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ThreeThree neuroblastoma aberrations map within 300 Kb 

Abstrac t t 

CommonCommon genetic aberrations of neuroblastoma are deletions of the short arm of 
chromosomechromosome 1 (1p36) and MYCN amplification. Previously we have shown evidence 
forfor at least two different neuroblastoma tumor suppressor loci on 1p. One is 
associatedassociated with MYCN single copy tumors and maps distal on 1p36.3. Another locus 
mapsmaps to 1p36.1 and is deleted in about 90% of MYCN amplified neuroblastoma. It is 
difficultdifficult to define the exact position of the MYCN-associated locus as the SRO is 
large.large. The locus probably maps distal to the breakpoint in cell line UHG-NP as this 
cellcell line has the smallest 1p deletion of MYCN amplified neuroblastomas. 
Here,Here, we present a 600 kb PAC contig spanning the breakpoint of UHG-NP. This 
regionregion was analyzed for genes and aberrations. The AML2 gene mapped 200 kb 
distaldistal to the UHG-NP breakpoint. Two more tumor specific aberrations were mapped 
withinwithin the 300 kb region upstream of AML2, close to the UHG-NP breakpoint. These 
datadata implicate the AML2 upstream region in neuroblastoma pathogenesis. AML2 
itselfitself is expressed in a few neuroblastoma only and showed no mutations. 

Introductio n n 

Neuroblastomaa is an embryonal tumor arising from neural crest derived cells. The 
tumorr displays heterogeneous biologic behavior ranging from aggressive incurable 
diseasee to spontaneous regression. Amongst the most common genetic aberrations 
off neuroblastoma are deletions of the short arm of chromosome 1 (1p36) (Brodeur 
ett al., 1977; Gilbert et al., 1982; Weith et al., 1989) and MYCN amplification 
(Schwabb et al., 1983). Both MYCN amplification (Brodeur et al., 1984; Schwab et al., 
1984;; Seeger et al., 1985) and loss of 1p (Caron et al., 1996; Rubie et al., 1997) are 
associatedd with a poor prognosis. 
Previously,, we obtained evidence for at least two different neuroblastoma tumor 
suppressorr loci on chromosome 1p (Caron et al., 1995; Cheng et al., 1995, Caron et 
al.,, in press). It appears that distinct loci are involved in MYCN single copy versus 
MYCNMYCN amplified neuroblastoma, as these tumors display a different type of SRO. Of 
thee MYCN single copy tumors, about 15% displays 1p deletions of variable length 
withh an SRO of 47 cR. The commonly deleted region maps to 1p36.3 and the lost 
alleless are preferentially of maternal origin, suggesting parental imprinting of the 
locuss (Caron et al., 1995, Caron et al., in press). In contrast, about 90% of MYCN 
amplifiedd neuroblastomas show LOH of 1p. The deletions are at least 90 cR 
comprisingg the region from 1p36.1 to the telomere. The deletions of 1p in MYCN 
amplifiedd tumors are of random parental origin. These data strongly suggest that 
theree are at least two different 1p suppressor genes involved in neuroblastoma; a 
distall (1p36.3) imprinted locus involved in the MYCN single copy tumors and a 
proximall (1p36.1) non-imprinted locus that is consistently deleted in MYCN amplified 
neuroblastomas. . 
LOHH studies of a large panel of MYCN amplified tumor samples and cell lines 
revealedd that the SRO of these tumors is determined by cell line UHG-NP (Caron et 
al.,, 1995, Caron et al., in press). The HMG17 gene was the most distal marker 

73 3 



ChapterChapter 4 

retainedd in this cell line. In a series of 205 analyzed neuroblastomas, we did not 
observee any smaller or interstitial deletions of 1p in MYCN amplified neuroblastomas 
(Caronn et al., 1995, Caron et al., in press), although some isolated cases have been 
describedd in literature (Martinsson et al., 1995). We therefore assume that at least 
onee tumor suppressor locus with a major role in MYCN amplified neuroblastoma 
mapss within a few Mb distal to the HMG17 gene. As the deletions are always large 
andd extend to the telomere, the exact region to search for the MYCN -associated 
tumorr suppressor gene is difficult to define. We previously constructed a 5 Mb 
physicall map spanning the breakpoint of cell line UHG-NP (Spieker et al., 2000). 
Inn the present paper we describe a 600 Kb PAC contig of 600 Kb of the UHG-NP 
breakpointt region. We searched for genes in this region by a variety of techniques. 
Thee AML2/CBFA3 gene, which belongs to the Drosophila runt domain family of 
transcriptionn regulators was found to map 200 kb distal to the 1p breakpoint of UHG-
NP.. The AML transcription factor family consists of the members AML1 (CBFA2), 
AML2AML2 (CBFA3) and AML3 {CBFA1). The AML1 gene is necessary for liver 
hematopoiesiss (Okuda et al., 1996; Wang et al., 1996). It is the most common target 
forr chromosomal translocations in leukemia (Bitter et al., 1987; Miyoshi et al., 1991). 
AML3AML3 is essential for normal osteoblast differentiation and skeletal morphogenesis 
(Ducyy et al., 1997; Komori et al., 1997; Mundlos et al., 1997; Otto et al., 1997). The 
functionn of AML2 has not been ascertained yet, but several lines of evidence 
suggestt a role in cell growth and differentiation (Hanai et al., 1999; Levanon et al., 
1998).. We analyzed the expression of AML2 in MYCN single copy and MYCN 
amplifiedd cell lines and tumor samples. The coding regions of AML2 were screened 
forr mutations in a panel of 220 patients and 24 cell lines. The upstream region of the 
genee was also screened for tumor specific aberrations. Besides the breakpoint in 
UHG-NP,, we detected two more neuroblastoma specific aberrations in the 300 Kb 
AML2AML2 upstream region. 

Result s s 

AA 600 Kb PAC conti g spannin g the UHG-NP deletio n breakpoint . 
Deletionn studies in MYCN amplified neuroblastomas suggest a tumor suppressor 
locuss mapping on chromosomal band 1p36.1, within a few Mb distal to the HMG17 
genee (Caron et al., 1995; Cheng et al., 1995, Caron et al., in press). The proximal 
borderr of this region is defined by the 1p deletion breakpoint of cell line UHG-NP, in 
whichh the HMG17 gene is the most distal marker retained. The 1p deletion in this 
celll line is caused by a t(1;17) translocation (Van Roy etal., 1997). 
Previously,, we constructed a 5 Mb physical map spanning the deletion breakpoint of 
UHG-NPP and identified 48 PACs at regular intervals in this region (Spieker et al., 
2000).. We used these PACs to pinpoint the 1p deletion breakpoint of cell line UHG-
NP.. FISH with PACs of IMAGp998E03173 (EST1) and AML2 gene showed that the 
breakpointt maps between these genes. To obtain this region in a PAC contig, we 
subclonedd the PACs identified by EST1 and AML2, and screened high density PAC 
filterss with the single copy probes. Newly identified PACs were checked by FISH for 
chromosomall localization and position relative to the UHG-NP breakpoint. The PACs 
weree fingerprinted and Southern blots with PAC DNA were hybridized with the single 
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copyy probes to establish the extend of overlap. This resulted in a 600 Kb contig 
spanningg the deletion breakpoint of cell line UHG-NP (Figure 1). 
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Figuree 1: A 600 kb PAC contig spanning the deletion breakpoint of cell line UHG-NP. The PACs are 
depictedd by horizontal bars, see for clone numbers material and methods. Black circles indicate the 
singlee copy probes used for PFGE analysis of the breakpoint region. The light gray rectangles 
representt the map position of small transcripts. EST1 and AML2 exons are represented by dark gray 
rectangles.. A, B and C are ESTs annotated in the Sanger Center contigs with accession numbers 
T39234,, AA953402 and AA948312 respectively. The positions of the rearrangements in cell lines 
IMR32,, UHG-NP and tumor N14 are shown at the bottom of the figure. The dark grey bars refer to the 
finishedd seauences. the dotted bars to unfinished seauences. 

Wee further mapped the breakpoint with pulsed field gel electrophoresis (PFGE). 
DNAA from cell lines UHG-NP and SK-N-AS (this cell line displayed no LOH of 
chromosomee 1p) was digested with the rare cutter enzymes Notl, Mlul, and Nrul, 
separatedd by PFGE and blotted. The filters were hybridized with the single copy 
probess that had been isolated from the 600 Kb PAC contig. EST1 and probe P592-
S55 detected the same 350 kb Notl restriction fragment (Figure 2A and 2B). EST1 
detectedd a large additional fragment (>800 kb) in cell line UHG-NP that was not 
detectedd by the P592-S5 probe. Probe P593-S16b maps 50 kb proximal to EST1, 
butt hybridizes to a different Notl fragment of 250 kb. Probe P593-S16b does not 
detectt the aberrant 800 kb band either, excluding that the 800 kb fragment extends 
too the direction of this probe. As EST1 and P592-S5 map to the same 350 kb Notl 
fragmentt they should both recognize the 800 kb Notl restriction fragment. As only 
EST1EST1 detects this fragment, it harbors the t(1;17) breakpoint which therefore maps 
betweenn EST1 and P592-S5 (Figure2c). The two Notl fragments detected by EST1 
inn cell line SK-N-AS are caused by a polymorphism and are also present in other cell 
liness (Spieker et al., 2000). Hybridization of the PFGE filters with a series of single 
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copyy probes further mapped the deletion breakpoint of UHG-NP between probes 
P592-R9bb and P592-S5 in a region of approximately 25 kb (Figure 1). 

Figuree 2: Pulsed Field Gel analysis of the t(1;17) breakpoint of UHG-NP. DNA of cell lines UHG-NP 
andd SK-N-AS was digested with Notl and hybridized. A: a probe for the EST1 gene detected an 
aberrantt Notl fragment (>800 kb) in cell line UHG-NP that was not detected in cell line SK-N-AS 
(arrow).. B: probe P592-S5 does not detect this fragment. C: a schematic representation of the t(1;17) 
deletionn breakpoint of UHG-NP. 

Genee Identification . 
Too obtain an overview of all genes in the 600 Kb region, we used two different 
approaches.. First, we used the Chromosome 1 PAC sequence data as established 
byy the Sanger Center (http://www.sanger.ac.uk/HGP/Chr1). Two different contigs 
(ctg833 and ctg492 ) overlap with our 600 kb PAC contig spanning the UHG-NP 
breakpointt (Figure 1). This gave us 237 kb of finished sequence and 70 kb of 
unfinishedd sequence. Thirty Kb of unfinishe d sequence between the breakpoint of 
UHG-NPP and AML2 was analyzed using three exon search programs (see material 
andd methods). Exons predicted by at least two different programs were used to 
designn eleven PCR probes. In addition, we used the annotations of the finished 
sequencee as provided by the Sanger Center. This yielded three ESTs (T39234, 
AA9534022 and AA722351, ctg83, depicted in Figure 1 as A, B and C respectively). 
Thee ESTs and PCR probes were hybridized to Northern blots. No expressed 
sequencess were detected in 10 neuroblastoma cell lines tested. 
Ass a second approach to identify transcripts of genes, we hybridized 50 single copy 
probess from the region to Northern blots (Figure 3). The blots contained RNA of 24 
neuroblastomaa cell lines, 4 PNET (peripheral neural ectodermal tumor) cell lines and 
aa Wilm's tumor and melanoma cell line. Six single copy probes detected small 
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transcriptss in all cell lines (Figure 3, shown for probe P593-S23). Two probes were 
sequenced,, but BLAST searches revealed no homology to known genes. All these 
transcriptss mapped in a small region proximal to the UHG-NP breakpoint (Figure 1). 
Hybridizationn of EST1 revealed two transcripts of 1.5 and 1.8 Kb in all 
neuroblastomaa cell lines tested. The function of EST1 is unknown. Protein structure 
predictionn software Prosite (Hofmann et al., 1999) and SMART (Schultz et al., 1998) 
didd not identify known protein motifs or homologies. 

Ann exon 5 probe of AML2 detected expression in some cell lines (Figure 3). Two 
MYCNMYCN single copy cell lines, i.e. LAN-6 and SJNB-1 showed expression of AML2. 
Off the MYCN amplified cell lines, only SJNB-6 showed a weak expression (Figure 
3).. Furthermore, PNET cell lines CHP100, TC32, CB-AG-NP and SK-N-MC and 
melanomaa cell line 518A2 displayed AML2 expression (Figure 3). RT-PCR analysis 
usedd to detect weak expression levels identified AML2 expression in a fourth cell 
line,, SHEP-2. Northern blot analysis of 22 fresh neuroblastoma samples revealed 
thatt the gene is also weakly expressed in one MYCN amplified tumor (data not 
shown). . 
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Figuree 3: Northern blot analysis of the genes mapping within the 600 Kb PAC contig. The cell lines 
aree grouped into MYCN single copy (center) and MYCN amplified (right) neuroblastoma cell lines. In 
addition.. 4 PNET cell lines, 1 Wilm's tumor (AP10) and 1 melanoma cell line (518A) were analyzed 
forr expression. The filter was sequentially hybridized with probe P593-S23, recognizing a small 
transcript,, EST1 and an exon 5 probe of AML2. 

Mutatio nn analysi s of AML2 
Thee AML2 gene maps 300 kb distal to the UHG-NP breakpoint. Based on its 
homologyy to AML1 and AML3, we considered it as an interesting gene for further 
analysis.. We therefore performed mutation analysis of the AML2 gene by SSCP 
(Oritaa et al., 1989) in all the MYCN amplified and MYCN single copy tumors 
availablee in our lab. A total of 205 tumors were screened for mutations in the coding 
regionss of the gene. The AML2 gene has 5 exons which were tested using both 5% 
andd 10% glycerol polyacryl-amide gels. Of exons 1 to 4, the entire exon sequence 
wass analyzed using primer sets designed from the intron sequence. Of exon 5, the 
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codingg sequence of 695 bp was analyzed. None of these exons revealed any 
mutations.. Therefore, sequences upstream of the AML2 gene were analyzed for 
aberrationss that may have affected regulatory elements. 

AA larg e duplicatio n of 1p36 in cel l lin e IMR32. 
Wee used the PAC clones from the 600 kb region to analyze 24 neuroblastoma cell 
liness by FISH analysis for rearrangements in the retained copy of the 1p36.1 region. 
Inn cell line IMR32 we discovered a local duplication with PAC P592. Two distinct 
signalss were detected on 1p which were at least several megabases apart (Figure 
4a).. PAC P586 from the AML2 gene did not detect this duplication (Figure 4b). The 
duplicatedd region is at least 4 Mb in length as it is also detected by a PAC from the 
FGRFGR gene mapping 4 Mb proximal to EST1. Subsequent analysis revealed that the 
duplicationn was detected by all PACs between EST1 and FGR that we placed on the 
5Mbb physical map (Spieker et al., 2000). Dual color FISH with several of these 
PACss demonstrated that the duplication was in a head-to-tail formation (data not 
shown).. This implies that the seemingly intact copy of chromosome 1 in IMR32 has 
twoo possible breakpoints, one far proximal and one just distal to EST1 (Figure 4B). 
PFGEE analysis of cell line IMR32 revealed that the distal insertion breakpoint maps 
withinn the 600 Kb PAC contig, approximately 300 Kb upstream of the AML2 gene 
andd 75 Kb upstream of the UHG-NP breakpoint (Figure 1 and data not shown). 
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"" = '
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Figuree 4: The IMR32 cell line displays a duplication of a large part of chromosome 1p. A: PAC P592 
hybridizess twice to chromosome 1p. B: P586 displays only one hybridization signal C: A schematic 
representationn of the local duplication. 
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Neuroblastom aa N14 display s a tumo r specifi c rearrangemen t on Souther n 
blot . . 
Thee single copy probes that we isolated from the PAC contig were also used to 
screenn for small tumor specific events by Southern blot analysis. DNA of 205 
neuroblastomaa tumor samples as well as 24 cell lines was digested with either 
EcoRII or BarmHI restriction enzymes, and analyzed by Southern blot. The filters 
weree hybridized with 50 single copy probes from the 600 Kb PAC contig. We 
detectedd in tumor N14 an aberrant 10 Kb BamHI restriction fragment with probe 
P677-S10bb (Figure 5A). The normal band detected by this probe was 13 kb in 
length.. Lymphocyte DNA of the patient and DNA of lymphocytes of both parents did 
nott show the aberrant band, indicating that the aberration was tumor specific. 
Aboutt 30 kb of unfinished sequence covering this region was available on the 
Sangerr Center website (http://webace.sanger.ac.uk/humace/unfingenes/). We 
designedd probes at regular intervals within the normal 13 kb BamHI restriction 
fragmentt (Figure 5B). Probe 5-2 from the end of the 13 kb BamHI fragment detected 
ann approximately 6 kb aberrant BamHI restriction fragment, that was not present in 
anyy of the control DNA samples. Aberrant bands were also detected with other 
restrictionn enzymes excluding that the aberration was caused by a point mutation 
introducingg new BamHI fragments. The most likely interpretation of the data is a 
balancedd rearrangement, as depicted in Figure 5b. 
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Figuree 5: Southern blot analysis of a tumor specific rearrangement in tumor N14. A: probe P677-S10b 
detect ss an aberran t 10 Kb band in N14 (lane 1) that is not present in DNA of lymfocytes of the patient 
(lanee 2) or DNA of lymfocytes of the parents (lanes 3 and 4). An aberrant band was also detected 
withh probe P5-2 mapping distal to the rearrangement (lane 5). This aberration was not detected in 
controll DNA (lane 6). B: A schematic representation of the rearranged region. 

Thiss could be caused by a balanced chromosomal translocation. The new restriction 
fragmentss of 10 kb and 6 kb detected by probe P677-S10b and probe P5-2 
respectivelyy would represent both sides of the translocation. 
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Thee rearrangement was narrowed down to a 2 Kb region {Figure 5B). The same 
regionn from the intact copy of chromosome 1 of tumor N14 was screened for 
mutationss but none were detected. Potential exon sequences within a 30 kb region 
spanningg the breakpoint were analyzed {see: gene identification), but at this point no 
evidencee for expressed sequences has been found. 
Thee tumor N14 rearrangement mapped between the breakpoint of UHG-NP and the 
AML2AML2 gene. The three tumor specific events that we found to be clustered within 
3000 kb upstream of AML2 point to a role for sequences in this region in 
neuroblastomaa pathogenesis. 

Discussio n n 

Inn our analysis of MYCN amplified neuroblastomas, we found that 33 out of 38 
tumorss displayed large deletions of chromosome 1p. The minimal length of the 
deletionss was about 89 cR, from 1p36.1 to the telomere. The SRO was defined by 
celll line UHG-NP, which had retained two alleles of the HMG17 gene (Caron et al., 
inn press). As no smaller deletions were found in any of the MYCN amplified tumors 
andd cell lines tested, this strongly suggests that a tumor suppressor gene maps just 
distall to the 1p deletion breakpoint of UHG-NP. Previously, we have constructed a 5 
Mbb physical map spanning the breakpoint region (Spieker et al., 2000). In the 
currentt paper we present a 600 Kb PAC contig covering the exact location of the 1p 
breakpointt of UHG-NP. This contig was screened for genes and tumor specific 
aberrations. . 
EST1EST1 and several probes that recognized small transcripts on a Northern blot 
mappedd proximal to the breakpoint. Sequence analysis of EST1 and these probes 
revealedd no homology to known genes. They are equally expressed in MYCN single 
copyy as MYCN amplified neuroblastoma, making a role in neuroblastoma 
pathogenesiss less likely. Most interestingly, the 600 Kb region also harbors the 
AML2AML2 gene. AML2 belongs to the Drosophila runt domain family of transcriptional 
regulators.. The runt gene was originally characterized from its role in segmentation 
inn which it acts as a primary pair-rule gene (Gergen and Wieschaus, 1985). In 
humans,, the gene has three homologues, AML1, AML2 and AML3. Thus far the 
AMLAML proteins have been shown to interact with several transcription factors and co-
activatorss such as Ets-1 and to support context-dependent transcription of target 
geness (Wotton et al., 1994; Hanai et al., 1999). AML1 is the most frequent target of 
chromosomall translocations in acute leukemia {Bitter et al., 1987; Miyoshi et al., 
1991)) and is thought to play an essential role in leukemogenesis. The AML3 gene 
productt is involved in bone formation (Ducy et al., 1997; Komori et al., 1997; 
Mundloss et al., 1997; Otto et al., 1997). The role of the AML2 gene is largely 
unknown.. Recently, evidence was found that AML2 may play a role in hematopoietic 
celll differentiation. It is predominantly expressed in cells of hematopoietic origin and 
cann be upregulated by retinoids (Le et al., 1999). A role in the TGFp signaling 
pathwayy seems likely as the AML2 protein complexes with Smads (Hanai et al., 
1999),, which are signal transducers of the TGFfi pathway. Direct interaction 
betweenn Gro/TLE and the AML1 and AML2 proteins leads to transcriptional 
repressionn of AML-regulated target genes (Levanon et al., 1998). 
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Wee studied AML2 expression in neuroblastoma cell lines as well as tumors. One 
MYCNMYCN amplified cell line, one tumor and three MYCN single copy cell lines showed 
AML2AML2 expression. Screening of AML2 both by Southern blot and SSCP analysis 
detectedd no mutations in 205 tumors and 24 cell lines tested. The three tumor 
specificc events we found in the 300 kb region proximal to the gene may have 
affectedd regulatory elements of AML2 or unknown exons. The latter possibility 
cannott be excluded as about half of the transcribed AML2 regions are as yet 
unidentified. . 
Basedd on LOH studies of neuroblastoma, we postulated that the tumor suppressor 
genee involved in MYCN amplified neuroblastomas maps just distal to the 1p 
breakpointt of UHG-NP. Since the deletions always extend to the telomere, it is 
difficultt to define the exact region to search for a tumor suppressor gene. Here, we 
analyzedd the possibility that the gene maps within a 600 Kb region spanning the 
UHG-NPP breakpoint. The three tumor specific events that we found to be clustered 
withinn 300 kb point to a role for sequences in this region in neuroblastoma 
pathogenesis.. The aberrations could have affected expression of AML2 or of an as 
yett undetected gene between EST1 and AML2. Further analysis of this region, as 
welll as the still unexplored region distal of AML2 is necessary to identify the 
suppressorr locus that is consistently deleted in NMA tumors. 

Materia ll  and method s 

Celll  line s 
Alll cell lines were cultered in Dulbecco modified Eagle Medium (DMEM) 
supplementedd with 10% fetal calf serum, 20 mM L-glutamine, 10 U/ml penicillin and 
100 ng/ml streptomycin. Cells were maintained at C under 5% C02. See for 
referencess cell lines Cheng etal., 1995. 

Pulse dd fiel d gel electrophoresi s 
Lymphocytess and cell lines were embedded in 0.75% low melting agarose blocks an 
incubatedd o/n in 5 volumes 0.5 EDTA pH 9.5, 1% sodium-lauroylsarcosine and 0.5 
mg/mll proteinase K at C and stored in 0.2 M EDTA at . 
DNAA was digested to completion with a restriction endonuclease. DNA fragments 
weree separated by PFGE in a CHEF gel apparatus (Pharmacia LKB Gene 
Navigator™™ system). Electrophoresis was carried out on a 1% agarose gel at C 
inn 0.5% TBE (45 mM Tris, 45 mM boric acid and 1.25 mM Na2EDTA pH 8.3) with 
varyingg pulse times and voltage. The DNA fragments were then transferred to 
Hybondd N+filters (Amersham) by the standard alkaline blotting method. DNA probes 
weree 32P-labelled by the random primer method. Filters were hybridized for 16 hours 
att C in 0.5 M Na2HP04, pH 6.8, 7% SDS, 1 mM EDTA and 50 jig/ml herring 
sperm.. Filters were then washed 2X 10 minutes in 40 mM Na2HP04, pH 6.8, 0.1% 
SDSS and 1X5 minutes in 40 mM Na2HP04, pH 6.8. 
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PACC clone s 
Thee PAC clones were obtained by screening of high density gridded filters with 
probess for genes or single copy probes. The PAC clones came from a gridded PAC 
libraryy RPCI N  704 constructed by P. de Jong and P. loannou (loannou et al., 
1994).. The high density gridded filters and clones were distributed by the YAC 
screeningg Center Leiden (YSCL), supported by EU grant PL930088. The official 
clonee names were : RPCI1 1-F13 (P616), RPCI1 219-111 (P593), RPCI1 35-C22 
<p591),, RPCI1 82-J2 (p592), RCPI1 44-M16 (P677), RCPI1 44-D13 (P674), RCPI1 
309-G188 (P679), RCPI1 143-13 (P678), RCPI1 65-P1 (P586), RCPI1 132-N11 
(P587),, RCPI1 139-L24 (P611), RCPI1 141-P20 (P612), RCPI1 155-A15 (P681) and 
RCPI11 318-C9 (P682). EST1 (IMAGp998E03173) was obtained from the Reference 
library,, ICRF (Lennon et al., 1996) and distributed by the RessourcenZentrum im 
DeutschenDeutschen Humangenomprojekt am Max Planck-lnstitut fur Molekulaire Genetik in 
Germany. . 
FISHH analysis was performed as described elsewhere (Van Roy et al., 1993). 

Sequenc ee analysi s 
PACss were subcloned in PBS-SK and inserts were amplified and sequenced with 
M133 universal and reverse primers. PCR conditions were 35 cycles of 1.5 min. 

,, 1.5 min. C and 1 min. . The PCR product was purified with a PCR 
purificationn kit (Qiagen). Sequence reactions were performed with the ABI PRISM™ 
Dyee Terminator cycle sequencing ready reaction kit (Perkin Elmer) and run on an 
ABI377. . 
Thee unfinished Chromosome 1 PAC sequence data as established by the Sanger 
Centerr was analyzed using three exonsearch programs: Genscan (Burge and Karlin, 
1997),, X-grail {http://compbio.ornl.gov/Grail-1.3/) and F-genes (CGG WEB server: 
http://genomic.sanger.ac.uk/). . 

Norther nn blo t analysi s 
Totall cellular RNA was isolated by the LiCI-ureum method (Auffray and Rougeon, 
1980).. 15 \ig of RNA was electrophoresed through a 1 % agarose gel containing 
6.7%% formaldehyde and blotted on Hybond N membrane (Amersham) in 16.9x SSC 
andd 5.7% formaldehyde. Hybridization and washing conditions were the same as 
describedd for Southern blot analysis. 

SSCPP analysi s 
Thee coding regions of AML2 were amplified using the following primer pairs: exon l : 
oligoo 299 (5'-GCT-GTT-ATG-CGT-ATT-CCC-3') and oligo 294 (5'-GGG-TCC-CGC-
ACT-CAC-CTT-3'),, exon 2: oligo 322 (5'-TAA-GCT-GTC-CCC-CTG-CAT-C-3') and 
oligoo 323 (5'-AAT-GGC-GAG-GCC-TCC-CTT-C-3'), exon 3: oligo 327 (5'-AAC-
CGC-CTG-CCT-CTA-TTC-3')) and oligo 328 (5'-TCA-GGG-GGC-TCG-GTG-GCA-
CTT-A-3'),, exon 4-1: oligo 298 (5'-GTT-CCC-TGA-CCG-CTT-TGG-3') and oligo 324 
(5'-CAG-ATG-GAC-CAC-ATC-GAG-3'),, exon 4-2: oligo 325 (5'-TCT-CCA-CTG-
AGA-CTC-TGG-3')) and oligo 326 {5'-TGG-GTG-TGC-TCG-GTG-TCA-3')T exon 5-1: 
oligoo 329 (5'-TGA-CCT-CTT-CCC-TGC-TGT-3') and 330 (5'-TGA-GGC-TGC-TGA-
TGC-TCG-T-3'),, exon 5-2: oligo 331 (5'-TCA-GCT-GCC-TTC-CCC-TAC-A-3') and 
oligoo 296 (5'-CCG-TAG-TAG-AGG-TGG-TAG-3'), exon 5-3: oligo 332 (3'-TCC-ACC-
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ATA-CCT-ACC-TCC-3')) and oligo 333 (3'-AGC-GCT-GCT-GGT-GCA-AGA-3'), exon 
5-4:: oligo 334 (3'-TCA-CCT-ACC-CGC-ATG-CTG-3') and oligo 335 <3'-AGT-CCA-
CCA-GGG-CGG-TCA-GTA-5').. PCR products were analyzed by SSCP on 12.5% 
non-denaturingg polyacrylamide gels ran at 15 Watt o/n. All samples were tested on 
5%% and 10% glycerol gels. 
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