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Eosinophilic leukemia: Morphological, cytochemical,
and electron microscopic studies
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SUMMARY The eosinophils of a patient with eosinophilic leukaemia were studied with 13 different
cytochemical methods using light and electron microscopy. Apart from the 'left shift' of the eosino-
phils in bone marrow and peripheral blood, the following morphological changes were noted:
uncoordinated maturation of the nucleus and cytoplasm, changes in size of the specific granules,
and hypogranulation to such an extent that some of the cells bore only very few granules. The
cytochemical studies showed a strongly positive periodic acid Schiff reaction in the eosinophils,
caused by a high content of glycogen, and a relatively strong positive acid-phosphatase reaction.
These cells were also tested for aryl sulphatase and coenzyme Q. Electron microscopy confirmed
the presence of a high-content glycogen and a strong acid phosphatase response in the cells. Peroxi-
dase reaction, detected in electron microscopy as well, enabled us to trace the maturation of the
eosinophil cell line.

Although eosinophilic leukaemia has recently
gained acceptance as a distinct disease entity
(Gross, 1962) its diagnosis is difficult in certain
cases (Zucker-Franklin, 1971) because eosinophilia
may also be secondary to antigenic stimuli as well as
a reaction to various underlying diseases (Bently
et al., 1961; Odeberg, 1965; Karle and Videbaek,
1966; Bengtsson, 1968; Benvenisti and Ultmann,
1969; Flannery et al., 1972; Spitzer and Garson,
1973; Tallgren et al., 1974; Yuill et al., 1974;
Zucker-Franklin, 1974). Hardy and Anderson (1968)
and Chusid et al. (1975) have proposed that eosino-
philic leukaemia is part of a spectrum of hyper-
eosinophilic diseases called the hypereosinophilic
syndrome. The rarity of this condition, however,
hinders the establishment of clearcut diagnostic
criteria.

Cytochemical studies of eosinophilic leukaemia
are still scarce. According to Gross (1962), the
disease is characterised by chromosomal aberration,
a shift to the left in the bone marrow eosinophilic
series, variation in the size and number of the
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specific eosinophilic granules, and the presence in
the cell cytoplasm of numerous azurophilic-baso-
philic granules as well as of vacuoles. Additional
features mentioned by Gross (1962) are accumu-
lation of glycogen and positive reaction to naphthol
AS-D chloroacetate. Ackerman (1964) observed
asynchronous nuclear-cytoplasmic maturation, in-
crease in cell size, and morphological changes in the
specific granules; he also noted fibrillar formations,
a large amount of glycogen, increased phosphorylase
activity, and strongly positive acid phosphatase
reaction in the eosinophils. Schaefer et al. (1973)
detected in the eosinophils of some patients AS-D
chloroacetate activity and an increased amount of
polysaccharides, while Wulfhekel et al. (1975) and
Weinger et al. (1975) reported a high glycogen
content in eosinophils as well as some alterations
detectable by electron microscopy.

In the present study we describe the results of
morphological and cytochemical studies of eosino-
phils of a patient with eosinophilic leukaemia using
both light and electron microscopy.

Material and methods

CASE PRESENTATION
A 42-year-old man had been diagnosed one year
previously in another hospital as having chronic
eosinophilic leukaemia. Leucocyte alkaline phospha-
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tase score was 184 (normal 15-70), the highest
peripheral leucocyte count was 14 x 109/l, and
karyotyping did not disclose Ph' chromosome. A
bone marrow aspirate was highly cellular with a

myeloid to erythroid ratio of 4:1. The myeloid
series consisted of 40% eosinophils in various
stages of maturation from promyelocytes to mature
cells. No other abnormalities were found in the
myelogram. The disease was complicated by epidural
myeloblastoma causing cord compression. A case

report, including the patient's serum vitamin B12
and B12-binding proteins, has already been published
(Dvilansky et al., 1975). The patient was treated by
surgical removal of the tumour and was then trans-
ferred to our department for irradiation of the
spinal tumour bed. He was first seen by us in July
1974. On admission to our hospital hepatospleno-
megaly was evident, and the neurological examina-
tion revealed paraplegia. The haemoglobin was
11-9 g/dl, the white blood cell count 6 5 x 109/l,
the differential count showed 25% polymorpho-
nuclear neutrophils, 5% band forms, 20% lympho-
cytes, 4% monocytes, 45% eosinophils, and 1%
myelocytes. The platelet count was 146 x 109/l and
the serum level of vitamin B12-4160 pg/ml. The
patient died two months later, in another hospital,
of septic shock.

CYTOCHEMICAL STUDIES ON PERIPHERAL

BLOOD AND BONE MARROW EOSINOPHILS

Eosinophils obtained from the peripheral blood and
bone marrow were examined. Staining for phos-
pholipids was performed with Sudan Black B using
the method of Lison (1973) or Sheehan (1939).
Polysaccharides were stained by periodic acid-Schiff
reagent (PAS), before and after treatment with
diastase (Hotchkiss, 1948). Basic proteins were
stained by Luxol fast blue (LFB) in urea-saturated
alcoholic solution (Goldstein, 1963). Combined
staining for simultaneous detection of phospho-
lipids, polysaccharides, and basic proteins was
performed as previously described by Presentey and
Perk (1972). The methods used for the study of
enzymatic activities were those described by the
following authors: peroxidase, Graham and Knoll
(1973); peroxidase modified for eosinophils, Undritz
(1973); alkaline phosphatase activity, Kaplow
(1955); acid phosphatase, Gomori (1968); aryl
sulphatase, Goldfischer (1965); ubiquinone (co-
enzyme Q), Tranzer and Pearse (1963); nonspecific
esterases in the presence of the substrates naphthol
AS-D chloroacetate (Moloney et al., 1960) or

a-naphthyl acetate (Gomori, 1952).

ELECTRON MICROSCOPIC STUDIES

Blood drawn with 10 IU heparin per ml was kept
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at room temperature for 30 minutes. The buffy
coat was then collected and processed as previously
described by Watanabe et al. (1967). Aspirated
bone marrow was processed according to the method
of Ackerman and Clark (1971). For the dehydration-
reaction with phosphotungstic acid (PTA) the
procedure of Hudson (1966a) was applied, for the
detection of peroxidase activity that of Ackerman
and Clark (1971), and for acid phosphatase the
method of Seeman and Palade (1967). Reaction to
pyroantimonate was detected in non-glutaraldehyde-
treated peripheral blood, buffy coat or bone marrow
cells using the method of Hardin and Spicer (1970).

Sections for electron microscopy were prepared by
LKB Pyramidone and LKB microtome and placed
on uncovered 300-400 mesh grids. Slices fixed in
glutaraldehyde and OS04 without pretreatment
were stained with uranyl acetate and lead citrate. No
staining was performed on slices examined for
enzymatic activity, or on slices treated with PTA
(Hudson, 1966a) or pyroantimonate (Hardin and
Spicer, 1970). The slides were examined with a
JEM-7 electron microscope.

Results

LIGHT MICROSCOPY
Both bone marrow and peripheral blood contained
a large number of eosinophils. In the bone marrow
the majority of the promyelocytes and myelocytes
were of the eosinophilic series, and numerous
blasts were evident. Eosinophilic promyelocytes and
myelocytes were also found in the peripheral blood,
and the apparent mature eosinophils showed
hypersegmentation. Both the bone marrow and
peripheral blood eosinophils showed asynchrony of
nuclear and cytoplasmic maturation. A significant
reduction in the number of specific granules was
observed in some of the eosinophils, both immature
and mature; in the majority of eosinophils, however,
these granules were larger or smaller than usual
(Fig. 1). Many of the eosinophils (23 out of 100 in
the peripheral blood) contained up to six or more
cytoplasmic vacuoles (Fig. 2).

CYTOCHEMISTRY
The specific granules of the eosinophils contained
basic proteins whereas phospholipids were detected
in both the granules of the eosinophils and those of
the neutrophilic polymorphonuclears. Polysacchar-
ides, sometimes in large masses, were found in the
cytoplasm of the cells (Fig. 3). After pretreatment
with diastase, the PAS reaction was weakly positive,
which suggested that the eosinophils contained
large amounts of glycogen and occasionally traces
of other polysaccharides. The presence of poly-
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Fig. 1 Peripheral blood eosinophil
shows a disproportion between the
rate of maturation of the nucleus
and cytoplasm. Also evident is a
decrease in the number of specific
granules and variation in their size.

4. ....

Fig. 2 A peripheral blood
eosinophil with hypersegmentation
of the nucleus and marked
cytoplasmic vacuolisation.

saccharides in the cytoplasm was also detected by a

combination of the PAS and LFB reactions, and by
the triple staining (Presentey and Perk, 1972).
With the method of Graham and Knoll, positive

peroxidase reaction was found in the granules of
both eosinophils and neutrophils. However, when
the Undritz modification was used, a positive
peroxidase reaction was observed only in the
specific granules of the eosinophils (Fig. 4). It
should be mentioned that a few of the azurophilic-

basophilic granules encountered in eosinophils did
not show peroxidase activity. Azurophilic-basophilic
granules were also detectable by the May Grunwald-
Giemsa stain. In eosinophilic blast cells a positive
peroxidase reaction was found both in the granules
and in the intergranular cytoplasm.
No alkaline phosphatase activity was detected in

the eosinophils, whereas that in the neutrophils was
normal. High activity of acid phosphatase (Fig. 5)
was found in the granules of the eosinophils, but

*.
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Fig. 3 Peripheral blood. Periodic
acid Schiffand Luxolfast blue
stains. Diffuse positive reaction in
a neutrophil and a very strong
reaction in an eosinophil. The grains
seen are not the specific granules
but clumps ofglycogen. The
specific eosinophilic granules are
few and are located in the upper
right pole of the cell. They are
identified with the LFB stain.

Fig. 4 Fig. 5
Fig. 4 A selective peroxidase staining of bone marrow eosinophils according to Undritz shows significant differences
between the specific granules. The eosinophilic myelocyte contains a considerable number of vacuoles.

Fig. 5 Bone marrow. Acid phosphatase reaction according to Gomori. A very strong positive reaction of the enzyme is
seen in the eosinophils.
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Fig. 6 Peripheral blood
eosinophil showing a positive
aryl sulphatase reaction.

Fig. 7 Bone marrow. A positive reaction
to ubiquinone is seen in all nucleated cells.

the non-specific esterases showed no activity. The
activity of aryl sulphatase (Fig. 6) and of ubiquinone
(Fig. 7) was found to be normal.

ELECTRON MICROSCOPY
In sections fixed with glutaraldehyde and osmium
tetroxide, the nuclei of young eosinophilic cells
contained a small amount of heterochromatin, most
of it concentrated near the nuclear wall. The extent
and location of peroxidase activity in the cells

enabled us to trace the maturation process of
eosinophilic cells. In the blast stage peroxidase
activity was found in the Golgi apparatus and in the
endoplasmic reticulum, including that surrounding
the nucleus (Fig. 8), but not in the mitochrondria.
In the more mature cells, which have less endo-
plasmic reticulum, the peroxidase activity of the
circum-nuclear endoplasmic reticulum was weak or
absent (Figs 9-11), but the typical granules gave a
positive peroxidase reaction. Staining with potassium
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pyroantimonate (Fig. 12) and phosphotungstic acid
was positive throughout. The inner zone of the
granules the cristalloid was detectable already in
the promyelocytes, but the lamellar structure could
not be seen at this stage. As in the light microscope
study, a decrease in the number of specific granules
was observed in some of the mature eosinophils.
In such cells the granules showed great variability
in size, and some of them were already undergoing
destruction (Fig. 13). Much glycogen, sometimes con-
centrated in large masses, was found in the cytoplasm
of mature eosinophils, and fat droplets were also
evident (Fig. 14). Eventually acid phosphatase
activity was detected in the protoplasm of the
cells.

Discussion

An obvious proliferation of eosinophilic pre-
cursors, which, according to Gross (1962), is charac-
teristic for eosinophilic leukaemia, was seen in the
bone marrow of our patient. It should be noted
that in eosinophilia due to other causes the in-
crease in immature eosinophils in bone marrow
begins at the stage of the myelocyte (Zucker-
Franklin, 1974) whereas in the patient reported
here eosinophilic promyelocytes were also evident.
The blasts, as well, were probably of the eosino-
philic cell line. This enabled us to trace the
course and process of maturation of the eosino-
philic cell line in vivo. At the early stage of im-

Fig. 8

Figs. 8-11 Peroxidase reaction. Eosinophils in different stages of maturation. There are no identifying
characteristics as yet in the blast cell. A strong positive reaction is seen in the endoplasmic reticulum,
and in the nuclear envelope (Fig. 8). With cell maturation, the positive stain of the endoplasmic reticulum
and the nucleus envelope gradually diminishes (Fig. 9). The nucleus of the blast cell and of the early
promyelocyte contains a large nucleus (Figs 8 and 9). The nuclear heterochromatin appears in later
stages. Golgi apparatus shows a positive reaction (Fig. 10). The specific granules appear only in the
promyelocyte stage, their number increasing with cell maturation. The crystalloid (Fig. 11) is identifiable
in the late stages of cell maturation. (Fig. 8 3 x 7000; Figs 9 and 10-3 x 5000; Fig. 11-2 x 2000).
Unstained.
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Fig. 12 Reaction with potassium pyroantimonate. Part of a mature peripheral blood eosinophil. A
positive reaction is seen in the outer layer of the mature granules. Primary granules also give positive
reaction. The fat droplet is dark because of the 0s04, (3 x 17000). Unstained.
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mature cells, abundant peroxidase activity was
detected in the cellular and perinuclear endoplasmic
reticulum. However, as the cells matured, the
peroxidase activity and the amount of their endo-
plasmic reticulum decreased, and concurrently a
different typical peroxidase reaction of the eosino-
philic granules appeared. In the very young cells it
was impossible to differentiate between the two
zones of the specific granules because peroxidase
activity occurred throughout the granule. In later
stages, however, the two zones of the granule, the
inner composed of basic protein and the other
containing peroxidase, could easily be distinguished.
Our description of the eosinophilic maturation
process, based on the peroxidase activity, is similar
to that by Hardin and Spicer (1970), who used pyro-
antimonate, and by Hudson (1966b), who used
phosphotungstic acid in their studies. We did not
observe synchronisation between maturation of the
nucleus and that of the cytoplasm, as was pre-
viously described by Weinger et al. (1975).
Our finding of abnormally high glycogen content

in the cells is in agreement with similar findings by
Gross (1962), Weinger et al. (1975), Wulfhekel et al.
(1975), Ackerman (1964), and Schaefer et al. (1973).
According to Ackerman (1964), the high content
of glycogen might be due to hyperactivity of phos-
phorylase, but there is as yet no evidence in support
of this suggestion, and other explanations are
equally valid; for instance, the high glycogen content
could stem from an increased activity of glycogen
synthetase or, alternatively, from a decrease or
inhibition of glycogen phosphorylase, which de-
grades glycogen.
The specific eosinophilic granules were observed

by us to be highly variable in size. A similar ob-
servation has been made by others (Schaefer et al.,
1973; Zucker-Franklin, 1974; Weinger et al., 1975).
Azurophilic-basophilic granules, as described by
Gross (1962), were also observed, and although they
may appear in normal eosinophils as well, their
number in such cases is very small and they occur
only in eosinophils of bone marrow and not in those
of peripheral blood. Some osmophilic granules
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Fig. 13

Figs. 13-14 Peripheral blood eosinophils. Double stain with urany acetate and lead citrate. In the
majority of the cells the presence ofglycogen is noted (Fig. 14). The scarcity ofgranules is primary. A
process of degranulation, starting in the external part of the granules and later affecting also the
crystalloid, is evident. Note also the variability in size of the specific granules (Fig. 13). (Fig. 13-3 x
4000; Fig. 14-3 x 3500).
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Fig. 14

were detected in our electron microscopic pre-
parations. These were considered by Zucker-
Franklin (1971) to be progranules, but we do not
concur with this opinion because we could not
.detect in the granules any peroxidase or other
characteristic enzyme activity.

All our findings confirm the diagnosis of eosino-
philic leukaemia in this patient. It is our opinion
that eosinophilic leukaemia as such is not merely a
type of chronic myelogenous leukaemia, as suggested
by Benvenisti and Ultmann (1969) and Wulfhekel
et al. (1975), but rather a separate, discrete disease
entity. The present case offers further evidence that
the eosinophils form a distinct cell line in the bone
marrow. Such a conclusion was previously made by
us concerning eosinophils which are devoid of
phospholipids and peroxidase (Presentey, 1969,
1970). A similar suggestion has also been made by
Honsinger et al. (1972), Undritz (1973), and
Zucker-Franklin (1974).

This work is part of the PhD thesis submitted by one
.of us (BP) to the Tel-Aviv University.
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