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Abstrac1. The ultra�trucwre of dermal connecti, e ti,,ue 
in t wo patients su!Tering from !ibrodyspla5ia ossificans 
progressiva (syn.myo,iti, o.p.) "as studied. The disorder 
,tans with soft tissue ,wcllings which subsequcntly 
ossify. The connec1ive ti'>\ue of various organs may be 
affec1ed. No dcfects in calcium metaboli�m have been 
discovercd. It "as tntended 10 study the primary event 
which initiates the ossification. The present ultrastruc­
tural ,tud)• demonstrates an accumulation of proteoglycan 
microfibrils as wcll lli> glycoprotein material in dermal 
connective tissue. Both 5ubstances arc prerequisites of cal­
cification resulting from the binding of calcium and phos­
phoru, ion,. A subscquent release of proteolytic enzymes 
in the tissues may set free the bound ions and, thus, ini­
tiate mineraliza11on. 

Key ll'Ords: Fibrodysplasia (myositis) ossificans progres­
siva: Connective tissue: Protcoglycan: Gly­
copro1c1n: o..,..,,ficat,,.,n 

Fibrodysplasia ossificans progressiva (FOP; .1_1•11. 

myo<;itis o.p.) is an extremely rare disea�e of the 

connective tissues (20. 21). An acute occurrence of 

soft tissuc swellings may develop into ossified 

lumps. The connective tissucs of fasciae. tcndons. 

aponcuroses. ligaments. joint capsules. and skin are 

usually affected. The disease starts in the first de­
cade of life and usually progresse, through the 
second or third decadc, finally resulting in a crip­

pling condition. Reduced joint mobility and ,ec­

ondary muscle atrophy are predominant fcaturcs. 

Previous laboratory studies have shown fev. 

significant findings. The tissuc alkaline phosphatase 

leve! may increase (7). while serum alkaline 
pho-.phata,e rcmains normal ( 12. 21 ). No defecl\ in 

calcium metabolism have been discovered. The 

early histologic changes are not known (2 I). Pre­
viou<; fight microscopical studies on long-standing 

lesiom, have demonstrated soft tissue calcification 

and secondary musclc atrophy (29. 30). The dermal 

connective tissue becomes generally involved at the 
time when the subcutaneous tissue swcllings de­

vclop. Calcification of skin connective tissue \\W, 
reported long ago by Ro,enstim (25) and. more 

recently. by Vastine ct al. (32). 

The etiology of the disea'ie is still unknown. 

though several hypotheses have been proposed. In 

1964, Lutwak (20) suggested abnormalities of col­
lagen to be the primary event. However. at that 
time no collagen changes had been detected which 

could explain the calcification. The aim of the pres­

ent study was. therefore. 10 reveal the early 

changes in the dermal connective tissue during the 
acute phasc of FOP. which m"y be re<.ponsible for 
the initiation of cctopic ossification in FOP. To the 

best of our knowledge. no previou-; work has been 
performed on this subject. Hitherto. histological 

studies on FOP have dealt with thc problem 

'whether the disorder primarily involves connective 
tissue or striated muscles (7. 19. 29). 

MATERIAL AND METHODS 

Two patient, su!Tering from fibrody,plasia os�ifican, 
progressiva were ,1udied. Both were young women in 
thcir e,1rly twentie� and both had had the di�easc since 
binh. A more detailed case report ha, been published 
ebewhere ( 11 ). 

Four skin biop�ies were taken from acute-developed 
lumps in the proximal part, of ex1remities. The speci­
mens were fixed in a 6% glutaraldehyde solution in Vcr­
onal acetate bu!Ter, pH 7.4. with 7.5t:f sucrose. After 
osmification the specimens were dehydrated and cmbed­
dcd in Epon 812. Ultrathin ,ections were cut with LKB 
and Reichen ultramicrotorncs. The sec1ions werc stained 
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with uranyl acetate and lead citrate. ruthenium red and 
periodic acid silver proteinate after Thiery (31 ). The 
stained sections were studied in a Siemens clectron 
microscope (Elmiskop IA) at 80 kV with a double con­
densor system. 

RESULTS 

The i111erce/lular comparrment of the dermis 

A !arge quantity of microfilaments of varying thick­

ness formed a network between the bundle, of col­

lagen tibrils (Figs. I. 2). An abundant quantity also 

apr,eared in the surroundings of fibroblasts and 
mast cells (Fig�. I, 12). The microfilaments ,�ere 

stained selcctively with ruthenium red ( Fig. 3). The 

Aclll D,Jrnw1m·e11er ( Stod.ho/m) 57 

Fig I. Fibroblasts (F) ,ur­
rounded by numerous clastic 
fibres (EJ. Proteo11lycan frbril� 
appear bel\\ een bundlc, of col-
lagen fibrils (a,terisks). Between 
thc indi, idual collagen fibrils (C) 
and I he elastic fibres an amorph­
ous material 1� clearly seen (ar­
rows). x6000. ln,et show, 
amorphous material between 
elastic fibrils. x6QOOO. 

periodic acid ,ilver proteinatc staining only partly 

visualized the microfilaments (Fig. 4). 

An amorphom, material was revealed between 

the individual collagen and elastic fibrils (Figs. I, 5. 

6). This material was located close to the tibrils 

without coating them. A distinct clear halo around 

each collagen tibril was ah,ays present (Fig. 5). The 

amorphous material was stained with periodic acid 

silver proteinare (Fig. 6), but not with ruthenium 

red. 

The ela�tic fibrils and matrix appeared normal 
(Fig. I). The collagen fibrils had a normal axial 

period1city and diameter (Fig. 5). Calcification of 

the connectivc tis-,ue was not observed. 
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FiR. 2. The proteoglycan microfibril� (asterisks) and the 
amorphou� material (arrm,,) are �hm•n at higher magnifi­
cation. The section b stained with uranyl acctate and le.id 

citrate. X60000. 

.. 

• 

Fig. 3. Protcoglycan microfibrils ,tained with ruthcnium 
red (arrows). x60000. 

Fig. 4. Silver grains on proteoglycan microfihrils indicatc 
reaction "ith periodic acid silver proteinate (Thiery). 
X60 000. 
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Fi11. 5. Amorphous material betv.een 1m.hvidual collagen 
fibrib. lnset shows lhe lucent halo, scpara1ing each col­
lagen fibril from lhe ,urrounding amorphou� material 
X60000. 
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Fig. 6. The amorphous material reacts with periodic acid 

5ilver proteinate. x6Q()()(). 
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Fi,t. 7. The ba�al lamina of the dermo-epidermal junction 
is thickened. The cpidermal cell, appear normal. Beneath 

The dermo-epidermal junction was thickened as 

visualized by accumulation of Thiery positive 

amorphous material (Fig. 7J. The anchoring fibrib 

showed a distinct banding and were of varying 

width. 

The denna/ cells 

The number of fibroblasb was not increased. The 

cells "ere generally polygonal and not spindle­

shaped ( Fig. 1 ). The shape of the nucleus was often 

irregular. and there was a dense ,one of chromatin 

granules along the periphery. Between the nuclcar 

membrane and thc chromatin granules, a thick fi­

brous lamina appeared. which surrounded the 

nucleus except at the site, of nuclear pores (fig. 8). 

Foldings of thc nu clear mcmbrane and fibrou, 
lamina occurred frequently (Fig. 8). In the cy10-

plasm a \\ell-developed granular endoplasm,c 

reticulum appcared. The endoplasmic reticulum 

the junction zone. large amounts of proteoglycan mi­
crofibnl, are seen (asterisks). x 15000. 

was usually dilated and containcd a material which 

stained with periodic acid silver proteinate. The 

Golgi apparatU'> was abundant and containcd many 

vesicles and nat saccules. In the surroundings of 

the fibroblasts. bundles of elastic fibres occurrcd 

(Fig. I). 

The macrophages were seen less frequently. 

These cells contained prominent lysosomes and 

some endoplasmic rc1iculum. Some macrophages 

were scen to have engulfed collagen fibrils (Figs. 9. 

10). Lysosomal degradation of such engulfed fibrils 

appeared in �ome area� (Fig. 9). A condem,ation of 

the cytoplasm was u�ually seen around the ingested 

collagen fibrils (Fig. 10). fnside the channel with 

ingeMed collagen fibrib. round membrane-bounded 

bodics occurred. Rc�1dual bodies in�ide the-,e 
channels were also present (Fig. 9). 

Ma!>t cells were frequently found in both patienb. 

although their number-, were not significantly path-
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Fif?. 8. A tibrobla�t with dilatcd granular endopla,mic 

reticulum (R ). The nucleu� appears with a thick fibrous 

lamina (arrows) and chromatin-free mernbranc folding, 

(asterisks). x60000. 
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Fig. 9. Detail of a macrophage with an engulfed collagen 

fibril anda residual body (arrow). x60000. 

Fig. JO. A macrophage with engulfed collagen fibrils. Note 
the dense cytopla�m surrounding �ome of the fibrils (ar­

rows). x60000. 
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Fig. Il. Mast cell showing a prominent Golgi complex 
(G) and abnorma! granules without scrolls. x30000. 

Fig. 12. Mast cell showing proteoglycan fibrils (arrows) on 

its cell membrane. Note the atypical granules of varying 

density {asterisks). x 160000. 
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ologic. The cells generally had a !arge Golgi com­
plex with enlarged lucent vesicles and flat saccules 
(Fig. 11). The granular endoplasmic reticulum and 
the mitochondria were less prominent. A few mast 
cells contained typical mature granules with scrolls. 
while most of the cells were filled with abnorma! 
granules (Figs. 11, 12). The se granulcs consisted of 
a homogeneous material which was subdivided into 
areas of varying density (Figs. 11. 12). Degram1-
lated, honeycomb-like mast cells were seen occa­
sionally. The cytoplasmic villi were often short and 
scanty. Proteoglycan rnicrofibrils. appearing in the 
surroundings of the mast cells. adhered to the cell 
membrane (Fig. 12). 

DISCUSSION 

Ruthenium red positive microfibrils known to rep­
resent proteoglycans have been demonstrated pre­
viously in human skin (14. 16). Proteoglycans are 
known to be of importance for the water content of 
connective tissues (2), and the abundant arnounts of 
proteoglycans in affected skin of our two patients 
reflect edernatous soft-tissue swellings (21 ). The 
findings are similar to the ultrastructural changes 
found in lhe progression zone of localized 
scleroderrna ( 17). in sclerornyxederna (5) and 
localized myxedema ( 18). 

PAS-positive substances in the intercellular com­
parrment of connective tissue (except glycogen and 
some lipids) are glycoproteins (24). Thiery (31) 
modified the periodic acid-Schiff reaction. replacing 
the Schif

f 

reagent with silver proteinate. The 
electron-dense silver precipitatc rcnders the mod­
ification profitable for electron microscopy. The 
periodic acid silver proteinate positive amorphous 
material occun-ing in the junction zone and between 
the collagen fibrils is presumed to represent 
glycoproteins. The material may be synthesized by 
mesenchymal cells. Both fibroblasts and mast cells 
appeared active and could be responsible for the 
production. The amorphous material was never 
seen in the vicinity of macrophages engulfing col­
lagen fibrils. It is therefore unlikely to be a degrada­
tion product. Hascall & Sajdera (8) suggestcd that 
connective-tissue glycoproteins link proteoglycan 
subunits together to form the !arge chains. 

The role of proteoglycans and glycoproteins in 
the calcification process is still under debate. Both 
stimulating and inhibitory roles have been sug­
gested (3). Certain purified proteoglycan fractions 
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from cartilage inhibit calcification (27). This inhibi­
tion is abolished by proteolytic enzymes (12). Pro­
teoglycans and glycoproteins are bolh capable of 
binding calcium and phosphate (3. 4. 6). Ul­
trastructural studies of calcifying cartilage have 
shown matrix vesicles in the conncctive tissue in 
which the initial hydroxy-apatite crystals appear 
( 1 ). These vesicles are liberated from chondrocytes 
and may have a high content of proteolytic en­
zymes. Howell et al. ( 12) suggested that proteolytic 
enzymes may set free the bound calcium and 
phosphate ions. resulting in a high local supersat­
uration. and, thus. initiating the calcification. Mast 
cells may also initiate tissue calcification. The im­
portance of mast cells in experimentally induced 
calcification in rats was stressed by Selye (28). Hu­
man mast cells in cultivated skin of patients with 
urticaria pigmentosa produce membrane-bounded 
matrix vesicles as well as proteoglycan microfibrils. 
They also seem to induce calcification on collagen 
and elastic fibres ( 10). An abnorma! accumulation 
of proteoglycans and glycoproteins may be primary 
to the binding of calcium and phosphate ions. 

The engulfment of collagen fibrils by macro­
phages was a common finding in the present study. 
The macrophages are known to play an important 
role in collagen resorption <luring the involution of 
rat postpartum uterus (23). lntracellular collagen 
degradation appeared in vacuoles containing re­
sidual bodies and acid phosphatase activity. En­
gulfment of collagen fibrils is also seen in dermal 
macrophages of patients with scleroderma ( 15. 26) 
and in cultured human skin (9). The significance of 
collagen resorption in fibrodysplasia ossificans 
progressiva is unknown. 

Mast cells holding abnorma! granules have been 
seen to be surrounded by increased quantities of 
proteoglycan microfilaments in skin lesions of pa­
tients with urticaria pigmentosa ( 13) and localized 
myxedema ( 18). The phenomenon suggests mast 
cell production of proteoglycans. 

The fibroblasts in our patients appeared active, 
with extensive endoplasmic reticulum and !arge 
Golgi apparatus. The nuclear membrane folding is 
often scen in metabolically active cells (22). The 
endoplasmic reticulum of the fibroblasts contained 
a silver proteinate positive material with the same 
morphology as the extracellular glycoprotein. This 
suggests that active fibroblasts are responsible for 
the increased glycoprotein production in fibrodys­
plasia ossificans progressiva. 
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