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Chronic Megakaryocytic-Granulocytic Myelosis —
An Electron Microscopic Study

I. Megakaryocytes and Thrombocytes*
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Summary. The fine structure of the bone marrow in chronic megakaryocytic-
granulocytic myelosis (CMGM) was studied in 5 nontreated patients to
investigate possible malignant proliferation of megakaryocytes and the role
of megakaryopoiesis in fibrillogenesis, terminating in osteomyelofibrosis. In
comparison with normal megakaryopoiesis there is an enormous increase
of the megakaryocytic cell line and many immature and atypical forms
are seen. Most conspicuous are microforms, nuclear-cytoplasmic disorganiza-
tion and nuclear inclusions. Asynchrony of maturation causes abnormal
thrombocytogenesis with premature detachment of platelets resulting in im-
mature and peculiar giant forms of thrombocytes. Besides megakaryocytes
appearing superficially normal the maturation anarchy of many cells is so
severe that by analogy with observations in other leukaemic cells these abnor-
malities are thought to be representative of a malignant growth. Moreover,
there is a striking accumulation of microfibrils and single collagen fibres
around megakaryoblasts. Since these cells contain all those organelles com-
monly associated with fibre production the initial step for fibrillogenesis
may thercfore arise from the megakaryoblasts prior to platelet release, or
any fibroblast proliferation.

Key words: Myeloproliferative disorder — Thrombocytes — Megakaryo-
cytic-granulocytic myelosis — Bone marrow biopsy — Megakaryocyte line-
age — Electron microscopy.

Introduction

There are several varieties of myeloproliferative disorder and some are
characterized by proliferation of more than one cell line (Dameshek, 1951).
The most conspicuous forms involve megakaryocytic and granulocytic cell
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proliferation. On a clinical basis these chronic progressive disorders are
classified as either chronic granulocytic leukaemia (CGL) with marked mega-
karyocyte proliferation, idiopathic (malignant) thrombocythaemia, chronic
megakaryocytic leukaemia or chronic megakaryocytic-granulocytic myelosis
(CMGM) depending on quantitative and qualitative features of megakaryo-
poiesis. The existence of an authentic CMGM —implying malignant growth
of both the granulocytic and megakaryocytic cell lines—as a separate entity,
is currently under discussion (Georgii and Vykoupil, 1972, 1976). It is frequently
confused with a temporary phase of CGL during which there is associated
megakaryocytic proliferation.

With the increased application and improvement of bone biopsy (myelotomy)
and tissue processing techniques, CMGM has been shown to occur more fre-
quently than was anticipated from observations based exclusively on sternal
puncture, particularly in patients with a so called dry tap (Schifer et al., 1975;
Georgii and Vykoupil, 1976; Hill and Schéfer, 1976). Further, follow-up studies
indicate that there is a progressive relationship between megakaryocytic prolifer-
ation, myelofibrosis (MF) and osteomyelosclerosis (OMS) (Block et al., 1975;
Fisher .and Folsch, 1975). From a preliminary survey of a small number of
patients from which bone biopsies were taken at intervals, myelosclerosis with
myeloid metaplasia (agnogenic myeloid metaplasia) is not thought to be a
completely separate entity, but possibly in the majority of cases, to represent
a terminal or “burnt out” stage of CMGM (Georgii and Vykoupil, 1976).
These preliminary results in patients with CMGM suggest subdivision of this
myeloproliferative disorder into the following stages: I. atypical hyperplasia,
II. early MF, III. full MF, IV. OMS (Georgii and Vykoupil, 1976).

To provide support for the above proposal, we studied firstly the question
whether the megakaryocytic proliferation was truly a malignant one and not
merely a concomitant hyperplasia provoked by the neoplastic granulocytic
growth, and secondly, whether the microenvironment of the megakaryocytes in-
cluded evidence of early fibre formation that could lead to MF.

These points are studied by examining large, intact areas of bone marrow under the electron
microscope to form quantitative and qualitative assessments of cell proliferation and morphology.

Case Reports

Five patients were studied, 4 females, 1 male, aged between 50 and 60 years. They were separated
into 2 groups by their clinical and morphological features.

The first group, consisting of 3 patients, presented with symptoms of a latent haematological
disorder; subleukaemic white blood cell counts (20-30,000/cu mm), marked thrombocythaemia
(600-1,000,000/cu mm) erythrocyte counts of 4-4,500,000/cu mm and a haemoglobin level of 11-13 g/
100 m!. Differential blood counts apparently established CGL with many myeloblasts and promyelo-
cytes. Sternal puncture however demonstrated a large quantity of immature megakaryocytes. The
megakaryocytic and granulocytic series were shown by methacrylate embedded iliac crest biopsies
to have undergone atypical hyperplasia whereas erythropoiesis was relatively normal. There was
no MF. These findings are consistent with a stage I of CMGM (Georgii and Vykoupil, 1976).

The second group (2 patients) entered hospital suffering from abdominal pain, caused by enlarge-
ment of the spleen and liver, and having slight anaemia, (red cell count about 3,000,000/cu mm,
haemoglobin 8-10 g/100 ml). Clinical findings seemed to be consistent with CGL: white blood
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cell count 70-50,000/cu mm (25% neutrophils, 10% metamyelocytes, 8% myelocytes, 3% promyelo-
cytes, 39% myeloblasts, 3% eosinophils, 10% lymphocytes, 2% blast cells in one of the patients)
and a thrombocyte count of about 200,000/cu mm. As in the case of the first group patients,
iliac crest biopsies demonstrated atypical proliferation of the granulocytic and megakaryocytic
series but in contrast, group 2 patients showed discrete MF initiating around sinus walls (sinus
wall sclerosis) and large clusters of immature megakaryocytes. This group belonged therefore to
stage II CMGM with early MF (Georgii and Vykoupil, 1976). Prior to taking iliac crest biopsies,
the patients received no special treatment and in particular, no cytostatics.

Material and Methods

For electron microscopy the iliac crest biopsies were performed following the method of Burkhardt
(1966). The bone cylinders were dissected under a stereo-microscope to separate large pieces of
intact marrow from the bony trabecula.

Marrow specimens were immediately immersed and minced in the fixative (2.5% glutaraldehyde
and 2% formaldehyde in 0.1 M sodium cacodylate buffer at pH 7.3).

Following aldehyde fixation for 90 min the samples were postfixed in 1% osmium tetroxide
dissolved in phosphate buffer for 1-h, dehydrated in ethanol and embedded in Epon. Thin sections
were stained with uranyl acetate and lead citrate after mounting on large unobstructed formvar-
carbon films to obtain extensive surveys. Electron microscope: Siemens Elmiskop la.

As controls, bone biopsies were similarly processed the first from a 30-year old man having
no haematological disorder, the second from a 35-year old female patient with a CGL and ac-
companying megakaryocyte proliferation.

Results
General Survey

Electron microscopical surveys from the first group of patients show atypical
proliferation of the megakaryocytic and granulocytic series with preponderance
of precursor forms as well as numerous normally maturing cells. Both cell
lineages, particularly the megakaryocytic series are noticeable because of many
degenerative and abnormal forms. Erythropoiesis is slightly hyperplastic; lym-
phocytes, monocytes and plasma cells are only present in low numbers. Reticu-
lum cells, in fairly large amounts, exhibit marked phagocytic activity around
erythropoietic islands. Megakaryopoiesis is often localized around sinus walls
or in large clusters with some interspersion of other cells, usually granulocytes
(Fig. 1).

Numerous thrombocytes are scattered intercellularly and conspicuously accu-
mulated around the sinuses. Even when fibrosis is not noticeable by light
microscopy, a striking accumulation of microfilaments and collagen fibres
can be detected predominantly around megakaryoblasts (Figs. 6, 7c).

The second group of patients shows similar atypical hyperplasia of haemic
cells. In addition there is a proliferation of fibroblasts closely associated with
collagen fibrils and microfilaments, adjacent to sinus walls (sinus wall sclerosis),
the first confirmatory sign of MF (Fig. 2a). The abnormal microfilament and
fibre accumulation surround the sinus walls. In many places, megakaryoblasts
are seen protruding into the endothelial layer with resulting collapse of the
sinus walls. Sometimes there is even intraluminal infiltration so that megakaryo-
poiesis leads to subtotal or total obliteration of the vascular bed (Fig. 2a).
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A. Megakaryocytes

1. Maturation and Degeneration. The most immature precursor of the megaka-
ryocytic lineage is identified as a cell with a large, relatively rounded nucleus,
one or more nucleoli, and a relatively small amount of cytoplasm. The cytoplasm
is rich in polysomes, contains a few cisternae of the rough surfaced endoplasmic
reticulum (RER), a Golgi apparatus including coated vesicles, and some mito-
chondria. The nuclear border is wavy whereas the cell outline is generally smooth
although pseudopod-like cytoplasmic projections are observed. A few dense
bodies are observable in some areas (Fig. 2a). This cells is only distinguished
from myeloblastic and proerythroblastic precursor cells with difficulty. It is
a little larger than the other types and is found among the clusters of maturing
megakaryocytes. An even more primitive cell resembling the haemopoietic stem
cell (haemocytoblast) as described by Dicke et al. (1973) is occasionally seen
(Fig. 7a). The next step of megakaryopoiesis includes development of the demar-
cation membrane system (DMS). This is initiated at several localized areas
of the cell periphery with growth of a spongy system of flattened cisternae
(Fig. 1). At the same time the nucleus begins to indent, the Golgi apparatus
develops extensively with budding off of granules along the length of the electron
dense innermost saccule. Dilated cisternae of RER occupy large areas of the
cytoplasm. The cellular membrane becomes highly scalloped due to production
of many pseudopod like protrusions of the cytoplasm. Some of the latter contain
densely packed microfilaments.

At this stage, there is an accumulation of microfibrils and single collagen
fibres in the intercellular space surrounding the megakaryoblasts (Fig. 6).

The subsequent steps in megakaryocytic developement (promegakaryocytes,
granular and thrombocytogenic megakaryocytes) are better documented than the
very early and late forms, and we will therefore, only briefly describe these
3 stages. There is progressive nuclear lobulation, peripheral condensation of
the chromatin, and regression of the nucleoli. The cell volume is much increased
together with extensive development of the DMS, formation of specific granules
by the Golgi apparatus and distinctive zonation of the cytoplasm. Finally the
thrombocytes are delineated. For further reference see Jones (1960), Gautier
et al. (1963); Zamboni (1965); Jean etal. (1971); Cawley and Hayhoe (1973).

Als platelet release approaches completion, the megakaryocyte consists of
a hyperlobated nucleus, with much peripheral chromatin condensation and a
cytoplasm, which contains dense accumulations of granules besides some DMS
which probably produces the last platelets (Fig. 3a). Finally, the cytoplasm
becomes devoid of all organelles terminating as so called naked nuclei which
represent overaged or degenerative forms (Fig. 3b).

Fig. 1. Survey (reconstruction) with cluster of atypical maturing megakaryocytes. Apparently normal
thrombocytogenic megakaryocyte (1), very early megakaryoblast (2) with early development of de-
marcation membrane system (D), micromegakaryocyte with heavy glycogen accumulation (3),
platelet (7C) producing small megakaryocyte (4), and part of a degenerative form with hyperlobated
nucleus (3). Surrounding cells of granulopoiesis (G) with immature blastic cell (B) and a myelocyte
in mitosis (MY). x4000



Fig. 2. a Survey (reconstruction) of sinus wall sclerosis in early myelofibrosis. Sinus iumen (SL)
partially obliterated by extensive megakaryopolesis with several early and late megakaryoblasts
(Afb). Perisinusoidal fibroblastic cells (F) surrounded by microfilaments and bundles of collagen
fibres (arrows),clusters of granulopoiesis (G). b Normal sinus wall for comparison with thin layer
of sinus endothelium and part of a reticulum cell in the lumen. a x 4000, b x 4500




Fig. 3a and b. Megakaryocyte degeneration. a Regressive alteration with hyperlobated nucleus,
condensed chromatin and nucleolus. Small portion of cytoplasm filled by specific granules (many
of the bull’s eye type) and cisternae and tubules of the DMS (arrows). b Two naked nuclei with
hyperiobation and chromatin condensation surrounded by small margin of cytoplasm devoid
of organelles corresponding to final step of megakaryocyte degeneration. a % 19,000, b x 5000
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Fig. 4. Megakaryocyte atypia. Micro-megakaryocyte with immature nucleus (dispersed chromatin).
DMS well developed with early premature segregation of platelets which contain only few specific
granules (arrows). x 6500

2. Megakaryocytic Atypia. In contrast to the majority of megakaryocytes that
follow .an apparently normal pattern of development some exhibit striking atypia.
These abnormalities are most frequently related to marked nuclear/cytoplastic
asynchrony as demonstrated by the common occurrence of micro-megakaryocytes
of 8-15 um diameter compared to normal dimensions of about 50 um. These
micro-megakaryocytes may lack or show a paucity of specific granules at a
stage when the DMS is already fairly well developed (Figs. 1, 4) or platelet
detachment has even taken place (Figs. 4, 7c). Megakaryocytes of normal size,
but that possess a very large hyperlobated nucleus with minimal peripheral
chromatin condensation, many nucleoli, and features of a fairly immature cyto-
plasm also occur. Alternatively, megakaryocytes show only a slightly indented
nucleus resembling that of the promegakaryocytes but peripheral chromatin
condensation and sometimes large clusters of glycogen typical of thrombocytoge-
nic forms (Fig. 1). Other asynchronized patterns include extensive specific gran-
ule formation but only small primitive areas of DMS (Figs. 1, 7a).



Fig. Sa—c. Nuclear inclusions. a Filamentous structures surrounded by clusters of chromatin. Large
perichromatin granule (arrow), nuclear pore with dense annulus (P). In the cytoplasm many micro-
tubules (MT). b Crosslinked and filamentous inclusion probably transverse section of a similar
structure as in a. ¢ Electron dense inclusions corresponding to large perichromatin granules (arrows)
and possibly to condensed nucleolus (NL, compare with Fig. 3a). a x 42,000, b x 40,000, ¢ x 16,000
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Fig. 6. Early myelofibrosis. Extracellular space of megakaryoblasts filled by a loose network of
microfilaments intermingeled with single collagen fibres with periodical banding (arrows). x 40,000

The DMS exhibits further peculiarities besides those of asynchrony, the
most striking being the presence of several very extensive dense compartments
(Behnke, 1968). ‘

The most remarkable atypia associated with the nucleus is represented by
nuclear inclusions. These are found mostly in immature and degenerating cells.
There are several types, the most prominent consisting of filamentous structures
as seen longitudinally (Fig. 5a) but having a crosslinked almost crystal lattice —
like structure on transverse sections (Fig. 5b). Electron dense, rounded inclusions
are also of frequent occurrence (Fig. 5¢). Some cells contain very prominent

Fig. 7a—c. Atypia of thrombocytogenesis. a Very late megakaryocyte with hyperlobated nucleus
and detachment of large (last?) platelet containing numerous specific granules (arrows). Above
primitive blastic cell probably stem cell (§7) with large nucleus and several nucleoli. High nuclear-cy-
toplasmic ratio with small portion of cytoplasm showing many polysomes. b Marginal cytoplasm
of a large platelet with abundance of irregularly arranged microbubules surrounding tubules of
the surface connected system. ¢ Very early granular megakaryocyte with premature segregation
(arrows} of primitive thrombocytes (7C) containing many cisternae of the rough endoplasmic
reticulum and only a few specific granules. The extracellular space filled by network of microfilaments
(MF). a x8000, b x 40,000, ¢ x 16,000
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perichromatin granules of an abnormally large size with distinctive halos as
well as numerous ones of normal dimensions.

The Golgi apparatus is apparently normal surrounded by numerous dense
granules (the future a-granules of thrombocytes), so calles “bull’s eye” granules
(Jean et al., 1963) which exhibit a smaller dense core inside the granule, mostly
in excentric position (Fig. 8c).

Quantitatively however, there is a great increase in the proportion and
number of “bull’s eye” granules (Figs. 3a, 7a, 8a-c).

3. Early Myelofibrosis. Bundles of microfilaments and collagen fibrils are seen
closely associated with megakaryoblasts even in the atypical hyperplastic bone
marrow of early CMGM (Figs. 6, 7¢). Their presence is not related to any
obvious proliferation of normally accepted fibre producing (or fibroblastic)
cells. Those appear in later stages of myeloid fibrillogenesis when sinus wall
sclerosis is already noticeable (compare Fig. 2a with 2b). A web—like arrange-
ment of microfilaments, without obvious periodicity but which are mingled
with some larger fibrils (2540 nm diameter) that sometimes show periodical
banding, surrounds the cell membranes of most megakaryoblasts and promega-
karyocytes (Fig. 6).

B. Thrombocytes

1. Platelet Release. Since the absolute number of megakaryocytes is greatly
increased in CMGM, segregation of platelets from the many normally maturing
megakaryocytes is very frequently observed.

The process follows that described by Gautier et al. (1963), Falcao and Gau-
tier (1967), French (1967), Schulz and Schiller (1968), Behnke (1969) and the
majority of released thrombocytes are normal in appearance if compared
with those shown by Zucker-Franklin (1970), Hovig (1968) and Behnke
(1967). As already briefly mentioned under megakaryocytic atypia however,
abnormal separation of platelets results in grossly atypical forms. These consist
of two types: firstly, there is an premature detachment of large cytoplasmic
areas from promegakaryocytes producing immature thrombocytes (Fig. 7¢) and
secondly, delayed segregation from megakaryocytes almost at the degeneratory
stage, leads to giant thrombocytes (Fig. 7a).

2. Platelet Atypia. Thrombocytic atypia is generally associated with giant entities
and hypertrophy of cytoplasmic structures. These cells sometimes attain a diame-

Fig. 8a—c. Atypical thrombocytes. a Nucleated thrombocytic cell or atypical degenerated megakaryo-
cyte with part of a nucleus and cytoplasm filled by numerous specific granules predominantly
of the bull’s eye type. No DMS, but areas of smooth membrane system (SM) and glycogen
accumulation. b Part of a giant thrombocyte with abundance of specific granules (bull’s eye type)
and hyperplasia of the smooth membrane system. Between the granules tubular portions of the
surface connected system. ¢ Specific granules of the platelet of the bull’s eye type surrounding
dense osmiophilic granule. a x 13,500, b x 16,000, ¢ x 40,000
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ter of 20-30 um, contain numerous organelles, dense bodies and membrane
systems (Fig. 8a and b) and sometimes even retain a nucleus or nuclear relicts.
In the latter cases, distinction between these nucleated thrombocytes and degen-
erating megakaryocytes is made only with difficulty (Fig. 8a compare with
Figs. 3a and 7a). Peripheral bundles of microtubles show hypertrophy and dis-
array (Fig. 7b), and some platelets exhibit an extensive Golgi apparatus that
apparently forms granules by budding off from the electron dense innermost
sacculi (Fig. 9a).

Almost all giant platelets demonstrate an excessive proliferation of the surface
connecting and dense tubular systems intermingled to produce the intramural
interwoven membrane complex (review by White, 1972), probably equivalent
to the dense compartment of the megakaryoblasts (Figs. 9b and ¢). The complex
consists of a spongy system of perforated cisternae, occupying large areas of
the platelet cytoplasm and surrounded by a dense population of granules. These
granules, as in megakaryocytes are generally of the “bull’s eye” wvariety
(Figs. 8a—c) but sometimes, although relatively infrequently, resemble those
known as ‘““osmiophilic bodies” (Fig. 8c).

Other abnormalities not infrequently observed include an almost complete
absence of cytoplasmic organelles replaced by hypertrophy of the dense tubular
system (Fig. 9d), large glycogen accumulations or immature forms with large
amounts of polysomes and RER (Fig. 7¢).

Discussion

A. Megakaryocytes

Due to the pronounced proliferation of the megakaryocytic series in this myelo-
proliferative disorder; all stages of the life cycle of this cell line and variations
in its microenvironment can be studied by electron microscopy. Atypia is
confirmed by comparison with both the control cases and additionally by refer-
ence to pertinent literature (Huhn and Stich, 1969; Zucker-Franklin, 1970;
Bessis, 1973; Cawley and Hayhoe, 1973). Light microscopic investigations of
various myeloproliferative disorders reveal megakaryocytic abnormalities, partic-
ularly the production of microforms (Trautmann, 1961; Lobdell and Europa,
1962; Albrecht, 1969; Albrecht and Fiille, 1974). These alterations are regarded
as due to severe disturbance in stem cell maturation resulting in diploid megaka-
ryocytic cell lines and are comparable with a regression to lower levels of
phylogenesis (Undritz and Nusselt-Bohaumilitzky, 1970). Work carried out by

Fig. 9. a Large Golgi apparatus of a giant thrombocyte with production of dense bodies and
small vesicles budding off from the innermost saccule and surrounded by many specific granules.
b Extensive complex of smooth membranes in a giant platelet with connection to the extracellular
space (arrow). ¢ High magnification of a membrane complex with tubules of the surface connected
system (SCS) intermingeling with tubular structures (dense tubular system) and marginal microtub-
ules (arrows). d Atypical thrombocyte with hypertrophy of smooth tubular system (dense tubular
system ?). Cytoplasm almost devoid of other organelles with few clusters of glycogen. a x 40,000,
b x 16,000, c x 40,000, d x 30,000
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Queisser et al. (1972, 1974) and Smith et al. (1973) demonstrates the presence
of diploid and abnormal megakaryocytes in patients with preleukaemia that
progresses to acute leukaemia as well as in megakaryocytic leukaemia (Hossfeld
et al., 1975; Queisser et al., 1976). The assumption is therefore made that micro-
megakaryocytes can act as an indicator of neoplastic growth of the myeloid
tissue. In addition Kass (1973) demonstrated enzymatic abnormalities in megaka-
ryocytes of essential thrombocythaemia which presumably reflects the malignant
nature of this cell lineage. Electron microscopy of the buffy coat cells of patients
with chronic myeloproliferative disorders, some with associated MF comparable
with our two groups, reveals circulating, atypical micro-megakaryocytes and
giant thrombocytes in the peripheral blood (Maldonado et al., 1974 ; Maldonado,
1974; Breton-Gorius et al., 1972, 1973; Huhn and Ascher, 1975). The atypia
described is almost identical to that seen in our study of the bone marrow.
Comparable abnormalities of the megakaryocytes have been observed by Kinet-
Denoel and Breton-Gorius (1973) and Roessner et al. (1975) and of the platelets
by Zucker-Franklin (1975) in MF/OMS. Thus it is more than probable that
the marrow represents the source of these atypical micro-megakaryocytes and
large platelets, although, as the disease progresses, myeloid metaplasia can not
be ruled out as the origin of the abnormal cells in the peripheral blood (Tavassoli
and Weiss, 1973). To date, only one study, by Lagerl6f and Franzen (1972)
has been carried out on the fine structure of bone marrow, but during CGL
with associated megakaryocytic proliferation. This study does not show the
atypia of megakaryopoiesis as demonstrated by Maldonado et al. (1974), Breton-
Gorius et al. (1972, 1973) and Huhn and Ascher (1975) in the peripheral blood
and by Roessner et al. (1975) in the bone marrow of a patient with aleukaemic
megakaryocytic myelosis. These results support our suggestion that in certain
haematological disorders, such as CGL concurrence of megakaryocytic prolifer-
ation is probably a transitory cyclic phase and not necessarily neoplastic (Vodo-
pick et al., 1972). This probably applies to some of the cases of Lagerl6f and
Franzen (1972) and to our second control case, since none of the atypia asso-
ciated with megakaryopoiesis seen in our 5 patients with CMGM is observed
in the CGL control. Our five patients with CMGM and those described by
the authors above suffer, on the contrary, from a myeloproliferative disorder
of the megakaryocytic and granulocytic cell lines. This disease is a mixed myelosis
with or without various degrees of MF that partially undergo a chronic clinical
course.

The nuclear inclusions we observed, particularly the large perichromatin granules and fibrillar
structures, are of special interest in the context of neoplasms, as they have been detected in increased
numbers in tumour cells (review by Bernhard, 1969). Additionally, 2 of our 5 patients (3 were
not investigated) possess a typical Ph’ chromosome which is occasionally found in megakaryocytic
myelosis (Dougan et al., 1967; Hossfeld et al., 1975; Queisser et al., 1976).

B. Thrombocytes

The clinical course of CMGM is often characterized by severe thrombocythae-
mia. In some cases this causes lethal thrombosis whereas others suffer from
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a haemorrhagic diathesis. Maldonado et al. (1974) describe an example of each.
Enhanced megakaryocytic proliferation and maturation leading to increased
amounts of apparently, normally functioning platelets, is responsible for the
thrombocythaemia characteristic of early stages of CMGM (atypical hyperplas-
tic stage, stage I of Georgii and Vykoupil, 1976). On the initiation of MF
(stage II of Georgii and Vykoupil, 1976) thrombocytes become trapped between
the bundles of collagen fibres. Consequently, those patients have normal or
subnormal platelets counts in their peripheral blood.

A haemorrhagic diathesis is very closely related to primary malignant (idiopa-
thic) haemorrhagic thrombocythaemia. This is a myelo-proliferative disease with
abnormal growth of the megakaryocytic and granulocytic series (Ozer et al.,
1960; Gunz, 1960; Mason et al., 1974) possibly identical to the atypical hyper-
plastic stage of CMGM. Bleeding tendency in the presence of normal or highly
elevated platelet counts is probably due to impaired functioning of the thrombo-
cytes (McClure et al., 1966 ; Didisheim and Bunting, 1966; Inceman and Tangiin,
1972). This follows from the atypia observed which include giant platelets with
abnormally high glycogen content (Jean et al., 1963; Hovig, 1968; Chan etal.,,
1971; Maldonado et al., 1974) or even complete lack of the granules (Bussi et al.,
1966; Maldonado et al.,, 1974) which are thought to carry platelet factor 3
(review by Hovig, 1968). These abnormalities can also be observed in the bone
marrow of CMGM and orginate from the atypical segregation of platelets.

C. Myelofibrosis

It is interesting to consider agnogenic myeloid metaplasia with associated myelo-
sclerosis as being a late stage of CMGM in the context of studies on patients
with MF. These point to a close relationship between fibrosis and neoplastic
growth of megakaryocytes (Hill and Schéfer, 1976; Georgii and Vykoupil, 1976;
Schifer et al., 1976).

From fibrillogenesis studies (Schwarz, 1964; Ross, 1968) fibre producing
cells are characterized by a large Golgi apparatus for the production of the
carbohydrate moiety and an extensively developed RER for the protein part
of the fibrils. The carbohydrate and protein are secreted into the extracellular
space and polymerization to microfilaments and fibres takes place along the
cell membranes. Megakaryoblasts are characterized by a highly active Golgi
apparatus and extensive RER, Haust (1965) demonstrated microfibrils in the
extracellular space in both collagen and elastic tissue and this also occurs around
megakaryoblasts in the marrow. It is possible therefore that megakaryoblasts
may be responsible for the initial step in collagen synthesis by providing a
medium conductive to fibrillogenesis. Zucker-Franklin (1975) observed in MF/
OMS defective membranes in plateletes and suggested that surface fragmenta-
tion, with release of coagulation factors from the platelet granules (especially
factor 3), may enhance the coagulation system and lead to extracellular throm-
bosis and local ischemia. Fibrin deposits (so called fibrin stars) should, therefore
be detected around the megakaryocytes as particularly emphasized by Lennert
etal. (1975). We observed no conspicuous fibrin accumulation. In later stages
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of MF, however, degenerating platelets are frequently seen and a possible leakage
of biogenic amines (such as serotonin, histamin, catecholamin etc.) may play
an aetiological role (Zucker-Franklin, 1975). Among these compounds serotonin
deserves particular attention. It probably enhances the polymerization of colla-
gen and elastin fibres from precursor compounds which may be secreted into
the extracellular space by megakaryoblasts.

The close relation of megakaryopoiesis to the sinus walls is possibly one
of the most important factors in MF development. With increasing proliferation
of megakaryocytes the sinus walls are infiltrated by immature cells often followed
by intraluminal megakaryopoiesis. This frequently causes partial occlusion of
the vascular bed and disturbance of medullary circulation with consequent local-
ized ischemia. There follows an activation of advential cells with fibroblast
proliferation and fibre accumulation, the sinus wall sclerosis of light microscopy
as an early stage of MF. MF then appears to proceed by a self perpetuating
process similar to that seen in liver cirrhosis, ending in OMS (stage IV, Georgii
and Vykoupil, 1976). The terminal stage of OMS is endophytic bone formation
and is characterized clinically by enormous spleen and liver enlargement, severe
pancytopenia and extramedulilary haematopoiesis. MF and OMS are regarded
as terminal stages in all cases of CMGM, provided the natural course of this
disease is not interrupted by an acute blastic transformation (Fisher and Folsch,
1975; Georgii and Vykoupil, 1976).

D. Stem Cell of Megakaryopoiesis

Due to the close association of megakaryopoiesis with sinus walls, megakaryo-
cytic development from sinus endothelial cells is postulated (Burkhardt, 1968;
Demmler et al., 1970). The choice of the sinus endothelial cell as a possible
precursor was probably instigated by observation of areas where megakaryo-
blasts infiltrate and destroy the sinus wall leading to extensive intraluminal
megakaryopoiesis. This hypothesis is based on light microscopy. We have never
observed megakaryopoiesis electron microscopically arising from endothelial cells
along intact sinus.

Our findings of blast cells resembling the so called stem cell (haemocytoblast),
and of cells showing gradual maturation toward a megakaryocyte, support
experimental findings in megakaryopoiesis (Yamashita and Helpap, 1974) and
the concept of a common stem cell in haematopoiesis (review by Golde and
Cline, 1974).

Acknowledgments. We are indebted to Professors Harders and Mainzer, Hamburg; Schéfer, Lemgo
and Dr. Grote, Peine, for kindly providing bone biopsy specimens and clinical data on their
patients. We would also like to thank Professor E. Reale, Hannover, for his encouraging support
and critical review of the manuscript. The technical assistance of Mrs. M. Riimann, Miss G. Bundies
and Miss E. Lange is gratefully acknowledged.

References

Albrecht, M.: Vergleichende Untersuchungen an atypischen Megakaryozyten bei Blutkrankheiten
und an embryonalen Megakaryozyten. Hamatolog. u. Bluttransfusion 8, 150154 (1969)

Albrecht, M., Fiille, H.-H. : Morphologie der Megakaryozyten bej Blutkrankheiten. Blut 28, 109-121
(1974)



Megakaryocytic-Granulocytic Myelosis 209

Behnke, O.: Electron microscopic observations on the membrane systems of the rat blood platelet.
Anat. Rec. 158, 121-138 (1967)

Behnke, O.: An electron microscope study of the megakaryocyte of the rat bone marrow. I. The
development of the demarcation membrane system and the platelet surface coat. J. Ultrastruct.”
Res. 24, 412-433 (1968)

Behnke, O.: An eleciron microscope study of the rat megakaryocyte. II. Some aspects of platelet
release and microtubles. J. Ultrastruct. Res. 26, 111-129 (1969)

Bernhard, W.: Ultrastructure of the cancer cell. In: Handbook of molecular cytology, A. Lima-de-
Faria (ed.), pp. 688-715. Amsterdam-London: North Holland Pub. Company 1969

Bessis, M.: Living blood cells and their ultrastructure. Berlin-Heidelberg-New York: Springer 1973

Block, M.H., Burkhardt, R., Chelloul, N., Demmler, K., Duhamel, G., Georgii, A., Kirsten,
W.H., Lennert, K., Nezelof, C., Te Velde, J.: Pathology and morphology (Working Paper).
Proceedings of the Dahlem Workshop on Myelofibrosis-Osteosclerosis-Syndrome. Advances
in the Biosciences 16, Bernhard, S., and Saar, U. (eds.), pp. 219-240. Berlin: Pergamon Press,
Vieweg 1975

Breton-Gorius, J., Dreyfus, B., Sultan, C., Basch, A., d’Oliviera, J.G.: Identification of circulating
micromegakaryocytes in a case of refractory anemia: An electron microscopic-cytochemical
study. Blood 40, 453-463 (1972)

Breton-Gorius, J., Daniel, M.T., Flandrin, G., Kinet-Denoel, G.: Fine structure and peroxidase
activity of circulating micromegakaryoblasts and platelets in a case of acute myelofibrosis.
Brit. J. Haemat. 25, 331-339 (1973)

Burkhardt, R.: Praparative Voraussetzungen zur klinischen Histologie des menschlichen Knochen-
markes. Blut 14, 30-46 (1966)

Burkhardt, R.: Histopathology of bone marrow in myeloproliferative diseases (MPD). XII Congr.
Int. Soc. Hemat. New York, 1968

Bussi, L., Jean, G., Le Coultre, L.: Ultrastructural aspects of platelets and megakaryocytes in
a case of “primary” thrombocythaemia. Acta haemat. (Basel) 35, 113-128 (1966)

Cawley, J.C., Hayhoe, F.G.J.: Ultrastructure of haemic cells. London-Philadelphia-Toronto: W.B.
Saunders Comp., Ltd. 1973

Chan, B.W.B., Flemans, R.J., Zbinden, G.: Acute leukemia with megakaryocytic predominance.
Cancer (Philad.) 28, 1343-1349 (1971)

Dameshek, W.: Some speculations on the myeloproliferative syndromes. Blood 2, 372-375 (1951)

Demmler, K., Burkhardt, R., Prechtel, K.: Megakaryoblastische Myelose. Klin. Wschr. 48,
1169-1173 (1970)

Dicke, K.A., van Noord, M.J.,, Maat, B., Schaefer, UW., van Bekkum, D.W.: Identification
of cells in primate bone marrow resembling the haemopoietic stem cell in the monse. Blood
42, 195-208 (1973)

Didisheim, P., Bunting, D.: Abnormal platelet function in myelofibrosis. Amer. J. clin. Path.
45, 566573 (1966)

Dougan, L., Woddliff, H.J., Onesti, P.: Cytogenetic studies in megakaryocytic myelosis. Med.
J. Austr. 54, 62-65 (1967)

Falcao, L., Gautier, A.: Recherches ultrastructurales sur la libération des plaquettes par la mégaca-
ryocytes humains. Blut 16, 57-64 (1967)

Fischer, W., Folsch, E.: Chronisch-myeloische Leukdmie und Osteomyelofibrose — zwei ver-
schiedene Erkrankungen? Dtsch. med. Wschr. 18, 1025-1028 (1975)

French, J.E.: Blood platelets: Morphological studies on their properties and life cycle. Brit. J.
Haemat. 13, 597-603 (1967)

Gautier, A., Jean, G., Probst, M., Falcao, L.: Ultrastructure du mégacaroycyte et problémes de
plaquettogenése. Arch. ital. Anat. Istol. pat. 37, 503-521 (1963)

Georgii, A., Vykoupil, K.F.: Pathologische Anatomie der megakaryocytiren Myelose. In: Leukidmie,
Gross, R. and van de Loo, J. (eds.), pp. 25-28. Berlin-Heidelberg-New York: Springer 1972

Georgii, A., Vykoupil, K.F.: Histologisch-bioptische Klassifizierung myeloproliferativer Erkrankun-
gen. In: Erkrankungen der Myelopoese, Leukdmie, myeloproliferatives Syndrom, Polyzythdmie.
Stacher, A. und Hécker, P. (eds.), pp. 47-58. Wien: Urban & Schwarzenberg 1976

Golde, D.W., Cline, M.J.: Regulation of granulopoiesis. New Engl. J. Med. 291, 1388-1395 (1974)

Gunz, F.W.: Hemorrhagic thrombocythemia: A critical review. Blood 15, 706-723 (1960)

Haust, M.D.: Fine fibrils of extracellular space (microfibrils). Their structure and role in connective
tissue organization. Amer. J. Path. 47, 1113-1137 (1965)



210 J. Thiele et al.

Hill, K., Schifer, R.: Die histologische Klassifizierung der Myelosen im Myelotomiepriparat. In:
Erkrankungen der Myelopoese, Leukdmie, myeloproliferatives Syndrom, Polyzythdmie. Stacher,
A. und Hécker, P. (eds.), pp. 59-64. Wien: Urban & Schwarzenberg 1976

Hossfeld, D.K., Tormey, D., Ellison, R.R.: Ph!-positive megakaryoblastic leukemia. Cancer (Phi-
lad.) 36, 576-581 (1975)

Hovig, T.: The ultrastructure of blood platelets in normal and abnormal states. Ser. Haemat.
2, 3-64 (1968)

Huhn, D., Stich, W.: Fine structure of blood and bone marrow. Miinchen: Lehmans 1969

Huhn, D., Ascher, S.: Mikrokaryoblastenschub bei chronischer Myelose. Acta haemat. (Basel)
53, 183-190 (1975)

Inceman, S., Tangiin, Y.: Platelet defects in the myeloproliferative disorders. Ann. N.Y. Acad.
Sci. 201, 251-261 (1972)

Jean, G., Lambertenghi-Deliliers, G., Ranzi, T., Poirier-Bassetti, M.: The human bone marrow
megakaryocyte. An ultrastructural study. Haematologia 5, 253-264 (1971)

Jean, G., Racine, L., Gautier, A., Marx, R.: Granulations denses anormales dans les thrombocytes
humains. Thrombos. Diathes. haemorrh. 10, 42-60 (1963)

Jones, O.P.: Origin of megakaryocyte granules from Golgi vesicles. Anat. Rec. 138, 105-113 (1960)

Kass, L.: Enzymatic abnormalities in megakaryocytes. Acta haemat. (Basel) 49, 193-199 (1973)

Kinet-Denoel, C., Breton-Gorius, J.: Teneurs en ADN, ultrastructure et activité peroxydasique
des mégacaryocytes medullaires dans un cas d’anémie refractaire. Nouv. Rev. frang. Hémat.
13, 661-680 (1973)

Lagerlof, B., Franzen, S.: The ultrastructure of megakaryocytes in polycythaemia vera and chronic
granulocytic leukaemia. Acta path. microbiol. scand. 80, 71-83 (1972)

Lennert, K., Nagai, K., Schwarze, E.-W.: Patho-anatomical features of the bone marrow. In:
Clinics in haematology, Vol. 3, 2, A. Videbaek (ed.), pp. 331-351. London-Philadelphia-Toron-
to: W.B. Saunders Comp. 1975

Lobdell, D.H., Europa, D.L.: The megakaryocytes in myelofibrosis with myeloid metaplasia. Lab.
Invest. 11, 58-64 (1962)

Maldonado, J.E.: Dysplastic platelets and circulating megakaryocytes in chronic myeloproliferative
diseases. 1I. Ultrastructure of circulating megakaryocytes. Blood 43, 811-820 (1974)

Maldonado, J.E., Pintado, T., Pierre, R.V.: Dysplastic platelets and circulating megakaryocytes
in chronic myeloproliferative diseases. I. The platelets: Ultrastructure and peroxidase reaction.
Blood 43, 797-809 (1974)

Mason, J.E., Jr., DeVita, V.T., Canellos, G.P.: Thrombocytosis in chronic granulocytic leukemia:
Incidence and clinical significance. Blood 44, 483-487 (1974)

McClure, P.D., Ingram, G.1.C,, Stacey, R.S., Glass, U.H., Matchett, M.O.: Platelet function tests
in thrombocythaemia and thrombocytosis. Brit. J. Haemat. 12, 478-498 (1966)

Ozer, F.L., Truax, W.E., Miesch, D.C., Levin, W.C.: Primary hemorrhagic thrombocythemia.
Amer. J. Med. 28, 807-823 (1960)

Queisser, U., Olischliger, A., Queisser, W., Heimpel, H.: Cell proliferation in the * preleukemic”
phase of acute leukemia: A cytophotometric and autoradiographic study. Acta haemat. (Basel)
47, 21-28 (1972)

Queisser, W., Queisser, U., Ansmann, M., Brunner, G., Hoelzer, D., Heimpel, H.: Megakaryocyte
polyploidization in acute leukemia and preleukemia. Brit. J. Haemat. 28, 261-270 (1974)

Queisser, W., Weidenauer, G., Queisser, U., Kempgens, U., Miiller, U.: Megakaryocyte polyploi-
dization in myeloproliferative disorders. Blut 32, 13-20 (1976)

Roessner, A., Backwinkel, K.P., Baumeister, G., Biichner, T., Themann, H.: Feinstruktur der
Megakaryozyten bei aleukdmischer megakaryozytirer Myelose. Blut 31, 213-218 (1975)

Ross, R.: The connective tissue fiber forming cell. In: Treatise on collagen, B.S. Gould (ed.),
pp. 1-67. London: Academic Press Inc. 1968

Schifer, R., Schneider, H.-M., Hill, K.: Histologisch-bioptische Knochenmarksbefunde bei behan-
delten und unbehandelten Myelosen. Verh. disch. Ges. Path. 59, 478 (1975)

Schulz, H., Schiller, K.: Mikrotubuli und Filamente in prospektiven Plittchenfeldern der Megaka-
ryocyten. Z. Zellforsch. 87, 389-400 (1968)

Schwarz, W.: Fibrillogenese und Bildung elastischer Fasern. Arch. Biol. (Liége) 75, 369-396 (1964)

Smith, W.B., Ablin, A., Goodman, J.R., Brecher, G.: Atypical megakaryocytes in preleukemic
phase of acute myeloid leukemia. Blood 42, 535-540 (1973)



Megakaryocytic-Granulocytic Myelosis 211

Tavassoli, M., Weiss, L.: An electron microscopic study of spleen in myelofibrosis with myeloid
metaplasia. Blood 42, 267-279 (1973)

Trautmann, F.: Besondere Formen von Megakariozyten (Mikrokariozyten) im Sternalpunktat der
chronischen myeloischen Leukose. Berl. Med. 21, 484-486 (1961)

Undritz, E., Nusselt-Bohaumilitzky, K.: Uber das Aufireten von diploiden Megakaryoblasten,
Promegakaryozyten und Megakaryozyten bei schweren Himopathien, ein Riickgriff in die Phylo-
genese. Blut 20, 242-249 (1970)

Vodopick, H., Rupp, E.M., Edwards, C.L., Goswitz, F.A., Beauchamp, J.J.: Spontaneous leukocy-
tosis and thrombocytosis in chronic granulocytic leukemia. New Engl. J. Med. 386, 284-290
(1972) ’

White, J.G.: Interaction of membrane systems in blood platelets. Amer. J. Path. 66, 295-312 (1972)

Yamashita, K., Helpap, B.: Zur Zellzusammensetzung der roten Milzpulpa von Miusen. II. Elek-
tronenmikroskopische und autoradiographische Untersuchungen an Megakaryocyten. Virchows
Arch. Abt. B Cell Path. 16, 347-361 (1974)

Zamboni, L.: Electron microscopic studies of blood embryogenesis in humans. II. The haemopoietic
activity in the fetal liver. J. Ultrastruct. Res. 12, 525-541 (1965)

Zucker-Franklin, D.: The ultrastructure of megakaryocytes and platelets. In: The regulation of
hematopoiesis, A.S. Gordon (ed.), Vol.2, pp. 1553-1586. New York: Appleton-Century-Crofts
1970

Zucker-Franklin, D.: Ultrastructural studies of hematopoietic elements in relation to the myelofi-
brosis-osteosclerosis syndrome, megakaryocytes and platelets (MMM or MOS). Proceedings
of the Dahlem Workshop on Myelofibrosis-Osteosclerosis-Syndrome. Advances in the Bio-
sciences 16, Bernhard, S. and Saar, U. (eds.), pp. 127-141. Berlin: Pergamon Press, Vieweg
1975

Received September 2, 1976



