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tute of Dental Rcseard1, NIH. Bethesda, ~•aryland (L. D. K., G. R. M., and P. B.] 
and the Department of Medicine, Johns Hopkins Hospital, Biiltimore, Maryland 
[V. A. M.)) 

THE Ehlers-Danlos syndrome i'I a heterogeneous group of disorders 
which are characterized by stretchable, fragile skin and hypcrmobile 
joints. McKwiick has classified this group of disorders into seven sub-

• groups• (Table 1). Four types are inheriteJ in an autnsomal dominant 
patter_n and are distinguish~ ~y th~ cli~ica di~t~ihution and_ se\'erity of 
the dtsea.-.e. A fifth subtype 1s mher1ted m an X-hnked recessive pattem. 

• ·n,e si:dh subtype ha.,; hydroxvl) sine deficient mllagen, due to a defi­
ciency of the enzyme lysyl hyclroxyla"e and is inherited in an autosomal 
recessive pattem.2~ 

We are reporting in this paper on a se\'enth subtype of the Ehlers­
Danlos syndrome found in three Caucasia!a females ages 3, 16 and 32 
years. Similar clinical and biochemical findings were observed in all 
three patients. In the past this condition has been called arthrochal~ 
multiplex ccm~""lta.' lj \ D 

TABLE I. J-lrrt:ROGENEITY IN THE EHLER -DAsU>S SvsoROME D C 
I. E- D Synclromc Tn,c I - Gra\'is Type -~~fl[? 
~ E- 1> Synclromc Type II - Mitis Trpe AUG 18 1974 
3. E-D Syndrome Type Ill - Benign llypemkJbile Type 
4. E- 1> Synllmme Type I\' - fa"Chymotic, Arterial or Sac·lis Type 
5. E-D Synclromc Trpe \I - X-Linked Rcc.,-cssi,·e Fom1 

6. E- U Syndrome Type \ I - Ocular Tn>c, Lysyl Hydmxyla'ie De&c:ency .. E-D S)'ndromc Type VII I. - Arthrodialasis Multiplex Congenita and Pro<1>1lagen 
Peptidase Deficicnc·y 

The opinions or assertions contained hcrci11 are thr private \'icws of tJ10 authors 
and arc not to be t.--onstrued as official or as r llccting the views of the Department of 
the Anny or the Department nf Defeme. 
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335 The patients were all the product of hrcech deliwry with bilateral con­genital hip dislocations re<:ognized shortly after hirth. The most striking feature of the disease is the marked gennalized joint hypermobility and multiple joint subluxations ( Fig. l ). All three patients had repeated sub­luxations of their hips, patellas, radial he. do; and feet ( despite corrective surgery) and sc.·oliosis. At the time of surgery for her hip dislocations, pa­lient # l was found to have hoth round ligaments rent in two and t;x­lrcmel_v fragile tissues wilh dissc.·c.·lion c.·asil. performed manually. All lhrcc palienls had a :imilar fal'it•s with a smopcd out mid-facics, cpi­t·anlhal folds am.I h~·1>t'rlelorisrn. They all had stretchahle thin velvety skin. In lwo of lhe patients, wmmd~ healed normally, while in the third, 
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wounds healed with the t~'pkal atrophic scars of the Ehlers-Danlos syn­
drome. All of the patients arc short statured. TI1e two older ones have 
heights of 4' 10'' and 4' 2" and the third is below the third percentile. 

Tlae clinical features which distinguish this entit) from other forms of 
the Ehlers-Danlos syndrome arc marked joint hypcrmobility, multiple 
join t s11bluxations and short stature. 

Studies on the hiosynthesis of coll •• •~en are summarize ) in Figure 2. 
Precursor polypeptide chains ( the proo ~lmins) are synthesized on poly­
ribosomes :u1d three of the />roo d1ai 1s assemble into the Jnocollagen 
molecule!•· Hydroxylation o certain 1,rolincs and lysines an glycosyla­
lion of certain h~·droxylysines occur during proc.·ollagen synthesis. Pro­
collagen is c.'011,·crtcd to the mllagen molecule by cleavage of the extra 
amino terminal peptides from the proa chains by a specific enzyme pro­
collagen pcptidase.1'·11

' Following cleavage mllagen molecules form fibers 
aud undergo crosslinking.11 
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The characteristic.-s of procollagen, due to the extra peptide, which 
allow it to be <listinguishl'd from L'Ollagen are a higher molecular weight, 
lhc presence of c~·steinc, an amino acid not present in collagen, an in­
creasl' in tht' acidic amino acids seri11e, aspartic acid and glutamic acid 
aud a relatirn decrease in glycine, laydroxyproline and f1ydroxylysinc 
resid11es.12

-1
:i These different.-es allow procolla,ren to l>e distinguished fror.1 

collagen liy acrylamide gel electrophoresis, molecular sieve and ion ex­
change cl1romatography and amino acid analysis. 

SDS acrylamide gel ck-ctrophoresis14 was initially used to examine the 
collagen a chains and poh meric c.-om1X>nents in extracts of paiients' and 
coulrnl tissues. Extracts of t.·ontrol tissues and tissues from patients with 
other forms of the Ehlers-Danlos svndrom were found to c.·ontain the ex­
pected al and a2 chains and cros~linked components ( Fig. 3a ). Extracts 
of tissues from these three patients had additional bands of higher molec-
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ular weight than a chains which comigrated with authentic proa chains 
on acrylamide gel electrophoresis ( Fig. 3b ). On molecular sieve the a 
chains from the extracts of patil'tlts' tissues eluted ahead of normal col­
lagen a ~hains, indicating a l!ig1_1er molecu!ar we!ght. Sufficient mate~ial 
was obtamed by molecular s1evm~ for ammo acid analyses. The ammo 
acid composition of these a chains from the patients' extracts indicatnd a 
c.'Omposition similar to procollagen with 5-7 half-c) steine residues/thou­
sand. Thus, extracts of the skin and tendon of these patients contain pro­
collagen which is not found in appreciable amounts in extracts of normal 
tissues or tissues from patients with other forms of the Ehlers-Dantos 
svndrome . 

., The activity of the mzyme procollagen peptidase was measured in cell 
culture media by dckrmining the amount of procollagen s 1bstrate con­
rnrted to t.'Ollagen." Thl' procollagen peptidase activity in media from 
fibroblast cultures from the patients' skin contained 10 to 40'1 of the ac­
tivity of control fibroblast cultures. ConOuent cell cultures of skin fibro­
blasts from the patients contained normal activitv of certain other en­
zymes ( lysyl hydroxy lase, prolyl hydroxylase and lysyl oxidase) which 
modify collagen. 

We attribute the ac.-cumulation of procoUagen in the tissues of these 
patients to the low Je,·el of procollagen peptidase. A defect in the con­
\'crsion of procollagen to collagen has been found previously in cattle 
and sheep.1~-16 

In the dermatosparaxic cattle, in contrast to these patients, the most 
prominent clinical Ieah1re is easily tom skin, although a generalized con- • 
nective tissue defec.-t is present.12 The phenotypic differences between the 
human disease may he due to an abnormality in a different isoenzyme of 
procollagen peptidase, with the defect in the animals affecting the iso­
cnzyme most pr•nnincnt in skin and that in the three human patients 
affecting an isoenzyme most yrominent in tendon and ligaments. Further 
evidl'nce for the presence o either se, eral different enzymes or isoen­
zymes of procollagen peptidase is the presence of normal bone x-rays 
and no frac.-ture history in these patients indicating that the defect is not 
expressed in lxme. There is no indication of skeletal abnormaJities in the 
dermatospim,xic animals. If this reasoning is mrrec.-t, it is likely that 
there will he other human diseases, with different phenotypic features, 
attributable to a defect in procollagen peptidase. 

Phenotypicall) these patients resemble the patients with lysyl hydrox­
)'lasc deficiency although the basic biochemical dcfed is quite different. 
Pn·liminary studies indicate that the extrac.-tability of collagen from the 
tissues of these patients is increased; however, it is likely that both de­
fods interfere with the crosslinking of collagen. 11 
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DISC: SSIO~ 
011. HExJu11x A1.t:XAl'iut:11 1 ~, w York ): For several years our lal,oratories lia\'c IJCCn ver~· i11teresll'II in the l'ffel'ls of c.ullage11 and rnrious chemical aher­alio11s of Ilic mllagc•11 11111k•c·11lc tl1at arc disl·t•ssed i11 this report. Hemon-hagic pl1t•11111nc11a arc k111m II lo 11<'t:ur i11 this syndrome, and I am curious to know wlll'thcr the pmcollag,·.i tlc•monstrahlc in the skin of these patients can agglu­tinate platelets such as is usually ohscrvcd with normal collagen, or are the clfr·cts of the latter iruk'(,'ll inclin·t·tly n•foral,lc to tlic procollagen peptidase? 

DH. L11:11TExsn:1:-.. : I il1111't ha\·1• a11y data for tliat suLject. The one dis­order wlwrc you rcallv would 1·x1ll-'l:I an dfcct on platelet agglutination is in lvsinc hvclroxvlasc deA<:i(' llcv, hut we mn't demonstrate the defect in that dis­,;rcler. \\ e ha've not tl1111e .iny stuclii-s for a~glutination of these patienb with proc'Ollage:11 pt.>pticlasc ilcficicncy, however. 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008



