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The aativity and antigenioity of the collagen aroealinking enayme, lysyl 
oxidase, and the proportions of reducible uroealink in akin biopsies from 
Ehlerdhloa !Pype V aubjeate were equinlent to those of oontrol akin. 
These reeulta rweal that both the potential for oroselinking, and the ability 
to form reducible oroeslinke ie present in Ehlere-Dauloe qndrome Type V 
eubjeots, olearly demonstrating that the defeat in this disorder ie not due 
to a defective croselinking meohanism. 

The Rhlera-Danloe syndrome haa been claaaified by olinical and bioohemical 

criteria into seven different 8ubgroupe (1, 2). The molecular defeat in 

the dominantly inherited Type6 I to III haa not been identified but the disorders 

in the receesively inherited Types IV to VII hare recently been charaoterieed. 

The dermis of Rhlers-Danlos syndrome Type IV eubjeeta uaa found to be deficient 

in Type III, collen (3) whilst Type V VI and VII uwe found to have dramatioally 

rednoed aotivity of lysyl oxidsse (4), lyepl hydrozylaae (5) and procollsgen 

peptidase (6) reepeotively. During a etudy of Types I, II and V we oould find 

none of theee previopely identified defeote. In view of the report by Di Ferrante 

et al (4) that the Type V Ehlera-Danlos syndrome was due to deficiency in the 

lysyl oridase activity we have re-examined the Type V eubjeot in more detail. 

In thie paper we report that the lyeyl oridase aotivity and crose-linking of 

the sex-linked Rhlers-Danloe syndrome Type V are oomparable with normal skin 

despite the ulinical defeota. 
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Clinioal detaile 

J.W., a 33 year old male, wee identified aa havw the olaaaioal featuree 
of Ehlere-Danloa eyndroam Type V by Beighton (7). He haa mild joint mobility, 
marked skin extensibility, a femImoy to easy bruising, mollumoid twnoure, 
andhsa hadreourrentdialwtionofhis shouldme. He haa abrotherwhoie 
similarly affeoted, but no other positive family hietory (Table 1). Two 
other brothere, D.8. and A.%, were alao identified aa Ehlere-Danlos me 
V subjeots (their olinioal feature6 are aleo desoribed - Table 1). 

The akin biopsiee weme cleaned of adhering fat and nnumil~ tissue, 
shredded with a eoalpel, and waded with oopious amount8 of phyaiologieal 
saline, O.% &Cl pH 7.4, to remom eoluble proteins and glyooeaminog.lyoans. 

Reduotion of the intaot oollauen fibree 

The sanplea of intaot oollagem fibree from skin biopeiee of J.W., B.W., 
D.S. and A.S. were suspended in 0.96 NaCl pH 7.4 .and reduced with tritiated 

TABLE 1 CLINICAL BXATURES OF RRIERS-DANLOS SYNDROm SU.BJEtXS 

Patient Joint 
Mobility 

Skin Mollueooid Other 
Extensibility scarring l3mising Peeudotumoure Fe8tUreS 

FamilY 1 

J.W. (33 ye-) Yes 
(mild) 

Yea 
(marked) 

NO Yes Yes 
(moderate) 

B.W. (48 years) Yes 
(mild) 

Family 2 

A.S. (30 years) 

Yes Yes 

Yes Yes 

I 

J.W, is the patient under current study. 

Grandparents - unaffected 

John has two children - 1 eon unaffected 
1 daughter unaffected 

Brian hae two children - 1 eon unaffected 
1 daughter unaffected 

Recurrent 
dislocation 
of caouldera 

Yes 
(marked) 

Yes 
(mfld) 

Yes 
(Marked) 

Yes Raematoma 

Yes Yes Epioenthue 

Yea No Pes planus 

I I I 
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eium borohydride 
@$I (8). 

(KB!& ) diluted to 10 m Ci/nmcl with non-radi 
For aireot L 

tive 
00 ison with age matohed ocntrola, the 3H 

dies0 ved in ealine (Ooc) and equal portione of the solution ueed to re c 
the euepended fibree. The reaction warn allowed to proceed for one hcur, after 
whioh time acetio acid wae added to a final pH 4, the euspemion dialyeed 
ag8imt distilled water overnight, then freeze dried and weighed. 

Identifioation of reducible oroeelinke 

The reduced samples were hydrolyzed in boiling@ HCI for 24 hours, and 
the hydrolyeate analyzed by ion-exohange ohrcmotography ueing the Teohnicon 
analyeer with pyridine-formate buffers ae deeoribed previouely (8). The 
reducible ccmpomnte were identified in the collected effluent by determining 
the tritium activity of an aliquot from each fraction in the Packard Scintillation 
Counter using -6 solution (9). 

Confirmation of the identity of the radioactive componente wae achieved 
by axmlyeie again& authentic emplee on the long baeic column (60 cm) 
of the Beckman 120 C amino acid atalyeer. 

SD8 acmlemide ml eletrouhoreeie 

The skin semplee were paxtiallg eolubilised by heating in 8 SDS + 246 
mercaptoethanol for two houre at 40 . The ineoluble material wae removed 
by CentrifPgStion end the soluble materiel analyeed by SDS polyacrylemide 
gel electrophoreeie in borate buffer 88 previouely described in detail (10). 

Determination of lvasl oxidaee activiti 

The weighed akin biopeiee from J.W. and control were homogenieed with 
a tieeue grinder in cold 6 M urea, 0.05 M tria pH 7.5 (1 co per mg tissue). 
IFollowing centrifugstion at 17,CQO x g for 10 minutes, the pellet wae again 
homogenieed in ths came buffer. The eupernstaute were dialyeed againet 
0.15 M NaCl, 0.1 M NaJEQ4, pH 7.8. 

my1 oridaee activity wae meaeured by tritium release from labelled 
chick calvaria collagen substrate (11). Aliquote of atin ertr8cte fkcm 
both propoeitue and control subjects, given in Table 2, were inoubated for 
two hours at 37'. 

TABLN 2 -TION OF LYSYL OXIMSE ACTIVITY BY BELEASR OF TRITIUM 

Net 'Ii Releaee * Net 'N Releeee/mg ekin extrected 

Nhlere-Danloe 
ssnaf-V 164 67.8 
33 yeare old 

Control 
40 years old 96 26.4 

* Each extract wee incubeted with 844,000 op of lyeine 63R labelled 
chick calvmia substrate for two houre ee previouely deeoribed (16) 
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Double imumdiffusion 

Antieermn direoted again& purified humau &in lyql oxidaee was 
prodwed in an adult rabbit. !Phepreeence oflyegloxidase autigenin 
oontml and Ehlers-&mlos syndrome V skin eemplee uaa seaayed with a mono- 
epeoifio rabbit anti-human ekin lyeyl oxidase antieera (Fu and Siegel in 
preparation) by Ouohterlony double diffusion (1%). Reoipitation baud~ were 
photographed after inoubation for 4S houre at 4 C. 

Redtzoible oroeelinke 

The mhoed ~romlinka WroxM@.uonorleucine (OELNL) andhiati- 

dinohydroxym?mdeemoeiue (EHMD) were found to be present in the dermal oollagen 

from both the normal and all four of the EhlerwDanloa eyndrome Type V eubjeote. 

No eignifieant differenoe could be deteoted between the oroeslink patterns of 

the Ehlers-Danloa Qmdraw subjects aud the age matohed controls. The high 

proportion of hexoeyl lysinee is typioal of the normal patteru for mature 

decal collagen (Fig. la). 

Themall~ stable croaelinka 

Comparieon of the eolubiliaed oollagen components on SDS aorylamide 

gel eleotrophoreaie of the Ehlere-Dauloa Type V aud oontrol ekiua revealed 

no ei@ifiaaut differeme. Inboth oases highmolecularweightohainawere 

present, clearly demomtratiug the presenoe of stable oroaeliuka. 

.T 
. . 
. 
. . 

,, ;: 

-ED-S P 
-----CONTROL 
‘.‘.......‘6 year old control 

iI\ :: 
14, :. : :  

:  

~ . . . . _ , 

PHE TVR HVL LVS 
100 500 

ELUTION VOLUME (ml) 

Fig. 1 (a) t Eleotron ohromatogram of radioaotive oomponents separated 
from au aoid Wdrolyrmte of Na B3E reduoed deratal collagen 

Ehlere-Dauloe S~ndrcmV$ubjeet. oontrol 
Bge 33; l '****'** control age 6 yre. 
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Fig. 1 (b): Ouchterlony double diffusion pattern. A is the autiseruu 
againstnomfbl human ekinlysyloxidase;wells land 5, ertraet 
from control akin; wells 2, 3 aud 6 extract from Ehlers-Danlos 
syndrow v skin; well 4 boiled extra&fromEhlers-Daulos 
syndrome v akin. 

Lpesloxidase aatirits 

The lysyl oxidase aotiVity in the skin of the propoeitus (J.W.) was 

more thau twioe the control (Table 2.). The Ouchterlony teOhniqW shows 

that protein(s) with autigenic aotivity corresponding to lysyl oxidase is 

present in the skin extracts of the patient with Ehlers Dauloa Type V 

(Fig. lb). The autigeuicity appears identical to that in the control skin 

extra&. 

DISCUSSION 

The a0tivity and antigenioity of the Oroeslinking em, lyayl oxidase, 

aud the proportion of reduaible oroeslinks present in skin biopsies from this 

and other Ehlers-Danlos Type V subjects were not reduaed in oomparieon to 

the skin of control subjects. In addition, SDS polyaorylsuide gel eleotrb 

phoresis of tlse soluble extra& frou the skin revealed the preseme of 

high moleaular weight oomponeuts, oonfimiug the presence of thermally 

stable orosslinkiug. Thus both the potential to form oroeslinks and the 

presenoe of actual crosslinks has been aleerly demonstrated. The similarity 
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of the oroselink profilea, e.g. tha presenoe of hexosyl lysines (13) 

indioate that the reduoible moeelinka undergo the mane maturation prooeee 

a.s normal skin (8) and eeoondly that no new reduoible ompemnts are 

present. 

These findingm contrast with the etudy of an Ehlem-Danloa syndrome 

Type V subject by Di Femante et al (4) who reported a marked defioienoy 

in the lyeyloxidaee aotivity and oonoludedthatthe oomequent laok of 

crorrslinka wouldaooountforthe olinioalfo8tWmr. Inthatetudy, lyl3yl 

oxideee aotivity in lyophilised fibroblasttiame oulture mediaafter 

reoonstruotion in aeeay buffera was measured. !Phe reported refmlte mey 

have been due to the known poor eolubility of lynyl oxidaee in buffer6 laoking 

-a (14). Alternatively, low aotivity ale0 oooura when oelle are not 

proliferating rapidly (15). Direot meamrement of the aotivity from effeated 

tiaeme aa done here should minimiee these and other potential axtefaote. 

The abeenoe of oroaalinkei would lead to oontinuoua extension of the 

fibree aa they slipped past eaoh other under tendon until rupture ooourred. 

In this aituationthere wouldbe no restoringforoe,whereaa intheEhlere- 

Danloe eyndrcm mbjeote the skin r&urna to ita nomal position after 

hyperertermion. This ie refleoted in th8etreea-strain analy0es oarried out 

on Ehlere Danloa aybdrome akin in whioh the large ertemive region ie followed 

by a region in whioh the etrees-atrein relationship ie linear end parallel 

to the oontrol tieme (16). that ie, the fibrils must be oroselinked and 

virtual4 inexteneible at this eta@. The long ertemible region is therefore 

not &ue to the abeenoe of oroeelinka within the fibril, but the packing of 

these fibrlle into ti&t bundles. This suggestion ie supported by the eleotron 

mioroaoope etudiea; the tranmi~aion eleotron mioroaoope showing fibrils of 

anormal etruoture, where, atehigh morphologioal level, the soamingeleotron 

mioroeoope reveals that the fibre bundles are lees ti&tly paoked (17). 

hsumKg,we have olecrrly ehownthatthe disorder is not&x6 to a 

defeotive oroeelinking meohaniem, and suggest that the defeat lies in the 

aggregation of the fibres into bundles. 
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