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Ultrastructure of Blastic Crisis

in Osteomyelofibrosis

A Report of 2 Cases with Some Unusual Features *

J. Thiele, K.F. Vykoupil, and A. Georgii
Institute of Pathology, Hannover Medical School, Hannover, Federal Republic of Germany

Summary. The clinical and morphological findings are presented in two
patients suffering from myelofibrosis and osteomyelosclerosis which termi-
nated in an acute blastic crisis. Clinical follow-up data and light microscopy
of the bone marrow however, revealed a chronic megakaryocytic-granulocytic
myelosis (CMGM) with progression into myelofibrosis during the course
of disease. In one patient the blastic transformation involved predominantly
basophils, and in the other, neutrophils, with an accompanying abnormal
proliferation of megakaryocytes in both cases. Electron microscopy of this
cell population demonstrated remarkable atypicalities of the neutrophilic,
basophilic and megakaryocytic cell lines. These abnormalities consisted of
a nuclear-cytoplasmic asynchrony and a partial arrest of maturation, some-
times resulting in bizarre cell forms. Our investigations support the hypothesis
of a mixed cellularity type of myelosis with a gradual and insiduous progres-
sion into osteomyelofibrosis/-sclerosis and a potential blastic crisis. In the
evolution of blastic crisis all cell lines may be transformed, but with predomi-
nance of one population — basophils and neutrophils in our two cases —
in addition to atypicalities of megakaryocytes.
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Introduction

The aetiology and nosological position of myelofibrosis (MF) and osteomyelo-
sclerosis (OMS) in the system of haematopoietic disorders has been debated
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for many years (review by Block et al. 1975). Besides the primary (idiopathic)
MF of unknown or reactive cause which may closely resemble experimentally
induced lesions (review by Hunstein and Hauswaldt 1974), most haematologists
regard MF/OMS as some kind of neoplasia involving the bone marrow. Contro-
versy about the nature of this disorder has let to the emergence of two principle
standpoints: firstly that MF/OMS follows an acute (malignant) or chronic course
and is an entity of the myeloproliferative syndrome (Dameshek 1951) as stated
by Bouroncle and Doan (1962), Silverstein et al. (1973), Lewis and Szur (1963),
Lubin et al. (1976), Bearman et al. (1979). Secondly that MF/OMS actually
presents a chronic a- or subleukaemic myelosis with accompanying fibrosis,
a concept which was proposed by Heller et al. (1947), Taylor and Simpson
(1950), Krauss (1966) and Hickling (1968) and further widely supported by
the findings of Georgii and coworkers (review by Georgii 1979). In the majority
of cases MF is thought to occur in the natural course of a subtype of chronic
myelogenous leukaemia (CML), chronic megakaryocytic-granulocytic myelosis
(CMGM), as was firstly emphasized by Georgii and Vykoupil (1972, 1976).

Blastic crisis may develop in all stages of progressive MF during the course
of this disease and frequently results in a lethal outcome. A review of the
pertinent literature suggests that several patients reported as idiopathic or malig-
nant (acute) MF, are really examples of a blastic transformation of CMGM,
rather than a distinctive clinicopathological entity (Bird and Proctor 1977; Fa-
bich and Raich 1977; Cheng 1979; Den Ottolander et al. 1979).

The fine structure of acute blastic crisis in MF enables a more thorough
investigation of the relationships between CMGM, MF and acute myelogenous
leukaemia by studying the light and electron microscopy of the bone marrow
in those patients with a well documented clinical course.

Consequently, our investigation has concentrated on the ultrastructure of
blasts involved in this malignant transformation, the possible atypicality of
megakaryopoiesis, and the development of fibres. In addition, the fine structure
of the basophils is described in a case of acute basophilic crisis arising from
CMGM and accompanied by MF.

Fig. 1a—d. Light microscopy. a Patient A, bone marrow biopsy in 1973 (A 604/73) showing a
chronic megakaryocytic-granulocytic myelosis (CMGM) with many atypical megakaryocytes (arrow
heads) between abnormal proliferating granulopoiesis. b Bone marrow in 1975 (A 1167/75) with
an acute basophilic leukaemia and myelofibrosis. Basophils are indicated by arrows, micromegakaryo-
cytes by arrow heads. ¢ Patient B, bone marrow biopsy in 1973 (A 1033/73) with chronic megakaryo-
cytic-granulocytic myelosis (CMGM) and obvious myelofibrosis. Between the abnormal megakaryo-
cytes (arrow heads) many myeloblasts are detectable. d Bone marrow in 1975 (A 1376/75) with extensive
myelofibrosis showing transgression into osteomyelosclerosis. Few micromegakaryocytes are still
visible (arrow heads) between large blastic celis. Some collagen fibres are arranged in whorl-like
or star-shaped formations. (Acrylate embedded semithin sections, a and ¢ Giemsa stain, b and
d silver impregnation after Gomori.) a-d x 280
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Patients and Methods

Patients

The clinical and morphological findings from core biopsies of the bone marrow were studied
in two patients during a period of 2-3 years and are briefly summarized in Table 1.

Table 1. Survey of the principle clinical and morphological findings referring to the development
of acute blastic transformation in the 2 patients with a chronic megakaryocytic-granulocytic myelosis
(CMGM)evolving myelofibrosis/-sclerosis (MF/OMS). + :semiquantitative calculation of proliferating
blood cell population to illustrate the distribution of different cell-lines (gradings from + — + + +);
for gradings of myelofibrosis see Georgii and Vykoupil (1976)

Two cases: Patient A Patient B
Clinical diagnosis: CML CML
Approximate duration

of disease in years: 4 12
Histopathology: CMGM CMGM
Grading of Myelofibrosis: 23 34

minimal MF — severe MF MF - OMS

Haematopoiesis

blasts (myeloblasts) +++ 30% +++ 40%
Granulopoiesis

basophils +++ 30% 0 -

neutrophils and precursors (+) 10% + 20%
Megakaryopoiesis

micro-forms and blasts ++ 20% ++ 20%

non blastic cells + 10% + 20%

Patient A (Sch.F.), a 49-year-old man entered the hospital in June 1973 with the complaints of
increasing fatigue and weight loss over about 2 years. Clinical and laboratory investigations including
sternal puncture revealed chronic myelogenous leukaemia (CML). This diagnosis of uncomplicated
CML was corrected and extended to CMGM with minimal MF (Fig. la) after the bone marrow
biopsy (A 604/73). Grading of the MF corresponded to stage 2 of Georgii and Vykoupil (1976).
Therapy was initiated by cytostatics (Myleran®) and continued during the next two years until
June 1975 when the patient was readmitted to hospital. Laboratory findings were suggestive of
an acute blastic crisis and therapy included several blood transfusions, cytostatics (Vincristin®,
Purinethol®) and radiation of the spleen (300 r). Despite all therapeutic efforts the general condition
of this patient deteriorated during the next 3 months. There was an increasing anaemia, several
attacks of fever and spontaneously occurring flushing episodes. The leukocyte count increased
during cytostatic therapy (after a short interval of depression) up to 27,000 cu/mm with a conspicuous
basophil count of 33% and 19% of myeloblasts; the leucocyte alkaline phosphatase was very
low (index 6). The trephine biopsy of the bone marrow (A 1,167/75) confirmed the acute blastic
crisis of a secondary basophilic myelosis accompanied by MF (Fig. 1 b) suspected clinically. Metho-
trexat® was given, but no remission was achieved and the patient died approximately two weeks
later with septicaemia and generalised bleeding. Autopsy (SN 533/75) revealed changes corresponding
to an acute blastic transformation of a chronic leukaemia with complete overgrowth of the bone
marrow by blasts with associated MF. The cause of death was bilateral bronchopneumonia compli-
cated by septicaemia.

Patient B (U.N.), a 34-year-old woman, known to be suffering from CML since about 1964,
was successfully treated during a period of 9 years with Myleran®. In August 1973 she was readmitted
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Figs. 2, 3a-d, 4a-d, and 5a—c. Electron microscopy of the bone marrow of patient A in 1975
(compare with Fig. 1 b)

Fig. 2. Survey with demonstration of the three types of proliferating cells: Several large blasts
(myeloblasts, b), a basophilic metamyelocyte with small granules and extensive Golgi apparatus
(bm) and a micromegakaryocyte (mM). Between these cells small bundles of fibrils (C) consistent
with myelofibrosis. x 7,000
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to the hospital with severe anaemia, weakness and abdominal pain due to enlargement of the
spleen and liver. Sternal puncture resulted in a dry tap and a core biopsy of the bone marrow
(A 1,033/73), done for the first time in this patient, revealed CMGM with extensive MF and
early blastic transformation (Fig. 1¢). Therapy included antibiotics, Adriblastin® and several blood
transfusions and was continued after a remission with Puri-nethol® and erythrocyte transfusions.
Clinical and peripheral blood findings during this period of cytostatic therapy were satisfactory.
In autumn 1975 there was clinical evidence of an early relapse with a white blood cell count
of 9,000 cu/mm; leukocyte alkaline phosphatase was low (index 6). A second trephine biopsy
of the bone marrow or “myelotomy” (A 1,376/75) showed a CMGM with marked MF and progres-
sion into OMS corresponding to stage 4 of Georgii and Vykoupil (1976) and associated with
a blastic crisis (Fig. 1d). The patient died in July 1976; unfortunately no autopsy was performed.

Methods

Core biopsies of the iliac crest were obtained and processed using techniques as described by
Burkhardt (1966) and Vykoupil etal. (1976) for light microscopy. Fixation and embedding of
the bone marrow blocks for electron microscopy, thin sections and freeze-fracture followed methods
recorded elsewhere (review by Thiele et al. 1977a, b).

Results

Patient A

Electron microscopy of the bone marrow from this patient obtained about
2 weeks prior to death displayed a basophilic leukaemia associated with MF
and blastic transformation in agreement to light microscopy (compare Fig. 1b
with Fig. 2). Between the web-like arrangement of microfilaments and small
bundles of collagen fibres, three types of proliferating cells were most conspicu-
ous: basophils and their precursors, blasts and megakaryocytic cells (Fig. 2).
Although increased in amount, basophilic granulopoiesis consisted of many ap-
parently normal maturing cells (Fig. 3a). Microfilaments and single collagen
fibres were almost equally distributed around basophils and atypical proliferating
megakaryocytes (Figs. 2, 4¢, 5b). Freeze-fracture of mature basophilic granulo-
cytes generally exhibited findings similar to those made in thin sections (Fig. 3b).
In particular, the granularity of the specific granules was demonstrated by
a regularly particulated cleavage plane (Fig. 3¢ compare with Fig. 3d).

Fig. 3a-d. Normally developed basophilic granulocytes in thin sections and freeze-fracture replicas.
a Mature basophil with segmented nucleus and drumsticklike nuclear appendage (arrow head).
Large specific granules with granular content surrounding an extensive Golgi apparatus (G). b
Freeze-fracture shows two exposed nuclear segments with many pores in en-face view (S). Large
specific granules partially cleaved with granular surface (arrow). Plasma membrane with tiny openings
of pinocytic vesicles (¥). ¢ Thin section with specific basophilic granules displaying a granular
content. d A corresponding freeze-fracture replica with large tangentially and two crossly cleaved
granules with coarse particulated surface (arrow) of a basophilic granulocyte (upper half). This
is in contrast to the variety of granules of the secondary and specific (tertiary) type of a neutrophilic
granulocyte (fower half). a and b x 16,000; ¢ x40,000; d x 30,000
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The most conspicuous atypicality however, was an extensive infiltration of
the bone marrow by very primitive blast cells, characterised by a large nucleus
and a small rim of cytoplasm containing only a few organelles (Figs. 2, Sa,
b). Development towards the granulocytic cell line was indicated by the appear-
ance of primary granules that characterised these cells as myeloblasts. The
presence of primitive large progranules with a flocculent and granular content
however, showed that many of these cells belonged to the basophilic series
(Fig. 5a, ).

The normal process of basophilic granulopoiesis was very often altered by
several abnormalities which occurred at different stages of maturation and con-
sisted of disorganization of both granulogenesis and nuclear-cytoplasmic devel-
opment. Most obvious were discrepancies of nuclear segmentation and matura-
tion of cell organelles with atypicalities of specific granules (Fig. 4a-d). Besides
the frequent finding of nuclear blebs especially in the more immature forms,
there were cells with segmented mature nuclei and only a few primitive granules
(progranules) in the cytoplasm (Fig. 4a). On the other hand nuclear segmentation
itself was abnormal in some basophils. These displayed a cleaved or radial
indentation with incomplete formation of chromatin bridges (Fig. 4b). Matura-
tion anarchy was further demonstrated by remarkable aberrations of granulogen-
esis. A thorough examination not only showed a predominance of progranules
in more mature basophils, but also a considerable variety in the amount and
size of specific granules. The content of the granules in the basophils varied
between being hypo- or hypergranular and exhibited micro- and macro-forms
(Fig. 4¢). In some basophil metamyelocytes very small dense homogenous gran-
ules resembling the primary (azurophil) or secondary granules of neutrophils
(Fig. 4d) were frequently observed.

Megakaryopoiesis was atypical, since electron microscopy revealed many imma-
ture and numerous micro-forms, not recognizable by light microscopy (Figs. 2,
5a-c). These micromegakaryocytes showed abnormalities consistent with a mat-
uration arrest. Remarkable was the lack of development of a normal demarcation
membrane system. This was reduced in most cells to a structure identical to
the so called dense compartment (Fig. Sb, review by Thiele et al. 1977b). Nuclear
lobulation was deficient or even absent, despite marginal chromatin condensa-
tion (Figs. 2, Sa, ¢). There was a varying amount of specific granulation and
evidence of atypical thrombocytogenesis (Fig. 5b, ¢). Abnormal platelet release
sometimes produced giant thrombocytes containing numerous granules and vesi-

Fig. 4a—d. Atypicalities of basophil maturation. a Basophilic metamyelocyte with early segmentation
of nucleus, but primitive large granules with flocculent content (progranules). b Cleaved indentation
(so called radial segmentation) of the nucleus in an apparently mature basophil. Large specific
granules partially containing glycogen (arrows). ¢ Microform of a basophil with a few large granules
(upper portion) and part of a large basophil with many granules of different size and density,
i.e., maturation (lower portion). Between these cells small bundles of fibrils (C). d Basophilic
metamyelocyte with very small mostly dense granules surrounding the Golgi apparatus (G ), some
of which resemble primary or secondary granules of neutrophils. a x12,000; b x11,000; ¢ x
13,000; d x 10,000
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cles. In addition there were some cells with highly lobulated nuclei and condensed
chromatin, possibly degenerate forms of micromegakaryocytes (Fig. 5b).

Patient B

In agreement with the findings by light microscopy (Fig. 1d), electron microsco-
py of the bone marrow in the second patient, performed approximately 8 months
before death (autumn 1975) showed acute blastic transformation in OMS with
multiple abnormal primitive cells surrounded by small bundles of collagen fibres
(Fig. 6a). In most instances these myeloid precursor cells bore no resemblance
to normal granulopoietic cells, but displayed striking abnormalities such as
extensively developed nuclear blebs and loops (Fig. 6b). Sometimes there was
a conspicuous nuclear-cytoplasmic disarrangement with an absent demarcation
between cytoplasm and its organelles and nuclear chromatin. Thus the nucleus
often contained dense bodies and mitochondria (Fig. 6a, ¢). Besides these numer-
ous blasts there remained some areas of normal granulopoiesis with neutrophil
promyelocytes and myelocytes. Another remarkable abnormality of granulocyte
maturation was the presence of localised areas of smooth membranes in promy-
elocytes (Fig. 6d). These structures were connected with the extracellular space
and were probably generated by infoldings of the plasma membrane. Sections
at different levels revealed a spongy arrangement consisting of flattened intercon-
necting tubules.

Megakaryocytes existed as a considerable population of abnormal elements
lying between large bundles of collagen fibrils (Fig. 7a, b) in addition to the
various atypicalities of granulopoiesis and the many blast cells. These mega-
karyocytes were frequently very small and abnormal, so that they could be easily
overlooked by light microscopy. The most primitive cell in megakaryopoiesis
showed a large nucleus with flocculent chromatin dispersion, several large nu-
cleoli and a relatively small amount of cytoplasm with numerous polysomes.
These cells could be characterised as belonging to the megakaryocytic line by
their few specific granules of the ‘bull’s eye’ type. Further maturation resulted
in the formation of many dense granules, but the demarcation system remained
primitive or even absent in most cells (Fig. 7a). Auer rod-like bodies in abortive
forms were observed infrequently in a few micromegakaryocytes (Fig. 7b). Mega-

Fig. Sa-c. Atypicalities of megakaryocyte maturation. a Survey with two micromegakaryocytes
(mM ) surrounded by bundles of fibres and blasts, sometimes containing primitive granules possibly
of the basophilic type. b A high magnification showing an abnormal micromegakaryocyte (mM)
with no demarcation system but some specific granules of the bull’s eye type (arrow). Below
a larger megakaryocyte with a primitive demarcation system (D) and abnormal shedding of throm-
bocytes (arrow heads). There are many bundles of collagen fibres in the surroundings (C) and
fragments of blasts (b). ¢ Micromegakaryocyte with segregation of a thrombocyte (arrow heads),
surrounded by blast cells, one with several primitive apparently basophilic granules. a and ¢ x
5,000; b x 16,000



Figs. 6a-d and 7a and b. Electron microscopy of the bone marrow of patient B in 1975 (compare
with Fig. 1d)

Fig. 6. a Survey with many bizarre blasts embraced by large bundles of collagen fibres. In several
cells there is no separation between nuclear chromatin and cytoplasmic organelles (arrow). b Abnor-
mal nuclear bleb containing smooth tubular structures in the interior. ¢ High magnification of
a bizarre blast (from Fig. a) with a nucleus containing mitochondria, dense bodies and cisternae
of the rough surfaced endoplasmic reticulum. d Promyelocyte with localised area of smooth mem-
branes in connection with the extracellular space (short arrow). This formation closely resembles
the primitive demarcation system of megakaryoblasts. Primary granules are indicated by long
arrows. a x 5,000; b x8,000; ¢ x16,000; d x40,000



Fig. 7a and b. Atypical megakaryopoiesis. a Micromegakaryocyte (almost a naked nucleus) with
small rim of cytoplasm devoid of organelles, but apparently shedding thrombocytes (arrow heads)
and surrounded by coarse bundles of collagen fibrils (C) and a fibroblast (F). b Hyperlobated
megakaryocyte with some specific granules few cisternae of the demarcation system and an Auer
rod-like body (arrow). There are many collagen fibrils (C) in the extracellular space consistent
with extensive myelofibrosis/osteomyelosclerosis. a x 5,000; b x 8,000
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karyocyte proliferation was always closely connected with the appearance of
fibroblastic cells and bundles of collagen fibrils, besides web-like arranged
microfibrils (Fig. 7a, b).

Discussion

Both patients studied suffered from a chronic myeloproliferative disease that
should be called chronic megakaryocytic-granulocytic myelosis (CMGM), since
there are two neoplastic cell lines involved in this subtype of CML (Georgii
and Vykoupil 1976; Georgii 1979). Both were terminated by a blastic crisis
and associated with varying degrees of MF and OMS. Light microscopy showed
that blastic transformation predominantly involved the basophilic line in the
one (patient A) and the neutrophilic series in the other patient (patient B).
In addition electron microscopy demonstrated proliferation of atypical mega-
karyocytic cells and various abnormalities in the other cell types.

Consideration of the clinical and morphological evidence available over a
relatively long period suggests that the CMGM started in patient A approximate-
ly 4 years and in patient B about 10 years before evolution of the final stage
of blastic crisis. This long survival is remarkable since it clearly exceeds the
average survival data calculated for patients with CML receiving chemotherapy
as in our cases (reviews by Jacquillat etal. 1975 and Sokal 1976). As stated
by Georgii (1979) a prolonged prediagnostic period points to an insiduous
onset and clinical findings are suggestive of a more prolonged natural course
in CMGM, by comparison with chronic granulocytic leukaemia (CGL). In
patient A, MF proceeded from a very slight degree to an overt fibrosis obliterat-
ing the bone marrow space (Table 1). Although cytostatics were used for quite
a long time in the treatment of these patients, it has been presumed that the
development and progression of MF are hardly influenced by this therapy
(Schifer et al. 1975).

Several authors (Allegra and Broderick 1971; Georgii and Vykoupil 1972,
1976; Estevez 1974; Maldonado et al. 1974; Breton-Gorius et al. 1978; Bain
et al. 1977; Thiele et al. 1977a) have undoubtedly established the existence of
a megakaryocytic-granulocytic myelosis or megakaryoblastic transformation of
CML respectively, based on the morphological as well as the clinical findings.
In a minority of patients this myeloproliferative disease may follow an acute
course called acute megakaryocytic myelosis or acute (malignant) myelofibrosis
(Guichard etal. 1956, Demmler etal. 1970; Den Ottolander etal. 1979). More
frequently however, the course is chronic (Prechtel et al. 1977; Georgii 1979)
and may then proceed to different stages of MF, or terminate in a blastic
crisis. Many of these results are based on histomorphology of the bone marrow,
and a review of the illustrations of the biopsies presented in the papers of
Krauss (1966), Bird and Proctor (1977), Fabich and Raich (1977), Buyssens
and Bourgeois (1977), Cheng (1979), Bearman et al. (1979) and Den Ottolander
et al. (1979) leads to the assumption that at least some of those cases of so
called idiopathic myelofibrosis or myelosclerosis closely resemble CMGM or
a terminal blastic phase of this disorder respectively.
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Despite the frequently used term ‘aleukaemic megakaryocytic leukaemia’
(Allegra and Broderick 1971), there is strong evidence that many of these my-
eloses actually present a leukaemic form, since micro-megakaryocytes in the
peripheral blood smear may be erroneously mistaken for monocytic, blastic,
mononuclear, or lymphocytic cells, when studied by light microscopy (Maldona-
do 1974; Huhn and Ascher 1975; Bain et al. 1977; Breton-Gorius et al. 1978).

The conspicuous development of MF during the course of CMGM is thought
to be a non-specific response to an abnormal cellular proliferation as was stated
by a panel of several scientists (review by Block et al. 1975), rather than an
integral part of the neoplastic process (Sanerkin 1964). This statement is sup-
ported by chromosomal findings (Maniatis et al. 1969; van Slyck 1970; de
la Chapelle et al. 1973), enzymatic studies (Fialkow et al. 1977; Jacobson et al.
1978), and clinical observations (Bird and Proctor 1977). Ultrastructural investi-
gations extend this concept of a reactive fibrosis, since it suggests that a possibly
important role is played by megakaryoblasts in the initial steps of fibrillogenesis.
Atypical megakaryocytes are thought to destroy normal bone marrow circulation
by intrasinusoidal infiltration with consequent scarring (Thiele et al. 1977a).
Release of biogenic amines from fragmented abnormal thrombocytes may be
an additional factor in initiating fibre formation, as emphasized by Zucker-
Franklin (1975). All these assumptions take into account that fibrillogenesis
and consequent MF are usually associated with megakaryocytic proliferation,
as stated by several authors (Block et al. 1975) and finally results in a scirrhous-
like (Lennert 1964) pattern of growth with endophytic bone formation (OMS).

The majority of basophilic leukaemias described previously (Rosenthal et al.
1977) may be classified as accelerated terminal phases of CML, or so-called
secondary basophilic leukaemias (Parwaresch 1976b). This leukaemic prolifera-
tion of blood basophils has to be separated from tissue mast cell leukaemia
or mast cell reticulosis (systemic malignant mastocytosis) as reviewed by Coser
et al. (1980). The basophilic lenkaemias which terminate CML may display
a striking MF (Lennert 1956; Lennert et al. 1956; Lennert and Mohri 1971).
Further, in CML an increased basophil count in the peripheral blood may
be related to the later development of a blastic crisis and, as in our patient,
to the transient flushing episodes which are thought to be due to an excessive
histamine discharge (Jacquillat et al. 1975). Elevated values of histamine have
been measured in CML in several patients, and basophil precursor cells shown
to be present in increased numbers in the peripheral blood as observed by
serial tissue cultures (Miyoshi et al. 1977; Denburg et al. 1980).

Clinical and light microscopy findings in the patients recorded by Lennert
et al. (1956) and Rosenthal et al. (1977) may be compared with our patient
A. Our patient however, was actually shown to suffer from an acute basophilic
crisis of CMGM as confirmed by the sequential biopsies of the bone marrow
and the clinical course. MF in these cases of secondary basophilic leukaemia
is thought to originate from release of biogenic amines, hyaluronic acid and
related compounds from the specific granules of the atypical proliferating baso-
philic granulocytes (Lennert et al. 1956). As discussed above, this may not
be the only mechanism in the development of MF, since atypical proliferation
of megakaryocytes and fragmentation of abnormal thrombocytes may be another
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aetiological factor (Zucker-Franklin 1975). On the other hand, no conspicuous
accumulations of fibrin (so called fibrin stars) could be detected in these and
other cases of MF in resin embedded bone marrow specimens (Thiele et al.
1977a) which were emphasized by Lennert et al. (1975) as the source of fibrillo-
genesis.

Malignant growth of our cell population with accompanying MF/OMS is
established for certain by the blastic transformation of the granulocytic lineage
(review by Pedersen 1973). Additional signs of a malignant proliferation are
the atypical cellular maturation with the formation of abnormal granules, such
as the abortive Auer rods in megakaryocytes, and the nuclear blebs which
may be an expression of aneuploidy (Ahearn et al. 1974). This very frequent
occurrence represents a disturbance of DNA synthesis which may be at least
partially due to the cytostatic therapy (Stalzer et al. 1965; Ahearn et al. 1967).
Further evidence for the suggested malignant granulo- and megakaryopoiesis
are the striking atypicalities of nuclear-cytoplasmic maturation leading to an-
archy of cellular differentiation, particularly of granulogenesis, which may be
observed in various kinds of leukaemic cells (review by Bessis and Breton-Gorius
1969). Special attention should be directed towards the unique sponge like
complexes of smooth membranes in the atypical promyelocytes of patient B,
resembling the dense compartments of megakaryoblasts (review by Thiele et al.
1977b) and structures described by Breton-Gorius et al. {(1976) in promyelocytes
in so called preleukaemia evolving into acute myeloid leukaemia.

In contrast with the elevated leukocyte alkaline phosphatase recorded in
CML with associated MF/OMS (Gralnick et al. 1971) or acute and chronic
MF with myeloid metaplasia (Mitus and Kiossoglou 1968), we found low values
in both our patients which is rather exceptional among the many other cases
of CMGM and MF/OMS in our own material. This may be due to the blastic
transformation which produces many atypical granulocytes with deficient, ab-
normal or even absent specific granules (Bohinjec 1976), thus creating a cell
population resembling more an acute leukaemia with its frequent low phospha-
tase index.

There are several clinical reports dealing with basophilic leukaemias as dis-
cussed above (Barlas 1954; Lennert et al. 1956; Quattrin et al. 1959; Schubert
and Martin 19684, b; Quattrin 1973; Rosenthal et al. 1977), but electron micros-
copy of these leukaemic basophils and their cellular maturation has very rarely
been described. In general agreement with the results of Parwaresch (1976a,
b), we encountered most of the abnormalities that have already been recorded
in leukaemic cells of others than the basophilic line (see above). In comparison
with normal basophilic granule development (review by Zucker-Franklin 1967)
specific granules in neoplastic basophils display much variation in size, inner
structure, and density, thus confirming the observations of Parwaresch (1976b).
Disorganization of maturation was particularly striking in relation to nuclear
segmentation, where so-called radial indentation was present, a frequent finding
in other leukaemic cells (Norberg and Séderstrom 1967).

Our clinical and morphological observations support the concept of a myelo-
fibrosis accompanying chronic megakaryocytic-granulocytic myelosis with a po-
tential evolution of a blastic crisis involving several lines, but with a predomi-
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nance of one population (basophilic and neutrophilic granulocytes in our two
patients).
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