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Abstract
Aims-To analyze the immunophenotype
of blast cells in patients with acute
leukaemia after polycythemia vera,
together with the most relevant clinical
and haematological disease character-
istics.
Methods-The immunophenotype was

analysed in nine patients by inmunoflu-
orescence flow cytometry using a panel
of 15 monoclonal antibodies. The DNA
content of blast cells was determined
using Vindelov's technique.
Results-The most relevant clinical and
haematological disease characteristics
included: the presence of enlarged spleen
and liver by 56% and 67%, respectively; a
moderate degree of leucocytosis with
thrombocytopenia while haemoglobin
was normal in 50% of patients. All
patients received alkylating agents or

hydroxyurea, or both. Interestingly, the
chronic phase in patients receiving this
latter drug was shorter. All cases showed
a myeloid phenotype, four of them
reactive only to early myeloid antigens
(CD13133); in the remaining cases

the blast cells displayed granulo-
monocytic (CD14+, CD15+), erythroid
(CD71+ + +), ormegakaryocytic (CD61+,
CD41 +) markers. Coexpression of lym-
phoid related antigens (CD7, TdT, or

CDl9) was also detected. The morpho-
logical assessment of blast cells agreed
with the immunophenotyping in five out
of the nine cases. Blast cells from all six
patients analysed displayed a diploid
DNA content and the proportion of S-
phase cells ranged from 0 4% to 4%.
Conclusions-These findings suggest a

pluripotential stem cell with myeloid
commitment as the target cell of acute
leukaemia after polycythemia vera.

(7 Clin Pathol 1993;46:668-671)

Polycythemia vera (PV) is a clonal disorder in
which all hemopoietic precursor cell lines
may be affected.' Transformation into acute
leukaemia may be either a part of the natural
course of the disease-about 1% of patients
treated with phlebotomy alone develop acute
leukaemiaW-or secondary to the treatment
used during the chronic phase. Accordingly,
the use of radioactive phosphorus has been
associated with an incidence of acute trans-
formations of 11%.3 Moreover, the

Polycythemia Vera Study Group found an
increased incidence of acute leukaemia in
patients who had previously been treated with
alkylating agents, this being 2-3 and 13 times
higher than that of patients treated with
radioactive phosphorus or with phlebotomy
alone.4 It was initially suggested that hydroxy-
urea had less of a leukaemic effect, although
further studies have shown that this agent is
also related to an increase in the incidence of
acute leukaemia in patients with poly-
cythemia veral of up to 3-5 times more than
in other series.6 The clinical and haematologi-
cal characteristics of acute leukaemia after
polycythemia vera have been analysed by sev-
eral groups,2 7-10 but no studies in the
immunophenotypic features of the blast cells
in leukaemic transformation have been per-
formed.
The aim of the present study was to

characterise the immunophenotype of pro-
liferating cells in acute leukaemia after a poly-
cythemia vera together with the most relevant
clinical and hematological disease characteris-
tics, including the DNA content of blast cells.

Methods
Between 1988 and 1992, nine adult patients
with acute leukaemia after polycythemia vera
were studied at the University Hospital of
Salamanca. The diagnosis of polycythemia
vera was based on the criteria proposed by
the Polycythemia Vera Study Group.'1
Diagnosis of acute leukaemia was established
when more than 30% blast cells were detect-
ed in either bone marrow or peripheral blood,
or both.'2

Peripheral blood and bone marrow smears
were stained with May-Griinwald-Giemsa
and cytochemical methods for peroxidase,
non-specific esterases (naphtol AS-D acetate
esterase or a naphthyl acetate esterase, both
with and without sodium fluoride inhibition),
periodic acid Schiff and a naphthyl butyrate
esterase.

IMMUNOLOGICAL PHENOTYPE
In all nine patients mononuclear cells from
the moment of diagnosis of acute transforma-
tion were isolated from peripheral blood by
Ficoll-Hypaque density gradient centrifuga-
tion. The cells were analysed by indirect
immunoflourescence with a terminal deoxy-
nucleotidyl transferase (TdT) heteroanti-
serum (Supertechs, Bethesda, Maryland), and
a panel of monoclonal antibodies whose reac-
tivity and specificity have been described."3
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For early myeloid cells, the following mono-

clonal antibodies were used: My9 (CD33)
and My7 (CD13); for granulocytic lineage,
VIMD5 and FMC10 (CD15); for monocytic
lineage, FMC17 and leuM3 (CD14); for
megakaryoblasts, J15 (CD41, anti
GPIIb/IIIa), C17 (CD61, anti GPIIIa),
FMC25 (CD42a, anti GPIX), and AN51
(CD42b, anti GPIb); for erythroid lineage,
LICR LON R1O (anti-glycophorin A); for
precursor cells, GRB1 (anti-HLA-DR),
FMC56 (CD9); and for lymphoid lineage, B4
and leul2 (CD19), Bi (CD20), 3A1 (CD7),
and J5 (CD 10).
To minimise non-specific Fc receptor

binding, the cells were incubated at room
temperature for 15 minutes with avidin-biotin
serum to block the Fc receptor and washed in
a buffer containing phosphate buffered saline-
bovine serum albumin-avidin-biotin serum.
In all experiments, as a negative control, we

also omitted the first antibody and used
irrelevant isotype matched monoclonal anti-
bodies. Cells were analysed either by
immunofluorescence microscopy (Leitz
Ortholux) or flow cytometry (FACScan
BD, Mountain View, California, USA). For
the assessment of a lineage, a minimum of
15% blast cells positive for one or more

of the specific monoclonal antibodies was

required.'415 The presence of either one or

two cell populations was assessed by appro-
priate individual dual stainings, as
described.1316

DNA CELL CYCLE
DNA measurements were performed on iso-
lated nuclei from six patients using Vindelov
et al's technique.'617 Briefly, 1 x 106 leuco-
cytes from ammonium chloride-lysed whole
blood were washed and resuspended in
200,l of a sodium citrate buffer. Cells were
then incubated for 10 minutes at room tem-
perature with 1-8 ml of a solution A contain-
ing a detergent (Nonidet p40) and trypsin
(30 mg/l). Afterwards 1-5 ml of a solution B
containing RNAase (100 mg/l) and a trypsin
inhibitor (500 mg/ml) were added for another
10 minute incubation period at room temper-
ature. Finally, a third incubation at room
temperature for at least 15 minutes in the
dark was performed after adding 1-5 ml of a
third cytrate buffer solution containing pro-
pidium iodide (4-6 mg/l) to complete a final

volume of 5 ml. A duplicate including 50 jl

of a normal sex matched lysed whole blood
sample was used to assess the existence of
DNA aneuploidy. Measurements were made
within one hour in a FACScan flow cytome-
ter (Becton Dickinson) equipped with a dou-
blet discrimination module for at least 5000
nuclei/sample. The electronics of the instru-
ment were adjusted with chicken erythrocytes
so that the modal channel for the GO/GI
human diploid nuclei was 250 (1023 total
channels). Analysis of the DNA histograms to
calculate the proportion of cells with a DNA
amount corresponding to the various parts of
the cell cycle was performed using the RFIT
model included in the CellFit software pro-
gram (Becton Dickinson). The mean (SD)
coefficient of variation of the G/G1 phase
peak was 2-5 (0 9)%. Absolute peripheral
blood S-phase leucocyte counts were calcu-
lated by multiplying the percentage of periph-
eral blood S-phase cells by the white cell
count of each patient.

Results
The most relevant cinicobiological features
of the nine secondary acute leukaemias
analysed are summarised in table 1. The
interval from the diagnosis of polycythemia
vera to the acute transformation was long,
ranging from 36 to 172 months (median
seven years). All but one out of the nine
patients had been treated before. Six patients
received hydroxyurea either alone (three
cases) or in combination with alkylating
agents (two cases), or with radioactive phos-
phorus (one case). The other three patients
were treated with 32P alone (one case), busul-
fan (one case), or both (one case). The medi-
an duration of the chronic phase was shorter
in patients receiving hydroxyurea alone (36,
47, and 91 months, respectively) than in
those treated with 32P (82, 120, and 132
months, respectively).
Most patients were male (six out of nine)

and older (68 years). The most common clin-
ical findings at presentation of acute
leukaemia were systemic symptoms 56% of
cases (table 1), together with hepatomegaly
(67%) and splenomegaly (56%). The spleen
was very enlarged in four out the nine
patients. Four cases presented a normal or
even increased haemoglobin concentration.
These four cases showed leucocytosis. Six

Table 1 Clinical and biological characteristics of acute leukaemia after polycythemia vera

Chronic phase Bone marrow Survival
duration Sex HB Leucocytes Platelets blasts (weeks)

Reference (months) Age (O/% M) (gil) (x 109'!) (x 10911) (7%)
Rosenthal 120 65 62 0-81 59 42 non referred 3

(n = 9)9 (30-240) (42-82) (6-15) (10-277) (3-206) (1-52)
Weinfeld 102 70 37 0-82 4 32 non referred 10

(n = 8)' (42-138) (54-75) (6-11) (1-129) (13-48) (0-33)
Donovan 72 69 54 non referred 11 non referred 60 4

(n = 13)10 (12-132) (54-79) (1-170) (25-90) (0-52)
Najean 120 56 71 0-92 13 130 50 <12

(n = 16)9 (5-19) (1-241) (15-640) (38-85) (1-72)
Present 82 71 67 0 111 13 54 52 7

series (36-132) (54-76) (7-17) (2-47) (23-216) (31-90) (2-34)
(n = 9)

Results expressed as median (range) or percentage of positive cases.
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Table 2 Immunophenotypic and morphologicalfeatures of acute leukaemia after
polycythemia vera

No of Morphology and
Immunophenotype patients Cytochemistry (FAB)

Myeloblastic* 4 Myeloid-undifferentiated (MO)
(CD13/33+, CD15-, CD14-)t MB/MO/ER

Myelomonocytic (M4) (two cases)
Granulomonocytic 1 Myelomonocytic (M4)

(CD13/33+, CD15+, CD14+)
Erythroid 1 Erythroid (M6)
(CD 1 3/33 +, CD7 1 + ,Antiglicoph.-4

Megakaryocytic
CD13/33 +, CD15 +, CD41 +, CD42a + tt 1 Megakaryocytic (M7)
CD13/33+, CD15+, CD14+, CD61 + 1 Myeloblastic (M2)
CD 13/33 +, CD 15-, CD61 + 1 Megakaryocytic (M7)

*3 cases expressed either CD7, CD19 and TdT.
tMB/MO/ER: myeloblastic, monocytic, and erytiroid.
tCD7+.
ttCD61

patients, however, displayed thrombocytope-
nia (table 1). Because of their advanced age,

four patients received only supportive treat-
ment. Three patients were treated with
aggressive chemotherapy (anthracycline and
ara-c) and the other two with low doses of
ara-c. Only one patient treated with low doses
of ara-c achieved complete remission. The

median survival of the acute phase in the
whole series was eight weeks, ranging from
two to 16 weeks.
The immunophenotypic characteristics of

the nine patients studied are shown in table 2.
All cases showed a myeloid phenotype,

four of them displaying reactivity only for
early myeloid antigens (CD13/33), while in
the remaining cases the blast cells displayed
either granulomonocytic (CD14+, CD15+)
or erythroid (CD71 + + +) antigenic differ-
entiation.

In three out of the nine acute leukaemias a

megakaryocytic component was found; all of
these three cases were also CD13 + or

CD33 + (table 2). Five out of the nine cases

expressed lymphoid related antigens: expres-
sion of CD7 was detected in three cases,
while either TdT + and CD19+ blast cells
were present in another two patients.

Because the FAB criteria cannot be prop-
erly applied to secondary acute leukaemias,'9
a descriptive morphological classification was

used, assigning the blast cells to one of the
following possible cell lineages: myeloblastic,
monocytic, erythroid and megakaryocytic
(table 2). Concordant findings with the
immunophenotype of blast cells were
achieved in five out of the nine cases. The
discrepancies involved three patients with a
myeloblastic phenotype, who were morpho-
logically classified as having myelomonocytic

Table 3 Cell cycle and immunophenotype in acute leukaemia after polycythemia vera

S-phase
S-phase (absolute count)

Case No DNA index (%Yo) (109/1) Immunophenotype

4 1-00 0-4 0-10 Myeloblastic
5 1-00 2-8 0 10 Myeloblastic (CD7+)
6 1 00 1 0-28 Myeloblastic (TdT +)
7 1 00 4 0-07 Myeloblastic (CD19+)
8 1 00 25 2-30 Erythroid (CD7+)
9 1 00 2 0-06 Mixed myeloid

The median of the variation coefficient was 2-7 (range 0-9 to 3-3).

(two cases) or erythroid (one case) leukaemia,
and one case with megakaryocytic antigens in
which megakaryoblasts were not identified by
morphology.

Blast cells from all six patients analysed
displayed a diploid DNA content; the propor-
tion of S-phase cells ranged from 0 4% to 4%
(mean (SD) value of 5 9% (9 5)%) with
absolute counts of 0-5 (0-9) x 109/1 (range
0-06 to 2.3 x 109/1). Although the number of
cases analysed is relatively small, those cases
expressing lymphoid related markers may dis-
play a higher proliferation rate: 8-2 (11-3)% v
1-2 (1-1)% and 0-7 (1-1) x 109/1 v 0-08
(0-03) x 109/1 (table 3).

Discussion
Several studies have been devoted to
analysing the clinical and haematological
characteristics of the acute transformation in
polycythemia vera.2 19 6-9 By contrast, the
information about the immunophenotypic
features of these acute leukaemias is based on
single case reports; to the best of our knowl-
edge this is the first series of patients in which
the DNA cycle has been analysed. All
patients in whom the presence of DNA aneu-
ploidy was investigated displayed a diploid
DNA content. These data agree with previ-
ous studies that have shown a low incidence
of hyperdiploid karyotypes in acute leukaemia
after polycythemia vera.20 21 The cell cycle dis-
tribution of peripheral blood blast cells in
acute leukaemias after polycythemia vera
varies, very much like that of the de novo
acute myelogenous leukaemia.22 Interestingly,
we observed that those cases expressing lym-
phoid related antigens had a higher number
of S-phase cells.
The clinical features of our patients were

consistent with those of the series of acute
leukaemia after previous polycythemia vera,
with a short survival (table 1).6-10 As in our
study, most of the patients had received prior
treatment with alkylating agents, radioactive
phosphorus, or hydroxyurea.' '0 It has still not
been determined whether hydroxyurea is less
leukaemogenic than other agents.2 The
patients treated with hydroxyurea alone had a
shorter chronic phase than those treated only
with alkylating agents or radioactive phospho-
rus. Preliminary studies suggest that the use
of hydroxyurea and multiple therapies induce
more leukaemic transformations than alkylat-
ing agents alone.6 Nevertheless, randomised
studies should be conducted, such as the one
from the Polycythemia Vera Study Group-08,
to determine the potential leukaemogenic role
of this agent in the development of acute
leukaemia during the clinical course of poly-
cythemia vera.

Using a morphological and cytochemical
approach previous studies have shown that
acute leukaemias after polycythemia vera are
generally myeloblastic,7-'10 although in some
case reports the existence of erythroid79 or
lymphoid2426 transformations have been
suspected on morphological grounds. Our
immunological data confirm the view that
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although a typical early myeloid phenotype is
the one most commonly detected,27 the
expression of markers associated with other
cell lineages, such as megakaryocytic (not
previously described in these acute transfor-
mations) and erythroid, may also be involved
in these leukaemias. Despite the relatively
good correlation between the morphological
and immunological features of blast cells, the
present data suggest that the diagnosis and
classification of these leukaemias is better
achieved by a combined morphological, cyto-
chemical, and immunological approach.
The relatively high prevalence of mega-

karyocytic activity (33%) should be noted.
These results are similar to those previously
observed in the acute transformations of
other myeloproliferative disorders, such as
chronic myelogenous leukaemia,14 28 or idio-
pathic myelofibrosis,'5 and suggest that a
pluripotent myeloid committed stem cell may
be the target cell for these leukaemias. In
contrast, the incidence of erythroid transfor-
mations is less than would be expected from
the proliferating cells in the chronic phase of
the disease. Until now, only three cases of
lymphoid transformations of polycythemia
vera have been reported; the immunological
criteria used to assess the lymphoid pheno-
type, however, were not clearly defined.'4-6
Interestingly, although we did not observe
pure lymphoid transformations, we detected
quite a high incidence of aberrant lymphoid
related markers in these acute leukaemias.
The proportion of TdT+ (11%) or CD19+
(11%) and the CD7+ (25%) cases was simi-
lar to that observed in de novo acute myel-
ogenous leukaemia.2930 The expression of
these "aberrant" markers may suggest that
the target cell of these transformations is an
early progenitor cell that, although commit-
ted to myeloid lineage differentiation, does
retain some early lymphoid related markers.

This work was supported by a grant from the Consejeria de
Cultura. Junta de Castilla-Le6n, Espafia (12/0491).
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