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Previous studies have indicated the presence of a pu-
tative tumor suppressor gene on human chromosome
13q14, commonly deleted in patients with B-cell chronic
lymphocytic leukemia (B-CLL). We have recently identi-
fied a minimally deleted region encompassing parts of
two adjacent genes, termed LEU1 and LEU2 (leukemia-
associated genes 1 and 2), and several additional tran-
scripts. In addition, 50 kb centromeric to this region we
have identified another gene, LEU5/RFP2. To elucidate
further the complex genomic organization of this region,
we have identified, mapped, and sequenced the homolo-
gous region in the mouse. Fluorescence in situ hybrid-
zation analysis demonstrated that the region maps to

ouse chromosome 14. The overall organization and
ene order in this region were found to be highly con-
erved in the mouse. Sequence comparison between the
uman deletion hotspot region and its homologous
ouse region revealed a high degree of sequence con-

ervation with an overall score of 74%. However, our
ata also show that in terms of transcribed sequences,
nly two of those, human LEU2 and LEU5/RFP2, are
learly conserved, strengthening the case for these
enes as putative candidate B-CLL tumor suppressor
enes. © 2000 Academic Press

INTRODUCTION

B-cell chronic lymphocytic leukemia (B-CLL) is the
most frequent type of leukemia in adults of the western

1 These authors contributed equally to the work.
2 To whom correspondence should be addressed. Telephone: (46)
e(8) 5177 6262. Fax: (46) (8) 339031. E-mail: dan.grander@cck.ki.se.
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countries, but the molecular pathogenesis of B-CLL
remains largely unknown (O’Brien et al., 1995). Cyto-
genetic analysis has shown recurring abnormalities of
which the most common are trisomy 12 and structural
chromosome abberations involving chromosome 13q
(Juliusson and Gahrton, 1993; Oscier, 1994). We have
recently defined a minimally deleted region of 130 kb
centromeric to the marker D13S272 on chromosome
13q (Corcoran et al., 1998), and in an extension of these
tudies, we identified two neighbouring genes, termed
EU1 and LEU2, covering a major deletion hotspot of
o more than 10 kb in close proximity to the marker
13S319 (Liu et al., 1997). Despite extensive muta-

ional analysis of both LEU1 and LEU2, no intragenic
utations could be detected in hemizygously deleted

atients in more than 170 B-CLL samples (Liu et al.,
997). Subsequent genomic sequence analysis of this
otspot deletion region identified several additional
STs, two of which were termed LEU3 and LEU4 (Liu
t al., 1997). In addition, 50–60 kb centromeric to this
rea we previously cloned another gene, termed LEU5
Liu et al., 1997; Kapanadze et al., 1998). This gene,
ow denoted RFP2, contains an open reading frame
ORF) of 407 amino acids that shares strong homology
ith some proteins taking part in early embryogenesis
nd malignant transformation (Kapanadze et al.,
998). Moreover, we have also identified and isolated a
umber of CpG islands as markers for the probable

ocation of genes in the area (Corcoran et al., 1998).
Cross-species DNA sequence comparisons are being

sed increasingly to address structural and evolution-
ry questions, but also to identify sequences likely to

ncode important biological functions. Several studies
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328 KAPANADZE ET AL.
that have compared large segments of human and ro-
dent sequences indicate gene-coding and regulatory
domains as generally well conserved, in contrast to
noncoding (intronic and intergenic) domains (Hood et
al., 1993; Koop and Hood, 1994; Koop, 1995; Hardison
et al., 1997; Oeltjen et al., 1997). Moreover, some of the

oncoding sequence conservation could be attributable
o constraints by splicing, chromatin condensation,
atrix association, and replication origins (Koop, 1995;
eltjen et al., 1997).
Because critical genes, including those involved in
alignant transformation, tend to be highly conserved

etween mouse and human, direct cross-species se-
uence analysis could potentially aid in the identifica-
ion of putative candidate tumor suppressor genes. To
lucidate further the extremely EST/gene-rich region
n human chromsosome 13q thought to harbor a tumor
uppressor gene involved in CLL and other malignan-
ies, we decided to compare directly the human major
eletion hotspot and its flanking regions with that of
he mouse. In addition, these data may enable the
lucidation of conserved intronic/intergenic regions of
ossible importance in the transcriptional regulation of
hese genes.

MATERIALS AND METHODS

General methods. All basic molecular biology and microbiology
procedures (isolation of DNA, growing of bacteria, cloning, etc.) were
performed according to standard procedures (Sambrook et al., 1989).
A human genomic CpG island, 9E4.3, previously cloned and isolated
by us (Corcoran et al., 1998), was subcloned and partially sequenced
during this analysis (Corcoran et al., manuscript in preparation).

PAC library screening, subcloning, and creation of sublibraries.
Mouse PAC library RPCI21 was screened with the following cDNA
and genomic probes: mouse LEU2 cDNA (GenBank Accession No.
AA171261), a cDNA fragment of the human LEU5/RFP2 coding exon
(Kapanadze et al., 1998), and the human genomic fragment 9E4.3
(Corcoran et al., 1998). Positive PAC clones were purified according
to standard protocols, cleaved with EcoRI and HindIII, and analyzed
by conventional hybridization techniques with the same probes used
for library screening. In addition, these PACs were also hybridized
with human LEU1 and LEU2 cDNA probes (Liu et al., 1997) and a
human LEU4 EST (GenBank Accession No. AA281817). Based on
these hybridizations, the following PACs were chosen for further
analysis: 454-C18, 602-N13, and 588-K23. The appropriate enzymes
and a combination of the two, EcoRI, PstI, and EcoRI/PstI, were used
for subcloning fragments into pBS II plasmid vectors. Sublibraries
(grids of .400 clones) were created from each enzyme combination,
as previously described (Kapanadze et al., 1996), and further
screened with the above-mentioned probes.

PCR and sequencing. Human and mouse RNA (mRNA and total
RNA) was purchased directly from Clontech (Palo Alto, CA), and
cDNA was prepared with first-strand beads (Ready-To-Go), accord-
ing to the manufacturer’s protocol (Amersham Pharmacia Biotech
Inc., Uppsala, Sweden). LEU5/RFP2 and LEU2 were amplified with
the following primers: RFP2F, 59-CAGCTCCATTCAAGTGTCCTA-
CATGCC-39, and RFP2R, 59-GACCATTCTAGGAAATGGTAG-
GACC-39; and LEU2F, 59-GTTCCCTGGTCCCCGATGTTGG-39, and
LEU2R, 59-CCTTAATCGCCTATCATATTCCAATG-39. PAC and
mouse genomic DNA was used to amplify a 3.0-kb PCR product with
the primers L2, 59-GTGCCGGGAGAACTATATCAGCACC-39, and
LEU2A/9, 59-CTAGGATCACGCCGGAAAATCCC-39, using the Ad-

vantage-GC 2 PCR kit (Clontech) with cycling parameters of 95°C for
3 min, 1 cycle; 95°C for 25 s, 65°C for 20 s, 68°C for 3 min, 35 cycles;
68°C for 7 min, 1 cycle. All PCRs were performed in a GeneAmp 2400
thermal cycler (Perkin–Elmer Biosystems, Palo Alto, CA). Cycling
parameters for the amplification of cDNA were 95°C for 30 s, 1 cycle;
94°C for 10 s, 65°C for 20 s, 68°C for 1 min, 5 cycles; 94°C for 10 s,
63°C for 20 s, 68°C for 1 min, 25 cycles; 68°C for 7 min, 1 cycle.
Amplified PCR products were gel-purified and subcloned into
pGEM-T using an Easy Vector System (Promega, Soton, UK) and
into pCR.2.1 using TOPA-TA cloning kits (Invitrogen, Carlsbad, CA),
according to the manufacturer’s protocols. Bidirectional sequencing
of all plasmids and PCR clones with vector- or gene-specific primers
was performed by fluorescence tagged chain termination (Big Dye
Terminator, Perkin–Elmer–ABI) followed by fractionation on an Ap-
plied Biosystems 310 automated DNA sequencer (PE Biosystems).

Expression analysis. A mouse multiple tissue Northern (MTN)
blot (Clontech) was hybridized with a mouse LEU2 cDNA probe
(GenBank Accesion No. AI465804), and a mouse PCR product was
amplified with the primers MLEU4F, 59-GACTCAGGCTTCCG-
GAGACCC-39, and MLEU4R, 59-GATTACATGCAGAATAGAAAT-
GAGTCG-39, corresponding to the genomic area covered by human
LEU4 ESTs (Accession No. AA281817).

Fluorescence in situ hybridization (FISH). Fibroblasts from a
normal C57 black mouse were cultured for 6 days. Colchicine (0.005
mg/ml) was added in passage 2, and after 2 h the cells were
trypsinized for 1 min, treated with 0.075 M KCl for 10 min, and fixed
in methanol:acetate acid, 3:1. Chromosome preparation, labeling of
the probe PAC 602-N13, and hybridization were performed as pre-
viously described (Wu et al., 1999).

Sequence analysis and computer programs. Sequence compila-
tion was performed using the Sequencher DNA analysis package
(Genecodes Corp., Ann Arbor, MI). Sequences were aligned with the
Bestfit program (Wisconsin Package Version 10.0, Genetics Com-
puter Group (GCG), Madison, WI), using default parameters. The
degree of similarity for consecutive 50-bp sections of the resulting
alignment was plotted against the position in the alignment. The
Alfresco program (Jareborg and Durbin, 2000) was used to obtain a
graphical representation of the human–mouse comparison and to
identify positions of conserved blocks, repetitive elements, and pre-
dicted CpG islands. Alfresco uses BLASTN (Altschul et al., 1997)
filtered by MSPcrunch (Sonnhammer and Durbin, 1994) and the
DBA (DNA Block Aligner) program (Jareborg et al., 1999) to identify
conserved blocks of high similarity. RepeatMasker (A. F. A. Smith
and P. Green, http://ftp.genome.washington.edu/RM/RepeatMasker.
html) was used to identify repetitive elements. CpG islands were
predicted using the CPG program as previously described (Jareborg
et al., 1999). Exon–intron boundaries, CpG islands, and putative
gene elements were also analyzed using the NIX program package,
UK HGMP Resource Centre (http://menu.hgmp.mrc.ac.uk/menu-bin/
Nix/Nix.pl).

RESULTS

Structure, Molecular Cloning, and FISH Analysis
of Mouse Genomic DNA

To obtain mouse genomic DNA homologous to the
region of interest on chromosome 13q14 (Corcoran et
al., 1998), a mouse genomic PAC library was screened
with a series of probes as described under Materials
and Methods. A total of 22 PACs were found to be
positive for at least one of these probes, and 3 of these
PACs (454-C18, 602-N13, and 588-K23) were selected
for further analysis. The results from Southern hybrid-
izations indicate that all 3 PACs represent the wild-
type DNA structure around this locus, as all informa-
tive probes identified identical restriction fragments

(data not shown). Interestingly, no LEU1 fragment
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329DELETED REGION ON HUMAN CHROMOSOME 13q14
could be detected in any of these PACs, even under less
stringent hybridization conditions. Similarly, no “pos-
itive” clones were detected following hybridization of
the mouse genomic PAC library with a human LEU1
cDNA probe. To determine the chromosomal location of
the homologous mouse genomic region, metaphase
FISH analysis was performed with the mouse PAC
602-N13 as a probe. The region was localized to mouse
chromosome 14 D1-3 (data not shown).

Sequence and Computer Analyses

Sublibraries from the selected PACs were used to
isolate mouse genomic DNA for sequencing of the re-
gion homologous to the human deletion hotspot. Fol-
lowing hybridization with a mouse LEU2 cDNA probe,
two positive clones, I5 (a 6-kb PstI/EcoRI clone) and
5D7 (a 3.0-kb PstI clone) were isolated and used for
sequencing (Fig. 1). A third intervening fragment, A10
(a 1.8-kb PstI clone), was subsequently identified
hrough hybridization with a 3.0-kb PCR product over-
apping all three clones, I5, 5D7, and A10 (Fig. 1).
equence analysis of the I5 clone identified sequences
omologous to the entire exon 2 and a portion of in-
rons 1 and 2 of the human LEU2 gene. Sequencing of
he A10 clone and the 5D7 clone revealed the remain-
ng part of LEU2 intron 1 as well as the entire exon 1
nd its upstream 59 region (Fig. 1). Complete bidirec-
ional sequencing of multiple independent PCRs per-
ormed with primers localized in different clones, in-
luding the 3.0-kb PCR product, compiled a 8170-bp
ouse genomic consensus sequence. A restriction map

f the previously published human sequence (Liu et al.,
997) and its homologous mouse consensus sequence is

FIG. 1. Diagrammatic map of a deletion hotspot region in human
epresent the location of human and mouse LEU2 exons 1 and 2. Rest

clones I5, A10, and 5D7 used to assemble the contiguous map of the
hown in Fig. 1. Mouse genomic clones corresponding B
to parts of LEU5/RFP2 and the CpG island 9E4.3,
flanking the deletion hotspot, were isolated and sub-
jected to sequencing as described above. Based on the
hybridization results from the screening of the mouse
PAC library with these flanking probes, we estimate
the distance (Kapanadze et al., 1996) encompassed by
the homologous LEU5/RFP2-LEU2 and LEU2-9E4.3
regions in the mouse to 40 and 35 kb, respectively,
which are slightly shorter than the predicted human
genomic distance (Corcoran et al., 1998; and data not
shown).

Bestfit alignments of these sequences revealed ex-
tensive similarities between the human sequence and
its homologous mouse sequence. The highest degree of
sequence similarity (.95% identity) was found in the
telomeric 9E4.3 region with an almost perfect sequence
conservation of the predicted CpG island in that region
(GC content in mouse, 69%; GC content in human,
72%). Alignment of the centromeric region encoding
parts of the human LEU5/RFP2 gene was also found to
be highly conserved (89% identity) (Fig. 2; and data not
shown). The mouse sequence obtained from this region
also exhibited .98% sequence identity with the mouse

STs corresponding to human LEU5/RFP2, present in
he public EST databases (GenBank Accession Nos.
I596473 and AA499774). The complete determination
f a mouse consensus sequence homologous to the hu-
an deletion hotspot region enabled us to make de-

ailed comparisons of this highly EST-rich locus, using
he Alfresco program. A map of the result from pair-
ise comparisons between the consensus sequences is

hown in Fig. 2. The degree of conservation of various
arts between human and mouse is displayed both as

its homologous mouse region. The two filled rectangles in each map
ion sites of EcoRI, PstI, NotI, and HindIII are displayed. The isolated
signated mouse region are shown at the bottom.
and
rict
LAST alignments and as DBA alignments, which
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FIG. 2. The Alfresco program (Jareborg and Durbin, 2000) was used to obtain a graphical representation of the human and mouse
sequence comparison. Gray lines connect BLAST and DBA alignments between human and mouse sequences. Repetitive elements are
indicated by smaller boxes in black. Predicted CpG islands are shown as red boxes one level away from the line representing the sequence.
The locations of various exons and ESTs in the human and mouse sequences are indicated by colored rectangles at the top and bottom of the

figure, respectively. The homologous flanking regions, LEU5/RFP2 and 9E4.3, are also indicated.
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331DELETED REGION ON HUMAN CHROMOSOME 13q14
identifies colinear blocks of high similarity in two DNA
sequences. As can be seen in Fig. 2, there is an even
distribution of conserved parts throughout this locus,
with distinct BLAST hits at the position for LEU2 exon
1 and exon 2. In addition, there are a number of BLAST
hits of various lengths in the first intron and in the
beginning of intron 2 of LEU2. DBA identified con-
served blocks that cover large parts of the region, all of
which showed similarities above 70%. Some of these
blocks coincide partly with the sequence from the two
human ESTs, previously termed LEU3 and LEU4 (Liu
et al., 1997). Interestingly, the first exon of the previ-
ously described human LEU1 gene is clearly not con-
served in the mouse (Fig. 2). We also analyzed the
presence of the predicted human CpG island in the
mouse consensus sequence. As can be seen in Fig. 2, as
in human, a CpG island was predicted also in mouse,
with a size of 1505 bp and a GC content of 64.1%. The
human CpG island is slightly shorter (1116 bp, 62.1%
GC content), and the actual nucleotide sequence is not
conserved in parts that extend into the first intron of
LEU2. However, in both species, the CpG islands over-
lap the highly conserved first exon 1 of the LEU2 gene
(Fig. 2).

Repetitive elements in both the mouse and the hu-
man sequences were localized and identified using Re-
peatMasker (Table 1 and Fig. 2). Only a small percent-
age of the sequence in both species was identified as
repetitive sequences, with a total of 564 bp (6.9%) being
repetitive in mouse, compared to 716 bp (9%) in hu-
man. Except for a MIR repeat located slightly telomeric
of LEU2 exon 1 in both species, there was no clear
conservation in the location of any of the other repeti-
tive elements found in the area (Fig. 2). The numbers of
elements and the percentage of sequence occupied by
the different classes of repetitive elements are summa-
rized in Table 1.

Bestfit alignment over the entire length of the
human deletion hotspot region with its correspond-
ing mouse loci resulted in an overall similarity score
of 74% identity, with individual homologous areas
yielding similarity values ranging from 48 to 98%
(Fig. 3). Peaks of high sequence identity (.80%) were
ound in LEU2 exon 1 (98%) and exon 2 (84%) and in
equence segments close to the beginning of these
xons (Fig. 3). High sequence identity was also ob-
erved in some parts of the LEU4 segment (Fig. 3).
reas of low conservation (,50%) were also detected
t various positions in the sequences, such as in
arts of LEU4 and across the entire first exon of
EU1 (Fig. 3).

FIG. 3. Sequence similarity index based on the aligned human
consensus sequence between the two species. Analysis of 50-bp inter
and values were plotted against the Y axis (a similarity index of 1 cor
major gaps (.50 bp) in similarity between the two species. The large

Red triangles represent the mouse and human LEU2 exons. Colored re
xpression Analysis

Previous expression studies of the human LEU2
ene have shown that it is expressed in various human
ormal tissues as two major transcripts of 1.4 and 1.8
b (Liu et al., 1997). Northern analysis of a panel of
ouse embryonic tissues reveals that the mouse LEU2

ene is also expressed as two major transcripts of 1.2
nd 1.4 kb (Fig. 4). Expression of mouse LEU2 was also
nalyzed by RT-PCR, confirming its expression in a
ariety of mouse tissues (data not shown). Previous
orthern hybridizations with a human LEU4 EST de-

ected two weak bands corresponding to 8- and 5.5-kb
ranscripts in skeletal muscle and heart (Liu et al.,
997). In the current study, Northern hybridization
sing a mouse PCR product corresponding to the
enomic segment covering the human LEU4 sequence
ives rise to weak bands of approximately 2 and 5 kb in
arious mouse tissues (data not shown).

DISCUSSION

Deletion of 13q14.3 telomeric to the retinoblastoma
gene is the most frequent genetic abnormality in CLL,
with heterozygous loss of this region being found in
30–40% of cases and homozygous loss in 10–20% of
cases (Chapman et al., 1994; Gardiner et al., 1997),
suggesting the presence of a tumor suppressor gene in
this area. Recently it has also become apparent that
loss in the same region of 13q is frequent not only in
other hematological malignancies such as myeloma
(Chang et al., 1999), diffuse large cell lymphoma (Cu-
neo et al., 1999; Wada et al., 1999), and myelofibrosis
(Tanaka et al., 1999), but also in solid tumors including
head and neck tumors and prostate carcinoma (Mae-

d mouse sequences. Bestfit alignment was used to determine the
s of the consensus sequence for sequence similarity was performed,
ponds to 100% sequence identity). Small horizontal bars (nn) reflects
rizontal line shows the mean similarity (74%) over the whole region.

TABLE 1

Distribution of Repetitive Elements

Number of elements
(human)/(percentage
of human sequence)

Number of elements
(mouse)/(percentage
of mouse sequence)

Alus 1/(2%) —
MIRs 2/(5%) 1/(1.2%)
B1s — 2/(2.5%)
B2–B4 — 1/(0.8%)
Low complexity 2/(1.4%) 4/(1.6%)
Simple repeat 1/60 bp 2/62 bp

Note. The distribution of human and mouse repetitive elements
was determined by RepeatMasker. All low-complexity repeats in
both human and mouse were AT-rich. The simple repetitive se-
quence in human was a (CAAA)n repeat, and those in mouse were
GAAA)n and (CA)n repeats.
an
val
res
ho
ctangles representing other exons/ESTs are also shown.
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332 KAPANADZE ET AL.
stro et al., 1996; Gupta et al., 1999; Hyytinen et al.,
999).
In previous studies we defined a major deletion hot-

pot of less than 10 kb close to the marker D13S319,
hich was found to be highly EST-rich. Within this

egion of minimal loss, we identified exons of two sep-
rately spliced genes, termed LEU1 and LEU2 (Liu et
l., 1997). Additional transcripts termed LEU3 and
EU4 were localized to the first intron of LEU2, and
he gene LEU5/RFP2 was found within 50 kb of the
inimal loss region (Liu et al., 1997; Corcoran et al.,

998). Although LEU1, LEU2, and LEU5/RFP2 may be
onsidered strong candidate genes due to the genomic
ocation of these transcripts, neither we nor others
ave found mutations in the retained allele of these
enes in patients with heterozygous loss in the region
Liu et al., 1997). In addition to these published genes,

large series of EST transcripts has been mapped
ithin and close to the identified critical region by us
nd other groups. The identification of important genes
rom these candidate transcripts has to date been ham-
ered by their lack of sequence identity or homology to
reviously described genes. To overcome this problem,
e have used a strategy of direct comparison of the
uman genomic sequence with that of the mouse to

dentify the location of potentially important se-
uences. DNA sequence homology between important
ouse and human genes can be high, coding sequences

f the p53 gene, for instance, share 83% homology at
he DNA level, while other important genes such as
B1 (86%), p16 (82%), and ATM (86%) indicate that

he identification of such regions of high sequence ho-
ology can provide a way of identifying important

enes. To date, some comparative studies of homolo-
ous human and rodent genes have been performed on
ene loci, gene clusters, and chromosomal regions (An-

FIG. 4. Multiple tissue Northern blot of mouse LEU2. A mouse
MTN blot of poly(A)1 RNA derived from mouse embryo tissues was

ybridized with a LEU2 probe as described under Materials and
ethods. Lane 1, 17-day embryo; lane 2, 15-day embryo; lane 3,

1-day embryo; and lane 4, 7-day embryo. The position of two major
ranscripts of 1.4 and 1.2 kb is shown.
ari-Lari et al., 1998; Ling et al., 1999; Lund et al.,
000). The results from these studies demonstrate that
he number, order, and orientation of most genes are
onserved between the two species. Importantly, it has
ecently been demonstrated that comparative se-
uence analysis between different species can be even
ore effective than the tested computer algorithms at

dentifying genes from genomic DNA (Lund et al.,
000).
Thus, to obtain a better understanding of the com-

lex region on human 13q14, and to make an assess-
ent of the conservation of the human deletion hotspot
ith its syntenic region in mouse, we cloned, mapped,
nd sequenced the homologous mouse region. A num-
er of results clearly demonstrate that the human
3q14 loci and the syntenic mouse region are highly
onserved. First, interphase FISH analysis of the loca-
ion of this region in the mouse indicates that the
egion shares a similar cytogenetic location on mouse
hromosome 14 with the RB1 and Esterase-D genes,
hich are likewise located in the human 13q14 region.
urthermore, the overall structure of the region with
egard to the location and distance between RFP2,
EU2, and 9E4.3 is similar in both species.
The results from direct sequence comparisons clearly

emonstrate that these areas are also highly conserved
t the nucleotide level and have preserved their CpG
slands (Fig. 2). As already mentioned, the human
3q14 hotspot region is highly EST-rich with several
STs localized in the first intron of LEU2 (Figs. 2 and
). An interesting finding is the complete lack of mouse
STs corresponding to the huge number of human
EU1 ESTs and the weak sequence conservation ob-
erved in this segment of the region (Figs. 2 and 3).
here is still a possibility that the LEU1 gene has a
ifferent location in the mouse. However, hybridiza-
ions of the mouse genomic PAC library and mouse
enomic DNA, with a human LEU1 cDNA probe, failed
o detect any positive clones, which is in sharp contrast
o the other probes from the region described above.
oreover, we also sequenced another 2-kb mouse

enomic segment telomeric to the expected location of
xon 1 of LEU1, without finding any sequence corre-
ponding to LEU1 sequences. Instead, we found one
nrelated mouse EST that maps around the expected

ocation of LEU1 exon 1 (Figs. 2 and 3).
The only ESTs conserved between human and mouse

n the critical loss region belong to LEU2. Within the
EU2 gene, exons 1 and 2 readily align across the
ntire corresponding exon in the other species, indica-
ive of the importance of these exons in the function of
he LEU2 gene. Moreover, we have recently identified
n alternative first 59 exon of human LEU2 in the
E4.3 region (Corcoran et al., manuscript in prepara-
ion). In the mouse, several ESTs with this alternative
rst exon also exist (i.e., GenBank Accession No.
I047357), located in the highly homologous CpG is-

and corresponding to the human 9E4.3 region (data
ot shown).

The human LEU3 segment that is localized just out-
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side the deletion hotspot border (Liu et al., 1997) is in
no place as conserved as the LEU2 exons, but does
show a few small blocks of fairly high conservation
between the species (Figs. 2 and 3). However, to date
there are no homologous mouse ESTs corresponding to
human LEU3. Together, these findings suggest that
the LEU3 segment is not a coding part of a functional
gene, as coding sequences are usually conserved to a
much higher degree (Ling et al., 1999).

The human LEU4 segment was found to be highly
conserved at the nucleotide level in the centromeric
part, whereas the telomeric part shows a very weak
degree of conservation (Fig. 3). Although there are no
corresponding mouse LEU4 ESTs described, the fact
that LEU4 is partially conserved, and possibly ex-
pressed in both species (data not shown), might indi-
cate that LEU4 is a true gene and not simply derived
from intronic sequences. However, another possibility
could be that this genomic area has some conserved
regulatory role. In line with this hypothesis, we found
that several transcription factor-binding sites for fac-
tors involved in lymphocytic development (i.e., Ikaros 2
and NFAT) were present in the highly homologous part
of LEU4 in both species (data not shown).

In light of these comparative analyses, taking into
account the low degree of conservation between several
human ESTs and the corresponding mouse genomic
sequence and the lack of corresponding mouse ESTs
(Fig. 3), at least some of the human ESTs in the dele-
tion hotspot area are most likely artifactual. Others
could represent antisense transcripts (Nellen and Lich-
tenstein, 1993) or parts of unprocessed transcripts or
differentially spliced exons of the genes in the area, but
RT-PCR experiments do not support the latter possi-
bility (data not shown).

In addition to sequence conservation in segments
covered by ESTs, a number of BLAST and DBA block
alignments were observed flanking these segments
(Fig. 2). These blocks of high sequence identity may be
conserved because of functional constraints and may,
for example, have a role in transcriptional regulation.
One possibility may be that the overall high sequence
conservation (74%) of this whole area indicates that it
functions as an enhancer region for an adjacent gene.

In summary, this investigation defines a syntenic
region on mouse chromosome 14 to the deletion hotspot
region on human chromosome 13q14, where the loca-
tion of a tumor suppressor gene, of importance in sev-
eral malignancies, has been hypothesized. This syn-
tenic region was found to be highly conserved in overall
structure, gene order, and content and at the nucleo-
tide level. Several other important conclusions can be
drawn from the data obtained. First, one of our previ-
ous candidate tumor suppressor genes in the region,
LEU1, is not conserved in the mouse, clearly diminish-
ing the possibility that this gene is the CLL tumor
suppressor gene. Furthermore, several of the previ-
ously described human ESTs are found to lack corre-

sponding mouse ESTs, and only small parts of them
show the degree of conservation expected in conserved
coding exons. These results should help clarify the
identity of the important transcripts located within
this region and help us discount other identified tran-
scripts on the basis of lack of sequence conservation,
indicating that they are not critical genes. The only
transcribed sequences in the region that clearly seem
to be conserved to a degree compatible with an impor-
tant conserved function are LEU2, which resides in the
deletion hotspot region, and LEU5/RFP2, which is ad-
jacent to but clearly outside of the critical region, indi-
cating that LEU2 remains on the basis of its genomic
location a strong candidate as the critical tumor sup-
pressor gene involved in CLL.
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