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Abstract The accuracy of cytogenetic analyses of haet until 1960 that the first consistent chromosomal ab-
man solid cancers has improved enormously over th@mality was found in human tumor cells [i.e., the Phil-
past decade by the introduction and refinement of DN&lelphia (Ph) chromosome in chronic myelogenous leu-
in situ hybridization (ISH) techniques. This methodologyemia; Nowell and Hungerford 1960]. With the subse-
can be applied to cells in the interphase state, thergjnent introduction and continuous improvement of chro-
making it an excellent tool for the delineation of chranosome banding techniques, allowing reliable recogni-
mosomal aberrations in solid tumors. The use of non-isimn of each chromosome and of sub-chromosomal struc-
topic ISH to intact and disaggregated cancer speciméamgs, a large-scale search for specific karyotypic abnor-
will be discussed, as well as comparative genomic hyalities could be initiated. Initially, most information
bridization (CGH) with tumor-derived DNAs. In this rewas obtained from leukemia and lymphoma (Sandberg
view we will focus on hybridocytochemical interphas&990). In two decades a vast amount of detailed informa-
approaches for the detection of chromosomal changesion on the occurrence of chromosomal abnormalities in
frequently occurring human epithelial malignancies, e.fyman cancer has been accumulated (see Sandberg
breast, lung, and prostate carcinomas. We will furthE990; Mitelman 1994 for reviews) and acquired clonal
discuss the use of ISH procedures for the genetic analyromosomal aberrations have indeed been demonstrated
sis of precursor conditions leading to invasive carcinto be a characteristic feature of tumor cells (Nowell
mas. Knowledge concerning these precancerous corddi76; Heim and Mitelman 1987; Sandberg 1990). The
tions is increasing, and its importance in cancer prevgeneral view is that tumor initiation and progression is a
tion has been recognized. Interphase cytogenetics nyltistep process, caused by an accumulation of genetic
ISH, as well as CGH, with DNAs derived from microdisaberrations resulting in the activation of oncogenes
sected, precancerous, dysplastic tissue areas will and/or inactivation of tumor suppressor genes (Knudson
crease our understanding of these lesions, both at thelBifl; Vogelstein et al. 1988; reviewed by Bishop 1991).
vestigative and diagnostic levels. In the last decade, precancerous lesions, such as large
bowel adenomas or cervical dysplasias, have attracted
much attention for their role in malignant transformation
Introduction to invasive cancer (Rosai 1996). These precursor lesions
have currently established their importance in cancer
In 1914, Theodor Boveri concluded in his classical wopgkevention and surveillance.
entitled “Zur Frage der Entstehung maligner Tumoren”
that cancer is a genetic disease, caused by clonal chro-
mosomal changes (Boveri 1914). Most of Boveri’'s statlir situ hybridization and comparative genomic
ments eventually turned out to be true. However, it Wiybridization of epithelial neoplasms
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Table 1 Genetic alterations in frequently occurring human epithéridization, SCLC small cell lung cancefSCLCnon-small cell
lial cancers (Alers and van Dekken 199&)0OH Loss of heterozy- lung canceri isochromosome:»
gosity, ISH in situ hybridization,CGH comparative genomic hy-

Organ Karyotyping LOH ISH CGH
Lung (SCLC) -3p,-5,-5q,-13, 3p, 5q, 13q, 17p N-myc amplification Loss of 3p, 5q, 13q, 17p;
-13q,-17p gain of 3q, 5p, 8q, Xq
Lung (NSCLC)  -3p,-6p, +7, +7p, 3p, 8p, 9p, 11pq, +717 Loss and gain of several
-9p,-11p,-17p,-Y 13q, 17p loss of p15/p16 chromosomal sequences
Head and neck  -3p, i(5p), i(89),~8p 3p, 8p, 9pq, 11q int-2/hst-1 amplifi- Loss of 3p, 5q, 8p, 9p;
-10p, 11913;-18q,-Y cation at 11913 gain of 3q, 5p, 8q, 11q
Esophagus -1p,-4, 11p13, +20;Y 5q, 9p, 13q, 17p +8;17,-Y Loss of 8p, 9p, 16, 17;
gain of 8q, 20
Colorectum -1p, +7,-8p, i(809), 5q, 8p, 17p, 18q +7, +818 Loss of 9p, 17, 18q;
-17,-17p,-Y gain of 7, 8q, 13, 20q
Prostate +7779,-8p,—10q,-Y 6q, 79, 8p, 10pq, +#/8, +8,-10, Loss of 6q, 8p, 13q, 16q;
13q, 1649, 18q -18,-Y gai of 7p, 7q, 89, Xq
Bladder +7-9,-11p 3p, 9pq, 11p, 13q, +1, +79, +11,-17p, Loss of gain of several
17p amplification erbB-2 chromosomal sequences
Kidney -3p,-5q,-6, +7,-14, 3p, 5q, 6p, 8p, 9p, -1, +7, +17-17,-Y Lossof 1, 2, 3p, 9p, Y;
-14q,-Y 14q, 17pq, 21q gain of 1q, 5q, 7, 16p
Breast i(19)-1q,-3p,-6q, 1pq, 3p, 69, 79, 8p, 9p, +1, +1,7p, Loss of 17p, 22q;
+7, +18, +20 11p, 13q, 16q, 17pq, 18q  amplification erbB-2 gain of 1q, 8q, 17q, 20q
Ovary -8, +12,-13,-14, 3p, 11p, 13q, 17pq +1, +7, +8, +11, Loss of 16q, 17pg;
-17,-22,-X +11q, +12p,-17,-20, gain of 3q, 8q, 12p, 20q

Table 2 Genetic alterations,

detected by various methods, inOrgan Carcinoma Precursor Aberrations

defined precursor lesions of hu- )

man epithelial cancersMeta- ~ LUng (bronchus)  Squamous cell ca. Metaplasia -3p,-5q, +7,-9p,-17p

plasia Transformation from Colon Adenocarcinoma  Adenomatous polyflp,-5q, +7, +13-14,-15,
respiratory into stratified squa- , -17p,-18,-18q, +20,-21

mous epitheliumPCISductal Breast Adenocarcinoma DCIS -1p, +1q,-6q,-7p,-8p,—9p, -11p,
carcinoma in situlN intra- ) -13q,-16q,-17p,-17q, +17q, +20q
epithelial neoplasia d? pros- ~ Prostate Adenocarcinoma  PIN -8p,-Y

tate,C uterine cervixQ oral Ovary ) Adenocarcinoma  Borderline tumor +6, +7

mucosaE esophaquanetapla- Uterine cervix Squamous cell ca. CIN ) -5p

sia (Baritt)trfnsf?,mﬂﬂonp Head and neck Squamous cell ca. Metaplasia/OIN -9p

from stratified squamous into  ESophagus Squamous cellca. EIN -9q

columnar epitheliun Esophagus Adenocarcinoma  Metaplasia (Barretdq, —9p,—-17p,-Y

metaphases is relatively poor. Therefore, interphase Big- la—f Interphase in situ hybridization (I&}H) of human epithe-
proaches, both at molecular and cytological levels, cancers.a—c Esophageal cancer (Barrett's adenocarcinoma).

better equipped to disclose genetic changes occurrin atoxylin-eosin stained section, showing tumor cal)siffil-

. . ) :ﬁr]lg the smooth muscle layevl) of the esophageal wab.ISH
human epithelial cancers (Table 1) and their preCUfSOf\[ﬁi‘h the chromosome 7-specific centromeric DNA probe to a rou-

sions (Table 2) (see also Alers and van Dekken 1996ely processed, formalin-fixed, paraffin-embedded tissue section
and references therein). In this section we will review tRgthe same region. The ISH-related spots were visualized with
literature concerning interphase DNA in situ hybridiz%rpmunoperOX|dase/d|am|noben2|d|n<if>|dck); hematoxylin was

. - . d as a counterstaigrdy). Many cancer cell nuclei show ane-
tion (ISH), also termed interphase cytogenetics, as gmic ISH spot numbers (a few agowed. ¢ Same area of a

as comparative genomic hybridization (CGH) of freonsecutive tissue section, showing ISH with a chromosome 17
quently occurring human epithelial neoplasms. In FigaNA probe. Many cancer cell nuclei with 0 or 1 spot are seen, il-

_ ; ating loss of this chromosom-f Prostate cancer (bone me-
1-3, examples (esophageal and prostatic cancer) té@ asis)d ISH with the chromosome 1-specific centromeric DNA

shown of ISH (Fig. 1) and CGH (Fig. 2) of invasive carkiope to a routinely processed, formalin-fixed, paraffin-embedded
cers and their precancerous conditions (Fig. 3). tissue section of a bone metastasis of prostatic adenocarciaoma.
Same tumor area on a consecutive section: ISH with a chromo-
some 8-specific centromeric DNA probe. Many tumor cell nuclei
display aneusomy, indicating gain of this chromosome (compare
with d). f Same area. Y-ISH, revealing loss of chromosome Y in
] o the cancer cells, but not in stromal celisr¢ws). A 40x objective

In the literature, a subdivision is often made betweemas used, except far(20x)

small cell lung cancers (SCLCs) and non-small cell lung

cancers (NSCLCs), the latter comprising squamous cell

carcinoma and adenocarcinoma. Interphase cytogenetics

on paraffin sections of lung tumors by non-isotopic ISH

Lung cancer



was also performed by Kim et al. (1993). ISH data wetence ISH (FISH) analysis of a SCLC cell line elucidat-
found to correlate with the DNA index, derived from imed the origin of homogeneously staining regions (HSRs;
age analysis of Feulgen-stained nuclei. However, Dhetzsch et al. 1994). These authors found the amplified
some cases, chromosome 7 or 17 was either over- orregion to contain the N-myc gene. Recently, the copy
derrepresented compared with the DNA index. Fluoressmber of pl5 and pl6/MTS1, both located at
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Fig. 2a, bComparative ge-
nomic hybridization (CGH) of

phase cytogenetics: Figs. 1b,
c). b Prostate cancer (bone me-
tastasis): CGH of an archival,

human epithelial cancer# CGH OF A BARRETT ADEHOCARCINOMA
Esophageal cancer (Barrett’s
adenocarcinoma): CGH ofan
archival, formalin-fixed, paraf-
fin-embedded Barrett's adeno- i
carcinoma (region shown in
Fig. 1a). The chromosomal
ideograms are shown together
with the ratio profiles and the
digitized fluorescent images of e
four selected chromosomes
(measurements from five meta-
phases, lower/upper thresholds
at ratios 0.85/1.15). Note both
loss of the distal regionéd)
and gain of the proximal region
formation-fixed, paraffin-em- b
bedded bone metastasis of
prostate adenocarcinoma (same
as Fig. 1). Again, the chromo- CGH OF A PROSTATE CANCER BONE METASTASIS
somal ideograms are shown to-
gether with the ratio profiles -l
and the digitized fluorescent a {\
images of four selected chro-
mosomes (measurements from
seven metaphases, lower/upper
thresholds at ratios 0.80/1.20).
Gain is seen of 8q and on 10q,
whereas losses can be detected ‘==
on 8p, on 13q and of chromo- n=14
some Y (compare ISH data in 8
9p21-p22, was determined by double-color FISH analpyc), 5p, 8924 (c-myc), and Xqg26. Decreases were
sis of cell suspensions of 18 primary NSCLCs, usingf@und at 3p, 10926, 13914 (Rb) 16pl11, 17p13 (p53), and
P1 (phage) contig probe (Xiao et al. 1995). Co-deleti@2q12—q13. The results, described above, were con-
of p15 and p16 was found in 15 of 18 NSCLCs. It wéismed in recent investigations on larger panels of tumors
concluded that p15 and p16 are deleted and/or mutdatieevin et al. 1995; Petersen et al. 1997).
in most primary NSCLCs.

A CGH study of 13 primary SCLCs was performed
by Ried etal. (1994). Losses of chromosome arms Bfgad and neck cancer
5q, 10q, 13q, and 17p were detected, as well as DNA
gains of 3q, 5p, 8q, and 17q. The most frequently ampfiead and neck tumors consist mostly of squamous cell
fied site was 19q13.1. Further, a CGH study of SCl&arcinomas (HNSCCs). Numerical aberrations of chromo-

(green on the short arm of E
chromosome 8. Also loss on 9p

Fig. 1f). The gain of 8q in-

volves the entire chromosome

cell lines by Levin etal. (1994) revealed increases some 17 were investigated in cell suspensions, derived
DNA sequences at regions 1p22 (L-myc), 2p24—p25 (fem four oral tumors, by FISH with centromeric probes

and gain on 19q can be distin- |
guished. Chromosome 17 dis-

plays losses on both arms, most "—
arm, while in Figs. 1d and e a

gain of the chromosome 8 cen-
tromere was disclosed by inter-

likely caused by loss of a
phase cytogenetics. This I

whole chromosome (see inter-
strongly suggest the presence

(T %

of an isochromosome of the
long arm of chromosome 8

n=1

4 -
13 Y
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(Tsuji etal. 1994). The copy number of chromosome Y7and aneuploidy for chromosome 1 reached high preva-
significantly increased in oral malignant tumors comparkethces in high-grade dysplasia and adenocarcinoma.
to benign tumors. Worsham et al. (1995) demonstratedhienter et al. (1993) observed absence of the Y chromo-
arrangements of Y and aneuploidy in two synchronouslyme in 62% of SCCs of the esophagus. A preliminary
arising primary squamous cell carcinomas (SCCs) ab@H study by our group disclosed frequent gain of 8q
their recurrences. Moreover, these authors concluded #rat chromosome 20, as well as loss of 8p, 9p, 16, and 17
the FISH patterns and the presence of a clonal Y markeguences in adenocarcinomas (C. Rosenberg and H. van
in all four tumor samples indicate a monoclonal origin Biekken, unpublished results).
the synchronous primaries and their recurrences. Recently,
Lese etal. (1995) visualized INT2 and HST1 amplifica-
tion in oral SCCs, containing HSRs, by dual-color FISEolorectal cancer
with cosmid probes specific for the chromosome 1113
region. Non-isotopic ISH on paraffin-embedded tiss@vlorectal adenocarcinomas arise, in general, in adeno-
sections of 25 HNSCCs using centromere probes specii@tous polyps. Cajulis and Frias-Hidvegi (1993) showed
for chromosomes 7 and 17, revealed polysomy in bgtin of chromosome 8 in one out of three fine-needle as-
premalignant and tumor tissue (VMoravud etal. 199@jrates from colon adenocarcinomas. FISH applied to
Moreover, the frequency of cells with polysomy increassuhgle-cell suspensions of 35 colonic adenomas revealed
as the tissues passed from histologically normal epith&lisomy of chromosome 7 in over one-third of cases
um to hyperplasia to dysplasia to cancer. (Herbergs etal. 1994). In nearly half of the cases, this
A CGH analysis of 13 primary HNSCCs by Speichaberration was combined with abnormalities of the other
et al. (1995) showed a frequent copy number increasecbnromosomes investigated. ISH applied to 23 archival
chromosome regions 3q and 5p and less frequently amtvanced stage colon cancer specimens, revealed three to
19. Loss occurred most frequently at 3p, 5q, 19p, agidht copies of chromosomes 8, 12, and 17 (Steiner et al.
19q. Eight sites exhibiting sequence amplification wet®93). The mean frequency of multiple copies for chro-
mapped to 3g26-qter, 11913, 12p, 2933—g36, 7g21l—-g@ysome 12 was significantly greater than that for chro-
7933-qter, 9p, and 13g23-qter. The authors suggest thasome 17. Chen and Nierman (1994) used chromo-
the regions 3g26-gter and 5p may harbor oncogenes some painting by FISH with library probes to examine
portant in HNSCC development. A CGH study bgbnormalities identified by G-banding in two colon can-
Brzoska et al. (1995) of ten HNSCCs also identified gater cell lines, DLD-1 and HCT-15. Trisomy of chromo-
of the chromosome 3g26—q27 region and loss of chemme 20 and trisomy of the 2p13—p23 segment were seen
mosome 3p at high frequency (over 50% of cases). Thas¢he DLD-1 cell line, whereas in HCT-15, a t(16;16)
findings were largely confirmed in a recent study of 3hd gain of Y were seen. Recently, Sasaki et al. (1995)
HNSCCs (Bockmuhl et al. 1996). However, in additiodemonstrated monosomy of chromosome 18 in one-third
to these changes, frequent losses were seen of 1p, 8ppBpases using FISH on suspensions derived from early
and 13q, as well as frequent gains of 8q and 19. carcinomas without foci of adenoma. Suspensions de-
rived from more advanced cancers showed monosomy
18 in 44% of cases.
Esophageal cancer In addition to these ISH data, CGH revealed gain of
chromosomes 7, 13, and 20q, whereas loss was seen of
In the esophagus, the incidence of adenocarcinoma is9p; 17, and 18 (Schlegel et al. 1995). Ried et al. (1996)
creasing rapidly, now equalling that of SCC. Mostentified gain of 7 in low-grade adenomas, whereas in
esophageal adenocarcinomas arise in so-called Barréiitgh-grade adenomas gain of chromosome 20 also oc-
epithelium, a precancerous lesion near or at the gasrred. Further, the transition from adenoma to carcino-
tro—esophageal junction. ISH applied to archival tissoea was characterized by multiple additional alterations,
sections of 14 adenocarcinomas of the esophagus usinch as loss of 18q or gain of 8q.
three chromosome Y-specific DNA probes showed ab-
sence of the Y chromosome in 93% of the adenocarcino-
mas (Hunter etal. 1993). FISH on nuclear suspensid®state cancer
of ten gastric adenocarcinomas also revealed loss of the
Y chromosome in a high percentage of male patiefiise vast majority of prostatic cancers are adenocarcino-
(van Dekken etal. 1990a). In a study by our group wfas. Many studies have been reported concerning (F)ISH
four archival adenocarcinomas, loss of the Y chromim nuclear suspensions and paraffin sections of prostatic
some, overrepresentation of chromosome 8, and lossaricer. Numerical aberrations of chromosomes 7, 8, 10,
chromosome 17 were observed. In two tumors, negath 17, 18, and Y were revealed (van Dekken etal.
for p53 protein immunohistochemistry, loss of 17 wd®90b; van Dekken and Alers 1993; Baretton et al. 1994;
found (Krishnadath et al. 1994). In another study, and®rown et al. 1994; Henke et al. 1994; Jones et al. 1994;
ploidy, as determined by ISH for chromosome 1, aMisakorpi etal. 1994; Zitzelsberger et al. 1994; Alers et
loss of Y correlated with progression from metaplasia &b 1995a). Furthermore, FISH studies of nuclear suspen-
dysplasia to carcinoma (Krishnadath et al. 1995). Losssidns or touch imprints of prostatic tumors revealed that



424

™
je2
Lo



425

alterations of chromosomes 7 and 8 are potential mark&il of TCC has been reported frequently. A FISH study
of poor prognosis in prostate cancer (Alcaraz et al. 1994th repetitive probes on tumor cell suspensions showed
Bandyk et al. 1994; Takahashi et al. 1994). A combinetbnosomy for chromosome 9 as the most frequently oc-
ISH and CGH analysis showed that gain of chromosomaring abnormality, followed by trisomy for chromo-
8 was, generally, based on isochromosome 8q formattmmes 1, 7, and 11 (Hopman et al. 1991). The data sug-
(J.C. Alers etal., submitted for publication). Deletion afested that loss of chromosome 9 may be an early event
8p22 sequences was seen by FISH with cosmid DMNAthe development of bladder cancer, while aberrations
probes (Matsuyama et al. 1994a). Likewise, Macoskaimtolving chromosomes 1 and 7 may be important in tu-
al. (1994) showed loss of 8p22 sequences in frozen tisswg progression. Waldman et al. (1991) demonstrated in
sections of prostatic tumors by FISH. Further, intratuma-FISH study on touch preparations of TCCs, monosomy
al heterogeneity for both ploidy and chromosomal aberd-chromosome 9, as well as overrepresentation of chro-
tions appeared a prominent feature of prostatic adenocaosomes 7 and 11. Matsuyama et al. (1994b) performed
cinomas (Alers et al. 1995b). Another study by our groduble-target ISH on 37 cases of bladder cancer. Tri-
described aneuploidy and loss of the Y chromosomesomy 7, monosomy 9, and trisomy 10 were detected
prostatic intraepithelial neoplastic lesions adjacent to adesst frequently. In a study by Poddighe etal. (1992),
nocarcinoma (Alers et al. 1995a). structural aberrations of chromosome 1 were examined
A CGH study by Cher et al. (1994) demonstrated lossnuclear suspensions of TCC by FISH with a combina-
of 8p sequences in a panel of 17 prostatic tumors. Rimn of centromeric (1q12), telomeric (1p36), and library
ther, 8p loss and 8q gain as detected by CGH correldid®dA probes. Meloni etal. (1993) demonstrated that
with allelic imbalance mapping by a PCR/RFLP study. RISH analysis on urine and bladder washings is a very
subsequent investigation by the same group (Cher euakful tool in the diagnosis, early detection, and clinical
1996) on a panel of regional lymph node and bone nmeanagement of bladder cancer. Sauter etal. (1993)
tastases showed frequent gain of 8q, as well as losslodwed heterogeneity in amplification of the erbB-2 on-
8p, 10q, 13q, 16q, and 17p. Furthermore, a CGH stuzhgene in a small number of cases by dual-labelling
of 31 primary and 9 recurrent prostatic carcinomas BYSH with a centromeric probe for chromosome 17 and a
Visakorpi etal. (1995a) revealed losses of 6q, 8p, @smid probe for the erbB-2 locus. The suitability of
13q, 16q, and 18q. Allelic loss studies showed a 7@%th conventional karyotyping and FISH in the detection
concordance with CGH results. Local recurrences tludtintratumoral heterogeneity in bladder cancers was in-
developed during endocrine therapy showed significantigstigated by Schapers etal. (1993). More recently,
more gains and losses of DNA sequences than prim8guter etal. (1994) examined single-cell suspensions
tumors. Gains of 8q, X, and 7, as well as loss of 8p wérem 106 formalin-fixed bladder cancers, as well as
particularly involved. Comparable changes were otosuch imprints of 45 fresh bladder tumors, by FISH with
served by Joos et al. (1995). CGH also revealed that gmmebes for the centromeric region of chromosome 17 and
plification of the chromosome X-linked androgen recep-cosmid for the p53 locus on 17p13.1. Double-hybrid-
tor gene commonly occurs in recurrent tumors during amation experiments showed an increment in the percent-
drogen deprivation therapy (Visakorpi et al. 1995b). age of 17p deletions with advancing tumor stage. Dele-
tion of 17p was also highly correlated with tumor grade
and with p53 immunostaining. Similarly, FISH with a
Bladder cancer p53-specific probe was applied to cell suspensions of a

Carcinoma in situ or papillomas are presumed to giQ?”el of 42 TCCs by Matsuyama et al. (1994c). In 64%

fise to transitional cell carcinoma (TCC) of the bladdét! the specimens, p53 deletion was seen, whereas 38%
showed overexpression at the immunohistochemical lev-

el.
Fig. 3a—f Interphase ISH of precursor lesions of human epithe- ; L il
lial cancers.a—c Barrett's esophagusa ISH with the chromo- A CGH study of 26 mainly high-grade, high-stage

some 17-specific centromeric DNA probe to a routinely prd-CCS by Kallioniemi et al. (1995) showed losses affect-
cessed, formalin-fixed, paraffin-embedded section of dysplasiitg chromosomes 3p, 8p, 9, 11p, 11q, 17p, and 12q.
Barrett's esophagus. Most epithelial cell nuclei show two ISBains of DNA sequences were most often found at chro-

spots; a few aneusomic nuclei can be seen (orerdsved. b i iati i
Same area, ISH with a 17p13 cosmid DNA probe. Most epithelmlosomal regions distinct from locations of currently

a i
nuclei display one ISH spot, indicating loss of this chromosonkaﬁ'owr_1 oncogenes. Additionally, a CGH study of 14 low-
region.c Same area, p53 immunohistochemistry with monoclon@nd high-grade/stage TCCs (Voorter et al. 1995) revealed
DO-7 reveals many darkly stained nuclei, indicating overexprasther regions of amplification. Imbalances involved loss-

sion of the pS3 protein. These data suggest loss of one p53 gegQf chromosomes 5, 9, and 11. In half of the cases, loss
with mutation of the othed—f Prostatic intraepithelial neoplasia

(PIN). d Hematoxylin-eosin stained section, showing a PIN IQ—eteCted by CGH was also detected by RFLP studies.
sion (P), surrounded by prostatic cancer cell3. e Detail (eft

part of the PIN). ISH with the chromosome Y-specific DNA

probe, illustrating loss in the luminal cellsrows), whereas the Kjdney cancer

basal cells have retained this chromosoareo(vhead$. f Same

area. ISH with the chromosome 1 DNA probe, demonstrating_a . .

normal hybridization pattern in the PIN cells. A 40x objectivienal cell carcinomas (RCCs) are, in general, adenocar-

was used, except far(20x) cinomas. FISH has been performed with yeast artificial
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chromosomes to identify the position of translocatiamhromosome 1 aneusomy was identified on archival tis-
breakpoints (t3;6) and t(3;8) in familial RCC by a numbsue sections of 16 DCISs (Harrison et al. 1995). The au-
of groups (e.g., Wilke etal. 1994). A FISH study on taors concluded that chromosome 1 aneusomy precedes
small panel of disaggregated archival RCC tissue speoirasion and that it is a relatively consistent occurrence
mens showed numerical aberrations of chromosomes linhigh-grade lesions.
17, and Y (Wolman et al. 1993). Abnormal copy numbers CGH applied to 15 breast cancer cell lines and 33 pri-
of chromosomes 1 and/or 17 in seven out of nine casemy tumors showed increased DNA sequences in two-
had not been identified by previous karyotyping. Beck tktirds of primary tumors and almost all cell lines (Ka-
al. (1995) performed FISH on single-cell suspensionsliddniemi et al. 1994). Most of these amplified loci were
37 RCCs. Numerical aberrations of chromosomesdistinct from those of currently known amplified genes
and/or chromosome 7 were present in 18 RCCs, and five breast cancer, with sequences originating from
of these cases showed monosomy for chromosome 1 7022-q24 and 20g13 displaying the highest frequency
more than 50% of the tumor cells. Section ISH usingo& amplification. Several amplifications, including the
large probe set showed that chromosomes 1, 3, 7, andrd&s described above, were observed by Muleris et al.
have a higher propensity for aneuploidy than chromd@994). A study by Ried et al. (1995) showed copy num-
somes 8, 10, 11, 12, and 16 (EI-Naggar et al. 1994). Foer increases of chromosome 1q and 8q sequences. Loss
ther, these results correlated with DNA flow cytometry. was seen for chromosome 17p and 22. Interestingly,

CGH in chromophobe RCC, a subtype of RCQsola etal. (1995) demonstrated that increased copy
showed specific loss of chromosomes 1, 2, 6, 10, 13, ddmbers of chromosomes 8q and 20q13 correlated with
and 21 (Speicher et al. 1994). Moch et al. (1996) foundezurrence rate in node-negative breast cancer and there-
correlation of genetic changes with clinical outcomé&re may confer a more aggressive phenotype. Recently,
Losses were most prevalent at 3p, 9p, and 13q. GalGH of DCIS revealed gains of 1q, 17q, 199, and 20q,
were most frequently seen of 5q and 7. The same gréogses were seen of 13q, 14q, 16q, 17p, and 22q (James
found a high degree of concordance between CGH aidl. 1997). Chromosomal alterations appeared more
allelotyping (Presti etal. 1996). Recently, the involvdrequently in higher grades of DCIS.
ment of 1g gain and 3p loss in metastatic tumor progres-
sion was described (Gronwald et al. 1997).

Ovarian cancer

Breast cancer Ovarian carcinomas represent a heterogeneous group of
tumors, most of them being papillary adenocarcinomas. A
Breast cancer comprises ductal and lobular adenocarecent interphase cytogenetics study by Liehr et al. (1994)
nomas, each having a specific precancerous defect, reealed specific loss of chromosomes 17 and 20, and gain
ductal (DCIS) and lobular carcinoma in situ (LCIS). Af chromosomes 1, 7, 8, and 11. Persons et al. (1993) per-
considerable number of ISH studies has been publishfedmed FISH with centromeric probes to touch prepara-
most often on ductal-type breast carcinoma. Devileetieins of 25 epithelial ovarian tumors. They showed rela-
al. (1988) showed numerical aberrations of chromosothe loss of chromosomes 17 and X, as well as a relative
1 and/or 18 in six out of seven primary breast tumors ggin of chromosomes 12 and 8. Additionally, they showed
performing FISH with centromeric probes. Matsumura tite HER-2/neu gene to be amplified in 2 of the 25 tumors.
al. (1992) visualized only one copy of a 17p13.1 cosmthromosome microdissection followed by FISH was used
DNA probe in nuclei with loss of heterozygosity (LOHjo identify the chromosomal origin of amplified regions in
at the 17p13.3 region, whereas nuclei without LOH HSRs of seven ovarian carcinomas (Guan etal. 1995).
that locus showed no deletions by FISH. Microdissectidine results showed that 12 specific chromosome regions
followed by FISH was used to identify chromosomare amplified, including 11q, 12q, 16p, 19p, and 19q.
HSRs (Meltzer et al. 1992; Guan et al. 1994). The resulisese regions may harbor genes important in ovarian can-
indicated amplification of regions 17912 (erbB-2 reser tumorigenesis. Recently, gains of chromosomes 6 and
gion), 13921, and 20g12-13.2. Balazs et al. (1995) ih-were seen in borderline tumors, a presumed precursor
vestigated karyotypic heterogeneity in touch prepamsndition of ovarian carcinoma (Diebold etal. 1996).
tions of 23 breast cancers by FISH. Every tumor ar@GH of invasive ovarian cancers revealed, most impor-
lyzed showed a heterogenous distribution for at least @aetly, gain of 3q and 8q sequences, loss was found most
chromosome. Micale et al. (1994) revealed gain of chifeequently of 16g and 17 (Iwabuchi et al. 1995). The over-
mosome 1 by FISH applied to tissue sections of brealit concordance between concurrently performed LOH
cancers and hyperplastic lesions. Interestingly, aneuphaid reduced copy number by CGH was 84%.
dy for several chromosomes was also seen in the hyper-
plastic tissue. FISH with a chromosome 17 centromeric
probe showed polysomy of chromosome 17 in non-inViscussion and conclusion
sive DCIS (Murphy et al. 1995). Further, erbB-2 amplifi-
cation was seen in both the invasive and non-invaslvean be stated that interphase hybridization technology
components within a breast cancer biopsy. Recentigs emerged as an important instrument for the delinea-
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tion of genetic changes in human solid cancers. Resaft€ytochemistry and Cytometry, State University Leiden) and Dr.
from molecular and karyotyping studies could be coli-K- Krishnadath (Department of Gastroenterology, Erasmus Uni-
firmed in situ and, in addition, new genetic aberratioN&'s'y Rotterdam), for supportin these studies.

are being disclosed. For example, in lung cancer

(NSCLC), FISH with region-specific probes showed lo
of the p15/p16 region at 9p, which is consistent wi

LOH studies. In head and neck tumors (HNSCC), CGttaraz A, Takahashi S, Brown JA, Herath JF, Bergstrahl EJ, Lar-
studies repeatedly identified a new amplified chromo- son-Keller JJ, Lieber MM, Jenkins RB (1994) Aneuploidy and

somal region, 3q26-qter. This region has not been de-aneusomy of chromosome 7 detected by fluorescence in situ
. ’ ) . hybridization are markers of poor prognosis in prostate cancer.
scribed before, and may harbor a new oncogene impor-=5er Res 54:3998-4002

tant in HNSCC_deveIopment. ISH on colon cancer SpeRiers JC, Dekken H van (1996) Interphase cytogenetic analysis of
mens has confirmed the presence of numerical and strucsolid tumors by non-isotopic DNA in situ hybridization. Prog

tural aberrations frequently encountered in colorectal ty- Histochem Cytochem 31:1-137

. s JC, Krijtenburg PJ, Vissers KJ, Bosman FT, Kwast ThH van
mors, such as trisomy 7 and monosomy 18. It has ?{der, Dekken H van (1995a) Interphase cytogenetics of prostat-

added some new numerical aberrations, e.g., gain ofic adenocarcinoma and precursor lesions: analysis of 25 radi-
chromosome 12. Additionally, CGH of adenomas re- cal prostatectomies and 17 adjacent prostatic intraepithelial
vealed gains of chromosome 7 and 20. In prostatic ade-neoplasias. Genes Chromosom Cancer 12:241-250

; : dﬂp_rs JC, Krijtenburg PJ, Vissers CJ, Bosman FT, Kwast ThH van
nocarcinoma, ISH analyses have confirmed chromos der, Dekken H van (1995b) Cytogenetic heterogeneity and his-

al abnormalities that had been previously detected byigjogic tumor growth pattérns in prostate cancer. Cytometry
karyotyping and LOH studies. However, they appear at 21:84-94
much higher frequency than was previously suspectlazs M, Matsumura K, Moore D, Pinkel D, Gray JW, Waldman

from conventional cytogenetic analysis (e.g., loss of Y FM (1995) Karyotypic heterogeneity and its relation to label-
and alterations of chromosome 8). Additionally, ISH gg_qun(;%x ininterphase  breast tumor  cells. Cytometry

analysis rendered possible markers for the biological @andyk MG, Zhao L, Trocosco P, Pisters LL, Palmer JL, Eschen-
gressiveness of prostatic tumors, such as gain of chromobach AC van, Chung LWK, Liang JC (1994) Trisomy 7: a po-

somes 7 and 8. CGH also provided some new regions oftential cytogenetic marker of human prostate cancer progres-

. e sion. Genes Chromosom Cancer 9:19-27
Interest, most nOtany the ampllflcatlon of the 8q arrBaretton GB, Valina C, Vogt T, Schneiderbanger K, Diebold J,

This is, most likely, the result of isochromosome 8q for-"| shrs U (1994) Interphase cytogenetic analysis of prostatic
mation, which is illustrated by a combined ISH/CGH ef- carcinomas by use of nonisotopic in situ hybridization. Cancer
fort in Figs. 1 and 2. In bladder cancer, CGH studies Res 54:4474-4480

: ; ; :Beck JLM, Hopman AHN, Feitz WFJ, Schalken J, Schaafsma HE,
have confirmed some sites of allelic loss, as, for iR kaa CA van de, Ramaekers FCS, Hanselaar AGIM, Wilde

stance, loss of 11p, and have added some interesting Nnecy de (1995) Numerical aberrations of chromosomes 1 and
chromosomal regions of amplification. FISH studies of 7 in renal cell carcinomas as detected by interphase cytogenet-
breast cancers with region-specific probes for the ics.J Pathol 176:123-135

17p13.1 (p53) region and the 13q14 (Rb) region werefiihor, M (1991) Molecular themes in - oncogenesis.  Cell
poncprdance ,W_'th LOH studies. FISH was also used ckmuhl U, Schwendel A, Dietel M, Petersen | (1996) Distinct
identify the origin of HSRs, a frequently seen abnormali- patterns of chromosomal alterations in high- and low-grade

ty in this type of cancer. One of the amplified oncogenes head and neck squamous cell carcinomas. Cancer Res
is the erbB-2 gene on 17q12. Another, yet unknown, re- 56:5325-5329

sides in the 20q12-13 region, a site that was revealeoBBY)grri }'eglagm) Zur frage der entstehung maligner tumoren. Fish-

CGH analysis. The latter technique also distinguishggbwn JA, Alcaraz A, Takahashi S, Persons DL, Lieber MM, Jen-
frequent alterations in DCIS, the precursor of invasive kins RB (1994) Chromosomal aneusomies detected by fluores-
ductal carcinoma. cent in situ hybridization analysis in clinically localized pros-

; ; .. tate carcinoma. J Urol 152:1157-1162
In conclusion, ISH and CGH have established th onska PM, Levin NA, Fu KK, Kaplan MJ, Singer MI, Gray JW,

importance in solid cancer genetics and will continue 0" christman MF (1995) Frequent novel DNA copy number in-
gain momentum in this area of research. Microdissectioncrease in squamous cell head and neck tumors. Cancer Res
technology (Zhuang et al. 1995) will yield further access 55:3055-3059 ) _ )

to analysis of small tissue areas, which is especially ifRiulis RS, Frias-Hidvegi D (1993) Detection of numerical chro-

- - mosomal abnormalities in malignant cells in fine needle aspi-
portant for CGH studies of precancerous lesions. Fur- rates by fluorescence in situ hybridization of interphase cell

thermore, the ianeaSing and Continuing avallablllty O.f nuclei with chromosome-specific probes. Acta Cytol
new types of DNA probes, such as phage and bacterial37:391-396 o _
artificial chromosomes (Monaco and Larin 1994), wiffhen TR, Nierman WC (1994) Chromosome painting and quanti-

s i . : : _ tative karyotyping of colon adenocarcinoma cell lines, DLD-1
facilitate the in situ detection of possibly important ge- _ 4\ \c7215° Antcancer Res 14:109-112

netic sites. Cher ML, MacGrogan D, Bookstein R, Brown JA, Jenkins RB,
Jensen RH (1994) Comparative genomic hybridization, allelic
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