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Abstract — Background. Megakaryocyte (Mk) nuclear DNA
content was measured by image analysis using new S-Form
software. Feulgen-stained bone marrow aspirates from 11
patients with reactive thrombocytosis and 12 patients with
clonal thrombocytosis of chronic myeloproliferative disorders
(CMPDs) were analysed. Ploidy of 100 Mk was calculated for
each patient and the fractions of hyperploid cells were
compared. The presence of more than 5% of Mk with nuclear
ploidy > 96N or 2 2% of Mk with nuclear ploidy > 128N in
patients with thrombocytosis strongly suggests CMPD. On the
other hand, the absence of hyperploid cells > 128N or the
presence of a small fraction (less than 5%) of moderately
hyperploid cells (96-128 N) indicates reactive thrombocytosis.
Image cytometry analysis therefore appears to add valuable
information to conventional cytological examination in the
diagnostic assesment of thrombocytosis.

Conclusions. S-Form software image analysis is much faster
and more reliable than microdensitometric DNA analysis,
which we previously used for cytometric studies. We believe
the method of image DNA analysis has the potential for wide-
spread clinical use in the differential diagnosis of mega-
karyocyte disorders.

Introduction

The regulation of platelet production is centred around chan-
ges in megakaryocyte proliferation and maturation. Megakar-
yocyte number, size and ploidy rise in response to increased
platelet demand, as seen in thrombocytopenia and reactive
thrombocytosis (RT), or as a result of the autonomous, clonal
proliferation of chronic myeloproliferative disorders (CMP-
Ds) (1-5). However, megakaryocyte hyperplasia in reactive

Klju¢ne besede: citofotometrija, Feulgen, jedrna DNK; plo-
idnost megakariocitov; primarna in sekundarna trombocito-
za

Izvlecek - Izhodisca. Stevilo, velikost in ploidnost megakari-
ocitov so odlocilni kazalci za diagnozo mieloproliferativnih
bolezni (MPB). Prireaktivnih stanjih najdemo obcasno v kost-
nem mozgu podobne spremembe, ki jih z dostopnimi meto-
dami tezko razlikujemo od tistih pri MPB. Z novo metodo
slikovne citometrije smo dolocali razliko v ploidnosti mega-
kariocitov pri nekaterih MPB in reaktivnih trombocitozah.

Metode. Z metodo slikovne citofotometrije in novim racu-
nalniskim programom S-Form smo analizirali aspirate kost-
nega mozga 11 bolnikov z reaktivno trombocitozo in 12 bol-
nikov s klonalno trombocitozo pri MPB. Za barvanje smo
uporabili modificirano Feulgenovo metodo. Pri vsakem bol-
niku smo analizirali po 100 megakariocitov in izracunali
delez hiperploidnih celic cez 96N in 128N.

Rezultati. Prisotnost > 5% megakariocitov s ploidnostjo ve¢
kot 96N ali = 2% megakariocitov s ploidnostjo vec kot 128N
pri bolniku s trombocitozo govori v prid MPB. Nasprotno od-
sotnost hiperploidnih celic > 128N ali prisotnost malega dele-
Za (manj kot 5%) celic s ploidnostjo med 96N in 128N kaze
na reaktivno trombocitozo.

Zakljucki. Slikovna analiza DNK megakariocitov z racunalni-
Skim programom S-Form je koristna in prakticna metoda za
razlikovanje primarnih in reaktivnih trombocitoz. Menimo,
da bo pomemben dodatek pri citoloski diagnostiki posame-
znih megakariocitnih moten;j.

states doesn’t reach the degree that is suggested to be a featu-
re of the CMPD (5).

Chronic myeloproliferative disorders represent a group of mo-
noclonal disorders characterized by the overproduction of one
or more of the formed elements of blood in the absence of a
definable stimulus, bone marrow hypercellularity with fibrosis
of different degrees and morphological changes dominantly
in megakaryocytic cell line (5).
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Although thrombocytosis is most commonly found in essential
thrombocythemia (ET) it is also often present in other CMPDs,
especially in polycythemia vera (PV) and chronic idiopathic
myelofibrosis (CIMF) (5). Significant diagnostic overlap could
exist between the clonal thrombocytosis of CMPD and RT at
presentation (6). Despite much study no pathognomonic cyto-
genetic abnormality has been identified in PV, IMF or ET pati-
ents. Cytological and pathological characteristics are not al-
ways diagnostic and could be misleading (5, 6). Therefore, a
relevant method for defining clonal proliferation would be
useful in the clinical diagnosis of these megakaryocyte disor-
ders. Impaired expression of the thrombopoietin receptor
Mpl has been recently identified in the platelets and megakar-
yocytes of PV patients and some ET patients. Similar observa-
tions have been made for granulocyte PRV-1 mRNA, but these
tests have not yet gained a wide clinical acceptance (7, 8).

A precise analysis of megakaryocyte ploidy profile is another
promising approach (3, 9, 10). Hyperploidy and aneuploidy
are well-recognized features of malignant processes and dif-
ferent methods of image and flow cytometry analysis to quan-
tify nuclear DNA have been tested in different malignancies
(11-17). Analysis of megakaryocyte ploidy by DNA cytometry
is a potentially useful tool for differentiating CMPD from the
reactive states (3, 9). However, this analysis is not widely em-
ployed due to technical complexities and alack of simple and
standardized techniques. In order to differentiate between
reactive and neoplastic megakaryocyte hyperploidy, a more
efficient method using a new software program for image
analysis has been tested and the results are presented here.

Patients and methods

A hundred and sixteen patients with thrombocytosis > 800 x
10°/Lwere registered and treated in our hospital in the period
from April 2002 to September 2003. Bone marrow aspiration
and analysis was performed in all cases that could not be defi-
ned as reactive thrombocytosis after initial evaluation, as well
as in all cases with suspected CMPD. During follow up, reacti-
ve thrombocytosis was confirmed in 11 of such patients. Bone
marrow smears of all 11 patients with RT and of another 13
patients, in which CMPD was confirmed, were analysed using
an image DNA analysis system after Feulgen staining. Merck’s
DNA staining kit for Feulgen staining was used and the sta-
ining procedure was performed as already described (18, 19).
With this method the cell nuclei are stained purple. The amo-
unt of stain colour developed is directly proportional to the
amount of DNA present in the stained nuclei.

The DNA content of 100 randomly selected megakaryocyte
nuclei was determined using an image analysis system (Olym-
pus BX50 microscope with Oil-50 objective, Sony ExwaveHAD
SSC-DC58AP digital colour video camera, Vamstec S-Form ima-
ge analysis software). Histograms for ploidy categories (8, 16,
32, 64, 128 > 128N) were done. The fraction of nuclei with
DNA content of > 96N and > 128N were calculated for all pati-
ents and compared using SPSS software.

Results

Patients with clonal thrombocytosis had a pattern of increased
megakaryocyte ploidy compared to patients with reactive
thrombocytosis (p <0.001). Typical DNA histograms for CMPD
and RT are shown in figures 1 and 2.

All patients with CMPD had more than 5% of cells in the hyper-
ploid > 96N region and at least 2% of cells with more than
128N DNA content. Among the patients with reactive throm-
bocytosis there were no megakaryocytes with more than 128N
DNA content. However, some hyperploid cells (up to 4%) in
the region from 96N to 128N were found (Figure 3).
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Figure 1. Megakariocytes (Mk) ploidy distribution in reactive
thrombocytosis.
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Figure 2. Chronic myeloproliferative disease.
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Figure 3. Megakaryocytes in clonal (CMPD) and reactive
thrombocytosis (RT).
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Discussion

Human cells are mostly diploid (2N or 2C), with increased DNA
value up to tetraploid value (4N) in the course of the cell cycle.
Although some exceptions exist (20), itis generally assumed that
the presence of hyperploid cells (more than 5N) in such tissues
is a sign of malignancy (11, 12). In contrast, mature megakar-
yocytes are giant multinuclear cells with a ploidy level depen-
dent on platelet demand (1-3). Therefore the upper level of
ploidy for normal megakaryocytes is difficult to determine. Itis
suggested that normal megakaryocytes do not exceed 64N le-
vel of ploidy (3,9). In clonal proliferation, as seen in CMPD, me-
gakaryocytes with 128N or even higher levels of ploidy are re-
ported (3,9). A clear cut-off point between RT and CMPD was
obtained in our study: all patients with CMPD had more than 5%
of cells in the hyperploid > 96N region and at least 2% of cells
with more than 128N DNA content, while patients with reactive
thrombocytosis had no megakaryocytes with more than 128N
DNA content. The technical nature of studying megakaryocyte
ploidy is a considerable problem. Microdensitometric studies
are time-consuming, requiring more than 2 hours to measure
the DNA content of 200 megakaryocytes. Flow cytometric stu-
dies are of shortduration but the complicated procedure of the
megakaryocyte separations required prior to flow cytometry
analysisisan obstacle. For both techniques the equipment s ex-
pensive and notwidely available. New image analysis techniques
are shown to be sufficiently precise and reproducible (21). In
our experience, image DNA analysis with the new S-Form soft-
ware and the other easily available equipment we used is prac-
tical; may be performed at any time on previously stained
smears; and is of acceptable duration, lasting about 30 minutes.
According to the preliminary results presented here, this met-
hod is auseful aid to cytology in differential diagnosis of mega-
karyocyte disorders.
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