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Detailed Molecular Delineation of 13q14.3 Loss in B-Cell Chronic
Lymphocytic Leukemia

By Martin M. Corcoran, Omid Rasool, Yie Liu, Arati lyengar, Dan Grander, Rachel E. Ibbotson, Mats Merup,
Xiushan Wu, Vadim Brodyansky, Anne C. Gardiner, Gunnar Juliusson, Robert M. Chapman, Ganka Ivanova,
Mary Tiller, Gosta Gahrton, Nick Yankovsky, Eugene Zabarovsky, David G. Oscier, and Stefan Einhorn

Aregion of chromosome 13q14.3, telomeric to the Retinoblas-
toma gene RB-1 is frequently deleted in patients with B-cell
chronic lymphocytic leukemia (B-CLL). A cosmid and P1-
derived artificial chromosome (PAC) contig spanning over
600 kb has been constructed, which encompasses this locus.
The contig clones have been used to order a number of
markers along the minimally deleted region and to localize a
series of CpG islands corresponding to possible candidate

mic samples from 229 CLL patients have been screened for
loss of heterozygosity using microsatellite markers and
analyzed for hemizygous and homozygous deletions by
Southern blot techniques using genomic probes selected
from cosmids across the region. Hemizygous deletions were
found in 31% of cases with an additional 10% showing
homozygous loss. The use of these probes has defined the
commonly deleted area to less than 130 kb, centromeric to

the locus D13S272.
© 1998 by The American Society of Hematology.

genes. A novel polymorphic dinucleotide repeat, 6E3.2, pres-
ent in one of the ordered cosmid clones has been isolated for
use in deletion mapping studies of patient DNA. Leuke-

-CELL CHRONIC LYMPHOCYTIC leukemia (B-CLL) is  between D13S273 and D13S31 including a contig covering
the most frequently found leukemia among adults inover 600 kb that contains the markers D13S319, D13S273,

Western Europe and North AmeriéaHowever, little is known  206XF12, D13S25, and D13S262. A series of nonrepetitive
about its etiology and pathogenesis. Cytogenetic analysis hagenomic probes were isolated from these cosmids and used in
shown recurring abnormalities of which the most common arethe isolation of a series of P1-derived artificial chromosome
trisomy 12 and structural abnormalities of chromosome3*3g. (PAC) clones that were integrated into the genomic map of the
Deletions or translocations of chromosome 13q14 are found imegion. Previously identified microsatellite marké€i have
approximately 20% of caseand are often the sole abnormality been accurately ordered with respect to each other and a novel
in early stage CLL, suggesting that the region contains one opolymorphic microsatellite has been isolated for use in dele-
more genes of importance in the pathogenesis of B-€¢ The tional mapping of B-CLL patient samples. A map of the region
locus D13S25% located 1.6 centimorgans telomeric to the has been created by integrating the cosmid and PAC data with
retinoblastoma gene has been found to be deleted homozyestriction maps of the yeast artificial chromosome (YAC)
gously in B-CLL cases, indicating the likely presence of a tumorclones used in the study. This has enabled the minimal region of
suppressor gene in its vicinit§:1® More recently we have loss in patient samples to be defined within the contig borders
shown a higher incidence of homozygous loss at another locusand narrowed to less than 130 kb.
D13S319, located between D13S25 and RB-With the
availability of a series of YAC contigs, cosmid clones, and MATERIALS AND METHODS
microsatellite marker&}?* subsequent studies have sought to cosmid Subcloning
further define the minimum critical region of genetic loss.

We have produced a library of cosmids covering the region Aseries of three YACs, YAC ICRF C161 (340 kb), YAC ICRF A9126

(540 kb), and YAC CEPH 922A8 (1800 kb) isolated from the Institute
of Cancer Research Fund (ICRF) human YAC library and the Centre

From the Molecular Biology Laboratory, Royal Bournemouth Gen- d Etude_s du Polymorph_lsme Humain (CEPH) 2 human YAC I|br§|3_/,
respectively, have previously been shown to encompass the critical

eral Hospital, Bournemouth, UK; Radiumhemmet, Karolinska Hospital, ~™" S L -

. - ) .’ region23 They appeared nonchimeric by fluorescent in situ hybridiza-
Stockholm Sweden; the Department of Medicine, Huddinge Hospital ion (FISH) studies and were chosen for a cosmid subcloning proce-
Huddinge, Sweden; the Laboratory of Genome Analysis, Institute o; 9p

24 . . .
General Genetics, Russian Academy of Science, Moscow, Russia; argé"e' Total yeast and YAC DNA were partially digested with the

the Microbiology and Tumorbiology Center, Karolinska Institute restriction endonucleadébo |, alkaline phosphatase treated, ligated to

Stockholm. Sweden ' " the prepared vector Supercosl, packaged (Stratagene Gigapack Il XL;
Submitte’d Mav 1 '1997_ accented October 3. 1997 Stratagene, La Jolla, CA), and used to introduce the cosmids to a
MM.C. O.R yDGO a’md SE contributedé uall ) o this work suitable host strain XL1 Blue MR The bacteria were plated out on
Sl:lp[.)OI.’ied. by g-ra.nts., from t-hé Kay KendalﬁLeu);(aemia Reséarchﬁlters on selective media and human sequence-specific cosmids were

Fund, the King Gustav V Jubilee Fund, the Cancer Society of Sweden'SOIated after hybridization of replica filters with a repetitive human

the Felix Mindus Fund for Leukemia Research, the Russian HUGO'jrObe (Cotl DNA; GIBCO BRL, Gaithersburg, MD) and a total yeast

program, and the US DOE Human Genome Program Grant No.genomIC pro_be. . -
OR00033-93CIS016. The cosmid clones positive for the human probe alone were purified

Address reprint requests to David G. Oscier, FRCP, Molecular and allocated to a specific address in a gridded library for_ each YAC
. . subcloned. At least a fourfold degree of coverage of YAC insert area
Biology Laboratory, Royal Bournemouth General Hospital, - . ; )
was aimed for with 36 cosmids from YAC C161, 60 cosmids from YAC
Bournemouth BH7 7DW, UK.

The publication costs of this article were defrayed in part by page A9126, and 200 cosmids from YAC 922A8.
charge payment. This article must therefore be hereby marked “adver- . .
tisement”in accordance with 18 U.S.C. section 1734 solely to indicateCOntlg Formation
this fact. Cosmids in each of the three libraries were screened by polymerase

© 1998 by The American Society of Hematology. chain reaction (PCR) or hybridization for the following markers:

0006-4971/98/9104-0032$3.00/0 D13S273,D13S272,D13S319, 206XF12, D13S25, D13S262, D13S284,
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and D13S31. Cosmids positive for one or more of these markers werec200 kb centromeric to D13S319, p3la is located within 40 kb
used as the basis of contig formation. Cosmids from each library wereentromeric to p6E4.5; and p68c is located approximately 200 kb
fingerprinted using:coRI digestion, agarose gel electrophoresis, South- telomeric to D13S319. Other genomic probes used were p6E3.2, p9a,
ern blotting, and hybridization to a repetitive human genomic probep9.19, p29a, p18a, p92c, and p25b, isolated from cosmids C9a, C29a,
(Cotl; GIBCO BRL). A series of single copy genomic subclones from C18a, C92c, and C25b, respectively (Fig 1). Control probes used to help
various cosmids in the libraries were isolated and used to identify andn the quantification of loss were a genomic clone from the renin gene
link cosmids lacking the previously screened markers. Nonrepetitivelocated on chromosome @;interferon on chromosome 9, pb16 (bcl-2
fingerprinting was performed using whole cosmid hybridization to cDNA clone corresponding to the 1.6-kb Bart of the first exon) on
EcoRlI-digested cosmid blots to define minimally overlapping cosmid chromosome 18! p105-153A (5¢11.2-5¢q13.3; D5S3%and pc117.3,
clones within the cont# in addition to Alu-PCR fingerprinting using  a genomic fragment from the bcl-1 gene on chromosome 11.

the primers Alu517 and BK33 followed by agarose gel electrophore-
sis26.27 .
Southern Analysis

PAC Library Screening Southern hybridization analysis was performed as described previ-
ously519 Eight micrograms of leukemic DNA was digested with the
restriction endonucleasdscoRl, Sacl, or Hindlll, separated by 1%
agarose gel electrophoresis and transferred to nylon filter (Hybond N,

A human genomic PAC library in the vector pCYPAC2N produced
by Pieter de Jong’s group at the Roswell Park Cancer Institute, Buffalo

NY, and obtained from the United Kingdom Human Genome Mappmgr&mersham, Little Chalfont, UK). The samples were probed with a

Resource Ce_ntre, Cambridge, UK, was §creened with a .senes.of.smg Series of single copy probes from the region. The ratios between the
copy probes isolated from four cosmids in separate locations within the

deleti ion. A seri f nine PAC isolated and db ktsignals obtained using 13q14.3 probes and signals obtained using the
cletion region. Aseries ornine s wereisolated and mapped back 3y ol probes was determined for each of the samples either by visual
the chromosome 13q14.3 region by means of FISH and integrated int

; ’ %spection or using a laser scanning densitometer (Pharmacia). Control
the cosmid and YAC map of the region. cell DNA was included on all filters. Samples were determined to show
hemizygous loss if the tumor signal was between 40% to 50% less
Identification of Potential Microsatellite Polymorphisms intense compared with the control signal and to show homozygous loss

Cosmids from the contig were hybridized with a CA repeat probe if the tumor signal was below 10% of the control signal.
(Pharmacia, Uppsala, Sweden) to indicate the presence of a number of
potentially polymorph_ic repeat cpntaining areas within the region. FromMicrosateIIite Studies
one of these cosmids (cosmid C6a) the regions surrounding the
dinucleotide repeat sequence (CA)n were sequenced by dideoxy chain Tumor and normal DNA samples were PCR amplified to test for loss
termination sequencing and used in the design of primers to produce a@f heterozygosity at the following microsatellite loci: D13S273,

informative polymorphic PCR probe for use in deletion studies. D13S272, D13S319, and 6E3.2, in addition to PCR restriction fragment
length polymorphisms (RFLP) present in the RB-1 dérand the
Pulse Field Gel Electrophoresis polymorphic dinucleotide repeat ai8$pl site at the D13S25 locus.

PCR amplification was performed using 100 ng of template DNA, 50
Total yeast high molecular weight DNA from the YACs C161, 9126, imol/L of each of dCTP, dATP, dTTP, and dGTP and 2 pGPBfdCTP
and 922A8 was prepared in 1% low melting temperature agarose. Thgsing 1 U Thermoprime polymerase (Applied Biotechnologies, Leather-
YACs C161, 9126, and 922A8 were used in partial digestion mappinghead, UK) in a total volume of 25 pL. The cycle conditions used for the
studies to identify distances between clusters of cutting sites forfyrimers were as follows: 94°C for 30 seconds, 58°C for 30 seconds, and
infrequently cutting enzymes using probes that recognize the rightz2°c for 30 seconds for the loci D135319, D13S272, and 6E3.2; 94°C

(URA3) or left (ARS 1 Trp 1) YAC vector arm& for 30 seconds, 57°C for 30 seconds, and 72°C for 30 seconds for
D13S25; and 94°C for 30 seconds, 53°C for 30 seconds, and 72°C for
Patient Samples 30 seconds for D13S273. The primer sequences used for the 6E3.2

Blood samples were obtained with informed consent from patientsgc’T|¥2°3r,ph'ZmGEV;leSESES?’A%ZCT)E (g(ﬁi’éﬁg;ﬁiéﬁzﬁggr;ﬁ
with B-CLL, whose diagnosis was based on lymphocyte morphology, - an ) o

CD19, CD23, CD5, and the weak expression of monotypic immuno_other microsatellite primer sequgrw_ces were obtained from prewous
studiest®2CAll samples were amplified on two separate occasions for

globulin. Peripheral blood samples were subjected to ficoll gradient _ . . .
centrifugation. In patients whose lymphocyte count was below 30° 24 cycles to verify loss of heterozygosity (LOH) results. Microsatellite

o !
cells/L the mononuclear cells were either T-cell depleted using Shee@rr(])ductzwere;eparated ((j)n ? G.A) polé/acrylam;de gel forh:Jtetweten Zd‘f"”d
red cell rosetting or positively selected for B cells using CD19-positive %uri'l epﬁn |n?_|on F’\)Arg ZC sae;lan etgc:_'se ovlerr;lg ° ﬁu ora '/Og-
magnetic beads (Dynal, Oslo, Norway). The resulting mononuclearl 2P fim (Hyperfilm » Amersham). results for each tumor

cells consisted of-95% leukemic cells as determined by immunophe- normal pair were determined by visual inspection of the bands resulting

notyping studies. Polymorphonuclear cells or T lymphocytes obtainec{)ronzj,th‘_3 tPCR')t. LOH wa; sczred %?;'“get if one of thel polélntmrphlc
with CD3-positive magnetic beads were used as control fractions. DNA an T In e|_r|1$| y was re luce by Ot 3v¥een_ ncz;’mba an umtor“_t
was extracted from the separated leukemic and control cell fraction$@MPIES. HOMOzygous 10ss was not determined by microsatetiite

using a standard proteinase K phenol-chloroform extraéfion. analysis.

DNA Probes FISH Analysis

Probe p68RS2.0 recognizes a variable number tandem repeat (VNTR) PAC clone DNA (1 pg) was labeled with digoxigenin 11-dUPT by
polymorphism within the retinoblastoma géfgh2-42 recognizes the  nick translation and hybridized at a concentration of 10 ng/uL with an
D13S25 locus; MGG15 recognizes a 5&boR| fragment from cosmid ~ excess of blocking DNA (Cotl; GIBCO BRL) in a buffer containing
C9a, which contains the markers D13S319 and D13S272 within it;2 X SSC (1X SSC= 0.15 mol/L NaCl/0.015 mol/L sodium citrate),
p9E4.3 is a 4.3-klEcaRI fragment, which hybridizes to a CpG island 10% dextran sulphate and 1% sodium dodecyl sulfate (SDS) to
<30 kb centromeric to D13S319; p6E4.5 recognizes a CpG islandmetaphase spreads of control samples. A chromosome 13/21 centro-
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Single copy genomic markers

Figl. Cosmid and PAC map of region contained within contig. Locations of microsatellites are shown on upper bar with genomic single copy
probes shown on the lower bar.

meric probe (Alpha laboratories, Eastleigh, UK) labeled with biotin was The markers D13S319 and D13S272 are situated within 30 kb
used as a control for hybridization and chromosomal localization. telomeric to theMllu | site present in the probe p9E4.3 and 130
kb from the left vector arm of this YAC, thus placing 6E3.2
within 100 kb centromeric of p9E4.3. Cosmid C9a contains the
Cosmid and PAC Contig microsatellite markers D13S319 and D13S272, which are both

Atotal of 296 human specific cosmids were isolated from thelocated within a 5-kbEcaRI fragment. Cosmid C29a, which
subcloning of three nonchimeric YACs encompassing thedlso contains the marker D13S272, overlaps with cosmid C13a,
minimally deleted region of 13q14.3 to create a highly enrichedwhich contains the more telomeric marker 206XF12, thus
library of cosmids from this region. These cosmids were used t®rdering D13S272 more telomeric to D13S319 and indicating
create several contigs including an overlapping group of 3ghe distance between D13S272 and 206XF12 to be less than the
clones extending from approximately 200 kb centromeric of thecombination of the two cosmid inserts, a total of 73 kb. The
marker D13S319 to over 100 kb telomeric to the markerdistance between the marker p92c and the marker 206XF12 can
D13S25. Nine PAC clones isolated from the Human Genomebe estimated from cosmid and PAC insert sizes spanning the
Mapping Project (HGMP) human PAC library were integrated intervening distance, which by our estimate should not be
into this detailed map (Fig 1). The cosmid clones, with angreater than 180 kb. Likewise the distance between 206XF12
average insert size of 38 kb, have been used as a source of singied D13S25 can be estimated by the addition of the intervening
copy markers from across the region and as the basis for theosmid and PAC genomic insert sizes and should be no greater
isolation of novel polymorphic microsatellites. The contig has than 400 kb. Cosmid C25b, which has an insert size of 36 kb,
been used in the ordering of a series of previously identifiedcontains the marker D13S25 and the microsatellite marker
loci. The order centromeric to telomeric of these loci is D13S262. A nonrepetitive genomic subclone p25b was isolated
D13S273, D13S319, D13S272, 206XF12, D13S25, androm this cosmid and used to link it to an overlapping cosmid
D13S262. C28b, which contains D13S25 but not D13S262. Cosmid C28b

The maximum distance between the ordered markers caimn turn was linked to a series of centromeric cosmid and PAC
now be estimated from the overlapping cosmid insert sizeclones, which eventually overlap with clones in the 206 XF12
determination. The marker 6E3.2 lies within 3 kb of the 230-kb region. This positions D13S25 within 36 kb and centromeric to
Mlu I site found in the restriction analysis of YAC C161 (Fig 2). D13S262.

RESULTS
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Fig 2. Partial digestion mapping of YAC C161.
YAC C161 was partially digested, as specified in the
Materials and Methods, and hybridized with a probe
recognizing the left (ARS 1 Trp 1) vector arm. Lanes
numbered 1 to 8, respectively, are undigested Miu |
cut, BssHIl cut, Sfil cut, Not | cut, Sal | cut, Nru | cut,
and Sac Il cut. This result indicates a large cluster of
rare cutting sites located 130 kb from the left YAC
vector arm. Other clusters of rare cutting sites are
located 170 kb and 230 kb from this vector arm.

230 Kb

| 10 Kb
' 130Kb

Pulse Field Gel Electrophoresis and CpG Island Screening  loss of the markers D13S272 and 6E3.2 is shown in Fig 5A and
Partial digestion mapping studies of the YACs 922A8, B in a patient (P4) who showed homozygous loss by hybridiza-

A9126, C161, and 750 were used to define the distancelonal screeningwith an intervening marker.

between clusters of rare cutting restriction enzyme sites within Minimal region of deletion. Although the majority of cases

the region (Fig 2). Thredlot | sites were located within 60 kb showing loss had large deletions across the region, data from a
centromeric to D13S272, two of these being present within thd€W patients enabled us to delineate a minimal region of
genomic probe p9E4.3a, which also contains sitesMar |, deletion within our contig. These cases are discussed next and
Bsdll, Sal |, and Sac Il. Another Not | site was located represented diagrammatically in Fig 6.

approximately 300 kb in a centromeric direction of this marker ~Patient no. 4, with hemizygous loss of the microsatellite
in the restriction mapping of the YAC 922A8 (data not shown). Mmarkers D13S273, 6E3.2, and D13S272, and the single copy
In addition clusters of rare cutting restriction endonuclease site§enomic probes p6E4.5, p6E3.2, and p9a (the latter two shown
were identified in cosmids C7a, C6a, C30a, and C18b throughn Fig 4C [I] and [Il]) was found to have homozygous loss of the

rare cutting enzyme screening of cosmid inserts. single copy probe p9E4.3 by Southern hybridization (Fig 4B)
' . and hemizygous retention of the MGG15 probe located at
Deletion Mapping D13S319 (data not shown). Homozygous retention was ob-

Southern blot analysis. A series of 229 leukemic DNA served for the probes p92a, p25b (Fig 3B and C, respectively),
samples, in the majority of cases paired with control DNA from and the D13S25 probe. Patient no. 30, with monoallelic
the same individuals, has been screened by hybridization wittietention of the centromeric probe p6E3.2, showed homozygous
single copy probes including Rb1, Mgg15, and D13S25 and thdoss of the probe p9.19, located on cosmid C9a centromeric to
novel markers p6E4.5a, p31a, p6E3.2, p9E4.3a, p9a, p25b, artie marker D13S272 (Fig 7B and C, respectively). Also for the
p92c (Figs 3 and 4 ). The frequency of hemizygous loss variedcentromeric limit of deletion, patient no. P28 showed biallelic
between 20% (16 of 80) at RB-1, 30% (46 of 152) at D13S25,retention of probe p6E4.5 with hemizygous loss at the telomeric
and 31% (71 of 229) at p9E4.3, which is within 30 kb marker D13S25. This patient also showed hemizygous loss of
centromeric of the D13S319 locus. The greatest incidence othe probe p9E4.3 (Fig 8B). In addition to patient P4 in
homozygous loss was observed using this probe, with a total ofletermining the telomeric border to the critical region of loss,
10% (22 of 229) of cases (Table 1). patient sample P32 showed hemizygous retention of the probe

Microsatellite studies. Fifty-eight patient samples were p9E4.3 and homozygous deletion of the more centromeric
screened across the following microsatellite/RFLP polymor-probe p6E3.2 (Fig 8B and C, respectively). P22 and P25
phism loci: RB1, D13S273, D13S319, D13S272, and D13S25showed retention of probe p18a, hemizygously, with concurrent
In most of the cases, large deletions encompassing several tiomozygous loss of the MGG15 probe signal at D13S319.
these markers were observed. The results obtained from a seldéatient samples P26 and P27 also showed biallelic retention of
number of key patients are shown in Fig 5. The novelthe pl18a probe with the retention of both p29a and the Mgg15
microsatellite 6E3.2 was found to be approximately 60% probes monoallelically. Two further patients, P20 and P21, also
informative in the patient population screened. Hemizygousshowed a similar common region of deletion. Patient no. 20
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Fig 3. Autoradiograph results for patients P4, P6, and P42. The
leukemic (L) and control (C) DNA was EcoR1 digested, size fraction-
ated on 1% agarose gel, and hybridized with the following probes: (A)
Control probe B-interferon; (B) p92c, with densitometry results of
0.94, 0.92, and 0.52, respectively, compared with the control signals
showing homozygous retention, homozygous retention, and hemizy-
gous loss, respectively; and (C) p25b, with densitometry results of
1.12,0.92, and 0.57, respectively, compared with the control showing
homozygous retention, homozygous retention, and hemizygous loss,
respectively.

[ D

Fig 4. Autoradiographs of leukemic DNA samples from patients
P15, P4, P7, and P13 and control (C) and leukemic (L) samples were
digested with the restriction enzyme EcoRl, size fractionated through
1% agarose gel, and hybridized with the following probes: (A) control
probe renin; (B) p9E4.3, with densitometry results compared with the
control signals of 0.05, 0.04, 0.40, and 0.53, showing homozygous loss
for P15 and P4 and hemizygous loss for samples P7 and P13,
respectively; and (C) showing the same samples hybridized with the
probes (I, upper band) p6E3.2, a 800-bp EcoRl Miul probe isolated
from the same genomic 3-kb EcoRl fragment as the polymorphic
6E3.2 marker, with densitometry results compared with the control
. . . signals of 0.08, 0.46, 0.41, and 0.47, respectively, showing homozy-
showed hemizygous loss for the p68c single copy probe, withyous 10ss, hemizygous loss, hemizygous loss, and hemizygous loss,
homozygous loss of p9E4.3, and patient no. 21 had biallelicespectively and (Il, lower band) p9a, a 2-kb EcoRI fragment isolated
retention of the single copy probe p31a while showing homozy-n the overlapping region between cosmids C9a and C29a, with
gous loss of the MGG15 single copy probe located at theden5|tometry results cgmpared w!th the control signals of 0.93, 0.48,

. K . . 0.42, and 0.49, respectively, showing homozygous loss, hemizygous
D13S319 locus. Pa.tlent no. 18 showed biallelic retention ofmss’ hemizygous loss, and hemizygous loss, respectively.
D13S272 and hemizygous loss of D13S273 and 6E3.2 by
microsatellite analysis, although Southern analysis at the DISCUSSION
D13S319 locus was not performed on this patient because of Recessive genes involved in the prevention of oncogenesis
insufficient DNA. However, homozygous loss with apparent are known asg,] tumor suppressor epnes and biallelic g:oss of
biallelic microsatellite results caused by contamination from unction is required for F;]F:::not icgex réssion of neoplasia
normal cells cannot be ruled out for this patient sample at thisf q p yp P P )
locus, because monoallelic results were obtained at the D13S25

. . Table 1. Table of Percentage Loss at Loci Tested
locus (see Fig 6). Patient sample P17 showed homozygous 9

deletion at the markers p6E4.5, p9E4.3, p9a, and at the D13S25 RBL  6E45 O9E4.3/D135319 p92c DI3S25
locus, although uniquely this patient showed monoallelic reten-Hemizygous lossftotal 16/80 44/172  71/229  28/101 46/152
tion of the probe p92c. These results allow us to harrow down no. analyzed 20%  (25%) (31%) (28%)  (30%)
the critical region of homozygous deletion to approximately Homozygous loss/total  0/80 17/172  22/229 8/101  8/152
130 kb, between the novel marker 6E3.2 situated on cosmid C6a no- analyzed 0% (10%)  (10%) 8%)  (5%)
and D13S272 located within 5 kb telomeric to the D13S319 Total loss/total 16/80 61/172  93/229  36/101 51/152

no. analyzed 20% (35%) (41%) (36%) (35%)

marker on cosmid C9a.
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Fig 5. Examples of microsatellite analysis with
markers (A) D13S272 and (B) 6E3.2. (A) The lanes
corresponding to the leukemic (L) and control (C) cell
populations of patients P5, P4, and P11 show biallelic
retention, hemizygous loss, and hemizygous loss,
respectively. (B) The lanes corresponding to the
leukemic (L) and control (C) cell populations of
patients P18, P4, and P7 show hemizygous loss, .
hemizygous loss, and noninformativity, respectively. 2]

With the aim of delineating the critical region of homozygous The contig produced has enabled not only the ordering of
13qg14.3 loss in patients with B-CLL we have constructed aclosely spaced markers, but also the isolation of novel polymor-
detailed cosmid and PAC contig across the region. Highphic markers and the definition of the relevant area to a 130-kb
resolution mapping studies were focussed on the region centraegion. Anumber of CpG island probes have been identified and
meric to the marker D13S25 and telomeric to the Rb1 I1d8d%. isolated. These have proven useful for deletion studies per-
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P25 ') ND © ND O ®) O O ND ND Fig 6. Deletion summary. Examples of microsatel-
lite (D13S273, 6E3.2,D13S319, D13S272, and D13S25)

P28 [} ND o [ ) O O ND ND ND © and Southern (Rb1, p6E4.5, p9E4.3, p25b, and D13S25)
analysis on key patients showing deletions in the

P30 ND ND ND O ND O ND NP ND ND 13q14.3 region. The table is divided into three sec-
tions with patients with karyotypic 13q deletions

P32 o N Np O ND © ND ND ND ND (del 13), karyotypic 13q translocations (t13), and

patients not showing chromosome 13 rearrange-
ment by cytogenetic analysis (karyotypically normal
ND Not Done chromosome 13).
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Fig 7. Leukemic samples from patients P30 and P52 were EcoRI digested, size fractionated on 1% agarose gel, and hybridized with the
following probes: (A) control probe bcl-1; (B) probe p6E3.2, with densitometry results of 0.52 in patient sample P30 compared with the P52, which
had no loss detected with any 13g14 probe, showing hemizygous loss for P30; and (C) probe P9.19, which recognizes a 19 EcoRI| band present in
cosmid C9a, with densitometry results of 0.02 for the P30 sample compared with the P52 sample, showing homozygous loss for P30.

formed on patient samples, as landmark probes in the physicalentromeric limit of the region defined by Bullrich et®IThe
map of the region, for pulse field gel studies, and as markers fomarkers telomeric to D13S319 have been examined in some
the probable location of genes in the region. In the majority ofdetail in these studies. The data presented here resolved more
cases in which loss was observed, the extent of the hemizygouysrecisely the region between 6E3.2 and D13S272 and suggested
or homozygous deletion detected by the methods used in thithat telomeric loci lie outside the region of loss seen in the
study, ie, Southern hybridization and microsatellite analysismajority of 13q14.3 deletions.
extended beyond the centromeric or telomeric limits of the The possibility of several distinct regions of chromosome 13
contig. However, in a select group of patients the boundaries ofleletion has been recently proposed. Garcia-Marco&slabw
deletion could be delineated within the contig borders. Combin-13q12 deletions in B-CLL cases, which also show loss of the
ing the results from 12 key patients defines the critical region toD13S25 locus despite the retention of an intervening locus,
between the markers 6E3.2 and D13S272, a distance of led€813S171. Bullrich et &b also found evidence of a number of
than 130 kb, which is covered by a series of overlapping cosmidseparate regions of deletion telomeric to the locus D13S272.
and PAC clones in our map (Fig 1). The critical region definedOne patient sample in our study, P17, does indeed show
in this study is centromeric to a recently mapped minimal areaevidence of two separate regions of biallelic deletion, one
of deletion by Bullrich et & in a study of sixty cases. encompassing the D13S272 region and another at the D13S25
Stilgenbauer et & who screened 131 cases by FISH alone, locus with an intervening region of hemizygous loss. In a recent
determined a similar centromeric pattern of deletion to thestudy of chromosome 11923 deletion in patients with lympho-
presentinvestigation, defining the critical area between D13S278roliferative disorders several different regions of deletion were
and D13S272, a distance of 210 kb to 600 kb according to oudescribed® This study concluded that one major region was
map. found deleted in the majority, although by no means not all of
Although 229 patient samples were screened in this studythe cases showing loss by FISH. Our results indicated, likewise,
only 12 cases significantly contributed to the resolution of thethat a single region of deletion centromeric to D13S272 can be
region of critical loss. This suggests that a large patient samplebserved in the majority of 13q14.3 loss cases. This area of
may be necessary for accurate analysis of the region. Nevertheleletion contains at least three CpG islands present in cosmids
less, Kalachikov et 8 defined a minimally deleted region of C6a, C30a, and C9a and includes thiéat | sites. As yet no
300 kb based on the analysis of 58 patients, which encompassegtnes proven to be associated with hematologic conditions have
the region defined in this study and partially overlapped thebeen located within this aré@.The recent identification of

Ar2r8 B pr2rs C pP2ps
CL L CL L CL L

. i .
Tl A ” b o M Fig 8. Control (C) and leukemic (L) samples from

patient P32, used to create the cell lines 183-Ccl and

183-E95, respectively, and leukemic sample from

patient 28 were Hindlll digested, fractionated on 1%

agarose, and hybridized with the following probes:

(A) control probe bcl-1; (B) p9E4.3, with densitometry

results compared with control signals of 0.45 and

.“ .s 0.45, respectively, showing hemizygous loss and

hemizygous loss, respectively; and (C) probe p6E.32,

with densitometry results compared with control

u “ . signals of 0.02 and 0.79 showing homozygous loss
and biallelic retention, respectively.

20z dunr g0 uo 3sanb Aq pd z8E L/zLy61 Y LIZ8E |/¥/16/4Pd-BloE/PO0|q AU SUOHEDIIgNdYSE//:dY WOl papeojumog



13914 LOSS IN CLL 1389

multiple putative expressed transcripts located between theritical in leukaemogenesis in chronic B-cell lymphocytic leukaemia.
markers D13S273 and D13S¥5in addition to the clustering  Oncogene 9:1289, 1994

of CpG islands in the region centromeric to D13S319 reported 1. Devilder MC, Francois S, Bosic A, Moreau A, Mellerin MP, Le
here, suggests that the area is relatively gene*?ithe detailed Paslier D, Bata}llle R, Moisin _JP: Deletlon_ cartography around the
map produced in this study facilitates the further delineation of>13525 1ocus in B-cell chronic lymphocytic leukemia and accurate

L . . i f the involved t .C Res 55:1355,
the minimal region of loss found at 13q14.3 in many B-CLL Tgagzpmg ot fhe INVolved IUmOT SUppressor gene. L-ancer Res

patients and the subsequent isolation of the putative tumor ;¢ Stilgenbauer S, Leupolt E, Ohl S, Weiss G, Schroder M, Fischer
suppressor gene. This work is now in progress. K, Bentz M, Lichter P, Dohner H: Heterogeneity of deletions involving
Rb1 and the D13S25 locus in B-cell chronic lymphocytic leukemia
revealed by fluorescent in-situ hybridization. Cancer Res 55:3475, 1995
17. Jabbar SAB, Ganeshaguru K, Wickremasinghe RG, Hoffbrand
1. Dameshek W: Chronic lymphocytic leukemia: An accumulative Av, Foroni L: Deletion of chromosome 13 (band q14) but not trisomy
disease of immunologically incompetent lymphocytes. Blood 29:566,12 is a clonal event in B-chronic lymphocytic leukaemia (CLL). Br J
1967 Haematol 90:476, 1995
2. Foon KA, Gale RP: Chronic lymphocytic leukemias, in Handin  18. Ibbotson RE, Chapman RM, Corcoran MM, Oscier DG: PCR
RI, Stossel TP, Lux SE (eds): Blood. Principles and Practice ofanalysis of polymorphisms at the D13S25 locus. Leukemia 10:1712,
Hematology. Philadelphia, PA, Lippincott, 1995, p 783 1996
3. Hernandez JM, Mecucci C, Criel A, Meeus P, Michaux L, 19. LiuY, Hermanson M, Grander D, Merup M, Wu X, Heyman M,
Vanhoof A, Verhoef G, Louwagie A, Schieff JM, Michaux JL, Boogaerts Rasool O, Juiliusson G, Gahrton G, Detlofsson R, Nikiforova N, Buys
M, Vandenberghe H: Cytogenetic analysis of B-cell chronic lympho- C, Soderhall S, Yankovsky N, Zabarovsky E, Einhorn S: 13q deletions
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