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ABSTRACT

The primary aim of this report was to examine the signif-

icance of increased DNA sequence copy number (gene ampli-

fication) in human prostate cancers. Three methodologies

(chromosome microdissection, comparative genomic hybrid-

ization, and fluorescence in situ hybridization) were combined

to (a) identify a common region of gene amplification in human

prostate cells and (b) evaluate in patient samples the prevalence

of this genetic change in both primary and recurrent prostate

samples. The results ofchromosome microdissection revealed a

common amplified band region (8q24.1-24.2) in two prostate

cases with cytological evidence of gene amplification (double

minutes). Fluorescence in situ hybridization using the 8q ml-

crodissection probe was performed on fresh tumor touch prep-

arations from 44 randomly selected prostatectomy specimens.

Amplification of DNA sequences from 8q24 was observed in 4

(9%) of44 cases. Four of the 44 patients in this series presented

with a positive lymph node at initial diagnosis and 3 of these 4

patients showed 8q amplification. Because of this finding, com-

parative genomic hybridization and fluorescence in situ hy-

bridization were performed on tumor cells from nine prostate

cancer patients with recurrent disease. In eight of nine cases a

gain of DNA sequences encompassing 8q24 was observed.

Taken together with other evidence implicating Sq gain in

prostate cancer progression, these results suggest that the anal-

ysis of this genetic change may have diagnostic utility as a

marker of prostate cancer progression.
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INTRODUCTION

Although prostate cancer is the most commonly diagnosed

cancer in men in the United States (-200,000 newly diagnosed

cases/year; Ref. 1), the molecular changes underlying its genesis

and progression remain poorly understood. With the extreme

variability in the natural history of this disease, coupled to

frequent incidental diagnosis of subclinical disease [following

PSA testing or transurethral resection for urinary obstruction

(2)], the identification of genetic markers which could identify

prostate cancers likely to progress to lethal metastatic disease is

an important goal.

Recent studies have identified several recurring genetic

changes in prostate cancer including: (a) allelic loss, particularly

loss of chromosome 8p and 16q (3-5); (b) generalized DNA

hypermethylation (6); (c) point mutations or deletions of the

retinoblastoma and p53 genes (7-9); and (6) alterations in the

level of specific cell to cell adhesion molecules (i.e., E-cadherin/

a-catenin; Refs. 5, 10, and 11) and aneuploidy and aneusomy of

chromosomes detected by FISH4, particularly chromosomes 7

and 8 (4, 12-15). It seems certain that a combination of these

changes is critical to the acquisition of metastatic potential, and

Issacs et al. (6) have recently proposed a model placing these

genetic changes in the context of prostate cancer disease pro-

gression.

At the current time, a method to accurately predict the

metastatic spread of an individual tumor is not available. His-

tonically, clinical and pathological stage and histological grading

systems (e.g., Gleason’s) have been used to indicate the prog-

nosis for groups of patients based on the degree of tumor

differentiation or the type of glandular pattern (16, 17). The use

of a computer system image analysis of histological sections of

primary lesions has also been suggested as an aide in the

management of individual patients (17). Additionally, DNA

content/ploidy by flow cytometry (18) and, very recently, FISH

using centromere-specific probes have also been demonstrated

to have utility as a marker of prostate cancer aggressiveness

(4, 12-15, i8). Finally, the use of CGH has very recently been

performed on prostate cancer specimens (19, 20), enabling

investigators to survey the entire genome for gains and losses of

DNA sequences, thus pinpointing chromosomal regions likely

to contain genes implicated in the development or progression

of prostate cancer.

Finally, for many cancers the presence of gene amplifica-

tion has been documented to represent an important prognostic

indicator of disease progression. Cytological evidence of gene

amplification (recognized as extrachromosomal dmin) has been

previously reported in prostate tumor specimens (21-23), al-

4 The abbreviations used are: FISH, fluorescence in situ hybridization;

CGH, comparative genomic hybridization; dmin, double minutes; PCR,
polymerase chain reaction; PSA, prostate-specific antigen.
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though no evidence of gene amplification of known oncogenes

has yet been reported. The identification of a commonly ampli-

fied chromosome region in prostate cancer would be of consid-

erable importance. The presence of dmin in metaphase spreads

from short-term prostate cultures provides a target for the tech-

nique of chromosome microdissection. This procedure uses a

glass microneedle to dissect (under the microscope) dmin and

amplify this minute amount of DNA via PCR (24). The product

is then hybridized to normal-banded lymphocyte metaphase

chromosomes to determine the chromosomal location of the

amplified genes (25, 26). Using this approach, we have identi-

fied in the current study a common chromosome band region

amplified in prostate cancer (8q24.1-24.2).

This finding led to the design of our current study with

three specific goals: (a) to generate a chromosome microdissec-

tion probe suitable for FISH encompassing the 8q24 amplified

region in dmin-beaning prostate tumor metaphase cells; (b) to

utilize this probe in FISH analysis of interphase nuclei to de-

termine the frequency of DNA copy number increases in an

unselected series of primary prostate lesions; and (c) to utilize

CGH to assess the DNA copy number changes for 8q in prostate

cancer patients with recurrent disease. The underlying presump-

tion of this work is that the overexpression by gene amplifica-

tion of a gene(s) on chromosome 8 may prove to be a biologi-

cally and prognostically important factor in assessing prostate

cancer progression.

MATERIALS AND METHODS

Surgical Specimens. Tissue from primary disease spec-

imens for FISH or microdissection was obtained from patients

undergoing radical prostatectomy at the Mayo Clinic, Texas

Health Science Center of San Antonio, or Johns Hopkins Uni-

versity. All samples were obtained prior to administration of any

hormonal therapy, and all as part of their regular clinical care.

All recurrent specimens came from Tampere University Hospi-

tal following transurethral resections of patients who had re-

sponded favorably to endocrine therapy (orchiectomy, six cases;

luteinizing hormone-releasing hormone agonist, two cases; es-

trogen, one case), but later showed symptoms of local recur-

rence.

Preparation of Metaphase Chromosomes for Microdis-

section. In order to obtain metaphase chromosomes for mi-

crodissection, cells were analyzed from a short-term culture of

a primary tumor specimen (PRO-39) and from an established

prostate cancer cell line (MPC-3).

Primary tumor tissue was obtained at the time of radical

prostatectomy from case PRO-39 and a portion of the tumor was

used for determination of histology and standard pathology. The

specimen was obtained from a 63-year-old male. The patholog-

ical findings concluded 45% of the prostate gland was involved

by moderately to poorly differentiated adenocarcinoma, Glea-

son’s grade 8/10 (5+3/10) (Table 1) as: (a) poorly differentiated

adenocarcinoma (primary pattern 5 in Gleason’s grading sys-

tem) and (b) moderately differentiated adenocarcinoma (second-

ary pattern 3 in Gleason’s grading system). Only 1 of 13 lymph

nodes examined demonstrated metastatic adenocarcinoma.

Prostate tumor chips were transported in McCoy’s medium with

10% fetal bovine serum, 2% HEPES buffer, 500 units/ml pen-

icillin/streptomycin, and 2 msi sodium pyruvate. Tissue for

cytogenetic analysis was minced into 1-2-mm3 fragments, then

forced through a 100 mesh sieve. A single-cell suspension was

made by passing cells through a 22#{189}-gauge needle. Cells were

centrifuged and washed, then resuspended in McCoy’s SA me-

dium as described above. Cells were treated with colcimid (0.12

p.g/ml) for 60 mm. Cells were removed from the flask using

0.25% trypsin/ml mM EDTA, resuspended in 0.075 M KC1 at

room temperature for 20 mm, centrifuged and subsequently

fixed in 3:1 (methanol:glacial acetic acid). After overnight fix-

ation at -20#{176}C, the cells were refixed in fresh fixative and

metaphase spreads were stained with Wright’s stain as described

previously (27).

The MPC-3 prostate tumor cell line, previously reported to

contain dmin and possess c-myc amplification (28, 29), was

grown in RPM! 1640 medium with 10% fetal bovine serum and

glutamine. MCP-3 cells were exposed to colcimed, harvested,

fixed, and prepared on slides as described above.

Microdissection and Amplification of dmin DNA. The

microdissection and PCR amplification of dissected dmin DNA

were performed essentially as described previously (30).

Briefly, microdissection was performed using glass micro-

needles controlled by a micromanipulator attached to an in-

vented microscope. The target region of dissection in both the

primary specimen and the prostate cell line were 3-5 of dmin.

The dissected dmin fragments (which adhere to the micro-

needle) were transferred to a 5-�sl collection drop and amplified

using previously published methods for degenerate oligonucle-

otide-pnimed PCR. The amplified microdissected DNA was

labeled with biotin-11-dUTP in a secondary PCR reaction and

the products were purified and used for FISH. Hybridization of

the FISH probes followed previously described procedures (24)

and provided unequivocal evidence of hybridization to the dmin

DNA.

FISH Analysis of Tumor Tissue Specimens. Dual-

color hybridizations with a directly labeled probe for the cen-

tromere of chromosome 8 (Spectrum Green CEP-8; VYSIS,

Framingham, MA) and the directly labeled Spectrum Orange

8q24 probe were performed on prostate tumor touch prepara-

tions as previously described (i8). Posthybnidization conditions

and methods of microscopic analysis have also been previously

reported (18).

For each batch of hybridizations a negative control (benign

prostate tissue at Mayo, peripheral blood lymphocytes at Hop-

kins) was hybridized and scanned to demonstrate successful and

appropriate normal hybridization signals. In the normal control

and in the apparently 8q24 nonamplified tumor cases, one small,

distinct orange-red signal (from the 8q24 probe) was observed

to be associated with each of the larger green signals (the CEP

8 probe) in �92% of cells. For each batch of hybridizations a

positive control (the MPC-3 cancer cell line) was also hybrid-

ized and scanned to demonstrate successful and appropriate

amplification signals. Amplification of 8q24 was defined by

multiple (often diffuse) orange-red signals associated with one

or more of the green signals or as large orange-red signal

domains within a nucleus. The observation of four 8q24 signals

and two CEP8 signals (e.g., four copies of the 8q arm or 8q24

and two copies of the chromosome 8 centromere) was not

defined as amplification. Whenever possible, both 8 chromo-
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Pre-Op#{176} Post-OP Differentiation
Clinical PSA pathological Gleason’s Score (poor, medium, well) Ploidy 8q Probe

staging primary secondary (Mayo 3, 2, 1) FCM results (%)“
Tumor size

(cm)Patient Institution state value

24 Mayo C 13.40 3a-0-0 2 3 2 Diploid Neg 4.2.2

32 Mayo B 1.00 2a-0-0 2 3 2 Diploid Neg 2 X 1 x 1
20 Mayo C 6.20 3a-0-0 3 4 3 Diploid Neg 2 X 1 x 1

ii Mayo C 4.00 3a-0-0 3 3 2 Diploid Neg 2.5 X 1.7 X 3.5

13 Mayo B 5.60 2c-0-0 3 4 3 Diploid Neg 2.1 X 1.5 X 0.5
5 Mayo B 7.80 2c-0-0 3 2 2 Diploid Neg 3 X 3 X I

16 Mayo C 4.10 3a-0-0 3 3 2 Diploid Neg 2.4 X 1.8 X 1
1 Mayo B 19.70 2c-0-0 3 3 3 Diploid Neg 2 X 2 X 1

17 Mayo C 4.20 3c-0-0 3 2 2 Diploid Neg 2.5 X 2.5 X 1.3
51 Mayo B 11.70 2c-0-0 2 3 2 Diploid Neg 4.2 X 4 X 3.9

10 Mayo C None 3a-0-0 3 3 3 Diploid Neg 1.5 X 1.5 X 1
28 Mayo C 22.60 3b-0-0 3 3 3 Diploid Neg 3.5 X 3 X I .3

6 Mayo B 6.20 2c-0-0 2 2 2 Diploid Neg 0.8

2 Mayo C 8.50 3a-0-0 3 3 3 Tetraploid Neg 2.5 X 2 X 1

34 Mayo C 6.10 3-0-0 3 4 3 Diploid Neg 2.3 X 1.8 X 0.8

23 Mayo C 3.90 3b-0-0 3 3 3 Diploid Neg 4 X 2.8 X I .1

39 Mayo B 4.60 2c-0-0 3 3 2 Tetraploid Neg 2 X 2 X 1
31 Mayo C 5.70 3a-0-0 2 3 2 Tetraploid Neg 2.2 X 1.7 X 0.9

9 Mayo B 5.70 2b-0-0 3 5 3 Tetraploid Neg 2 X 2 X 1

8 Mayo C 3.10 3a-0-0 3 3 3 Diploid Neg 1.5 X 1 X 0.8

18 Mayo C 35.60 2b-0-0 3 2 3 Tetraploid Neg 2.5 X 2 X 1.5

19 Mayo B 4.90 2b-0-0 3 4 3 Tetraploid Neg 2 X 2 X 1

21 Mayo C 19.20 3a-0-0 3 4 3 Tetraploid Neg 2 X 1.5 X 1.5

25 Mayo C 26.60 3c-0-0 3 4 3 Tetraploid Neg 4 X 3.5 X 2.5
33 Mayo C 4.50 3c-1-0 3 3 3 Tetraploid 10.50% 4.5 X 3 X 2

35 Mayo C 16.70 3c-0-0 2 4 2 Diploid Neg 3.5 X 2 X 1.2
37 Mayo C 5.70 3c-0-0 3 4 3 Aneuploid 18.50% 4 X 3.5 X 3

43 Mayo C 9.30 3c-0-0 3 4 3 Tetraploid Neg 2.5 X 2 X I .3

46 Mayo C 9.30 3-0-0 3 3 3 Tetraploid Neg 5 X 3 X 1.5

48 Mayo C 6.70 3a-0-0 3 3 3 Tetraploid Neg 2.5 X 2 X 2
49 Mayo C 28.30 4a-0-0 3 3 3 Aneuploid CEP8/8q24< 1 4 X 4 X 3.3
53 Mayo C 8.80 3c-0-0 3 3 3 Diploid Neg 2.5 X 2.2 X 1.5

94-084 Hopkins B 22.50 3c-1-0 4 4 3 Aneuploid 30% 1.5 X 0.5 X 0.5
94-007 Hopkins B 7.60 3a-0-0 3 3 2 ND Neg 1 X 1 X 1

94-002 Hopkins B 3.70 2b-0-0 3 3 2 ND Neg I X I X 0.75
94-008 Hopkins B 8.90 2b-0-0 3 4 2 Aneuploid Neg 1 X I X I
94-027 Hopkins B 10.10 2a-0-0 3 3 2 ND Neg 2 X I X 1

94-089 Hopkins B 1.00 2a-0-0 3 4 2 Diploid Neg I X I X I
94-044 Hopkins B 6.40 2a-0-0 4 3 3 Diploid Neg I X I .5 X 0.7

94-024 Hopkins B 4.30 2c-0-0 4 4 3 Diploid Neg 2 X 3 X I .5

94-020 Hopkins B 21.80 2a-0-0 3 3 2 Aneuploid Neg 2 X 2 X 1

94-049 Hopkins B 12.80 2b-0-0 3 3 ND Diploid Neg 1 X I x I
PRO-39 UTSA B 31.00 3b-1-0 5 3 ND ND Amplified ND

a Pre-Op, preoperative; Post-Op, postoperative; Neg, negative, ND, not determined.
b Percentage of nuclei demonstrating amplification.

Clinical Cancer Research 13

Table I Patient information

some hybridization and the 8q micro-FISH probe were simul- proteinase K (0.1 mg/ml in 20 msi Tnis-HC1, 2 msi CaCI2, pH

taneously assayed. For each of the prostate tumors studied, the 7.5) treatment at room temperature and a second round of

entire hybridization site (22 X 22 mm) was analyzed. All nuclei dehydration as described above. DNA isolated from tumors was

encountered while scanning were carefully evaluated for the labeled with FITC-dUTP (DuPont, Boston, MA) and normal

presence of amplification. If amplifications were observed fol- male DNA with Texas Red-dUTP (DuPont) using nick transla-

lowing this complete scan, 200-250 random nuclei were scored tion. Hybridization mixture containing 400 ng labeled tumor and

and the percentage of nuclei demonstrating amplification was normal DNA and 10 mg unlabeled Cot-i DNA (GIBCO-BRL,

recorded (Table 1). Gaithersburg, MD) in iO ml of 50% formamide-iO% dextran

Comparative Genomic Hybridization. CGH was per- sulfate-2X SSC was denaturated and applied on normal lym-

formed on three prostate cell lines (du145, LNCap, and PC-3) phocyte metaphase preparations. The hybridization was done

and nine recurrent tumors using directly fluorochrome-conju- under a covenslip in a humid chamber at 37#{176}Cfor 48 h. After

gated DNAS as described previously (31, 32). Briefly, normal hybridization, the slides were washed three times in 50% for-

lymphocyte metaphase preparations were denaturated at 72- mamide-2X SSC (jH 7), twice in 2X SSC, and once in 0.iX

74#{176}Cfor 3 mm in 70% formamide-2X SSC (pH 7), and de- SSC at 45#{176}Cfor 10 mm each followed by 2X SSC, 0. 1 M

hydrated in a series of 70, 85, and 100% ethanol followed by NaH2PO4-0.i M Na2HPO4-0.1% NP4O (pH 8), and distilled
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water at room temperature for 10 mm each. The slides were then

counterstained with 4,6-diamidino-2-phenylindole (0. 1 mg/ml)

in an antifade solution. Hybridizations of FITC-labeled normal

female DNA with Texas Red-labeled normal male DNA were

used as controls.

Digital Image Analysis. Detection of relative DNA se-

quence copy number changes in chromosome 8 was accom-

plished by analyzing hybridization intensities of tumor and

normal DNAs along chromosome 8 in metaphase spreads using

a digital image analysis system as described previously (32).

Three single-color images (matching 4,6-diamidio-2-phenylin-

dole, FITC, and Texas Red fluorescence) were collected from

four to five metaphases from each hybridization using a Nikon

SA epifluorescence microscope (Nikon Corporation, Tokyo,

Japan) and a Xillix CCD camera (Xillix Technologies Corpo-

ration, Vancouver, British Columbia, Canada) interfaced to a

Sun LX workstation (Sun Microsystems Computer Corporation,

Mountain View, CA). After background subtraction, the green

and red fluorescence intensities from pter to qter and the ratio of

the two were calculated. The absolute fluorescence intensities

were normalized for each metaphase spread so that the average

green:red ratio of all chromosome objects in the metaphase was

1 .0. The final result was plotted as a mean green:red ratio profile

and its ± 1 SD from pter to qter along chromosome 8 obtained

from 4-8 chromosome homologues.

RESULTS

Identification of Gene Amplification in Prostate Cells

by Chromosome Microdissection. We have recently devel-

oped a strategy to identify and characterize gene amplification

by targeting dmin or hsrs for microdissection (25, 26). In this

study we report the results of microdissecting dmin from two

prostate cancers, identifying a common origin of amplified

DNA in both cases, and using the microdissection probe to test

interphase tumor cells from patient samples.

Dmin from the primary tumor case PRO-39 and from the

MPC-3 prostate cancer cell line were microdissected (Fig. 1,

A-C) and directly amplified in vitro by PCR. The PCR-amplified

DNA sequences were then secondarily labeled with a fluoro-

chrome and used for FISH against metaphase tumor cells from

which the dissections were derived (Fig. 1, D and E). The results

of FISH to both dmin-beaning tumor cell metaphases clearly

documented hybridization to the dmin, confirming the presence

of DNA sequence amplification (Fig. iF). Subsequently, the

dmin microdissection probe was used to hybridize against meta-

phase spreads from normal peripheral blood lymphocytes in

order to identify the chromosomal loci of the amplified DNA

sequences encoded within the dmin (Fig. 2, A and B). The origin

of the amplified DNA within PRO-39 dmin was shown to

encompass band region 8q24 (Fig. 2). The dissected dmin DNA

from MPC-3 was shown to hybridize to two different band

regions, 8q24 and lOcen (Fig. 2, C and D).

The PRO-39 microdissection probe was then hybridized to

MPC-3 metaphases and hybridization was visable on 100% of

the recognizable dmin. A biotin-labeled c-myc cosmid was then

hybridized to mitoses from PRO-39, PC-3, and MPC-3. In all

three cases, c-mvc sequences were shown to hybridize to all

dmin (Fig. 1E, inset).

FISH Analysis of Prostate Tumor Specimens. Based

on the identification of a commonly amplified band region

(8q24), dual-color FISH (using a directly labeled probe for the

centromere of 8, labeled green, and the dissected band region

8q24, labeled orange-red) was performed on touch preparations

from the tumors of 44 patients with prostate cancer. Table 1

summarizes the clinical information and amplification status of

8q24 amplification of all 44 patients. Within this unselected

patient population 4 (9%) of 44 were scored as amplified [de-

fined as multiple diffuse (orange-red) signals associated with

one or more green signals within a nucleus, Fig. 3, A and B]. Of

interest, 4 of 44 patients were also node positive at the time of

initial diagnosis and in 3 of 4 node-positive patients, 8q24 am-

plification was observed.

Importantly, the clinical history of all patients was un-

known to the laboratory performing the FISH experiments.

Also, each case amplified for 8q24 was reevaluated to confirm

the presence of amplified cells.

CGH Analysis of Recurrent Prostate Tumor Tissue.

CGH was used to delineate the frequency of 8q copy number

gain from three cell lines (du145, LNCap, and PC-3) and nine

cases of recurrent prostate cancer. No copy number changes at

8q were found in either the du145 or LNCap cell lines. In

contrast, the PC-3 cell line showed a gain of 8q13-qter and loss

of 8pter-qi2 (Fig. 3C).

The detailed CGH analysis of all chromosomal changes

from the nine recurrent prostate cancers is presented elsewhere

(20). This report focuses exclusively on the identification of

increased copy number on 8q. In this study the increased copy

number of 8q was found in 8 (89%) of 9 recurrent prostate

cancers (Fig. 3C). Seven of these cases demonstrated a gain of

the entire q arm. However, in one case, the gain was limited to

8q24-qter. Seven tumors also showed loss of Sp. Six tumors

showed both 8p loss and 8q gain, with two demonstrating 8q

gain and only one 8p loss.

DISCUSSION

The work in this report further extends our knowledge of

genetic changes of prostate cancer by identifying DNA se-

quence copy number changes of chromosome 8q as a marker of

likely significance for the development of aggressive prostate

cancers.

Utilization of chromosome microdissection provides a

rapid approach to detect and clone amplified DNA sequences

from cytologically recognizable markers such as dmin or hsrs

(26). Other approaches to the analysis of amplified DNA se-

quences have relied on techniques based on DNA electrophore-

sis (e.g. , in gel renaturation or restriction landmark genomic

scanning). While these techniques successfully identify ampli-

fied sequences, they are extremely laborious and can be con-

founded by amplified sequences unrelated to the phenotype of

interest. By combining microdissection and FISH, this approach

may be of practical importance since the methodology is avail-

able to perform rapid FISH pretreatment analysis on prostate

biopsy core specimens that subsequently can be used for routine

histopathological examination.

In this report 4 of 44 primary prostate cancers and 8 of 9

recurrent prostate tumors documented DNA copy number gains
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Fig. I Utilization of chromosome microdis-

section to elucidate the chromosomal composi-

tion of dmin from a primary prostate cancer

metaphase spread. In A-C, microdissection of a

single dmin (arrows) from case PRO-39. In D
and E, after microdissection of dmin (A-C),
PCR amplification, and biotin labeling of the

dissected DNA (see ‘ ‘ Materials and Methods”),

the PCR product was purified and hybridized by
FISH back to the dmin to confirm that the
dissection product hybridizes to the hsrs. The

identical metaphase tumor cell from case

PRO-39 is shown following Giemsa staining in

D and following FISH in E. Note the FISH

probe clearly identifies multiple dmin not nec-

ognized by conventional Giemsa staining. Inset,

FISH of a biotin-labeled c-myc cosmid to meta-

phase cell from PRO-39, indicating hybnidiza-
tion to dmin (see text).

Fig. 2 Chromosomal localization of amplified dmin DNA from the primary prostate cancer PRO-39 (A and B) and the prostate cancer cell line PC-3
(C and D) by FISH. A, G-banded normal partial metaphase with arrow to region of hybridization on chromosome 8; B, identical partial metaphase
as in A following FISH identifying the normal chromosomal locus of the dissected dmin from PRO-39 as 8q24.l (arrow); C, G-banded normal partial
metaphase with black arrows to the region of hybridization on chromosome 8, and the white arrows to the region of hybridization on chromosome

10; D, identical partial metaphase as in C following FISH identifying the normal chromosomal locus of the dissected dmin from PC-3 as 8q24 and
lOcen.
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Fig. 3 FISH (A and B) and CGH (C) analysis indicating DNA sequence copy number increase for 8q in primary (B) and recurrent (C) prostate cancer.

A, FISH with a centromere probe for chromosome 8 (green) and a microdissection probe for 8q24 (isolated from PRO-39 dmin), on a touch preparation

from normal prostate cells demonstrating two signals for each probe in interphase nuclei; B, Upper panels: FISH with a centromere probe for

chromosome 8 (green) and the microdissection probe for 8q24 (red) to interphase nuclei from the amplified prostate case 33 (Table 1). Note that the

prostate cancer cells show gains of 8q24 signals relative to the 8 centromere consistent with amplification of DNA sequences in this region. Lower

panel: FISH using the microdissection probe for 8q24 (red) hybridized to interphase nuclei from the amplified prostate case 94-084 (Table 1), again
demonstrating multiple copies of 8q24. C, CGH identifying DNA sequence copy number increase along the long arm of chromosome 8 (8q) from

a case of recurrent prostate cancer.
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of 8q. For the primary tumors, a gain of chromosomal material

at 8q24 was specifically identified by FISH, while in recurrent

tumors CGH recognized 8q gain. By CGH whole-arm gain was

observed in seven of nine tumors, with one case demonstrating

amplification restricted to 8q24-qter. The commonly amplified

region between all cancers was 8q24, and while in some tumors

the degree of multiplication and size of the region involved may

indicate a gross chromosomal change such as an isochnomo-

some of 8q, clear documentation of gene amplification was

observed in numerous cases. The data from both chromosome

microdissection and CGH provides evidence for a common

region of amplification spanning several megabases of DNA.

The size of this segment is sufficiently large to contain several

dozen genes and one or more of these may contribute to the

growth advantage during development and reprogression of

prostate tumors.

Of interest, the gain of 8q recognized by standard cytoge-

netic analysis has implicated its involvement in many other

cancers including acute nonlymphocytic leukemia, hepatocellu-

lar carcinoma, renal cell cancer, gastric cancer, uveal melanoma,

myelodysplastic syndrome, and colon cancer and may explain a

broaden role for 8q alteration in carcinogenesis. In this regard

there is a strong candidate gene located within 8q24 which may

be the target of the 8q amplification-c-myc. Although ampli-

fication of c-myc has not previously been reported in primary

prostate malignancies, evidence for the overexpression of c-�nyc

as a possible maker of a poor prognosis in prostate cancer has

appeared previously (33). We directly demonstrated the pres-

ence of c-myc sequences within dmin from the PRO-39 tumor

metaphases and the PC-3 and MPC-3 cell lines using FISH (Fig.

1E, inset). Although the c-myc gene is encoded within the dmin,

previous estimation of the size of the c-myc amplicon (90-300

kilobases; Ref. 34) would account for << 10% of the total dmin

DNA. Although it is likely that c-myc is the target of the

amplification of 8q sequences, there may be other gene(s) in-

volved in the apparent physiological effects of amplification of

this chromosomal region.

Utilization of fresh tumor preparations for FISH has rou-

tinely allowed >500 nonoverlapping intact nuclei to be exam-

med by FISH from the same biopsy specimen used for histo-

logical evaluation. The use of a micnodissection probe for 8q24

provided FISH results equivalent to those for the more fre-

quently studied centromenic probes. This study focusing on 8q is

also in good general agreement with other earlier reports utiliz-

ing both FISH and CGH which cleanly document chromosome

8 gain as a frequent change in prostate cancer progression

(19, 20).

Our study illustrates the usefulness of chromosome micro-

dissection in the analysis of dosage abnormality of chromosome

changes in prostate cancers. We have identified a common

region of DNA sequence amplification (8q24) and documented

that it occurs in a subset of patients which may have a propen-

sity for disease progression. We have further examined recurrent

patient samples and shown an extremely high incidence of 8q

gain, indicating this genetic alteration may result in a less

favorable prognosis. While these data have to be taken in the

context of the complex process of prostate carcinogenesis which

involves not only gain but loss of chromosomal regions, if these

preliminary results can be extended and confirmed the pretreat-

ment detection of this cytogenetic marker of poor prognosis may

be useful in selecting patients who would benefit from aggres-

sive therapeutic intervention.

REFERENCES

1. Boring, C. C., Squires, T. S., and Tong, T. Cancer statistics 1993. CA
Cancer J. Clin., 43: 7-29, 1993.

2. Ruckle, H. C., Klee, G. G., and Oesterling, J. E. Prostate-specific

antigen: concepts for staging prostate cancer and monitoring response to

therapy. Mayo Clin. Proc., 69: 69-79, 1994.

3. Bova, G. S., Carter, B. S., Bussemakers, M. J. G., et al. Homozygous
deletion and frequent allelic loss of chromosome 8q22 loci in human

prostate cancer. Cancer Res., 53: 3869-3873, 1993.

4. Macoska, J. A., Trybus, T. M., Sakr, W. A., Wolf, M. C., Benson,
P. D., Powell, I. J., and Pontes, J. E. Fluorescence in situ hybridization

analysis of 8p allelic loss and chromosome 8 instability in human

prostate cancer. Cancer Res., 54: 3824-3830, 1994.

5. Carter, B. S., Ewing, C. M., Ward, W. St., Treiger, B. F., Aalder,

T. W., Schalken, J. A., Epstein, J. I., and Isaacs, W. B. Allelic loss of

chromosomes 16q and IOq in human prostate cancer. Proc. NatI. Acad.
Sci. USA, 87: 8751-8755, 1990.

6. Isaacs, W. B., Bova, G. S., Morton, R. A., Bussemakers, M. J. G.,

Brooks, J. D., and Ewing, C. M. Molecular biology of prostate cancer.
Semin. Oncol., 21: 1-18, 1994.

7. Bookstein, R., Shew, J., Chen, P., et al. Suppression of tumonigenic-

ity of human prostate carcinoma cells by replacing a mutabed Rb gene.

Science (Washington DC), 247: 712-715, 1990.

8. Bookstein, R., Rio, P., Madreperla, S., et al. Promoter deletion and

loss of retinoblastoma gene expression in human prostate carcinoma.
Proc. NaIl. Acad. Sci. USA, 87: 7762-7767, 1990.

9. Isaacs, W. B., Carter, B. S., and Ewing, C. M. Wild-type p53

suppresses growth of human prostate cancer cells containing mutant p53

alleles. Cancer Res., 51: 4716-4720, 1991.

10. Morton, R. A., Ewing, C. M., Nagafuchi, A., Tsukita, S., and Isaacs,
W. B. Reduction of E-cadhenin levels and deletion of the a-catenin gene
in human prostate cancer cells. Cancer Res., 53: 3585-3590, 1993.

11. Umbas, R., Schalken, J. A., Aalders, T. W., Carter, B. S., Karthaus,

H. F. M., Schaafsma, H. E., Debruyne, F. M. J., and Isaacs, W. B.

Expression of the cellular adhesion molecule E-cadherin is reduced or
absent in high-grade prostate cancer. Cancer Res., 52: 5104-5109,

1992.

12. Visakorpi, T., Hyytinen, E., Kallioniemi, A., Isola, J., and Kallion-

iemi, 0-P. Sensitive detection of chromosome copy number aberrations

in prostate cancer by fluorescence in sity hybridization. Am. J. Pathol.,

145: 1-7, 1994.

13. Takahashi, S., Qian, J., Brown, J. A., Alcaraz, A., Bostwick, D. G.,

Lieber, M. M., and Jenkins, R. B. Potential markers of prostate cancer
aggressiveness detected by fluorescence in situ hybridization in needle

biopsies. Cancer Res., 54: 3574-3579, 1994.

14. Alcaraz, A., Takahashi, S., Brown, J. A., Herath, J. F., Bergstralh,
E. J., Larson-Keller, J. J., Lieber, M. M., and Jenkins, R. B. Aneuploidy
and aneusomy of chromosome 7 detected by fluorescence in situ hy-
bridization arc markers of poor progress in prostate cancer. Cancer Res.,

55: 3998-4002, 1994.

15. Brown, J. A., Alcaraz, A., Takahashi, S., Persons, D. L., Lieber,
M. M., and Jenkins, R. B. Chromosomal aneusomies detected by fluo-
rescent in situ hybridization (FISH) analysis in clinically localized

prostate carcinoma. J. Urol., /52: 1 157-1162, 1994.

16. Carter, H. B., and Coffey, D. S. Prediction of tumor behavior in

prostate cancer. In: J. P. Karn and H. Yamanak (eds.), Prostate Cancer:
The Second Tokyo Symposium, pp. 19-27. New York: Elsevier, 1989.

17. Diamond, D. A., Berry, S. J., Jewett, H. J., Eggleston, J. C., and

Coffey, D. S. A new method to assess metastatic potential of human
prostate cancer: relative nuclear roundness. J. Urol. 128: 729-734, 1982.

18. Pearsons, D. L., Gibney, D. J., Katzmann, J. A., Lieber, M. M.,
Farrow, G. M., and Jenkins, R. B. Use of fluorescent in situ hybnidiza-

 American Association for Cancer Research Copyright © 1995 
 on July 13, 2011clincancerres.aacrjournals.orgDownloaded from 

http://clincancerres.aacrjournals.org/
http://www.aacr.org/


18 DNA Amplification in Prostate Cancer

lion for deoxyribonucleic acid ploidy analysis of prostatic adenocarci-

noma. J. Urol., /50: 120-125, 1993.

19. Cher, M. L., MacGrogan, D., Bookstein, R., Brown, J. A., Jenkins,
R. B., and Jensen, R. H. Comparative genomic hybridization, allelic

imbalance, and fluorescence in situ hybridization on chromosome 8 in

prostate cancer. Genes, Chromosomes, and Cancer, /1: 153-162, 1994.

20. Visakorpi, T. Kallioniemi, A. H., Syvanen, A-C., Hyytinen, E. R.,

Karhu. R., Tammela, T., Isola, J. J., and Kallioniemi, 0-P. Genetic

changes in primary and recurrent prostate cancer by comparative

genomic hybridization. Cancer Res., 55: in press, 1995.

21. Brothman, A. R., Peehl, D. M., Patel, A. M., and McNeal, J. E.
Frequency and pattern of karyotypic abnormalities in human prostate

cancer. Cancer Res., 50: 3795-3803, 1990.

22. Lundgren, R., Mandahl, A., Sakr, W., Powell, I. J., and Wolman, S.
K. Cytogenetics of primary prostatic adenocarcinoma. Clonality and
chromosome instability. Cancer Genet. Cytogenet., 61: 165-173, 1992.

23. Milasin, J., and Micic, S. Double minute chromosomes in an inva-

sive adenocarcinoma of the prostate. Cancer Genet. Cytogenet., 72:

157-159, 1994.

24. Meltzer, P. S., Guan, X. Y., Burgess, A., and Trent, J. M. Micro-

FISH: a novel strategy to identify cytptic chromosomal rearrangements.
Nature Genet., I: 24-28, 1992.

25. Zhang, J., Trent, J. M., and Meltzer, P. 5. Rapid isolation and
characterization of amplified DNA by chromosome microdissection:

identification of IGFIR amplification in malignant melanoma. Onco-

gene, 8: 2827-2831, 1993.

26. Guan, S. Y., Meltzer, P. S., Dalton, W. S., and Trent, J. M.
Identification of cryptic sites of DNA sequence amplification in human
breast cancer by chromosome microdissection. Nature Genet., 8: 155-

161, 1994.

27. Trent, J. M., and Thompson, F. H. Methods for chromosome band-

ing of human and experimental tumors in vitro. Methods Enzymol., 151:
267-279, 1987.

28. Ware, J. L., Paulson, D. F., Parks, S. F., and Webb, K. S. Production
of monoclonal antibody alpha Pro3 recognizing a human prostatic

carcinoma antigen. Cancer Res., 42: 1215-1222, 1982.

29. Fukumoto, M., Shevrin, D. H., and Roninson, I. B. Analysis of gene

amplification in human tumor cell lines. Genetics, 85: 6846-6850,
1988.

30. Guan, X. Y., Trant, J. M., and Meltzer, P. 5. Generation of band-

specific patining probes from a single microdissected chromosome.

Hum. Mol. Genet., 2: 1117-1121, 1993.

31. Kallioniemi, A., Kallioniemi, 0-P., Sudar, D., Rutovitz, D., Gray,

J. W., Waldmann, F., and Pinkel, D. Comparative genomic hybnidiza-
tion for molecular cytogenetic analysis of solid tumors. Science (Wash-

ington DC), 258: 818-821, 1992.

32. Kallioniemi, 0-P., Kallioniemi, A., Peper, J., Isola, J., Waldmann,
F. M., Gray, J. W., and Pinkel, D. Optimizing comparative genomic
hybridization for analysis of DNA sequence copy number changes in
solid tumors. Genes Chromosomes & Cancer, 10: 231-243, 1994.

33. Fleming, W. H., Hamel, A., MacDonald, R., Ramsey, E., Pettigrew,

N. M., Johnston, B., Dodd, J. G., and Matusik, R. J. Expression of the
c-myc protooncogene in human prostatic carcinoma and genign prostatic
hyperplasia. Cancer Res., 46: 1535-1537, 1986.

34. Kinzler, K. W., Zehnbauer, B. A., Brodeur, G. M., Seeger, R. C.,

Trent, J. M., Meltzer, P. S., and Vogelstein, B. Amplification units

containing human N-myc and c-myc genes. Proc. Natl. Acad. Sci., 83:

1031-1035, 1986.

 American Association for Cancer Research Copyright © 1995 
 on July 13, 2011clincancerres.aacrjournals.orgDownloaded from 

http://clincancerres.aacrjournals.org/
http://www.aacr.org/



