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Summary. An electron-microscopic study of 9 nasopharyngeal angiofibromas was per- 
formed in order to elucidate the ultrastructural characteristics. Stromal fibroblasts and 
proliferating ceils of the microvasculature were found. The stromal fibroblasts were subdivided 
into 3 different groups: (1) "classical" fibroblasts, (2) fibroblasts with histiocytelike features, 
and (3) fibroblasts with myoid features. By proliferation the cells of the capillary vessels 
change into stromal cells. A particular pattern of nuclei and dense intranuclear granules is 
only found in stromal fibroblasts. Consequently fibroblasts as well as cells of the microvascu- 
lature contribute to the pool of tumor cells. 

Key words: Nasopharyngeal angiofibroma - -  Fibroblast - -  Vascular cells - -  Fibromato- 
sis - -  Electron microscopy. 

Nasopha ryngea l  angiof ibromas  (basal f ibroid,  juven i le  angiof ibroma)  reveal  
t yp i ca l  histologic pictures ,  bu t  show cer ta in  s t ruc tu ra l  var iegat ions .  W i t h  regard  
to  the i r  classif icat ion in to  the  f ib romatoses  (Enzinger  et  al., 1969), de t a i l ed  
u l t r a s t rue tu ra l  ana lyses  are  necessary.  Elec t ron-microscopic  examina t ions  
p resen ted  in the  l i t e r a tu re  p re fe rab ly  descr ibed  the  in t r anuc lea r  dense granules  
(Svoboda  and  Kirehner ,  1966; A lb rech t  and  Ki i t t ne r ,  1970; Dorn  et  al., 1971; 
Seifert ,  1971). 

Mater ia l  and Methods 

Forty nasopharyngeal angiofibromas supplied by the collection of Prof. Zange and Prof. 
Albrecht were studied by light microscopy. Tissue samples of 9 nasopharyngeal angiofibromas 
were examined electron microscopically. The patients were 7-24 years old. Fixation of 
specimen samples in a mixture of 1.25 % glutaraldehydeand 1.5% formaldehyde buffered by 
0.1 M phosphate buffer at pH 7.4. Postfixation with 2% OsO 4. Further preparation in the 
usual manner. 

Results  

Light microscopy shows di f ferent  densi t ies  of cells and  vessels even wi th in  the  
same lesions (Fig. 1). Genera l ly  the  lesions resemble  erect i le  t issues or cavernous  
hemang iomas  with  a b u n d a n t  f ibrous  s t roma.  The s t romal  cells are  s imi lar  to  
s te l la te  f ibroblas ts .  The nucle i  of the  cells are  of a p lump  shape and  the  mul t ip le  
cy top lasmic  processes are  f a i n t l y  s ta inable .  There  are somet imes  edematous  
places in the  f ibrous tissue. I n  some areas  collagen f ibers  are  a b u n d a n t  and  arrang-  
ed in coarse i r regu la r ly  in te r lac ing  bundles  or para l le l  w a v y  bands.  Fur the rmore ,  
d iscrete  hya l in ized  foci can be seen. 
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Fig. 1 a--f .  Light-microscopic pictures of nasopharyngeal angiofibromas demonstrating vary- 
ing content of vessels which are partially lacunar (a, b) and behavior of intervascular s~roma 
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The vessels are strikingly large and thin-walled, occasionally lacunar and 
without elastic fibers. In some vessels smooth muscle cells are present in a dis- 
continuous layer, but mostly they are lacking. Occasionally the vessels give 
evidence of vasculitis o r  of thrombosis, and collections of lymphocytes and 
plasma cells are to be seen. 

Electron microscopically three main cellular components can be distinguished : 
1. The stromal cells which mostly resemble fibroblasts 
2. Cells of the microvasculature 
3. Inflammatory cells. 
As a rule, the ]ibroblasts of the stroma are oblong to stellate-formed with long 

cytoplasmic processes. In correspondence with the different cell forms the nuclei 
reveal different patterns. Predominantly they are longish with numerous inden- 
tations and infoldings of their membranes (Fig. 2). Occasionally bizarre' loops 
and projections of the nuclear membrane enclose cytoplasm and produce "nuclear 
blebs" and "pockets".  Heterochromatin is regularly distributed and forms a 
clear dense zone at the nuclear margin. Some nuclei possess dense granules with 
clear halos (Fig. 2). The diameters of these round granules range from 200 to 
3,000 A. These phenomena were always encountered in connection with each 
other. Sometimes typical nuclear bodies mostly of types I I  or I I I  after Bouteille 
et al. (1967), and large nucleoli were found. Distinct nuclear pores were often 
noticed, too. 

The organelle content of fibroblasts is differing and makes possible the follow- 
ing subdivisions : 

1. The classical fibroblast contains rough endoplasmic reticulum (RER) in 
abundance. The RER is often distended and forms sacs and cisterns (Fig. 2). 
A prominent Golgi apparatus, sometimes multicentric, a moderate content of 
mitochondria with oval, round, or branched bizarre forms, and many smooth- 
surfaced vesicles are visible. Sometimes a flbroblast shows a row of subplasma- 
lemmal vesicles, which suggests pinocytosis or secretion. Loosely arranged fila- 
ments of about 100 A in diameter must be mentioned, which are encountered in 
wavy bundles. In some cells filaments cf 40-60 A in diameter arranged as a fine 
filamentous network in subplasmalemmal position were observed as well as 
microtubuli of 240 A in diameter. 

2. In  some cells the RER is reduced, the number of mitochondria and vesicles 
is increased, and the Golgi zone is very prominent and multicentric. There is an 
abundance of intracytoplasmic and subplasmalemmal vesicles. Several lysosome- 
like dense bodies, scattered lipid droplets, occasional membrane-bound collagen 
fiber fragments, and a discontinuous basement membranelike material on the 
outer cell surface especially in proximity of "pinocytotic" vesicles can be seen 
(Fig. 3). The stromal fibroblasts mentioned above have nuclei with "blebs" and 
"pockets" as well as intrauuclear dense granules. 

(c-f). In (a) and (c) proliferating capillaries with sparse intervascular stroma are seen, (d) 
shows a loosely textured stroma with myxoid appearance, in (b) and (e) a sclerosed stroma 
with fibroblastlike stromal ceils and deposited collagen fibers is visible, and in (f) perivascular 
hyalinization is demonstrated (H & E ; a: • 150; b : x 150; c: X 300; d: X 200; e and f: • 300) 
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Fig. 2a and b. Stromal fibroblasts with predominating rough endoplasmic reticulum corres- 
ponding to classical fibroblasts. (a) Regionally extreme dilation of tubes of rough endoplasmic 
reticulum is striking. Nucleus lobulated imitating a multinucleated cell (• 8,500). Inset: 
intracytoplasmic fibrils with diameter of 100 A, thought to be part of so-called cytoskelcton 
(x27,900). (b) Fibroblast with well-developed cytoplasmic organelles and nucleus which 
shows projections and infoldings of nuclear membrane resulting in formation of nuclear 
"blebs". Besides, dense intranuclear granules are to be observed (x 6,800). Inset: detail of 

nucleus with several dense intranuclear granules ( • 16,100) 
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3. Fibroblasts with myoid differentiations (so-called myoid fibroblasts). The 
organelles resemble those of fibroblasts. Filaments with a diameter of 40-80 A 
characterize this cell type. In  some cells there are only subplasmalemmal bundles 
of filaments, while in some other cells they completely fill up the cytoplasm by 
displacing the other organelles. Within the bundles plasmalemmal densities and 
dense zones can be seen. A basement membranelike material on the outer cell 
surface and numerous caveolae increase the similarity to smooth muscle cells 
(Fig. 3). Occasionally these cells may  develop into true smooth muscle ceils via 
the intermediate stages mentioned above. 

The vessels (Fig. 4) are predominantly of a capillary type. Only some of them 
correspond to postcapillary vennles. The cells of the vessels proliferate, which 
results in different patterns. Endothelial cells are highly activated demonstrating 
numerous microvilli on the luminal side, heavy pinocytosis, and many  smooth- 
surfaced vesicles. The Golgi apparatus is well developed. Filaments of 100 A in 
diameter, some glycogen particles, and a moderate amount, of mitochondria, free 
ribosomes, and tubes of R E R  as well as single multivesicnlated bodies are to be 
noticed. The nuclei are longish and deeply indented. The heterochromatin is 
marginally condensed. 

The pericytes surrounded by regular basement membranes show varying shapes 
ranging from oblong forms to bizarre stellate configurations. Many of them are 
connected by opposed plasma membranes.  They are encountered close by the 
endothelial cells and at some distance from the vascular walls. The nuclei are also 
oblong and indented. In  the cytoplasm the content of organelles is variable. 
Partially the organelle composition is almost identical with that  of fibroblast. 
In  other cells marked pinocytosis and filament bundles are found. Finally, the 
pericytes can be poor in organelles exhibiting only ribosomes, scattered micro- 
filaments, some tubes of RER,  and mitochondria. All cells of the vasculature 
never show the dense intranuclear granules of stromal fibroblasts. 

The endothelial cells have interlocking junctions and are enveloped by basement mem- 
branes. If the basement membrane is absent the plasma membrane of a periendothelial cell 
forms an intercellular junction with the endothelial cell (simple apposition). Occasionally 
periendothelial cells cannot be distinguished from endothelial cells. They may have developed 
from proliferating and dividing endothelial cells. 

UndiJ]erentiated cells with only little plasma may  be located within the 
vascular walls or amid the stromal ceils (Fig. 4). Their nuclei are round, oval, or 
bean-shaped. There are only few cytoplasmic organelles consisting of some mito- 
chondria and some filaments with a diameter of 80 A as well as occasional tubes 
of RER.  They may  reveal some short fingerlike villi of their cell membrane and 
possess many  caveolaelike structures. In  the latter case they are localized within 
a vessel wall or in its proximity. 

Discussion 

Electron microscopically nasopharyngeal angiofibromas reveal proliferating 
cells of the stroma and of the vasculature. The stromal cells are generally fibro- 
blastic. Some variations of the organelle composition can be distinguished as is 
well known from other examples of proliferating fibroblastic tissues : 

(1) Activated "classical" fibroblasts, (2) activated fibroblasts with resem- 
blance to histiocytelike cells due to subplasmalemmal vesicles and lysosomal 
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Fig. 3a--e .  Modulations of fibroblasts. (a) Fibroblast with abundant organelles such as 
hypertrophic and multicentric Golgi apparatus and numerous vesicles, somewhat reduced 
rough endoplasmic reticulum, and single lysosomes. Furthermore subplasmalemmal micro- 
filaments are visible (-+) ( • 7,600). (b) Fibroblast with myoid appearance. Cytoplasm contains 
abundant microfilaments which resemble myofilaments in their densities and attachment 
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bodies, and (3) fibroblasts with myoid differentiations (eft Katenkamp et al., 
1976). 

The term fibroblast with histiocytelike features does not necessarily imply a 
histiocytic function. The basement membranelike material close by the "pino- 
eytot ie"  vesicles suggests a secretion rather than a resorption. 

The morphologic spectrum of myoid fibroblasts ranges from typical myo- 
fibroblasts (see Gabbiani et M., 1971, 1972) to cells indistinguishable from smooth 
muscle ceils. This is not surprising because of the close relationship between 
fibroblasts normally containing actin and myosin (Ishikawa et al., 1969; Lazarides 
and Weber, 1974; GrSschel-Stewart et al., 1975; Lazarides, 1975) and smooth 
muscle cells (ttaust and More, 1966; Ross and Klebanoff, 1967; Moss and Benditt,  
1970; Stiller and Katenkamp, 1976). 

Certain variations in the structure of fibroblasts were repeatedly described in 
the literature. They are dependent on growth processes of fibroblasts in culture 
(Cireli, 1970; Comings and Okada, 1970; Lucky et al., 1975) or on functional 
stages of fibroblastic cells in the tissue (Raimondi and Beckman, 1967). 

The nuclei of some stromal fibroblasts are characterized by two peeularities: 
(1) projections of nuclear membranes which form nuclear "blebs" and "pockets" 
and (2) intranuclear dense granules. Similar nuclear configurations have been 
described in blood cells (Smith and O'Hara, 1967), malignant lymphomas (Achong 
and Epstein, 1966; Dorfman, 1967), dermatofibromas (Katenkamp and Stiller, 
1975), and dermatofibrosarcoma protuberans (Hashimoto et M., 1974; AubSck, 
1976). Hashimoto and coworkers suggested that  this nuclear configuration is a 
typical feature of dermatofibrosarcoma protuberans. 

The intranuclear dense granules were not found in other lesions according to 
our knowledge. They are thought to be a distinctive and characteristic feature of 
stromal fibroblasts. Morphologically, they strongly resemble periehromatin 
granules (McGavran et al., 1969; cf. also Watson, 1962; Nicander, 1964; Bouteille, 
1972) but they are considerablylarger. Examination by ultrahistochemical methods 
demonstrated their proteinaceous nature (Kiittner, 1972, 1973). 

These typical nuclei are always associated with an organelle composition in 
the cytoplasm which characterizes the cells as classical fibroblasts or fibroblasts 
with histiocytelike features. 

These characteristic nuclear structures of the stromal fibroblasts are connected 
with activated metabolism which is supported by the regular association with 
large nucleoli and nuclear bodies. Both the structures give evidence of nuclear 
hyperactivity (Yasozumi et al., 1975). 

Nasopharyngeal angiofibromas are lesions with proliferating vascular and 
stromal components. Therefore, stromal cells, which are identified as fibroblasts 
with certain variations, constitute only a part  of the growth. The other part of 

sites. Besides, pinocytosis, moderate content of rough endoplasmie reticulum and few mito- 
ehondria present. Note deeply indented nucleus as morphologic correlate of cellular contrac- 
tion ( • 10,800). (c) and (d) Cellular periphery with subplasmMemmal vesicles and a fibriIIar 
material in the extraeellular space. This must be interpreted as synthesis (e and d • 

(e) Subplasmalemmal fibrillar network and typical attachment sites ( X 31,000) 
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Fig. 4a--c .  Proliferating capillary vessels in nasopharyngeal angiofibroma, (a) i n  close 
proximity of vascular lumen (L) several cells with slightly indented nuclei and narrow rim 
of cytoplasm can be seen. Cytoplasm of these cells only contains few organelles. Partial envel- 
opment by basement membrane. Note intercellular contact (--~) mediated by short cellular 
processes (x  7,600). (b) "Undifferentiated" cell with sparse cytoplasm equipped with few 
mitoehondria and short tubes of rough endoplasmic reticulum. Cell is surrounded by basement 
membrane. Furthermore, pinocytosis is noteworthy (X 110,800). (c) Activated endothelial 
cells with abundant  mitochondria and vesicles. Besides myoid differentiated cell in pericytie 

position visible ( X 11,500) 
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cells is cont r ibuted  by  proliferat ing vascular  cells. Generally,  our electron- 
microscopic results suggest ra ther  reactive and  hyperplast ic  l es ions- -a  pseudo- 
tumorous  l e s i o n - - t h a n  a t rue  neoplasm (cf. H~trm~, 1959; Pimpinel la ,  1964; 
Thomsen,  1971) and  a classification as fibromatosis should be reconsidered. 
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