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Loss of heterozygosity in acute leukemia: evidence of frequent
submicroscopic deletions 
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Although chromosomal abnormalities are detected by conventional cytogenetic analy-
sis (CCA) in 40-60% of patients with  acute myeloid leukemia (AML), cryptic chromo-
somal deletions may only be detected by molecular analysis. To determine their fre-
quency, we studied 74 cases of AML by microsatellite allelotype assay using 35
microsatellites spanning eight chromosomal regions known to be frequently involved
in AML. In 42 (57%) we found DNA imbalance at the screened loci. This was detect-
ed by CCA only in 4 cases. Our data show that cryptic deletions are a common event
in AML.
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ABSTRACT

Clonal chromosomal abnormalities
are detected by conventional cyto-
genetic analysis (CCA) in 40-60%

of patients with de novo acute myeloid
leukemia (AML).1 Thus, CCA is a funda-
mental component of modern leukemia
cytogenetics. Nevertheless, cryptic chro-
mosomal aberrations may escape CCA,
only being detected by molecular genetic
analysis. Loss of heterozygosity (LOH),
resulting from deletion of one allele at a
given locus, may be used as a marker of
genetic imbalance in several neoplasms.2 Its
ability to detect smaller DNA losses, in the
range of a few kilobases, results in a higher
resolution power than CCA and FISH. To
identify patients who have submicroscopic
deletions at various chromosomal regions,
we performed a microsatellite allelotype
assay based on fluorescence-PCR in 74
patients with AML.

Design and Methods

Sample selection
A total of 74 consecutive patients diag-

nosed with AML at our institution between

2002 and 2004 were eligible for this study.
The diagnosis of AML was established
according to the criteria of the French-
American-British (FAB) classification by
standard morphological, cytochemical and
immunophenotypic methods.3 Their FAB
distribution was as follows: M0, n=6; M1,
n=13; M2, n=18; M3, n=10, M4, n=14; M5,
n=6; sAML, n=5, and MDS, n=2. These
were 33 males and 41 females with a medi-
an age of 52 years (range 10-77) (Table 1,
online version only). 

Karyotype was available in 63 of the 74
cases (85%). Twenty-five patients had a
normal karyotype. Favorable cytogenetic
alterations were found in 19 patients, such
as t(8;21), t(15;17), and inv(16). Twelve
patients had unfavorable alterations, such as
–7/del(7q), 11q23, 3q abnormalities, t(6;9),
hyperdiploidy and complex karyotype.
Trisomy 8 as a single aberration was found
in two patients, and the remaining 5 cases
carried miscellaneous clonal abnormalities.
Chromosomal abnormalities were classified
according to the International System for
Cytogenetic Nomenclature.4 The cytoge-
netic risk classification of AML patients was
performed according to current criteria.5
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Microsatellites analysis
Diagnostic samples from bone marrow and/or

peripheral blood containing a high proportion of
leukemic cells (>80%) were used for molecular studies.
We used epithelial cells from buccal mucosa at diagno-
sis (8 pts), or T lymphocytes, from peripheral blood at
clinical remission (66 patients) as a source of constitu-
tional DNA for each patient. These were immunose-
lected using magnetic beads (MiniMacs; Miltenyi
Biotec Bergish Gladbach, Germany). LOH was assessed
by using oligonucleotide primers for 35 highly poly-
morphic microsatellite repeat markers chosen among
those spanning chromosomal 5q31-32, 6q16-23,
7q22.1-33, 9q21.3-22, 12p12.2-13.3, 13q13, 17p12-13.3
and 20q11 (Figure 1). Commercial primers with fluores-
cent dye phosphoramidites FAM, TET or NED were
used (Applied Biosystem, CA, USA). PCR-amplification
of microsatellite sequences was performed and ana-
lyzed by capillary electrophoresis as previously
described.6

Only heterozygous loci were considered useful. LOH
was scored as positive when the degree of reduction in
allelic signal intensity was greater than 70% in one of
the alleles of the blast population compared with con-
trol DNA. All samples showing LOH were subjected to
repeat amplification and analysis for data confirmation.
The presence of novel alleles in leukemic cells com-
bined with their absence in normal cells was referred to
as microsatellite instability (MSI), whereas at least a
double intensity signal of one of the alleles in tumor
cells was defined as genomic amplification. Examples
of LOH and amplification are shown in Figure 2.

Results and Discussion

Matched pairs of constitutional and clonal DNA from
74 patients were analyzed for LOH by using 35
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Figure 1. Diagrammatic representation of
microsatellite markers chosen for LOH
study. 

Figure 2. Examples of allelotyping results. A. Loss of heterozygos-
ity (LOH). B. Heterozygosity. C. Genomic amplification. 
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microsatellites covering eight chromosomal regions
known to be frequently involved in AML. A total of
2,028 loci were successfully screened, and informative
allelotypes were found in 1,560 examined loci (77%).
All samples were informative for at least 75% of the 35
microsatellite markers. Balanced allelotypes were
observed in 32 cases (43.2%), while microsatellite DNA
imbalance at the screened loci was observed in the
remaining 42 cases (57%). LOH was detected in 37
cases, microsatellite instability in 2 cases, and amplifi-
cation in 6 cases (Table 1, online version only). LOH
events were randomly present in all analyzed chromo-
somal bands, except for clustering at 7q22-32, observed
in 14 patients. CCA had failed to detect any ch7 abnor-
mality in ten of these. 

Among the 42 cases with genetic imbalance, 9 had
unfavorable cytogenetic (cases #1, 7, 15, 19, 31, 34,
36, 38 and 40), 9 patients (21%) had favorable cyto-
genetic (cases #10, 16, 21-26, 32), 10 patients (23%)
showed a diploid karyotype (cases #3, 4, 6, 9, 12, 18,
27, 30, 33 and 39) and the remaining 6 patients
showed miscellaneous chromosomal abnormalities
(cases #8, 11, 14, 17, 20 and 41). Remarkably, all
chromosomal monosomies or deletions (cases #1,
14, 17, and 40) have been confirmed by the micro-
satellites data, whereas 38 cases with genetic imbal-
ance had no cytogenetically detectable abnormali-
ties at the screened bands. Our data suggest that
LOH is a common event in adults with acute
myeloid leukemia, involving at least one half of
patients. This percentage may be an underestima-
tion since we used a restricted panel of microsatel-
lites. The percentage of patients with LOH may sig-
nificantly increase if a broader panel is used. 

Possible advances in the treatment of acute
leukemia also depend on understanding the patho-
genic mechanisms. Identification of genetic events
which facilitate or start the leukemic process repre-
sents a major objective of current research in this
field. If one assumes that LOH may impact on the
mechanisms of leukemogenesis, definition of its real
frequency is of interest. Nevertheless the incidence
of LOH in de novo acute leukemia remains controver-
sial, since only limited data are available. In the only
reported genome-wide screening study of childhood
AML, microsatellite LOH was found in 17 out of 53
samples (32%).7 Although a very small series, 80%
of LOH was found in childhood acute lymphoblas-
tic leukemia by using genome-wide arrays of single
nucleotide polymorphisms (SNP).8 Very few data are
reported in adult AML. Pabst et al.9 showed
microsatellite LOH in 25/32 (78%) patients, and
Gorletta et al.10 in 20% patients with normal kary-
otype. Altogether, these data confirm that LOH is a
frequent finding in acute leukemia and discrepancies
in its incidence may be related to different tech-
niques.

It has recently been suggested that LOH arises
not only from chromosomal deletion, but also from
somatic recombination with acquired uniparental
dysomy (UPD).11 This results in large homozygous
regions spanning from a specific point to the telom-
ere. This novel form of abnormality was docu-
mented by genome-wide SNP analysis in about
20% of AML by Raghavan et al.11 UPD mechanism
could explain LOH only in a minority of our
patients (cases #5, 11, 12, 39 and 42) while the
remaining had interstitial LOH, compatible only
with loss of genetic material. This agress with the
findings of Gorletta et al.10

In our series, LOH was not apparently restricted
to, or associated with, any specific AML FAB sub-
type or chromosomal region, with the only excep-
tion of the 7q band, which was involved in 10 cases
with normal chromosome 7 at CCA. Conflicting
results have been reported on the 7q region involve-
ment in patients with cytogenetically normal chro-
mosome 7. In a previous series, we found 7q LOH in
16 of 50 (32%) cases of acute leukemia, including 13
cases which were LOH+ve despite cytogenetically
normal chromosome 7. In this series, submicroscop-
ic deletions at D7S486 were confirmed by FISH.6

What has been learned from the comparative
study of conventional cytogenetic and molecular
data? Submicroscopic deletions, which may be
detected by FISH, have been reported proximal to
the translocation breakpoints of some non-random
leukemia-associated translocation.12,13 This suggests
that the underlying mechanism is likely to be associ-
ated with the translocation process itself and may be
dependent on the flanking sequences. No deletions
were found in adult AML with normal karyotype by
Cuneo et al.14 In a 24-color FISH study, Schoch et al.15

showed that loss of genetic material is a frequent
event in AML with a complex aberrant karyotype.
Furthermore, a large spectrum of genomic imbal-
ances were identified in a recent study using com-
parative genomic hybridization array (array-CGH).16

The frequency of LOH may depend heavily on the
methods used for its screening. Novel techniques
such as array-based SNP and CGH allow a high res-
olution screening and confirm that cryptic chromo-
somal abnormalities are a common event in
leukemia.

In conclusion, on the basis of our findings, LOH
appears to be a very common event in adult AML,
not associated with recurrent chromosomal alter-
ations, and may also be found in patients with
diploid karyotype. LOH may occur not only adja-
cent to usual breakpoint regions, but also some dis-
tance from them, suggesting that loss of chromoso-
mal material occurring throughout the genome may
be a pivotal mechanism for leukemogenesis. Cryptic
deletions may cause homozygosity of tumor-sup-
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pressor genes and may influence gene expression
pattern by loss of microRNA or as a consequence of
gene dosage.17,18 Moreover, LOH due to acquired uni-
parental dysomy has been associated with homozy-
gous gene mutation in AML.19 All of these mecha-
nisms may have important implications in leukemo-
genesis. Whether LOH is a primary event or a sec-
ondary molecular lesion remains to be clarified.
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