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Summary. In the present study the differentiation of rhabdomyoblasts of two carcino- 
sarcomas of the uterus is analysed electronmicroscopieally. During the development of 
rhabdomyoblasts three cell types can be distinguished: 

1. the undifferentiated mesenchymal ceil with abundant ribosomes but few other cell 
organelles. Usually these cells are already associated to each other in strands of 2 4  cells. 
Occasionally cytoplasmic areas with numerous nonspecific filaments can be observed. 

2. the light rhabdomyoblast which is characterized by its conspicuous nonspecific cyto- 
plasmic filaments and its reduction in ribosomes. Specific myofilaments can be visualized 
only occasionally in this cell type. 

3. more differentiated rhabdomyoblasts. These cells can be identified clearly by the 
presence of large numbers of myofibrils and myofibrillar fragments. Highly organized 
myofibrils as seen in skeletal muscle are seldom found. Transitional forms between these 
cell types are also observed. The functions of Z-bodies and of the s~rcotubular system in the 
process of myofibrillar differentiation are discussed. 
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Zusammen/assung. Die Entwicklung yon quergestreiften Rhabdomyoblasten in 2 ge- 
mischten Sehleimhautsarkomen des Uterus konnte licht- und elektronenoptisch analysiert 
werden. Es lassen sich folgende 2 Differenzierungsphasen unterseheiden: 

1. Die 1. Phase ist eharakterisiert dureh die Bildung unspezifischer eytoplasmatischer 
Filamente. Ausgangspunkt der Differenzierung ist eine primitive mesenehymale Zelle mit 
reichlichen l~ibosomen und wenigen anderen Zellorganellen. Im Cytoplasma dieser Zellen 
finder man zungchst umschriebene Areate mit zahlreiehen unspezifisehen Filamenten. Dureh 
erhebliche Proliferation dieser Filamente mit Ausdehnung fiber den gesamten Cytoplasnlaleib 
sowie durch gleichzeitige zahlenmggige Abnahme der iibrigen Organellen entsteht der soge- 
nannte helle l~habdomyoblast. 

2. In der 2. Phase werden die beiden spezifischen Myofilamentsysteme gebildet. Die 
ersten Myofilamente sind in Form parallel gelagerter Aktin- und Myosinfilamente erkennbar. 
Auf Querschnitten sind die diirmen Aktinfilamente hexonal um die dieken Myosinfilamente 
angeordnet. Die Filamentbiindel nehmen an Zahl erheblieh zu und liegen racist regellos im 
Cytoplasma. Nut in einzelnen Zellen sind die Filamentbfindel in Myofibrillen sarkomerisch 
hintereinandergeschaltet. Diese hochorganisierten Myofibrillen besitzen eine Querstreifung, 
wie sic yon quergestreiften Sketettmusketfasern her bekannt ist. Die l~olle der Z-Bgnder und 
des sarkotubulgren Systems hei der Ausreifung der Myofibrillen wird diskutiert. 

Introduction 
Heterologeous  tissue components  like s t r ia ted muscle, carti lage adipose tissue, 

and bone are of ten  found in mixed Miillerian tnmours  (mixed mesodermal  tumours ,  

earcinosareomas) of the  uterus  (Sternberg et al., 1954). As prognosis seems to  
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depend in part on the type of heterologeous tissue components (Kempson and 
Bari, 1970; Norris and Taylor, 1966) a precise histopathological classification is 
necessary. Typical rhabdomyoblasts are easy to identify, but it may be difficult 
to distinguish less differentiated stages of rhabdomyoblasts from mesenchymal 
cells. 

In the present study of two cases of mixed mesenchymal tumours at light 
microscopic level one is proven to contain rhabdomyoblasts whereas in the other 
they are suspected. The ultrastructural features of this cell type could be analysed 
electronoptically. The results of this investigation are discussed in the light of 
our present knowledge on the development of striated- (Ezerman and Ishikawa, 
1967 ; Ishikawa, 1968; Ishikawa et aI., 1968; Kelly, 1969; Knappeis and Karlsen, 
1968) and heart muscle (Rash et al., 1970) with particular attention being paid 
to the different types of cytoplasmic filaments. With the exception of ehondro- 
plastic tissue components (Silverberg, 1971) there are to date no electron micro- 
scopic communications on the differentiation of heterologeous mesenchymal 
structures of uterine turnouts. 

Material and Methods 
The two carcinosarcomas for study were found in an 62 and an 81 year old potmenopausal 

woman. Both lesions were diagnosed in curettage material. Paraffin sections of formalin 
fixed tissues were stained by the following methods for routine histology: I-I-E, PAS-reaction, 
Masson-Goldner. Semithin sections were stained with toluidine blue and examined for purpose 
of orientation. For electron microscopic investigation small pieces from the uterine curettage 
were immersed in 2.5% glutaraldehyde, buffered to pH 7.4 with 0.1 m phosphate buffer and 
fixed for two hours. The tissue was postfixed in aqueous 1% OsOa, followed by alcohol dehy- 
dration, and embedded in either Westopal W or in Epon 812. Ultrathin sections were stained 
by uranyl acetate and lead citrate. 

Results 

Light Microscopy 

The histologic picture of both tumours was characteristic of carcinosarcoma. 
The carcinomatous (endometrial, in part papillary adenocarcinoma) and sar- 
comatous elements were closely intermingled. In  one of the cases (2018/70, Uni- 
versit~ts-Frauenklinik Hamburg) half of the tumour consisted of rhabdomyo- 
sarcoma with occasional cross striations of a few cells. Additionally small areas 
of lipoblastic differentiation could be seen. In the other case (9156/74, Patho- 
logisches Institut der Universititt Hamburg) rhabdomyoblasts, while lacking 
striation, were only suspected. Undifferentiated sarcomatous areas predominated. 

The typical rhabdomyoblasts had abundant eosinophilic granular or fibrillar 
cytoplasm. Usually a single prominent nucleolus could be detected in the exeen- 
trically located nucleus. Cross striations were seen in only few of these cells. 

In the semithin sections the following types of cellular arrangements of rhab- 
domyoblasts were encountered: 

(1) single cells, whose shape varied from tadpole- to ribbon-like (found mainly 
in case 9156/74) ; 

(2) clusters of rounded to elongated large cells usually closely related to each 
other in a pseudoepithelial formation. Often definite cross striation was easily 
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Fig. 1. Presumptive rhabdomyoblasts. Grouping of tumour cells with close apposition of 
plasma membranes. Poorly developed basement membrane at this stage of differentiation. 

Magn. • 7200 

identified within the cytoplasm of these cells. The spaces smTounding the cell 
clusters contained few small mesenchymal cells, blood capillaries and eollageneous 
fibrils. 

Electron Microscopy 
At ultrastructural level groups of 2 4  polygonal large cells predominated, 

often in close apposition to one another but without junctional at tachments 
(Fig. l). These cells were segregated from the surrounding mesenchymal tissue 
by the acquisition of a basal membrane which initially was present only in low 
concentration on the cell surfaces of presumptive rhabdomyoblasts.  Usually cells 
in different stages of development could be seen even within a single cluster. 

23 Virchows Arch. A Path .  Anat. and Histol.,  Vol. 365 
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Fig. 2. Part of presumptive rhabdomyoblast. Focal appearance of nonspecific 100 A filaments. 
g/golgi field. Magn. • 13500 

During differentiation cytoplasmic variations were found which were mainly due 
to type, number and arrangement of filaments. The plasma membranes of these 
cells were clearly defined and separated from each other by an about 120 A wide 
intercellular space. Occasionally however it was possible to observe zones of 
cytoplasmic bridges. Furthermore a few desmosome-like specializations could 
be visualized. In  the process of differentiation the following three cell types could 
be distinguished: 

(1) undifferentiated Inesenchymal cell herein referred to as presumptive 
rhabdomyoblast ; 

(2) light rhabdomyoblast with abundant intermediate filaments; 
(3) more differentiated rhabdomyoblasts with myofibrils. 
Transitional forms between these cell types were also observed. 
Presumptive Rhabdomyoblast. These cells were already associated with each 

other in strands of 2 4  cells (Fig. 1). Often a discontinuous ill defined basement 
membrane was present which seperated the cells from the surrounding mesen- 
chyme. The cytoplasm contained abundant free ribosomes. Varying amounts of 
mitochondriae and a few lamellae of the rough surfaced endoplasmatic reticulum 
could be found. The Golgi apparatus was moderately developed but more pro- 
minantly than in better differentiated cells. I t  consisted mainly of cistcrnal and 
vesicular elements. The large euchromatie nucleus had one or two prominent 
nueleoli. Occasionally cytoplasmic areas with numerous aperiodic filaments of 
about 100 A thickness could be observed within these cells. Usually there was a 
striking reduction in electron density in these ~reas due to a lack of ribosomes and 
other cell organelles (Fig. 2). 
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Fig. 3. Light rhabdomyoblast. Cytoplasm crowded with nonspeeific 100 A filaments. Small 
bundles of specific myofilaments (arrows) are present. Note single Z-body (cross-barred 
arrow). Magn. • 8600. Inset: Intermediary nonspecifie 100A filaments. Magn. • 59000 

Light Rhabdomyoblast. This cell was characterized by its conspicuous cyto- 
plasmic (100 A) filaments and an occasional formation of bundles of thick (about 
180 A) filaments (Fig. 3). The former filaments with an average diameter of 
100 A were wavy and non-branching and course through the cytoplasm in various 
directions. The thick filaments (about 180 A in diameter) which are normally 
located randomly throughout the cytoplasm occured singly or in bundles. They 
had a fuzzy surface and tappered ends and did not exceed 1.5 u in length. Occa- 
sionally large polyribosomes could be found in the vicinity of these filaments 
(Fig. 4). Thin (70 A) filaments were poorly visualized in longitudinal sections of 
myofilament bundles. 

A number of microtubules traversed the cytoplasm. Generally it was very 
small but varied greatly from cell to cell. The mitochondriae seemed to be in- 
creased in number when compared with the presumptive rhabdomyoblast. Some 
cells contained a few membrane bound lysosomes. Lamellae of rough and smooth 
endoplasmic retieulum as well as Golgi fields were rarely seen in this cell. Z-body- 
like densities were haphazardly distributed in the cytoplasm. These densities 
varied in width and thickness and were accompanied with intermediate, possibly 
also fine, filaments. 

More Di][erentiated Rhabdomyoblast. Almost all of these tumour cells could 
be identified clearly by the presence of large numbers of myofibrils and myo- 

2 8 "  
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Fig. 4a and b. Myofibrillogenesis. (a) Bundles of thick filaments and ribosomes are randomly 
orientated. 2 r  helically arranged polyribosome, ~ mitochondria, i] intermediary filaments. 
Magn. • 35000. (b) More regularly arranged myofilaments. Circle with hexagonal array of 
thin filaments surrounding a thick filament. Plasma membranes of two opposed cells (arrows). 

Magn. • 59000 

f ibr i l la r  f r agmen t s  (Fig. 4). Bundles  of th ick  f i laments  were observed.  Only 
occas ional ly  could th in  (70 A) f i laments  be de tec ted .  The  cy top lasm was usua l ly  
c rowded wi th  tuf t s  of t h i ck  f i laments  which are r a n d o m l y  o r i en t a t ed  (Figs. 5 
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Fig. 5. t~habdomyoblast. Randomly orientated poorly organized Myofibrils. Note Z-bodies 
(arrows). Magn. • 6100 

and 7). Those cells which did not show a s~rcomerie banding of their myofibrils 
usually lacked or have at least a reduced number of Z-like material. In addition 
there seemed to be a correlation between the presence of components of the 
sarcotubular system and the differentiation of myofibrils. Less frequently well 
differentiated myofibrils were observed with 5-7 continuous sarcomeres (Figs. 6 
and 7). Such highly organized fibrils were undoubtedly the ultrastructurat 
substrate of cross striation at light microscopic level. 

These well organized fibrils showed the characteristic banding of striated 
muscle. Their width varied greatly (0.2-0.3 u), while the length of single sar- 
comeres is constantly about 1.7 u (A-zone : 1.5 u; I-zone: 0.2 u). Even the H-band 
(0.16-0.17 u) and the M-line (0.8 u) were clearly defined. The Z-line was about 
500 A in thickness. In cross sections (Fig. 4) a regular hexagonal arrangement of 
thin filaments surrounding thick ones could be seen. 

Even when the cytoplasm of rhabdomyoblasts was crowded with myofibrils, 
the intermediate type of filaments could still be detected. Usually they were 
located at the periphery of the cells and in a smaller amount between the fibrils. 

In addition large elongated mitochondriae, small amounts of glycogen and 
elements of the sarcotubular system were present at this stage of differentiation. 
The euchromatic nuclei of these cells were usually excentrie in position and 
contained a single prominent nueleulus. Contrary to the light microscopic ap- 
pearance a peripheral condensation of chromatin could not be detected. 



344 W. B6eker and H.-E. Stegner 

Fig. 6. Well organized myofibrils. Note regular sarcomeric pattern with formation of I- and 
A-zones. I I-zone, A A-zone, M M-band, m mitochondriae, Z-bands (arrows), sarcotubular 

system (cross barred arrows). Magn. • 24400 

Discussion 
General Considerations 

Rhabdomyoblastic components are among the more common heterologeous 
tissue differentiations in mixed mesodermM tumours of the uterus. According 
to the WHO-classiiication of soft tissue tumours (1969) most of these rhab- 
domyoblastic areas belong to the embryonM type of rhabdomyosarcoma with 
sometimes myxomatous appearance and varying degrees of maturation. The 
rhabdomyoblasts in uterine sarcomas, like other heterologeous elements, are now 
widely believed to arise from multipotential cells of the Mtillerian mesenchyme 
(Kempson and Bari, 1970; Norris et al., 1966; Sternberg et al., 1954). Nevertheless 
the triggering mechanism which leads to this heterologeous differentiation 
remains unknown. 

From the present study on two cases of careinosarcomas the impression was 
gained that  the rhabdomyoblasts strikingly recapitulate the ontogenic develop- 
ment of striated muscle (lit. see above). Thus during the development of rhab- 
domyoblasts two phases can be distinguished : one with a tremendous proliferation 
of nonspeeific intermediate filaments and the other with the production of 
specific myofilaments. OecasionMly cells at different stages of differentiation are 
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Fig. 7. Rhabdomyoblasts in different stages of development. Note rhabdomyoblast with 
highly organized myofibrils, d r h  differentiated rhabdomyoblast, m c  mesenchymal cell, 

I rh  light rhabdomyoblast. Magn. • 5800 
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a b C 

Fig. 8a--c. Schematic diagram proposed for the development of rhabdomyoblasts from 
mesenchymM cells. (~) MesenchymM cell with abundant ribosomes but few other cell organelles. 
(b) Light rhabdomyoblast with predominance o:~ intermediate type of filaments and occasional 
bundles of thick filaments. Reduction in electron density. (c) Differentiated rhabdomyoblast 

with well organized myofibrils 

intimately connected by cytoplasmic bridges. Our findings suggest that  these 
bridges seem very likely to represent a fusion of rhabdomyoblasts, anMogeous to 
normal myogenesis and muscle regeneration. However the possibility that  they 
are the result of incomplete mitotic divisions, as seen in oogenesis (Gondos, 1970; 
Stegner and Wartenberg, I96~), cannot be totally excluded. The specific function 
of Z-bands (Kelly, 1969) and of the sarcotubular system during sarcomerie 
organization of myofibrils still remains unknown. 

Di]/erentiation o/]Rhabdomyoblasts 
Electron microscopic studies of myogenesis (Allen, 1973; Ezerman and Ishi- 

kawa, 1967; Ishikawa, 1968; Ishikawa etal., 1968; Kelly, 1969; Knappeis and 
Karlsen, 1968; Shimada et al., 1967; Rash et al., 1970a and b; Reznik, 1973) sug- 
gest the following two stages in the differentiation of rhabdomyobiasts (see also 
Fig. 8): A first phase (1) with proliferation of nonspecific cytoplasmic filaments 
and a second stage (2) with production of the specific myofilaments. 

(1) Undifferentiated mesenchymal cells become arranged in clusters or cords 
of 2-5 cells which gradually develop a more extensive cell contact with formation 
of a glycocMyx. These cells contain many ribosomes and polyribosomes but with 
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few other cell organelles. From their arrangement in the tissue, the presence of a 
basement membrane and the internal cell morphology, it is suggested that  these 
cells are already developmentally determined and probably arise from multi- 
potential stromal cells. 

The cytoplasmic differentiation begins with the appearance of intermediate 
(100 A) filaments. These filaments have been found to exist with other types of 
filaments in cardiac (Rash  etal. ,  1970), skeletal ( I s h i k a w a e t a l . ,  1968; Kelly, 
1969), smooth muscle (Campbell et al., 1970; Nehara et at., 1971) and in a variety 
of other cells (Ishikawa et al., 1969; Ferrans and Roberts, 1974). They have been 
assumed by most authors to represent the as yet unincorporated aetin filaments. 
Reeen~ investigations on these filaments (see Rash et al., 1970) suggest that  they 
comprise a new class, intermediate between aetin (50-70 A) and myosin (160- 
170 A). They are found scattered throughout the cytoplasm of various devel- 
opmental stages and they form the vast majori ty of filaments only a short t ime 
prior to myofibril formation. The result is the light rhabdomyoblast  with its 
abundance of 100 A filaments. There may  be several reasons why these filaments 
have not been described in recent electron microscopic studies on rhabdomyo- 
sarcomas of various locations (Friedman et al., 1965; Morales et al., 1972; Over- 
beck, 1966; Sarkar et al., 1973). One of the reasons is obviously the bad preser- 
vation and/or fixation of tumour tissue. On the other side more importance may  
have been attached in these studies to the detection of specific myofibrils. 

Most authors hypothesize that  the intermediate filaments make up a tyro- 
skeleton and it may  well be so that  they provide a similar cytostruetural function 
at this stage of rhabdomyoblast  differentiation. At least these filaments are not 
involved with the formation of myofibrils (Kelly, 1969; Rash et al., 1970). 

(2) Up to this stage of development specific myofilaments are rarely observed 
and the orgauelle content alone does not provide sufficient basis for the identifi- 
cation of rhabdomyoblasts.  The first detectable specific filaments, 180A in 
diameter, are found scattered throughout the cytoplasm. In longitudinal sections 
they are arranged in parallel fashion, often forming filament bundles. 

There has been much controversy about the question whether thin or thick 
filaments appear first in the developing muscle cells (Allen, 1973; Fischman, 
1967; Ishikawa et al., 1968 ; Kelly, 1969). In  our turnout cells we could not identify 
thin (70 A) filaments prior to the appearance of thick ones. Rather  the 70 A 
filaments could often only be detected on cross sections of more advanced myo- 
fibrils. 

The sarcomerie pat tern of myofibrils seldom comes up to the high degree of 
organization which is found in the striated muscle. More often filament bundles 
form sareomerie-like, randomly orientated units, not linked to a myofibri] by 
Z-bands. These our findings suggest that  thin and thick filaments can aggregate 
in an hexagonal pat tern without the presence of Z-band material while the 
sarcomeric spacing of sarcomeredike units to a myofibril seems to be regulated 
by Z-bands. This suggestion is further supported by the fact that  Z-bodies seem 
to be reduced in number in those cells which do not show sarcomerie spacing of 
myofibrils. But  besides these quantitative differences there may  be qualitative 
alterations not detectable by morphological methods. In  addition missing topo- 
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graphical relat ionships of f i laments  ( randomly or ientated in rhabdomyoblas ts  in 
contrast  to peripheral  or ienta t ion  in developing str iated muscle) with cytoplasmic 
membranes  (plasma membrane ,  sareotubular  system) might  be responsible for 
the failure of sarcomerie myofibri l  organization.  
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