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Background and Objectives. A pluripotent progenitor cell
was demonstrated to be involved in myelodysplastic syn-
dromes (MDS) with normal karyotype or with numerical
chromosome aberrations, but the pattern of lineage
involvement by the 5q31 deletion in the 5q- syndrome is
unknown. We performed this study in order to define the
distribution pattern of the 5q- anomaly better in the non-
lymphoid cell compartment. 

Design and Methods. Bone marrow (BM) smears from 8
patients with the 5q- syndrome were studied by a modi-
fication of the fluorescent in situ hybridization (FISH)
technique that allowed direct visualization of cell mor-
phology. A commercial LSI EGR1 probe (Vysis Inc.) for the
5q31 band was used simultaneously in dual-color exper-
iments with a chromosome-5-centromeric probe (Vysis
Inc.) on BM smears from 8 patients with the 5q-syn-
drome. As additional internal controls a chromosome-7-
centromeric probe and a 7q31 probe were used. To
establish the sensitivity limit of this approach 5 normal
BM smears were studied. All 8 patients had the 5q- chro-
mosome as the sole anomaly in 45% to 75% of the inter-
phase cells. 

Results. For each patient 20-40 erythroblasts were ana-
lyzed: they were mostly proerythroblasts and basophilic
erythroblasts. In all patients a clone carrying the 5q31
deletion was detected (35-50% of the cells, median
45%). Between 20-50 granulocyte precursors were
scored; the 5q31 deletion was found in 40%-50% (medi-
an 45%) in all cases. The proportion of neutrophils car-
rying  the 5q deletion was consistently lower than the
corresponding value in promyelocytes (28.7% vs 45.6%).
In the 20-25 megakaryocytes analyzable in all patients,
the overall incidence of 5q31 deletion was 52-68%.
Equal proportions of large multilobular megakaryocytes
and hypolobular megakaryocytes characteristic of the 5q-
syndrome were scored: the latter cells showed the 5q31
deletion  more frequently than the former cells  (93.6%
vs 19.3% of the cells). In 66% to 100% of the cases
(median 83%) a few cells with uncondensed nuclear
chromatin pattern, and two or three prominent nucleoli
with cytoplasmatic hypogranulation were seen in each
sample carrying the 5q31 deletion.

Interpretation and Conclusions. We arrived at the fol-
lowing conclusions: i) the transformation in the 5q- syn-
drome involves an early progenitor cell retaining the abil-
ity to proceed along multiple differentiation pathways; ii)
there is a preferential distribution of the 5q31 deletion
within immature cells and morphologically abnormal
megakaryocytes. 
©2001, Ferrata Storti Foundation
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Myelodysplastic syndromes (MDS) are a group of
hematopoietic neoplasms associated with
cytopenia and morphologic aberrations involv-

ing one or more cell lineages. Studies including the
analysis of G6PD isoenzyme expression, restriction
fragment length polymorphism, combined immunophe-
notyping and in situ hybridization, provided compelling
evidence for an acquired disorder occurring at a stem
cell level.1-4

Despite the heterogeneity of evolution patterns, three
prognostically distinct groups were recognized,5 based
on the assessment of hematologic and cytogenetic vari-
ables. Among the low-risk MDS group, a distinct disease
carrying a partial deletion of the 5q chromosome as the
sole anomaly was first described by Van den Berghe et
al. in 1974.6 Peculiar hematologic features in this cyto-
genetic entity include refractory macrocytic anemia,
hypolobulated megakaryocytes with normal or elevat-
ed platelet counts and modest leukopenia. There is wide
consensus that the association of the above mentioned
cytogenetic and hematologic features identifies a dis-
tinct hematologic entity occurring more frequently in
females and having a benign clinical course with a low
propensity for transformation into acute leukemia.7

The application of fluorescent in situ hybridization
(FISH) on bone marrow (BM) smears proved to be a reli-
able method of allowing the simultaneous visualization
of cytogenetic anomalies and cell morphology.8-12 Clar-
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ification of which cell lineages are affected by the 5q-
anomaly may allow for a better understanding of the
biology of this disease, especially when considering that
heterogeneity of lineage involvement may occur in MDS13

and that macrocytic anemia is frequently the only
remarkable hematologic alteration in the 5q-syndrome. 

To define the distribution of the 5q- anomaly better
in the non-lymphoid cell compartment, eight patients
with morphologic, cytogenetic and hematologic fea-
tures typical of the 5q- syndrome were analyzed using
a modification of the conventional FISH technique per-
mitting the direct visualization of hybridization signals
on cytologically intact BM smears. 

Design and Methods

Patients
Eight patients with morphologic, clinical and cytoge-

netic features consistent with the diagnosis of 5q- syn-
drome7 were included in the present study. These
patients were classified according to the FAB criteria.14

An independent review of bone marrow (BM) morphol-
ogy was carried out, with reference to the presence of
dyserythropoiesis, dysgranulopoiesis and dysmegakary-
ocytopoiesis. 

Cytogenetic studies
Chromosome studies were successfully performed in

all cases as part of the diagnostic workup; in 3 cases a
second investigation was performed after 1-2 years. 

Bone marrow cells were cultured for 24 and 48 hours
in RPMI medium to which 10% fetal calf serum had
been added. The cytogenetic procedure included mitot-
ic block by colcemid, hypotonic shock in 0.075M KCl
solution and fixation in 3:1 methanol/acetic-acid solu-
tion.  When possible, a minimum of 20 metaphases were
analyzed for each patient; karyotype analysis was per-
formed according to the ISCN.15

FISH studies
Probes. A commercial probe (LSI probe EGR-1, cod. 32-

190021, Vysis Inc., Illinois, USA,) recognizing sequences
at the 5q31 band (conjugated with Spectrum green flu-
orophore) was used simultaneously in dual-color exper-
iments with a chromosome-5-centromeric probe (con-
jugated with Spectrum orange fluorophore) throughout
this study. As additional controls the following probes
were used in all experiments in BM smears as outlined
below: a chromosome-7-centromeric probe (conjugated
with Spectrum green fluorophore) and a probe recog-
nizing sequences at the 7q31 band (conjugated with
Spectrum orange fluorophore) (Vysis Inc.).

FISH on methanol/acetic-acid fixed samples
To assess the percentage of interphase cells carrying

the 5q31 deletion, the samples that were used for cyto-
genetic analysis were hybridized according to a previ-
ously described FISH protocol,16 using the 5q31 probe.
Signal screening was performed on 200 interphase
nuclei with well delineated signals.

FISH on BM smears
Controls and MDS patients. To assess the efficiency of

this technique, five BM smears obtained from subjects
with non-neoplastic hematopoiesis were hybridized
with the 5q31 probe and the chromosome-5-cen-
tromeric probe in dual-color FISH experiments.

Diagnostic BM smears in eight patients with the 5q-
syndrome were studied. The slides were  stored at room
temperature for 1-6 years. In patients #1, 3, 7, a second
FISH analysis was performed on follow-up BM smears
obtained 1-2 years after diagnosis.

Because hybridization efficiency on these cytologic
preparations was sub-optimal as compared with FISH on
conventional cytogenetic preparations, two types of
controls in MDS samples were used. The first control
was cohybridization of the 5q31 probe with the chro-
mosome-5-centromeric probe; the second control was
rehybridization of the same slide with the chromosome-
7-probes. The chromosome-7-probes were selected as
controls because they had similar characteristics (size,
direct labeling) as the chromosome-5-probes used in
this study.

Hybridization conditions. The same slides previously
colored with May-Grünwald-Giemsa stain (MGG) and
used for clinical observation were first incubated for 60
min with RNAase (100 ug/mL; Boehringer Mannheim,
Mannheim, Germany) washed twice in 4×SSC 5 min
each, subsequently dehydrated in ethanol alcohol series
(70%, 80%, 90%, 100%) and air dried.

The slides were prewarmed on a hot plate and then
immersed in a 70% formamide/2×SSC solution at 72°C
for 5 min and dehydrated again with ice alcohol series.

Fifteen microlitrers of each probe were added to each
slide, which was covered with a covers lip. Rubber
cement was used to seal the edges and the slide was
incubated overnight at 37°C, in a moist chamber.

Post-hybridization washes included baths at 45 °C in
50% formamide in 2×SSC for 15 min, in 1×SSC for 10
min, and in 0.1×SSC for 5 min, without intermittent agi-
tation. No antifade solution was applied to the slides.

Evaluation of FISH results was performed using a
Nikon fluorescence-equipped microscope with couple
charged camera device and appropriate hardware and
software (Cytovision System, Applied Imaging distrib-
uted by Nikon Italy, Florence, Italy); FISH images and
the MGG microscopic field previously recorded were
fused for the final view. 

Signal screening. To prevent data misinterpretation
deriving from inefficient hybridization only those areas
with more than 70% cells showing two centromeric sig-
nals at a 1,200× magnification were analyzed. 

Granulocytic and erythroid cell were counted as
affected by 5q deletion if two centromeric signals and
one 5q31 signal were present. The same criterion was
applied for the detection of 7q31 deletion. 

All megakaryocytes without overlapping nuclear lobes
and with well delineated signals were analyzed. Fluo-
rescent spots disclosed on different focus planes were
recorded separately and fused in the same cell image
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using computed-assisted image recording. Because the
ploidy of megakaryocytes is variable we first calculated
the mean green-to-red signal ratio ±2 SD in 50 normal
megakaryocytes and then used the lower interval limit
as the cut-off point for recognizing 5q deletion in MDS
megakaryocytes. In each megakaryocyte, the number of
5q31-signals (green fluorescence) and of chromosome-
5-centromere signals (red fluorescence) was counted
and the 5q31/5q-centromere ratio was calculated.  

A total of 250 erythroblasts and granulocyte precur-
sors and 50 megakaryocytes were scored in the five nor-
mal BM smears to set the cut-off point for recognition
of 5q31 and 7q31 deletion. 

Forty or more erythroblasts and granulocyte precur-
sors and a minimum of 20 megakaryocytes with well
spread nuclei were examined in each MDS slide. 

Results

Hematologic features
Hematologic and cytogenetic data of our patients are

summarized in Table 1. Their median age was 64.5 years,
with a 1:4 male-to-female ratio.

Five patients are alive with stable disease (follow-up
of 48-96 months), 1 patient developed progressive
transfusion-dependent anemia after 36 months (patient
#3); 1 patient died after 48 months of an MDS-unre-
lated  condition (heart attack; patient #1); 1 patient
was lost to the follow-up (patient #4). No patient devel-
oped leukemia. 

Macrocytic anemia (median hemoglobin value 9.6
g/dL, range 8.5-10.2 g/dL,  median MCV value) with low

corrected reticulocyte-count (mean value 1.5%, range
0.5-2%) was present in all patients. The white blood cell
count ranged between 2,140-4,600×109/L with 35-53%
neutrophils. Moderate thrombocytopenia was observed
in two patients.

The bone marrow was consistently hypercellular with
moderate dyserythropoiesis  (heterogeneity of nuclear
shapes, irregular mitotic figures, abnormal dense chro-
matin with asynchronous cytoplasmic maturation). Mild
dysgranulopoiesis, with hypogranulation and hyposeg-
mentation of the polymorphonuclear neutrophils, some-
times associated with chromatin condensation, was
observed.

In all cases 25-70% of the platelet precursors were
megakaryocytes with one or two nuclear segments and
small mononuclear megakaryocytes, having a round,
eccentrically placed nucleus of approximately 30 µm in
diameter or less. 

In all patients there were less than 10% blast cells in
the peripheral blood and less than 5% in the bone mar-
row.

Cytogenetic and FISH findings
All 8 patients had the 5q- chromosome as the sole

anomaly, with the classical 5q13-q31 breakpoints (Table
1). The percentage of metaphases with the 5q31-33
deletion ranged from 33% to 75% (median 55%): sim-
ilar data were obtained by interphase FISH, showing
45%-75% nuclei with the 5q deletion (median 59%). In
three patients the precentage of 5q- cells was
reassessed by  interphase FISH after 1-2 years: the pro-
portion of deleted cells increased from 45%, 55% and
58% to 67%, 68% and 77%, respectively. 

FISH on BM smears
Controls and cut-off point for the recognition of 5q

deletion. The hybridization efficiency was found to vary
in different areas of the slides.

Optimal  results, i.e. in the presence of the expected
2-red and 2-green signals, were observed in well spread
areas with preserved cell morphology, a minority of cells
having clumped chromatin. In these areas, usually rep-
resenting a minority of 1,200× microscopic fields, more
than 70% of the cells had the expected signal configu-
ration (Figure 1). 

In the five controls the percentage of erythroblasts
having a false 5q31 deletion was in the range of 5-10%
(median value 7%); 4-10% of the cells (median 6%)
were granulocyte precursors carrying a false 5q31 dele-
tion. The ploidy of the 50 analyzed megakaryocytes
ranged between 4 and 32 (modal ploidy 8). The ratio of
chromosome 5q31/chromosome-5-centromere signals
was in the range of 0.75-1.00 (median value 1.00). The
cut-off point for recognition of 5q deletion was set at
the mean values plus 2 SD, corresponding to 12.1% for
erythroblasts, and 12.5% for granulocytic cells. A <0.70
ratio of chromosome 5q31/chromosome-5-centromere
was required for each individual megakaryocyte to be
counted as affected by 5q31 deletion.

Hybridization of the samples with chromosome-7-

Multilineage involvement in the 5q-syndrome

Table 1. Salient hematologic and cytogenetic features in 8
patients with the 5q- syndrome.

Pt. Diagnosis Age WBC Hb MCV Plt % cells Metaphases
(mos/yr) (yrs) (103/µL) (g/dL) (fL) (103/µL) with del with del

(FISH)

1 3/96 72 2,14 10 106 103 55
68* 6/11(54%)

2 3/92 67 2.95 10.2 102 370 60 6/11 (54%)

3 4/95 18 4.6 8.9 106 358 45
6* 7/19 (37%)

4 1/95 64 2.8 8.7 110 100 75 10/16 (62%)

5 11/92 54 3.1 8.5 104 150 45 4/12 (33%)

6 7/94 68 3.4 9.4 102 340 75 10/13 (77%)

7 3/95 62 2.5 9.2 108 237 58
77* 7/13 (54%)

8 6/92 54 3.8 10.1 100 278 70 8/12 (66%)

mos = months; yrs = years; del = deletion. *Case studied after 12 months, case
3 studied after 14 months, case 7 studied after 24 months.
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probes showed a false deletion in 4-9% of erythroid
cells (median value 6%) and in 6-10% of granulocytic
cells (median value 7%). A 0.80-1.00 ratio of red-to-
green signals was observed in megakaryocytes.

MDS marrows
Detailed results of FISH investigations on BM smears

are presented in Table 2. 

Erythroid cells 
Forty erythroblasts were analyzed in each patient:

they mostly consisted of proerythroblasts and basophilic
erythroblasts; only few mature erythroid precursors hav-
ing two centromeric signals could be analyzed due to
inefficient hybridization in cells with clumped chro-
matin. In all patients, a clone carrying the 5q31 deletion

was detected, accounting for 35-50% of the cells (medi-
an 45%). Globally, 43.7% of 320 erythroblasts carried
the 5q- chromosome in the eight patients analyzed at
diagnosis.

Granulocytic lineage and undifferentiated
cells 

The 5q31 deletion was detected in 40 to 50% (medi-
an 45%) of the granulocyte precursors. Due to chro-
matin clumping only a total of 80 neutrophils could be
analyzed in the eight patients: 23 neutrophils (mean
28.7%) showed the 5q31 deletion, as compared with
146/320 (mean 45.6%) granulocyte precursor cells.

A total of 25 cells with uncondensed nuclear chro-
matin, 1 or more nucleoli and scanty cytoplasm, corre-
sponding to blast cells, could be visualized in the eight
MDS patients. Twenty of these cells (80%) showed a 5q
deletion.

Megakaryocytic lineage
A minimum of 20 megakaryocytes were analyzed in

each patient. The number of chromosome-5-centromere
signals ranged from 2 to 8. 

The percentage of platelet progenitors carrying a dele-
tion was in the range of 52%-68% (median 62%).
Although the expected 0.50 ratio of 5q31/chromosome-
5-centromeric signals was found in the majority of
megakaryocytes with deletion, a ratio in the range of
0.50-0.70 was observed in some cells. Counting errors
due to difficulty in recognizing hybridization spots locat-
ed on different focus planes may account for this obser-
vation and indeed similar findings were reported by van

R. Bigoni et al.

Table 2. FISH studies on BM smears: no. of cells with dele-
tion/total. 

Patient Mono/hypo- Other Erytrho- PM, M, Neutro- Blasts
lobular Mk-cytes blasts MM° phils

Mk-cytes

1* 10/11 3/11 18/40 20/40 3/10 3/3
8/8 4/10 11/20 12/20 4/10 NA

2 12/12 3/12 16/40 16/40 2/10 2/2

3* 12/13 2/10 20/40 20/40 2/10 2/3
10/10 5/10 10/20 10/20 3/10 NA

4 11/11 0/10 14/40 16/40 3/10 3/5

5 13/13 2/10 18/40 18/40 2/10 2/3

6 10/10 2/10 16/40 18/40 3/10 3/3

7* 8/10 1/10 18/40 18/40 4/10 2/3
10/10 3/10 10/20 11/20 3/10 NA

8 12/14 3/10 20/40 20/40 4/10 3/3

Total 88/94 16/83 140/320 146/320 23/80 20/25
at dx (93.6%) (19.3%) (43.7%) (45.6%) (28.7%) (80%)

*Patients studied at diagnosis and after 1-2 years. °PM: promyelocytes; M: mye-
locytes; MM: metamyelocytes.

Figure 1. Involvement of the erythroid and megakaryocytic
lineages in the 5q- syndrome, as detected by FISH using a
chromosome-5-centromeric probe (red signals) and a 5q31
probe (green signals). A. Upper panel: two erythroblasts
with 5q31 deletion are shown (arrowed), along with one
erythroblast without the deletion (arrowhead). Note two
band forms without deletion (asterisks). B. Lower panel: a
mononuclear megakaryocyte with a 4N DNA content and a
5q31 deletion.

A

B
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Lom et al.17 who adopted a sensitive confocal laser
microscopy method to detect numerical abnormalities
in dysplastic megakaryocytes.

As detailed in Table 2, mono/hypolobular megakaryo-
cytes were found to carry the 5q31 deletion more fre-
quently than multilobular megakaryocytes (93.6% vs
19.3% of the cells)

The areas with the expected chromosome-7-signal
configuration in MDS patients were essentially the same
as those that had shown successful hybridization with
the chromosome-5-probes. The percent of cells with
false 7q31 deletion was below the sensitivity limit of
this technique in all cases.

Discussion
Even though the primary transformation event in MDS

occurs in an undifferentiated hematopoietic precur-
sor,2,4,18–21 a heterogeneous pattern of lineage involvement
by chromosome lesions was described, possibly reflecting
selective differentiation of stem cells carrying a cytoge-
netic abnormality.13,22

The approach described here, using FISH on BM
smears, has the advantage over molecular genetic meth-
ods and cell culture studies, of permitting the direct
visualization of cell morphology and hybridization pat-
tern. Two factors appeared to have a positive impact on
the efficiency of hybridization in this study: an open
chromatin structure and the presence of areas with
well-dispersed cytology and preserved morphology.
Indeed, cells of all lineages at various stages of matu-
ration, including megakaryocytes, could be recognized
in this study.

Whereas the involvement of cells of the erythroid and
granulocytic lineage in MDS with -7 and +8 was well
documented, as reviewed by Knuutila,23 scanty infor-
mation is available about lineages affected by the 5q31
deletion. This issue is of particular interest, the 5q- syn-
drome representing a specific entity, distinct from oth-
er refractory anemias with or without multilineage dys-
plasia.24 The patients included in this report were typi-
cal examples of the 5q- syndrome, in that they showed
the classical abnormalities of  megakaryocyte morphol-
ogy, moderate neutropenia, macrocytic anemia, and 5q
deletion affecting the q13-31 bands. The relatively
benign clinical course in our patients is in line with pre-
vious reports.6,25,26

We found in this study that mosaicism of 5q31 dele-
tion and cytogenetically normal cells was present at
diagnosis in all the patients with the 5q- syndrome. The
frequency of cells with deletion was in the range of 45-
75% and concordance was observed between data
obtained by karyotyping and by interphase FISH. The
coexistence of cytogenetically normal and abnormal
clones is a general phenomenon in MDS,27 possibly
reflecting the persistence of residual non-clonal hema-
topoiesis or, alternatively, the secondary nature of chro-
mosome anomalies in these conditions. In this study the
proportion of cells with deletion increased  over the time
in three patients studied at different times. This finding

is in line with previous reports describing a proliferative
advantage of the 5q- clone,25 which may sometimes
become detectable by cytogenetic analysis late in the
course of the disease.28

Even though morphologic aberrations in the 5q- syn-
drome were mostly confined to the erythroid and
megakaryocytic lineages, the 5q31 deletion affected the
three principal hematopoietic lineages in all our cases,
suggesting involvement of a multipotent myeloid stem
cell retaining the capacity of differentiation along mul-
tiple cell lineages; this finding reflects the data from
Nilsson et al.4

The direct demonstration of megakaryocyte involve-
ment in the 5q- syndrome has not been reported in the
literature, whereas the presence of the 5q- anonaly in
granulocytes, monocytes and erythroid cells was previ-
ously documented in a few patients by molecular genet-
ic methods and cell culture studies.29-32

A homogeneous pattern of involvement of erythroid
cells was found in this study, with the 5q deletion occur-
ring in 35-50% of the cells. Because erythrocytes in our
patients were consistently macrocytic it is reasonable to
assume that perturbed DNA synthesis leading to macro-
cytosis affected the majority of erythroid progenitors,
independently of the presence of the 5q anomaly in each
individual cell. 

It is noteworthy that the involvement of the granulo-
cytic lineage in the 5q- syndrome occurred despite only
moderate neutropenia without major infections. Due to
sub-optimal hybridization in neutrophils and to the low
number of blast cells in this subset of MDS, it was
impossible to compare, in individual patients, the fre-
quency of the 5q- in the early precursor cells and in
mature cells. Interestingly, the global frequency of dele-
tion in the blast cells was higher than in mature gran-
ulocytes (see Table 2) suggesting that inefficient matu-
ration along the granulocytic lineage may be a feature
of the 5q- clone and that most neutrophils may derive
from stem cells not affected by the 5q anomaly.
Mosaicism of the 5q- clone and normal cells was pre-
viously documented in a FISH study of peripheral blood
myeloid cells.32

Direct demonstration that megakaryocytes were part
of the malignant clone in MDS with numerical chromo-
some abnormalities was recently provided by Van Lom
et al. who showed that -7 and +8 were present in
megakaryocytes using dual color fluorescent in situ
hybridization and confocal laser scanning microscopy.
Recently, Godon et al. demonstrated that the 5q31 dele-
tion was present in all megakaryocytes from 5/6 patients
with MDS.33 In our study we were able to confirm that
megakaryocytes were part of the abnormal clone in the
5q- syndrome and showed that this chromosomal
anomaly was associated with mono/hypolobular mega-
karyocytes, the presence of which is one of the defining
criteria for this condition. The loss of the cluster of
hematopoiesis-related genes, including growth factors
and their receptors, interkeukins as well as the dihydro-
folate reductase gene may affect the maturation capa-

Multilineage involvement in the 5q-syndrome
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bility of the hematopoietic progenitors carrying the 5q-
chromosome, altering the endomitotic activity of mega-
karyocytes.

In conclusion, we have shown by FISH on morpho-
logically intact BM smears that  mosaicism of cells with
the 5q- anomaly and chromosomally normal cells con-
sistently affected the 3 principal hematopoietic lineages
in the 5q- syndrome. The 5q anomaly correlated with
megakaryocyte morphology as well as with cell imma-
turity in the granulocytic lineage, whereas no obvious
correlation with erythroblast morphology was noted.
This method may be useful in clinical practice to verify
the fluctuation of the size of the 5q- clone within each
cell lineage during the natural history of the disease, or
after treatment with hematopoietic growth factors. 
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Potential implications for clinical practice

FISH on intact BM smears may demonstrate the
selective involvement of the hematopoietic lineages.
This technique is particularly useful for analyzing the
molecular pattern of monolobulated megakaryocytes
which constitute a peculiar finding in 5q- syndrome. 

References

1. Prchal JT, Throckmorton DW, Carroll AJ, Fuson EW, Gams
RA, Prchal JF. A common progenitor for human myeloid
and lymphoid cells. Nature 1978; 274:590-1.

2. Janssen JW, Buschle M, Layton M, et al. Clonal analysis
of myelodysplastic syndromes: evidence of multipotent
stem cell origin. Blood 1989; 73:248-54.

3. Anastasi J, Feng  J, Le Beau  MM, Larson  RA, Rowley JD,
Vardiman JW. Cytogenetic clonality in myelodysplastic

syndromes studied with fluorescence in situ hybridiza-
tion: lineage, response to growth factor therapy, and
clone expansion. Blood 1993; 81:1580-5.

4. Nilsson L, Astrand-Grundstrom I, Arvidsson I, et al. Iso-
lation and characterization of hematopoietic progeni-
tor/stem cells in 5q- deleted myelodysplastic syndromes:
evidence for involvement at the hematopoieic stem cell
level. Blood 2000; 96:2012-21.

5. Mufti GJ. Chromosomal deletions in the myelodysplastic
syndrome. Leuk Res 1992; 16:35-41.

6. Van den Berghe H, Cassiman JJ, David G, Fryns JP,
Michaux JL, Sokal G. Distinct haematological disorder
with deletion of long arm of no. 5 chromosome. Nature
1974; 251:437-8. 

7. Boultwood J, Lewis S, Wainscoat JS. The 5q- syndrome.
Blood 1994; 84:3253-60.

8. Haferlach T, Winkemann  M, Löffler H, et al.  The abnor-
mal eosinophils are part of the leukemic cell population
in acute myelomonocytic leukemia with abnormal
eosinophils (AML M4Eo) and carry the pericentric inver-
sion 16: a combination of May-Grünwald-Giemsa stain-
ing and fluorescence in situ hybridization. Blood 1996;
87:2459-63. 

9. Gerritsen WR, Donohue J, Bauman J, et al. Clonal analy-
sis of myelodysplastic syndrome: monosomy 7 is
expressed in the myeloid lineage, but not in the lymphoid
lineage as detected by fluorescent in situ hybridization.
Blood 1992; 80:217-24.

10. van Lom K, Hagemeijer A, Smit EM, Löwenberg B.  In situ
hybridization on May-Grünwald Giemsa-stained bone
marrow and blood smears of patients with hematologic
disorders allows detection of cell-lineage-specific cyto-
genetic abnormalities. Blood 1993; 82:884-8. 

11. Bernell P, Jacobsson B, Nordgren A, Hast R. Clonal cell
lineage involvement in myelodysplastic syndromes stud-
ied by fluorescence in situ hybridization and morpholo-
gy. Leukemia 1996; 10:662-8.

12. Bigoni R, Cuneo A, Roberti MG, et al. Therapy-related
adult acute lymphoblastic leukemia with t(4;11)(q21;
q23): MLL1 rearrangement, p53 mutation and multilin-
eage involvement. Leukemia 1999; 13:704-7. 

13. Fagioli F, Cuneo A, Bardi A, et al. Heterogeneity of lineage
involvement by trisomy 8 in myelodysplastic syndrome.
A multiparameter analysis combining conventional cyto-
genetics, DNA in situ hybridization, and bone marrow
culture studies. Cancer Genet Cytogenet 1995; 82:116-
22. 

14. Bennett JM, Catowsky D, Daniel MT, et al. Proposals for
the classification of the myelodysplastic syndromes. Br J
Haematol 1982; 51:189-99.

15. ISCN. Guidelines for cancer cytogenetics. Supplement to
An International System for Human Cytogenetic Nomen-
clature. Mitelman F, 1995; ed. Karger, Basel.

16. Cuneo A, Wlodarska I, Sayed Aly M, et al. Non-radioac-
tive in situ hybridization  for the detection and monitor-
ing of trisomy 12 in B-cell chronic lymphocytic leukaemia.
Br J Haematol 1992; 81:192-6.   

17. van Lom K,  Houtsmuller AB, van Putten WLJ, Slater RM.
Cytogenetic clonality analysis of megakaryocytes in
myelodysplastic syndrome by dual-color fluorescence in
situ hybridization and confocal laser scanning micro-
scopy. Genes Chromosomes Cancer 1999; 25:332-8.

18. van Lom K, Hagemeijer A, Smit E, Hahlen K, Groeneveld
K, Lowenberg B. Cytogenetic clonality analysis in myelo-
dysplastic syndrome: monosomy 7 can be demonstrated
in the myeloid and in the lymphoid lineage. Leukemia
1995; 9:1818-21.

19. Knuutila S, Teerenhovi L, Larramendy ML, et al. Cell lin-
eage involvement of recurrent chromosomal abnormal-
ities in hematologic neoplasms. Genes Chromosomes
Cancer 1994; 10:95-102.

20. White NJ, Nacheva E, Asimakopoulos FA, Bloxham D, Paul

R. Bigoni et al.



381

haematologica vol. 86(4):April 2001

B, Gree AR. Deletion of chromosome 20q in myelodys-
plasia can occur in a multipotent precursor of both
myeloid cells and B cells. Blood 1994; 83:2809-16.

21. Tsukamoto N, Morita K, Maehara T, et al. Clonality in
myelodysplastic syndromes: demonstration of pluripo-
tent stem cell origin using X-linked restriction fragment
length polymorphisms. Br J Haematol 1993; 83:589-94.

22. Nylund SJ, Verbeek W, Larramendy ML, et al. Cell lineage
involvement in four patients with myelodysplastic syn-
drome and t(1;7) or trisomy 8 studied by simultaneous
immunophenotyping and fluorescence in situ hybridiza-
ton. Cancer Genet Cytogenet 1993; 70:120-4.

23. Knuutila S. Lineage specificity in haematological neo-
plasms. Br J Haematol 1997; 96:2-11.

24. Harris NL, Jaffe ES, Diebold J, et al. World Health Orga-
nization classification of neoplastic diseases of the
hematopoietic and lymphoid tissues: report of the Clin-
ical Advisory Committee Meeting-Airlie House, Virginia,
November 1997. J Clin Oncol 1999; 17:3835-43.

25. Sokal G, Michaux JL, Van Den Berghe H, et al. A new
hematologic syndrome with a distinct karyotype: the 5q-
chromosome. Blood 1975; 46:519-33.

26. Mathew P, Tefferi A, Dewald GW, et al. The 5q- syndrome:
a single-institution study of 43 consecutive patients.
Blood 1993; 81:1040-5.

27. Pierre RV, Catovsky D, Mufti GJ, et al. Clinical-cytogenetic
correlations in myelodysplasia (preleukemia). Cancer
Genet Cytogenet 1989; 40:149-61.

28. Baer MR, Dessypris NE.  Deletion of the long arm of chro-
mosme 5 (5q-) as a secondary event in the course of
refractory anemia. Cancer Genet Cytogenet 1986; 22:
169-76.

29. Abrahamson G, Boultwood J, Madden J, et al. Clonality
of cell populations in refractory anaemia using combined
approach of gene loss and X-linked restriction fragment
length polymorphism-methylation analyses. Br J Haema-
tol 1991; 79:550-5.

30. Kroef MJ, Fibbe WE, Mout R, et al. Myeloid but not lym-
phoid cells carry 5q deletion: polymerase chain reaction
analysis of loss of heterozygosity using mini-repeat
sequences of high purified cell fractions. Blood 1993; 81:
1849-54.

31. Carbonell F, Heimpel H, Kubanek B, Fliedner TM. Growth
and cytogenetic characteristics of bone marrow colonies
from patients with 5q- syndrome. Blood 1985; 66:463-
5.

32. Kroef MJ, Bolk MJ, Muus P, et al. Mosaicism of the 5q
deletion as assessed by interphase FISH is a common
phenomenon in MDS and restricted to myeloid cells.
Leukemia 1997; 11:519-23.

33. Godon C, Talmant P, Garand R, Accart F, Bataille R, Avet-
Loiseau H. Deletion of 5q31 is observed in megakary-
ocytic cells in patients with myelodysplastic syndromes
and a del(5q), including the 5q- syndrome. Genes Chro-
mosomes Cancer 2000; 29:350-2.

Multilineage involvement in the 5q-syndrome




