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Summary Carcinoma in situ (CIS) or intratubular germ cell neoplasia is generally considered the precursor lesion of adult testicular germ cell
tumours (TGCT). The chromosomal imbalances associated with CIS and the corresponding seminoma (SE) or nonseminoma (NS) have been
determined by comparative genomic hybridization (CGH) analysis of microdissected material from seven cases. Significantly, the CIS showed
no gain of 12p material whereas in the invasive components of all cases gain of 12p was found, in 2 cases associated with amplification of the
12p11.2-12.1 region. Interphase fluorescence in situ analysis was consistent with this and provided evidence for the i(12p) or 12p11.2-12.1
amplification in the SE and NS but not in the corresponding CIS. This suggests a role for these changes in progression of CIS to invasive
testicular cancer or progression of the invasive disease. Other imbalances such as gain of material from chromosomes 1, 5, 7, 8, 12q and X
and loss of material from chromosome 18 were frequently identified (> 40% of cases) in the CIS associated with both SE and NS as well as in
the invasive components. Loss of material from chromosome 4 and 13 and gain of 2p were more frequently found in the invasive components.
The results shed light on the genetic relationship between the non-invasive and invasive components of testicular cancer and the stage at
which particular chromosomal changes may be important. © 2001 Cancer Research Campaign http://www.bjcancer.com
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Testicular germ cell tumours (TGCT) are the most common maligthrough resulting chromosome imbalances (van Echten et al,
nancy in young men. Histologically there are 2 main entities1995; Summersgill et al 1998). Chromosomal and allelic imbal-
These are the seminomas (SE) and the nonseminomas (NS). 8ices are frequently found involving gain of material from chro-
resemble primitive germ cells while NS show cellular differentia-mosomes 7, 8, 12p, 21 and X and loss from chromosomes 4, 5, 11
tion features of embryonic and/or extra embryonic tissues. SomE2q, 13, 18 and Y (de Jong et al, 1990; van Echten et al 1995;
cases known as combined tumours show features of both SE aBdndberg et al, 1996; http://cgap.nci.nih.gov/ Chromosomes/
NS with the components either mixed or separated (Mostofi aniitelman).
Sobin, 1977). Cytogenetic and molecular studies of SE and NS have shown
The cellular origin of TGCT has been postulated variously to beonsiderable similarities in the abnormalities found suggesting a
either primordial/dysplastic germ cells or meiotic spermatocyteslose developmental relationship between the groups (de Jong
(Shakkebaek et al, 1987; de Jong et al, 1990; Chaganti aret al, 1990; Sandberg et al, 1996). 2 main pathways have been
Houldsworth, 1998; Chaganti and Houldsworth, 2000). Howeverproposed to account for the origin of TGCT. SE and NS may arise
it is now generally accepted that carcinoma in situ (CIS), whictthrough divergence at an early stage or according to a linear
are also known as intratubular germ cell neoplasia, are thprogression model where they both arise from a common CIS
precursor lesions for TGCT (Skakkebaeket et al, 1987). The Clfivolving NS passing through a seminomatous stage (Mostofi,
consist of cells with a uniform appearance similar to those whicli986; Oosterhuis et al, 1989; Sandberg et al, 1996; Changanti anc
make up SE. All cases of TGCT have been shown to have gain éfouldsworth, 2000). Genetic analysis of CIS and invasive testic-
12p material, most usually in the form of an i(12p) chromosomeular cancers has provided some insights. Despite the technical
In some cases the 12p11.2-12.1 subregion is involved in an ampéifficulties some limited cytogenetic data is available for CIS. The
fication event (Suijkerbuijk et al, 1994; Mostert et al, 1996; Radi(12p) has been identified in 2 out of 5 cases which have been
et al, 1998; Summersgill et al, 1998b). Karyotype and recenkaryotyped although in the other 3 cases rearrangements involving
M-FISH analysis of cells derived from invasive GCT suggest thafl2p and a number of unidentifiable chromosomes were found
specific rearrangements probably do not involve breakpoints ofvhich could have resulted in additional 12p material (Vos et al,
significance and are likely to contribute to the tumour phenotypd990; van Echten et al, 1995). A near tetraploid chromosome
constitution is found in CIS associated with either SE and NS (de
Jong et al, 1990; Dieckmann and Skakkebaek, 1999) and through
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showed gain of 12p in one case (Looijenga et al, 2000). InterphagElouroGreen, FlouroRed, Amersham International plc,
study of nuclei from semen samples from 10 patients with CIAmersham, UK) was carried out by incorporation during further
have suggested that the i(12p) may be present in a few caseminds of DOP-PCR. For all CGH preparations, 250-500 ng of
although further studies were recommended to clarify this poindlifferentially labelled test and sex-matched control DNA from
(Meng et al, 1998). The fact that the i(12p) appears to be presentformalin-fixed, paraffin-embedded samples which had also been
some CIS has been interpreted to suggest that it may be associasetbjected to DOP-PCR, plus 15+42% of Cotl DNA (BRL Gibco)
with the genesis of these tumours (Changanti and Houldsworthyere co-hybridized to normal denatured metaphases for 48 hours
2000). at 37°C before washing and mounting in antifade withu@. =

Interphase FISH analysis using centromere probes for chroma, 6-diamidino-2-phenylindole (DAPI) as a counterstain. Images
somes 1, 12 and 15 has suggested genetic imbalances of thessvare captured using a cooled CCD camera (Photometrics) with
CIS and the possibility that the chromosomal constitution of ClSoftware from Wsis, UK. CGH analysis was carried out as previ-
associated with SE (CIS-SE) and NS (CIS-NS) are differenbusly described using the same software package and indepen-
(Looijenga et al, 1993). Recent loss of heterozygosity analysis fatantly checked (Lu et al, 1998; Summersgill et al, 1998a, 1998b).
selected loci indicated common regions of loss in CIS and invasivAt least 5 representative images were fully analysed and the
SE and NS (Faulkner et al, 2000). Here we have sought to identifgsults from these were studied separately and also combined to
the chromosomal imbalances found in CIS and associated SE aptbduce an average fluorescence ratio for each chromosome. The
NS using microdissection, universal DNA amplification and CGHaverage normal ratio levels and their standard deviation were
analysis and interphase FISH analysis for 12p. This would addresietermined in CGH experiments using differentially labelled
the issue of whether the CIS carry changes typical of their invasiveontrol DNA from paraffin-embedded material processed in the
counterparts. same way as the test samples and which had been subjected to
DOP-PCR. A copy number change was indicated when the
average fluorescence ratio corresponding to a sample lay outside
the normal standard deviation. The average fluorescence ratios in
control experiments plus and minus their standard deviation were
found to be within the range 0.85-1.15. A copy number change
Clinical and histological data on the TGCT cases and CIS, SE anglas scored when the average fluorescence ratio was outside these
NS studied are summarized in Table 1. Lesions were classifidinits and a ratio greater than 1.5 was scored as a higher level of
according to Mostofi and Sobin (1977). Regions for microdissecgain or amplification.
tion were identified using gm formalin-fixed paraffin-embedded
sections stained with haemotoxylin and eosin (H&E) and .

. . . . Interphase FISH analysis

mounted. Manual microdissection using drawn out glass rods was
carried out on unmounted parallelush sections stained with A probe for the 12 centromere and a YAC mapping to the minimal
H&E as previously described (Lu et al, 1998). A few regions ofoverlapping region of amplification (753f12, Whithead Institute
CIS were microdissected and pooled and single regions of SE bitp://www.genome.wi.mit.edu and supplied by UK MRC HGMP
NS adjacent to these on the same section were collected. FrozResource Center) were used to identify the i(12p) and gain or
material from cases 19, 33, 32 and 46 have been previousgmplification of 12p material. These probes were directly but
analysed by CGH (Summersgill et al, 1998a, 1998b). differentially labelled, mixed and hybridized to standardn®d
sections, using a microwave oven for denaturation, as previously
described (Lu et al, 1999). The slides were then washed and
mounted in antifade (Citifluor) with 041g mi* DAPI. Parallel
DNA was crudely extracted by boiling dewaxed, microdissectedlides stained with H&E were used to help correlate the hybridiza-
paraffin material and then subjected to PCR using degenerat®mn signals with cellular morphology. To locate CIS a digital
oligonucleotide primers (DOP-PCR) (Telenius et al, 1992).vernier reading for the stage position was used relative to a feature
Additional cycles of amplification were required in some cases toecognisable using fluorescence microscopy. Images were
obtain visible amounts of DNA as assessed on an agarose gel. Diredllected using a Zeiss Axioplan microscope with appropriate
labelling with Fluorescein-12-dUTP or Rhodamine-12-dUTPfilters, coupled to a cooled CCD camera (Photometrics, Tucson,
AZ) and software from Wsis (UK Ltd). Several images from the
same area but in different focal planes were taken in order to iden-
tify all the signals in the sections.

MATERIALS AND METHODS

Tumour samples and microdissection

CGH and digital image analysis

Table 1 Clinicopathological data and the material studied

Case No. Age in years Histology Material studied

at diagnosis

RESULTS

2 24 SE SE,CIS . i
19 26 SE SECIS Examples of CGH profiles for chromosome 12 are shown in
33 32 SE SE,CIS Figure 1 for CIS and invasive components. The latter were deter-
38 33 SE SE,CIS mined to have either gain of 12p, (cases 2, 19, 33, 32 and 46) or
4 38 SE+MTI SECIS amplification of the 12p11.2-12.1 region (cases 4 and 38). The
32 36 NS,MTU Emb.Ca,CIS . o B
16 29 NS.MT Emb.Ca.CIS results were consistent with interphase FISH analysis using the chro-

mosome 12 markers described assuming the near tetraploid composi-
SE, seminoma; NS, nonseminoma; MT malignant teratoma; MTI, malignant tion reported for CIS (de Jong_ et al, 1990; Dieckmann and
teratoma intermediate; MTU, malignant teratoma undifferentiated; Emb.Ca, Skakkebaek, 1999). Examples of interphase FISH for CIS and the
embryonal carcinoma. corresponding invasive tumour are also shown in Figure 1. Figure 1B
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Figure 1 Comparative genomic hybridization and interphase FISH analysis for chromosome 12 of CIS and associated SE and NS. (A) and (C) show the
results for CIS for cases 2 and 38 respectively. (B) and (D) show the results for the SE, cases 2 and 38 respectively. Each panel shows the inverted DAPI
banded images for chromosome 12 with the corresponding CGH images. These are followed by the CGH ratio profiles for these chromosomes. For (C) 2
examples are presented, i. showing no 12p gain and ii. showing gain of the 12p13 region. The average profile of all the chromosomes analysed for each
sample is shown with n equal to the number of chromosomes analysed. The final image is a representative interphase FISH image of a nucleus from
histopathologically defined regions (see Methods). The green signals are from the YAC 753f12 which lies within the smallest overlapping region of gain in the
12p11.2-12.1 region known to be amplified in some cases. The red signals correspond to the centromere of chromosome 12. The image of the interphase
nucleus in (A) for the CIS shows 3 red green pairs of signals in the configuration found in a normal 12 chromosome (arrowed). As CIS cells have been shown to
be near tetraploid (see introduction), this is consistent with the CGH profile. A nucleus from the associated SE is shown in (B) with several pairs of signals
(arrowed) plus 2 examples consistent with i(12p) where 2 green signals flank the red centromere (triangle). (C) shows a nucleus from the CIS of case 2 with 2
clear pairs of red green signals and (D) shows evidence for multiple copies of the YAC (triangle) corresponding to amplification of the 12p11.2-12.1 region. The
scale bar is equal to 5 pm.
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shows the typical configuration of interphase signals expected for The amplification events in 2 cases of TGCT were confirmed
the presence of an i(12p) chromosome with the signal from thby interphase FISH analysis using a marker from the common
12p YAC found either side of the centromere. None of the ClSverlapping region of amplification (Figure 1B) (Mostert et al,
were found to have detectable gain or amplification of 12pl1998; Roelofs et al, 2000; Goker and Shipley, unpublished data).
material by CGH analysis. However, some of the chromosome 18mplification was not detected by interphase FISH analysis in the
CGH profiles for the CIS of case 38 indicated gain of the 12p1®orresponding CIS. This is consistent with recent interphase FISH
region although this was not significant in the averaged profilanalysis of 4 cases showing amplification in the invasive and
(Figure 1C). The interphase FISH analysis for CIS produced relimicroinvasive components but not in the CIS (Roelofs et al, 2000).
able signals in between 5 and 15 cells and was not consistent wiur data are consistent with relative gain or amplification of
the presence of the i(12p) or amplification although cells werenaterial from 12p being associated with progression of CIS to
interpreted as having 2 and 3 copies of chromosome 12 in thavasive testicular cancer or progression of the invasive disease.
presumed near tetraploid background (Figure 1). This was in In contrast to our data showing the absence of additional 12p
contrast to the results of the associated SE and NS which athaterial in CIS previous data have suggested that some CIS show
showed 12p gain in the form of an i(12p) or amplification of 12pi(12p) while others did not. Despite the technical difficulties some
material by both techniques. Other imbalances were identified biimited cytogenetic data are available for CIS. Whilst this has the
CGH analysis in CIS, SE and NS. These results are summarizedlvantage of analysing single cells, these dividing cells may not
in Figure 2. The results from the microdissected invasive disead® representative of most cells in the lesion. One study showed
for cases 19, 33, 32 and 46 were similar to those from previouhat 1 out of 3 cases had 2 copies of i(12p) although other
CGH analysis of snap-frozen samples from these patientsearrangements involving 12p were identified as well as a number
(Summersgill et al, 1998a,b). of unidentifiable chromosomes which could have resulted in addi-
tional 12p material (Vos et al, 1990). A second cytogenetic study
showed i(12p) in both the CIS and corresponding invasive compo-
nents and a second case in which it was not clear whether an i(12p)
DISCUSSION chromosome was present or not (van Echten et al, 1995). More
CIS is generally considered the precursor lesion of TGCTrecently, CGH analysis of material from 2 cases with CIS and
(Dieckmann and Skakkebaek, 1999). This study has defined thassociated SE or NS showed gain of 12p in both components of
chromosomal imbalances associated with CIS and the associatede case (Looijenga et al, 2000). Analysis of semen has suggested
invasive disease in 7 cases. 5 samples of invasive disease werdladt some cases with CIS may have cells with i(12p) (Meng et al,
seminomatous histology and 2 samples were described d9€98). A recent study presented 12p data only from CGH and
nonseminomas with features of embryonal carcinoma. All thénterphase FISH analysis of various histological elements from 11
invasive components showed gain of material derived from 12p. Inases (Rosenberg et al, 2000). Gain of 12p material was not found
5 cases this was consistent with gain of the whole arm but in oria any CIS component. Taken together the available data indicate
SE and one NS amplification of the 12p11.2—-12.1 region was iderihat gain of 12p material may arise as a late event in CIS and is
tified. Significantly, the CGH analysis of the CIS did not detectassociated with invasive disease.
gain of 12p material nor amplification of the 12p11.2-12.1 region The CGH analysis of CIS from case 38 presented here showed
in any of the cases. However, other imbalances were identifiegain of the 12p13 region in some of the individual profiles although
in the CIS some of which were in common with the associatethe avaerage profile did not indicate gain of 12p (Figure 1). In
invasive component. similar analysis of 2 cases, the noninvasive element of a NS
Gain of 12p material in the SE and NS studied is consisterahowed a trend towards gain of the 12p13 region (Looijenga et al,
with previous karyotype and CGH analyses of tumour sample2000). TheCCND2gene at 12p13 which is involved in regulating
which have shown that this is most usually associated with athe G1-S cell cycle checkpoint has been suggested as a candidate
i(12p) (van Echten et al, 1995; Korn et al, 1996; Mostert et alfor involvement in TGCT and has been shown to be expressed in
1996; Summersgill et al, 1998a; http://cgap.nci.nih.gov/CIS (Houldsworth et al, 1997). Analysis of primary TGCT and
Chromosomes/Mitelman). Previous analyses have also showgell lines have also suggested that the 12p13 region may be impor-
that some cases are associated with amplification of a speciftant (Henegariu et al, 1998). Further analysis of CIS and other
subregion at 12p11.2-12.1 (Suijkerbuijk et al, 1994; Mostert et algenes in this and other regions of 12p, particularly including the
1996; Rao et al, 1998; Summersgill et al, 1998b). The absence ©2p11.2—p112.1 region amplified, is warranted.
detectable 12p gain in the CIS cannot exclude the possibility that a Although 12p gain was not identified in the CIS studied here,
small proportion of the cells within the tubules have an i(12p). Thether imbalances were frequently found, such as gain of material
CGH analysis averages the imbalances present in the microdisom chromosomes 1, 5, 7, 8, 12p and X and loss of material
sected sample and the interphase FISH analysis could miss a fénwm chromosomes 18 (>40% of cases) (Figure 2). These
cells carrying this change. However, other imbalances in commoohanges were found in the CIS associated with both SE and NS
with the invasive components were identified suggesting that théCIS-SE and CIS-NS) supporting a common pathway of devel-
CGH approach would have detected 12p gain if it was present impment. Similar changes were also found in the invasive compo-
most cells. Also, previous CGH analysis of frozen materialnents themselves and have been frequently found in previous
(Summersgill et al, 1998a,b) and the analysis here of microstudies of SE and NS (van Echten et al, 1995; Korn et al, 1996;
dissected formalin-fixed paraffin-embedded material equivalenMostert et al, 1996; Summersgill et al, 1998a; http://cgap.
in size to CIS from cases 19, 33, 32 and 46 produced similarci.nih.gov/Chromosomes/Mitelman). Loss of chromosome 4 was
results and was consistent with our previous investigations validentified in 4 of the invasive TGCT and has been previously
dating this type of approach (Lu et al, 1998; Summersgill et alnoted. However, this change was not seen in the corresponding
1998b). CIS suggesting its association with invasive disease (Figure 2).
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Figure 2 Summary of the chromosomal imbalances associated with (A) CIS and (B) associated invasive SE and NS. Vertical lines on the right side of a
chromosome represent gains of genetic material and vertical lines on the left side correspond to losses. Thick lines are indicative of a higher copy number
change. Chromosomal imbalances in CIS associated with SE, CIS-SE, are represented by a solid line while imbalances in the CIS associated with NS, CIS-NS,
are represented by the dashed line. The chromosomal imbalances in SE and NS are represented in (B) by solid and dashed lines, respectively. The case

numbers are indicated on the top of the lines.
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Gain of 2p material was detected in 5 of the invasive TGCT but  nonseminomatous germ cell tumors, and carcinoma in situ of humantiabtis.
only in 2 CIS. Conversely, loss of material from chromosome 16  Invest68 211-219

f v f din the CIS. A simil ituati has b Looijenga L, Rosenberg C, van Gurp R, Geelen E, van Echten-Arends J, de Jong B,
was mo_re requently _Oun "_1 e - A simiiar _SI ua I_on as been Mostert M and Oosterhuis W (2000) Comparative genomic hybridization of
shown in lobular carcinoma in situ of the breast involving chromo-  microdissected samples from different stages of development of a seminoma
some 16 in which we suggest that loss has selective advantage for and a non-seminoma.Pathol191: 187-192
proliferation of cells within the ducts of the breast (Lu et al, 1998)Lu Y-J, Osin P, Lakhani S, de Palma S, Gusterson B and Shipley J (1998)

A similar proliferative advantage relating to genes lost from chro- ~ omparative genomic hybridization analysis of lobular carcinoma in situ and
atypical lobular hyperplasia and potential roles for gains and losses of genetic

mosome 16 may operate within the seminiferous tubules that is N0 3ierial in breast neoplas@ancer Res8: 4721-4727

longer selected for in the invasive disease. Chromosome 16 |0SsLigY-J, Birdsall S, Summersgill B, Smediey D, Osin P, Fisher C and Shipley J
more frequently found in SE than NS and may be associated with (1999) Dual colour fluorescence in situ hybridisation to paraffin embedded
the more seminomatous morphology which is associated with CIS. ~Samples to deduce the presence of the der (X)t(X;18)(p11.2,q11.2) and

. involvement of either the SSX1 or SSX2 gene: a diagnostic and prognostic aid
It has been postulated that all NS go through a seminomatous stage ;- synovial sarcomal Pathol87: 490—496

and the loss of 16 material in the CIS may reflect this (Oosterhuigieng F, zhou v, Giwercman A, Skaaebaek N, Geurts van Kessel A and Sijkerbuijk R
et al, 1989). (1998) Fluorescence in situ hybridization analysis of chromosome 12

Other chromosomal imbalances which are different between SE anomolies in semen cells from patients with carcinoma in situ of the testis.
and NS have been previously noted (van Echten et al, 1995; Kom J Pathol186 235-239

i . . Mostert M, van de Pol M, Olde Weghuis D, Suijkerbuijk R, Geurts van Kessel A,
et al, 1996; Mostert et al, 1996; Summersgill et al, 1998a; .1 Echten J, Oosterhuis J and Looijenga L (1996) Comparative genomic

http://cgap.nci.nih.gov/Chromosomes/Mitelman). These include  nhybridization of germ cell tumors of the adult testis: confirmation of karyotypic
an association of gain of 6q material and loss of 15 and 22 material findings and identification of a 12p amplicdancer Genet Cytogeng®:

with NS. One case of CIS-NS studied showed gain of 6q and this 146-152 ,
| th h dl 22 The latt howi | Mostert M, Verkerk A, van de Pol M, Heighway J, Marynen P, Rosenberg C, Geurts
plus another case showed l0Ss 0 : e latter case showing l0ss van Kessel A, van Echten J, de Jong B, Oosterhuis J (1998) Identification of

of chromosome 22 also had loss of chromosome 15 material in the critical region of 12p over-representation in testicular germ cell tumors of
both components which is more typical of NS. These data suggest adolescents and adul@ncogenel6: 2617-2627
that the CIS associated with NS may already be committed to Mostofi F (1986) Pathology and germ cell tumors of the teStiacer45: 1735-154

nonseminomatous path of development. Previous interphase FIgYI_i)stofi F and Sobin L (1977) International histological classification of testicular
P p i tumors (no. 6). In: International Histologic Classification of Tumors. Geneva:

analysis was also suggestive of this conclusion (Looijenga et al, \yoiq Health Organization.
1993). However, more extensive investigations are required tOosterhuis J, Castedo S, B dJ, Cornelisse C, Dam A, Sleijfer D and Schraffordt-
identify the key determinants of NS and SE development. Koops H (1989) Ploidy of primary germ cell tumors of the testis: pathogenetic
and clinical relevance.ab Inves60: 14-20
Rao P, Houldsworth J, Palanisamy N, Murty V, Reuter R, Motzer R, Bosl G and
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