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We have used prostate cancer, the most commonly
diagnosed noncutaneous neoplasm among men, to
investigate the feasibility of performing genomic ar-
ray analyses of archival tissue. Prostate-specific anti-
gen and a biopsy Gleason grade have not proven to be
accurate in predicting clinical outcome, yet they re-
main the only accepted biomarkers for prostate can-
cer. It is likely that distinct spectra of genomic alter-
ations underlie these phenotypic differences, and
that once identified, may be used to differentiate be-
tween indolent and aggressive tumors. Array compar-
ative genomic hybridization allows quantitative detec-
tion and mapping of copy number aberrations in
tumors and subsequent associations to be made with
clinical outcome. Archived tissues are needed to have
patients with sufficient clinical follow-up. In this re-
port, 20 formalin-fixed and paraffin-embedded pros-
tate cancer samples originating from 1986 to 1996
were studied. We present a straightforward protocol
and demonstrate the utility of archived tissue for ar-
ray comparative genomic hybridization with a 2400
element BAC array that provides high-resolution de-
tection of both deletions and amplifications. (Am J
Pathol 2003, 162:763–770)

Array comparative genomic hybridization (aCGH) affords
high-resolution quantitative information regarding DNA
copy number changes within tumor genomes. Recurrent
deletions and amplifications reveal loci encoding tumor
suppressor genes and oncogenes, respectively, and
their identification is now facilitated by completion of the
human genome sequence. Moreover, it is increasingly
evident that differing clinical behavior of histologically
similar tumors is because of distinct and recurrent pat-
terns of genomic alterations and that these may define
distinct subsets of disease and thus be prognostic.1–4

aCGH is ideally suited to delineating these genomic dif-
ferences and for the development of biomarkers. How-
ever, the coupling of aCGH and clinical data for biomar-
ker discovery and disease stratification requires patients
with significant clinical follow-up, meaning that in most
cases archived tumor material must be used to identify
associations between copy number changes and clinical
outcome.

In aCGH, microarrayed BAC DNA targets are co-hy-
bridized with differentially fluorophore-labeled DNAs from
normal reference and tumor test genomes.5,6 Gene copy
number along the genome is proportional to the ratio of
the fluorescent intensities. In this study, we used a whole
genome-scanning array containing DNA from 2460 BAC
clones, which provides an average resolution of �1.4
Mb.7 An advantage of this array is that all of the clones
have been mapped on the UCSC genome assembly
(http://genome.ucsc.edu/index.html) and thus can be
computationally linked to the underlying and annotated
genome sequence. Paraffin-embedded tissue has re-
cently been reported to be suitable for aCGH; however
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the array in their study only consisted of 58 BACS con-
taining known oncogenes.8 In addition, their technique
required degenerate oligonucleotide-primed polymerase
chain reaction (DOP-PCR) amplification of the tumor ma-
terial.

In this report, we show that archived prostate tissue can
be used with a whole genome-scanning array without a
probe amplification step, eliminating the possibility of intro-
ducing artifactual copy number gains and losses that can
result from biased amplification. In contrast to the expensive
and laborious method of laser microdissection, we demon-
strate that the use of a bore coupled to a microscope for the
dissection step works well. Our extraction procedure also
includes a xylene treatment, RNase treatment, and protein
precipitation in addition to the lysis step. Our method for
aCGH on paraffin-embedded tissue allows the identification
of DNA copy number changes at high resolution including
detection of single copy losses and gains. These genome-
wide copy number abnormalities (CNAs) in turn can provide
valuable insight into critical genomic clones and genes that
may serve as biomarkers. Detection of CNAs was con-
firmed through comparison to chromosome CGH (some
previously published)9,10 using the same tumor DNA and
through use of quantitative microsatellite analysis (QuMA), a
quantitative PCR technique related to TaqMan.

Materials and Methods

Specimens

Archival prostate cancer specimens were obtained be-
tween 1986 and 1996. Four metastases (two brain, one
regional lymph node, and one bone metastasis; samples
1 to 4) and 16 primary tumors from patients who under-
went radical prostatectomy alone (samples 5 to 20) were
included in this preliminary study. The tumors were
pathologically staged according to the pTNM classifica-
tion11 and graded according to the Gleason grading
system.12 Isolation of DNA from the formalin-fixed, paraf-
fin-embedded tumor material was performed as de-
scribed by Alers and colleagues.13 Briefly, the tissue
blocks were counterstained in 4�,6-diamidino-2-phenylin-
dole (DAPI) and placed under a fluorescence micro-
scope, enabling a precise selection of the tumor area.
Microdissection of the tumor areas was performed using
a hollow bore coupled to the microscope. In the case of
very small tumor areas, manual microdissection of the
selected areas was performed by scraping successive
hematoxylin-stained 10-�m tissue sections using a nee-
dle under a stereomicroscope. Lower boundaries were
checked for the presence of tumor on 4-�m hematoxylin
and eosin-stained tissue sections. Isolation of DNA from
the formalin-fixed, paraffin-embedded material was per-
formed using the Puregene DNA isolation kit (Gentra
Systems, Minneapolis, MN) in accordance with the man-
ufacturer’s instructions, except that the DNA was hy-
drated with 25 �l of 10 mmol/L Tris, pH 8.

Arrays

Genomic target DNA was isolated from bacterial cultures
and arrayed as described previously,5 except chromium-
coated slides were used (Nanofilm, Westlake Village,
CA). Each array consists of 2460 BACS spotted in tripli-
cate with �1.4 Mb average resolution.7

Array Comparative Hybridization

One �g each of test and reference male (Promega, Mad-
ison, WI) genomic DNA was labeled by random priming
using a Bioprime Labeling Kit (Invitrogen, Carlsbad, CA).
The manufacturer’s protocol was followed with the follow-
ing concentration changes; 120 �mol/L of dATP, dGTP,
and dCTP; 30 �mol/L of dTTP; and 40 �mol/L of CY3-
dUTP or CY5-dUTP (Amersham Pharmacia Biotech, Pis-
cataway, NJ). Random DNA octamers served as the
primers (Invitrogen). Unincorporated nucleotides were
removed using a Qiagen QIAquick PCR Purification Kit
(Qiagen, Valencia, CA) according to manufacturer’s in-
structions. DNA was eluted in 100 �l of EB buffer (pro-
vided with kit). Labeled test and reference DNAs were
co-precipitated in the presence of Cot-1 DNA (Roche,
Indianapolis, IN) with ethanol. The precipitated DNA was
redissolved in a hybridization solution containing 50%
formamide, 10% dextran sulfate, 2� standard saline ci-
trate, 4% sodium dodecyl sulfate, and 10 �g/�l of yeast
tRNA. The probes were denatured at 72°C for 10 minutes
and then preannealed with a 1-hour incubation at 37°C.
Each array was surrounded by a wall of rubber cement
on the chromium-coated slide and then was cross-linked
(Stratagene UV Stratalinker, Stratagene, La Jolla, CA,
2600 � 100 �J). The hybridization mixture (60 �l) was
added to each array. A rubber gasket and a glass micro-
scope slide fastened to the slide provided an enclosed
chamber for the hybridization. A 48-hour hybridization at
37°C was performed on a unidirectional tilting platform (3
rpm) within an incubator. Slides were washed for 15
minutes in 50% formamide, 2� standard saline citrate,
pH 7.0 at 45°C, 2� standard saline citrate, 0.1% sodium
dodecyl sulfate for 20 minutes at 45°C, and once in 0.1
mol/L sodium phosphate buffer, 0.1% Nonidet P-40, pH
8, for 10 minutes. The array was counterstained with a 1
�g/�l of DAPI solution.

A charge-coupled device camera equipped with filters
for CY3, CY5, and DAPI was used to capture the aCGH
images. The imaging set up and custom software are
described elsewhere.5 Imaging processing was per-
formed with SPOT version 1.2 and SPROC version 1.1.1
software packages.14 Log2 ratios of either greater than or
less than 0.5 were defined as chromosomal gains or
losses, respectively.

Array validation was performed by hybridization with
normal human female against normal reference human
male DNA. The female DNA was extracted from paraffin-
embedded tissue as described in the subsection above
entitled “Specimens.” The male reference was the same
reference used in all experiments.
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Comparative Genomic Hybridization

Tumor DNA with a fragment size of �1 kb was chemically
labeled with biotin-universal linkage system (ULS) or flu-
orescein-ULS (Kreatech Diagnostics, Amsterdam, The
Netherlands). Tumor DNA with larger DNA fragment sizes
was labeled by nick translation with biotin (Nick Transla-
tion System; Life Technologies, Inc., Gaithersburg, MD)
or with green fluorescent nucleotides (Molecular Probes,
Leiden, The Netherlands). Likewise, male reference DNA
(Promega) was labeled by nick translation with digoxige-
nin or red fluorescent nucleotides (both from Boehringer
Mannheim, Indianapolis, IN). The reaction time and the
amount of DNase were adjusted to obtain a matching
probe size for reference and tumor DNAs. The labeled
DNAs were hybridized onto normal male metaphase
chromosomes (Vysis Inc., Downers Grove, IL), as de-
scribed previously.9,10,15,16 After washing of the slides,
fluorescent detection of the biotin- and digoxigenin-la-
beled DNA probes was accomplished with avidin-fluo-
rescein isothiocyanate and anti-digoxigenin rhodamine,
respectively. CGH analysis was performed with Quips XL
software version 3.1.1 (Vysis). Loss of DNA sequences
was defined as chromosomal regions in which the mean
green:red ratio was below 0.85, whereas gain was de-
fined as chromosomal regions in which the ratio was
more than 1.15. These threshold values were based on a
series of normal controls (data not shown).

Quantitative Microsatellite Analysis (QuMA)

A QuMA assay was developed to cover the region span-
ning from the WWOX gene at 16q23.1 to the telomere at

16q24.3. The copy number of the test locus was as-
sessed using quantitative, real-time PCR, and related to a
pooled reference. Experimental design and procedure
was performed as detailed in Ginzinger and col-

Figure 1. Array validation: female versus male. aCGH result using normal female DNA (from paraffin) versus normal male. The female tissue was from normal
lymph nodes. The DNA was extracted from paraffin-embedded tissue as described in Materials and Methods. The male reference was the same reference used
in all experiments. Log2 ratios along the genome are depicted, showing a clear sex-mismatch for the X chromosome (denoted by arrowhead).

Figure 2. Comparing CGH with aCGH for chromosome 8 in sample 2. A
comparison of chromosomal CGH (top) with aCGH (bottom) for chromosome
8 in prostatic cancer sample 2. In the CGH figure, loss is displayed as a bar to the
left of the chromosome 8 ideogram, gain is seen as a bar to the right. In the
aCGH graph, a log2 scale is used, values below 0 signify loss, above 0 gain of
DNA sequences. Note good concordance between the two CGH techniques.
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Table 1. CGH Results Compared to aCGH Findings*†

Sample
number CGH results aCGH results

A. Deletions
1 1q31-qter, 5q11.2-q13, 6q12-q22, 8p11.2-pter 1p36 (1), 1p32.1 (1), 1q31-q41, 1q43-44, 2p12-p13 (1), 5q11.2-

q12, 5q22-23 (1), 5q31-q31.3, 6q12-15,7p21.1b (1), 8p12-
p23, 10q22.3-q23, 15q11.2 (1), 16q22-q24, 18p11.31-p11.32,
20q11.2-12 (1), 21q22.2-q22.3, Xp11.3 (1)

2 4q24-q26, 5q11.2-q23, 6q14-q22, 8p11.2-pter,
9p13-p21, 10q21-qter, 12p11.2-p13, 12q23-qter
Xq21-q22

4q25-26, 5q11-q34, 6q14-q22.3, 7q11.2 (1), 7q36.2-q36.3,
8p11.2-p23.3, 9p21.1-23, 10q21.1-q26.3, 11q13.5 (1),
12p11.2-13.3, 12q23-24.3, 13q12.1 (1), 16q22-24, 17p12 (1),
19p13.3 (1)

3 1q31-qter, 2q21-q22, 4q12-qter, 5q13-q23, 6q15-
q22, 10q11.2-q22, 10q23-q24, 11p13-pter,
11q22-qter, 13q12-qter, 15q14-qter, 16q21-qter,
17p12-pter, Y

1q21-22 (1), 1q32, 1q41, 4p16, 4q21-23, 5q13 (1), 5q21 (1),
5q23-31, 6q21-22.1, 7p21, 8q21.1 (1), 9q33, 10q22.3 (1),
10q26.3 (1), 11p12-p15.5, 11q22-q25, 13q14.1 (1), 13q21.1
(1), 13q31.1 (1), 13q34 (1), 15q11.2, 15q14-15, 15q21-q26.2,
16q13-24, 17p12-13, 18p11.31p11.32 (1), 18q22 (1), Xp21.1
(1), Yqter

4 2q14.2-q24, 5q12-q22, 6q12-q22, 13q13-q22 1p21-31, 2q22 (1), 2q24, 2q32 (1), 4p15 (1), 4q21-q23, 4q26-
q31, 4q35, 5q12-q15, 5q21-q23, 5q32-q34, 6p12 (1), 6p22
(1), 6q11-q22, 7p21 (1), 8q21 (1), 8q24 (1), 9p21-p23,
10p11-p14, 10q21-q26, 11p12-p15, 11q14 (1), 11q22,
12q21-q22 (1), 13q13-q14, 13q21-q31, 14q22 (1), 18p11 (1),
19p11-q11 (1), 20p12-p13, 21q11 (1), 21q21, Xq21

5 13q21 14q-tel
6 1p21-p22, 3q24-q25, 5q14-q21, 13q14-q31 3q24-q25, 5q12, 9p24 (1), 13q14-q31
7 6q14-q16 2q32.1, 4q28-q31 (1), 6q15, 7p13 (1), 7q11.1-q11.2 (1), 7q33,

9p21 (1), 11p15.4 (1), 21q22.2-q22.3 (1), 22q12 (1)
8 8p11.2-pter, 16q23-qter 1q22-q23 (1), 3p14.3 (1), 3q13, 4q21, 5p15 (1), 7q11.22 (1),

8p12-p22, 9p24, 10p15 (1), 10q24 (1), 11q14 (1), 12q23 (1),
15q23 (1), 18q22 (1), 20q13.3 (1), 21q21 (1)

9 8p12-p22, 16q22-qter 3p21.2 (1), 8p11-p23, 14q-tel (1), 16q23.1 (1), 16q24 (1),
21q11.1-q11.2, Xq27-28 (1)

10 4p12-p14, 5q11.2-q21, 10q23-q24, 13q21, 14q22-
q24, 15q11.2-q21, 16q12.1-q22, 18, Xq21-q26

2p12-2p11.2 (1), 2q24.3, 4p12-p14, 4q32 (1), 5p15 (1), 5q14
(1), 6p21 (1), 7p12-p13 (1), 7q21, 7q33-35 (1), 9q31

11 8p11.2-pter, 12p11.2-pter 8p23.2, 8p22, 12p12
12 8p11.2-pter, 18q11.2-qter 8p23.1-p23.2, 18q12, 18q22
13 13q21-q22 3p14, 6q26 (1), 16q23-q24
14 6q16-q22 6q15-q16.1, 6q22.2-q22.3, 6q26 (1)
15 2q21-q22, 5q12-q13, 6q12-q21, 13q14-q21 2q21.2-q22, 4q27-q31.1, 6q15, 8p22-p23.2, 12p13.1
16 8p12-pter, 17p11.2-p12 2q37.3, 6q21-q22.1, 8p21.2-p23.2, 8p11.2-p12, 16q23-q24,

17p12, 17q11.2, 18p11.21
17 6q14-q22, 8p11.2-p21 5q21-q31, 6q14, 8p23.3, 8p12-p21.3, 10q23, 15q23-q24, 17p12
18 2q21-q22, 13q14-q22 2q21.1-q23, 18q22, Xp11.3-p11.4
19 5q15-q22, 6q13-q22, 8p11.2-pter, 11q14-q23,

12q15-q21, 13q14-q21
4q26-q28, 4q33, 5q21-q23, 6q12-q22, 8p12, 8p23, 10q24-q25,

11q21-q24, 12q21, 13q-q14, 13q21
20 6q12-q24, 13q13-q32 4p15.1, 4q33, 6q12-q13, 6q22, 7q11.22, 7q31-q32, 9q21.3,

11q23, 13q14-q22, 13q31, 14q23, 16q21
B. Gains
1 3q13.3-qter, 12q21-qter, 20q12-qter 3p23-24 (1), 3q13.3 (1), 3q24-25, 3q26.1-26.2, 3q28, 3q29 (1),

8q12.1, 8q21.1-21.2, 8q22.2 (1), 12q21.1-q22, 12q23
2 7p15-pter, 7q31-q34, 8q11.2-qter 7p21.1-p22.1, 7q33-q35, 8q11-q24.2, 18p11.31-p11.32, 20p13

(1), 22q12-qtel
3 1q21-q22, 5p14-pter, 6p21.1, 7q31-qter, 11q12-

q14, 17q11.2-qter
1q12 (1), 1q21, 3p14.3 (1), 3q24-q25 (1), 3q26 (1), 3q28 (1),

4q28-q31 (1), 5p14.3-p15.3, 6p22 (1), 7q32 (1), 7q34-q35,
9p12-p13 (1), 9q23.3 (1), 9q32-q33 (1), 11p11.2-p13, 11q13-
q14, 11q21 (1), 11q22 (1), 17p12 (1), 17q21-q25

4 3p13-pter, 3q13.3-q21, 3q26.3-qter, 7pter-qter 1p31 (1), 1p36, 1q12 (1), 1q25 (1), 2p25 (1), 2q35-q36, 3p21-
p26, 3q13, 3q21 (1), 13q23-q25, 3q26 (1), 3q29 (1), 4q13-
q21, 4q31-q32, 5ptel (1), 7p11-p15, 7p21-p22, 7q11 (1),
7q21-qtel, 9p13-p21 (1), 9q21 (1), 9q34 (1), 10p11.2 (1),
10q21-q23, 11p11-p15, 11q13.4 (1), 12p13 (1), 12q13 (1),
12q24 (1), 14q23 (1), 14q31-q32, 15q11.2 (1), 16q24 (1),
17p12-p13, 17q12-q21, 17q24-q25, 18q21, 20q11-q13,
Xq11-q12 (1)

5 3p14.3 (1), 7q36.3 (1), 9q34 (1), 11q12-q13 (1), 15q26.1 (1)
6 6p21.1-p21.3, 14q24-qter, 20q11.2-qter 1q34 (1), 3p13-p14 (1), 5q31 (1), 6p21.1-p21.3, 7q36 (1),

10p11.2-p12 (1), 11p13-p14 (1), 12q13 (1), 14q24.1 (1),
18p11.21, 20q13.3 (1), Xp22.3 (1)

(Table continues)
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leagues.17 Control primers were a pool of oligos de-
signed to amplify loci in regions where CNA is not ob-
served in prostate cancer (DG Ginzinger, unpublished
results).

Results and Discussion

The aim of this study was to determine whether DNA
extracted from paraffin-embedded prostate tumors (up to
16-years-old) could be used for mapping CNAs, both
gains and losses, by aCGH. Hybridization of female DNA
extracted from paraffin with the male reference DNA used
in all of the experiments, detected as expected a gain of
chromosome X (Figure 1). Chromosome CGH profiles
were available for the 20 tumors analyzed and these were
directly compared to the aCGH copy number profiles. A
graphical representation of one such comparison for
chromosome 8 is presented in Figure 2. Table 1 contains
a list of CNAs found by both techniques.

The first description of aCGH demonstrated its utility
by measuring copy number changes along chromosome
20 in breast cancer cell lines and primary tumors.5 Using
an array spanning 7 Mb of chromosome 22 with 90%
coverage, aCGH methodology has been shown to be
useful for rapid and comprehensive detection of het-
erozygous and/or homozygous deletions as small as 40
kb at the NF2 locus.18 Another report of the utility of the
aCGH technology for the detection of gene amplifications
in glioblastomas and nasopharyngeal carcinomas has
recently been published.19,20 The targets spotted on the

array they describe were BAC clones containing 58 on-
cogenes commonly amplified in various human cancers
compared to the array used in this study, which covers
the whole genome.

In the first report of aCGH being used to analyze DNA
from paraffin-embedded tissue, the DNA required ampli-
fication by DOP-PCR.8 The arrays were similar to those
used by Hui and colleagues,19,20 consisting of onco-
genes, and therefore not well suited for detection of de-
letions. We have established that in this tumor cohort
direct random-prime labeling of DNA extracted from par-
affin-embedded tissue yields quantitative data (ie, good
signal to noise) and gives results comparable to estab-
lished techniques such as CGH. This is important be-
cause it eliminates the expense and labor of PCR as well
as eliminating the introduction of copy number artifacts
resulting from amplification bias. A female-male control
hybridization (Figure 1) only resulted in 0.3% false copy

Table 2. QuMA Results

Marker name

Relative loci copy number*

Sample 1 Sample 2

D16S515 0.79 1.14
D16S504 0.82 1.08
D16S402 0.37 0.58
WFDC1 3/4 exon 0.80 1.03
D16S3026 1.13 1.15
Control primers 2.0 2.0

*Values less than 1.25 signify loss.17

Table 1. Continued

Sample
number CGH results aCGH results

7 17q23-q24 1p36 (1), 3p25 (1), 6p21.3 (1), 9q34 (1), 17p12 (1)
8 1p12 (1), 3p21.2 (1), 4q12 (1), 7q34 (1), 11p15.2-11p15.3 (1),

11p14 (1), 13q12 (1), 13q21.1, 21q22.1 (1)
9 1p36 (1), 1q42-q43 (1), 2q35-q36 (1), 3p25 (1), 4q31.1 (1),

5q33.2 (1), 7p12 (1), 7p14, 7q21.12 (1), 7q36.3 (1), 8q22.2
(1), 9q34.2 (1), 10q26.2 (1), 11p14.1 (1), 11q23.2 (1),
12q13.2 (1), 12q21.3-q22 (1), 14q11.2 (1), 14q31-q32.1 (1),
18p11.21-p11.3, 18q11-12 (1), 18q23 (1), 19p13.3 (1),
22q13.1 (1), Xq26 (1)

10 1q31-qter, 3p14-p21, 3q13.3-q21, 3q26.2-qter,
8q23-qter, 9q22-qter, 17q23-qter, 20q11.2-qter,
Xp11.2-p22.2, Xq12-q13

1q41 (1), 3p22 (1), 3p26 (1), 3q21 (1), 4q21 (1), 4q31.3-4q32
(1), 5p13 (1), 5q21 (1), 7p12.2, 7p21.1 (1), 7q21.1 (1), 7q31,
7q36 (1), 8q21 (1), 11q12-q13 (1), 13q-tel (1), 15q26 (1),
17p12 1(1), 17p13 (1), 18q21(1), 20q13, Xp11-p22, Xq11-
q13, Xq23(1)

11 2p22.1, 17q11.2
12 6p23 (1), 11p15.3-p15.4, 13q34
13 19p13.3-pter 2q11.2, 2q35, 8p21.3, 11p15.3-p15.4, 11p13, 11q12-q13,

11q23.2, 14q11.2, 17qtel
14 2p21, 10q21.3-q22.1, 11p15.3-p15.4, 15q15, 17p13.3
15 20 4p13, 7q36, 11p13, 11q12-q13, 14q11.2, 17qtel, 20p11,

20q13.1
16
17 3q26.2, 5q33.2, 10q26.2, 13q32, 13q34, 15q15
18 9q32-qter
19 3q12-qter, 7p11.2-pter, 7q11.2-q31, 8q24.1-qter 3q21-q29, 7p12-p14, 7p22, 7q11, 7q21-q31, 9q34, 10q26.3,

11p15.2 (1), 15q11.2, 18p11.21
20 3q27-qter 3q26.3-q27, 4p16.3, 9q31

*Bolded text denotes regions found by both CGH and aCGH.
†(1) signifies that an isolated BAC, i.e. locus, showed gain or loss.
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number calls (six false gains and zero false losses). The
robustness of our labeling and extraction techniques is
demonstrated here by our success with the analysis of
prostate tissue that is inherently heterogeneous in nature
(ie, comprised of normal, mixed grade tumor, and stro-
ma). Additionally, we showed that these techniques work
well on arrays that contain greater than 2000 BACs span-
ning the entire genome and we show that our technique
allows detection of single copy number gains and losses.

Verification of CNAs with techniques such as CGH and
QuMA is important because prostate tumors are inher-
ently heterogeneous and we are using DNA extracted
from paraffin-embedded tissue. The aCGH technology
was able to reproduce and extend the findings from
CGH. With our analytical criteria, we detected �80% of
the CNAs found by CGH. On closer examination of the
aCGH profiles, we were 90% concordant with the CGH
results. For all of the discordant loci, the aCGH change
fell below our log2 ratio cutoff value and also occurred in
a region where few BACs were represented either be-
cause of poor printing on that array or a poor hybridiza-
tion. A stringent log2 ratio cutoff value of 0.5 was inten-
tionally, but arbitrarily selected (�0.5 � gain of one copy
and �1.0 � loss of one copy) to determine amplification
or deletion of DNA.

A significant number of new CNAs were identified be-
cause of the very high resolution of aCGH (Table 1).
Some of these changes involved only single BAC clones
implying an interval size of �1 Mb. Focal changes involv-
ing single BAC clones could be because of clone mis-
mapping. Based on validation experiments, it has been
estimated that less than 1% of clones on our array are
mismapped.7 These mismapped clones were not in-
cluded in our analysis and therefore were not the reason
for the focal changes. We are currently generating data
on CNAs for a large cohort of samples to elucidate which
aCGH changes are recurrent and therefore likely to con-
tribute to tumor biology. However, it should be noted that
some changes that were only observed for a single BAC
(ie, locus) with aCGH in the present study had also been
picked up by conventional CGH (for example, Table 1,
sample 3). Several of the focal changes correspond to
loci that have been reported in the literature to be in-
volved in prostate cancer, 6q26, 7q33, 13q12, 18q22,
and Xq27-q28 (samples 13, 10, 2, 3, and 9, respective-
ly).9,21–24 Additionally, the log2 ratios for each BAC are
calculated from signals from three separate spots on the
array. Also, the fact that our protocol does not include
amplification of tumor DNA means that artifactual signal
is unlikely.

Figure 3. Frequency plot of copy number changes for all samples (n � 20) along the genome. For each BAC clone on the array, the fraction of samples that was
either gained or lost was plotted (log2 ratio threshold set at 0.5). Clones that were present in �50% of the samples were excluded. Note various imbalances seen
frequently in prostatic adenocarcinoma, such as loss of 6q, 8p, and 16q, or gain of 3q, 7pq, and 8q.
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Genetic linkage mapping of a putative familial prostate
cancer locus to 16q and the presence of deletions in
�50% of prostate tumors at 16q23-qter suggests that this
region harbors candidate gene(s) involved in prostate
cancer.25–27 Two of the samples in this study showing
16q loss by aCGH were analyzed with the QuMA assay
for markers encompassing the 16q24-qter region. With
QuMA, the copy number of a test locus is assessed using
quantitative, real-time PCR, and related to a pooled ref-
erence to detect copy number gains or losses of DNA.17

The results are shown in Table 2. Both samples indeed
show a decrease in copy number along the long arm of
chromosome 16. Independent validation using the QuMA
gave results concordant with the aCGH loss seen on the
long arm of chromosome 16. This assay served as an
additional tool to independently verify tumors that were
identified by aCGH to have 16q loss.

The changes in copy number for all samples are dis-
played as a frequency plot in Figure 3. For each BAC
clone on the array, the fraction of samples that showed
either gain or loss was plotted as frequency with the log2

ratio threshold arbitrarily set at 0.5. Clones that were
present in less than 50% of the samples were excluded.
In this small set of tumors, recurrent amplifications in-
cluded 3p25 and 8q22.2. A gene known as CHL1 (cell
adhesion molecule) maps to 3p25 and the matrix metal-
loproteinase 16 gene (MMP16) maps to 8q22.2. The
6q15 locus was frequently deleted. There are currently no
known genes mapping to this region; however, 6q16.3-
q21 loss has been reported in prostate tumors.28 The
short arm of chromosome 8 was frequently deleted for
this group of tumors, specifically 8p23.2. This region has
been previously reported as being commonly deleted in
prostate cancer.9,29–31 8p harbors several putative tumor
suppressor genes including DLGAP2 (8p23.2) and
CSMD1 (8p23.2).

In this report, we have demonstrated the utility of ar-
chived tissue for aCGH in providing high-resolution de-
tection of both deletions and amplifications using a
straightforward protocol. Currently, we are pursuing copy
number differences specific to clinical outcome by
screening a cohort of 100 intermediate grade tumors for
copy-number abnormalities using megabase resolution
array CGH.
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