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y cytogenetic analysis, structural and numerical
S 1,7,8,10,16,and ¥' were
identified in about 25% of the prostaic carcinomas
(PCs) studicd. However, this figure is probably an un-
derestimation of the truc extent of the aberrations. This
is because of selective isolation and preferential in vitro
growth of nonmalignant prostate epithelium.** The use
of interphase cytogenetic techniques for characteriza-
tion of uncultured PC material has been stimulated by
these findings. Application of in situ hybridization with
centromere-specific DNA probes to fixed sections of PC
has shown numerical aberrations for chromosomes 1,
7,8,10,12,17,18, X, and Y.*” The finding of numerical
aberrations in different chromosomes is not surprising
because about 50% of the PCs have an aneuploid DNA
content* In the present study, the authors investigated
numerical changes of chromosomes 1, 7, 8, 10, 18, and
Y using fluorescence in situ hybridization (FISH) with
centromerespecific DNA probes on nuclear suspen-
sions of fresh tissue samples from 11 benign prostatic
hyperplasia (BPH) and 43 PC patients. Selection of this
chromosome panel was on evidence from the
literature and previous studies™” that these chromo-
somes were possibly implicated in PC development or
progression. Study of recurring patterns of specific
chromosomal aberrations might provide new informa-
tion about the genetic events involved in these pro-

sses.
The BPH specimens showed no deviation from
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Abbrviations: FISH, fluorescence in it hybridization; PC, pros-
atc carcinoma; BPH, benign prostaic hyperplsi TUR, transure.
hral resection; PBS, phosphate buffered saine; FCM, flow cytome.
iy, ANG, sverage mumber of copiess LOH, los of heterorygosity:
131, lymph node metastass

normal diploidy, so consequently the BPH results were
used as a control. Based on this, significant chromo-
some gains and losses in the PC samples could be ana-
Iyzed. Possible correlations with clinical parameters and
ploidy as determined by DNA flow cytometry (FCM)
were investigated.

MATERIALS AND METHODS
Tumor Tissues

Eleven BPH specimens were swdied, after being ob-
tained at transurethral resection (TUR) or prostatectomy for
BPH. The mean age of the BPH patients was 72.4 * 5.6
(range, 64 to 80 years). Forty-six PC specimens, from 43 differ-
ent patients were studied, obtained, and studied at radical
TUR or pelvic
i ode dissection_(five ns). From one lymph
node specimen (PC2%5), 2 cell e s e zines
n nude mice. Tissue from this cell line at mouse
pmg: s wsed insieadof th original G, The mean age
of the PG patients was 66.7 = 105 (range, 49 to 93 years).
The percentage o tumor i presentn the ssue specimens
m paraffin sections of adjacent tssue. Only
specimens it mobe han 50% tamor celn were ncluded
the study.
‘rom 23 patients, detailed clinical data could be obtained
(Table 1). Twelve patients were lymph

sion of the tumor (T3N0) or had positive lymph nodes (N+,
tem for PC 1992°). Three of these omors were wel
diftsentaid (G, all fron prima obuined at radiy
cal prosatectomy); 10 were iodesaily dlferentiased (D)
andin 10, poocydifereniated (G3)areas were found. From
threc paticnis (cse 1084 0), o consecutive wmor
samples were obtained. The second sample of ¢
ObiAies s & Wil vasssonces Sgussed 1 cidacubas
radical prostatectomy.
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TABL: 1. Detailed Clinical Data, FCM., and FISH Results From 21 Patients

PG
Gase No. NR Tissue 3 Surgery U Status Fom Ancusomiest
1 202 TUR 2 TINIMO 52 (44) b A P1. P7, P8, P10, P18
Mi, M7, M8, M10
2 2% M 3 TINIMO 50 (0) N D
3 24 M 2 T2N2MO 56 (0) D A P7, P8, P10, P18
1 256 7 H TINIMO 53(37) i T P8, P10, P18
M8, M10,
384 TUR i P1P7, P, P10, P18
M7
5 29 w 3 TINKMO 15 0) D AH PLP7, P8, P10, P18
21 TUR A P1. P8, P10, P18
Mio
6 270 M 3 ToNxM2 17(0) D x Pl P, P10, IS, PY
7 28 ¥ 2 TaNOMO ) Ne D P8, P10
N
8 P 3 TINOMO 15 (5) D A PLPT P18
9 3 2 TINOMO 38 (31) P A [
10 205 ™ 3 TINXMO 90) D AH
i e ey
320 TUR A PIo
M7, M8, M10, MY
1 206 TUR 3 TaNZMO 13 0) 3 A P8, P18
Mis
12 341 P 1 ToNoMo 3 Np D =
13 342 ® i ToNOMO 2 NP A P1, P7, P8, P10, P18, PY
1 343 ® 2 TINOMO NP A . -2 -
15 352 » 2 TSNOMO 17 NP D M8
16 354 ® 3 TINOMO NP A P7, P8, P10, P18
17 362 » 3 T4NoMo 23 (19) P A . P8, P18
is
18 3 TUR 2 TINMO 00 D A -
19 382 » 1 T2NOMO NP D -
20 389 ® 2 TINOMO 20 NP b P7, P10, P18
Ml
2 395 ® 2 TINOMO 18 NP D MIB MY
2 100 TUR 3 TANM2 2 (0) D NE -
2 20 TUR 3 TINXMO 130 v NE P10
M1, M10

bbreviations:

Al oM, : PC,
resection; LM, hymph node metasass; G, tumor grade; Nx. one or more pasitve
PC; D! &

i TUR, transurethral
lymph nodes; FU, lmal followup ime in mos NP. not

NE. ot mluab le: e o il

prv;rcsamn ‘when appropriat, in brackets

D, diploid; T, tetraploid;.

1P and M percemiages s of sooe et perceniag fo cach chromosome 35 specified in Table 2.

Tissue Processing and Sample Preparation

Suspected benign hyperplasia or carcinoma tissues were
excised and cut into several smaller fragments, snap frozen
in liquid nitrogen, and stored at ~80°C. For isolation of cells
from tissue, approximately 0.5 mL of phosphatc-buffered sa-
line (PBS) was added o a thawed specimen. Sul

acetic acid (3:1). Fixed cells were stored in methanol at —20°C
until used for FISH. The previously described procedure was
adequate for tissue processing, and fixation of nuclei from
both primary twmor tissue and lymph node metastases. As
nuclei from TUR tssue tended o coagulate in ‘spension,
an addi step at unit gravity

for these przpzﬂuons
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FCM Procedure
‘Samples were processed for DNAFCM as  described The

Gl peak (C = 2) in a histogram of cultured normal diploid
prostate fibroblasts. Diploid: C = 1.9 to 2.2; hypodiploid C =
1.8; hyperdiploid C = 23 to 27 wiploid: C = 28 to 3.4;
tetraploid: C = 3.5 (0 4.2. Samples had a significant tetraploid
cell population when the tetraploid peak, representing dip-
Toid G2/M as well as tetraploid tumor GO/G1 nuclei, con-
tained more than 10% of the nuclei.

FISH Procedure

The chromosome-specific probes used were PUC 1.7
for chromosome 1'; p7L1 for chromosome 7" DSZ2 for
chromosome 8% DIOZ! for chromesome 10% L1 84 for chro.
mosome 18" and DYZ5 (Amprobe; Amersham, Buckingham-
shire, England) for the ¥ chromosome Hybedizaion and
ete bef
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TABLE 2. Combined Results of FISH Analysis of Six Centromere Probes

Volume 27. No. 7 (uly 1996)

11 BPH Specimens

ANC
Loss of Signals® Extra signalst Cutoff§

Chromosome Mean % = SD Cutoff %3 Mean % * SD Cutoff % Mean + SD Gain Loss
1 35224 83 21214 50 199 =003 208 190

7 24221 66 2110 50 200 = 0.03 209 191

8 3225 82 18+ 10 50 199+ 003 208 190

0 26222 70 1813 50 =002 206 194

8 12=11 50 2216 54 201 = 002 207 195
1013 50 4423 90 103 = 003 112 094

devat

Abbresadons ANC, weragemumber of copies;FISH, luorscence n s hbridzaion: BPH, benign prostatic hyperplasia; SD, standard

“Los of sgnals: percenage of s than twospts for chromosomes 1.7 8, 10, and 18 less than one spot e

1 Cutoff percentay +2 X SD; at least

g ofgreaer than e spots orchromosomes 1.7 8,10, and 18; greter an one i

§ Cote ANC fo g = mean AN 43 5D “otolf ANG fo loss = mean ANG — 3 X SD.

of the biotinylated probe (15 ng per slide) to the nuclei oc-
curred during overnight incubation at 37°C in a moist cham-

r in 65% formamide for chromosomes 1, 18, and Y and in
60% formamide for chromosomes 7, 8, and 10.

Evaluation and Statistics

For the evaluation of FISH signals, the authors used the
itera defined by Hopman et (1) aucisshould be inact
and should not overlap; and (2) FI within one nu-
dleus should be compietcy Stpmmd (split or paired spots
hould be counted as one) and of the same intensity. When
ese criteria could not be met, such nuclei were excluded

In mixed tumor-normal samples, small aberrations will
not be detectable when the percentage of nontumor cells is
too large. To compensate for this heterogeneity, only tumor

scored with low frequency. Only the Y chromosome
showed a relatively high mean (4.4%) for extra spots
scored. Because no evidence for numerical abnormali-
ties of the investigated chromosomes was shown, BPH
could be considered a diploid control. Thus, the BPH
results were used to assess cutoff ANCs (Table 2). Sig-
nificant gain and loss (further referred to as gain an
loss) of the investigated chromosomes in PC are de-
fined as at or above cutoff ANC for gain and at or below
cutoff ANC for loss, respectively.

PC Specimens

Detailed data per specimen and per chromosome
are listed in Appendix 1. Significant numerical aberra-
tions were detected for all six investigated chromo-
somes. Gain (trisomy and tetrasomy combined; occa-
sionally, pentasomy and hexasomy) was more common
thar

able for this study. So, depending on the cutoff percentage
(range, 5% 10 9%; Table 2), aberrations occurring in as few
as 10% of the tumor cells could still be detected.

For cach chromosome in each specimen, the average
number of copies (ANC) was calculated (total number of
spots counted/total number of nuclei counted). Conse-
quenty, an ANC of 0.90 for Y means that 10% of the nuclei
in a tissue sample show no signal; an ANC of 2.15 means that
2 maximum of 15% of the nuclei show gain of one or more
signals The Keuskab Wall et was e 10 st the relaion

cen the ANC and clinical stage.'"

RESULTS
BPH Specimens

For the 11 BPH specimens investigated, the ANCs
for each investigated chromosome were narrowly dis-
tributed around the diploid values (Table 2). The
ranges found were 1.93 to 2.05 (chromosome 1), 1.94
10 2.03 (chromosome 7), 193 to 2.04 (chromosome 8),
1.96 to 2.05 (chromosome 10), 1.98 to 2.05 (chromo-
some 18), and 0.97 to 1.07 (Y chromosome).

Loss of signals as well as extra spots were generally

n loss and nullisomy). Gain was highest
for chromosome 10 (64.7%) and lowest for chromo-
some Y (16.3%). Loss was highest for Y chromosome
(14%) and lowest for chromosome 7 (2.6%). In meta-
static tumors, more aberrations were detected than in
nonmetastatic tumors. Five tumors did not show any
abnormalities, whereas in 21 tumors one or more chro-
mosomes showed simultaneous gain and loss. This re-
sulted mostly in normal values for the ANC.

Chromosome 1

The results for chromosome 1 showed g
57.8% but loss in less than 106 of the tumors (Fig 1.
Two cases (PC202 and PC302) showed simultaneous
loss and gain. In metastatic tumors, gain was more fre-
quent than in nonmetastatic tumors. Loss was found
only in two metastatic tumors (PC295 and PC420).
Polysomy was observed in all stage groups irrespective
of long or short survival time of the patient (Table
1). Statistics did not show any correlation of numerical
aberrations with increasing stage, metastatic disease, or
tumor site (Table 3).
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Chromosome 7

Numerical aberrations of chromosome 7 were ob-
served in 41% of the tumors. Although only one tumor
(PC320) showed loss, gain was observed in 38.8% of
the t howed iis lossand
gain. Gain of chromosome 7 was more frequent in met-
astatic tumors, and a significant difference between the

of nonmetastatic and metastatic tumors was
found (Fig 1). However, high percentages of polysomy
were observed in two patients that were disease free for
more than 2 years (PC200 and PC342; Table 1). The
ANCs of radical prostatectomy specimens and lymph
node metastasis (LM) specimens were significantly dif-
ferent (Table 3)

Chromosome 8

copy number of chromosome 8 was shown t©
be :berranun 51% of the tumors. Gain of chromosome
8 was more frequently found in metastatic tumors,
whereas loss occurred more often in nonmetastatic tu-
mors (Fig 1). Seven of 10 tumors with loss also showed
gain. Four of five LM showed high of poly-

related with metastatic disease (Fig 1). Significant loss
of chromosome 10 occurred in only one metastatic tu-
mor (PC479). However, concurrent loss and gain of

LM were significantly higher than those of radical pros-
tatectomy specimens but were not different from TUR
values (Table 3).

Chromosome 18

Gain and loss of chromosome 18 were about
equally frequent in nonmetastatic and in metastatic tu-
mors (Fig 1). High polysomy percentages were preserit
in all stage groups, the highest values being found in
patients with short survival (eg, PC269, PC270, and
PC291; Table 1). Statistics did not reveal any correlation
of numerical aberrations with tumor site (Table 3).

Y Chromosome

Aberrations of Y chromosome, equally divided be-
tween loss and gain, did not correlate with any clinical
parameter (Table 3), although the frequency of loss
was higher in metastatic tumors (Fig 1). Only two cases
showed simultancous loss and gain (PC290 and PC332).
The mean age of PC patients with a tumor that showed
loss of Y chromosome was 65.4 = 13.2 (range, 54 to
86 years; N = 7). The mean age of patients without
chromosome Y loss was 67.0 + 10.2 (range, 49 to 93
years; N = 36).

DNA-FCM Compared With FiSH Resuts of
PC Patients With Follow-Up and Staging
Data

Of the 24 specimens, investigated both by FISH
analysis and DNA-FCM, seven tumors were DNA dip-
loid, three were tetraploid, and 14 were aneuploid (Ta-
ble 1). Six of seven DNA diploid tumors occurred in
node-negative patients, whereas the three tetraploid tu-
mors were all from node-positive patients. Ancuploid

somy (PC244, PC269, PC270, and PC295; Table 1Al
these patients died within 2 years. However, also in one
specimen from a patient who was disease free for more
than 2 ycars (PC342), a high percentage of polysomy
was found. High percentages of monosomy were ob-
served in two lymph node-positive T3 tumors (PC256
and PC35). Significant differences in ANC values were
found between nonmetastatic and metastatic tumors
(Fig 1), between radical prostatectomy and TUR speci-
mens, and between radical prostatectomy and LM speci-
mens (Table 3).

Chromosome 10

Gain of chromosome 10, the most frequenty
found numerical aberration (64.7% of the tumors) cor-

TABLE 3. Correlations of ANC Values per
Chromosome With Tumor Site
PValuest
Chromosome RP/TURE RP/LMI TUR/LMS

1 81 4 2
7 09 04 2
8 03 04 12
0 08 03 2
8 91 2 34

8 54 39

Abbreviaions AN, average number of copes R, radicl prox
atectomy; TUR, transurethial escciion; LM, ymph etastasis.
* Kruskal-Wallis test; Pralues in bold typeface i e
snificance
TRP

= TUR.

IRP v LM
TR vern L
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tumors were found in patients that were at least node
positive o staged T3, except case no. 13 (T2N0). Inves-
tigated with FISH, five tumors did not show any numeri-

of these tumors were diploid
), and two were aneuploid (PC343
and PC371). The fifth (PC400) was not evaluable by
FCM. All other tmors showed numerical aberrations
of one or more chromosomes. The average number of
aberrant chromosomes in diploid tumors was 2.0 = 2.2,
and in aneuploid and tetraploid tumors together was
4.7 + 23. Chromosome gain was most prominent in
highly DNA aneuploid tumors (PC244, PC269, PC270,
PC290, PC291, PC295, PC342, and PC354). Tumors
with hypodiploid cell populations could show chromo-
some loss (PC295), or not (PC269). However, some
tumors that did not show hypodiploid cells with FCM
(eg, PC202, PC256, and PC290) showed loss for more
than one chromosome.

Cases With Multiple Specimens

PC256 and PC384 (case no. 4) showed a DNA histo-
gram with about the same percentage of tetraploid cells
(Fig 2). FISH showed numerical aberrations for all in-
vestigated chromosomes in both specimens, but loss of
chromosome 7 and gain of chromosome 10 were more
pronounced in the second sample PC384.

‘The two samples obtained from case no. 5 (PC269
and PC291) displayed 2 profound dissimilarity in FCM
results, with different proportions of different DNA
content (Fig 2). With FISH, all i chromo-

Volume 27. No. 7 (July 19%¢

DNA-FCM studie n about one half of the tumors
showed that the frequency of DNA aneuploidy in-
creased with increasing tumor stage. Combined FISH
and DNAFCM showed that, as expected, most aneu-
ploid tumors had numerical chromosomal aberrations.
It was, however, also shown that most diploid tumors
also had one or more numerically aberrant chromo-
somes. This can be explained by the fact that only chro-
mosomal aberrations that constitute more than 4% of
the total amount of DNA can be detected with DNA-
FCM. No chromosome seemed to be specifically aber-
rant in DNA diploid tumors.

Forty-one of 46 PCs showed numerical aberrations
of one or more chromosomes of the six chromosome
panel. All investigated chromosomes individually
showed numerical aberrations in at least 30% of the
specimens, and gain was more frequent than loss. Gain
of chromosome 10 was the most frequent numerical
aberration found (65%); chromosome 8 was the second
most frequently gained chromosome (44%); and chro-
mosomes 1, 7, and 18 showed gain with a frequency
between 35% and 40%. The Y chromosome showed
the lowest frequency of gain (16%), but the highest
frequency of loss (14%). Gain of chromosomes 7, 8,
and 10 correlated with metastatic discase. Moreover,
the ANC of chromosome 10 was significandy higher in
advanced wmors. Gain of chromosome 10 in PC has
been reported before,"* and deletions of part of 10q
have been reported in cytogenetic'? and loss of hetero-
zygosity (LOH) studies.®*** However, the association
of 10 abes

somes showed numerical aberrations in both samples.
Although polysomy of chromosomes 1, 8, and especially
8 was far more extended in PC291, in PC269 chromo-
some 10 was more polysomic than in the second sample.
0 samples obtained from case no. 10 were
also heterogeneous with respect to FCM results. In the
TUR (PC320, sample containcd 80% tumor cells), a
triploid stemline (3.0C) was found, whereas in a sample
from the xenografted cell line (PC295), which conse-

q et
ploid (3.7C) and a hypodiploid stemline (1.4C) were
observed (Fig 2). The histograms of the FISH results
showed, however, that these tumors were clearly re-
lated: Both samples showed polysomy for chromosomes
8 and 10, and loss for more than one chromosome.
Losses were more extensive in PC295 than in PC320,
except for Y chromosome, which was completely lost in
PC320 and only partly lost in PC295.

DISCUSSION

In the BPH samples tested, essentially no numeri-
cal aberrations were detected for the six

with metastatic disease
is a new finding.

In a previous study, the authors of the present study
were the first 1o suggest that 8p deletions are possibly
important aberrations in PC.** Since then, 8p deletions
have been reported in several cytogenetic studies of

PCs."'%*** Recently, the importance of loss of chromo-
some 8p sequences in PC and the putative presence of
at least two tumor suppressor genes on chromosor
has been established by several LOH studies.™"' The de-
letions that were found by LOH mapping often spanned
most of the 8p arm and sometimes involved the centro-
meric region. In the present study, loss of chromosome
8 was seen primarily in nonmetastatic tumors, whereas
in metastatic tumors gain was more prominent

Deletions of 7q are among the first aberrations re-
ported in PC.! Gain of chromosome 7 has been found in
Gpogenetic’® 5 and FISH studies. "1 agreement
with the findings in the present study, Bandyk ct al'"
observed that gain of chromosome 7 was significandy in-
creased in PC metastases compared with primary tumors.

Loss of chromosomes 7, 8, and 10 was observed
mostly simultancously with gain in the same tumor sam-
ples, which is suggestive for heterogeneity in such tu-

investigated. These results are in contrast with the re-
port of Aly et al* who found loss of chromosome Y
and gain of chromosome 7 in scveral cultured BPH
specimens. Based on the findings in the present study,
the authors assumed that occasional BPH cells would
not contribute to am;

mors. In fact, ntromere gains and
losses were shown to exist in different areas of the samd
tumors.® Loss of (part of) a homologue followed by
multiplication of the other homologue is one possible
mechanism through which these numerical aberrations.
could be generated. Another mechanism could be the

found in PC specimens,

formation of an followed by a nondis-
junction event. This has been suggested as an cxplana-
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tion for the simultancous loss of 8p and gain of 8.
In a recent comparative genome hybridization study of
PC, it was reported that loss of 8p and gain of 8q occur
frequently, but that gain of (the whole) 7 and loss of
10q are infrequent obscrvations.”

hromosome 18 likewise showed simultaneous loss
and gain in most tumors, suggesting similar possible
mechanisms as stated previously. The percentage of nu-
merical aberrations of chromosome 18, howcver, did

not correlate with metastatic disease. Morcover, the au-
thors have reported before that DNA diploid PCs, which
mostly are early tumors, often already show gain of
18.% S0 1 aby chromo-
some 18 are likely to be an early event in PC. In fact,
recently allelic losses of 18q were reported in six of 20
carly-stage PCs* It will be of interest to investigate if
chromosome 18 aberrations are alcady present in the
prostatic I
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Aberrations of both chromosomes 1 and Yalso d
not correlate with metastatic discase. Furthermore, si-
mulancous loss and gain were only rarely observed.
" described that gain of chrom

sommez 1 9 ¥ qea Jaxgely restricasd 1o DA sengioid
tumors, and this finding was confirmed in the present
study. ¥ loss in the tumor did not correlate with the
patients age. Soalternative mechanisms, like multiplica-
tion through tetraploidization of the whole genome
orloss of Y as a reflection of a general state of hyperpro-
liferation, ™ are more likely explanations for the aberra-
tions fouad for these chromosomes.

Comparison of two consecutive samples from the
i paricnis Tevedlon mmsiar et ith BCH o oty
one of three cases. However, FISH analysis of these

Volume 27, No. 7 (July 1996)

specimens revealed ciour evidence of karyotypic evolu-
onicrar X mei® akiemnt L

e present article bas mibomnoaied the falis of
centromere FISH as a means t0 look at the ploidy of
individual chromosomes in prostate cancer tissue. Nu-
inetical herraions were found for all six investigated
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