A —

* wmor—1q21, 6021, 7p2, 8921 and 16p13—have
also been found in previous cases to be prefes

Iy involved (Fig. 3). It s tempting to mtcrpret
these brcakpoint similrities as an indication that
the clones detected in the present case do repre.
sent dividing wmor cells.
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Mapping of Chromosomal Gains and Losses in Prostate
Cancer by Comparative Genomic Hybridization

et oo UNS. . Bergereim, i Pan, Hideyas Macsuyama, Mo e, Stanisiasd Manos

estes lrungtrn. Ateng O ol G Hedetary Gy 518,59 L 9

X of sty Karboiks Hospia, Stocknam, Sweden (USRB. VP HI)

B, 50, w0 1 030d 23 wel 2

requent 16q 04 180

sy, n which complete alllotyping ws performed n the same prostate tumors with 74 diferent poymorphic markers. I

LOW s were esgued e b o g, rd 4 esi pere Tegding e gevome
o decul. Genes Chomosom o

Serations s dacuse
INTRODUCTION

Prostate cancer s one of the most common

Analysis of genetic alterations might provide cri
teria for an improved classification of prostate tu-
mors. Cytogenetic studies o cell fines and cultured
iy tmors evald s ofchromosones |
Y and gains of chromosomes 7, 14, 2

Lundgren et al.,
handing analyses are often hampered by difficul
ties in preparing meaphase. chromosomes from

Concer 14267-276 (1995)  © 1995 wiey.

tions in interphase nuclei by fluorescence in sit

lossof hetcoygusiy 0LOH andyis (Macoks

Mutsogama el 1064 1O was s
cauenty found on chiomosome ams 8. 161,
and 18, and on chromosome 10 (Carter <t .
1990; Kunimi et al., 199

1), Within 8p. 4 region

mewsatic ability of the microcell hybrids
19942,b).
In order to obiain a comprehensive picture of the

chromosomal gains and losses in prostate tumors.
we applied the new approach of comparative ge.

TR b 4. 198, s . /
M nconinc i i

prostate tmor cells of and quan-
tits. Futhermare, normal metaphase cells are fe.
quently found. Analysis of chromosomal aberra

1995 Wiy, o

Reimer Feld 23, 69120 Hevdelhers. Germuny
Sansias du Mani's coutot st s N
mar Genare Resean, Renesds. 3

(i
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TABLE 1. Clncopathologi Data o the Ten Prostce Tumors

o,
chromotomal

mbainc
o Tumortpe ke’ Supet % (COM) PAU
T W T, 8 oo
2 Boan metsiss PTNM % 0304
3 Py U TR @ < o
4 Py wmar wh TN, % PR
5 Pramar tumor no TN 7 o ooy
6 Py wmer Mo TN B s oo
7 prmary mor ne T @ s oom
8 oy wmor Mo T % T oo
s et Mo TNM S s o
10 Umphnode mecssiss MP TNM, 90 s om

g v e T o e e S, 1987)
Ruars repesnt e parcemage f prs s
A
191y

nomic_hybrdization (CGI1: Kallioniemi et al
1992). In contrast to chromosome banding analysis

o interphase cytog

only on e svaliblity of whole enomic DNA

this approach. relics

of specific DNA probes. For GGl wmor DNA
and normal genomic reference DNA are cohvbrid-
ndes

al. 1993) o of the fluorescence intensities
alan the chromosomes is caleuatcd by e of ded:
el oftevre spplicaions (du Manie ct ol

995; Lundstcen et al.. 1995; Piper et al.. 1095).
O 20 wndomeprrened shrimosore ot
by increased o
values, respectively
< CGH resas obcained i the prescn suudy
were compared with data obrained
pended nuclei isolated from paraffin-embedded t-
mor samples. In addition. a decailed comparison of
¢ d LOH data sets derived from the same
tumor cases was performed,

MATERIALS AND METHODS
Tumor Specimens

Ten cases of prostate cancer, including seven
primary tumors, two brain metastases (cases 2 and

9), and one lymph node metastass (case 10), w
analyzed. The samples were selected from timars
that were estimated 1o contain more than SO% o
mor cals by hisclole xaminsion. Clinio
pmblogc dat of e tarmcrs sy e -
fized in Table 1. None of the patients received
Vil iy ol

Comparative Genomic Hybridization
For CGH, the preparation of metaphase chio
NA.

matrial) and contiol DNA (isolated from noraval
tissue—peripheral blood leukoestes or normal tis
sue adjacent (o the twmor region) were obined
from the same patient. Test DNA was labeled with
biotin and control DNA with digoxigenin, respec-
tively. One microgram of test DNA. 1 g of control
d 80 g of human Cot-1 DNA were o
precipitated in cthanol and dissolved in a 12 ul
hybridization volume. After denaturation. probe
and Cot.l DNA were allowed o preanneal for 15
min and were hybridized to denatured metaphasc.
chromosomes for 48 hr at 37°C. After posthybr
zation washes in 0.1 X SSC at 42°C. biotinylated
DNA was detected by suepuavidin-conjugated o
orescein isothiocyanate (FITC), and digoxigenin-
labeled DNA by mouse-anti-digoxigenin antbody
conjugated o hodamine (TRITC). Afier counter-
staining of the chromosames with 4.6-di
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phenvlindole (DAPL, specimens were embed
e it et B Yoot Lok
ratoris, Burlingame, CA).
Image aquisition and pr
as described previously (du Manoir et al., I
Biiefly. separate digitized images of FIT
fluorescence were obined with a
harged coupled deviee (CCD) comera
Proemmeiins Yoa, A2} b g
fluorescence micoscope equipped with selective
Tiner e, Chromosomes were endified mersc.
tivels on inveried DAPI images, and the rato of
FITCihodamine fluorescence intensicics was cal-

sing were performed

culated along each individual chiomosome with
dedicared software. Ratios obtained from cight o
ten metaphase cells were averaged. and the resul-
e e s gl e ol i
xamples are shown in Figures 1E.
i reahaids fo aver. and uwdzvmplcx:vumon
cortespond to the values expected for monosomy or
isomy in 50% of diploid cell. In previous CGH
studies, where the percentage of monosomic of -
somic cells was estblished by other techniques.
these thresholds were shown o be valusble and
for the diagnosis of chromosomal
rock e al., 1994; Benw et al.,

du Manoir et al.,

the high supression by Cot-1 DNA. This results in
o rato variacions i spite of only small variations
i the Thecscence ntenaty (Ralfonicms o s
1994; du Manoir <t al., 1995). Accordingly. these
regions were not considered for CGH analysis

FISH to Interphase Nuclei

Five wmor cases (nos. 3, 4, 6, 7, and 10) were
investigated further by interphase cviogenerics.
Preparation of nucle from tssue samples was per-
formed as previously described (Heiden et ..
1991). Briefly. a 50 wm thick paraffin section 2d.
Jacent to that used for histopathologic cxamination
was analyzed. After deparaffnization and protcase
digestion, the suspension of nuclei was fixed in 70%
echanol and dropped onpoly-Llysine-coated
sides.

“The DNA probes used were the chromosome-
specific centromeric reperitive DNA probes D9Z1
(chromasome 9). DBZ2 (chromosome #). pMGB7

{ehmmcsome 7. 180 poIORP (chromoms (01
“Two cosmid probes derived f me
8p. ipoproten lipase (LPL) (clone 114C11/ mapy

provided by S. W

it hybridization, and signal evaluation
were described in deuil previously (Stilgenbaner ct
Numerical chro-

8 centromericprobe
ooty oty & ooy
centage of nuclei with one. thice. or four signils.
respectively, exceeded 10%. Deletions in chromo.
some arm 8p were diagnosed when more than 35%
of the nuclei exhibited cither one signal of the 8p.
cosmid probes (LPL or DES7) and one signal of
DHZ2 o ewer iy coumid sl comparel it
centromeric signals. Both the 10% and the 35%
cutoff levels were sct based on the upper limit
{mean + 2  SD) of desessd ot increaid e
dons in benign tissue_ when responding,
probes were used for FISH it e
al, 1994).

LOM Anaiysis

In previous swudies by Kunimi et al. (1991
Bergerheim etal. (19913), complete allelotyping of
18 prsi tumors wes peromed. At kst oae
polymorphic marker for each chromosomal arm was
s excep o th shore arms af the acrocentc

It for s bigh paton of wmor el we
for the present C
COH anaysscortespond  omors 2.3, 7, 10, 1
12,13, 14, 16, and 17, respectively, in the previous
LOH study.

RESULTS
Comparative Genomic Hybridization
CGH was performed with ten prostate cancers.

1. representing hybridization
with tmor DNA (Fig. 1A) and control DNA (Fig.
1B), the ratio image indicating chromosomal gains

etaphase spread (Fig. 1D), and the average ratio
profle (Fig. 1E) of this twmor casc.
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A summary of all chromasomal imbalances de

COMPARATIVE GENOMIC HYBRIDIZATION OF PROSTATE CANCER m
cual., 1991a), allowing us to compare the resuls
obtained with both approaches. For 1.OH analsais

ected by CGH is shown in Figure 2. In cight of
the ten tmors, at least anc chromosomal imbal-
ance was found. Overrepresented regions were ob.
served about twice as often a5 underepresented
tegions (35 versus 16 chror
most frequent imbalances were gains in the long

omal regions). The

ams of chromosome 7 and the X chromosome
(each in four tmors): gains within 8, 94, 16p. 20

and 22 were each identified in three wmors
whereas chromosome anms Sp, 11q. 1q, and 17p

chunge in this tumor type.

The number of imbalances identified in cach
tumor is presented in Table 1. Metastases showed
a higher number of imbalances (six or more); such

i ane primary tumor
of stage T\NgMy. The frequency of allclic losses
(FAL; “Table 1) correlates in a similar way with
tumor grade. “These data are in agreement with a
muldistep wmor progeession model with high ac
cumulations of genetic alterations correlating with

mewsasizing wmors as described for  colon
Fearon and Vogelstcin, 1990) and prostate cancer
(Visakorpi et al., 1995h),

Comparison of CGH and LOM Anaiysis
An extensive LOH analysis had been performed
previously on the same DNA samples (Bergerheim

74 informative markers were used. This resulted in
a total of 232 different chromosome arms with at
least one informative locus. Markers on chromo-
some arm 1p and chromosome 19 are not included,
because these regions were excluded from CGI
evaluation (sec sbove).

Figure 3 presents a comparison of all LOH ider
it ndised s cosed s it h aver

e st equendy found 1 be ivolved i 10K
these chromosomes are shown for al ten cases.

Results obuained by both approaches correspond
in a high percentage of the chromosome arm
(92%) in 8% (2041232), no LOH and no loxs of
chromosomal maerial s detected by CGH were
found: in 4% (101242) of the chromosome arms
LOH matched with a loss of chromoson
by CGH (in Fig. 3, matching loci are summarized
in subgroup 1. For the remaining 18 chromasome
ames, the results

some ratios are clearly shifted toward a disgnostic
threshold (bur nor beyond ¢

are listed Iy as a subgroup (I versus 11l in
Fig. 3).

Incerphase Analysis by FISH
In five cases (nos. 3. 4, 6, 7, and 10), sufficient
tumor material was available for further cytological

examination; therefore, aberrations of chromosome

8 could be analyzed in this subset of tumors by use
of interphase cytogenerics (Table 2). The chromo-
some 8 centromere-specific probe DBZ2 was <o
hybridized with the cosmid probes representin
LPL (in #p22) and DBS7 (in 8p23). respecively

As shown in Table 2. the mean number of chr

mosome  centromere signals was appr

in thrce cases (nos. 4, 7, and 10), indicating disomy

somes (Table 2) was in ageeement with a diploid
status of the coresponding twmors. In cases 3 and
6, the mean numbers of chromosome 8 ccn.
tromeres were 3.4 and 4.2, respectively. Because

in atleast a subpopulation of the specimen, which
coincides with the profile of this chromosome in
CGH (data not shown).

With regard (o the short arm of chromosome X
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TABLE 2 Comparon ofInerphase, LOH, 3nd CGH Data
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“This is mainly due o methodologic res
chuomasame banding anaivsi s hindered b the
difficulty of culturing prostate epithelial cells, and
FISH 10 interphase nuclei has largely bet

steicted to chromosome enumeration probes. Other
molecular strategies, like the detection of LOH,
are rather time-consuming because rge numbers.
of sequences have t be analyzed for a comprehen-
sive picture of alllic imbalances in 4 single wmor.
CGH allows analysis of chromosomal imbalances in

prior knowledge of the candidate regions t be i
vestigated.
“The regions most frequently involved in gains of

o
and 16p have so far been idenified as recurrent
aberrations only by CGH

“The data regarding underrepresentation of chr
mosomal regions are in good agreement with two
tecently published CGH analyses on primary pros-
tate carcinomas (Cher ecal., 1994: Visakorpi ecal..
19953) despite the smaller number of cases in the
present study. The only differences arc as follows:
1)loss of chromosome arm 12p s not described in
the ather studies; and 2) losses of 16p and 17 are
described in the other studies but were not found
during the present analysis.

In the present study, gains were found about
ovice as often as losses. This is
the previously published CGH data showing chro-

mosomal losses as the predominant_imbalance
Furthermore, chromosome arms 154, 20q, and 22
were previously not found o0 be overrepresented,
and gains of 74, 9q, and X were not recognized as

tumors of hormonally treated patiens (Visakorpi et
al., 1995). Thus, discrepancies between the dif-
ferent CGH analyses could be due to selection of
thesudy macrn,Howerer, incrused copy aum:

bers of chromosomes 7, 20, 22, and X w

taenly abserned in sudics appying chromosome
banding and interphase cytogenetics to wmors of
Y dmges (Brotbnas o o, 1990 Sunlbere
1992; Visakorpi et al., 1994).

Comparison of el b previous LOH
scudy with the same prostace wmors showed a high
concordance (92%) with the CGH dara. “This per-
centage is similar to the data obtaincd in two very
er et al., 1994) and
76% (Visakorpi etal. ) concordance. compar-
ing 322 and 37 informative loci, respectivels. In
these sudien, che chiomosome egions s

“Thus, the higher concordance described in the
present study can be attributed 1o a higher fre-
quency of analyzed loci with no LOH and no loss
of matcrial detected by CGH.

CGH allows detetion ofloss of material, but not
the loss of alleles, and therefore discrepancies he-
tween CGH and LOH data are expected. The dis-
rcpancc b i s an be classified in
wo e 8 of the 28 regions for which
Ot e blabed, the o i s id
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o e the g thishold (11 exions

1 in Fig. 3) or showed no obvio
Uercase from the cemual vaue 7 egions 566 at
ory 111 and chromosome in case 10 in

e b s s 3 sl deeion o ok
issed by CGH. In

Sumber of the cheorsosors B serpS R piste
wgether with the fluorescence ratios for these.

here are three possible cxplanations for these
discrepancies: 1) uniparenal disomy, 4 result of
allelic but not of copy number imbalance: z) lim-
e sataceslion ofte urene CGH poccs
el eterons dekecable by the polvmor
N ke s e et o R e b
been described o be in the range of 10-20 M
(Kallioniemi <t al., 1994; Bentz et al., 1995b) or

20- her ecal.. 1994); or 3) limited resolu-
ton of CGHH regarding small copy number changes
G.¢...when small copy number changes are present
onlsin 3 subpopulton of th salaed sl (Kal-

loniemi et al., u Manois et al., 1995). T}
ast exp\mnmn is probably vl e e
cases listed under category I, whereas the cases in
catory I coid b due o 4y one ofthe three

possible explanations.
"Fo ehucdae the possible explanations (o div
we of

‘example. by deletion in one of thrce or onc of four
chiomosome copies (corresponding to theoretical
ratios of 0.67 and 0.75 for a homogencaus cell
population, respectively). Thus, the discrepancies
in cases 3 and 6 could be explained by deletions
within 8p.in less than half of the chromosome §

weles
iy o e o o
with the LPL o the DBS7 cosmid probes
Furthermore, small copy number changes arc in
agreement with the data from LOH analsis.
because in case b, LOH of NEFL and DKS? wis
defined by a decrease of only approximately 0%
of the signal intensity on the hybridized Southern
blot (data not shown).
The potential for detecting imbalances of chro-
mosomal material by CGH in polyploid cumors is
verely impaired in cases where gains or losses are
present inless than half of the chromosome copies
percell. Even when the specimens are preselected
for containing > 0% umor cells, such a constel
lation could preven the detection of relevant chro-
normal

crepant results furthe
five twmors by f interphase cytogenetics
regarding chromosome 8 (Table 2). The results of
three cases were discordant with the data obtained

In case 4, incerphase analysis demonsuated # de-
letion of the region defined by the LPL and D8S7
sequences. whereas CGH did not detect any loss of
the conesponding region. Because the data ob-
ned with four chromosome enumeration probes
indicate diploidy of the wmor cell population, the.
most likely explanation for the discrepant resulc is
3 sl deleon ht s s besanof e -
ined spacial resolution of CGH (see above). An-

her possible explanation is el interphase
analysis was carried out with  different part of the.

phase analysis is combined with CGH in solid tu-
mors, in particular when non-consecutive tssue.
Sections are used.

In cases 3 and 6, interphase cytogenetics
revealed deletions within 8p that were confirmed
B LOH dats. The extension af LOW, at least

issue and polyploidy of wmor cells are frequently
encountered in prostate carcinoma, it seems ad
able 1o perform an independent assessment of the
ploidy status of prostate twmor specimens, a5, for
example, by flow cytomeury or appropriate inter-
phase analysis. In the case of polyploidy, diagnos-
tic thresholds for CGH profiles should be consid
8 carhlly, 1 intrphase sl mihe bave
0 be

T conhoon, LOW sty CGH1. an i
phase cytogenetics represent complementary ap
proaches that, when employed in combination
could sty s the comprhesive aal
of chromosomal imbalances in solid tumors
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Germline Mutations in the RBI Gene in Patients With

Hereditary Retinoblastoma

Zaoxia Liv, Yue Song, Britca Bia, and John K. Cowell

It of et Loran Eord (2L 5. 88) 1 Depatmen of s The s et The e
Cin

Clveand Ono K

singe-srand conformation polymorphism anlyss.

vt whh sl T Arpbesion o o o0 0 i

improvement over previous stdie, 3 new,set of primers has been
g sequences only. The posoring of the

e potymerase chain
reaction (PCR) primers was such that the resuling PCR products were of diferent 3265, which nabled us 6 aralyic o

Genes Chromesom Concer 14277-264 (1995). € 1995 Wae-La b

INTRODUCTION

Fhe idendfication of mutations in the R/
in paints with eioblsioms (R i becoming

o 8 and counseling
A peditic cve umor. Only 10-12%
e e s e i
for them, genetic screening with intragenic poly
upbic ONA sk is skl Very. cfvaive
O8ige t b, 188 Scheffer o, Onadim
o o1 Howeve i e i B0
€ R Genannh e s Pt s
the only means of determining whether their first-

horn children have inherited the predisposing mu-
wtion.

Identifying mutations in Rb patients also has 4
very important advanage forallfamily membess: it
uncquivocally. identifies those individuals who
have not inherited the mutation. This means that
they do nor need repeated ophthalmologic exami-
nacion in the early part of their lives. This is par-
Geulrly relevant to those families among whom
there s evidence of incomplete penetrance of the
RRI gene. manifesting a5 unaffected mutant-gene

Fhe abilicy © identify causative mutacions in Rb.

has improved dramaticaly since 1989 with

e (S5CP: O e o, 1909 and denturion
pndien el clecmphoresi (GG T e
al., 1990), b okt gy
maion deecton procedures As 2 el of theve
developments, teverlepor ave merg dem
onsatin that he vast iy of heriar R
7 germline motatons that <iher enerne
e s colans or i he st st
o e geve (D ot ol 1993 Yundeh .o
1989: Hogg et al., 1992; Blanquet et al., 199,
Onadim etal.. e 1500 Sundes
of wmor DNA samples confimed thit loss of func-
ton of bothcopes o the e resls i
genesis (Dunn etal., logg et al., 1993; Kato
99 S e 195
Although the technology is now in place for
screening of large numbers of Rb patients, many
centers specializing in the treaument and counsel-

of 115 patients, we demonstrsted that 151K of
mutations were at one of the 14 CGA sites (Cowell

Mﬂ'umm\ of :anh e 27 cxoms of R was o
i

sible, a
cxily endted muagons vendel et
1989). Sequencing of the individual exons, how-
ever, was labor-intensive, and prescreening meth-
s, such as single-stand conformation polymor-

1995 Wiy i, o

Wecamed Vv 10, s
7ol et Depvtmen o O
eion T Cho
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