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Abstract. Among the different subtypes of Ehlers-Danlos 
syndrome (EDS), the dominant types I - I I I  have, so far, 
been uninformative biochemically and molecular geneti- 
cally, and diagnostic problems with subgroup boundaries 
often arise. We have investigated the ultrastructural pat- 
tern of connective tissue macromolecules in skin biopsy 
specimens of some 85 patients aged 4 months-54 years 
who exhibit clinical symptoms or the suspicion of EDS 
I-IV. Based on the differential features of collagen fibrils 
and ground substance material, four distinct groups could 
be established. Group I (clinically EDS type I) showed 
disorganized collagen bundles and dense aggregations of 
collagen fibrils with bizarre shapes. Group II (clinically 
varying from EDS types I-III)  revealed collagen bundles 
that regularly contained numerous "composite collagen 
fibrils" with enlarged "flower-like" cross-sections and 
rope-like longitudinal sections, often associated with in- 
creased amounts of  matrix substances in the form of elec- 
tron-dense irregular strands and filaments in a branched 
network. Group III (clinically EDS types II-III)  presented 
smaller isolated collagen flowers and ropes associated 
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with excessive filamentous ground substance material and 
flocculent material. Group IV (with clinical symptoms of 
EDS type IV) had a dermis thinned to one third of the nor- 
mal and a reduced number of collagen bundles with small 
diameter fibrils. In 13 patients, the abnormal ultrastruc- 
tural dermal architecture did not coincide with any of 
these four groups or with the pattern of any other inherited 
connective tissue disorder. In 16 additional patients with 
mostly mild clinical symptoms, such as muscle weakness 
and small joint hyperlaxity, no ultrastructural aberrations 
could be found. Even though the primary defects underly- 
ing the respective aberration of the collagen fibrils are still 
unknown, the differential ultrastructural changes of the 
collagen fibrils together with clinical symptoms should, 
as in other heterogeneous genetic disorders, facilitate the 
(provisional?) classification of EDS and permit the diag- 
nosis of individual cases. 

Introduction 

Amongst the most heterogeneous heritable connective tis- 
sue disorders, Ehlers-Danlos syndrome (EDS) comprises 

Table 1. Clinical symptoms corresponding to EDS I with pronounced cardinal manifestations (+++): marked skin hyperextensibility, bruis- 
ing and fragility, poor wound healing, cigarette paper scars and molluscoid pseudotumors, hernias; joint hypermobility, frequent dislocations 

Group Code no. Sex Age Biopsy Clinical manifestations Inheritance 
(years) site (affected relatives) 

Cardinal Orthopedic problems Others 

I P 387/SN f 11 Elbow +++ Flat/splay foot 

I P 914/MC f 1 Thigh +++* Kyphoskoliosis, pes 
valgus 

I P 1636/DG m 28 Elbow +++ Kyphosis, dislocations 

I P 1846/ES f 2 ? +++* Kyphosis, luxations 

I P 2137/UW f 28 Elbow +++* Luxations, pes valgus, 
flat/splay feet 

I P 2246/SK f 5 Knee +++* ND 

Muscle hypotonia 

Hematomas 

High arched palate 

Solitary case 

ND 

Grandfather, father, 
uncle, brother, sister 

Solitary case 

Mother 

Mother, grandmother 

+++, Cardinal manifestations to a severe degree; ++, moderate cardinal manifestations; 
+, Mild cardinal manifestations; *, patient not seen by authors; ND, no data 



a complex group of independently inherited diseases; pa- 
tients share various physical cardinal symptoms, i.e., hy- 
perextensible, soft, easily bruising skin, joint laxity, and 
vascular fragility. Additional specific features define the 
precise clinical and genetic phenotype. Recently, the 
Berlin nosology (Beighton et al. 1988) and the London 
nosology (Beighton et al. 1992) meetings rationalized the 
classification of the heterogeneous nine subgroups based 
on clinical and, if available, biochemical and molecular 
genetic criteria. The dominant EDS types I-III, however, 
have been uninformative so far biochemically and molec- 
ular genetically. These types, "gravis", "mitis" and "be- 
nign hypermobile type", are distinguished by graded clin- 
ical severity, and problems concerning subgroup bound- 
aries and phenotypic overlap still arise, since the assess- 
ment of clinical severity may be a matter of interpretation 
in certain cases. There is for example a wide range of nor- 
mal joint mobility that can be augmented by training. An 
individual with only moderate joint laxity may represent 
normal variation (Byers and Holbrook 1990). On the 
other hand, the ligamentous laxity in EDS is often associ- 
ated with earlier than usual degenerative arthritis. A num- 
ber of patients with painful joints show up in orthopedics 
or rheumatology and, in some cases, it is not until then 
that slightly hypermobile joints attract attention and the 
suspicion of EDS arises. Many cases demand the interdis- 
ciplinary coordination of diagnosis and management, e.g., 
by pediatricians, orthopedics, dermatologists, and human 
geneticists. A confident clinical diagnosis of a specific 
EDS type can therefore be difficult, and it is possible both 
to underdiagnose and to overdiagnose the condition. EDS 
type IV, which can be differentiated into four subgroups, 
poses another problem, since the specific molecular defect 
may only be revealed by time consuming investigations in 
a few specialized laboratories. However, vessel rupture is 
often reported as the only criterion for the diagnosis of  
EDS IV (Cikrit et al. 1987; Peaceman and Cruikshank 
1987; Mayrhofer et al. 1991). 

In comparison with the clinical symptoms of EDS, the 
subcellular features represent a lower level of the pheno- 
typic expression of the genetic defects of the disease. Al- 
though most inherited connective tissue disorders do not 
reveal unique ultrastructural defects, the respective pat- 
tern of alterations is nevertheless characteristic in several 
conditions (Holbrook and Byers 1989; Hausser and An- 
ton-Lamprecht 1991; Anton-Lamprecht 1992 a). We have 
therefore investigated the ultrastructural pattern of con- 
nective tissue macromolecules, especially of collagen fib- 
rils, elastic fibers, and ground substance material, in the 
papillary and reticular dermis of skin biopsy samples in a 
series of patients with clinical symptoms or suspicion of 
EDS I-IV. 
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Materia ls  and methods  

Patients 

Skin samples were obtained from 85 patients with symptoms of 
EDS I-IV. The clinical symptoms were evaluated (as far as avail- 
able, see below) according to Beighton et al. (1988) (see Tables 
1-6, Figs. 1, 5, 7, 8). Some 45 patients presented at the Dermato- 

Fig.la-r EDS I (group I). a P 1636/DG; hyperextensile skin and 
hypertrophic scars at the knee; b P 1636/DG, and c P 1846/ES 
hypermobile small and large joints 
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Fig.2a, b. EDS I; reticular dermis, semithin 
sections, methylene blue. a Irregularly orga- 
nized collagen bundles are intensely stained and 
have a cloudy appearance (P 1846/S). x 330. 
b Deep dermal region with irregular dense col- 
lagen bundles. The overall aspect of the connec- 
tive tissue is loose; the disintegration is proba- 
bly a reaction of the aberrant dermal architec- 
ture to the mechanical stress of biopsy 
(P 1137/UW). x 90 

logical Department, University Heidelberg; the biopsies of 40 pa- 
tients were sent to us by collegues of German or Norwegian der- 
matological, genetic or pediatric departments, who sometimes had 
restricted the anamnesis to "severely affected with EDS for years" 
or "EDS type I". (In some cases, where a confident anamnesis was 
lacking or the biopsy sample was insufficient, e.g., not deep 
enough, no classification could be performed; see Table 5). Knife 
biopsy specimens extending to the subcutaneous fat tissue were 
preferentially obtained from mechanically stressed areas, such as 
the elbow or knee. 

Electron microscopy 

All specimens were fixed for 2 h at room temperature in 3% glu- 
taraldehyde solution in 0.1 M cacodylate buffer pH 7.4, partially 
oxidized by the addition of hydrogen peroxide (Peracchia and Mit- 
tler 1972; Anton-Lamprecht  1992b). The samples were cut into 
pieces of ca. 1 mm 3 and were further fixed in 3% glutaraldehyde 
without hydrogen peroxide. After being washed in buffer, speci- 
mens were postfixed for 1 h at 4~ in 1% osmium tetroxide in 
cacodylate buffer, rinsed in water, dehydrated through graded 
ethanol solutions, transferred into propylene oxide, and embed- 
ded in epoxy resin (glycidether 100, formerly Epon 812). Semithin 
sections and ultrathin sections were cut with an ultramicrotome 

(Reichert OmU3). Semithin sections were stained with methylene 
blue. Ultrathin sections were treated with uranyl acetate and 
lead citrate, and examined with an electron microscope (Philips 
EM 400) at an acceleration voltage of 80 kV. 

Resul t s  

T h e  u l t r a s t r u c t u r a l  a s p e c t  o f  c o n n e c t i v e  t i s sue  m a c r o m o l -  
e c u l e s  ( c o l l a g e n  f ibr i l s ,  e las t i c  f ibers ,  a n d  g r o u n d  sub-  
s t a n c e  m a t e r i a l )  w a s  i n v e s t i g a t e d  in  upper ,  m i d d l e ,  a n d  

F i g . 3 a - d .  Differential ultrastructural aspect of collagen fibrils in 
EDS I-IV. Note the decreasing calibers of the fibrils, a EDS I 
(P 1846/ES); margin of a collagen bundle consisting of irreg- 
ular, densely arranged fibrils with bizarre shapes, b EDS lI 
(P 1107/TM); numerous "flower-like" cross-sections of compo- 
site fibrils amidst normal fibrils of a collagen bundle, e EDS III 
(P 1259/AO). A few "flower-like" cross-sections with moderately 
increased calibers within a collagen bundle between otherwise nor- 
mal fibrils, d EDS IV (P 1599/S). Small caliber collagen fibrils in 
a loose bundle, a-d  x 50000 
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Table 2. Clinical symptoms varying from EDS I-III (+++ to +) with clinical manifestations milder than type I: moderate skin bruising, 
hyperextensibility and joint hypermobility; hypertrophic scarring 

Group Code no. Sex Age Biopsy Clinical manifestations Inheritance 
(years) site (affected relatives 

Cardinal Orthopedic Others 
problems 

II P 749/KD m 30 Elbow ++ 
No scars ! 

II P 814/SS f 12 Buttocks, +++* 
knee 

II P 1064/SB m 35 Elbow ++ 

II P 1107/TM f 29 Elbow ++ 

II P 1108/TM m 26 Elbow ++ 

II P 1167/MK m 9 Elbow ++* 
II P 1217/TM m 6 Elbow ++* 

II P 1299/PS m 2 Elbow ++ to + 
II P 1316/FP m 39 Elbow ++ 
II P 1364/UK m 32 Elbow ++ 
II P 1494/SL f 9 Buttocks ++ to +++* 
II P 1506/PP f 25 Knee ++* 
II P 1513/EB m 31 Elbow ++ 
II P 1820/PE m 38 Back ++* 
II P 1826/FS m 33 Elbow ++* 
II P 1951/HH m 28 Elbow ++ to +* 

No scars! 

II P 1994/RB f 54 Knee, ++* 
buttocks 

II P 1995/KB f 29 Knee, ++* 
buttocks 

II P 2154/KK f 26 Elbow ++ 
II P 2179/RS f 24 Elbow ++ 
II P 2281/SL f 22 Elbow ++ to +++ 
II P 2288/ER f 34 Elbow ++ to + 
II P 2283/SB f 36 Elbow ++ 

Cousin, child 

ND 

Luxations Hematomas, Solitary case 
glaucoma, 
keratokonus 

Hematomas 
Retardation of 
psychomotoric and 
statomotoric 
development 

Club foot 

P1107 and P1108 are 
married first cousins; 
child affected 

Solitary case 
Solitary case 

Solitary case 
Muscle hypotonia Son 

Skoliosis Mother, brother 
ND 

Knee 4 generations 
Solitary case 

+ Solitary case 
Solitary case 

Knee Solitary case 

Mother of P 1995 

Daughter of P 1994 

Luxation Painful joints Solitary case 
Father, brother 

Hip luxation Solitary case 
Painful joints ND 
Painful joints ND 

Symbols as in Table 1 

deep dermal regions in the biopsy samples of each patient, 
and compared with that of  a large number  of control sam- 
ples avai lable in  our Heidelberg material (more than 2000 
patients were ultrastructurally investigated).  

Ultrastructure o f  normal connective tissue 

Under  normal  conditions,  the papillary dermis beneath 
the dermo-epidermal  junc t ion  consists ultrastructurally of 

Fig.4a-c.  EDS I. a Single fibrils in collagen bundles can hardly 
be differentiated in the highly aggregated central region, x 15000. 
b Wall of dermal capillary revealing aberrant collagen fibrils in 
longitudinal section (arrows) and cross-section (arrowheads) just 
beneath the basal lamina. E, endothelial cell; L, capillary lumen, 
x 33000. c Tangled arrangement of fibrils within a bundle; the lon- 
gitudinal sections reveal the typical collagen fibril cross-banding 
periodicity (arrows). x 49000 

small bundles  formed by small  col lagen fibrils with uni-  
form diameters and even contours,  of  oxytalan fibers, of 
dermal  cells (e.g., fibroblasts,  macrophages),  of  terminal  
nerve fibers, and of the terminal  loops of the capillary 
vasculature. The normal  reticular dermis contains large, 
closely packed collagen bundles  consist ing of col lagen 
fibrils with un i form circular cross-sections and longitudi-  
nal  sections of constant  diameter. The col lagen bundles  
are bordered by mature elastic fibers. Dermal  cells are 
rare. Ground substance material  is ultrastructurally hardly 
recognizable,  apart f rom the deep layers where col lagen 
bundles  are more loosely arranged. 

Connective tissue architecture in EDS 

In EDS patients, four distinct groups could be established 
by the features of dermal architecture and especially of 
col lagen fibrils. 
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Fig.Sa, b. EDS II (group II). a P 1826/FS; pretibial hypertrophic 
scars, b P 814/SS; moderately extensile skin 

Group L All patients of this group (n = 6, Table 1) showed 
severe cardinal symptoms (Figs. 1 a-c). The general mor- 
phological features are as follows. By light microscopy, 
the dermis is thickened. The reticular areas contain deep- 
staining "cloudy" masses of collagen (Fig.2a, b). In re- 
gions just above the subcutaneous fat tissue, the connec- 
tive tissue is not as closely packed as normal, but seems to 
disintegrate (Fig. 2b). 

By electron microscopy, aberrations are revealed im- 
mediately below the dermo-epidermal junction. In con- 
trast to the other EDS types, there are nearly no normal 
collagen fibrils with circular cross-sections, but only fib- 
rils with irregular contours. In middle and deep dermal 
regions, collagen fibrils show pronounced variations in 
shape and diameter, and have irregular sizes and con- 
tours (Fig. 3 a). The collagen masses, which are conspic- 
uous light microscopically by their deep staining with 
methylene blue, present as extensive dense aggregations 
consisting of  bizarre, irregularly shaped cross-sections 
(Fig.4a) and broad ropes of  unravelled, longitudinally 
cut fibrils in a disorderly tangled pattern (Fig.4c). Colla- 
gen fibrils in the walls of  dermal vessels are also affected 
(Fig. 4 b). 

Group II. Although the clinical severity varies in this 
group (n = 23; Table 2), all patients of this group were 

typically affected (Figs.5a, b) and, except for two pa- 
tients, one of whom was not seen by the authors, revealed 
hypertrophic scars. P 1064/SB presented some eye symp- 
toms, i.e., glaucoma and keratokonus, characteristic of 
EDS VI. Hydroxylysine levels in fibroblast cultures, how- 
ever, were normal, and the ultrastructural pattern coin- 
cided with group II. 

The dermal aspect appears normal by light micros- 
copy. Ultrastructurally, however, collagen bundles in the 
upper dermis contain a few, but in the middle and deep der- 
mis, numerous composite fibrils with enlarged "flower- 
like" cross-sections (Fig.3a, 6a) and rope-like longitudi- 
nal sections (Fig.6c). Matrix substances, which are nor- 
mally not easily recognized by routine electron-micro- 
scopic procedures, are often present in abundance in the 
form of electron-dense irregular strands in a branched net- 
work (Fig. 6b). Sometimes flocculent or fuzzy material is 
enclosed within the collagen bundles. 

Group II1. Clinically, the patients (n = 14; Table 3) are 
mildly affected with small joint hypermobility (Fig. 7), 
but often have orthopedic problems and painful joints. No 
patient showed hypertrophic scars. 

The dermal aspect appears normal by light micro- 
scopy. In most cases, no striking ultrastructural aberra- 
tions are present in papillary dermal regions. Reticular 
areas regularly reveal isolated smaller collagen "flow- 
ers" (Fig.3c) and smaller ropes of unravelled fibrils 
within the collagen bundles, when compared with group 
II. Excessive ground substance material and flocculent or 
fuzzy material within collagen bundles are often encoun- 
tered. 

Group IV. Clinically, the thin translucent skin of patients 
(n = 3; Table 4) is obvious because of the visibility of 
veins (Fig. 8). Coordination problems at the different cen- 
ters prevented collagen type III determination in P 1559/S 
and P 2069/SL, both of whom are now deceased. In P 
1829/UN, cultured fibroblasts revealed no significant de- 
crease of collagen type III synthesis. The morphological 
dermal architecture, however, agrees with that in the liter- 
ature (Holbrook and Byers 1981) in all three cases. 

By light microscopy, the dermis is thinned to about 
one third of the normal value (Fig.9). Ultrastructurally, 
collagen bundles and fibril diameters are small (Fig. 3 d). 
Collagen bundles and other dermal components are only 
loosely packed. The amount of elastic material seems to 
be increased in relation to the small amount of collagen; 
elastic fibers are branched or fragment (Fig. 10). 

Classification doubOCul or impossible 

Some 13 patients (see Table 5) could not be classified into 
any of the four groups. Even though the cardinal clinical 
symptoms were pronounced and the dermal architecture 
showed a pathological pattern in P 810/BA, P 1915/MF, 
P 1937/SV, P 1117-1121/H, and P 2092/SH, it did not coin- 
cide with any of the former groups or with other connec- 
tive tissue disorders to our knowledge. No information 
was available about the clinical symptoms of P 622/SE, so 



401 

Fig. 6 a--e. EDS II. a Collagen bundles with enlarged "flower-like" 
cross-sections, x 20000. b Increased amounts of ground substance 
material: irregular, branched strands and filaments, probably pro- 

teoglycans, x 43000. e Longitudinal section of a collagen bun- 
dle with several thickened rope-like and twisted fibrils (arrows). 
x 33000 
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Table 3. Clinical symptoms varying from EDS II-III (++ to +): mild skin hyperextensibility, soft skin; hypermobility especially of small 
joints; often hypotonic musculature 

Group Code no. Sex Age Biopsy Clinical manifestations Inheritance 
(years) site (affected relatives) 

Cardinal Orthopedic Others 
problems 

Ili P 801/S f 2 ? ++* Luxations Muscle hypotonia, 
retardation of stato- 
motoric development 

III P 1185/EG f 3 Elbow + Contractures Muscle hypotonia, 
of joints retardation of motoric 

development 
III P 1259/AO f 5 Abdomen + Muscle hypotonia, 

retardation of stato- 
motoric development 

III P 1292/TG m 1 ? ++* Hip luxation Muscle hypotonia, 
retardation of motoric 
development 

ND 

Solitary case 

Daughter of P 1374 

III P 1374/BO m 35 Elbow + Father of P 1259 
III P 1763/RM m 9 ? +* Kyphosis Muscle hypotonia, Solitary case 

retardation of motoric 
development 

III P 1809/DS f 32 ? +* 4 generations 
III P 1875/SH f 22 Elbow + Solitary case 
II! P 2112/RG m 21 Elbow + Painful joints Solitary case 
II1 P 2169/AL m 30 Elbow + Painful joints Solitary case 
II1 P 2190/MN m 3 Elbow +* Muscle hypotonia Solitary case 
III P 2187/BH f 39 Elbow + Painful joints Solitary case 
III P 2227/JK f 32 Elbow + Painful joints Solitary case 
III P 2268/ND f 20 Elbow + Muscle hypotonia Solitary case 

Symbols as in Table 1 

Fig.7. EDS IlI (group III); hypermobile small joints (P 1259/AO 
daughter, P 1374/BO father) 

this case could  not be classif ied.  P 1890/SG showed some 
cl inical  and b iochemica l  symptoms  o f  EDS IV ( tendency 
to bruise,  reduced synthesis  of  co l lagen III), but  the mor-  
pho logy  o f  the dermis  was s imilar  to that of  group III  with 
a dermis  o f  normal  thickness,  and isola ted  compos i te  col-  
lagen fibri ls  within col lagen bundles  o f  re t icular  dermis.  
P 1252/BH and P 2092/KT both suffered f rom combina-  
t ions o f  two separate  her i table  diseases,  and the ultra- 
structural features o f  EDS could  not  be evaluated  suffi- 
ciently. In the case o f  P 1252/BH, the b iopsy  was not deep 
enough,  because  o f  p ronounced  pa lmo-p lan ta r  hyperker-  
atoses at t r ibutable to Olmsted  syndrome  (Hausser  et al. 
1993). Moreover ,  the only  known EDS-af fec ted  fami ly  
m e m b e r  is an uncle o f  the mother,  perhaps  indica t ing  an 
X- l inked  trait. In the case o f  P 2092/KT, the dermal  find- 
ings  were  s u p e r i m p o s e d  wi th  depos i t i on  o f  in ters t i t ia l  
hyal ine  mater ia l  typical  o f  Urbach-Wie the  disease  (hyal i-  
nosis  cutis et mucosae;  K r n i g  et al. 1994). 

In 26 pat ients  wi th  mos t ly  mi ld  c l in ica l  symptoms ,  
such as musc le  weakness  and smal l  jo in t  hype r l ax i ty  but  
no hyper t roph ic  scarr ing,  no ul t ras t ructural  aber ra t ions  
were  r evea led  (Table 6). These  pat ients  migh t  represent  
cases  o f  no rma l  var ia t ion,  or  m a y  have  fami l ia l  ar t icu-  
lar  j o in t  hype rmob i l i t y  s y n d r o m e  (Hor ton  et al. 1980). 
This  condi t ion  has not  ye t  been  c lear ly  charac te r ized ,  
and no in format ion  on its ul t ras t ructural  features  are 
avai lable .  
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Table 4. Clinical symptoms of EDS IV (+): thin and translucent skin, easily bruising, not hyperextensible, except of acral joints; tendency 
for hematomas, vascular rupture 

Group Code no. Sex Age Biopsy Clinical manifestations Inheritance 
(years) site (affected relatives) 

Cardinal Orthopedic Others 
problems 

IV P 1559/SS ? 0,3 ? +* Hip luxation Corneal opacities, Solitary case 
transparent skin 

IV P 1829/UN f 53 Knee + Kyphosis Transparent skin, Sister affected 
hematomas 

IV P 2069/SL f 39 Abdomen +* Transsparent skin, Solitary case 
multiple hemorrhages, 
fragile vessels 

Symbols as in Table 1 

Fig.8. EDS IV (group IV); thin translucent skin with visible veins 
(P 1829/UN) 

Discussion 

The extracellular matrix of  the dermis consists of an intri- 
cate system of components typical of  all connective tis- 
sues: several types of  collagens, elastic fibers (elastin and 
proteins of the elastotubules) and ground substance mate- 
rial (proteoglycans, glycosaminoglycans). Regarding the 
clinical abnormalities in EDS, all available evidence has 
implicated either mutations of the collagen genes, espe- 
cially of those involved in fibril formation, i.e., collagen 
types I, III  and V, or defects of  the three processing en- 
zymes, viz., lysyl hydroxylase, procollagen peptidase, and 
lysyl oxidase. Indeed, EDS VI Ia  and b were found to be 
associated with a structural defect of  collagen type I (Cole 
et al. 1986; Eyre et al. 1985). EDS IV may be caused by 
mutations of  the COL3Algene  of collagen type III (Pope 
et al. 1975; Cole et al. 1990; Pope 1991); lysyl oxidase 
deficiency accounts for EDS V (DiFerrante et al. 1975), 
lysyl hydroxylase deficiency for EDS VI (Pinell et al. 
1972; Wenstrup et al. 1989), and procollagen peptidase 
deficiency for dermatosparaxis in cattle, sheep, and Hi- 
malayan cat (Lapiere et al. 1971; Fjolstad and Helle 1974; 
Holbrook et al. 1980). Recently, the same procollagen 
peptidase deficiency, for a long time postulated to exist in 
humans, was identified in two patients suffering from the 

Fig.9. EDS IV; overall skin, semithin section, methylene blue. 
Thin loosely packed dermal connective tissue (P 1829/UN). x 90 

analogous EDS type VIIc  (Nusgens et al. 1992; Smith et 
al. 1992). EDS X, described in only one family so far, is 
associated with fibronectin deficiency (Arneson et al. 
1980). The molecular abnormalities of  EDS I-HI, how- 
ever, remain unsolved. Some gene defects have been 
found to cause overlapping syndromes between EDS and 
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os teogenes i s  imper fec ta ,  and some  cases  c lass i f i ed  as 
EDS I and EDS III  show singular  b iochemica l  abnormal-  
it ies (De Paepe  et al. 1987; Pope  1991). Mos t  o f  these mu- 
tat ions are, however,  res t r ic ted to individual  patients and 
their  families,  and no genera l  or sys temat ic  abnormal i ty  
of  a col lagen po lypept ide  or  an enyzme has been resolved  
to date at the b iochemica l  or genet ic  level.  

Although no previous classif ication of  EDS I-III has 
been considered really convincing, the approach of  our in- 
vestigation has been to classify the presented pool  of  pa- 
tients whose physicians were uncertain whether or not they 
were affected with EDS, and if  affected, with which type. 
Earlier electron microscopic studies on EDS patients, often 
involving a few or solitary cases, have concentrated mainly 
on collagen changes, emphasizing the heterogeneity and 
non-specif ici ty of  findings (Vogel et al. 1979; Black et al. 
1980; Holbrook and Byers 1982; Igarashi et al. 1982). 

In rout ine t ransmiss ion e lect ron mic roscopy  o f  normal  
connect ive  tissue, the diffuse interst i t ial  ground substance 
mater ia l  is not suff iciently preserved  without  special  f ixa- 
tives or  stains; therefore,  morpho log ica l  al terat ions o f  col- 
lagen fibrils and elast ic  f ibers are main ly  revealed  by  this 
technique.  However ,  all the connect ive  t issue components  
are interact ive and interdependent ,  and are inf luenced by  

Fig. 10. EDS IV. In large electron lucent areas with small numbers 
of collagen bundles (C), the general amount of elastic fibers 
(El) seems to been increased in relation to the amount of collagen. 
• 12000 

Table 5. Classification doubtful or impossible 

Code no. Sex Age Biopsy Clinical manifestations EM findings Inheritance 
(years) site (affected relatives) 

P 622/SE f 22 Hip ? 
P 810/BA f 33 Buttocks Severe manifestation, 

hyperextensible, thin skin 
visible veins* 

P 1915/MF f 32 Elbow Flexible finger/toe joints, 
skoliosis, hematomas 

P 1937/SV f 36 Elbow Cardinalsymptoms +++, 
progefic 

P 1890/SG f 4 Elbow 

P 2095/KT m 8 Arm 

P 1117- m/f 4-40 Buttocks, 
1121/H elbow 

P 1252/BH m 30 Lower 
arm 

P 2092/SH m 6 ?* 

Flexible small joints, hema- 
tomas, retardation of develop- 
ment, suspicion of EDS IV 
Flexible small joints, scars 

Hyperflexible joints, not very 
pronounced in childhood*, 
familial joint hyperlaxity 
syndrome?? 
Hyperflexible joints 

Tall stature, flexible joints, 
dysmorphic features* 

Few small collagen flowers ND 
Many small flowers Recessive 

Increased amounts of ground 
substance, focal elastin 
inclusions 
Pronounced alterations of 
collagen fibrils (flowers), 
depositions of unknown 
fuzzy material 
Small collagen flowers, 
reduced synthesis of 
collagen III 
Pronounced alterations of 
collagen fibrils, but super- 
imposed by M. Urbach- 
Wiethe 
Few changes in collagen 
fibrils, increased ground 
substance 

Collagen flowers, findings 
superimposed by Olmsted 
syndrome 
Chaotic collagen bundles 
amongst normal ones, 
but no flowers 

Father affected 

Solitary case 

Solitary case 

5 family members 

Affected maternal 
uncle 

Solitary case 

Symbols as in Table 1 
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Table 6. Exclusion of EDS. Normal ultrastructure of all fibrous dermal connective tissue components 

Code no. Sex Age Biopsy Clinical manifestation Inheritance 
(years) site (affected relatives) 

P 809/BP f 45 Buttocks +++* ND 
P 891/FC f 30 Abdomen +, scar ND 
P 986/SW f 3 Arm Hip dysplasia and luxation, flexible joints, muscle hypo- Solitary case 

tonia, pes valgus 
P 1515/PW f 21 Arm Tattoo scar, hypermobile joints ND 
P 1769/IW f 18 Arm Myopathy, adiposity, hypermobile joints* Sister of P 1770 
P 1770/SW m 13 ? Myopathy, tall stature, hypermobile joints* Brother of P 1769 
P 1810/FL m 9 Elbow Hypermobile joints, muscle hypotonia, "strong suspicion" Solitary case 

of EDS* 
Muscle hypotonia, hypermobile joints* P 1905/JFE m 2; 3 Abdomen, Solitary case 

elbow 
P 2008/HM f 35 Elbow Discrete hypermobility of small joints Son affected 
P 2011/SB f 5 Buttocks No skin hyperelasticity, hyperrnobile small joints, hematomas Solitary case 
P 2046/SP f 18 Elbow Hypermobile small joints, flabby skin Solitary case 
P 2099/FS m 4 Elbow Bright scar, transparent skin, cutis laxa-like, muscle hypo- Solitary case 

tonia, dysmorphias* 
P 2105/SE f 3 ? Multiple dysmorphias, cleft palate, hip dysplasia, colon Solitary case 

diverticulum* 
P 2123/HG f 31 Arm Pronounced hypermobility of small joints, myotonia* Mother affected 
P 2133/HI f 32 Elbow Hematomas, hemorrhagia of colon, skin normal Solitary case 
P 2152/SC f 2 Arm Pes valgus, splay/flat foot, hyperelastic skin, hypermobile Solitary case 

small joints* 
Suspicion of connective tissue disease* P 2156/MH f 3 Arm 

P 2162/FL m 15 Elbow 

P 2205/ND f 7 Elbow 
P 2256/PH f 24 Elbow 
P 2252/NN m 9 Elbow 

P 2271/AS f 32 Elbow 

P 2272/PS m 9 Elbow 
P 2273/CS f 5 Elbow 
P 2280/DB f 28 Elbow 

P 2294/PE f 29 Elbow 

Hypermobile joints, flabby skin, rectus diastasis 
Hyperflexible small joints, painful joints 
Hypermobile small joints, pes valgus, affected with 
Rothmund-Thomson syndrome 
Hypermobile joints 

Hypermobile joints 
Hypermobile joints 
Hypermobile, weak joints (wheelchair), luxations 

Hypermobile small joints 

Mother affected 
Son of P 2069/SL 
see table 4, group IV 
ND 
Father and brother 
Solitary case 

Mother of P2272/ 
2273 
Son of P 2271 
Daughter of P 2271 
Niece with hyper- 
mobile joints 
ND 

the cel lular  env i ronment  and by  extr insic  and intr insic  as- 
saults to the organism.  Fur thermore ,  a wide  range of  vari-  
at ion is present  in normal  individuals ,  inc luding body  site 
and age-dependent  differences.  This  makes  it diff icul t  to 
evaluate  al terat ions caused  by  genet ic  defects.  The l i tera- 
ture and our  own studies o f  inher i ted connect ive  t issue 
diseases  indicate  that few morpho log ica l  changes  in col la-  
gen f ibri ls  or  elast ic  f ibers  are unique for a g iven  inher i ted 
disease  or  single genetic defect,  as is the case for the hiero- 
g lyphic  co l lagen  fibri ls  in an imals  affected with  dermato-  
sparaxis  (Ho lb rook  et al. 1980). In EDS,  the ul trastruc-  
tural  changes  are focused  on the co l lagen  fibrils ,  ma in ly  
those o f  the re t icular  dermis ,  where  they are c o m p o s e d  o f  
col lagens  types  I and III  for the most  part.  There  seem to 
be only a few abnormal  structures o f  col lagen fibrils: com- 
posi te  f ibri ls  (Mens ing  and Schaeg  i984) ,  f ibri ls  o f  too 
large or  too small  d iameters ,  h ie rog lyphic  fibrils,  and "un- 
wound"  fibri ls  that  are reminiscent  of  chemica l ly  dena-  

tured co l lagen  (Ho lb rook  and Byers  1982). Compos i t e  
f ibri ls  with " f lower - l ike"  cross-sec t ions  and twis ted  rope-  
l ike longi tudina l  sect ions are the p redominan t  co l lagen  
changes  found in all  EDS types  (An ton -Lamprech t  1992 
a). However ,  this phe nome non  is found in var ious  other  
genet ic  condi t ions ,  e.g. os teogenes is  imper fec ta  and pseu-  
doxan thoma  e las t icum (Danie lsen  and Kobayash i  1974; 
Ho lb rook  and Byers  1982; Hausse r  and A n t o n - L a m p r e c h t  
1991) and in some acquired diseases ,  e.g.,  s c l e redema  
adu l to rum Buschke  (An ton -Lamprech t  1992a),  var icosis ,  
and l y m p h e d e m a  ( D a r t c z y  1988; H o l b r o o k  and Byers  
1989). Al though  these are c l in ica l ly  dis t inct  disorders ,  the 
aberrant  structure appears  similar.  Even  under  normal  
condi t ions ,  compos i t e  f ibri ls  have  been  found  in res t r ic ted 
areas, for example ,  in connect ive  t issue clefts  be tween  
smooth  musc le  cel ls  o f  the arrector  pi l i  muscle ,  which  
may  not  be prone  to normal  turnover  and exchange  (un- 
publ i shed  results).  The pa thomorphogenes i s  o f  compos -  

c115344
Texte surligné 

c115344
Texte surligné 
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ites or other collagen fibril alterations remains specula- 
tive. A series of f indings favor an active synthezising 
process, e.g., a consequence  of fibril association condi- 
tions rather than degenerat ive mechanisms:  ratios of dif- 
ferent collagen types might be altered, regions of the colla- 
gen molecules involved in intermolecular  interaction with 
proteoglycans and g lycosaminoglycans  might be abnor- 
mal. Glycosaminoglycan  alterations have previously been 
reported from some EDS patients (Yamakage et al. 1985; 
Fushimi et al. 1989). Moreover, other macromolecules  of 
the extracellular matrix might  be affected, such as fi- 
bronectin in the case of EDS X. 

The ultrastructural pattern of the dermal connective 
tissue with differential aberrations of collagen fibrils in 
our four groups is however  constant  and corresponds well 
to the differential severity of the clinical cardinal symp- 
toms. The similarity of the respective ultrastructural pat- 
tern in families with more than one affected individual  
and in subsequent  genera t ions  (e.g., group I I P  1107/ 
P 1108 brother and sister, P 1994/P 1995 mother and daugh- 
ter; group III P 1259/P 1374 daughter and father) lend fur- 
ther support to a true phenotype-genotype correlation of 
these aberration patterns. The aberrations in different der- 
mal layers may be expressed in concert with the variable 
determinat ion of fibroblasts of the respective regions syn- 
thesizing connect ive  tissue macromolecules.  As an exam- 
ple, differences in the expression of certain proteoglycans 
have been demonstrated in papillary and reticular fibro- 
blasts (Sch6nherr  et al. 1992). As a rule, the ultrastruc- 
tural changes of all EDS types are most  pronounced in the 
central parts of the reticular dermis, which may be the 
only dermal layer expressing mild collagen changes in 
mild types of EDS (e.g., type III). In our opinion,  these 
patterns, like those of other heritable connective tissue 
disorders (Holbrook and Byers 1989; Hausser and Anton-  
Lamprecht  1991 ; Anton-Lamprecht  1992 a) are suffi- 
ciently characteristic to be of diagnostic relevance. Unti l  
the under ly ing  molecular  genetic defects have been de- 
fined, this morphological  approach may help to distin- 
guish (provisionally?)  EDS I - I V  in daily clinical practice 
and to provide a basis for genetic counseling.  
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