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TwoTwo tumor suppressor loci on 1p35-36 

Abstrac t t 

AA previous LOH study of a series of 91 neuroblastomas suggested that the 1p35-36 
regionregion encodes at least two tumor suppressor loci with a role in neuroblastoma. 
HereHere we present the results of a much larger study. 205 neuroblastomas were 
analyzedanalyzed for LOH of chromosome 1 and MYCN amplification. The results 
corroboratecorroborate the existence of two tumor suppressor loci on 1p. Distinct 1p loci appear 
toto be involved in MYCN single copy versus MYCN amplified neuroblastoma, as 
thesethese tumors display a different type of SRO. About 15% of MYCN single copy 
neuroblastomaneuroblastoma show 1p deletions. They have deletions of variable length with an 
SROSRO of 47 cR at 1p36.3. The lost alleles are preferentially of maternal origin 
(p=0.0002),(p=0.0002), suggesting parental imprinting of the locus. MYCN amplified 
neuroblastomaneuroblastoma have a contrasting pattern of 1p loss. These tumors display much 
largerlarger deletions of at least 89 cR comprising the region from 1p36.1 to the telomere. 
LOHLOH of 1p is detected in about 86% of the cases. The lost alleles are of random 
parentalparental origin suggesting inactivation of a non-imprinted suppressor. 

Introductio n n 

Thee distal short arm of chromosome 1 represents an intriguing region of 
chromosomall loss in cancer (reviewed Schwab et al., 1996). The 1p35-36 region is 
frequentlyy deleted in neuroblastomas, brain tumors, hepatocellular carcinomas and 
aa wide variety of carcinomas, e.g. of lung, colon, breast, ovarium and pancreas 
(Hilgerss et al., 1999, Bièche et al., 1999; Bigner et al., 1999; Smith et al., 1999; 
Rashidd et al., 1999, Leone et al., 1999, Ragnarsson et al., 1999). First described for 
neuroblastomaa over 20 years ago, the 1p35-36 region still withstands any attempt to 
identifyy a suppressor locus (Brodeur et al., 1977). The absence of a hereditary 
cancerr predisposition locus in this region has precluded a genetic linkage approach. 
Analysess of large series of different tumor types showed that deletions are usually 
veryy long and often involve the entire p-arm. The pattern of deletions in colon cancer 
iss complex and does not permit identification of one shortest region of overlap 
(SRO).. Breast tumors show at least two SROs (Bièche et al., 1999). The 1p35-36 
regionn is most intensively studied in neuroblastoma, but this has not resulted in a 
consensuss on the number and localization of suppressor loci. About 30% of 
neuroblastomass have 1p deletions, which are of variable length but almost always 
extendd to the telomere (White et al., 1995, Caron et al., 1995). The SRO has a 
lengthh of about 25 cM and maps to 1p36.2-3. The proximal border was defined by 
D1S244D1S244 (Martinsson et al., 1995), while an interstitial deletion in a cell line defined 
thee subtelomeric marker D1S172 as a distal border (Cheng et al., 1995). A 
constitutionall interstitial deletion in a neuroblastoma patient could further limit the 
distall border to D1S80 (White et al., 1995). Schleiermacher et al. (1994) identified a 
feww tumors with interstitial deletions of 1p32-34, suggesting an additional 
suppressorr locus in this region. 

Previously,, we have studied a panel of 25 neuroblastoma cell lines and 91 tumors 
forr MYCN amplification and deletion of 1p. The detailed analysis suggested that the 
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regionn 1p35-36 harbors several tumor suppressor loci (Caron et al., 1995; Cheng et 
al.,, 1995; Versteeg et al., 1995). Distinct 1p ioci appeared to be involved in MYCN 
singlee copy versus MYCN amplified neuroblastoma, as these tumors displayed a 
differentt type of SRO. The MYCN amplified neuroblastomas showed a larger SRO 
thann the MYCN single copy tumors. In addition, the MYCN amplified tumors had a 
randomm parental origin of the deleted 1p alleles, while the MYCN single copy tumors 
showedd a preferential maternal origin of the deletions. We therefore postulated that 
twoo different 1p suppressor loci play a role in neuroblastoma pathogenesis. One is a 
distall (1p36.2-3), imprinted locus deleted in a subset of MYCN single copy 
neuroblastomas.. The second suppressor locus maps more proximal (1p36.1), is 
deletedd in almost all MYCN amplified tumors and is not imprinted. 
Thiss hypothesis has encouraged critical discussions on 1p deletions in 
neuroblastoma,, with a focus on the role of genomic imprinting. Cheng et al. reported 
randomm parental origin of 1p deletions in a series almost exclusively consisting of 
MYCNMYCN amplified tumors, which is in line with our observations (Cheng et al., 1993). 
Onlyy a few isolated cases of MYCN single copy tumors have been analyzed for 
parentall origin of 1p deletions. Martinsson et al. reported one maternal and one 
paternall loss in MYCN single copy neuroblastomas (Martinsson et al., 1995). 
Ass completion of the 1p35-36 sequence is an immediate goal of the human genome 
sequencingg effort at the Sanger Center, many candidate tumor suppressor genes 
currentlyy emerge from the sequence databases. A precise definition of the SROs in 
differentt neuroblastoma types and a critical analysis of of a possible role for 
imprintingg is important to guide a rational testing of candidate genes. 
Heree we present an analysis of an extended series of 205 neuroblastomas for the 
lengthh of 1p deletions and the parental origin of the deleted alleles. The results 
furtherr corroborate the existence of two suppressor loci in the 1p35-36 region, one 
off which is imprinted. 

Result s s 

LOHH of 1p36 in MYCN amplicifatio n and singl e cop y neuroblastoma . 
Wee analyzed a series of 205 neuroblastoma tumor samples, including 91 previously 
describedd cases (Caron et al., 1995) for MYCN copy number and loss of 
heterozygosityy (LOH) of chromosome 1p. These tumors represent the entire clinical 
spectrumm from aggressive stage 4 to favorable localized and 4s cases. To avoid 
under-- or over-scoring of 1p deletions, we followed a strict protocol established by 
thee ENQUA group (European Neuroblastoma Quality Assessment group, Ambros et 
al.,, ms in prep.). In short, we only analyzed samples containing >60% of 
(ganglio)neuroblastomaa cells, as shown by (immuno)histological analysis. The DNA 
contentt of all samples was measured on parallel sections to identify aneuploid 
cases.. All samples were analyzed for 1p by Southern blot hybridizations with VNTR 
probess and PCR analysis of polymorphic markers. Cases with >90% decrease in 
intensityy of an allelic band for two or more 1p probes were scored as allelic loss 
(LOH).. Cases with a 60-90% decrease of intensity of an allelic band ('allelic 
imbalance')) were only scored as LOH if several other probes without imbalance 
weree found. If not, double-color interfase FISH with a centromeric and 1p telomeric 
probee was performed to discriminate between LOH and chromosome 1 gains. 
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Inn our series of 205 neuroblastoma samples we demonstrated allelic loss of 
telomericc chromosome 1p markers in 53 cases (26%). Of the 36 samples with 
MYCNMYCN amplification, 31 (86%) showed LOH of 1p. Apparently, amplification of 
MYCNMYCN strongly correlates with deletion of 1p, suggesting a functional relationship 
betweenn MYCN and a chromosome 1p suppressor locus. In MYCN single copy 
neuroblastomaa 1p alleles are lost in 22 out of 169 cases (13%). This indicates that 
losss of function of a 1p suppressor locus can also play a role in MYCN single copy 
neuroblastoma. . 
Too define the characteristics of the 1p deletions in as many neuroblastomas as 
possible,, we included 7 such cases originating from O.Delattre (Inst. Curie, Paris), 
whichh were part of our initial series (Caron et al., 1995). This brings the total of 
neuroblastomaa with a 1p deletion analyzed in this paper to 60 independent samples, 
366 with MYCN amplification and 24 with a single copy MYCN gene. 

1pp deletion s in MYCN singl e cop y tumor s are preferentiall y of materna l origin . 
Thee parental origin of the lost 1p alleles was determined by comparing the 
hybridizationn patterns of patient samples with parental DNA samples. Of the 24 
MYCNMYCN single copy neuroblastoma with 1p loss the origin of the lost alleles was 
maternall in 21 and paternal in 3 cases (table 1). This distribution differs very 
significantlyy from the expected random distribution (probability = 0.0002). This 
patternn of preferential maternal allelic loss indicates the involvement of an imprinted 
1pp suppressor locus in MYCN single copy neuroblastoma. This implies that the 
maternall copy is inactivated by allelic loss of 1p, whereas the retained paternal copy 
iss supposedly inactivated in the germline by genomic imprinting. 
Thee deletions in the 24 MYCN single copy neuroblastoma are of variable length 
(Figuree 1). The commonly deleted region always includes the telomere and is 
proximallyy defined by the marker D1S2667, which is retained in sample N161 
(Figuree 1). The resulting SRO in MYCN single copy neuroblastoma has a length of 
477 cR. 

1pp deletion s in MYCN amplifie d neuroblastom a are larg e and of rando m 
parenta ll  origin . 
Inn contrast to the MYCN single copy tumors, the lost 1p alleles in MYCN amplified 
neuroblastomass followed an essentially random distribution. We could establish the 
parentall origin of the lost 1p alleles in 32 out of 36 MYCN amplified neuroblastoma. 
Deletionss were of maternal origin in 18 cases and of paternal origin in 14 cases. 
Thiss random distribution of lost parental alleles indicates that MYCN amplified 
neuroblastomaa have deletions of a non-imprinted suppressor locus. 
Inn addition, the 1p deletion pattern in the MYCN amplified neuroblastoma differs 
strikinglyy from that in MYCN single copy cases. The smallest deletion found in the 
MYCNMYCN amplified tumors (defined by tumor N110, see Figure 1) extends from the 
telomeree to the marker HMG17, at 89 cR from the telomere. The observation that 
thee SRO in MYCN amplified neuroblastomas is much larger than in MYCN single 
copyy cases is further supported by the pattern of loss observed for the marker 
D1S7.D1S7. D1S7 is retained in 10 of the 24 informative MYCN single copy cases, 
whereass D1S7 is retained in only 2 of the 36 informative MYCN amplified 
neuroblastomaa (p = 0.002). Our finding that the 1p deletions in MYCN amplified 
neuroblastomaa always encompass a more proximal region than the MYCN single 
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copyy SRO suggests that this region is involved in tumorigenesis of MYCN amplified 
neuroblastoma. . 

Tablee 1: Patterns of parental origin of the lost 1 p alleles in MYCN single copy and MYCN 
amplifiedd neuroblastoma. 

MYCNMYCN statu s 

MYCN MYCN 

singlesingle copy 

MYCN MYCN 

amplified amplified 

Chromosom ee 1p 
los s s 

244 allelic loss 

1477 intact 

366 allelic loss 

55 intact 

Parenta ll  Origi n 

211 maternal 

33 paternal 

188 maternal* 

144 paternal* 

P-valu e e 

0.0002 0.0002 

NS NS 

Conclusion Conclusion 

Imprinted Imprinted 
Suppressor Suppressor 
gene gene 

non-imprinted non-imprinted 
suppressor suppressor 
gene gene 

( ** = of the 36 MYCN amplified neuroblastoma the parental origin could be established in 32 
cases) ) 

Takenn together, our observations on the parental origin of lost 1p alleles and the 
deletionn mapping data suggest that chromosome 1p harbors at least 2 distinct 
neuroblastomaa suppressor loci. One suppressor locus, inactivated in MYCN single 
copyy cases, is imprinted and maps to a telomeric 47 cR SRO on 1p36.3. A second 
non-imprintedd suppressor locus, involved in MYCN amplified neuroblastoma, is 
inactivatedd by much larger telomeric deletions with an SRO of 89 cR. 
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MYCNMYCN singl e cop y MYCN amplifie d 

Figuree 1: The extend of 1p deletions in 60 neuroblastomas. The MYCN single copy and MYCN 
amplifiedd cases are grouped together. Open circles indicate LOH, filled circles indicate retained 
heterozygosity,, a forward slash indicates constitutionally homozygous. On the left the markers are 
depictedd used for LOH study. The large, bold markers are mapped on the Radiation Hybrid Map, the 
smalll markers are CEPH markers. The commonly deleted region for both groups is indicated by black 
arrows. . 

Discussion n 

Thee mapping of tumor suppressor genes on chromosome 1 p in neuroblastoma is 
stilll an unsettled issue. The formal SRO maps from D1S244 to D1S172 (Martinsson 
ett al., 1997, Cheng et al. 1995). This region is likely to harbor a tumor suppressor 
locus.. Previously, we proposed a role for at least two different tumor suppressor loci 
onn 1p36 (Caron et al., 1995; Cheng et al., 1995; Versteeg et al., 1995). Here we 
describee a larger tumor series and the results strongly corroborate our earlier 
hypothesis.. Distinct 1p loci appear to be involved in MYCN single copy versus 
MYCNMYCN amplified neuroblastoma, as these tumors display a different type of SRO. 
Aboutt 15% of MYCN single copy neuroblastomas show 1p deletions. They have 
deletionss of variable length with an SRO of 47 cR. The commonly deleted region 
mapss to 1p36.3. The lost alleles are preferentially of maternal origin (p=0.0002), 
suggestingg parental imprinting of the locus. MYCN amplified neuroblastomas show 
aa contrasting pattern of 1p loss. These tumors display much larger deletions of at 

41 1 



ChapterChapter 2 

leastt 89 cR comprising the region from 1p36.1 to the telomere. LOH of 1p is 
detectedd in 86% of the cases. The lost alleles are of random parental origin 
suggestingg deletion of a non-imprinted suppressor. 
AA strong correlation between 1p abnormalities and MYCN amplification is supported 
byy many other studies (Fong et al. 1989, Komuro et al. 1998, Ichimiya et al. 1999). 
Thee 14% of MYCN amplified cases without detectable 1p deletions in our series 
couldd represent a different genetic subtype, or have cryptic defects in the 1p36.1 
region.. We detected no MYCN amplified cases with short distal deletions, but rare 
casess have been described in literature (Martinsson etal., 1995). 
Noo large independent series of MYCN single copy neuroblastomas have been 
analyzedd for parental origin of 1p deletions. We have collected a unique series of 
2055 samples and constitutional DNA from the patient as well as both parents. This 
hass enabled a detailed study of the role of imprinting in neuroblastoma. 
Onee of the genes that has been put forward as a candidate imprinted 
neuroblastomaa tumor suppressor is TP73 (Kaghad et al., 1997). Expression of this 
TP53TP53 homologue was reported to be monoallelic. However, further studies reported 
biallelicc expression in 4 out of 8 neuroblastomas (Lui et al. 2000) and few mutations 
inn the gene were found. Therefore, a role of TP73 in neuroblastoma pathogenesis 
remainss to be established {Ichimiya etal., 1999, Ejeskaretal., 1999). 
LOHH of chromosome 1p is associated with many different tumor types such as 
lymphoma,, breast and ovarian cancer. The 1p36 region is likely to harbor several 
tumorr suppressor genes involved in a wide range of tumors. Breast cancer 
representss another example of a tumor where two different tumor suppressor loci on 
1pp play a role (Bièche et al 1999). Two distinct consensus regions of LOH were 
found:: 1p36.3 and 1p32. An imprinted growth regulatory gene, NOEY2, was recently 
mappedd at 1p31 and is a candidate for the proximal suppressor (Yu et al., 1999). A 
second,, distal suppressor is likely to play a role in a different subset of breast 
cancers. . 
Inn our tumor series we found a similar phenomenon. Although the SROs in the two 
subsetss of neuroblastomas clearly overlap, both the length of the deletions and the 
imprintingg status strongly suggests a role for two distinct tumor suppressor loci 
mappingg on chromosome 1p. It is remarkable though that the MYCN amplified 
neuroblastomass have deletions of the entire region from HMG17 to the telomere. If 
aa suppressor gene involved in this subset of tumors maps to 1p36.1, interstitial 
deletionss of this region with retention of the telomeric region would be expected. The 
factt that we have not found such tumors can by explained in two ways. First, the 1p 
deletionss are mostly caused by unbalanced t(1:17) translocations, by which the 
entiree telomeric part of chromosome 1p is replaced by a segment of the 17q arm 
(Caronn et al., 1994). This mechanism will always result in deletions that extend to 
thee telomere. Alternatively, 1p36.3 may harbor yet another locus, that acts in 
concertt with the proximal (1p36.1) tumor suppressor in the pathogenesis of MYCN 
amplifiedd neuroblastoma (Figure 2). 
Inn conclusion, the analysis of a series of 205 tumor samples and parental DNAs 
showw evidence for two tumor suppressor genes mapping on 1p36. These findings 
mayy guide the selection of candidate tumor suppressor genes emerging from the 
sequencingg of the 1p35-36 region. 
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SROO SRO 
MYCNN single copy MYCN amplified 

Figuree 2: A schematic of postulated suppressor loci on 1p. Two types of SRO are implicated in 
neuroblastomaa pathogenesis. The tumor suppressor locus involved in MYCN single copy tumors is 
probablyy imprinted and maps within a 47 cR region. The tumor suppressor locus involved in MYCN 
amplifiedd neuroblastomas is non-imprinted and maps to a 89 cR region. The deletions of the MYCN 
amplifiedd tumors also extend to the telomere. This could be caused by the mechanism of the 1p 
deletionss (see text), or by a (second) 1p36.3 locus that may play an additional role in MYCN amplified 
tumorss (open box). 

Materialss and Methods 

Sampl ee collectio n and DNA isolation . 
Afterr informed consent was given, we obtained 205 pairs of tumor and constitutional 
tissuee samples from neuroblastoma patients treated between 1990 and 1999 at the 
Emmaa Kinderziekenhuis/Academical Medical Center, other pediatric oncology 
centerss in the Netherlands and the University Hospital of Ghent, Belgium. Also 
peripherall blood samples were obtained from the parents after written informed 
consent.. Histological analysis was performed and high-molecular weight DNA was 
preparedd as described before (Caron et al., 1993). Also 7 samples analyzed by the 
labb of O.Delattre from Institute Curie, Paris, France were included. 

MYCNMYCN cop y numbe r and chromosom e 1p DNA analyses . 
Southernn blot analysis was performed by the standard alkaline blotting method. The 
MYCNMYCN copy number per haploid genome was determined by densitometric analysis 
off Southern blot filters hybridized with a MYCN probe and a single copy probe of 
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chromosomee 2p, with a Phosphor Imager (Molecular Dynamics) and ImageQuant 
Softwaree v3,0. Loss of heterozygosity for chromosome 1p36 loci was analyzed by 
Southernn blot using the following probe/enzyme combinations: 
CEB15(D1S172)/Taql/Pvull,, D1S80/Taql/BamHI, D1S76/Taql, CEB37/Taql, 
D1S96/Taql,, NN1.3/Pvull, FUCA/Pvull, HMG17/Kpnl, D1S7/Taql, D1S57/Taql, 
CEB82/Pvull,, MYCL/EcoRI, D1S62/Pvull, D1S15/Bglll, D1S21/Taql, D1S17/Taql, 
NRAS/EcoRI,, D1S13/Pvull, MUC1/Taql. For PCR analyses we used the markers 
D1S80,, D1S76, D1S214, D1S508, D1S1615, D1S2667, D1S228, D1S199, 
D1S28433 and D1S233. The annealing temperature, number of amplification cycles 
andd extension time were adapted for each primer set. The probes CEB15(D1S172), 
CEB377 and CEB88 were a gift from G.Vergnaud, D1S7 was kindly provided by 
J.Armour,, NN1.3 was derived from human sequences flanking an adenovirus/SV40 
hybrid-viruss integration site on 1p36 (A12M2) and was a gift from M.Romani, all 
otherr probes were purchased from the American Type Culture Collection (ATCC). 
Forr the localization of the polymorphic markers on 1p we used data from Human 
Genee Map 1999 (http://www.ncbi.nlm.nih.gov/genemap99/), the CEPH consortium 
mapp (Dracopoli et al., 1991), and unpublished linkage data concerning CEB15/82 
providedd by G.Vergnaud. The parental origin of the lost 1p36 alleles was determined 
ass previously described (Caron et al, 1993). 

Interfas ee Fluorescen t in-sit u hybridizatio n (FISH) for chromosom e 1p. 
Wee used tumor touch preparations on glass slides to perform dual color interfase 
FISHH with a chromosome 1 subcentromeric probe (pUC1.77) and a 1p telomeric 
probee (D1Z2). The pUC1.77 probe was directly labeled with fluorochrome Cy3. The 
D1Z22 probe was labeled with biotine-11-dUTP by nick translation. The hybridization 
wass performed using a formamide-based hybridization solution and overnight 
incubationn in a moist chamber at C on the slides sealed by a coverslip. After 
severall post-hybridization washes immunofluorescent detection of the biotinylated 
D1Z22 probe was performed with FITC-conjugated avidine. If necessary, subsequent 
signall enhancement of D1Z2 was achieved by using biotin-labeled anti-avidine 
antibodiess and a second round of FITC-avidine detection. The scoring of interfase 
FISHH patterns was done following the ENQUA guidelines. The number of 
centromericc (green) and telomeric (red) signals were counted in at least 100 
interfasee nuclei. Only results of the major pattern were used. 

Scorin gg of alleli c los s (LOH). 
Alll cases were analyzed for the 1p telomeric region by the VNTR marker D1S172 
and/orr the PCR markers D1S80 and D1S76. Also the 1p35 region was analyzed by 
thee VNTR markers D1S7 and D1S57 and/or the PCR marker D1S233. Only cases 
withh >90% decrease in intensity of an allelic band for 2 or more 1p probes are 
scoredd as allelic loss (LOH). For all cases in which a 60-90% decrease in intensity 
off an allelic band ('allelic imbalance') for 1 or more probes was detected we needed 
too discriminate between allelic loss and chromosomal copy number changes leading 
too an unbalanced distribution of alleles without allelic loss. This was accomplished 
byy analyzing the pattern of allele intensity for more 1p and 1q markers and -in some 
cases-- interfase FISH. The imbalance was scored as allelic loss, if in a more 
proximall region 2 or more markers showed 2 alleles of equal intensity. In contrast, 
ann allelic imbalance pattern persisting over the entire p- and q-arm was not scored 
ass allelic loss. In these cases and other unclear cases interfase FISH with a 1p 
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centromericc and telomeric probe was performed to distinguish between allelic loss 
andd imbalances due to chromosomal copy number abnormalities. 

Statistica ll  analysis . 
Thee probability for the observed proportion of maternal 1p loss against the 
expectedd proportion of 0.5 with random parental loss was calculated, using the 
exactt p-value based on the binomial theorem in a 2-tailed fashion. The 2-tailed 
Fisher-exactt test was used to compare the distribution of D1S7 LOH in the MYCN 
singlee copy versus the MYCN amplified cases. 
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