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Delineation of a minimal interval and identification of 9 candidates for a tumor
suppressor gene in malignant myeloid disorders on 5931
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and Carol A. Westbrook

Interstitial deletion or loss of chromo-
some 5 is frequent in malignant myeloid
disorders, including myelodysplasia
(MDS) and acute myeloid leukemia (AML),
suggesting the presence of a tumor
suppressor gene. Loss of heterozygosity
(LOH) analysis was used to define a
minimal deletion interval for this gene.
Polymorphic markers on 5g31 were iden-
tified using a high-resolution physical
and radiation hybrid breakpoint map and
applied to a patient with AML with a

subcytogenetic deletion of 5g. By compar-
ing the DNA from leukemic cells to buccal
mucosa cells, LOH was detected with
markers D5S476 and D5S1372 with reten-
tion of flanking markers D5S500 to
D5S594. The D5S500-D5S594 interval,
which covers approximately 700 kb, thus
represents a minimal localization for the
tumor suppressor gene. Further refine-
ment of the physical map enabled the
specification of 9 transcription units
within the encompassing radiation hybrid

bins and 7 in flanking bins. The 9
candidates include genes CDC25, HSPA9,
EGRI1, CTNNA1, and 5 unknown ESTs.
Reverse-transcription polymerase chain
reaction confirms that all of them are
expressed in normal human bone marrow
CD34+* cells and in AML cell lines and
thus represent likely candidates for the
MDS-AML tumor suppressor gene at
5¢31. (Blood. 2000;95:2372-2377)

© 2000 by The American Society of Hematology

Introduction

Interstitial loss of the long arm of chromosome 5, del(5q), dorms of MDS-AML. Thus, the impact of the 5q deletion in
complete loss of the entire chromosomB is a frequent finding in myeloid disorders must be interpreted in light of other clinical
malignant myeloid disorders, including acute monocytic leukemiaformation.
(AML) and myelodysplastic syndrome (MDS}. These chromo- The recurrent nature of these chromosomal deletions suggests
somal losses are especially prevalent in AML arising after prodrtitat 5q contains tumor suppressor genes important to hematologic
mal MDS or in MDS and AML arising after previous cancertransformation. To localize these genes, others ant-\Wéave
treatment with alkylating agents or radiotherapy. In these theramttempted to define a consistently deleted region using cytogenetic
related myeloid disorders, chromosome 5 deletions occur &md molecular methods to map the extent of deletions in clinical
approximately 40% of patients. Chromosome 5 deletions are lesssamples. These studies suggest that the critical tumor suppressor
prevalent in de novo AML and occur in an estimated 5% to 7% afene for AML and some forms of MDS is located at band 5g31.
patients, but they are increased in the eldeApL with del(5q) This is in contrast to the common deletion interval for the-5q
usually shows trilineage involvement, pronounced dysplasia, asgndrome, which has been localized to 5¢32he specification of
characteristic megakaryocytic abnormalities. Additional cytog@-genomic intervals implies that different genes are responsible for
netic abnormalities are frequent; the most common is del(7q) each of these 2 myeloid disorders, as clinical findings suggest.
—7°" Regardless of the etiology, del(5q) is among the worstlentification of each gene will provide valuable insight into the
prognostic indicators in AML because it is characterized by pog@rocess of malignant myeloid transformation and useful markers
response to chemotherapy, low complete remission rate (less tf@andiagnosis, prognosis, and targets of therapy.
30%), and a median survival time of 4 montits. Previously our group proposed an interval of approximately 1.5
The prognostic significance of chromosome 5 deletions Mb within 5931 as a tumor suppressor gene site based on
MDS, however, is variable. In therapy-related MDS, or in RAEBverlapping deletions in clinical samples of MDS and AML, which
and RAEB-t arising de novo, del(5q) or5 generally implies a included a patient with a submicroscopic chromosomal delétion.
rapid progression to leukemia and poor outc&®€@n the other In the current study, we reexamined this case to further narrow the
hand, a relatively indolent form of MDS is also associated with theeletion interval, using additional polymorphic markers and a
loss of 5q. This disorder, called 5gsyndrome, is characterized bycorrected marker order based on a high-resolution physical,
transfusion-dependent anemia with little or no cytopenia, usualjenetic, and transcript map of 5q%1Here we report the result of
shows an FAB subtype of RA or RARS, and rarely progresses tfais analysis, showing that the minimal deletion interval spans
It is clear that the 5¢ syndrome is a distinct clinical approximately 700 kb of 531 and thus would be expected to be
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leukemia:
entity with a different natural history than the more aggressiwieleted in all patients with AML with del (5q). Further refinement
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of the existing physical map by radiation hybrid (RH) analysis led
to the identification of 9 transcription units that lie within thisResults

interval and that represent candidates for the MDS—AML tumor

suppressor gene. Microsatellite analysis of AML with a minimal deletion

Our previously published high-resolution physical map spanning 6
Mb of 59316 was used to identify polymorphic markers for this

Materials and methods study. This map includes all PCR-formatted polymorphisms that
] ] S ) could be identified in existing databases; marker order was
Polymerase chain reaction analysis with microsatellite markers independently confirmed by typing on a CEPH meiotic breakpoint

Bone marrow and buccal smear samples were collected as sources of tu@i€l?° Selected microsatellite markers from 5931 were used to
DNA and normal DNA, respectively. Polymerase chain reaction (PCR) wgontinue the analysis of a patient with AML whom we previously
performed as describédusing 0.1 ug sample DNA or 5 L buccal smearreported to have a submicroscopic deletion of chromosorfe 5.
extract under the following conditions: 10 mmol/L Tris—HCI, pH 8, 50This clinical sample, designated case 24 in that study, is a
mmol/L KCI, 1.5 mmol/L MgC}, 200 pmol/L dATP, dGTP, and dTTP, 50 diagnostic bone marrow sample from a 48-year-old man who had a
Hmol/L dCTP, 1 uCP?P dCTP (3000 Ci/mmol), 5% glycerol, 0.1% Triton relapse of AML of FAB M5a morphology and a white blood cell
X-100, 0.5 U Taq polymerase (Perkin—Elmer/Cetus, Norwalk, CT), and 1@¢@&unt of 104 000/uL. The karyotype wa&™ del(q31936);+18,

ng each primer in a 20 uL reaction. The reactions were run in ghowing no visible abnormalities of chromosome 5, and allelotype
Perkin—Elmer model 480 thermocycler using the following parametergnawsis revealed LOH limited to a small interval on 5q31.

initial denaturing at 94°C for 3 minutes; 35 cyples at 94°F3 (40 seconds), |n the current study, LOH was similarly assessed by comparing
55°C (30 seconds), and 72°C (30 seconds); final extension at 72°C fopp, ompjification patterns of the selected polymorphic markers in

i i 0 . . .
minutes. Th.en Lo .5 ML each PCR reaction was SePar‘f"ted on a B8 leukemia sample to that of the buccal smear. Figure 1 depicts a
polyacrylamide gel with 8 mol/L urea and exposed to x-ray film (EaStmagiagrammatic summary of these results relative to marker order
Kodak, Rochester, NY). Loss of heterozygosity (LOH) was scored visual ’

. X i ) . he study revealed loss of single alleles in 2 contiguous markers,
The criteria for scoring LOH was as follows: retention of 2 alleles in norma S476 and S1372. with . f both alleles in flanki
tissue was considered informative, whereas the presence of only 1 aIIeIg’)lﬁ 476 and D5S1372, with retention of both alleles in flanking

normal tissue was not informative. Therefore, LOH was considered Whgﬁarkers, D5S500 and D5S594 (Figl%fe 2). NOt_e that LOH with
there was a loss of 1 allele in the tumor DNA when compared with tH82S476 and D5S1372 was reported in the previous study, but the

informative control DNA of 2 alleles. placement of the markers within the map was in error; they were
thought to be proximal to D5S538.The corrected marker order
presented here is based on a high-resolution integratetftapd

is consistent with that reported elsewhé&t&lote also that marker
Markers were tested by PCR on the selected radiation hybrids from tAEMB350YB1, which had previously been interpreted as LOH in
Whitehead-Genebridge4 (GB4)and the Stanford G3 (G%) panels as case 24, was found to be noninformative on further testing. LOH
previously describe#f Radiation hybrid panels were purchased from
Research Genetics (Hunstville, AL).

Radiation hybrid analysis

Expression studies in myeloid tissues D5S806

Expression of candidate genes was examined in normal human bone

marrow CD34 cells and 3 human myeloid leukemia cell lines, KG-1, D58816

HL-60, and AML-193 obtained from ATCC (Rockville, MD). The CD34

cells were isolated and purified, as previously descriSeflom bone IL9'CA

marrow obtained from normal donors with informed consent under the DSS393

guidelines provided by the University of lllinois. Briefly, low-density DSS399

marrow cells were prepared using Ficoll-Paque (Pharmacia Biotech,

Piscataway, NJ) centrifugation and were further purified using a CD34 DSS479

Progenitor Cell Isolation Kit (Miltenyi Biotec, Auburn, CA). Purity of DSS414

CD34" cells was confirmed by FACS analysis using anti-CD34 antibodies. DSSSOO

Total RNA was extracted from approximately “16ells using TRIZol DSS476

Reagent (Gibco Technologies, Gaithersburg, MD) according to the recom-

mended protocol. D5S1 372
Reverse transcription (RT)-PCR was performed using either the Titan 1 D58594

Tube RT-PCR System (Boehringer Mannheim, Indianapolis, IN) or the D5S658

Enhanced Avian RT-PCR kit (Sigma, St. Louis, MO) according to the

manufacturer’s protocol. Primers were designed based on published or

publicly available database sequences. Optimat‘Mgpncentrations and

annealing temperatures were determined for each primer pair. All reactions DSS 805

were performed in duplicate, including control reactions that did not
include RT or RNA. RT-PCR products were visualized on 1.5% agarose
gels stained with EtBr.

The following 3,-microglobulin primers were used as positive controls
for RT-PCR: forward 5TGCCTGTACACTGCTCTTTATG 3, reverse Figure 1. Allelotype results for AML case ?4. Markers gre shown in ordgr from
5GAATGTTTGGTGAACCTICCT 3. Because primers span an non =07 (%) BT (eton) 1t ner seomuras crooeese e
the expected size of the RNA-derived PCR product was 245 bp whereas (gt ioss of heterozygosity; open oval, marker is informative with no loss; hatched

from genomic DNA was 860 bp. oval, marker is not informative.
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deletion interval. A summary of candidate genes or ESTs and
secondary candidates in flanking bins is provided in Table 1.

Within the deletion interval, 9 expressed sequences were found,
including 4 known genesCTNNAL, CDC25C,early growth
B L B L B L B L response gene-1EGR1) and HSPA9 CTNNA1l @E-catenin)
encodes a cadherin-associated protein that plays an important role
== i — ' ' s — z . in cell—cell association and cell differentiati8t?2 CTNNALis a

. — . - promising candidate for a tumor suppressor gene; it has recently

been shown to contain mutations in colon cancer cell lines, and it
can function to suppress invasi®hCDC25Cencodes a cell cycle
regulatory protein required for cell entry into mito$fsEGR1
— ' encodes a zinc-finger protein essential for the differentiation of
monocytic cell$®> Both CDC25CandEGR1have been evaluated
Figure 2. PCR amplification patterns for critical markers in case 24. Marker @S tumor suppressor genes but have not been found to contain
names indicated on the top of the figure are shown in order from telomere (left) to  mutations in clinical AML sample¥* HSPA9(Mortalin) encodes a
centromere (right). PCR analysis is shown _for DNA isqlated from normal byccal cellular immortalization protein that is implicated in the control of
smear (B) compared with DNA from leukemia cells (L) isolated from the patient’s . . .
bone marrow sample. For each marker, the 2 alleles in the buccal DNA are indicated cell prollferatlon and cellular senesceri€elt is also a gOOd
by arrows. Markers D5S500 and D5S594 show retention of both alleles in the leukemia ~ candidate for the AML because since its loss may promote cellular
sample, whereas loss of 1 allele is apparent for markers D5S476 and D5S1372. immortalization. Among the EST candidath-15469is linked to
the Unigene cluster that represedatrin 3, Unigene cluster
Hs.198992 The assignmertdf WI-15469t0 Hs.198992vas made

results thus led us to conclude that the minimal deletion in case 3#C€ our previous map was completéénd we believe that this
results in the loss of internal markers D5S476 and D5S1372 and@fSociation is a database error becaMge15469 shares no
completely contained within the flanking markers D5S500 arggduence homology with the complete cDNA sequendéaifin 3

D5S594. The size of this minimal interval is estimated to bg>enbank M63483). AdditionallywI-15469does not enter the

approximately 700 kb, based a radiation hybrid distance betwe&l?R cluster for theMatrin 3 gene but is instead assigned to the
flanking markers of 29 cR and using the approximation of gluster THC252032, an unidentified partial cONA. We are trying to

D5S500 D55476 D5S1372 D5S594

CRi0000= 29 Kb for the Stanford G3 radiation hybrid paael. obtain additional sequence and resolve this inconsistency, which
probably resulted from an incorrect or chimeric cDNA sequence in

Refinement of the physical map and identification of expressed Unigene. The other 4 ESTs have no known homologies.

sequences within the deletion interval RH bins 3 and 7 contain the secondary candidates, including

Expressed sequences within the minimal deletion interval welf@/0id hormone receptor coactivator protein (THRCP). This
identified with reference to our previously published RH bregilrotein is a tyrosine kln.ase and nuclear receptor cpactlvator, Whlgh
point map. The construction of this map resulted in the placemerﬁgmates the expression of tafget genes resulting from thyroid
of 122 expressed sequences within 5931, including both mapd?e?fmone_ and other_ cell_ular proliferation S|gn%i|s3eneCDC23_
expressed sequence tags (ESTS) from the Human Gene Map gﬂaated in the flanking bin 3) was recently proposed as a candidate
unmapped ESTs from the Radiation Hybrid Database (RHdb). fymor suppressor gene,_but it has peen excluded bicause of the lack
localize more accurately the expressed sequences within 5931 %dnutatlons in leukemia _cells with the loss 6% The EST i

to order them relative to the candidate gene interval, it W%SG;O_SSEncersaprgtemtha_t ShQWS some homology to murine
necessary to improve the resolution of the RH breakpoint map. TH{Sesin-like protein RabKinesin. Kinesins aréomotubule-dependent

was done by additional PCR typing of ESTs on the Stanford G3 Rolecular motors involved in intracellular transport and mité%is.
panel. The G3 panel has a higher resolution (more radiation hybrid

breaks per given genomic distance) than the GB4 panel, where

most of the ESTs were typed. Our RH breakpoint panel of 5931 a[;
published consisted of 13 hybrids from both thel&and the
GB47 panels; from this panel of 13 hybrids, 8 of them had
breakpoints within the interval and 4 contained the interval within
its entirety. Selected PCR markers were typed or confirmed on thi| |z=
panel as necessary (Figure 3). Radiation hybrid “bins” were then
defined by the breakpoints on G3 and GB4 hybrids, and marker
were placed in different bins based on visual inspection of theill o= T e

PCR typing results relative to the breakpoints (Figure 3). The list of| e a i e i s s i s s e

..............

ESTs and their localizations has been updated from the previou| =i sl b wnyeduduire o dededegop W BIET

. 16
pUbllcatlon'_ o Figure 3. Radiation hybrid breakpoint map of 5g31 interval. Vertical bars indicate

The relative order of the RH bins is fixed, but the order @ffk@rs  the boundaries of the RH bins based on the presence of a breakpoint in any hybrid in
within each bin cannot be further resolved by the RH panel. THi panel. The extent of the minimal deletion interval is labeled and indicated by bold

. : : ical bars. Markers used in the study are listed in the row above the panel, from
breakpomt map was Compared to the deletion Interval‘ and all Egéggtromere (left) to telomere (right). Expressed sequences are italicized; known

within bins 4 to 6, encompassing the flanking markersiatevening  genes are italicized in bold and appear next to an identifying EST, if known.
sequences, were considered to be primary candidate genes (Figualsgorphic markers are shown in nonitalicized bold script. Identifying numbers for
3)_ ESTs from adjacent bins 3 and 7, which lie outside the deleti{fh"atm” hybrids are listed in the left column for the Stanford G3 panel (upper half)
. . . nd the Genebridge 4 panel (lower half). Shaded squares (+) indicate that the marker
'nterval' were considered secondary candidates because t ed positive; (—) indicates that the marker scored negative; (2) indicates an
corresponding coding sequences could potentially overlap into tasiguous signal; blanks indicate the marker has not been tested.

| Celeticn Interval ————#]
5 & T 8 9

2951550
[CTNTAL,  B352430
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Table 1. Candidate genes and ESTs in 531 deletion interval

Bin Unigene

EST No.t RHdb No. Genbank ID Cluster No. Description
CDC25C* 4 RH69126 M34065 Hs.656 CDC25C
SGC32445 4 RH60414 H11651 Hs.28088 Unknown EST
EGR1* 4 RH59849 T61077 Hs.738 Early growth response gene
HSPA9* 4 RH9797 719246 Hs.3069 Mortalin
D5S1856 5 RH25090 G05741 Hs.114169 KIAA0416
CTNNAI* 5 RH70257 T28827 Hs.178452 a-Catenin
stSG8723 5 RH16367 H82946 Hs.174323 Unknown EST
WI-17966 5 RH60368 R96021 Hs.35495 Unknown EST
WI-15469 6 RH60079 H48434 Hs.198992 Unknown EST assigned to Unigene for cDNA

sequence of Matrin 3; see detailed information

*Known genes are listed in italics.
TRefers to RH breakpoint map (Figure 3).

Expression of candidate genes and ESTs in myeloid tissue expressed in the cell lines studied (Figure 4), confirming that these

As a first step in the evaluation of these 9 genes as AML tumb> TS origin_ated from e_xpressed sequences and were appropriatgly
suppressor gene candidates, their expression in myeloid cells \f&Bressed in myeloid tissues, as would be expected of a leukemia
investigated. RNA was isolated from 3 human myeloid leukemifyMor Suppressor gene.

cell lines and CD34 cells obtained from normal human bone
marrow. The HL-60 cell line was established from the peripheral . .
blood cells of a patient with acute promyelocytic leukedfigG-1  Discussion

from the 1bone marrow of a patien_t With_ acute erythroblas_tiﬁ,] this study we present results that define a minimal deletion
Ieukem!a3,2 and AML-12?:?, from a patlgnt with acute monocytiCintera) for the proposed tumor suppressor gene in 531, which is
leukemia® Both KG-F® and HL-60° are reported to have jjicated in AML and some forms of MDS. In previous work,

chromosome 5 deletion or loss and consistently show single alle@[ﬁerS and wé specified a region on 5g31 that is consistently
on allelotyping (data not shown). AML-193, on the other hand, has

retained both chromosome 5 alleles by karyo#@ad allelotype

assessment (data not shown). Primers were designed using avail- %
able cDNA and EST sequences (Table 2) and were tested on the % e 3 .
RNA by RT-PCR. The analysis showed that all sequences were 8 = 0 a4 Size
U < M T (bp)
Table 2. Polymerase chain reaction primers for candidate genes in 5931 + -+ -+ -+ -
deletion interval stSG30193 [ Y B [= =Y 125
Product Annealing
Size Temp Mg2* stSG30427 - - - - 150
Gene/EST Primer Sequence (5'-3") (bp) (°C) (mmol/L)
stSG30193* f: AGCCAGCCAGATCACAGAGT 125 56 15 stSG30881 an av -4 4B 157
r: CACCCACCTCAACCAGAACT
stSG30427t1 f: TCTCCAAGAAACAGCCCG 150 53 25 EGR1 s - a» i 200
r: TTCACTCAGCACCTGGGAG
siSG30881* f: TTGCATCCTGGATATAATTCCC 157 56 15 HSPA9 - B - W 142
r: TCCCCTTTACTCAAATCTGGG
CDC25C*  f: AACGGTCTTGCATAGCC 127 60 15
I CAGCCTTGAGTTGCATAGAG D551856 = 2 2 B 299
SGC32445* f. AGTTTGGTTTATTGGCTCATCC 125 60 15
r. TICAGTCAGGGCCAGGAG CTNNAL | = - = 464
EGR1* f: GGAATCATGCCTTATGTAGTCAC 200 56 15
I GGACACATGACGTTTGCCTAGA StSG8723 | == w= = - 180
HSPA9* f: TCAGCAAGAGTGACATAGGAGAAGTGA2 56 15 —_—
r: CACAGCCTCATCAGGATTGACAGCTT WI-17966 |®® o= o= = 128
D5S51856* f: GGCTCAAGGGCTTTAGTCAA 299 57 3
r: AGACTCCATCTTTCCAATAAAAATG WI-15469 S @ W e 133
CTNNA1* f: CTTGGCCGCACCATTGCAGACCAT 464 56 15
r: GGCCGGCCTGGGCAGACTTAGATG Bz-Microglobulin i — e = 245
stSG8723t f: CACCATCACCTATGCCCTCT 180 56 15
r: ATAGGCAAAGCCACCCTTTT . . . .
Figure 4. Expression analysis of candidate genes/ESTs. RT-PCR was performed
WI-17966"  f: ACAAAACTTGCCTGTACACTGC 128 54 15 on human bone marrow CD34" cells and myeloid cell lines, AML-193, KG-1, and
1. CAAGAGCCATTTTTCTTTTTGG HL-60, as indicated, and was visualized by agarose gel electrophoresis and ethidium
WI-15469* f: GCACATAATGCTTTATGTACCTGC 133 57 3 bromide staining. The left column lists the gene or EST that was tested, using the PCR
I GGTGATGATTTTAATGTGACATGC primers indicated in Table 2. The right column indicates the product size in base pairs.
The PCR results are displayed for each primer set, with or without the addition of RT,
*RT-PCR performed using Boehringer Mannheim Titan One RT-PCR System. indicated by (+) or (—), respectively. Negative controls for template pairs (no RNA added)

TRT-PCR performed using Sigma Enhanced Aviann RT-PCR Kit. is not shown. B,-Microglobulin primers were used as the positive control for RT-PCR.
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deleted in patients with AML and MDS with del(5q). The smallebecause there are many ESTs in RHdb that have been typed but
interval, which we define here, is contained within this largenave not been positioned on Genemap. Thus, additional analysis is
region; thus it would be expected to be deleted in all patients withill required to complete a transcript map of a small genomic
AML with del(5q). We have identified 9 expressed sequencésterval such as ours. The analysis presented here enabled the
within the interval and 7 in adjacent regions as primary anglacement of 9 confirmed ESTs or 1 per 80 kb. It is reasonable to
secondary candidates, respectively, for this tumor suppressor gesstimate that we have identified at least half the transcription units
The minimal deletion interval of approximately 700 kb in sizehat are present based on the estimated coverage of RHdb.
was specified based on the application of a high-density panelfdditional genes will undoubtedly be discovered by complemen-
polymorphic markers that enabled the identification of moreary methods such as exon trapping and with continued updating of
closely spaced flanking markers, D5S500 and D5S594. It shouldthe various Human Genome Project databases. Of note, a major
noted that the assignment of this genomic location for the tumeequencing effort for 531 is already underway at 2 centers
suppressor gene is based on a marker order that differed from thatwrence Berkeley Laboratory, http://www-hgc.lbl.gov/seq/, and
in our previous articlé® The resultant minimal deletion interval is Washington University, http://www.genome.wustl.edu/gsc/) that
not only smaller, it has been transposed telomerically fromill help to validate these results and to identify additional genes in
IL9-D5S414 to D5S500-D5S594. This transposition is the result @ie interval.
an error in our previous marker order, which was based on an The candidate genes reported here include 6 known genes
unpublished YAC contig. This error has since been corrected, SUtHRCP, HSPA9, EGR1, CTNNA1, CDC23, and CDC25aJ)
that the map used in the current stiftg now in agreement with 1ESThomologous to kinesin. The remaining are ESTs of unknown
other physical maps, including that published by Zhao &t al. function that have not yet been characterized or sequenced. All
The minimal interval defined in the current study overlapsandidate genes identified in this study were confirmed to be
partially with that specified by Zhao et'4land Fairman et d2 expressed in myeloid tissues and cell lines; however, it was not
Zhao et al* used fluorescence in situ hybridization analysis tpossible to evaluate their expression in case 24, or in the del(5q)
define the minimal overlap of cytogenetically visible deletions igases reported previously by!8secause only DNA was then
myeloid malignancies; this overlap included D5S479 to D5S508vaijlable.
Fairman et & placed the minimal interval betweeh-9 and Although there is no prior information about the function of this
EGR1,using LOH analysis of a deletion accompanying a translocgyeloid malignancy tumor suppressor gene, the minimal criteria
tion involving 5. Given the different methods and clinical samplesossibly required are that the gene be expressed in normal myeloid
used and the slight discrepancies in map positions for somgsue, that 1 allele be lost by the deletion of 5q, and that the
markers, there is fairly good concordance in the resultant deletiggmaining allele be mutationally inactivated in AML or MDS cells
intervals. It is therefore reasonable to assume that all theggh del(5q). Thus we expect that the coding sequences of the gene
investigators are localizing the same gene. Combining the d&{al harbor mutations in clinical samples. Such criteria have been
from all 3 reports, it seems most probable that the gene of interesjgccessfully applied to confirm tumor suppressor genes in other
located within the centromeric portion of our interval near thgjseases and to exclude candidates at 531 (eg, theQp@a3.28
EGR1 gene. Continued LOH studies in AML and MDS arepjternatively, expression might be decreased sufficiently to inacti-
underway in our group to try to identify additional incidences ofiate the gene. Efforts are now underway to further characterize
LOH that further narrow the deletion interval. these genes by obtaining full-length cDNA sequences and eval-

Defining a minimal interval for a disease permits the identificajating them for expression and mutations in AML and MDS
tion of candidate genes within the interval. Although there aregmor samples.

number of positional cloning strategies by which this can be done,

the approach presented here is rapid and does not require additiornat

gloning steps but instead uses publicly available database infor%knowbdgments

tion. RHdb is such a database, supported by the Human Genome

Program, that aims to generate a transcript map of the hum@fe thank Dr Ronald Hoffman for kindly providing CD34%ells.
genome by typing ESTs on the RH pariél¢he resultant transcript We also thank Dr Ignatius Gomez and Dr Zhenbo Hu for helpful
map, Genemap, has been estimated to have achieved at least 83#ussion and critical reading of the manuscript, and Seby
coverage of all human genes. The current version of Genemap h&sdassery and Brent Chyna for invaluable help in the preparation of
resolution that is too low for our purposes, but additional data exigte manuscript.

References

1.

Fourth International Workshop on Chromosomes
in Leukemia: a prospective study of acute non-
lymphocytic leukemia. Cancer Genet Cytogenet.
1984;11:249.

. Van den Berghe H, Vermaelen K, Mecucci C,

Barbieri D, Tricot G. The 5g— anomaly. Cancer
Genet Cytogenet. 1985;17:189.

. Nimer SD, Golde DW. The 59— abnormality.

Blood. 1987;70:1705.

. Boultwood J, Lewis S, Wainscoat JS. The 5q—

syndrome. Blood. 1994;84:3253.

. Pedersen-Bjergaard J, Phillip P, Larsen SO,

Jensen G, Byrsting K. Chromosome aberrations
and prognostic factors in therapy-related myelo-

dysplasia and acute nonlymphocytic leukemia.
Blood. 1990;76:1083.

. Le Beau MM, Albain KS, Larson RA, et al. Clinical

and cytogenetic correlations in 63 patients with
therapy-related myelodysplastic syndromes and
acute nonlymphocytic leukemia: further evidence
for characteristic abnormalities of chromosomes
no. 5and 7. J Clin Oncol. 1986;4:325.

. Larson RA, Le Beau MM, Vardiman JW, Testa JR,

Golomb HM, Rowley JD. The predictive value of
initial cytogenetic studies in 148 adults with acute
nonlymphocytic leukemia: a 12-year study (1970-
1982). Cancer Genet Cytogenet. 1983;10:219.

. Schiffer CA, Lee EJ, Tomiyasu T, Wiernik PH,

Testa JR. Prognostic impact of cytogenetic abnor-

10.

11.

12.

malities in patients with de novo acute nonlym-
phocytic leukemia. Blood. 1989;73:263.

. Pedersen B. 5g—: pathogenetic importance of the

common deleted region and clinical conse-
quences of the entire deleted segment. Antican-
cer Res. 1993;13:1913.

Tefferi A, Mathew P, Noel P. The 5q— syndrome:
a scientific and clinical update. Leuk Lymphoma.
1994;14:375.

Le Beau MM, Espinosa R Ill, Neuman WL, et al.
Cytogenetic and molecular delineation of the
smallest commonly deleted region of chromo-
some 5 in malignant myeloid diseases. Proc Natl
Acad Sci U S A. 1993;90:5484.

Fairman J, Chumakov |, Chinault AC, Nowell PC,

20z dunr g0 uo 3senb Aq Jpd'z.€2/€€1€991/2.€2/L/S6/4pd-Bl0E/POO|qABU"SUOKEDIIGNYSE//:d}Y WOy papeojumog



BLOOD, 1 APRIL 2000 « VOLUME 95, NUMBER 7

13.

14.

15.

16.

17.

18.

Nagarajan L. Physical mapping of the minimal
region of loss in 5g— chromosome. Proc Natl
Acad Sci U S A. 1995;92:7406.

Horrigan SK, Westbrook CA, Kim AH, Banerjee
M, Stock W, Larson RA. Polymerase chain reac-
tion-based diagnosis of del (5q) in acute myeloid
leukemia and myelodysplastic syndrome identi-
fies a minimal deletion interval. Blood. 1996;88:
2665.

Zhao N, Stoffel A, Wang PW, et al. Molecular de-
lineation of the smallest commonly deleted region
of chromosome 5 in malignant myeloid diseases
to 1-1.5 Mb and preparation of a PAC-based
physical map. Proc Natl Acad Sci U S A. 1997;94:
6948.

Boultwood J, Fidler C, Lewis S, et al. Molecular
mapping of uncharacteristically small 5q dele-
tions in two patients with the 59— syndrome: de-
lineation of the critical region on 5q and identifica-
tion of a 5q— breakpoint. Genomics. 1994;19:
425.

Horrigan SK, Bartoloni L, Speer MC, et al. Ara-
diation hybrid breakpoint map of the acute my-
eloid leukemia (AML) and Limb-Girdle muscular
dystrophy 1A (LGMD1A) regions of chromosome
531 localizing 122 expressed sequences. Ge-
nomics. 1999;57:24.

Gyapay G, Schmitt K, Fizames C, et al. Aradia-
tion hybrid map of the human genome. Hum Mol
Genet. 1996;5:339.

Stewart EA, McKusick KB, Aggarwal A, et al. An
STS-based radiation hybrid map of the human
genome. Genome Res. 1997;7:422.

20.

21.

22.

23.

24,

25.

26.

Bruno E, Horrigan SK, Van Den Berg D, et al. The
Smad5 gene is involved in the intracellular signal-
ing pathways which mediate the inhibitory effects
of transforming growth factor-beta on human he-
matopoiesis. Blood. 1998;91:1917.

Bartoloni L, Horrigan S, Viles H, et al. Use of a
CEPH meiotic breakpoint panel to refine the lo-
cus of limb-girdle muscular dystrophy type 1A
(LGMD1A) to a 2-Mb interval on 5q31. Genomics.
1998;54:250.

Takeichi M. Cadherins: a molecular family impor-
tant in selective cell-cell adhesion. Ann Rev Bio-
chem. 1990;59:237.

Shimoyama Y, Hirohashi S. Cadherin intracellular
adhesion molecule in hepatocellular carcinomas:
loss of E-cadherin expression in an undifferenti-
ated carcinoma. Cancer Lett. 1991;57:131.

Vermeulen SJ, Nollet F, Teugels E, et al. The al-
phaE-catenin gene (CTNNA1) acts as an inva-
sion-suppressor gene in human colon cancer
cells. Oncogene. 1999;18:905.

Sadhu K, Reed SI, Richardson H, Russell P. Hu-
man homolog of fission yeast cdc25 mitotic in-
ducer is predominantly expressed in G2. Proc
Natl Acad Sci U S A. 1990;87:5139.

Nguyen HQ, Hoffman-Liebermann B, Liebermann
DA. The zinc finger transcription factor Egr-1 is
essential for and restricts differentiation along the
macrophage lineage. Cell. 1993;72:197.
Wadhwa R, Pereira-Smith OM, Reddel RR, Sugi-
moto Y, Mitsui Y, Kaul SC. Correlation between
complementation group for immortality and the

DELINEATION OF AMINIMAL INTERVAL

27.

28.

29.

30.

31

32.

33.

34.

2377

cellular distribution of mortalin. Exp Cell Res.
1995;216:101.

Monden T, Wondisford FE, Hollenberg AN. Isola-
tion and characterization of a novel ligand-depen-
dent thyroid hormone receptor-coactivating pro-
tein. J Biol Chem. 1997;272:29,834.

Zhao N, Lai F, Fernald AA, et al. Human CDC23:
cDNA cloning, mapping to 5931, genomic struc-
ture, and evaluation as a candidate tumor sup-
pressor gene in myeloid leukemias. Genomics.
1998;53:184.

Sardella M, Navone F, Rocchi M, et al. KIF3C, a
novel member of the kinesin superfamily: se-
quence, expression, and mapping to human chro-
mosome 2 at 2p23. Genomics. 1998;47:405.
Gallagher R, Collins S, Trujillo J, et al. Character-
ization of the continuous, differentiating myeloid
cell line (HL-60) from a patient with acute promy-
elocytic leukemia. Blood. 1979;54:713.

Koeffler HP, Golde DW. Acute myelogenous leu-
kemia: a human cell line responsive to colony-
stimulating activity. Science. 1978;200:1153.
Lange B, Valtieri M, Santoli D, et al. Growth factor
requirements of childhood acute leukemia: estab-
lishment of GM-CSF-dependent cell lines. Blood.
1987;70:192.

Furley AJ, Reeves BR, Mizutani S, et al. Diver-
gent molecular phenotypes of KG-1 and KG1la
myeloid cell lines. Blood. 1986;68:1101.
Deloukas P, Schuler GB, Cyapay G, etal. A
physical map of 30,000 human genes. Science.
1998;282:744.

20z dunr g0 uo 3senb Aq Jpd'z.€2/€€1€991/2.€2/L/S6/4pd-Bl0E/POO|qABU"SUOKEDIIGNYSE//:d}Y WOy papeojumog



