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Molecular Cytogenetic Analysis of 1;17 
Translocations in Neuroblastoma 

N. Van Roy, N.C. Cheng, G. Laureys, G. Opdenakker, R. Versteeg 
and F. Speleman 

Loss of chromosome 1 short arm material, resulting from terminal deletions or unbalanced translocations, is a 
frequent finding in advanced neuroblastoma. In translocations, often relatively small portions of a second 
chromosome are translocated to the chromosome 1 short arm. The chromosomal origin of this translocated 
material could often not be identified using banding analysis only. Recent studies, applying fluorescent in situ 
hybridisation, showed that in the majority of these translocations, chromosome 17 is involved. In this study, 
the nonrandom occurrence of unbalanced 1;17 translocations is further supported by their presence in 317 
neuroblastoma cell lines. Analysis of the lp breakpoints extends our earlier observation of breakpoint heterogen- 
eity. A similar scattering of 17q breakpoints was observed. The lp and 17q breakpoints of the constitutional 1;17 
translocation did not coincide with any of the 1;17 translocation breakpoints found in neuroblastoma cell lines. 
Cell lines, not containing 1;17 translocations, contained other chromosome 17 rearrangements. As a result, extra 
copies of 17q are found in all cell lines, suggesting a role for genes on 17q in neuroblastoma development. The 
possible significance of 1;17 translocations in neuroblastoma is discussed. 
Key words: 1;17 translocation, chromosome 17 rearrangement, neuroblastoma cell line 
EurJ Cancer, Vol. 31A, No. 4, pp. 530-535,1995 

INTRODUCTION loss for lp loci in neuroblastomas [S-7]. This high incidence of 
IN ADVANCED neuroblastomas and neuroblastoma cell lines cyto- deletions has suggested the presence of a gene with tumour 
genetic analyses have revealed frequent occurrence of suppressor activity [g]. Recent loss of heterozygosity studies on 
chromosome 1 rearrangements resulting in loss of distal lp primary tumours and deletion mapping data in cell lines suggest 
material [ 11. The sizes of the lost chromosome lp segments have that at least three distinct loci on the chromosome 1 short arm 
varied considerably [2-4]. Molecular studies on larger series of are involved in different subsets of neuroblastoma: an imprinted 
primary tumours have confirmed the high incidence of allelic distal suppressor locus on 1~36.23-31 in MYCN single copy 
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tumours [9] and two more proximal suppressor loci associated 
with MYCN amplification located on 1~35-36.1 [lo] and lp32- 
34 [ll, 121. 

Further evidence for the presence of a suppressor locus 
on 1~36 comes from the o’bservation of a constitutional 1;17 
translocation [13] and an interstitial deletion involving band 
1~36 [ 141 in two neuroblastoma patients. The breakpoints of the 
1;17 translocation have been analysed in detail [ 15, 161. Apart 
from serving as a landmark for identification of a suppressor 
locus, this translocation also drew our attention to a similar 
translocation in a neuroblastoma tumour from another patient. 
The derivative chromosome 1 resembled the der(1) of the consti- 
tutional I;17 translocation. Fluorescent in situ hybridisation 
(FISH) analysis conlirmed the chromosome 17 origin of the 
extra material on the short arm of the derivative chromosome 1 
[ 171. Subsequent screening of a panel of 8 cell lines showed 
preferential involvement of chromosome 17 in unbalanced 
chromosome 1 changes resulting in loss of lp material, and over- 
representation of 17q material. Extra 17q material was also 
found in those cell lines not ‘carrying 1; 17 translocations [ 171. 

In this study, we screened 7 additional cell lines for the 
presence of 1;17 translocations. lp breakpoints were analysed 
by FISH using a previously published panel of DNA probes 
for lp [18] and three additional lp-DNA markers. The 17q 
breakpoints in six cell lines with 1;17 translocations from this 
and our previous study were analysed with chromosome 17 
region specific probes. 

Cell lines 
MATERIALS AND METHODS 

In total, 15 cell lines were studied. These include a first series 
of 8 cell lines (GI-ME-N, IMR32, SK-N-AS, N206, SK-N-FI, 
SK-N-SH, TR14, SMS-KCNR) for which a detailed FISH 
analysis has previously been published [ 10, 171 and the present 
series of 7 additional cell lines: UHG-NP, SK-N-BE [ 193, S JNB- 
1, SJNB-6, SJNB-8, SJNB-12 [20] and NGP [21]. UHG-NP is 
derived from the primary tumour of patient 1 published by Van 
Roy and colleagues [ 171. Details of cytogenetic and immunohis- 
tochemical characterisation Iof this new cell line will be reported 
elsewhere (Van Roy et al., in. preparation). 

Cytogeneric analysis andfhwrescence in situ hybridisation (FISH) 
At least 19 G-banded metaphases were analysed from each 

cell line. Chromosome 1 abnormalities were analysed using a 
chromosome 1 specific plasmid library (PBS-17 [22]) and by 
combining region specific probes with the pUC1.77 probe for 
the lq12 heterochromatic region (for references and chromoso- 
mal map position see reference [IS]). Screening for 1;17 translo- 
cations and other chromosome 17 abnormalities was done by 
combining pUCl.77 with a chromosome 17 specific library 
(PBS-17, [22]). For some cell lines, additional chromosome 
specific libraries were tested. Three additional chromosome 1 
region specific probes were included in this study for breakpoint 
analysis: cl02 (CEB15)(lp36.33; [23]) and YAC clones for loci 
MYCL (ICRF209E9) and DIS6.2 (ICRF928AlO) [24, 251. Our 
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FISH data and data from Hellsten and associates [24] strongly 
suggest a more distal position for MYCL than the 1~32 position 
described by Nau and colleagues [26]. Both DIS62 and GLUT 
map proximal to MYCL [27] and were assigned to band 1~34 
[18]. We, therefore, propose bands 1~34.3-1~35 as a chromoso- 
mal position for MYCL. A more detailed description of the gene 
mapping of the MYCL locus will be published elsewhere (Van 
Roy et al., submitted). For chromosome 17, two short arm and 
four long arm region specific probes were tested. ~197-2 and 
~197-4 (LL132) are two cosmids from the Miller-Dieker syn- 
drome (MDS) critical region in 17~13.3 [28]. 7G4 is a cosmid 
for the distal part of the NFZ gene (17q11.2, [29]). cMCP3 
(SCYA7) encodes the human monocyte chemotactic protein-3 
and has been mapped to 17q11.2-q12 [30]. YAC clones A230A7 
and 397F9 were used for detection of the ERBB2 (17q12- 
21.1)[31]) and THZUZ (17q11.2-12, GDB Id GOO-195-323) 
locus, respectively. 

Probe labelling, slide pretreatment, in situ hybridisation and 
inununocytochemical detection were carried out as reported 
previously [ 171. 

1; 17 translocations 
RESULTS 

Cohybridisation of pUC1.77 with PBS-17 (chromosome 17 
specific plasmid library) revealed the presence of unbalanced 
1;17 translocations in SJNB-8 and SJNB-12. The karyotype of 
S JNB-8 is pseudodiploid and only one copy of the der( l)t( 1;17) 
is present. S JNB-12 has a near tetraploid karyotype and presents 
with two copies of the unbalanced 1; 17 translocation (Figure 1). 
Analysis with chromosome lp region specific probes local&s 
the lp breakpoint in S JNB-8 and SJNB-12 proximal to the 
MYCL locus (Figure 2a). Cytogenetically, band 1~32 appears 
to be retained in the 1;17 translocation. Therefore, we propose a 
breakpoint in 1~33-34. In SJNB-8, cytogenetic analysis and 
FISH also evidenced the presence of additional material at the 
distal end of the long arm of the der( l)t( 1;17) (Figure 1). 

Cell line UHG-NP has a near tetraploid karyotype containing 
three copies of the der(l)t(l;l7)(Figure 1, 3a). The 
chromosome lp breakpoint in UHG-NP was mapped between 
ID-3 (formerly heir-l) and DZS60 (Figure 2a). 

In our previous study, the analysis in TR14 showed the 
localisation of the 1;17 translocation breakpoint in the most 
distal band 1~36.33 as evidenced by the presence of 0122 on 
the derivative chromosome 1. In this study, we included CEB 15, 
a marker which is located telomeric from 0122. CEBl5 was 
also shown to be retained on the derivative chromosome 1 
(Figure 2a). 

The chromosome 1 breakpoint in the patient with the consti- 
tutional translocation [13] is located in yet another region on 
chromosome 1 (Figure 2a) [16] compared with the 
chromosome 1 breakpoints in neuroblastoma cell lines. 

Mapping of 17q breakpoints in 1; 17 tram&cations was carried 
out by testing four region specific probes on S JNB-8, S JNB-12, 
UHG-NP, GI-ME-N, IMR32 and TR14. Breakpoint positions 
are as follows: proximal to NFZ (but distal to the centromere) in 
GI-ME-N, TR14 and SJNB-12; distal to SCYA7 but proximal 
to THRAZ in SJNB-8; and distal to THRAZ in UHG-NP and 
IMR32 (Figure 2b). 

Chromosome 1 and chromosome 17 rearrangements other than 1;17 
tratdocations 

In the NGP cell line an apparently reciprocal translocation 
involving lp was detected. Using chromosome specific libraries, 
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SJNB-12 UHG-NP SJNB-6 SJNB-8 SJNB-1 

Figure 1. Partial karyotypes of neuroblastoma cell lines SJNB-12, UHG-NP, SJNB-6, SJNB-8 and SJNB-1 showing normal chromosomes 1 
(left> and abnormal chromosomes 1 (right). 
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Pii 2. (a) Schematic representation of chromosome 1. The markers are ordered along chromosome 1 according to their FISH map 
position. The breakpoiits in the cell lines are indicated by vertical bars on the right. The tilled arrowhead gives the position of the constitutional 
chromosome 1 breakpoint. (b) Schematic representation of chromosome 17. Open arrowheads point to the position of the chromosome 17 

breakpomts in the cell lines. The filled arrowhead points to the constitutional chromosome 17 breakpomt. 

the reciprocal translocation could be identified as a mapped proximal to MYCL. For both cell lines, the second 
t(1;15)(p36;q24). The breakpoint on lp appeared to be located chromosome involved could not yet be identified. Based on 
within the EN01 gene as a 14.5 kb phage clone for the gene banding analysis of SJNB-6, chromosomes 16, 19, 20 and 22 
hybrid&d to both the derivative chromosome 1 and 15 were selected as the most plausible candidates, but they were 
(Figure 3d). PFGE analysis showed no rearrangement for the excluded by FISH analysis. Banding and FISH analysis suggest 
ENOZ gene. An extensive molecular study of this translocation that the marker chromosomes containing distal lp material in 
breakpoint is necessary to explain our findings and to evaluate S JNB-6 and S JNB-8 are probably the result of a more complex 
the significance of this translocation. rearrangement than a simple reciprocal translocation (Figure 1). 

In two other cell lines, SJNB-6 and SJNB-8, FISH showed In S JNB- 1, two apparently normal chromosomes were found 
translocation of distal chromosome 1 short arm material to in addition to two abnormal chromosomes 1 with a similar 
another chromosome (Figure 3e). The breakpoints on Ip were structural rearrangement (Figure 1). Additional lq-material 
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Figure 3. FISH analysis on metaphases of neuroblastoma cell lines. The probe pUCI.77 was used ia combination with (a) PBS-17 in LIHG- 
NP, (b) DlS62 in SJNB-8, (c) NFl ia TR14, (d) EN01 in NGP and (e) ~1-79 in SJNB-6. Arrows point to the hybridisation sigaals of the 
chromosome 17 specilic library (a) and of the region specific probes (b-e). The signals which are not indicated by arrows are the result of 

hybridisation of the pUC1.77 probe. 

(lq21-qter) was translocated to the short arm resulting in loss of 
Ip material, the breakpoints being mapped between ID-3 and 
DIS60. 

SJNB-12 contains, in addition to three normal 
chromosomes 1, three rearranged chromosomes 1 (Figure 1). 
Next to the two 1;17 translocations, the third abnormal 
chromosome 1 has lost most of its short arm, according to 
banding analysis (most proximal probe tested MYCL) due to a 
translocation with a second tlhus far unidentified chromosome. 

In SK-N-BE, no normal chromosomes 1 were found. One 
chromosome 1 shows a tandiem duplication of the distal part of 
the short arm. The duplicated region comprises a region which 
is located proximal to DZS57. A terminal lp-deletion is found in 
the other chromosome 1 witlh the breakpoint being proximal to 
DISS7 (not shown). 

In the present series, cell lines not containing 1;17 translo- 
cations exhibited other chromosome 17 rearrangements, 
resulting in extra 17q material. These rearrangements were not 
explored further in this study. 

DISCUSSION 
In this study, we have identified unbalanced 1;17 translo- 

cations in 3 of 7 cell lines. Our previous studies [ 10, 171 and data 
reported by Savelyeva and associates [32] bring the number of 
cell lines with 1;17 translocations to 12 of a total number of 29 
analysed cell lines. In addition, three primary tumours with a 
1;17 translocation were reported [17, 331, and we are aware of 
two additional cases (data not shown). All 1;17 translocations 
are unbalanced due to loss of the derivative chromosome 17. 
This results in loss of distal lp material and at least one extra 
copy of a 17q segment distal to the translocation breakpoint. In 
two primary tumours, both chromosomes 17 were present. The 
chromosomes 17 from which the 1;17 was derived were still 
present and intact, suggesting an S/G2 phase event for the 
formation of the 1; 17 translocation [33], 

In view of the nonrandom involvement of unbalanced 1;17 
translocations, we propose a specific biological role for this 
chromosome change in the development of neuroblastoma. 
Three other observations support this view. A de tu~uo consti- 
tutional 1;17 translocation was reported in a patient with neuro- 
blastoma [ 131. The derivative chromosome 1 of this 1; 17 translo- 
cation cytogenetically resembles the der(l)t( 1;17) found in 
neuroblastoma tumours and cell lines. As this constitutional 
1;17 translocation does not occur with high incidence in the 
normal population, such as 13q14q or 11;22 translocations, the 
association with development of neuroblastoma is very unlikely 
to be coincidental. A second line of evidence for a specific role 
for 1;17 translocations in neuroblastoma comes from our finding 
of frequent occurrence of chromosome 17 aberrations in those 
cell lines not carrying 1;17 translocations. These chromosome 17 
changes lead to over-representation of 17q material. Therefore, 
genes located on 17q, possibly through a mechanism of gene 
dosage effect, may also be implicated in neuroblastoma develop- 
ment. This could explain the preferential involvement of 
chromosome 17 in translocations involving distal lp. Finally, 
unbalanced 1;17 translocations have been reported in Merkel 
cell carcinoma [3&36]. Like neuroblastoma, Merkel cell carci- 
noma is a tumour of neuroendocrine origin in which loss of the 
terminal region of lp also occurs frequently [33, 371. The 
observation of 1;17 translocations in Merkel cell carcinoma, in 
our opinion, points at a role for this chromosome rearrangement 
in a larger subset of neuro-endocrine tumours than neuroblas- 
toma alone. 

Many examples exist of leukaemias or solid tumours associated 
with recurrent translocations. In an increasing number of these 
malignancies, the translocation breakpoints and genes involved 
have been cloned, revealing different mechanisms for deregu- 
lation of control of cell growth and differentiation. Clustering 
of translocation breakpoints within relatively small genomic 
regions is a constant feature in these tumour specific chromosome 



534 N. Van Roy et al. 

aberrations. Most frequently, these translocations result in 
fusion of two genes forming a hybrid gene or in deregulation of 
a gene. These mechanisms are unlikely to occur in recurrent 
1;17 translocations in neuroblastoma in view of the scattering of 
lp and 17q breakpoints in neuroblastoma over a region of several 
megabases. Other explanations must be sought for the functional 
significance of 1;17 translocations in neuroblastoma. An alterna- 
tive possibility is that these rearrangements combine two genetic 
events which are favourable for tumour development or pro- 
gression i.e. loss of a suppressor locus or loci on lp and extra 
copies of genes on 17q. The question as to how these 1;17 
translocations, with widely differing breakpoints, arise remains 
open. One possible explanation is the co-localisation of different 
genes or gene clusters on lp and 17q which are transcriptionally 
active within the nucleus during neuroblast differentiation, 
increasing the chance of illegitimate recombination. Cloning of 
1;17 translocation breakpoints should shed more light on these 
issues. 
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Deletions of the short arm of chromosome 1 (lp) are frequent alterations in neuroblastoma. Although a consensus 
region of deletion has bleen mapped to chromosome subband 1~36, recent studies suggest that several distinct 
loci on this chromosome may be involved in neuroblastoma. Moreover, different patterns of deletion might be 
associated with different clinical and biological characteristics of the turnouts. These findings emphasise the 
importance of as’sessing the localisation and the extent of the deletions in neuroblastoma. We developed a 
technique which allows analysis of loss of heterozygosity at multiple loci on lp in a single step, making use of a 
multiplex PCR method. Primers specific for six microsatellite loci mapped in the different regions of interest on 
lp were used for simultaneous amplification of DNA, and loss of heterozygosity was determined after separation 
of the alleles by denaturing polyacrylamide gel electrophoresis. This technique enables a simple analysis of the 
position and extent of lp deletions, and can be used for routine evaluation of lp status in neuroblastoma. 

Key words: neuroblastoma, chromosome 1, short arm, deletion, loss of heterozygosity, PCR, microsatellite, 
prognosis 
EurJ Cancer, Vol. 31A, No. 4, pp. 535-538,1995 

INTRODUCTION 
NEUROBLASTOMA, a tumour derived from neural crest tissue, is 
the most frequent extracranial solid tumour in childhood and 
presents a wide variability ofits clinical course. It is characterised 
by two main genetic alteralions: amplification of the oncogene 
MYCN is found in 25-30% of the cases and deletion of the short 
arm of chromosome 1 (lp), as detected by molecular studies, is 
observed in 3UO% of tuunours [l-3]. Both alterations are 
detected more frequently in advanced stages of disease and have 
been associated with a poor outcome [4-71. 

Initial molecular studies suggestedlthat deletions encompassed 
a single region of overlap located in the 1~36.2-3 subband [2, 81. 
However, recent observations indicate that, in addition to this 
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locus, other loci on lp might be involved in the tumorigenesis 
of neuroblastoma. Indeed, deletions limited to the 1~36.2-3 
subband are not associated withM YCN, whereas this association 
is observed for larger deletions [9, 1 I]. Moreover, preferential 
loss of maternal alleles has been demonstrated in the former 
deletions, but not in the latter [ 121. These observations suggest 
that at least two different loci on lp are involved in tumours. 
Indication of an additional locus is provided by interstitial 
deletions which define a second short region of overlap located 
more proximally on lp [9]. Finally, preliminary clinical reports 
suggest that the prognostic information provided by lp deletion 
might depend on its size and localisation [lo]. These findings 
emphasise the importance of the determination of the extent and 
of the chromosome position of deletions in neuroblastoma. 

We have developed a method which allows detection of a 
deletion on lp in neuroblastoma, determination of its localisation 
and estimation of its size. This method, which is based on the 
multiplex PCR amplification of microsatellite loci, enables the 
determination of these parameters, in a single step, on small 
tumour samples. 


