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Cryptic rearrangements of chromosome 12
in testicular germ cell tumors with
or without the specific i(12p) marker
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Abstract. Isochromosome of the short arm of chromosome 12 [i(12p)] is a highly spe-
cific chromosome abnormality of human testicular germ-cell tumors (TGCTs). It has
been detected in 80% of cases. Other abnormalities that involved 12p-derived material
have been observed in the remaining 20% of cases. In our study, cryptic rearrangements
of the short arm of chromosome 12 were distinguished by fluorescence in situ hybrid-
ization (FISH) in eight cytogenetically abnormal TGCTs. This group included
multiplicated material of 12p-arm in both i(12p)-positive and i(12p)-negative tumors.
Such a common occurrence of chromosome 12 short arm rearrangements and
overrepresentation of 12p-material confirms that yet unidentified gene(s) on 12p can
play an important role in oncogenesis of TGCTs.
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Introduction

Human testicular germ cell tumors (TGCT) can be divided (clinically and
histologically) into two groups: seminoma (SE) and nonseminoma (NS)
(MOSTOFI et al. 1987, MURTY, CHAGANTI 1998,). Both types of TGCTs develop
from a common precursor, known as carcinoma in situ (SKAKKEBAEK et al. 1987)
or intratubular germ cell neoplasia (OOSTERHUIS et al. 1989). Despite
the hypertriploid DNA content for CIS and SE and hypotriploid DNA content for
NS (OOSTERHUIS et al. 1989, EL-NAGGAR, et al. 1992, de GRAAFF et al. 1992),
they show a striking similarity in chromosome constitution (de JONG et al. 1990),
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depending on pathogenetic origin. The most common and highly indicative
change is the formation of an isochromosome of a short (p) arm of chromosome
12-[1(12p)] (ATKIN, BAKER 1982). More than 80% of all TGCTs display one or
more copies of such izochromosomes — [i(12p)] (RODRIGUEZ et al. 1992,
GEURTS-VAN-KESSEL et al. 1993). In a relatively small group of these tumors
without 1(12p) other abnormalities involving chromosome 12 are usually found
(GIBAS et al. 1986). Occurrence of 12p abnormalities is common in i(12p)-nega-
tive TGCTs. These abnormalities are analogous to i(12p) and may contribute to
tumor development (SUNKERBUIIK et al. 1993). Extra aberrations involving chro-
mosome 12 can be found not only in i(12p)-negative but also in i(12p)-positive
TGCT (SUUKERBUIKK et al. 1992).

This study was carried out to identify cryptic rearrangements of chromosome
12 1n primary testicular tumors. Chromosome-12-derived markers were identified
using FISH and GTG re-examination in a selected group of tumors. All of these
TGCTs appeared to contain 12p abnormalities, resulting in a distinct mode of
overrepresentation. Our data concurs with the suggestion that the occurrence of
12p abnormalities is common in TGCT and that these abnormalities may contrib-
ute to tumor development.

Material and methods

Tumor material, cell culture and cytogenetic analysis

Fifteen tumor specimens (six seminomas and nine nonseminomas) were obtained
from patients undergoing standard surgery for TGCT at the Maria Sklo-
dowska-Curie Memorial Cancer Center. Histopathological diagnosis was per-
formed by the Department of Pathology according to standard WHO criteria.
Cells were cultured in a 5% CO, atmosphere at 37°C. The growth medium was
composed of RPMI 1640, 15% fetal calf serum, 200 mM L-glutamine, 5 mg/ml
insulin and antibiotics (penicillin 100 units/ml, streptomycin 100 mg/ml). Cells
for cytogenetic analysis were harvested and proceeded following short-term cul-
ture according to conventional methods. Metaphase spreads were prepared ac-
cording to standard procedures using methanol with acetic acid for fixation.

Chromosomes were G-banded (GTG) by Wright’s or Giemsa staining (WANG, -
FEDOROFF 1972). Karyotypes were analysed and classified according to the ISCN
(1995).

Eight selected tumors were examined in detail for the presence of abnormali-
ties involving the short arm of chromosome 12, i.e. i(12p) and other markers car-
rying chromosome 12 material. G-banded metaphases with undefined markefs
were analysed subsequently by fluorescence in situ hybridization (FISH). For this
purpose FISH with painting the whole chromosome 12 or its short arm was used.
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Fluorescence in situ hybridization

The procedure outlined is based on that described originally by PINKEL et al.
(1986). The following DNA probes were used: digoxigenin-labeled library probe
for chromosome 12 (Coatasome 12, Oncor) and biotin-labeled library probe for
the short arm of chromosome 12 (M28). The painting probes were denatured at
75°C for 10 or 5 minutes.

Slides for cytogenetic analysis were treated with RNase (RNase A, 100 mg/ml
in 2 x SSC), washed in 2 x SSC, digested in pepsin solution (5 mg/100 ml 0,01M
HCI), washed in PBS and then placed in 1% paraformaldehyde/1% MgCl, PBS.
After this fixation step, slides were washed in PBS, dehydrated in alcohol series
and left to dry. The dehydration preceded denaturation in 50%
formamide/2 x SSC for 4 minutes at 75°C, after which the slides were placed in
ice-cold 70% ethanol before being dehydrated again. Hybridization was carried
out in a humidified chamber at 37°C overnight. Non-specifically bound probes
were removed with three washes in 50% formamide/2 x SSC at 42°C (5 min.) and
subsequently with three washes in 2 x SSC also at 42°C. Chromosomes and
interphases hybridizing to biotin- or digoxigenin-labelled probes were visualised
using alternating layers of fluorescein isothiocyanate (FITC)-conjugated avidin
and biotinylated goat anti -avidin antibodies (both from Vector Laboratories,
Burlingame, CA), or FITC-conjugated mouse anti-digoxigenin antibodies
(Sigma) and FITC-conjugated goat anti-mouse antibodies (Jackson
ImmunoResearch, West Grove, PA), respectively. Counterstaining of the chro-
mosomes and interphases was performed with the blue DNA-specific dye DAPI
(Sigma).

Chromosomes were studied under a Zeiss Axioskop epifluorescence micro-
scope, equipped with appropriate filters for visualisation of FITC, Texas Red and
DAPI fluorescence, as well as for simultaneous visualisation of propidium iodide
and FITC fluorescence. Photographs were taken on Kodak Gold 400 colorslide
film, |

Results

Among the observed fifteen TGCTs, twelve tumors were kariotypically abnormal
(Table 1). These cases showed a neartriploid or neartetraploid number of chromo-
Somes per cell.

Table 2 presents the karyotypes of nine conventionally (G-banding) analysed
cases, selected for FISH examination. Only three tumors in this group displayed
the common i(12p) marker. The remaining five tumors lacked 1(12p), but carried
Other numerous rearrangements. Cells analysed by banding showed structural



Table 1. Summary of clinical and cytogenetical G-banding data on TGCTs

:\?:;I:r Patient age Histology Modal number 1(12p) U?:)gflr:;?ed
197 20 NS 54-56 -+ +
199 36 NS 69-77 + +
202 40 NS 52-60 - +
203 45 NS 52-59 - +
204 41 NS 60-64 - +
208 27 SE 54-60 n.r. n.r.
210 31 NS 61-66 + +
214 31 SE 50-54 - +
215 45 NS ~100 - %
216 45 SE 46 - -
217 43 SE 46 - -
218 39 SE '90-100 - +
219 35 SE 46 - -
220 51 NS 56-69 n.r n.r.
221 43 NS 47-50, 80-90 - s
NS = nonseminoma
SE = seminoma
n.r. = no results
Table 2. Karyotypic description of eight cases selected for FISH analysis
Patient
num- Composite karyotype
ber
197 54-56, XY, -1, -2, -4, -5, der(5), -6, -7, -8, -10, -11, der(11), -13, -16, -17, -18, -19, -20,
-21,-22,-22, +i(12p) x 1~2, +2mar
199 69-77, XXXYY, -4, +6, -19, -20, +21, +i(12p), +Smar
203 59, XXY, -3, 4, -5, -6, -7q+, -9, -10, -11, dup(12p), -13, -14, -16, -17, -18, -19, -20,
-21, -22, +marl, +mar2, +mar3, +2mar
204 63, XY, -2, 4,-5,-6,-8,-9,-11, -13, -14, -15, -16, der(16)t(1;16), -18, -22, +mar1, +4mar
208 hypotriploid
210 65, XXYY, +7, -10, +12q+, +del(12q), -13, -14, -17, -20, -21, +22, + i(12p) x 1~2
215 hypertetraploid
220 hypotriploid
221 56-69, XY, -3, -4 -5 +7,-13,-14,-15,-15, -18,-21, -22. +marl, +mar2, +mar3 —
i(12p) Figure 1. Ideogram of FISH using the painting probe of whole

short arm nf chromosome 12 (M28) on normal chromosome 12
and i(12p) marker. Black area shows 12p material, chequered are2

chromosome 12

(126]



Figure 2. Results of FISH (a) after G-banding analysis (b) with a whole chromosome 12 (p-12)

painting probe indicates three copies of a normal chromosome [2.1(12p)and marker 2 contains

chremosome 12 material from patient 210, The arrowhead indicate 12p). while the arrow
shows marker 2.



Figure 3. Results of FISH (a) after G-banding analysis (b) with a chromosome 12 short arm

painting probe (M28) indicate three copies of normal chromosome 12 and long marker with

amplification of 12p material from patient 204. Arrowheads indicate normal chromosomes 12,
while the arrow shows a long marker with chromosome 12p amplification.



Table 3. Overrepresentation of 12p material detected by G-banding and FISH method.
Ideograms present markers other than i(12p) detected by FISH. Black area shows 12p
material, chequered area shows 12q material

Patient GTG GTG all FISH the highest FISH
number i(12p) unidentified | number of i(12p) markers carrying 12p material
markers
197 1 2 2 xi(12p) none
203 - 5 none
mar 1 mar 2 mar 3

del(12)(q13)

204 - 5 none mar
208 no results no results 3x1i(12p) none
TIO 1 1 2 xi(12p) mar 1 mar2
215 no results no results 2 xi(12p) none
220 no results no results 3 xi(12p) —

221 1 3 none

mari mar2 mar3

1271
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anomalies involving chromosomes 1, 5, 11, 12, 16 and several unidentified mark-
ers. Two of these anomalies seemed to carry a cryptic rearrangement of chromo-
some 12: dupl2p marker in case 203 and del(12q) in tumor 210 (Table 2).
Generally, chromosome 12 rearrangements were found in only four of nine con-
ventionally analysed cases.

Table 3 summarises chromosome-12-derived markers identified using FISH
techniques and after G-band examination in a group of eight successfully hybrid-
1ized tumors. The FISH analysis revealed that all eight tumors exhibited abnormal-
ities, involving the chromosome-12-derived material. Therefore, the common
1(12p) marker was found in five cases. Isochromosome i(12p) was detected as
a sole rearrangement of chromosome 12 in three (197, 208, 215) of these tumors
(see also Figure 1). In two further i(12p)-positive tumors (210, 220) cryptic rear-
rangements of 12p were detected additionally to i(12p) anomalies of chromosome
12 (see also Figure 2). In three remaining, i(12p)-negative tumors (203, 204, 221),
cryptic rearrangements were recognised as structural anomalies involving chro-
mosome 12-derived material (see also Figure 3).

As a result of subsequent FISH and GTG analysis, i(12p) markers and/or 10
other markers carrying 12p-derived material were demonstrated in all analysed
cases (Figure 1 and Table 3). All these abnormalities included 12p-derived mate-
rial (black areas) and (in some cases) 12q-material (chequered areas).

Discussion

Chromosome arm 12p rearrangements, including i(12p) and other markers, have
been observed in virtually all primary testicular germ cell tumors (TGCT) exam-
ined by FISH (SUIJKERBUIJK et al. 1991, SMOLAREK et al. 1995, HOULDSWORTH
et al. 1997).

We compared the results of conventional karyotyping and FISH in search of
rearrangements of chromosome 12. A common i(12p) marker and a variety of
other markers carrying chromosome 12p material was found in a selected group of
eight TGCTs. The 1(12p) marker (amplification of the whole short arm of chromo-
some 12) was visualised both by conventional analysis (GTG) and by FISH meth-
ods. However, most of the other 12p markers remained undefined following
conventional cytogenetic banding.

Application of both methods of analysis demonstrated an overrepresentation
of 12p derived material in all examined TGCT cases. At least one copy of i(12p)
was found in five of the eight cases studied. These results are consistent with
the previous data demonstrating the presence of i(12p) in over 80 per cent of all
TGCTs (ATKIN, BAKER 1982, PIENKOWSKA et al. 1997).

Approximately 20% of testicular tumors do not have i(12p) but do contain
other rearrangements of 12p (GIBAS et al. 1986). In our material in all three
1(12p)-negative tumors, a varicty of 12p abnormalities were revealed. These ab-
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normalities could arise as a result of duplication of a part of 12p arm on chromo-
some 12; insertion of 12p material into other chromosomes; transfer of
12p-material to distal parts of markers; or whole 12p arm translocation. Thus,
even 1n i(12p)-negative tumors overrepresentation of 12p-material was observed.
The overrepresentation of 12p-derived sequences in i(12p)-negative TGCTs is
probably analogous to one or more copies of i(12p) in i(12p)-positive TGCTs and
may be essential for TGCT development (GIBAS et al. 1986).

Moreover, additional anomalies of 12p were detected in two i(12p)-positive
tumours. Appearance of 12p-markers was similar in i(12p)-negative and
I(12)-positive tumors. Our observation of the coexistence of i(12p) with other
markers carrying chromosome 12p material is consistent with the results of
SUJKERBUIIK (1993), who described extra aberrations of chromosome 12, not
only in i(12p)-negative, but also in i(12p)-positive TGCT (SUNKERBUIKK et al.
1993).

As aresult of combining data from FISH experiments with those from conven-
tional chromosome banding analyses, other aberrations involving the short arm of
chromosome 12 were identified in this study. The application of FISH technique
with both types of probes (for the whole chromosome 12 or its short arm) consid-
erably increased the detectability of chromosome 12 rearrangements in TGCT.

The short arm of chromosome 12 demonstrated a relative overrepresentation as
compared with their modal chromosome constitution (neartriploid/neartetraplid) in
the analysed group of tumors. It is well known that the amplification of whole
chromosomal arms remains rather infrequent in tumorigenesis. The ubiquitous
amplification of the whole short arm and/or part of 12p in germ cell tumors sug-
gested that 12p arm carries gene(s) important for oncogenesis of male germ cell
tumors. Recent studies by FISH using microdissection probes for specific bands
of 12p have led to the hypothesis that 12p harbours more than one gene important
for TGCT oncogenesis, which may be located in different areas of 12p
(HENEGARIU et al. 1998). These sequences, disseminated along the short arm of
chromosome 12, may play a role in tumor development, tumor growth advantage,
and/or therapy resistance (MOSTOFI et al. 1987). The consistent over-
representation of 12p sequences, by i(12p)-formation or other aberrations of chro-
mosome 12, indicate that the gene(s) on the short arm of chromosome 12 play an
essential role in TGCT oncogenesis. However, the relevant genes need to be iden-
tified.
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