40
0.68 0.72 0.87 0.85 0.78
0.75 0.87 0.83 0.86 0.92
0.8 0.82 0.84 0.87 0.84
0.75 0.83 0.87 0.86 0.85
0.83 0.78 0.85 0.88 0.81
0.78 0.78 0.81 0.86 0.74
Mean 0.765 0.8 0.845 0.86 0.82
s.D. 0.05 0.05 0.02 0.01 0.06
Mean + 2 s.D. 0.86 0.9 0.89 0.88 0.94
Mean — 2s.D. 0.66 0.69 0.79 0.84 0.69
Variation (%) 6.75 6.47 2.78 1.20 7.55

PCR reaction 3 (C-erbB-2 and -IFN 835). This did not alter significantly between 25 and 40 cycles.

Intra-assay Variation

Intra-assay variation was assessed using
multiple samples from each cell line in
single assays. The standard deviation
from the mean was calculated as a per-
centage of the mean ratio for all samples
and the intra-assay variation assessed us-
ing this percentage. The results for each
of the cell lines used are shown in Ta-
ble 4.

Figure 4, A and B, demonstrates the
intra-assay variation for the cell lines
BT20, MDA-MB-453, and SKBR3 using
[*?P]dCTP. Figure 4C demonstrates the
intra-assay variation for four cell lines,
BT20, MDA-MB-453 SKBR3 and N87, us-
ing [33P]dCTP.

Inter-assay Variation

Inter-assay variation was also estimated
for each cell line. The mean ratios, stan-
dard deviations from the mean, and in-
ter-assay variations for each cell line are
shown in Table S.

DISCUSSION

Producing quantitative data using PCR is
complicated by the exponential nature
of the reaction. Small changes in ampli-
fication efficiency can result in dramatic
changes in product yields. In addition,
the amount of product-generated pla-
teaus during the latter stages of the reac-
tion as a result of the consumption of
necessary components and the genera-
tion of enzyme inhibitors. These charac-
teristics of PCR can obscure differences
in the initial amounts of target se-
quences during the course of amplifica-
tion. These problems can be overcome
with the use of an internal control such
as, y-IFN.(9

Although coamplification of a control
gene can correct for variation in tube-to-
tube amplification efficiency, these data
must be obtained during the exponen-
tial phase of the reaction. Obtaining data
during the exponential phase of the re-
action can be particularly difficult to
achieve if the control gene is expressed
at a different level than the target gene.
In addition, multiple sets of primers in
the same reaction vessel may interfere
with either target, reference gene, or
both. Therefore, the use of quality con-
trols as external reference points be-
comes all the more important.

A further requirement for quality con-
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6 trols when calculating gene copy num-

1 y = 0.539x + 0.279 ber becomes apparent when reviewing
the mathematical analysis of differential
PCR. The ratio of the PCR products re-
flects the ratio of the original copy num-
bers of the reference and target genes
when the efficiencies of primers for both
sets of genes become equal. This can be
achieved by varying the concentrations
of reference and target gene primers and
by changing the DNA segment to be am-
plified. Therefore, when establishing a
ratio of target to reference gene for the
cell lines and assuming that the PCR re-
action has generated PCR product with
the same efficiency for tumor DNA, a di-
rect semiquantitative comparison can be
Copy Number made between tumor DNA and cell line

; a
FIGURE 3 A standard curve of ratio (0); C-erbB-2/INF 85 of intensity of target and reference bands q“fahty control. Elhe use of a second
against copy number for the four cell lines BT20, MDA-MB-453, SKBR3, and N87. Data generated reterence gene would overcome a poten-
from [**PldCTP (day 3). tial problem with nondiploid tumors

and the possibility of underestimating
gene amplification.®

Some studies have performed differ-
ential PCR directly on the tissue sec-
tion.*> DNA extracted from these sec-
tions, however, would allow us to

Mean Ratio

TABLE 3 Sensitivity of Competitive PCR for C-erbB-2 Copy Number perform multiple analyses and also to in-
vestigate other molecular markers with-
Lower limit Mean Upper limit | out the requirement to take multiple sec-

Assay (95% CI)* (2 s.0.)° (95% CI) tions from a block.

Day 1 using 2P Proteinase K has been_ shown to sta-
BT20¢ 0.828 0.995 = 0.166 1.16 blize over a 5-day extraction period, and
MDA453¢ 1.169 1.318 = 0.148 1.467 digestion of archival sections provided a
SKBR3® 1.949 2.31 £ 0.36 2.669 better quality and quantity of DNA over

Day 1 using 33P boiling or incubation with SDS.® It is
MDA453f 0.655 0.772 = 0.118 0.899 important to show consistently that this
MDA361 1.106 1.168 = 0.062 1.23 technique can demonstrate a difference
SKBR3 1.037 1.237 = 0.2 1.437

between cell lines used as controls and

N87¢ 2141 249320352 2.845 that the intra-assay variation remains
Day 2 using 3°P within acceptable limits.
BT20 0.663 0.736 + 0.072 0.809 The C-erbB-2 98-bp product ap-
MDA453 0.822 0.932 = 0.11 1.042 proached saturation with increasing
MDA361 13 1.14 1.348 = 0208 1.556 copy number, and the use of optical den-
D‘?{;é gé’llg P 135 1535 + 0.18 171 sity for quantification became less reli-
SKBR3 1.655 2.004 £ 0.35 2.353 able. It was not possible to dilute our
N87 2.783 3.317 + 0.534 3.851 PCR products, as this had the undesired
Dav 3 using 2P effect of decreasing th_e intensity of our
KBRS 1.272 1.691 = 0.418 2109 reference band, making densitometric
N87 1.489 2.683 = 1.194 3.876 interpretation difficult. ,
Day 3 using **P .We have. been unable to s_how with
BT20 0.788 0.863 * 0.076 0.939 this data strict control of our inter-assay
MDA453 0.930 1.138 = 0.208 1.346 variations, which may reflect the ex-
SKBR3 2.315 2.683 = 0.368 3.051 treme sensitivity of this reaction. Our in-
N87 3.774 4.514 * 0.74 5.254 tra-assay data remain within acceptable

limits suggesting that DNA extracted

(CI) Confidence interval. from a single 10-pm section may be suit-

bs.p. Standard deviation.

<(BT20) 1 copy. able for multiple analyses. For accurate
4(MDA453) 2 copies. quality control data to be generated
(SKBR3) 4-8 copies. - when analyzing tumor DNA, we suggest
{(N87) >8 copies. that quality controls are run in triplicate.
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TABLE 4 Intra-assay Variation for Ratio of C-erbB-2/y-IFN 85 for Control Cell Lines

Cell lines BT20 MDA453* MDA361° SKBR3 N8§7
(copy number) (1) (2) (2-4) (4-8) (>8)
Intra-assay variation for day 1

using *2P 8.3% (18)  5.6% (20) 7.8% (11)

using 33P 7.6% (10)  2.6% (10) 8% (10) 7% (10)
Intra-assay variation for day 2

using 2P 4.9% (10) 6% (10)  7.7% (17)

using *3P 6% (9) 8.7% (10) 8% (9)
Intra-assay variation for day 3

using 2P 12% (8) 22% (8)°

using P 4.4% (5) 9.1% (5) 7% (5) 8% (5)
Mean® 58x16 71=x25 54x25 87x19 7.75=05

#(M453) MDA-MB-453; (M361) MDA-MB-361. Numbers in parentheses refer to number of sam-
ples per cell line for each assay.
PNot included for calculations of mean because of overlap in sensitivity between SKBR3 and N87.

¢(Mean) Mean intraassay variation for each cell line.

From our data, the intra-assay varia-
tions for those cell lines exhibiting up to
8 copies with 3%P remained within ac-
ceptable limits (3—12%). This was not the
case for N87, and the intra-assay varia-
tion broadened. This probably reflected
the limit of sensitivity for the X-ray film.
Preflashing the film produced little im-
provement in the range of intra-assay
variation (data not shown). Therefore,
by using 3?P we were unable to reliably
show a difference between N87 exhibit-

ing >8 copies and SKBR3 with 4-8 cop-
ies, as the relative ranges for the two
standard deviations overlapped. The
film saturation problem, however, was
overcome by using a lower energy iso-
tope. [a->*P]dCTP was substituted at the
same concentration and was not only
found to give tighter bands but, more
importantly, could consistently show a
difference between all the cell lines.

To date, the tumor DNA that we have
analyzed from transitional carcinomas

MDA453
A :

i
b 98bp
%w - ” 85bD

C-ebB-2
v IFN 85
SKBR3 BT20
B | i :
98bp
85bp
C BT20 MDA453 MDI}361 SKBIRS N|87
] i
C-erbB-2 W . e 98bp
YIEN - W%x& e 85bp

FIGURE 4 (4) Intra-assay variation for cell line MDA453, using [**P]dCTP; (B) Intra-assay varia-
tion for two cell lines, BT20 and SKBR3, using [*?P]dCTP; (C) Intra-assay variation for four cell
lines, BT20, MDA453, SKBR3, and N87, using [33P]dCTP.

TABLE 5 Interassay Variation for Each
Cell Line

Variation
Cell line Mean s.D. (%)
BT-20 5.86 2.12 36
MDA-MB-453 7.07 1.6 22
MDA-MB-361 5.36 2.57 47
SKBR3 8.7 1.94 22
N87 7.75 0.57 6

of the bladder has not exceeded a copy
number of 8.1'% As stated, however, den-
sitometric analysis may be limited using
32P by our X-ray film, but by using a
lower energy isotope such as **P, an ex-
tended range for quantification may be
gained. A gene copy number possibly in
excess of our quality controls may need
to be determined by Cherenkoff count-
ing.

Slamon and colleagues have postu-
lated that disease behavior differs for
breast tumors with C-erbB-2 gene copy
numbers of 1, 2-5, 5-20, and >20. To
date, C-erbB-2 amplification and protein
overexpression correlate strongly with
node-positive breast carcinoma and
overall reduction in disease-free inter-
val.('7=29 Therefore, use of these assays
as prognostic indicators in conjunction
with other parameters makes accurate
assessment of gene copy number para-
mount, and the use of differential PCR
will allow us to perform quite extensive
retrospective studies. Whether quality
controls are taken from already estab-
lished cell lines or are constructed using
varying copies of a target gene, a stan-
dard curve can be constructed, thereby
providing semiquantitative results.

We could not assume that our cell
line DNA would give us the same range
of ratios each day, and, therefore, when
assessing tumor DNA, one would need to
run the quality controls with each reac-
tion.

This study has shown, for the first
time, that the use of external standards,
such as cell lines with known copy num-
ber, can facilitate the accurate assess-
ment of gene copy number by differen-
tial PCR. Intra-assay variations of <10%
reflect the high degree of reproducibilty
of this technique. The combination of
differential PCR with appropriate quality
controls therefore represents a powerful
tool for the assessment of gene copy

PCR Methods and Applications 183


http://genome.cshlp.org/
http://www.cshlpress.com

Downloaded from genome.cship.org on June 24, 2026 . Published by Cold Spring Harbor Laboratory Press

Researchili1 11 I N B B

number in both fresh and archival ma-
terials.
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