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Abstract
Background: According to previous study the heterochromatin condensation state (HChCS) of myeloblasts in acute myeloblastic leukemia M2 type (M2 AML) 
with the altered differentiation exhibited a remarkable similarity in both nuclear central and peripheral regions. In contrary, HChCS was larger in central nuclear 
regions of myeloblasts with the differentiation potential in patients suffering from the chronic phase of the chronic myeloid leukemia (CML). The present study was 
undertaken to provide more information whether at least some myeloblasts in refractory anemia (RA) without or with excess of myeloblasts (EB) of the myeloblastic 
syndrome (MDS) might resemble those in AML.

Methods: The HChCS in myeloblasts and mature granulocytes was studied in bone marrow smears of 3 patients with chronic phase of Ph1+ chronic myeloid 
leukemia (CML), 3 patients with RA MDS (myeloblasts <5%), 3 patients with EB MDS (myeloblasts >9%) and 3 patients with M2 AML (myeloblasts >20%). The 
heterochromatin optical density reflecting its condensation state (HChCS) was measured in 3 central and 3 peripheral nuclear regions of each measured nucleus. The 
similarity or difference of the central and peripheral heterochromatin density was expressed by the ratio of the mean value of the central to peripheral heterochromatin 
density calculated for each measured cell.

Results: The heterochromatin optical density image measurements at “single cell level” demonstrated that some myeloblasts with similar HChCS in nuclear and 
peripheral nuclear regions in AML are present already in patients suffering from the MDS. However, the incidence of these cells in MDS was naturally smaller than 
in AML. The larger HChCS in central nuclear regions of myeloblasts of MDS or AML patients was similar to most of myeloblasts with the differentiation potential 
in CML. 

Conclusion: Some myeloblasts in MDS exhibited a remarkable similarity of the HChCS in both central and peripheral nuclear regions. Such myeloblasts resembled 
myeloblasts with the altered differentiation in M2 AML. Myeloblasts with the larger HChCS in the central nuclear region in MDS and AML resembled myeloblasts 
of CML. with the differentiation potential. Such myeloblasts might be responsible for the incidence of mature granulocytes in the peripheral blood of MDS and 
AML patients. 
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Introduction
In the hematological cytology the heterochromatin morphology is 

a very useful tool for the cell identification including the differentiation 
and maturation stage. It should be also mentioned that heterochromatin 
represents nuclear regions which reflect sites of silent genes [1,2]. The 
heterochromatin heavy condensation state and structural organization 
prevent the gene activation and insure the genome stability [3-5].

Previous studies on myeloblasts of chronic myeloid leukemia 
(CML) demonstrated different heterochromatin condensation state 
(HChCS) in the “central gene rich” and “peripheral gene poor” nuclear 
regions [6]. On the contrary, in acute myeloblastic leukemia (M2 AML) 
some myeloblasts did not exhibit such difference of HChCS in central 
and peripheral nuclear regions. Such similarity of HChCS in central 
and peripheral nuclear regions was also observed in fully differentiated 
and mature segmented granulocytes. Thus it appeared likely that some 
M2AML myeloblasts exhibited a premature terminal differentiation 
that might be related to the known altered differentiation process of 
leukemic progenitors [7-9].

The present study was undertaken to provide more information 
whether myeloblasts with similar HChCS in central and peripheral 
nuclear regions are present already in patients suffering from the 
refractory anemia (RA) of the myelodysplastic syndrome (MDS) that 
may   precede the acute myeloid leukemia [10-13]. At this occasion 
it should be noted that the term myeloblasts in the present study was 
used for “agranular myeloblasts” mentioned in previous studies on 
MDS [14]. The results of the heterochromatin optical density image 
measurements demonstrated that such myeloblasts were present already 
in RA MDS without or with excess of myeloblasts (EB). However, the 
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incidence of these cells was naturally smaller than in M2 AML. At this 
occasion it should be mentioned that the similarity of HChCS in both 
central and peripheral nuclear regions was characteristic for terminally 
differentiated mature granulocytes in all studied patients suffering from 
RA MDS, EB MDS and M2 AML. In addition, terminally differentiated 
mature granulocytes of CML patients or non-leukemic persons also 
exhibited such similarity as described previously [6].

Material and methods
The HChCS in myeloblasts and mature granulocytes were studied 

in bone marrow smears of 3 patients with chronic phase of Ph1+ 
CML, RA MDS (myeloblasts <5%), EB MDS (myeloblasts >9%) and 
M2 AML (myeloblasts >20). All these hematological disorders were 
classified according to common characteristic clinical and laboratory 
markers including the cytology, genetics and FACS phenotyping. For 
comparison, the HChCS was also studied in peripheral blood smears 
of differentiated and mature granulocytes of 3 non-leukemic persons – 
blood donors. The bone marrow biopsies and peripheral blood smears 
were originally taken for diagnostic purposes and approved protocols 
by the Institute authorities.

Bone marrow and peripheral blood smears were stained by 
the May-Grünwald – Giemsa-Romanowsky (MGGR) standard 
polychrome staining procedure. This procedure is useful for both 
identification of bone marrow cells and also for the chromatin 
visualization as a histochemical tool including heterochromatin optical 
density measurements [6,15].

Micrographs were captured with a Camedia digital camera C4040 
ZOOM (Olympus, Japan) placed on Jenalumar microscope (Zeiss, 
Germany). The double adapter on the microscope increased the 
magnification of captured images transferred to the computer screen 
and facilitated density measurements at the single cell level. 

The heterochromatin image optical density was measured after the 
conversion of captured color signals to gray scale using the red channel 
of NIH Image Program - Scion for Windows (Scion Corp., USA). The 
heterochromatin optical density reflecting its condensation state was 
measured in 3 central and 3 peripheral nuclear regions of each measured 
nucleus and was expressed in arbitrary density units (Figure 1 and 
2). These arbitrary density units (AU) were calculated by subtracting 
the mean background density surrounding the measured cell from 
the mean heterochromatin density in central or peripheral nuclear 
regions [6]. The similarity or difference of the central and peripheral 
heterochromatin density was expressed by the ratio of the mean value 
of the central to peripheral heterochromatin density calculated for 
each measured cell [9]. Such calculation facilitated the comparison 
of results achieved by image optical density measurements of single 
cells in smear preparations with different bone marrow or peripheral 
blood smearing. The variation coefficient of the background density 
surrounding each cell in different bone marrow smears was 17.6 ± 1.9 
per cent. The results of all measurements at the single cell level such 
as mean, standard deviation significance and variation coefficient were 
evaluated using Primer of Biostatistic Program, version 1 developed by 
S.A. Glantz (McGraw-Hill, Canada, 1968).    

Results
CML

As it was reported previously [6,15], most of myeloblasts in 
patients suffering from the chronic phase of CML exhibited the heavier 
HChCS in central nuclear regions in comparison with the nuclear 

periphery (Table 1). During the further differentiation and maturation 
of granulocytic lineage such difference disappeared. HChCS in central 
and peripheral nuclear regions of differentiated cells – segmented 
granulocytes appeared to be very similar. Thus the central to peripheral 
HChCS ratio was smaller in these cells than in myeloblasts [6,16] 
(Table 1).

RA MDS and EB MDS 

The incidence of myeloblasts with a larger HChCS in nuclear 
central regions in both RAMDS and EBMDS was markedly smaller 
in comparison with CML (Table 1). Slightly above fifty per cent of 
myeloblasts exhibited similar HChCS in both central and peripheral 
nuclear regions. Thus the central to peripheral HChCS ratio in these was 
reduced (Table 1 and Figure 1). The HChCS in nuclear and peripheral 
regions of differentiated and mature cells of the granulocytic cell 
lineage such as segmented granulocytes in these patients also exhibited 
a marked similarity reflected by the decreased central to peripheral 
HChCS ratio (Table 1). On the hand, less than 50% of myeloblasts 
exhibited a larger HChCS in nuclear central regions and resembled 
those in CML (Figure 2).

M2AML

The HChCS in myeloblasts of patients suffering from M2AML 
was mostly similar in both central and peripheral nuclear regions [9] 
(Table 1). Such similarity of HChCS in central and peripheral regions 
was also noted almost in all differentiated and mature neutrophils with 
segmented nuclei. Thus the central to peripheral HChCS ratio in all 
these cells was small. On the other hand, a small number of myeloblasts 
exhibited a heavier HChCS in the nuclear central region than in the 
nuclear periphery (Table 1). 

Non-leukemic persons

The HChCS of bone marrow myeloblasts was not studied in non-
leukemic persons.  In these patients the number of myeloblasts was 
not satisfactory for measurements and in blood donors it was not 
justifiable to perform bone marrow biopsies. Nevertheless, HChCS 
was similar in central and peripheral nuclear regions of differentiated 

Patients Ctr/Prph HChCS
Mean

Ctr /Prph HChCS
with mean <1.1

Percentage of cells
with mean <1.1

Myeloblasts
CML 1.23 ± 0.09        0.97 ± 0.05          9.0 ± 0.3##

RA MDS 1.11 ± 0.31 1.01 ± 0.04 57.5 ± 0.4#

EB MDS 1.12 ± 0.26 0.97 ± 0.05 59.0 ± 0.5#

M2 AML 1.03 ± 0.06 0.97 ± 0.06 76.4 ± 0,4.
Mature Segmented Neutrophils

NLP 1.01 ± 0.01              ------ ~98
CML 0.93 ± 0.20 ------ ~99

RA MDS 1.00 ± 0.07 ------ ~98
EB MDS 0.93 ± 0.02 ------ ~99
M2 AML 1.02 ± 0.11 ------ ~99

Table 1. The central/peripheral HChCS expressed in arbitrary optical density units in 
myeloblasts and mature differentiated neutrophylic granulocytes of CML, RA MDS. EB 
MDS, M2 AML patients and non-leukemic patients*

* - Mean and standard deviation based on ~100 measurements in myeloblasts of 3 RAMDS 
patients, ~200 measurements in myeloblasts of 3 EBMDS patients, ~200 measurements in 
myeloblasts of 3 M2AML patients, ~ 100 measurements in myeloblasts of 3 CML patients, 
more than 100 mature segmented neutrophils of each group of RA MDS, EB MDS, M2 
AML, CML and NLP (non-leukemic patients).
##   - Significant difference from RA MDS, EB MDS, M2 AML using t-test ((2α=0.05).
#  - Significant difference from M2 AML using t-test ((2α=0.05).
Ctr/PrphHChCS – heterochromatin condensation state in central to peripheral nuclear 
region ratio.
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mature granulocytes with characteristic nuclear segmentation (Table 
1). The satisfactory number of these cells for density measurement was 
naturally easily accessible in diagnostic peripheral blood smears of 
non-leukemic patients or blood donors.    

Discussion
It seems to be likely that some myeloblasts of RA without and with 

EB in patients suffering from MDS exhibited a remarkable similarity 
to those in M2 AML. Such similarity was due to the similar HChCS 
in both central and peripheral nuclear regions. In myeloblasts of M2 
AML this similarity apparently reflected a premature differentiation of 
these cells related to the altered differentiation [9]. Such observation 
seems to be in harmony with the presumption that in some patients 
MDS may precede the AML including the M2 AML [10-14,17]. 
However, it would be difficult to express whether these cells in MDS 
represent already leukemic progenitor cells. The morphological 
methods are limited to solve such supposition that would require more 
sophisticated approach [13,18]. At this occasion it should be noted that 
in fully differentiated and mature granulocytes of patients with CML or 
non-leukemic persons there was not any distinct difference of HChCS 
between nuclear central and peripheral regions similarly as in some 
myeloblasts of MDS and most myeloblasts of M2 AML. 

The larger HChCS in central nuclear regions in a small number 
of myeloblasts in MDS (Figure 2) or M2 AML patients was similar 
to most of myeloblasts with the differentiation potential in CML: 
Such myeloblasts in MDS and M2 AML might reflect their ability to 
differentiate and might be responsible for the presence of differentiated 
mature granulocytes in the peripheral blood of these patients. The 
incidence of 2 different populations with of myeloblasts with different 
proliferation activity or morphology in patients with acute myeloblastic 
leukemia was already reported and discussed previously. However, 
these reports were based on different methodical approaches [19,20].

At the end of the discussion it must be noted that the goal of the 
present study was to show whether already some myeloblasts in RA 

and EB MDS exhibited a similarity of HChCS to those in M2 AML. The 
relationship of the incidence of these myeloblasts to the clinical state of 
studied patients in MDS and M2AML was not a target of the present 
study because of the small number of studied patients. Nevertheless, 
the present study might provide a complementary morphological 
information to more sophisticated studies on the MDS development 
and transition to acute myeloid leukemias and especially to M2 
AML [18]. 
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