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A b s t r a c t  Germ cell tumours in children are more often 
extragonadal than in adults and the most frequent type is 
the yolk sac turnout. Limited cytogenetic data exist on 
extragonadal yolk sac tumours in children. We applied in 
situ hybridization (ISH) to interphase cell nuclei of four 
paediatric extragonadal pure yolk sac turnouts and one 
yolk sac turnout component of a mixed germ cell tumour 
using paraffin-embedded tissue sections. The panel of 
chromosome-specific DNA probes was selected on the 
basis of  their relevance in adult germ cell turnouts and 
consisted of five DNA probes specific for the (peri)cen- 
tromeric regions of chromosomes 1, 8, 12, and/or 17, X 
and/or one DNA probe specific for the subtelomeric re- 
gion of chromosome 1 (p36.3). Only one tumour failed 
to show numerical and structural chromosome aberra- 
tions with the DNA probes used. The other four had an 
increased incidence of numerical chromosome aberra- 
tions with an over-representation of at least one chromo- 
some. The DNA indices determined in the paraffin-em- 
bedded turnout material correlated well with the in situ 
hybridization findings. In only a few cases were chromo- 
somes over-represented, when compared with the corre- 
sponding DNA indices. Recently, we have shown that the 
short arm of chromosome 1 is a non-random site of dele- 
tion in paediatric gonadal pure yolk sac tumours. The oc- 
currence of similar deletions in one extragonadal pure 
yolk sac tumour and in one yolk sac turnout component, 
in conjunction with two further ISH reports, suggests 
that the loss of gene(s) in this region is an important 
event in the pathogenesis of paediatric malignant germ 
cell turnouts of nearly all sites. 
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Introduction 

Germ cell tumours (GCTs) in children differ in many re- 
spects (epidemiology, clinical behaviour, distribution of 
sites and morphological subtypes) from GCTs in adults. 
In this age group the percentage of extragonadal tumours 
is higher than in adults. The majority of malignant child- 
hood GCTs are either pure yolk sac tumours (YSTs) or 
mixed GCTs with a YST component [2, 3]. To our 
knowledge, only one cell line of a paediatric extragonad- 
al pure YST [1] and four paediatric extragonadal pure 
YSTs or mixed GCTs with a YST component h~ave been 
studied cytogenetically [9]. 

The aim of the study was to investigate whether pae- 
diatric extragonadal YSTs have similar chromosome ab- 
errations to GCTs in adults. Paraffin sections of four 
paediatric extragonadal pure YSTs and the YST compo- 
nent of a mixed GCT from the Kiel Paediatric Tumour 
Registry were investigated for chromosome aberrations 
by in situ hybridization (ISH) with four DNA probes 
specific for the (peri)centromeric regions of chromosome 
1, 12, and/or 17, X, as these chromosomes are non-ran- 
domly gained in adult male extragonadal GCTs. To re- 
late the degree of aneuploidy to the GCT-associated 
chromosomes examined, we utilized the DNA probe for 
the centromeric region of chromosome 8, because gain 
of this chromosome has not been documented in adult 
patients [11]. A subtelomer-specific DNA probe was 
used to study deletions in the short arm of chromosome 1 
at p36.3, since breaks in the short arm of chromosome 1 
were common in adult male extragonadal GCTs [ 10, l 1]. 
The DNA content was measured in isolated (intact) nu- 
clei from the paraffin-embedded tumour material after 
Feulgen staining using an image analysis technique, in 
an attempt to validate the ISH findings by an indepen- 
dent method. 
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Materials and methods 

We evaluated four extragonadal pure YSTs (KT 15/86, KT 442/89, 
KT 379/90, KT 302/77) and the YST component of an extrago- 
nadal mixed GCT (KT 144/91). Three GCTs were primary tu- DNA 
mours and two were metastatic lesions. KT 442/89 was located in probe 
the pelvis, KT 379/90 and KT 144/91 in the coccyx. KT 302/77 
was an extragonadal tumour of unknown origin and the metastasis 
was from the iliac crest. KT 15/86 was located in the retroperito- KT 144/911 
neum and the metastasis was from the liver. The mixed GCT KT DlZ l  
144/91 was composed of a dominant YST component and a small- D1S32 
er teratoma component. Sections (5 gm and 8 gm) were cut from D12Z3 
archived formalin-fixed, paraffin-embedded tissue blocks and D17Zl 
mounted on 3-aminopropyl-triethoxysilane (APES)-coated slides D8Z2 
[7]. Five (peri)centromere-specific DNA probes for chromosomes 
1 (DlZl) ,  8 (D8Z2), 12 (D12Z3), 17 (D17Z1), X (DXZ1), and the KT 15/86 
subtelomer-specific DNA probe for chromosome 1 (D1S32, p36.3) D1ZI 
were used. Pretreatment with 1 M sodium thiocyanate (NaSCN) D1S32 
and pepsin digestion of paraffin sections, description of DNA D12Z3 
probes and labelling procedure were as described previously [6]. DXZ1 
The evaluation and interpretation of ISH signals in paraffin sec- D8Z2 
tions were as follows. One paraffin section from each GCT was KT 442/89 
stained with haematoxylin and eosin counterstain to identify the D1ZI 
tumour areas. For all DNA probes, the number of signals per nu- D12Z3 
cleus was evaluated in at least 200 nuclei (maximum: 600). The DXZ1 
ISH results were usually verified by a second observer (data not D8Z2 
shown). The criteria for evaluating ISH signals established by KT 379/90 
Hopmann et al. [5] were followed. For DNA cytometry, single cell D lZ l  
suspensions were prepared from 50-gm paraffin sections of each 
tumour [4] on silanized slides after using a bucket centrifuge D1S32 
(Shandon, Germany). Cell cycle and DNA ploidy analysis was 
performed on an IBM 486, AT computer with the cytometry analy- D12Z3 
sis system AHRENS-ACAS (Bargteheide, Germany). Calculation 
of DNA indices (Dis) and definition of ploidy status were as de- D17Z1 
scribed previously [6]. DXZ1 

D8Z2 
Results 

In the p resen t  study,  the i nc idence  o f  h y b r i d i z a t i o n  sig- 
nals  pe r  nuc leus  af ter  I S H  wi th  the  six D N A  p robes  was  
eva lua ted  in 5 - g m  paraf f in  sec t ions  o f  four  e x t r a g o n a d -  
al pure  YSTs  and one  Y S T  c o m p o n e n t  o f  an ex t rago-  
nada l  m i x e d  GCT.  Table  1 s u m m a r i z e s  the n u m b e r  o f  
h y b r i d i z a t i o n  s ignals  pe r  nuc leus  af ter  I S H  wi th  the  
D N A  p robes  used.  N o r m a l  and s t romal  reg ions  ad jacen t  
or  in gonada l  pure  Y S T s  se rved  as in te rna l  (d ip lo id )  
contro ls .  The  c o r r e s p o n d i n g  i n c i d e n c e  and d i s t r ibu t ion  
o f  con t ro l  h y b r i d i z a t i o n  s ignals  have  been  r epo r t ed  pre-  
v ious ly  [6]. In  summary ,  wi th  all  D N A  probes  exam-  
ined,  3 5 - 4 3 %  of  nuc le i  showed  one  h y b r i d i z a t i o n  sig- 
nal ,  4 9 - 5 8 %  two h y b r i d i z a t i o n  s ignals ,  and  0 - 1 %  three  
s ignals .  A t  leas t  200 nuc le i  pe r  D N A  probe  were  count -  
ed  in n o r m a l  d ip lo id  t i ssues .  B a s e d  on these  data,  an 
ove r - r ep re sen t a t i on  o f  a c h r o m o s o m e  was a s s u m e d  in 
t u m o u r  ce l l s  i f  the i n c i d e n c e  o f  nuc le i  wi th  three  or  
more  h y b r i d i z a t i o n  s igna ls  was above  the s t andard  val-  
ue o f  3 .6% (the con f idence  in terva l  for  1% of  200 ana-  
l y z e d  nuc le i  is b e t w e e n  0 .1% and 3.6%).  Wi th  the  ex-  
cep t ion  o f  K T  15/86 al l  t umours  showed  an ove r - r ep re -  
sen ta t ion  o f  at leas t  one c h r o m o s o m e .  A ga in  o f  chro-  
m o s o m e  12 was o b s e r v e d  in four  tumours .  Fo r  exam-  
ple,  a t r i somy  and t e t r a s o m y  of  c h r o m o s o m e  12 was as- 
s u m e d  in t u m o u r  ce l l s  o f  K T  302/77 b e c a u s e  more  than 
3 .6% of  nuc le i  showed  up to four  h y b r i d i z a t i o n  s ignals  
af ter  I S H  wi th  the  D N A  p r o b e  D12Z3  (Tables  1, 2). A n  

Table 1 Percentages of signals per nucleus in 5-gm and/or 8-gm 
paraffin sections of four extragonadal yolk sac tumour (KT 15/86, 
KT 442/89, 379/90, KT 302/77 and one extragona(tal yolk sac tu- 
mour component (KT 144/91) 

Section 
thickness 

Number of signals per nucleus (%) 

0 1 2 3 4 

5 gm 3 24 63 l0 0 
5 gm 3 56 41 0 0 
5 gm 5 25 66 4 0 
5 gm 6 29 60 5 0 
5 gm 3 33 61 3 0 

5 gm 6 43 50 1 0 
5 gm 7 50 43 0 0 
5 ~tm 9 35 55 1 0 
5 gm 8 39 53 0 0 
5 gm 4 47 49 0 0 

5 gm 9 31 46 13 1 
5 gm 5 21 48 20 6 
5 gm 3 27 59 10 1 
5 gm 4 18 64 12 2 

5 gm 2 10 35 37 16 
8 gm 1 8 31 41 19 
5 gm 3 31 54 12 0 
8 gm 1 26 67 6 0 
5 gm 4 19 50 20 7 
8 gm 2 12 32 35 19 
5 gm 0 9 37 38 16 
5 gm 1 13 46 26 14 
8 gm 1 15 37 31 16 
5 gm 3 17 45 26 9 
8 p.m 1 8 33 31 27 

KT 302/77 
D l Z l  5 gm 3 34 61 2 0 
D1S32 5 gm 8 40 51 1 0 
D12Z3 5 gm 5 32 59 3 1 
D17Z1 5 gm 4 43 52 1 0 
DXZ1 5 gm 5 25 68 2 0 
D8Z2 5 gm 7 29 61 3 0 

unde r - r ep re sen t a t i on  o f  a c h r o m o s o m e  was a s s u m e d  in 
t umour  cel ls  i f  less  h y b r i d i z a t i o n  s ignals  were  o b s e r v e d  
c o m p a r e d  wi th  the copy  n u m b e r  o f  c h r o m o s o m e  8 and 
to the c o r r e s p o n d i n g  DI.  Such i m b a l a n c e s  were  on ly  
de t ec t ed  in gonada l  YSTs .  Fo r  example ,  a d i s o m y  of  
c h r o m o s o m e  1 was p resen t  in KT 429/90  wi th  up to 
four  h y b r i d i z a t i o n  s ignals  wi th  the D N A  probe  D 8 Z 2  
and wi th  a near  t e t r ap lo id  DI  o f  1.96 (Table  2) [6]. De-  
le t ions  in the  shor t  a rm of  c h r o m o s o m e  1 at p36.3 were  
de t ec t ed  in two o f  four  e x t r a g o n a d a l  GCTs .  For  exam-  
ple,  in K T  379/90 four  h y b r i d i z a t i o n  s ignals  wi th  the 
D N A  probe  D 1 Z I  cou ld  be o b s e r v e d  (Fig.  1). On para l -  
lel  5 - g i n  paraf f in  sec t ions  on ly  nuc le i  wi th  three  hy-  
b r i d i za t i on  s ignals  cou ld  be  de t ec t ed  wi th  the  D N A  
probe  D1S32 ,  so that  the total  loss  o f  one  hyb r id i za t i on  
s ignal  i nd i ca t ed  a de l e t ion  at l p36 .3  in this tumour.  A l l  
I S H  resul t s  were  ver i f ied  by  a s econd  obse rve r  (data  
not  shown)  and,  in K T  379/90,  on th icker  paraf f in  sec- 
t ions.  E x c e p t  for  two ex t r agonada l  tumours  (KT 144/91 
and K T  302/77)  al l  o ther  tumours  had  a b n o r m a l  Dis .  



Table 2 Summary of in situ hybridization results obtained from 
5-gm and/or 8-~tm paraffin sections and DNA indices of 11 pure 
yolk sac tumours and one yolk sac tumour component (YST yolk 
sac tumour, 1 yolk sac tumour component, P primary tumour anal- 
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ysed, Me metastasis analysed, F female, M male, NA not analysed, 
CR complete remission, LFU lost of follow-up, DO'C death of 
complication) 

YSTs Age TNM- Localization Metastasis 
classification 

Status Maximum number DNA Deletion 
of signals per nucleus indices at 
after ISH with lp36.3 
(peri)centromere- 
specific DNA probes of 

1 12 17 X 8 

KT 144/91PI/F 2 years T2aNXMX Coccyx - 
KT 15/86 Me/F 8 years pTXNXM1 Retroperitoneum Liver 
KT 442/89P/F 9 months T2hNXM1 Pelvis - 
KT 379/90P/F 8 months T2bNXM1 Coccyx - 
KT 302/77 Me/F 17 years pTXNXM1 ? Iliac crest 
KT 381/87P a 12 years pT2NXMX Ovarian - 
KT 89/87P a 17 years pT1NXMX Ovarian - 
KT 1076/91P a 6 years pT1NXMX Testicular - 
KT 774/91P a 3 years pT1NXMX Testicular - 
KT 169/86P a 1 years pT1NXMX Testicular - 
KT 429/90P a 1.5 years pT1NXMX Testicular - 
KT 453/90Me a 3 years pTXNXM1 Testicular Renal pelvis 

Control a F 
M 

CR 3 3 3 NA 
? 2 2 NA 2 
DOC 4 4 NA 4 
CR 4 4 4 4 
? 2 4 2 2 
CR/LFU 3 2 3 2 
CR/LFU 3 6 NA 3 
~ 4 4 NA 2 
~ 3 4 4 2 
? 4 4 NA 2 
? 2 8 4 2 
? 4 4 4 NA 

NA 2 NA 2 
2 2 2 1 

2 1.00 + 
2 1.23 - 
4 1.45 NA 
4 1.92 + 
2 1.00 - 
3 1.04 + 
3 1.50 + 
4 1.94 + 
3 1.41 + 
3 1.54 NA 
4 1.96 NA 
3 1.63 - 

NA 0.9-1.10 - 
2 0.9-1.10 - 

a The ISH results for gonadal yolk sac tumours and controls published by Jenderny et al. (1995) 

U s u a l l y  the D i s  co r re l a t ed  wel l  wi th  the I S H  f ind ings  
o f  c h r o m o s o m e  8 (Table  2). 

Fig. 1 a Morphological appearance of the paediatric pure yolk sac 
tumour KT 379/90 using hematoxylin-eosin counterstain (original 
magnification, x 125). b In situ hybridization ISH signals in inter- 
phase nuclei of a paraffin section (5 gm) using indirect peroxidase 
with diaminobenzidine staining and haematoxylin-eosin counter- 
stain (original magnification, x 280). Nucleus (arrowhead) from 
the paediatric pure yolk sac tumour area KT 379/90 was tetrasom- 
ic for chromosome 1 after ISH with the pericentromere-specific 
DNA probe D1Z1 

Discussion 

Very few ka ryo typ i c  analyses  have been  pe r fo rmed  on 
ex t ragonada l  YSTs  o f  ch i ldhood.  The  inves t igat ion o f  
one ex t ragonadal ,  r ad i a t ion - induced  paed ia t r ic  pure  YST 
of  a 35-yea r -o ld  man  revea led  a "pseudo"  d ip lo id  ka ryo-  
type  with  t rans locat ions  and a m o n o s o m y  of  12p and 7q 
[1]. Three  ex t ragonada l  pure  YSTs  and one m i x e d  G C T  
with a Y S T  c o m p o n e n t  involv ing  chi ldren  under  3 years  
of  age were  in the d ip lo id  or te t rap lo id  range  and showed 
structural  aber ra t ions  involv ing  c h r o m o s o m e s  1, 3, and 
6. Moreover ,  the occur rence  of  a de le t ion  in the short  
a rm of  c h r o m o s o m e  1 in all  ex t ragonada l  pure  YSTs  
ra ised the quest ion i f  this aber ra t ion  is an impor tan t  
event  in this paedia t r ic  h i s to log ica l  sub type  [9]. 

In the p resen t  study,  mos t  paed ia t r i c  ex t r agonada l  
pure  YSTs  and the YST c o m p o n e n t  had  s imi la r  aber ra -  
t ions to G C T s  o f  adults .  They  also had  a h igh  inc idence  
of  supe rnumera ry  ch romosomes .  Abe r ra t i ons  in chro-  
m o s o m e  n u m b e r  were  usua l ly  found  to be  cor re la ted  
with  changes  in D N A  content ,  so that  the I S H  resul ts  re- 
f lec ted  the p l o i d y  grade  o f  the tumours .  Fo r  example ,  in 
tumour  K T  379/90 up to four  hyb r id i za t i on  s ignals  were  
obse rved  wi th  the I ) N A  probes  o f  c h r o m o s o m e s  1, 8, 
12, 17, and X, respect ive ly .  This  c o r r e s p o n d e d  wel l  with 
a DI  o f  1.92. The  low f r equency  o f  nucle i  with the max-  
i m u m  of  hyb r id i za t i on  s ignals  is m a i n l y  due  to t runca ted  
nuclei ,  but  the occur rence  for  examp le  o f  d ip lo id  or  t r ip-  
lo id  cel ls  wi th in  a p r e d o m i n a n t l y  t e t rap lo id  t umour  pop-  
u la t ion  cannot  be  exc luded .  The  t umour  K T  442/89 was 
cha rac te r i zed  by  a h i s t o g r a m  with  a s teml ine  in the t r ip-  
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loid range (DI: 1.45). When compared with the DNA 
cytometry analysis, the ISH study on paraffin sections 
detected tumour cell clones with up to four hybridiza- 
tion signals with the DNA probes of chromosomes 1, 8, 
12, and X, respectively. In this tumour, the relatively 
low percentages of nuclei with the highest copy number 
may reflect a small subpopulation of tetraploid cells 
within a predominantly triploid tumour cell population. 
Both examples illustrated that a heterogeneous pattern 
in chromosome copy numbers obtained from ISH on 
truncated nuclei from paraffin sections can cause prob- 
lems in the interpretation of the actual copy number of 
the target chromosomes. Therefore, for the exact assess- 
ment of the copy number of chromosomes in tumour 
cells, ISH on isolated (intact) nuclei may provide a bet- 
ter target for the examination of a mixed tumour cell 
population than paraffin sections. However, as discussed 
briefly by Stock et al. [12], the histological context is 
completely lost when isolated nuclei are analysed and 
normal cells cannot be distinguished from disomic tu- 
rnout cells of equal size. Furthermore, the advantage of 
ISH on paraffin sections is the exclusion of non-tumour 
cells. Only one paediatric extragonadal pure YST KT 
15/86 failed to show numerical aberrations with the 
DNA probes used. Since a DI of 1.23 was present, it is 
possible that this tumour is affected by other numerical 
chromosome aberrations. The three other paediatric 
extragonadal pure YSTs and the YST component were 
characterized by gains of one or two additional copies 
of chromosomes 12 followed by gains of chromosome 
1, and/or 8, 17, X. Recently, it has been possible to ana- 
lyse three paediatric extragonadal pure YSTs or mixed 
GCTs with a YST component in their histological con- 
text on paraffin sections by ISH with similar chromo- 
some-specific DNA probes and by flow cytometry [12]. 
In accordance with our study these tumours showed an 
over-representation of chromosomes 1, 8, 10, 12, and X. 
The DI values of the tumours (1.6, 1/1.91 and 1.2/2.4) 
correspond with our results. 

A specific structural chromosome aberration, an iso- 
chromosome i(12p) of the short arm of chromosome 12 
was detected in adult GCTs in nearly all histologies and 
sites [10, 11]. Similar to GCTs of adult, paediatric GCTs 
were characterized by the gain of one or more chromo- 
somes 12. Whether an over-representation of chromo- 
somes 12 represented the specific marker (il2p) cannot 
be detected with this method. However, Mukherjee et al. 
[8] reported the rapid detection of the i(12p) marker 
chromosome in interphase nuclei of adult testicular 
GCTs. Using the DNA probe D12Z3 the hybridization 
signals of an i(12p) can be distinguished from those of a 
normal chromosome 12 by their larger or smaller sizes. 
However, we did not see this phenomenon in any of the 
extragonadal GCTs we investigated on paraffin sections. 
On the other hand, in two gonadal pure YSTs we recog- 
nized smaller and larger hybridization signals after ISH 
with the DNA probe D12Z3. These size differences were 
restricted to the turnout areas, the normal or stromal cells 
of both tumours showed normal hybridization signals of 

chromosome 12. Unfortunately, we could not analyse 
isolated nuclei from both turnouts and/or interphase cells 
from a documented i(12p)-positive GCT [6]. Interesting- 
ly, Stock et al. [12, 13] detected smaller D12Z3 hybrid- 
ization signals than those of normal chromosomes 12 in 
isolated nuclei of one extragonadal mixed GCT with a 
YST component. 

Like the GCTs of adults, the short arm of chromo- 
some 1 was often involved in structural aberrations. One 
paediatric extragonadal pure YST and one YST compo- 
nent showed lp36.3 deletions after ISH with the DNA 
probe D1S32. Stock et al. [12] detected similar deletions 
with an analogous DNA probe in all three analysed pae- 
diatric extragonadal pure YSTs or mixed GCTs with a 
YST component. Moreover, three further ISH reports on 
paediatric gonadal and extragonadal GCTs showed 
lp36.3 deletions in dysgerminoma, seminoma, embryo- 
nal carcinoma, YSTs, and choriocarcinoma [6, 12, 13]. 
Interestingly, Stock et al. [13] did not observe lp36.3 de- 
letions in paediatric mature and immature teratomas. In 
agreement with Stock et al. [12, 13], we observed lp36.3 
deletions in early and advanced tumour stages (present 
data; [6]). The identification of lp36.3 deletions in a 
large series of paediatric GCTs suggests that this abnor- 
mality may play a role in the pathogenesis of nearly all 
types of paediatric GCT at all sites - with the possible 
exception of mature and immature teratomas. 
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