Acute Myeloid Leukemia

research paper b

Submicroscopic deletions in the 7q region are associated with recurrent
chromosome abnormalities in acute leukemia

Rosaria Basiricd, Rosa PirroTTA, FRANCESCO FABBIANO, SALVO MiRTO, Lucia Cascio, MARIA PAGANO, GIUSEPPE CAMMARATA, SILVANA MAGRIN,

ALESSANDRA SANTORO

Background and Objectives. Loss of heterozygosity
(LOH) on the long arm of chromosome 7 (7q) has been
frequently reported in several types of human cancer
including hematologic malignancies. Moreover, mono-
somy of chromosome 7 and 7q deletions have been asso-
ciated in acute myeloid leukemia (AML) with aggressive
disease and poor prognosis.

Design and Methods. Using a panel of 11 polymorphic
microsatellite markers at bands 7921-q36, we investi-
gated fifty patients (acute myeloid leukemia [AML], n=33
and acute lymphoid leukemia [ALL], n=17) for LOH, a
hallmark of possible involvement of tumor suppressor
genes. In parallel, the same acute leukemia (AL) cases
were studied by conventional cytogenetics.

Results. A total of 48 spots of allelic loss were
observed in 16 (32%) out of 50 patients (AML, n=11 and
ALL, n=5). Among LOH*¢ cases 3 showed chromosome 7
monosomies, whereas no cytogenetically detectable
abnormalities were observed in chromosome 7 in the
remaining 13.

Interpretation and Conclusions. Comparison with
karyotypic results indicated that presence of LOH at
7921-936 was significantly associated with other chro-
mosomal aberrations. In fact, an altered karyotype was
detectable in 87% of LOH* and in 52% of LOH-¢ AL cas-
es (p=0.024). In addition, LOH at 7q was prevalently
associated with unfavorable cytogenetic lesions
(p=0.013). Our study represents the first report of a sig-
nificant association between LOH and recurrent chromo-
somal abnormalities in AL patients suggesting that the
7021-q36 region may be an unstable area prone to chro-
mosome breakage in patients with an abnormal karyo-

type.
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mosome 7 (7q) are among the most common
non random chromosomal aberrations described
in acute myeloid leukemia (AML) and myelodysplastic
syndromes.'-* Both terminal and interstitial deletions of
7q have been reported with variable breakpoints among
patients.>® Chromosome 7 aberrations are consistently
recognized indicators of poor prognosis in adult acute
myeloid leukemia.”® Analogous significance seems to be
associated with acute lymphoid leukemia (ALL).9™
Patients exhibiting -7/7g- normally show a more
aggressive disease, characterized by low response to
chemotherapy, high susceptibility to infections, and
short survival." Moreover, interstitial deletions of 7q
have been reported in a variety of solid tumors in which
distinct segments of loss have been identified.'?-'5
The delineation of the critical region of loss at 7q has
been the focus of intense investigation both in solid
tumors and hematologic malignancies. These studies
led to identification of two distinct critical regions at
bands 7922 and 7931.'-20 Chromosomal deletions are
indicative of loss of function, and it has been hypothe-
sized that chromosome 7 harbors one or more putative
tumor suppressor genes. Some critical genes located at
this region have been suggested to be implied in the
molecular pathogenesis of 7q malignancies.?'?” but
definitive evidence for their role has not been provided.
The advent of high resolution linkage maps provides
densely spaced highly polymorphic microsatellite mark-
ers useful for dissecting genetic imbalances in order to
identify patients who have submicroscopic deletions in
various chromosomal regions. To investigate the inci-
dence of 7q microsatellite loss of heterozygosity (LOH)
and its relationship with karyotype we performed an
allelotype assay based on fluorescence-polymerase
chain reaction (PCR) in 50 patients with acute leukemia.

IVl onosomy and deletions of the long arm of chro-

Design and Methods

Patients and samples

Patients were enrolled into the study by sequential
admission in the last two years to our institution; they
were, therefore, not selected on the basis of any phe-
notypic or genotypic criteria. A total of 50 consecutive
patients with acute leukemia (AML, n=33; ALL, n=17)
were analyzed. The diagnoses were established accord-
ing to the criteria of the French-American-British (FAB)
classification by standard morphologic, cytochemical
and immunophenotypic methods. Patients included in
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the study were predominantly adult and their
median age was 41 years (range 12-78). The
male/female ratio was 0.92. Bone marrow and/or
peripheral blood specimens were collected at the
time of diagnosis and used for molecular and cyto-
genetic studies. Diagnostic samples containing a
high proportion of leukemic cells (>80% in most
cases), which minimized contamination by normal
cells, were used to obtain leukemic DNA. As a
source of normal control DNA, we used epithelial
cells from buccal mucosa or positive-immunose-
lected T-lymphocytes from peripheral blood, using
a magnetic cell separation technique (MiniMacs;
Miltenyi Biotec Bergish Gladbach, Germany).

Cytogenetic studies

Cytogenetic studies on pre-treatment bone mar-
row or unstimulated blood samples were performed
according to standard procedures. Specimens were
processed using direct methods and unstimulated
short-term (24, 48, and 72 hours) cultures. For each
case a minimum of 20 GTG-banded metaphases was
karyotyped. Images were captured and processed in
the lkaros System (Zeiss, Germany). Chromosomal
abnormalities were classified according to the Inter-
national System for Cytogenetic Nomenclature
1985.%8

Fluorescence in situ hybridization (FISH)
analysis

FISH analysis was performed using the commer-
cially available LSI D75486 Spectrum Orange |/ CEP
7 Spectrum Green Dual Color probe (Vysis, Down-
ers Grove, IL, USA) according to the manufacturer's
instructions. Improvements were obtained by incu-
bating bone marrow slides at room temperature
overnight before digestion with proteinase K (stock
solution 1mg/mL) for 6' at 37°C. After washing
twice with phosphate buffer solution 1%, slides
were fixed in a 1% formaldehyde solution; they
were then denatured in a 70% formamide/2xSSC
solution for 5" at 74°C. The probe was denatured at
74°C for 5. Hybridization was performed overnight
at 37°C in a humidified chamber. Post-hybridiza-
tion washing was done in 4xSSC NP 40 for 2" at
74°C first and then for 2' at room temperature.
Slides were counterstained with DAPI. A total of
500 nuclei were analyzed using Vysis scoring cri-
teria.

Microsatellite analysis

LOH was assessed by using a first set of 11
primers for polymorphic repeat markers chosen
from among those encompassing bands 7qg21-
7q36: D75630, D75657, D7S515, D75518, D7S658,
D752459, D75486, D7S530, D75640, D75684, and
D7S636 (Figure 1). All primers but D75S518 and
D7S658 were purchased (Applied Biosystem, CA,
USA). Forward primers were labeled with fluores-
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Figure 1. Diagramatic representation of microsatellite mark-
ers chosen at bands 7q21-q36 in patients with genetic
imbalances. Black dots indicate LOH events, white dots
indicate non-informative loci, white squares indicate het-
erozygous loci and black squares indicate genomic amplifi-
cation.

cent dye phosphoramidites FAM, TET or NED.
Genomic DNA from each patient was isolated from
whole EDTA blood by salt extraction. Each 25 mL
PCR mixture contained 50-100ng of genomic DNA,
2.5 units of AmpliTaq GOLDTM DNA polymerase, 1
UM of each primer, 100 uM each dNTP, 1.5 mM
MgCl,, and PCR GOLD Buffer at a 1x final concen-
tration (Applied Biosystem, CA, USA). Thirty cycles
of PCR were performed in a DNA-thermal cycler
(model 9700 Applied Biosystem). Each cycle con-
sisted of denaturing at 94°C for 30", annealing at
55°C for 30", and extension at 72°C for 1° A final
extension cycle consisted of 5 min at 72°C. PCR
products were diluted 25-fold in formamide (Euro-
bio Biotechnology), denatured for 3 minutes at
94°C and run along with 1 plL internal size standard
(Genescan ROX 500 labeled with 6-carboxy-N,N,NI,
NI-tetramethylrhodamine; Applied Biosystems) on
an ABI Prism 310 DNA Genetic Analyzer (Applied
Biosystem). Locus-specific PCR products were
detected by capillary electrophoresis with a 47x50
um capillary using Performance Optimized Polymer
4 (Applied Biosystem). Samples were run electro-
phoretically following the GS STR POP4 (1 mL) D
Module (injection second: 5; injection KV: 15.0; run
KV: 15.0; run C°: 60; run time: 30 min) in associa-
tion with the GS Matrix D (Applied Biosystem). Col-
lected data were visualized on a fluorescent his-
togram and analyzed by using ABI GeneScan soft-
ware (Applied Biosystem). Only heterozygous loci
were regarded to be informative. LOH was scored
as positive when the degree of reduction in allelic
signal intensity was greater than 70% in one of
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Figure 2. Examples of allelotyping results visualized on a flu-
orescent histogram and analyzed using GeneScan software
(Applied Biosystem). A) loss of heterozygosity; B)
microsatellite instability; C) genomic amplification.

the alleles of the blast population compared with
control DNA. The presence of novel alleles in
leukemic cells combined with their absence in nor-
mal cells was referred to as microsatellite instabil-
ity (MSI), whereas an increased intensity signal of
one of the markers in tumor cells indicated a fur-
ther allelic imbalance and was defined genomic
amplification. Examples of LOH, MSI and amplifi-
cation are shown in Figure 2.

All samples showing LOH were subjected to repeat
amplification. A second set of primers was selected
to amplify the same loci where restricted LOH was

occurring (D75630, D7S515, D75486, D7S530,
D75640, and D75636), and the most proximal flank-
ing markers (D752481, D75492, D75S666, D75522,
D751875, D752519, D7S631, D751826, and D75688).
Sequences for D75518, D75658, for the second set
of primers and for flanking markers were retrieved
from the Genome Database (http;//www.gdb.org).
Primers are listed in Table 3.

Results

Cytogenetic analysis

Conventional cytogenetic characterization was
successful in 44 cases (88%); the results are sum-
marized in Table 1. Twenty-eight patients (63%)
showed clonal chromosomal abnormalities, while
16 (369%) patients exhibited a normal karyotype.
Among the cases with clonal abnormalities, there
were 8 patients (18%) with favorable cytogenet-
ics, such as t(8:21), t(15;17), and inv(16); 13 cases
(29,5%) with unfavorable karyotypes such as
-7/del(7q), 11g23 and 3q abnormalities , t(6;9),
t(9;22), hyperdiploidy and complex karyotypes,
while the remaining 7 cases (16%) carried miscel-
laneous clonal abnormalities.

Identification of LOH and MSI at 7q

DNA from leukemic blasts and normal samples
from 50 patients were analyzed for LOH by using
11 highly polymorphic microsatellite repeat mark-
ers mapping at bands 7q21-q36 (Figure 1). Infor-
mative allelotypes were found in 420 of 550 exam-
ined loci (76%). All samples were informative for at
least 7 of the 11 microsatellite markers. Balanced
allelotypes were observed in 30 cases (60%), LOH
was detected in 16 cases (32%), microsatellite
instability was evident in 2 cases (4%) at the
D75636 and the D752459 loci, and two other
patients (4%) showed genomic amplification at
D75486 and D7S640 (Figure 2). Thirteen out of 16
LOH+ve cases did not exhibit abnormalities in chro-
mosome 7. We found a total of 48 LOH events; 25
of them were related to -7/7g- patients (cases #10,
15 and 16, Table 1) and the remaining 23 events
were related to 12 cases with no chromosome 7
involvement and one case in which karyotype was
not available. A slight prevalence of LOH at D7S515
and D7S636, both identified in 7 cases, was
observed. To further ensure that allelic loss did not
depend on potential technical pitfalls, such as the
preferential amplification of particular alleles,
restricted LOH in cases #1, 2, 4, 5, 6,7,8,9, 11, 12,
and 13 was confirmed by using a different set of
primers. Furthermore, we extended our analysis to
the most proximal flanking markers and we found
in case #12 that LOH involved the closest locus
D751826 too. The deletion map shown in Figure 1
indicates the distribution of LOH events relating to
the patients with genetic imbalances.
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Figure 3. Analysis of the D75486 locus by FISH.
Green signals indicate chromosome 7 centromere
and red signals indicate D7S486 locus. Nuclei are
counterstained with DAPI. A) Interphase cell with
LOH (case #11); B) normal interphase cell; C)
interphase cell with chromosome 7 monosomy

(case #15).

Patient  Age Sex Disease

(vears)

Patients with LOH identified

1
2

10
11
12
13
14
15
16

36
74
75
52
57
18
20
16
76
38
54
35
13
32
45
61

F

= = E =E ™

-

Parients with MSI identified

17
18

Parients with amplification identified

19
20

432

23
21

38
62

M

M

M

M

AML
AML
AML
AML
AML
AML
AML
AML
AML
AML
ALL
ProT-ALL
Common-ALL
ALL
PreB-ALL

AML
D752459

T-ALL

T-ALL

AML
AML

Cytogenetic findings

46,XX,dup(1),4(17;18)
46,XX,-20,+mar

NA

46,XX

46,XX,del(11)(q23)
45X,-X,4(8;21)(022;622)
47 XY,+8,inv(16)(p13¢22)
46,XX,(6;9)(23;434)
Hyperdiploidy
46,XY,del(7)(q22436)
46,XY,1(9;22)(q34;q11)
46.XY,t(1;3)(p32;q11)
46 XY

47 XX,+18

45.XX,-7
45,XX,inv(3)(q21426),del(5)(q13),-7

46,XY,14q+
46,XY,del(6)(p21pter)

NA
46, XY

Genetic imbalance location

D75486

D75486

From D7S657 to 636
D7S530

D7S515

D7S636

D7S515

D7S515

D7S640

Extensive

D7S486

D751826, 636
D7S630

D7S515, 2459,530,640,636
Extensive

Extensive and amplification at D7S515,

D75636
D752459

D75640
D75486

(continued on the next page)
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(continued from previous page)

Pts without 7q genetic imbalances

21 33 M AML Hyperdiploidy -
22 55 M AML 46.XY -
23 53 F AML 45,XX,-X1(8;21)(922;922),del(9)(q13¢22) =
24 18 M AML 46XY(1;7)(932;432),1(10;11)(p11;423) -
25 57 M AML 46,XY =
26 78 F AML NA -
21 62 F AML 46,XX -
28 48 F AML 46,XX -
29 16 F AML 46,XX =
30 67 M AML 45,X,-Y,1(8;21)(q22;922) -
31 73 F AML 46,XX =
32 4 M AML 46 XY -
33 69 F AML 46,XX =
34 30 M AML 46 XY,4(15;17)(022;911) S
35 12 F AML 46, XX,t(15;17)(q22;q11) =
36 13 M AML 46,XY,inv(16)(p13422) -
37 38 F AML 46,XX, 1(9;11)(22;923) =
38 67 F AML 47 XX, +der(3) -
39 46 M AML NA =
40 14 M Pre T-ALL 46.XY -
| 16 M Pre T-ALL NA =
42 18 M T-ALL 46,XY -
43 16 F T-ALL 46, XX =
44 54 M T-ALL Hyperdiploidy -
45 20 F Pre B-ALL 46,XX -
46 22 F Pro B-ALL NA -
47 33 F B-ALL 46,XX =
48 52 F B-ALL Hyperdiploidy, 1(9;22)(q34;q11) -
49 56 F L3-ALL 46,XX,(8;14)(q24;932) =
50 42 M AML 46,XY,1(8;21)(422;922) -

LOH: loss of heterozigosity; MSI: microsatellite instability; AML: acute myeloid leukemia; ALL; acute lymphoid leukemia; NA; not available.

Correlation between LOH and FISH analysis

To corroborate LOH data we performed FISH
analysis on samples for which a commercially
probe was available. In particular we analyzed all
samples in which LOH at D75486 had been
observed (cases #1, 2 and 11). For each sample 500
interphase cells were analyzed for loss of D75486
signal. The patients had a significant loss of signals

ranging from 4% and 8.7% of interphase nuclei. No
significant loss of signal was observed in the neg-
ative control and a 90% of loss was detected in a
patient with chromosome 7 monosomy (case n.
15). Representative examples of FISH results are
shown in Figure 3.

The percentage of cells with loss of D75486 sig-
nal may be underrepresented because the probe is
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designed to detect a 200 kb deletion and it is less
efficient at revealing shorter deletions. In fact its
annealing capability may be partially lost when
part of the covered region is missing.

Comparison of genotype and karyotype

The correlation of LOH with karyotype is summa-
rized in Table 2. Karyotype information was available
in 15/16 LOH*< cases and in 29/34 LOH- cases. An
altered karyotype was detected in 13/15 (87%) of
LOH+v cases and in 15/29 (52%) of LOH-v¢ cases
(p=0.024). In addition, LOH at 7q was prevalently
associated with unfavorable cytogenetic lesions
(p=0.013). In particular among LOH+** patients, 8
(53%) had unfavorable cytogenetics, including 3
ALL patients with -7 (case #15), t(9;22) (q34;q11)
(case #11) and t(1;3)(p32;911) (case #12); and 5
AML patients with del(7q) (case #10), del(11)(q23)
(case #5), t(6;9)(p23;q34) (case #8), hyperdiploidy
(case #9) and a complex karyotype (case #1 65). LOH
was also detected in 2 AML patients (13%) with
favorable cytogenetic markers such as t(8;21) and
inv(16) (cases #6 and 7, respectively), in 3 AML
patients (20%) showing miscellaneous chromoso-
mal abnormalities (cases #1,2 and 14), and in 2
patients with diploid karyotype (cases #4 and 13).
LOH~e patients showed a higher frequency of
diploid karyotypes (p=0.024).

Of the 4 patients carrying chromosome 7 abnor-
malities, two showed LOH extended to all tested
loci (cases #10 and #15): one with a 46,XX,inv(3)
(921926),del(5)(q13),-7 complex karyotype (case
#16) exhibited LOH in 8 loci and both allelic reten-
tion and amplification in two distinct markers
D75515 and D752459; and finally, the fourth car-
rying a balanced t(1;7)(q32;q32) translocation
(case #24) showed allelic retention.

Discussion

To detect submicroscopic deletions at bands
7021-q36 we conducted an evaluation of micro-
satellite allelic loss in 50 patients with acute
leukemia. LOH analyses are uniquely suited for iden-
tifying such events. LOH may be a hallmark of loss
of gene function and most investigations have con-
centrated on defining the minimal region of loss at
band 7922 in various tumors in an effort to identi-
fy the putative tumor suppressor genes (TSG). Sev-
eral genes localized in this region have been sug-
gested as TSG in myeloid disorders, such as
PIK3CG,? ORC5L,2” MLL5% and a human homolog of
the Drosophila homeobox gene cut (CUTL1) which is
considered the best candidate. The deletion of
CUTL1 has been documented in different types of
tumor2429in myeloid disorders with del(7g) and in an
apparently balanced t(7;7) described by Tosi et /.2
in a patient with acute myeloid leukemia. We found
48 LOH events in 16 patients and the deletion map

Table 2. Correlation of LOH with cytogenetics findings.

LOH+ve LOH-ve p
(pts=16) (pts=34)

Clonal abnormalities 87% 52% 0.024
Unfavorable cytogenetics 53% 17% 0.013
Favorable cytogenetics 13% 21% ns
Normal karyotype 13% 48% 0.024
Miscellaneous cytogenetics 20% 10% ns
Not valuable 1 5

p values were obtained by the x? test.

shown in Figure 1 indicates their distribution. We
could not delineate a commonly deleted segment
but a slight prevalence of LOH was observed at
D7S515 and D7S636, both identified in 7 cases. Fur-
thermore we found that LOH at D75S518, a marker
located within the CUTL1 gene, was restricted to
patients with 7q monosomies.

The incidence of LOH in acute leukemia remains
a controversial issue. Genome-wide screening stud-
ies on childhood AML reported LOH in 17 of 53 sam-
ples (32%),% whereas a much higher rate of LOH
has been found in adult leukemia.3'32 On the other
hand allelotype studies focused on 7q markers pro-
vide conflicting results in patients lacking chromo-
some 7 cytogenetic abnormalities. In fact, no evi-
dence of LOH was observed by some authors'®33
whereas others found an incidence of LOH ranging
from 15% to 27%.3435 We found LOH in 16 (32%)
out of 50 analyzed cases; 13 of these LOH*< cases
did not exhibit abnormalities on chromosome 7. No
significant difference in LOH distribution between
patients with AML (33%) and those with ALL (29%)
was found (p=NS). We found a high incidence of
genetic imbalances in elderly patients (>60 years),
as suggested by other recently published data,®
although this result did not have a significant val-
ue (p=NS). The relatively low rate of MSI we found,
together with genomic amplification, is consistent
with the notion that MSI is more frequently present
in solid tumors than in hematologic malignancies.3’-
40 Because of the resolution limits of cytogenetic
analysis, we did expect to find 7q LOH mostly in
diploid patients.

We unexpectedly found that LOH was signifi-
cantly associated with other recurrent chromoso-
mal alterations; in fact an altered karyotype was
detected in 87% of LOH*¢and in 52% of LOH-v¢ AL
cases (p=0.024). Moreover, we found a striking cor-
relation between unfavorable cytogenetics and
LOH occurrence (p=0.013). Only 2 cases out of the
LOH+egroup exhibited a diploid karyotype, consis-
tent with the finding that occult chromosome dele-
tions affecting chromosome 5q, 7q and 17p are not
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Table 3. Sequences of PCR primers.

Probe Sequence 5"~ 3’
designation
D7S518 CAGTAGGCAGGGGTGG
GGGTGTGTCTGTGTGACAAC
D75658 CATCACACACCAGGGC
AACAGAAGGACTGAACTTCATC
D75630 TCCATTCTGAGGTTTGATGT
CCATGGTCTTTTCAATGAAC
D7S515 GGGAGTTACTACCCTCACTTAATG
GGACTGGGCAGCAAAG
D75486 AATCTGTTCTGGCAATGG
GCCCAGGTGATTGATAGTGC
D7S530 TGCATTTTAGTGGAGCACAG
CAGGCATTGGGAACTTTG
D75640 GTCTTCCAGCCCACCC
GCACATCACCAACAACG
D75636 GAGGAGAGACTCAGAATTGGA
CTTAGCATCTCCCTTTCCAT
D7S2481 TITGACATTATTATCCAGCAGG
ATCATTGTAGACTCCCACCAGTAG
D75492 TGTGTGTATCCAGAATCTCAGA
TCTGCTCCATCTTCATATGG
D75666 GCCTTCTCAAGCAAATTGAT
TGAGGTAATGAAAGAGGCA
D75522 GCCAAACTGCCACTTCTC
ACGTGTTATGCCACTCCC
D751875 AGCTCTTGGCAAACTCACAT
GCCTAAGGGAATGAGACACA
D752519 TTAGGAACTTGTGGTCCAG
GCTGTGGTGTATCCTGTG
D7S631 ACTCAACCACATGCCAGTTT
CTTGCCTCAGTTGTCACATT
D751826 CATCCATCTATCTCTGTAATCTCTC
TATTTAACACACCTGTCTCAATCC
D75688 AAGGGATGCATTTCATGATT
AGAGAACAGGAAACGATTGC

Size GenBank
Accession
179-201bp 717029
263-272bp 723925
198-222bp 723423
128-190bp 716999
114-146bp 716567
106-118bp 717136
113-144bp 723671
136bp 723585
203-217 bp 753262
231bp 716704
158bp 724028
217-229bp 217100
186-226bp 752964
104-132bp 754039
167bp 723439
142-162bp (08622
130bp 724402

Primers are given in forward and reverse order.

found in de novo adult AML with normal karyotype
reported by Cuneo et al. (personal communication).
Our study represents the first report of a significant
association between LOH and recurrent unfavor-
able chromosomal abnormalities in AL
Submicroscopic deletions have already been
shown to accompany some primary translocations in
hematologic malignancies.*'#2 For example, deletions
at 5' of ABL and 3' of BCR often accompany BCR/ABL
rearrangement in Ph* chronic myeloid leukemia and
ALL patients, conferring a poor prognosis.*#* Fre-
quent deletions have been documented in both 3' of
MYH11 at 16p13 and at band 1622 involving the

breakpoint cluster region in leukemia patients with
inv(16).4-47 Corral et al48 showed deletions 3' to the
MLL gene in association with translocations involv-
ing chromosome 11. However, all these additional
deletions were always proximal to the translocation
breakpoints suggesting that the underlying mecha-
nism is likely to be associated with the translocation
process itself and may be dependent on the flanking
sequences. The deletions detected in our patients,
although associated with recurrent chromosomal
abnormalities, were not proximal to primary break-
point regions, suggesting that alternative mecha-
nisms should be considered. Unfortunately, we are
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unable to identify a specific mechanism underlying
these abnormalities, although it is conceivable that
multiple molecular events, including defects in the
repair-recombination machinery, illegitimate and
homologous recombination, fragile sites, and translin
activity, may lead to these rearrangements.*-5! It is
still currently unknown whether secondary molecu-
lar lesions result from genomic instability as a con-
sequence of the primary events or, alternatively,
whether submicroscopic deletions represent a pri-
mary event which increases the likelihood of subse-
quent rearrangements.

References

1.

436

Johansson B, Mertens F, Mitelman F. Cytogenetic deletion
maps on haematologic neoplasms, circumstantial evidence for
tumor suppressor loci. Genes Chromosome Cancer 1993;8:
205-8.

Heim S. Cytogenetic findings in primary and secondary MDS.
Leukaemia Res 1992;16:43-6.

Sandberg AA. The Chromosome in Human Cancer and
Leukemia. 1990 Elsevier Science Publishing Co., Inc, New York;
USA.

Fischer K, Frohling S, Scherer SW, McAllister Brown J, Scholl
C, Stingelbauer S, et al. Molecular cytogenetic delineations
and traslocations involving chromosome band 7q22 in myeloid
leukaemias. Blood 1997;86:2036-41.

Johnson EJ, Scherer W, Osborne L, Tsui LC, Oscier D, Mould S,
et al. Molecular definition of a narrow internal at 7q22.1 asso-
ciated with myelodysplasia. Blood 1996;87:3579-86.
Bernstein R, Philip P, Ueshima Y. Abnormalities of chromo-
some 7 resulting in monosomy 7 or in deletion of the long arm
(79-): review of traslocations, breackpoints and associated
abnormalities. 4t International Workshop on Chromosomes in
Leukaemia 1982. Cancer Genet Cytogenet 1984;11:300-3.
Bloomfield CD, Shuma C, Regal L, Philip PP, Hossfeld DK, Hage-
meijer AM, et al. Long-term survival of patients with acute
myeloid leukemia: A third follow up of the Fourth Interna-
tional Workshop on Chromosomes in Leukemia. Cancer 1997;
80:2191-8.

Grimwade D, Walker H, Oliver F, Wheatley K, Harrison C, Har-
rison G, et al. The importance of diagnostic cytogenetics on
outcome in AML: analysis of 1,612 patients entered into the
MRC AML 10 Trial. Blood 1998;92:2322-33.

Faderl S, Kantarjian HM, Talpaz M, Estrov Z. Clinical signifi-
cance of cytogenetic abnormalities in adult acute lym-
phoblastic leukemia. Blood 1998;91:3995-4019.

Wetzler M, Dodge RK, Mrozek K, Carroll AJ, Tantravahi R, Block
AM, et al. Prospective karyotype analysis in adult acute lym-
phoblastic leukemia: the Cancer and Leukemia Group B expe-
rience. Blood 1999;93:3983-93.

Le Beau MM, Albain KS, Larson RA, Vardiman JW, Davis EM,
Blough RR, et al. Clinical and cytogenetic correlations in 63
patients with therapy-related myelodysplastic syndromes and
acute nonlymphocytic leukaemia: further evidence for char-
acteristic abnormalities of chromosome nos 5 and 7. J Clin
Oncol 1986;3:325-45.

Atkin NB, Baker MC. Chromosome 7q deletions: observation on
13 malignant tumors. Cancer Genet Cytogenet 1993;67:123-
5.

Zenklusen JC, Biéche |, Lidereau R, Conti CJ. CA microsatellite
repeat D75522 is the most commonly deleted region in human
primary breast cancer. Proc Natl Acad Sci USA 1994;91:12155-
8

Zenklusen JC, Thompson JC, Troncoso P, Kagan J, Conti CJ. Loss
of heterozygosity in human primary prostate carcinomas: a
possible tumor suppressor gene at 7q31.1. Cancer Res 1994;
54:6370-3.

Zenklusen JC, Thompson JC, Klein-Szanto AJ, Conti CJ. Fre-
quent loss of heterozygosity in human primary squamous cell
and colon carcinomas at 7q31.1: evidence for a broad range
tumor suppressor gene. Cancer Res 1995;55:1347-50.

16.

20.

21.

22.

23.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hernandez JM, Schoenmakers EF, Dal Cin P, Michaux L, Van de
Ven WJ, Van den Berghe H. Molecular delineation of the com-
monly deleted segment in mature B-cell lymphoid neoplasias
with deletion of 7q. Genes Chromosomes Cancer 1997;18:147-
50.

Koike M, Takeuki S, Yokota J, Park S, Hatta Y, Miller CW, et al.
Frequent loss of heterozygosity in the region of the D7S523
locus in advanced ovarian cancer. Genes Chromosomes Can-
cer 1997;19:1-5.

Lin JC, Scherer SW, Tougas L, Traverso G, Tsui LC, Andrulis IL;
et al. Detailed deletion mapping with a refined physical map
of 731 localizes a putative tumor suppressor gene for breast
cancer in the region of MET. Oncogene 1996;13:2001-8.
Liang H, Fairman J, Claxton DF, Nowell PC, Green ED, Nagara-
jan L. Molecular anatomy of chromosome 7q deletions in
myeloid neoplasms: evidence for multiple critical loci. Proc
Natl Acad Sci USA 1998;95:3781-5.

Le Beau MM, Espinosa R, Davis EM, Eisenbart JD, Larson RA,
Green ED. Cytogenetic and molecular delineation of a region
of chromosome 7 commonly deleted in malignant myeloid dis-
orders. Blood 1996;88:1930-5.

Kratz CP, Emerling BM, Donovan S, Laig-Webster M, Taylor
BR, Thompson P, et al. Candidate gene isolation and compar-
ative analysis of a commonly deleted segment of 7922 impli-
cated in myeloid malignancies. Genomics 2001;77:171-80.
Thiagalingam S, Foy RL, Cheng KH, Lee HJ, Thiagalingam A,
Ponte JF. Loss of heterozygosity as a predictor to map tumor
suppressor genes in cancer: molecular basis of its occurrence.
Curr Opin Oncol 2002;14:65-72.

Tosi S, Scherer SW, Giudici G, Czepulkowski B, Biondi A, Kear-
ney L. Delineation of multiple deleted regions in 7q the long
arm of chromosome 7 in human breast cancer defines the
location of a second tumor suppressor gene at 7922 in the
region of the CUTL1 gene. Oncogene 1999;18:2015-21.
Emerling BM, Bonifas J, Kratz CP, Donovan S, Taylor BR, Green
ED, et al. MLL5, a homolog of Drosophila trithorax located
within a segment of chromosome band 7q22 implicated in
myeloid leukemia. Oncogene 2002;21:4849-54.

Kratz CP, Emerling BM, Bonifas J, Wang W, Green ED, Le Beau
MM, et al. Genomic structure of the PIK3CG gene on chromo-
some band 7q22 and evaluation as a candidate myeloid tumor
suppressor. Blood 2002;99:372-4.

Frohling S, Nakabayashi K, Scherer SW, Dohner H, Dohner K.
Mutation analysis of the origin recognition complex subunit 5
(ORC5L) gene in adult patients with myeloid leukemias exhibit-
ing deletions of chromosome band 7g22. Hum Genet
2001;108:304-9.

ISCN. An international system for human cytogenetic nomen-
clature. Basel, Switzerland; Karger. 1995.

Zeng WR, Scherer SW, Koutsilieris M, Huizenga JJ, Filteau F,
Tsui LC, et al. Loss of heterozygosity and reduced expression of
the CUTL1 gene in uterine leiomyomas. Oncogene 1997;14:
2355-65.

Sweetser DA, Chen CS, Blomberg AA, Flowers DA, Galipeau PC,
Barret MT, et al. Loss of hererozygosity in childhood de novo
acute myelogenous leukemia. Blood 2001;98:1188-94.

Pabst T, Schwaller J, Bellomo MJ, Oestreicher M, Muhlemat-
ter D, Tichelli A, et al. Frequent clonal loss of heterozygosity
but scarcity of microsatellite instability at chromosomal break-
point cluster regions in adult leukaemias. Blood 1996;88:1026-
34

Hatta Y, Yamada Y, Tomonaga M, Said JW, Miyosi |, Koeffler
P. Allelotype analysis of adult T-cell Leukaemia. Blood 1998;
92:2113-7.

Kiuru-Kuhlefelt S, Kristo P, Ruutu T, Knuutila S, Kere J. Evidence
for two molecular steps in the pathogenesis of myeloid disor-
ders associated with deletion of chromosome 7 long arm.
Leukemia 1997;11:2097-104.

Tripputi P, Cassani B, Alfano R, Graziani D, Cicognini D, Doi P,
et al. Chromosome 7 monosomy and deletions in myeloprolif-
erative disease. Leuk Res 2001;25:735-9.

Koike M, Tasaka T, Spira S, Tsuruoka N, Koeffler HP. Allelotyp-
ing of acute myelogenous leukemia: loss of heterozygosity at
7q931.1 (D785486) and q33-34 (D75498, D7S505). Leuk Res
1999;23:307-10.

Rigolin GM, Bigoni R, Milani R, Cavazzini F, Roberti MG, Bar-
di A, et al. Clinical importance of interphase cytogenetics
detecting occult chromosome lesions in myelodysplastic syn-

haematologica/journal of hematology vol. 88(04):april 2003



37.
38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.
51.

Loss of heterozygosity in the 7q region in AL patients

dromes with normal karyotype. Leukemia 2001;15:1841-7.
Haydon AM, Jass JR. Emerging pathways in colorectal-cancer
development. Lancet Oncol 2002;3:83-8.

Starostik P, Muller-Hermelink HK. Diagnosis of microsatellite
instability-positive colorectal cancer. Expert Rev Mol Diagn
2001;1:71-80.

Achille A, Biasi MO, Zamboni G, Bogina G, lacono C, Talamini
G, et al. Cancers of the papilla of vater: mutator phenotype is
associated with good prognosis. Clin Cancer Res 1997;3:1841-
7.

Tasaka T, Lee S, Spira S, Takeuki S, Hatta Y, Nagai M, et al. In-
frequent microsatellite instability during the evolution of the
myelodysplastic syndrome to acute myelocytic leukaemia. Leuk
Res 1996;20:113-7.

Brown AG, Ross FM, Dunne EM, Steel CM, Weir-Thompson EM.
Evidence for a new tumor suppressor locus (DBM) in human B-
cell neoplasia telomeric to the retinoblastoma gene. Nat Genet
1993;3:67-72.

Stilgenbauer S, Schaffner C, Litterst A, Liebisch P, Gilad S, Bar-
Shira A, et al. Biallelic mutations in the ATM gene in T-pro-
lymphocytic leukemia. Nat Med 1997;3:1155-9.

Sinclair PB, Nacheva EP, Leversha M, Telford N, Chang J, Reid
A, et al. Large deletions at the t(9;22) breakpoint are common
and may identify a poor-prognosis subgroup of patients with
chronic myeloid leukaemia. Blood 2000;95:738-43.
Kolomietz E, Al-Maghrabi J, Brennan S, Karaskova J, Minkin S,
Lipton J, et al. Primary chromosomal rearrangements of
leukemia are frequently accompanied by extensive submicro-
scopic deletions and may lead to altered prognosis. Blood
2001; 97:3581-8.

Martinet D, Muhlematter D, Leeman M, Parlier V, Hess U, Gmur
J, et al. Detection of 16p deletions by FISH in patients with
inv(16) or t(16;16) and acute myeloid leukaemia (AML).
Leukaemia 1997;11:964-70.

Van Der Kolk DM, Vellenga E, Van Der Veen AY, Noordhoek L,
Timmer-Bosscha H, Ossenkoppele GJ, et al. Deletion of the
multidrug resistance protein MRP1 gene in acute myeloid
leukemia: the impact on MRP activity. Blood 2000;95:3514-

9.

Marlton P, Claxton DF, Liu P, Estey EH, Beran M, Le Beau M, et
al. Molecular characterization of 16p deletions associated with
inversion 16 defines the critical fusion for leukemogenesis.
Blood 1995;85:772-9.

Corral J, Forster A, Thompson S, Lampert F, Kaneko Y, Slater R,
et al. Acute leukemia of different lineage have similar MLL
gene fusions encoding related chimeric proteins resulting from
chromosomal translocation. Proc Natl Acad Sci USA 1993;90:
8538-42.

Aoki K, Suzuki K, Sugano T, Tasaka T, Nakahara K, Kuge O, et
al. A novel gene, Translin, encodes a recombination hotspot
binding protein associated with chromosomal translocations.
Nat Genet 1995;10:167-74.

Glover TW, Stein CK. Chromosome breakage and recombina-
tion at fragile sites. Am J Hum Genet 1988;43:265-73.

Hule ML, Shanske AL, Kasper JS, Marion RW, Hirschhorn R. A
large Alu-mediated deletion, identified by PCR, as the molec-
ular basis for glycogen storage disease type Il (GSDII). Hum
Genet 1999;104:94-8.

haematologica/journal of hematology vol. 88(04):april 2003

Pre-Publication Report & Outcomes of
Peer Review

Contributions

RB and AS: conception and design, analysis and
interpretation of data, drafting the article; RP, GC:
cytogenetic and molecular analyses; FF, SM, SM: clin-
ical support. MP, LC: technical support. All authors :
final approval of the version to be published FLC:
revising the manuscript critically for important intel-
lectual content.

Funding

This work was in part supported by a grant of the
Associazione Italiana per la Ricerca sul Cancro (AIRC)
and the Associazione Italiana contro le Leucemie
(AIL). We are grateful to Prof. Francesco Lo Coco
(Chair of Hematology, University “La Sapienza",
Rome) for critically reviewing this manuscript.

Disclosures

Conflict of interest: none.

Redundant publications: no substantial overlap-
ping with previous papers.

Manuscript processing

This manuscript was peer-reviewed by two exter-
nal referees and by Professor Cristina Mecucci, who
acted as an Associate Editor. The final decision to
accept this paper for publication was taken jointly by
Professor Mecucci and the Editors. Manuscript
received September 9, 2002; accepted February 6,
2003.

In the following paragraphs, the Associate Editor
summarizes the peer-review process and its out-
comes.

What is already known on this topic

Conventional cytogenetics definitively proved the
occurrence of 7q deletions in acute leukemias. More-
over AML with complex karyotypes and poor prog-
nosis frequently show 7q deletion. LOH is a success-
ful approach to identify microdeletions which escape
cytogenetics.

What this study adds

LOH is helpful to refine information on microdele-
tions as compared to conventional cytogenetics or
FISH, and to reveal losses undetected by other tech-
nologies. LOH microdeletions at 7q are associated
with unfavorable changes.

Caveats

This new information may be important to char-
acterize primary and secondary genomic events in
acute leukemias.
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