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Abstract

The way in which cytogenetic aberrations develop in
prostate cancer (CaP) is poorly understood. Spectral
karyotype (SKY) analysis of CaP cell lines has shown
that they have unstable karyotypes and also have
features associated with chromosomal instability
(CIN). To accurately determine the incidence of de
novo structural and numerical aberrations in vitro in
CaP, we performed SKY analysis of three independent
clones derived from one representative cell line, DU145.
The frequent generation of new chromosomal rearran-
gements and a wide variation in the number of structural
aberrations within two to five passages suggested that
this cell line exhibited some of the features associated
with a CIN phenotype. To study numerical cell-to-cell
variation, chromosome 8 aneusomy was assessed in the
LNCaP, DU145, and PC-3 cell lines and a patient cohort
of 15 CaP primary tumors by interphase fluorescence in
situ hybridization (FISH). This analysis showed that a
high frequency of numerical alteration affecting chro-
mosome 8 was present in both in vitro and in CaP
tissues. In comparison to normal controls, the patient
cohort had a statistically significant (P<.05), greater
frequency of cells with one and three centromere 8
copies. These data suggest that a CIN-like process may
be contributing towards the generation of de novo
numerical and structural chromosome abnormalities in
CaP. Neoplasia (2001) 3, 62—69.
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Introduction

Prostate cancer (CaP) has the highest cancer incidence in
men and the second most common cause of male cancer
mortality [1]. The tumorigenic process has slow onset
pathology occurring over a few decades during the lifetime
of the individual [2]. Our understanding of the disease
process that underlies the progression of CaP has been
complicated by both genotypic and phenotypic heterogeneity
[3]. A model of CaP progression based on the well-
established model of colon cancer progression [4,5] involves
the accumulation of multiple genetic alterations. This model is

essentially descriptive and does not address the mechanism
leading to the early steps of CaP tumorigenesis.

Recent spectral karyotyping (SKY) analyses of the three
CaP cell lines (LNCaP, DU145, PC-3) have demonstrated
aneuploid karyotypes with many chromosomal aberrations
including complex chromosomal rearrangements and a high
degree of karyotype instability [6,7]. In contrast, most early -
stage CaP tumors appear to be karyotypically normal diploid
with the most common chromosomal changes affecting
chromosome 8 [8]. In a small but significant number of
cases, the disease progresses to advanced stages, giving
the transition from a diploid to aneuploid chromosomal
constitution a greater degree of karyotype complexity [9,10].

Karyotype instability can be defined as a progressive
alteration of the karyotype affecting a cell population, either in
vivo or in vitro [11]. It implies the selective transmission of
chromosomal alterations through cell generations, resulting
in clonal cell populations derived from a single cell but not
necessarily completely homogeneous. Karyotype instability
is distinct from chromosomal instability (CIN) in which an
excess of chromosome alterations occurs at each cell
generation and, without selective force, these alterations
need not necessarily be transmitted through each cell
generation [12,13]. CIN is thought to arise as a result of
aberrations in the mitotic machinery and/or structural
integrity of the chromosome constitution, leading to exces-
sive numerical and structural chromosomal changes [12—
15]. The current model for CaP progression does not provide
experimental approaches for understanding why in vitro CaP
cell lines have such complex karyotypes in comparison to the
relatively simple karyotypes observed by direct analysis of
CaP [8] nor has the role of CIN in this tumor type been
rigorously assessed.

Abbreviations: add, additional material to chromosome ; CIN, chromosomal instability ; del,
deleted chromosome ; der, derivative chromosome ; ider, isochromosome derivative ; SCC,
single cell clone
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In this study, we have employed a comprehensive
molecular cytogenetic analysis of CaP including SKY [16]
analysis of three DU145-derived single cell clones (SCCs)
and fluorescence in situ hybridization (FISH) to assess
numerical variation of chromosome 8 in 15 early - stage low-
grade patient tumors. SKY is a “24-color” FISH approach
that uniquely identifies each chromosome based on its
specific spectral color composition [16], and allows for the
unambiguous identification of the diversity of each chromo-
somal region present in aberrations and marker chromo-
somes on a cell-by-cell basis. Therefore, SKY is ideal for
assessing both the qualitative and quantitative chromosomal
changes associated with tumors expressing the CIN
phenotype. Our findings suggest that a CIN-like process
may be contributing significantly towards the generation of
de novo numerical and structural chromosome abnormalities
in CaP.

Materials and Methods

CaP Cell Lines and Clone Selection

LNCaP (CRL-1740), DU145 (HTB-81), and PC-3
(CRL-1435) were obtained from the American Type Culture
Collection (ATCC, Rockville, MD). LNCaP, an androgen-
dependent cell line originating from a lymph node metastasis
[17], was grown in RPMI 1640 with 2 mM L-glutamine, 1.5
g/l sodium bicarbonate, 4.5 g/1 glucose, 10 MM HEPES, 1.0
mM sodium pyruvate, and 10% fetal bovine serum. PC-3, an
androgen-independent cell line originating from a brain
metastasis [18], was grown in Ham’s F12K with 2 mM L-
glutamine, 1.5 g/l sodium bicarbonate, and 10% fetal bovine
serum.

DU145, also an androgen-independent cell line and
obtained from a metastasis to the bone [19], was grown in
F15K Minimum Essential Medium with 1.5 g/l sodium
bicarbonate and 10% fetal bovine serum. Three individual
subclones were derived from single cells selected from the
parental DU145 flask (passage 83). Briefly, the parental
culture was incubated in trypsin (Gibco BRL, Gaithersburg,
MD), washed in medium, and dissociated by gentle titration.
Following microscopic examination to measure complete
dissociation of cells, the cell suspension was serially diluted
to the approximate concentration of 100 cells/ml. Ten
microliters of the suspension was seeded into multiwell
flasks and examined by phase contrast microscopy by two
independent observers. Three wells containing a single cell
were maintained as SCC1, SCC2, and SCC3. After a period
of 2 weeks, the SCC cells were dissociated and reseeded
into flasks, and maintained for three, two, and five passages
(SCC1, SCC2, SCC83, respectively) prior to SKY and FISH
analyses.

Tissue Accrual, Tissue Culture, and Cytogenetic
Preparations

CaP patients who underwent radical prostatectomy at
the University Health Network (Toronto, ON, Canada) and
had no previous radiotherapy or chemotherapy were
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evaluated for study eligibilty based on tumor stage
(pT1-T2), low tumor grade, prostate-specific antigen
(PSA) levels, and past biopsy history. The surgeon
dissected a small wedge (approximately 1-2 cm?®) of
tumor tissue from the excised prostate, and the resected
prostatic capsule was analyzed for extracapsular tumor
extension by the pathologist. The tissue wedge was quick-
sectioned and hematoxylin- and eosin-stained, and the
histopathology was assessed. Samples from 15 patients
which showed high tumor content (>80%) were included
in this study, and their apposing regions obtained for
analysis.

The tissue was digested in 250 U/ml collagenase IV
(Gibco BRL) in tissue culture media (RPMI 1640, 10% fetal
bovine serum, antibiotics) for 2 to 3 hours. The resulting cell
suspension was centrifuged gently and washed with
phosphate buffer saline. The cells were then either directly
harvested or harvested following a short-term culture (<1
week) for FISH analysis. Tissue sections from the tumor
samples were not used since it is well established [20] thata
large proportion of nuclei is bisected during preparation,
leading to loss of FISH signals.

SKY

The SKY KIT probe cocktail from Applied Spectral
Imaging (ASI, Carlsbad, CA) was hybridized to metaphase
slides for the DU145 and DU145 - derived subclones accord-
ing to standard protocols [16] and the manufacturer’s
instructions (ASI).

Results in the figures were reported using an abbreviated
format of the International System for Human Cytogenetic
Nomenclature (ISCN) for chromosomal aberrations, omit-
ting breakpoint information [21]. In keeping with ISCN
conventions, irrespective of ploidy, an individual chromoso-
mal aberration (structural or numerical change) is consid-
ered a clonal gain when it is observed at least twice, and
clonal loss when missing in at least three cells [21]. The
frequency of nonclonal changes were taken to reflect the
propensity of aberration within the cell line. Clonal changes,
however, indicate the perpetuation of aberrations through
successive cell divisions.

FISH

Cytogenetic slides were prepared as previously
described [22] from a total of 15 patients as well as
the CaP cell lines using 1.5-hour colcemid treatment and
75 mM KCI hypotonic treatment. While metaphase and
interphase nuclei were readily produced from the CaP cell
lines, only interphase nuclei were obtained from the
patient samples. Normal cytogenetic control slides bearing
metaphases and interphase nuclei were made from
phytohemagglutinin-stimulated normal male lymphoblasts.
The centromere 8 D8Z1 alphoid centromeric sequence
genomic clone was obtained from the ATCC (#59904,
Rockville, MD) and labeled with biotin-14-dATP (Gibco
BRL). A minimum of 100 cells was evaluated in each
cytogenetic sample for assessing the centromere 8
frequencies.
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Statistical Analysis

Statistical analysis using the chi-square test evaluated
each of the patient samples versus the normal control, with 3
df («=0.05). A similar comparison was made between each
of the DU145 subclones and the DU145 parental cell line (4
df, «=0.001).

Results

Ploidy

As previously reported for this early passage number
[6,7,19,23], our analysis by SKY demonstrated the DU145
parental cell line to have a range of 55 to 63 chromosomes
per cell (Figure 1A). Because this range is less than three
times the haploid chromosome count and most chromo-
somes were present in three copies, this cell line is probably
derived from a hypotriploid stem line. The SCC2 and SCC3
cells were also observed to be hypotriploid, with ranges of 59
to 63 (Figure 1C) and 60 to 65 (Figure 1D), respectively.
The SCC1 cells, however, had two distinct populations with
different ploidy levels. In addition to the hypotriploid (56-61)
cells, the SCC1 subclone had cells with double this ploidy
(108-122) or hypohexaploid (Figure 1B). These results
were corroborated by interphase and metaphase FISH on
the DU145 cell lines (Table 1).

The LNCaP cell line was observed by interphase and
metaphase FISH analysis to have two populations with
diploid and tetraploid centromere 8 signals, reflecting
previous data that demonstrated a mixed ploidy in this cell
line [6,24]. The PC-3 cells were shown to have predomi-
nantly two copies of centromere 8 signals, which is in
accordance with our previous data that showed it to be
hypotriploid but with only two copies of chromosome 8 [6].
FISH results for LNCaP and PC-3 are also reported in
Table 1.

Since the patient samples used in this study were derived
from early-stage, low-grade primary tumors, it is probable
that they have a diploid karyotype [25,26]. In keeping with
this observation, our interphase FISH observations showed
predominantly two centromere 8 copies in all the tumor
samples (Table 2).

Table 1. Interphase and Metaphase FISH Analyses of the Centromere 8
Copy Number in the CaP Cell Lines and the Three DU145-Derived SCC
Cells.

Cell Line Centromere 8 Copy Number
1 (%) 2(%) 3(%) 4(%) 5(%) >6(%)

LNCaP 3.0 67.0 6.0 20.5 15 2.0
PC-3 - 79.4 5.9 10.3 2.2 2.2
DU145 Parental - 0.7 70.0 21.3 1.3 6.7
DU145 SCCH1 - 5.1 79.2 2.0 25 11.2
DU145 SCC2 - 5.5 89.0 2.8 1.4 1.4
DU145 SCC3 - 1.9 88.3 0.6 3.1 6.2

In each cell line, the copy number with the highest observed frequency is in
boldface. There is variability of the centromere 8 copy number around the
modal values.

Neoplasia e Vol. 3, No. 1, 2001

Table 2. Interphase FISH Analyses of the Centromere 8 Copy Number in the
CaP Patients.

Patient Centromere 8 copy number
1 (%) 2 (%) 3 (%) >4 (%)

Normal blood 1.0 96.0 - 3.0
1 5.4 79.6 8.2 6.8
2 4.9 84.2 4.9 6.1
3 27 90.3 6.0 1.1
4 0.8 86.3 7.3 5.7
5 1.5 85.1 10.5 3.0
6 0.7 89.8 7.5 2.0
7 25 91.5 5.9 -
8 3.6 48.7 441 3.6
9 10.2 83.2 4.4 2.2
10 7.2 75.5 5.0 12.2
11 4.9 76.1 18.6 0.4
12 3.0 92.3 27 1
13 9.7 80.2 6.9 3.2
14 7.6 69.6 14.3 8.5
15 5.0 86.1 7.5 1.5

In each patient, the copy number with the highest observed frequency is in
boldface. There is variability of the centromere 8 copy number around the
diploid modal value.

Aneusomy

Our SKY analysis of aneusomies drew attention to a
number of consistent features associated with karyotype
evolution in each of the subclones (Figure 1). With the
exception of SCCH1, all the cell lines had two copies of
chromosome 4. In the parental DU145 and SCC2 cells, the
two copies were comprised of the normal 4 and derivative 4
chromosomes. As outlined in Figure 1, in parental cells
where these chromosomes were not present, for instance in
cells 9 and 10, the der(4)t(4;6) was replaced with a
der(4)t(4;15) and the normal 4 was replaced with a
der(4)t(4;9), respectively, to maintain the total of two
copies of chromosomes 4. Similarly, in SCCS3, two copies of
chromosome 4 or derivative 4 chromosomes were main-
tained by having any two combinations of der(4)t(4;6),
normal 4, del(4p), or der(14)t(3;4;14). The exception to
this was cell 49, where a der(4)t(4;7) was observed in
place of the normal chromosome 4 (Figure 1D).

Several clonal rearrangements were observed by SKY
analyses that were specific to the parental or subclone cell
lines. These results are summarized in Figure 1. For
example, the isochromosome derivative 14 chromosome,
ider(14)t(3;14), was observed in 2/17 parental cells, but
not in any of the subclones. The der(7;8), which was a
centromeric fusion of the short arm of chromosome 7 (7p)
and long arm of chromosome 8(8q), was observed in the
parental cells (7/17) but was absent in the subclones.
The clonal addition of chromosome 10 material to 10q,
add(10q), was present in 3/17 parental cells, absent in the
SCC1 cells, and ubiquitous in the SCC2 and SCC3 cells.
Several novel chromosomal rearrangements that were not
previously observed in the parental cells were identified in
the subclones. The der(15;17), and the clonal addition of
chromosome 8 material to 8q, add (8q), were specific to the
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SCC1 cells. A small derivative chromosome 15 rearranged
with another minute indeterminable partner chromosome,
designated Marker 15, was observed in only SCC2 and
SCC3 cells. The del(7) (p21), and the previously described
der(14)t(3;4;14), der(14)t(3;7;14), and del(4p) chromo-
somes were observed clonally and only in the SCC3 cells.
In addition to the observed structural changes, chromo-
somal aneusomy was also evident as numerical changes
specific to the parental or subclone cell lines. As outlined in
Figure 1, SKY analysis revealed that chromosome 10 was
observed in one or two copies in the parental cells (4/17 and
13/17 cells, respectively), but SCC2 and SCC3 cells
consistently had one copy. Similarly, while the parental cells
had one, two, or three copies of chromosome 21 (4/17, 9/

17, and 4/17, respectively), trisomy was a more dominant
feature than disomy in the SCC2 (12/14 and 2/14,
respectively) and SCC3 cells (9/13 and 4/13, respec-
tively). Furthermore, the variability of chromosome 18 copy
number in the parental line (13/17 disomy, 4/17 monos-
omy) was eliminated in the SCC2 and SCC3 cells which
consistently exhibited a single copy.

Structural Aberrations

SKY analysis of the DU145 cell lines was able to identify
all the complex chromosomal rearrangements within the
DU145 cell lines. Of interest was the der(14)t(3;14), which
was present in 13/17 cells of the DU145 parental cells
(Figure 1). The evolution of the der(14)t(3;14) is particu-

Markers in Parental DU145 Rearrangements in DU145 and Subclones

A Clonal Rearrangements

der(14)t(3;14)

il <

der(Y)t(Y;20)
—

Non Clonal Rearrangements

C

der(13)t(2;13)

o K]
SR sl

Non Clonal Rearrangements

Figure 2. Evidence of a CIN-like process in DU145 cells as shown by structural and numerical aberrations. Panels A, B, C: Representative marker chromosomes
observed in parental DU145 cell line [der(14)t(3;14); der(Y)t(Y;20); der(13)t(2;13) ], and putative structural derivatives thereof (clonal and nonclonal) in the
parental and subclone cell lines. Note the maintenance of the original marker chromosome in each of the structural derivatives and progression from a simple to a
more complex rearrangement, suggestive of marker evolution. Panels D, E: Representative metaphase (Panel D) and interphase nuclei (Panel E) FISH image
using centromere 8 probe (green) from the DU145 parental cell line. Analysis on a cell- by - cell basis revealed frequent chromosome 8 copy number change in a

subpopulation of DU145 cells.
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larly interesting (Figure 2A). Where this rearrangement
was absent, rearrangements involving the derivative 14
chromosome were observed: e.g., der(Y)t(Y;3;14;20) (cell
3), der(14)t(3;14;21) (cell 4), and isoderivative chro-
mosomes ider(14)t(3;14) (cells 5 and 7). Interestingly,
the der(14)t(3;14) was also present in SCC1 (12/12) and
SCC2 (14/14), but absent in SSC3 (0/13). In SCC3 cells,
the der(14)t(3;14) usually presented as der(14)t(3;4;14)
(8/13) or der(14)t(3;7;14) (3/13) rearrangements; ex-
ceptions to this observation were cells 51 and 56, in
which these chromosomes were lost. Neither the novel
der (14)t(3;4;14) norder(14)t(3;7;14) chromosomes were
observed in the SCC1, SCC2, or the parental cell lines. The
occurrence of this der(14)t(3;14) in several different
rearrangements in DU145 and its subclones is remarkable
and suggests that it may confer a selective advantage.

In Figure 2B, the der(Y)t(Y;20) was also observed to
participate in five different nonclonal structural translocations,
suggesting that the Y chromosome may be preferentially
involved in rearrangement. Similarly, the distal part of the
der(13)t(2;13) (Figure 2C) was involved in three different
aberrations. It is noteworthy that the breakpoints involved in
the marker evolution of der(14)t(3;14), der(13)t(2;13),
and der(Y)t(Y;20) are all at regions of repetitive DNA.

The SCC1 cells demonstrated a greater number of
nonclonal structural rearrangements and gains and losses of
chromosomes than the other two subclones (Figure 1B). For
instance, in cell 18, there were 11 novel, unique chromosomal
rearrangements (not shown). Furthermore, while in the
SCC2, SCC3, and DU145 parental cells there were consistent
trends such as the total chromosome 4 and der(14)t(3;14)
content reported above, this consistency was not as apparent
in the SCC1 cells. Interestingly, more marked variation was
observed even when comparing between the hypohexaploid
cells (cells 18—21) of the SCCH1 cell line. Forinstance, cell 18
had many more nonclonal structural and numerical aberra-
tions than cell 21 (not shown).

By SKY analysis, it was apparent that dicentric chromo-
somes were present within the DU145 cell lines. As
demonstrated in Figure 2C, the der(13)t(2;13) transloca-
tion, which is present in almost every cell of the DU145 cell
lines, has two centromeres. Also depicted are other
nonclonal dicentric chromosomes. There was no evidence
of double minutes, ring chromosomes, or other chromosomal
features associated with gross CIN in the DU145 cell lines.

Interphase FISH

Results for the FISH analysis of the CaP cell lines are
given in Table 1, and representative metaphase and
interphase FISH images of the DU145 parental cells are
depicted in Figure 2D and E, respectively. The DU145
parental cells were observed to have a major population of
cells with three copies of chromosome 8 (70%) and a
smaller population with four copies (21%). SKY analysis of
the DU145 parental cells demonstrated a similar frequency of
cells having three copies of chromosome 8, and cells having
four copies of chromosome 8 centromere when counted
together with the additional der(7;8) chromosome. The
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SCC2 and SCC3 cells demonstrated by FISH had less
centromere 8 copy number variation than the parental DU145
cells, with the majority of cells having three copies (89% and
88%, respectively). While the SCC1 cells had similar
frequencies of three and four centromere copy numbers
(79% and 2%, respectively) as the other two subclones, it
also had a relatively high frequency of cells with at least six
copies (11%), suggesting more genomic variability than the
other two subclones. The reduction in centromere 8 copy
number variation in the DU145 subclones versus the DU145
parental cells was statistically significant (P<.001). It should
be noted that in the DU145 parental, SCC1, and SCC3 cells,
there were no greater than 8, 14, and 8 centromere 8 copies,
respectively. Notably, although by FISH it appeared that the
majority of cells in the DU145 cell lines had three copies of
chromosome 8, SKY analysis distinguished thatin SCC2 and
SCC3 cells, these were all normal copies of chromosome 8,
but that in DU145 parental cells one of the chromosome 8
copies may be involvedin a der(7;8) translocation, and in the
SCC1 cells there was additional chromosome 8 material at
the gter in one of the copies.

FISH analysis of the LNCaP cells showed most cells to
have two copies of centromere 8 signals (67%), and a
smaller percentage of cells to have four copies (20%). The
PC-3 cells had predominantly two copies of centromere 8
(79%), and a smaller percentage of cells with four copies
(10%), most likely representing cells in G2 phase of the cell
cycle. Interestingly, both cell lines were observed to have
variation of centromere 8 copy number (Table 1).

Examination of the centromere 8 copy number by inter-
phase FISHinthe CaP patient cohort (Table 2) demonstrated
that the majority of cells had predominantly two centromere 8
copies. Furthermore, as compared to the normal control, the
patient cohort had a statistically significant (P<.05), greater
frequency of cells with one and three centromere 8 copies.
While many cells also had some frequency of four copies, itis
indeterminate without further analysis if these cells are in the
G2 phase of the cell cycle, similar to the normal control, or are
truly aberrant. Of interest, four patients had a trisomy of
centromere 8 of greater than 10%, with patient 10 having the
greatest frequency of 44%. Also, one patient had a frequency
of monosomy of the centromere 8 signal at 10%.

Discussion

Features expected of tumors expressing CIN include
aneuploidy and random chromosomal alterations, including
aneusomy and structural rearrangements [27,28]. CIN may
be associated with aberrations in mitotic spindle checkpoints
[29] and genes such as hBUB1 and MADZ2 [14,15],
aberrant sister chromatid exchange [30], DNA repair path-
ways [31], and abnormal centrosome copy numbers or
amplification [32—35]. In a more recent study, breakage—
fusion—bridge cycles have been implicated in generating
CIN [36]. Interestingly, some tumors exhibit both micro-
satellite instability as well as CIN [15,37,38] as is the case
for DU145 [39]. However, to date, there has been no direct
evidence implicating CIN in CaP.
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Giemsa banding and SKY analysis of DU145, reported
previously [6,7], demonstrated that this cell line had a
complex karyotype with some evidence of numerical varia-
tion suggestive that a CIN-like process may be operational.
SKY analysis was performed on the DU145 parental cells,
and as outlined in Figure 1, the pattern of chromosomal
aberrations exhibits a high degree of cytogenetic hetero-
geneity. To investigate whether this karyotypic heterogeneity
was due to the presence of multiple clones within the DU145
cell population, or had arisen de novo because of CIN, three
DU145-derived subclones were studied by SKY analysis.

Since the three subclones were initially seeded as single
cells derived from the parental cell population, it would be
expected that they should maintain a high degree of
karyotypic clonality and concordance with each other unless
inherent instability was present. While it is possible that the
high proliferation rate of in vitro growth may exaggerate
inherent instability, it is clear that significant deviations
between the subclones implicate a CIN-like process. As
summarized in Figure 1, while these clones demonstrated an
increased homogeneity of structural and numerical aberra-
tions as compared to the DU145 parental cells, there were
indications that de novo translocations occurred and that
numerical aberrations were generated or lost within two to
five passages following subclone generation. These inclu-
de: del(4p), del(7)(g21), der(7;8) add(8q), der(10q),
ider(14)t(3;14), der(14)t(3;14), der(14)t(3;4;14), der
(14)t(83;7;14), Marker 15, der(15;17), and copy number
changes for chromosomes 4, 10, 18, and 21. Furthermore,
from Figure 1, it is apparent that SCC1 demonstrated a more
heterogeneous karyotype than the SCC2 and SCC3 cells,
with a bimodal population of hypotriploid and hypohexaploid
cells and a greater overall number of chromosomal aberra-
tions (Table 3).

Detailed examination of the relative distribution of marker
chromosomes in the three subclones also identified some
preferred patterns of chromosomal aberration as the
respective karyotypes evolved. For instance, while there

Table 3. Quantification of Clonal and Nonclonal Changes Per DU145 Cell
Line.

Cell Line Clonal Changes Nonclonal Changes

DU145 Parental Total 11 40
Normalised 0.65 2.35
per cell

DU145 SCC1 Total 8 23
Normalised 0.67 1.92
per cell

DU145 SCC2 Total 1 13
Normalised 0.07 0.93
per cell

DU145 SCC3 Total 8 14
Normalised 0.62 1.08
per cell

For each cell line, the total numbers of clonal and nonclonal changes were
determined and normalised by dividing by the total number of cells analyzed
(17,12, 14, and 13, respectively). These results objectively support that there
is more homogenous pattern of numerical changes in SCC2 than in SCC3
and SCC1. Note that the rate of nonclonal changes approaches that of the
parental DU145 cell line, indicating the presence of a CIN-like process.

was copy number variation of chromosome 4 in all the
DU145 cell lines, in general there were at least two copies of
chromosome 4 present per cell either as normal copies or
involved in a derivative chromosome 4 rearrangement.
Similarly, although the der(14)t(3;14) was present in the
SCC1, SCC2, and DU145 parental cells, it was involved in
novel clonal rearrangements in SCC3 cells (Figure 2A),
suggesting that selective forces favor acquisition of specific
markers or combinations of certain chromosomal regions. In
this regard, it is noteworthy that rearrangement often took
place at sites rich in repetitive DNA such as distal Yp, 13p,
and 14p. Overall, there appeared to be some consistent
features associated with the chromosomal constitution within
each subclone, but closer analysis of the aberrations by SKY
indicated that chromosomal gain may be achieved by both
simple numerical gain and/or unbalanced structural translo-
cation. These results also draw attention to the potential
limitations of comparative genomic hybridization (CGH) in
the analysis of tumors exhibiting a high degree of complexity
of rearrangements, since it is usually only possible to
determine the average level of chromosomal imbalance with
this method [40].

Our results suggested that intrinsic aneusomy would also
be measurable by FISH analysis. Cell-by-cell analysis of
numerical change as determined by FISH using the
centromere 8 probe with LNCaP, DU145, PC-3, and
DU145-derived subclones correlated well with the findings
concerning chromosomal loss and gain identified by SKY
(Table 1) [6]. Furthermore, it was apparent that there was
variation in both the mean chromosome number and the
range or spread of centromere 8 signals observed in all cell
lines and subclones, suggesting that chromosomal segrega-
tion errors may be a general feature of CaP cell lines.
Examination of the levels of aneusomy determined by
centromere 8 FISH analysis of cells derived from primary
tumor tissue revealed a modal distribution of frequencies
with the majority of cells being close to diploid. Even if some
bias towards diploidy — due to the unavoidable admixture of
normal stromal and epithelial components with the tumor
epithelial cells in these preparations — is considered, then
the level of monosomy and trisomy is excessive in several
tumor samples. Taken together, the levels of aneusomy for
chromosome 8 present in cell line and primary tumor tissue
are suggestive that CIN may be an early feature of the
disease process in CaP.

In summary, the results suggest that 1) SKY is a valuable
screening tool for the delineation of genomic instability in
tumor cells; 2) a CIN-like process is an intrinsic feature of
the DU145 cell line leading to excessive numerical and
structural alterations to chromosomes; 3) there appears to
be preferred sites of rearrangement at chromosomal regions
rich in repetitive DNA; 4) the combination of such a CIN-like
process and cell selection will lead to rapid acquisition of
novel combinations of chromosomal aberrations within a
given tumor cell population; 5) there may be different
inherent rates of this CIN-like process, as demonstrated by
the variation within the three subclones; and 6) excessive
aneusomy of chromosome 8 in early-stage CaP tumors
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suggests that a CIN-like process may initiate the numerical
variation upon which selective forces subsequently operate.
In this regard, the adaptive capacity of a tumor may be
defined by its higher intrinsic rate of instability. Given that no
specific tumor-suppressor genes or dominant oncogenes
have been associated with CaP to date, the role of CIN in
CaP tumorigenesis and perhaps other tumor systems in
general may warrant further investigation as an alternate
model of oncogenesis.
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