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Summary. The localization of  collagen types I, III and 
VI in normal human alveolar and palatal mucosa and 
in oral Kaposi's sarcoma (KS) was studied by light mi- 
croscopy and cryo-immunoelectron microscopy. Normal  
oral mucosa revealed two different types of  organiza- 
tion. The upper connective tissue stroma contained a 
loose reticular network mainly composed of  collagen ty- 
pes III and VI, while collagen type I immunostaining 
predominated in the deeper stroma. Ultrastructurally, 
in the KS tumour stroma, a loose pattern of  individual 
thin collagen fibrils was noted. These often fanned out 
at their ends showing a filamentous substructure. The 
fibrils consisted predominantly of  collagen type I similar 
to individual fibrils of normal oral mucosa. However, 
there was a marked loss of thick fibre bundles of collagen 
types I and III in KS compared with normal oral muco- 
sa, whereas collagen type VI was markedly increased and 
found preferentially in clusters and strands around 
cross-striated fibrils that often spanned the distance be- 
tween single collagen fibres. The abundance of  collagen 
type VI in a pattern similar to early stages of wound 
healing suggests that the KS stroma resembles an early 
organizational stage of  the interstitial and vascular ex- 
tracellular matrix subject to a high rate of  collagen turn- 
over. This character of the KS stroma appears to result 
from a continuous auto- and paracrine stimulation of 
cell growth and collagen synthesis and provides an excel- 
lent model to study the structural arrangement of  colla- 
gen type VI in relation to the fibrillar collagen types I 
and III. 
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Introduction 

Kaposi's sarcoma (KS) has recently attracted major at- 
tention due to its association with the acquired immuno- 
deficiency syndrome (AIDS) (Reichart e ta l .  1987; 
Armes 1989). KS is classified into three stages clinically 
and morphologically. An abnormal vasculature with an 
inflammatory and spindle cell infiltration around a cen- 
tral vessel is the predominant  feature of  the early patch 
and plaque stages. In the advanced nodular  stage of  
KS, typical aggregates of spindle cells together with a 
network of  blood-filled spaces predominate (Kuntz et al. 
1987; Holden 1989). The pathogenesis of  KS is still not 
well understood. Recent data show that KS-derived cell 
lines display an overproduction of  several cytokines 
(Nakamura et al. 1988) responsible for auto- and parac- 
rine stimulation of  cell growth and matrix production, 
indicating that KS is not a real neoplasm but a reactive 
hyperplasia. 

The extracellular matrix (ECM) consists of  four ma- 
jor  components,  namely collagens, glycoproteins, pro- 
teoglycans and elastin (Schuppan and Hahn 1987). Their 
enhanced remodelling, involving degradation of existing 
structures as well as the synthesis of  new molecules, oc- 
curs in a variety of conditions such as tissue growth, 
wound healing, fibrosis and tumour invasion (Vaes 1985; 
van den H o o f  1983, 1988). 

Most studies on the distribution of  ECM proteins in 
KS have focused on basement membrane proteins due 
to the prominent vascular endothelial cell type. Staining 
for basement membrane proteins revealed a delicate and 
partly fragmented lining around sinusoid-like vascular 
spaces and an occasional diffuse interstitial fluorescence 
in the tumour  stroma of advanced lesions (Kramer et al. 
1985; Becker et al. 1987). Staining for basement mem- 
brane components  was used to detect proliferating endo- 
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thelial cells in very early KS lesions (Autio-Harmainen 
et al. 1988; Green et al. 1988; Penneys et al. 1988). 

Using light microscopy an overproduction of collagen 
types I, III, VI and fibronectin was demonstrated in the 
KS tumour stroma, while collagen type V was absent 
(Kramer et al. 1985; Becker et al. 1987). Since the ECM 
including the various types of collagen may be abnor- 
mally composed in KS and this ECM may modulate 
the phenotype of the adjacent cells, we studied the pat- 
tern of collagen types I, III and VI in oral KS at the 
ultrastructural level. 

Materials and methods 

Ten biopsies of clinically normally appearing alveolar mucosa cov- 
ering impacted third molars and a further four biopsies of palatal 
mucosa (male, 5; female, 7; mean age 18 years, range 16-24 years) 
covering impacted canines were taken during surgical routine pro- 
cedures for the removal of impacted teeth. 

Four biopsies from the nodular type of KS at the hard palate 
from HIV-seropositive male homosexual patients (age 34, 45, 47, 
51 years) were removed under local anaesthesia (Ultracain DS- 
forte) for diagnostic reasons. Immediately after removal the speci- 
mens were divided. One part was fixed in 10% formalin and pro- 
cessed for routine histology (H&E), one part was deep frozen in 
liquid nitrogen and cryostat sections of 4-6 gm in thickness were 
prepared as described previously (Becker et al. 1987). Another part 

of the biopsy was divided into cubes of about 2 • 2 mm edge length. 
The cubes were fixed in 2% paraformaldehyde (PFA) for 15 min 
at 4 ~ C. After a washing in phosphate buffered saline (PBS) the 
cubes were transferred into solutions of 0.3 M sucrose in PBS at 
room temperature, followed by stepwise infiltration with 0.6 M, 
1.2 M and 2.3 M sucrose in PBS. Sedimentation of the blocks indi- 
cated complete infiltration by the respective solution. After satura- 
tion in 2.3 M sucrose the specimens were mounted on aluminum 
carriers (Reichert, Vienna, Austria), shock-frozen at - 2 1 0  ~ C and 
transferred into the cryo-chamber of an FC-4 cryostat system (Rei- 
chert). 

Ultra-thin sections were obtained with glass knives at - 9 0  ~ C 
using a cutting speed of 0.5 mm/s as described previously (Rabanus 
et al. 1991). Sections were collected on droplets of 2.3 M sucrose 
in PBS held in a platinum loop and transferred to 300 mesh hexago- 
nal copper grids coated by a film of Pioloform F (0.1% in chloro- 
form; Wacker Chemie, Munich, ERG). Carbon reinforcement and 
hydrophilization of the grids by a glow discharge were performed 
in an Edwards 306 coating unit (Edwards, Sussex, England). 

Isolation of the antigens, antiserum production and affinity 
purification of antibodies have been described elsewhere (Becker 
et al. 1986a, b; Schuppan et al. 1985, 1986; Geerts et al. 1990). 
Collagen types I and III were isolated from neutral salt-extracted 
monkey and bovine skins, respectively. Human collagen type VI 
was purified from pepsin digests of human placenta. The purity 
of all preparations was checked by sodium dodecyl sulphate-poly- 
acrylamide gel electrophoresis, amino acid analysis, western blot- 
ting and rotary shadowing electron microscopy. Hyperimmune sera 
raised in rabbits were affinity purified and the resulting antibodies 
were tested for monospecificity by radioimmunoassay and western 

Fig. 1. Normal palatal mucosa (E, epithelium; C, capillary vessel). 
The most intense staining for collagen type III was observed in 
the upper connective tissue stroma close to the subepithelial base- 
ment membrane. In the deeper stroma staining was most pro- 
nounced at the margin of collagen fibril bundles (arrows). x 1040 

Fig. 2. Normal palatal mucosa: loose reticular network of individ- 
ual cross-striated fibrils in the upper connective tissue close to 
the subepithelial basement membrane. Most fibrils are stained by 
the monoclonal antibody to collagen type III. Bar=200 nm. 
x 50 000 
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Fig. 3. Normal palatal mucosa: collagen type VI was most pro- 
nounced in the subepithelial connective tissue, around nerves (ar- 
row) and capillar vessel walls (arrowhead). In the deeper connective 
tissue stroma only a faint staining was noted between the fibril 
bundles, x 425 

Fig. 4. Kaposi's sarcoma (KS) tumour stroma: when compared 
with normal palatal mucosa a diffuse interstital staining for procol- 
lagen type III was observed in the KS tumour stroma, x 650 

blotting. The monoclonal antibody against collagen types III was 
purchased from Heyl Pharma (Berlin, FRG). 

Antibody incubation, immunogold labelling and stabilization 
of ultra-thin sections were performed according to the method de- 
scribed previously (Tokuyasu 1980; Griffiths et al. 1984; Gelderb- 
lom et al. 1985; Rabanus et al. 1991). In brief, ultra-thin sections 
were pre-incubated with 0.02% L-lysine (Merck, Darmstadt, FRG) 
in PBS for 10 min followed by primary antibodies at 3(~100 ~tg/ml 
for 10 min and finally by goat anti-rabbit IgG gold conjugate (auro- 
probe GAR or GAM 5 nm, dilution 1:60; Janssen, Beerse, Bel- 
gium) for 20 min at room temperature. Washing between each step 
was carried out on 5 droplets of PBS containing 0.1% bovine serum 
albumin and 0.02% L-lysine for 20 min. After immunolabelling 
sections were fixed in 2% glutaraldehyde (Sigma, Munich, FRG), 
pH 7, and contrasted with 2% uranyl acetate, pH 7.2 for 5 rain 
and finally in uranyl acetate oxalate, pH 4, for 5 min. Immuno- 
staining was documented with a Zeiss 10 A electron microscope 
(Zeiss, Oberkochen, FRG) and Scientia film 23 D 56 (Agfa-Ge- 
vaert, Leverkusen, FRG). Controls using second antibodies only 
were included in every study. 

For light microscopy cryostat sections of normal oral mucosa 
and oral KS were fixed by immersion in ice-cold acetone for 
20 min. The tissue slices were incubated with 10-20 gl antibody 

> 

Fig. 5. KS tumour stroma: diffuse interstitial staining for collagen 
type VI in the stroma. Label was pronounced when compared with 
the deeper normal palatal mucosa. Blood vessels (I1) showed a 
broad rim of fluorescence, x 800 
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Fig. 6. a KS tumour stroma: label 
for collagen type I was found on 
single cross-striated fibrils and 
occasionally on microfibrils 
(arrows). Bar= 100 nm. x 190000. 
b KS tumour stroma: label for 
collagen type VI was pronounced 
on globular protuberances 
(arrowhead). The cross-striated 
fibrils were never organized into 
bundles, often fanning out their 
ends (arrows), and exhibited the 
relatively small diameter of 20 
40 nm. Bar= 100 nm. • 145000 

solution [0.5 (APAAP) - 5 gg/ml (indirect immunofluorescence)] 
for 30-60 min. Immunostaining was visualized using indirect im- 
munofluorescence or the APAAP technique as described previously 
(Becker et al. 1987, 1988). 

Results 

Ultrastructurally, the healthy human alveolar and pala- 
tal mucosa displayed two patterns of  organization. The 
deeper connective tissue stroma was mainly composed 
of  densely packed and large bundles of  thick, cross- 
striated collagen fibrils, whereas the connective tissue 

close to the subepithelial basement membrane mainly 
showed a loose meshwork of  individual cross-striated 
fibrils in connection with a reticular network of microfi- 
brils. 

Both by light and electron microscopy collagen type I 
immunolabel was most prominent in the deeper layers 
of the connective tissue stroma in association with dense 
fibril bundles. In contrast, collagen type III dominated 
in the loose subepithelial connective tissue (Figs. 1, 2) 
with a much lower staining intensity in the deeper layers, 
where it seemed to be located at the periphery of  fibril 
bundles (Fig. 1). Like type III, collagen type VI was ex- 
pressed at a higher level in the upper connective tissue 
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Fig. 7. Hard palate at the KS 
tumour periphery: label for 
collagen type I was limited to 
bundles of large (diameter 613 ~ 
90 nm) cross-striated fibrils in the 
deeper connective tissue. B a r  = 

100 nm. x 120000 

as compared to the deeper stroma, where only a mild 
interstitial labelling between individual fibril bundles 
was noted. Staining for collagen type VI was most inten- 
sive in the adventitia of  capillary vessel walls and around 
nerve fibres (Fig. 3). At the ultrastructural level the anti- 
bodies for collagen type VI decorated unbanded micro- 
filaments of  10-15nm diameter, which apparently 
formed bridges between cross-striated fibres in the sub- 
epithelial connective tissue. 

By light microscopy an intense, diffuse interstitial 
staining between the vascular spaces of  the KS tumour  
stroma was noted for collagen types I, III and IV 
(Fig. 4). Labelling for collagen types I l l  and IV was pro- 
nounced in the adventitia of  blood vessels (Fig. 5). Ultra- 
structurally, the KS tumour  stroma consisted of a loose 
network of  individual cross-striated fibrils positive for 
collagen type I embedded in a matrix of  micro filamen- 
tous structures (Fig. 6 a). These collagen fibrils exhibited 
a relatively small diameter of 20--40 nm, were never or- 

ganized into bundles and often fanned out at their ends 
(Fig. 6b). The density of  gold particles in the tumour 
stroma reactive for collagen type I was of similar intensi- 
ty when compared with that of the adjacent normal pala- 
tal connective tissue that was characterized by a high 
proport ion of  dense fibril bundles (Fig. 7). Equally, label 
for collagen type III on the cross-striated fibrils of the 
tumour stroma (Fig. 8) was comparable to that of  the 
surrounding normal connective tissue. The abundance 
of  collagen type VI adjacent to and between individual 
cross-striated fibrils of the KS tumour stroma contrasted 
with the scarcity of label at the periphery in the adjacent 
deeper connective tissue stroma (Fig. 9). In general, label 
on the microfilaments was mainly located on globular 
protuberances which often showed a repeat distance of  
100-110 nm (Fig. 10). These microfilaments were only 
observed in proximity to collagen fibrils (Fig. 9). 

Whereas the structural preservation of  the cross- 
striated fibrils and the microfilaments was excellent, that 
of inflammatory and tumour cells was less satisfactory, 
probably due to the mild fixation in PFA. Immunolabel- 
ling was specific, since all controls using only the second 
antibodies revealed a low background of  only 5-8 gold 
particles on the original negatives (8.6 cm x 8 cm) at a 
primary magnification of  1:25000. 

Fig. 8. KS tumour stroma: only individual cross-striated fibrils in 
the tumour stroma were positive for collagen type III. B a r =  

200 nm. x 85000 

Discussion 

Normal  oral mucosa shows two major types of  morpho-  
logical organization accompanied by a different compo- 
sition of  ECM proteins, as demonstrated by previous 
biochemical and immunohistological studies on the dis- 
tribution of  collagen types I, III and VI (Ballard and 
Butler 1974; Chavrier et al. 1984; Becker et al. 1986a; 
Rabanus et al. 1991). Our data confirm that the upper 
connective tissue is composed of  a loose reticular net- 
work of  individual cross-striated fibrils interwoven with 
a microfilamentous network of  collagen type VI. The 
deeper layers are characterized by bundles of  densely 
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Fig. 9. KS tumour stroma: a 
dense meshwork of collagen 
type VI was observed in the 
vicinity of single cross-striated 
main fibrils. Bar= 100 nm. 
x 135000 

Fig, 10. KS tumour stroma: label 
for collagen type VI was 
pronounced on large globular 
protuberances (arrowheads). A 
cross-striated fibril is split at the 
end showing the micro filamentous 
substructure (arrows). Bar= 
50 nm. x 250000 

packed collagen fibres and a striking loss of  collagen 
type VI immunoreactivity. The finding that the three 
chains of  collagen type VI harbour several von Wille- 
brand factor A domains with a potential to bind to fibril- 
lar collagen and sequences within the collagenous do- 

main with the recognition motif  (Arg-Gly-Ser) for cellu- 
lar integrin receptors (Chu et al. 1989; Bonaldo et al. 
1990) supports the suggested function of  collagen type 
VI as a mediator of  cellular attachment to fibrillar colla- 
gens. Whereas in the tumour stroma of  oral KS collagen 
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type VI was concentrated around fibrils preferentially 
reactive for collagen type I, in the upper  connective tis- 
sue s t roma of  normal  oral mucosa it was rather found 
to be associated with fibrils reactive for collagen type III.  
Studies of  the ultrastructure of  the vasculature and of  
tumour  cells in classical KS as well as in KS of  AIDS 
(Daimont-Waldo et al. 1977; Leu and Odermat t  1985; 
Kuntz et al. 1987) have revealed that the dissection and 
degradation of  collagen fibres is an early event associat- 
ed with the proliferating tumour  cells (Aut io-Harmainen 
et al. 1988). Similar findings were reported for angiosar- 
coma (Rosai et al. 1976) and lymphangiosarcoma (Salm 
1963). Our studies confirmed a rarefication and thinning 
out of  the fibrillar collagen matrix in KS, but in addition 
showed that collagen type VI deposition appeared to be 
strikingly increased compared to normal  oral mucosa.  
These ultrastructural changes may  be related to the con- 
spicuous inf lammatory reaction in KS tumour  s t roma 
accompanied among other cells by macrophages  (Leu 
and Odermat t  1985), which are believed to play a central 
role in connective tissue remodelling by releasing cytok- 
ines and connective tissue degrading enzymes such as 
stromelysin and collagenases upon immunological  or in- 
f lammatory  stimuli (Woolley 1984; Vaes 1985; Nichol- 
son et al. 1989). Whereas an earlier light microscopic 
study suggested that  the intensity or distribution of  col- 
lagen type I between the KS turnout s t roma and the 
adjacent normal  tissue was essentially identical (Kramer  
et al. 1985), we observed a quite different ultrastructural 
pattern. In the tumour  periphery label for collagen type I 
was only found on mature cross-striated fibrils orga- 
nized in bundles but label in KS tumour  s t roma was 
mainly associated with single thin fibrous and few micro- 
filamentous structures. At present it is impossible to de- 
cide whether these filaments are fragments of  degraded 
collagen fibrils or whether they represent incompletely 
assembled de novo synthesized collagen type I. 

By light microscopy collagen types I, I I I  and VI were 
observed in identical locations in the KS tumour  s t roma 
both in the present and in a previous study (Becker et al. 
1987). Ultrastructurally, however, label for collagen ty- 
pe I I I  was less intense compared with that  for collagen 
type I, thus reflecting much better the original propor-  
tion of  both  proteins in the deeper connective tissue stro- 
ma  of the hard palate. The results clearly demonstrated 
that  immunoelectron microscopy when compared  with 
indirect immunofluorescence might allow a more  precise 
semi-quantitative evaluation of individual proteins. Ap- 
plication of  such a semi-quantitative assessment suggests 
that collagen type VI may  be a major  component  of  
the KS tumour  stroma. 

To date the cell type in KS responsible for the abun- 
dant  product ion of  collagen type VI has not been de- 
fined. During the early stages of  wound healing in hu- 
man  alveolar bone, sprouting vascular endothelial cells 
are surrounded by a dense rim of  both  collagen types IV 
and VI, whereas interstitial staining for these collagens 
in the adjacent granulation tissue is absent. This indi- 
cates that  in wound healing the endothelial or directly 
adjacent mesenchymal cells are the most  probably 
sources of  these proteins (Becker et al. 1989). Its abun- 

dant  presence during wound healing in human  alveolar 
bone, its high level o f  expression in Schwann cells (Pel- 
tonen et al. 1990) and its deposition in close vicinity 
to a variety of  other cells (Bruns et al. 1986) together 
with our finding of  its excessive deposition in KS tumour  
s t roma suggests that  collagen type VI plays an impor tant  
role in the early structural organization of the E C M  
during wound healing and neovascularization. 

Thus, ul t ramicrotomy,  largley by avoiding labelling 
artefacts such as those resulting f rom high or low anti- 
body penetration occurring in conventional methods 
such as pre-embedding immunoelectron microscopy 
(Fleischmajer et al. 1981), may  allow more  objective in- 
format ion on the supramolecular  organization and 
quantitative derangements of  E C M  proteins in patho-  
logical conditions such as KS of  AIDS.  
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