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TheThe Meisl oncogene is highly expressed in neuroblastoma 

Abstract t 

NeuroblastomaNeuroblastoma is an embryonal tumor originating from neural crest derived cells. 
HereHere we present the serendipitous cloning of amplified sequences of chromosome 
2p152p15 in neuroblastoma cell line IMR32. The amplified region was analyzed for 
oncogeneoncogene activation using a SAGE library of IMR32. SAGE (serial analysis of gene 
expression)expression) permits a quantitative analysis of all transcripts of a tissue or cell line. 
TheThe expression of genes and ESTs mapping within a 30 cR region covering the 
ampliconamplicon was compared to 4 additional SAGE libraries of neuroblastomas and 12 
SAGESAGE libraries of other tissues in the CGAP databases. The IMR32 SAGE database 
revealedrevealed increased expression of the MEIS1 oncogene, whereas other SAGE 
librarieslibraries showed little or no MEIS1 expression. MEIS1 turned out to be highly 
amplifiedamplified and over-expressed in IMR32. Analysis of 24 neuroblastoma cell lines and 
2222 tumors showed high expression in about 25% of the cases. The MEIS1 
homeoboxhomeobox protein forms a complex with the H0XA9 and PBX proteins that are 
implicatedimplicated in human leukemia. MEIS1 is a target of retroviral insertion in murine 
leukemia.leukemia. This is the first report of a MEIS1 amplification and activation in human 
cancercancer and the first time that identification of a candidate target of amplification is 
facilitatedfacilitated by high throughput mRNA expression profiling. 

Introduction n 

Neuroblastomaa is an embryonal tumor originating from neurai crest derived cells. 
Commonn genetic aberrations are loss of chromosome 1p (Brodeur et a/., 
1977;Gilbertt era/., 1982;Weith et a/., 1989) and amplification of the MYCN 
oncogenee (Schwab et a/., 1983). The MYCN oncogene is amplified in about 25% of 
primaryy neuroblastomas which is associated with a poor prognosis (Brodeur et a/., 
1984;Seegereff a/., 1985;Schwab et a/., 1984). Amplification is manifested as double 
minutee chromosomes and/or homogeneously staining regions (HSR). The amplified 
regionn shared between different tumors is limited to a 300 Kb region surrounding the 
MYCNMYCN gene (Akiyama et a/., 1994), but individual amplicons may vary from a few 
hundredd to several thousands of kb. 
Neuroblastomaa cell line IMR32 has a large MYCN amplicon that has been 
intensivelyy studied. Cloned sequences from the HSR of cell line IMR32 were found 
too originate from chromosomal band 2p23-24 where MYCN maps (Kanda ef a/., 
1983).. However, two probes derived from the IMR32 amplicon were found to 
originatee from chromosomal bands 2p13-16 and were not amplified in other cell lines 
(Shilohh etai, 1985). The amplified copies of these sequences appeared to be evenly 
distributedd over the HSR of IMR32. Three more cases of amplification of 2p13-14 
materiall have been obtained in CGH studies of neuroblastoma (Brinkschmidt etai, 
1997).. The amplified band 2p13-14 was distinct from the MYCN amplicon site at 
2p23-24.. All three cases were accompanied by both MYCN amplification and 1p 
loss. . 
Heree we describe the serendipitous cloning of a new probe of the 2p13-16 amplicon 
off IMR32, IMR-V1. We placed this locus on the radiation hybrid map and determined 
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thee maximum length of the amplification unit using probes proximal and distal to 
IMR-V1.. To identify expressed sequences in the amplicon, we analyzed a SAGE 
libraryy from cell line IMR32 that we have recently constructed in our lab. SAGE 
permitss a quantitative analysis of all transcripts of a tissue or cell line (Velculescu et 
a/.,, 1995). It is based on the extraction of a 10 bp sequence from a fixed position in a 
cDNAA (SAGE tag). The tag uniquely identifies a transcript. This allows a rapid 
analysiss of large amounts of expressed sequences. The expression levels of all 
geness and ESTs mapping on the Human Genemap '99 (Deloukas et at., 1998) 
withinn the amplified region were compared to 4 other neuroblastoma SAGE libraries 
ass well as SAGE libraries of 12 other tissues in the CGAP databases (Lai era/., 
1999).. The MEIS1 gene was specifically expressed in IMR32 but showed little or no 
expressionn in the other SAGE libraries. MEIS1 encodes a homeodomain-containing 
protein.. It has been implicated in leukemic transformation in mice. MEIS1 forms 
heterodimerss with the PBX1 and HOXA9 proteins (Shen et at., 1999), which are both 
targetss of recurrent chromosomal translocations in human leukemias (Borrow et a/., 
1996;Kampss et at., 1990). Co-expression of HOXA9 and MEIS1 genes has been 
descibedd in human myeloid leukemias (Lawrence et at., 1999). Both genes showed 
perturbedd expression in the tumor cells compared to normal hematopoietic cells. 
Wee detected a strong MEIS1 amplification in IMR32 as well as a high expression 
levell of the gene. About 25% of the neuroblastoma cell lines and tumors showed an 
equallyy high expression of MEIS1 independent of DNA amplification. The data 
suggestt a role for MEIS1 in neuroblastoma pathogenesis. 

Results s 

Cloningg of an amplified sequence from chromosome 2p15 in cell line IMR32 
Inn search of chromosome 1 p36 aberrations, we analyzed DNA of 205 
neuroblastomaa tumors and 24 cell lines with about 50 probes from chromosome 1p. 
Onee probe (H600) detected an aberrant 4 Kb EcoRI fragment on a southern blot of 
celll line IMR32, in addition to the normal band (figure 1A). This fragment was not 
detectedd in any other DNA sample. DNA fragments adjacent to this probe did not 
detectt rearranged bands. To study the origin of the alteration, we cloned the 4 kb 
fragment.. Total DNA isolated from cell line IMR32 was digested with EcoRI and 
separatedd on a low melting agarose gel. DNA migrating at 4 Kb was excised from 
thee gel and cloned into a plasmid vector. A positive clone with a 4 Kb insert (IMR-
V1)) was identified. 
AA probe of this clone was hybridized to a Southern blot filter with IMR32 DNA and 
foundd to represent a highly amplified sequence in this cell line (Figure 1B). A weak 
sequencee homology with the chromosome 1 probe probably led to the detection of 
thiss high copy amplification in cell line IMR32 (data not shown). 
Too study the origin of the amplified sequence, we used the IMR-V1 clone for FISH 
analysiss on IMR32 (Figure 1C). The probe hybridized to the HSR (homogeneously 
stainingg region) on chromosome 1, which also harbors the 2p23-24 derived MYCN 
amplicon.. The signal of the clone was evenly distributed over the HSR and 
recognizedd the same region as a FISH probe for MYCN. However, FISH analysis of 
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Figuree 1: A: Probe H600 originating from chromosome 1p36 detects an aberrant band on a Southern 
blott with DNA from cell line IMR32. This band is absent in other neuroblastoma cell lines shown as 
control.. The aberrant fragment was isolated from the gel and cloned (IMR-V1). B: Hybridization of 
IMR-V11 to the same Southern blot shows that the aberrant band is in fact a highly amplified 
sequence.. Detection of the amplification was likely due to a weak sequence homology between H600 
andd IMR-V1 (not shown). C: FISH analysis of IMR-V1 on IMR32 metaphase spreads. The probe 
hybridizess to the HSR on chromosome 1, which also harbors the MYCN amplicon. Red: chromosome 
11 centromere probe, green: IMR-V1 probe. D: IMR-V1 hybridizes to 2p15 on normal lymphocytes. 

thiss probe on normal lymphocytes placed the probe on chromosome 2p15, much 
moree proximal than the MYCN locus (Figure 1D). 

Mappingg of IMR-V1 on the radiation hybrid panel 
Too determine the chromosomal position of IMR-V1 on chromosome 2, the clone was 
mappedd on the radiation hybrid panel. The clone was partly sequenced (accession 
nr.. AZ081511) and oligos were designed for PCR on the Genebridge 4 RH panel 
(Walterr et a/., 1994). The probe mapped at 209.98 cR on the Human Genemap '99 
(HGM99).. This is about 153 cR from the MYCN locus (at 56.45 cR on HGM99, 
http://www.ncbi.nlm.nih.gov/genemap99/). . 
Probess from the genes REL, MAD and TFGa mapping at 193 cR, 219 cR and 220 
cRR from top of chromosome 2 respectively (HGM99), were used for Southern blot 
analysis.. None of these genes were amplified in IMR32. implying that the size of the 
ampliconn is less than 26 cR. This also confirmed that the amplicon harboring the 
IMR-V11 clone is distinct from the MYCN amplicon, although they are apparently 
assembledd in the same HSR. 
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Expressionn analysis of the 2p15 amplicon utilizing an IMR32 SAGE library 
Thee detection of this amplicon in IMR32 suggests that it may harbor an oncogene 
withh a role in neuroblastoma pathogenesis. To study whether the amplification 
causess an oncogene to be overexpressed in IMR32, we utilized a SAGE library of 
celll line IMR32 that we established in our lab. Ten thousand SAGE tags, each 
representingg a single transcript of IMR32, were sequenced from this library. This is 
sufficientt to represent highly and moderately expressed genes in IMR32. E.g. 
transcriptss of the amplified MYCN gene are represented by 7 tags. 
Wee selected the interval from the HGM99 that harbored the IMR-V1 clone {D2S147-
D2S358),D2S358), as well as the neighboring intervals {D2S358-D2S292 and D2S337-
D2S147).D2S147). The latter two intervals harbored the genes for REL, MAD and TGFa, that 
weree not amplified in cell line IMR32. Therefore the three intervals encompassed the 
entiree amplified region. For the genes and ESTs mapping in this 30.36 cR region, we 
determinedd the corresponding SAGE tags using software developed in our 
departmentss (Caron et al, in prep). These tags were linked to the expression data 
fromm the IMR32 SAGE library. This enabled us to develop an expression profile of 
thee amplified region. This profile was compared to 4 other neuroblastoma SAGE 
librariess with a total of 120,000 tags established in our lab (Boon et al., in prep; 
Caronn et al., in prep). In addition, we compared the expression profile of IMR32 to 
thee tag frequencies in the SAGE libraries from the NCBI-CGAP databases 
(http://www.ncbi.nlm.nih.gov/SAGE/).. An example of such an analysis is shown in 
Figuree 2. To increase the power of this analysis, we combined all SAGE tag libraries 
off the same tumor type (see material and methods). For example, the combined 
colonn tumor library counts 339,378 tags, and was derived from 6 individual libraries, 
Thiss way, the SAGE expression profile of 114 genes and ESTs covering the 
ampliconn was analysed. Their expression levels (normalized per 10,000 tags) are 
indicatedd by the colored bars in Figure 2. About 50% of the genes were expressed in 
onee or more libraries. In general, the expression levels were quite similar. One gene 
showedd an interesting expression pattern. The MEIS1 gene was represented with 
threee tags per 10,000 in the IMR32 library. In the other neuroblastoma SAGE 
libraries,, 1 tag was expressed. We found 4 tags on a total of 213,163 tags in the 
combinedd ovary tumor library and 1 tag on a total of 319,501 tags in the combined 
brainn tumor library. No expression was found in any of the additional NCBI-CGAP 
librariess with a total of >2,000,000 tags. With only 10,000 tags sequenced from the 

Figuree 2 (right page): SAGE analysis of the 2p15 amplicon of IMR32. A chromosomal region of 30 cR 
wass analyzed for expression in a SAGE library of IMR32. This was compared to combined SAGE tag 
librariess from colon (total=339,378 tags), brain (total=319,501 tags), breast (total=66,598 tags) and 
ovaryy tumors (total=213,163 tags). The light and dark grey bars indicate the expression levels of the 
tagss in these libraries, normalized to the frequency per 10,000 tags. The MEIS1 gene is represented 
byy three tags in IMR32 whereas little or no expression was found in any of the other SAGE libraries. 
Mostt other genes show a similar expression pattern amongst the different libraries. Genes expressed 
att low frequencies are less likely to be represented in IMR32, as only 10,000 tags were sequenced 
fromm this library. The figure depicts a region of 26 cR, encompassing the entire amplified region from 
IMR32. . 
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IMR322 library, this cell line appeared to display a relatively high amount of tags for 
thee MEIS1 gene. 
MEIS1MEIS1 encodes a transcription factor that binds to HOXA9 and PBX proteins and 
functionss as an oncogene in murine leukemia. We therefore analyzed MEIS1 copy 
numberr in IMR32. Southern blot analysis revealed that MEIS1 was highly amplified 
inn cell line IMR32 (Figure 3). 

MEIS1MEIS1 > 

controlcontrol > 

Figuree 3: Southern blot analysis reveals 
thatt the MEIS1 gene is amplified in 
IMR32.. A probe from chromosome 1 was 
usedd as a control for loading of DNA. 
AMC1066 and SK-N-Fi are two 
neuroblastomaa cell lines, control is 
lymphocytee DNA of a healthy donor. 

MEIS11 is highly expressed in neuroblastoma tumors and cell lines. 
Too determine the expression level of MEIS1 we hybridized a Northern blot containing 
RNAA of 24 neuroblastoma and 4 PNET (Peripheral Neuro Ectodermal Tumor) cell 
liness and a Wilm's tumor and melanoma cell line (Figure 4). IMR32 displayed a high 
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Figuree 4: MEIS1 and PBX7 expression in neuroblastoma cell lines. Northern blots were loaded with 
totall RNA from 24 neuroblastoma cell lines, 6 PNET (peripheral neural ectodermal tumor) cell lines, a 
Wilm'ss tumor (AP10) and a melanoma cell line (518A2). The blot was hybridized with probes for 
MEIS1MEIS1 and PBX1. The 18S band of the EtBr stained blot gel is shown as control for quantification. 

expressionn of the MEIS1 gene. MEIS1 is also highly expressed in several other eel 
liness (SK-N-MC, SJNB-8, LAN5 and SJNB-10). 
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Neuroblastomaa cell lines are usually established from stage IV neuroblastomas. To 
studyy the expression level in other stages, MEIS1 was hybridized to a Northern blot 
withh RNA from 22 neuroblastomas of all stages (Figure 5). Five tumor samples 
showedd high MEIS1 expression and 12 tumors had a moderate expression. No 
correlationn with tumor stage was found (for staging of analyzed tumors see material 
andd methods). These data suggest a role for the gene in a large subset of 
neuroblastomas.. We also checked for expression in a brain tumor cell line and two 
colonn tumor cell lines (Figure 5). SAGE libraries of these three cell lines were part of 
thee combined SAGE libraries of colon and brain in this analysis. The cell lines 
showedd no expression of MEIS1, in line with data obtained from the SAGE analysis 
(Figuree 2). 

MYCNN single copy MYCN amplified cell lines 

Figuree 5: Northern blot analysis of MEIS1 expression in 22 fresh neuroblastoma tumor samples. 
Shownn on the right are 2 colon tumor cell lines (HCT116 and SW837) and a cell line from a brain 
tumorr (H392). These cell lines show no MEIS1 expression, in line with the SAGE libraries that were 
establishedd from these cell lines (Lai etal., 1999). Tumors N198, N49 and N406 have low copy 
MYCNMYCN amplification (3-10 copies), other MYCN amplified tumors have >10 copies. 

Too analyze whether the high MEIS1 expression in the neuroblastoma cell lines and 
tumorss was caused by MEIS1 amplification, we analyzed the cell lines and 205 
neuroblastomaa tumors by Southern blot. No further amplifications were found. This 
suggestss that MEIS1 expression in cell lines and tumors is likely to be activated by 
otherr mechanisms. 
Thee MEIS1 protein binds to PBX1 which is necessary for both translocation of PBX1 
too the nucleus and transcription activation of target genes (Pai et al., 1998). To 
determinee whether this pathway is active in neuroblastoma, we hybridized the 
Northernn blot used for analysis of MEIS1 expression with a probe for PBX1. This 
revealedd that the PBX1 gene was expressed in most neuroblastoma cell lines 
(Figuree 4). Therefore, overexpression of MEIS1 may enhance PBX translocation to 
thee nucleus and target gene activation by MEIS-PBX-HOX complexes. 
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Discussion n 

Inn this paper we describe the serendipitous cloning of an amplified chromosome 2 
sequencee in cell line IMR32, due to a weak sequence homology to one of our 
chromosomee 1p36 probes. The data from our study confirm previous evidence for a 
secondd region of amplification on chromosome 2p15 in cell line IMR32, proximal to 
thee MYCN amplicon at 2p24-25 (Shiloh et ai, 1985). The clone mapped on the 
Radiationn Hybrid Map between markers D2S147 and D2S358 at 209 cR from the top 
off chromosome 2 and approximately 153 cR proximal from the MYCN locus. As 
REL,REL, MAD and TGFa are not amplified, the amplicon was limited to a region 
betweenn 193 cR and 219 cR from top of chromosome 2. 
Analysiss of the structural organization of the MYCN amplicon showed that the HSR 
iss organized as tandem repeats of amplicons (Akiyama ef ai, 1994). FISH analysis 
revealedd that the 2p15 region of amplification was part of the same HSR as the 
MYCNN amplicon. The clone that we used for FISH analysis was evenly distributed 
overr the HSR. These amplified sequences are usually manifested as double minutes 
(DMs)) before forming a HSR. The amplified sequence from the 2p15 region 
probablyy has developed as an independent event. If so, DMs of the 2p15 amplicon 
andd the MYCN amplicon may have recombined before integration in chromosome 
11 p and the forming of an HSR. 
SAGEE analysis of a 30 cR region spanning the amplicon was used to identify genes 
affectedd by the amplification. The MEIS1 gene was represented by three tags in the 
IMR322 SAGE library compared to little or no expression among over 2,000,000 tags 
fromm the SAGE libraries in the CGAP databases. The gene was amplified in IMR32 
andd Northern blot analysis confirmed a relatively high expression level of the MEIS1 
genee in this cell line. This is, to our knowledge, the first example of the identification 
off an amplified oncogene using high throughput mRNA profiling. 
Wee found no evidence for other cases of MEIS1 amplification in a series of 205 
neuroblastomaa tumors and 24 cell lines. However, Northern blot analysis revealed 
thatt MEIS1 is weakly expressed in about half of the samples and highly expressed 
inn about 25% of the cases. As MEIS1 expression is much lower in other human 
tissuess analyzed by SAGE, the high expression in neuroblastoma suggest a role for 
thiss gene in normal development of neuroblasts. Amplification as found in IMR32 is 
onee of the means to induce overexpression and suggests a role of MEIS1 in 
neuroblastomaa pathogenesis (Worsley et at., 1997). Functional studies are required 
too establish the possible role of MEIS1 in this tumor. 
Thee MEIS1 gene was originally identified as a target for retroviral insertions in 
myeloidd leukemia in mice (Moskow et ai, 1995). Many leukemias with MEIS1 
activationn also showed retroviral activation of HOXA9 suggesting a cooperation 
betweenn the two proteins in tumor induction (Nakamura et ai, 1996). The 
homeodomainn of MEIS1 is most closely related to those of the PBX family of 
homeoboxx protein-encoding genes. The MEIS1 protein forms a trimeric complex 
withh PBX1 and HOXA9, which is essential for binding to consensus DNA targets 
(Shenn et ai, 1999). Both PBX1 and HOXA9 are implicated in human leukemic 
transformation.. The PBX1 gene is a target of a t(1:19) translocation in pre-B acute 
lymphoblastoidd leukemias where it fuses to the E2A gene (Kamps et ai., 1990). 
HOXA9HOXA9 is fused to NUP98 by a t(7:11) translocation in human myeloid leukemia 
(Borroww et ai, 1996). HOXA9 and MEIS1 are co-expressed in human myeloid 
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leukemiass (Lawrence et al., 1999). High expression of these genes in AML was 
suggestedd to result from a disturbance of the developmentally controlled down-
regulation.. The finding that MEIS1 is amplified and overexpressed in neuroblastoma 
iss the first indication that this gene may play a role in this tumor. 
HOXHOX gene expression has been found in human neuroblastoma (Peverali et al., 
1990).. We found that also PBX is expressed in most cell lines, indicating that this 
pathwayy is active in neuroblastoma. Drosophila genetics has provided more insight 
inn the interaction of these genes and their role in embryogenesis. The Drosophila 
homologuess of PBX and MEIS are extradenticle (Exd) and homothorax (Hth) 
respectively.. Exd is active only in regions of the embryo where the product is located 
too the nucleus (Gonzalez-Crespo and Morata, 1995;Rauskolb et a/., 1995). 
Homothoraxx was found to be essential for translocation of Exd to the nucleus 
(Rieckhoff et a/., 1997;Pai era/., 1998). Therefore, Homothorax is responsible for 
nuclearr translocation of Exd as well as transcription activation of HOX-Exd-Hth 
complexes.. Also in mice, nuclear localization of PBX depends on complex formation 
withh MEIS1 proteins (Berthelsen et a/., 1999). 
Thee high MEIS1 expression in many neuroblastomas may be induced by other 
embryonall control genes. MEIS1 is mainly expressed during embryonal 
developmentt (Nakamura et a/., 1996). In Drosophila leg development, homothorax 
expressionn was shown to be restricted by Distal-less (Dll) {Abu-Shaar and Mann, 
1998;Gonzalez-Crespoo et at., 1998). Dll in turn is induced by Wingless (Wg). In 
addition,, Wg may regulate homothorax independently of Dll, indicating involvement 
off other repressors (Wu and Cohen, 1999). The overexpression of MEIS1 that we 
foundd may therefore be caused by defects in Distal-less or Wingless signalling. Both 
thee mammalian and the amphioxus homologues of distal-less (Dlx) have been 
implicatedd in neural patterning (Anderson ef a/., 1997a;Anderson et a/., 
1997b;Hollandd et al., 1996). Defects in the Distal-less/MEIS pathway may therefore 
resultt in aberrant neural differentiation. 
Inn conclusion, the high expression level of the MEIS1 gene in neuroblastoma and 
thee absence of expression in many other tissues indicates a role for MEIS1 in 
normall embryonic neuroblast development. Since MEIS1 is part of a complex 
pathwayy of homologues of Drosophila morphogenetic proteins and mammalial 
developmentall control genes, this finding provides new clues to understand normal 
differentiationn of neuroblasts and neural crest derived cells. The role of MEIS1 in 
murinee leukaemias and its amplification in IMR32 suggest that MEIS1 may play a 
causativee role in neuroblastoma pathogenesis. 

Materiall and methods 

Celll lines 
IMR322 was cultured in Dulbecco modified Eagle medium (DMEM) supplemented 
withh 10% fetal calf serum, 20 mM L-glutamine, 10 U/ml penicillin and 10 ^g/ml 
streptomycin.. Cells were maintained at C under 5% C02 . For primary references 
celll lines see Cheng et al., 1995 (Cheng era/., 1995). 
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Southernn blot analysis 
DNAA was digested to completion with a restriction endonuclease and separated on a 
0.8%% agarose gel in 1XTBE. The fragments were transferred to Hybond-isffilters 
(Amersham)) by the standard alkaline blotting method. DNA probes were 32P labeled 
byy the random primer method. Filters were hybridized for 16 hours at C in 0.5 M 
Na2HP04.. pH 6.8, 7% SDS, 1mM EDTA and 50 \xgfm\ herring sperm DNA. 

FISHH analysis 
FISHH analysis was performed as described elsewhere (Van Roy etal., 1993). 

Sequencee analysis and radiation hybrid mapping 
Forr sequence analysis the IMR32-V1 probe was cloned into plasmid PBS-SK, the 
insertt was amplified and sequenced with M13 universal and reverse primers. 
Sequencee reactions were performed with the ABI PRISM™ Dye Terminator cycle 
sequencee ready reaction kit (Perkin Elmer) and run on an ABI 377. From the 
sequencee of probe IMR32-V1 {accession nr. AZ081511) we designed oligo 534 (5'-
tctcctgcctgcataatg-3')) and oligo 535 (5'-caagccctctggcttata-3'). 
RHH mapping was performed on the Genebridge 4 radiation Hybrid panel (Walter et 

al.,al., 1994) distributed by Research Genetics, inc. Results were mapped on the 
Genemapp '99 using the Genemap server at the Sanger center at 
http://www.sanger.ac.uk/RHserver/RHserver.shtml. . 

Northernn blot analysis 
Totall cellular RNA was isolated by the LiCI-ureum method (Auffray and Rougeon, 
1980).. 15 ^g of RNA was electrophoresed through a 1% agarose gel containing 
6.7%% formaldehyde and blotted on Hybond nylon membrane in 16.9x SSC and 5.7% 
formaldehyde.. Hybridization and washing conditions were the same as described for 
Southernn blot analysis. 
Thee tumor samples used for Northern blot analysis were staged according to Evans 
ett al. (Evans etal., 1971). Tumor stages are: N52, stage IVs; N186, stage IV; N99, 
stagee II; N225, stage Ivs; N68, stage III; N160, stage IV, N407, stage IV; N415, 
stagee IV; N179, stage III; N198, stage IVs; N49, stage IV; N406, stage IV; N36, 
stagee II; N40, stage III; N159, stage IV; N194, stage IV; N418, stage IV; N106, stage 
IV;; N107, stage IV; N410, stage IV; N442, stage IV; N458, stage IV. 

Analysiss of the SAGE expression data 
SAGEE libraries of the neuroblastoma cell lines and tumors were established as 
describedd previously (Velculescu ef al., 1995). To obtain an expression profile of the 
ampliconn of IMR32, we used software developed in our department (Caron et al., in 
prep).. In short, the software extracted reliable 3' SAGE tags from sequences and 
linkedd these to NCBI CGAP SAGE libraries (Lai et al., 1999) to obtain an expression 
profilee of any chromosomal region. The MEIS1 gene has three different transcripts 
causedd by alternative splicing of the gene. Therefore, three reliable 3' tags were 
obtainedd (CATACAAGAT , TGTGTATTTT and CCAACTCATA), which were used for 
expressionn analysis. To increase the power of this analysis, tag counts of tumors 
originatingg from the same tissue type were combined to a single library. These 
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combinedd tag libraries were: colon tumor: CaCo2, HCT116, RKO, SW837, TU102, 
TU98;; brain tumor: GBM H1110, DUKE H392, pooled GBM, DUKE 757, DUKE 
H341,, DUKE MHH-1, H1126; ovary tumor: ES2-1, OV1063-3, OVCA432-2, OVT6, 
OVT8,, OVP5, OVT7; breast tumor: MDA453, SKBR3, DCIS. 
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