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BIOSYNTHESIS OF COLLAGEN TN PSEUDOXANTHOMA ELASTICUM 

ell) Blumenkrant7, Lb Danielsen and Gustav Ashoe-Hansen 

from the Department of Dermatology (ll'llh Connective Ti:.:.ue Research Laboratories). 

Univenity of Copcnhag<'n, Rigshospital, Copenhaf/C'n, Denmark 

Ab.\fract. Collagen biOS)'nthesi, \\as studied on biop,) 
�pecimcn, from skin lesions of the axillary region and 
from clinicaliy uninvoh·cd skin of the sacral region of 9 
patients with pseudoxanthoma ela,ticum (PXE), as well 
as from corrcsponding areas of 11 control ,ubjecls. A 

,ignificanl incrcasc of total 11C(lysinc + h) dro,-)1) sinc) 
and of ("C)hydrO>-) ly,ine was ob;,en,ed in collagenasc­
solubilized peptides of PXE skin lesion, when comparcd 
with corrcsponding areas of controls. "C(proline + 
hydrox) prolinc) and ("C)glutamine wcre unchanged in 
thc PXL lesions. Clinically uninvolvcd skin of PXE pa­

tients showed no abnormalitics in the parameters· ,tudied. 
Area diffcrenccs \\Crc ob;,crved in the control group with 
a tcndenc) to bighcr incorporation of all tbe amino acid, 
studied in the axillary region than it1 the sacral. Bio­
S} nthesis of an abnorma! collagen with an clcvatcd lysinc 
and hydroxylysinc content in the PXE lesion, secms to 
lake place. 

Pscudoxanthoma elasticum (PXE) is a genetically 
determined connective tissue disease, involving the 
skin. the eyes and the cardio-vascular system (16). 
The alterations appear as small yellow papules in 
the flexural folds of the skin, as angioid streaks 
in the ocular fundus and as widespread and early 
arterio\clero\is (4. 10, I 6). Calcification in the 
skin lesions has been demonstrated histochemi­
cally (9). The problem as to whether the basic 
defect in PXE i� in elastic or in collagen fibres 

has becn debated over many years (16). Elcctron­
microscopic studies showed changes in true clastic 

fibres, particularly as dcposits of calcium salts 
inside the fibres (5, Il , 12, 15, 17). The calcifica­
tion has been reported as the first visible abnor­
mality in PXE (5, 6, 10, 11). Tn the electron 

Abbreviations 

Lys - l)sine 
'Pr proline 
Glut - glutamine 
Hylys hydroxy!y,ine 
H) pro - hydro,yprolinc

microscope, calcified ela�tic fibrcs have bcen seen 
to be surrounded by irregularly arrangcd thick 

and twisted collagen fibrils and by large areas of a 
thready material (5). 

The morphological finding of abnorma! col­
lagen in PXE prompted the biochemical study 

of this macromolecule. Previous biochemical ana­
lyses of collagen in PXE had shown a decrease 
of in�oluble collagen, while the soluble fraclion 
was slightly increased (19), and total skin homo­
gcnatcs had shown a decrea,e of collagen as meas­
ured by the hydroxyproline content (21). The hio­
synthesis of collagen as mcasured hy the (HC)­
hydroxyproline formation in total homogenates 
had been found unchanged in PXE skin lesions 

(21). In the present paper, parallel studies of the 

bios) nthesis of the lwo amino acids characteristic 
of collagen. i.e. hydroxylysine and hydroxypro­

line, were carried out on partially purified col­
lagen. In addition, incorporation of (14C)lysine, 
(1 �C)proline and (14C)glutamine into collagenase­
digested peptides was studied. 

MATERTAL AND METHODS 

Chemicals 

Uniformly labelled ("C)L-lysinc 223 JiCif µrnole, ("C)­
L-proline I 80 1,Ci/ µmole and (11C)L-glutamine 150-200 
1,Ci,'//molc wcre purcbased from New England Nuclear, 
Boston. 

Papain. E. Mcrck A G., Darrnstadt. 
Collagenase. Worthington Biochemical Corporation 

(CLSPA). 
N-hydroxyethylpiperazine-N'-1-ethanemlfonic acid buf­

/n. (HEPCS) Calbiochem. 
A mpicil/1r1. (PentrcxylOC- Lundbeck, Copenhagen, Dcn­

mark.) 

Skin .<amp/es 

The tissues studied wcre age, SC'-, and area-matched skin 
biopsies of PXE patients and normal controls. Biopsics 
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wcrc taken from corresp0nding sitcs, i.e. a,illar) and sa­
cral area�, in patients and normal volunteers. 

PXE lesion� \\Cre present in the a:1.illary, but not in 
the sacral areas of the patients. Onc experiment included 
5 a'l:illar) and 6 sacral biopsic, from 6 patients and 6 
control� laken on one day. while a second c,perlment 
compriscd 6 a,illary and 8 sacral biopsics from 8 PXE 
patients and 5 u xillary and 6 sacral specimcns [rom 6 
controb also taken on one day, 

Preparution uf samples 

In both e.\perim.nls the tissuc specimen, \\ere di \ided 
into three parts. 

Experiment I. Part I was used for determination of ""t 
and dr) weighl. On part 2. ,tuclies were made of thc up­
take of ( C)L-ly ,ine and its hydro,) lation. as well as 
determination ot' total hydroxyproline in collagen. Part 3 
was u�cd for studies or the biosynthc,is or ("C)hydroxy­
proline as wcll a, for determination of thc total h}drO:>.}· 
proline content. 

Experiment //. Part I wa, uscd for determination or wct 
and dr) "eight as "cll a, for total hytlroxyproline and 
total hydro:1.) lysine a�•ays. On part 2 the uptake of ( 'C)­
L-glutamine by collagen was studied. Part 3 was used for 
determination of the incorporation or ('·CJL-proline into 
collagen. 

Dry wei11h1 

To determine dr) wcight, both parts I \\Cre \\eighcd 011 
an ullramicro Mcttlcr balance immediately afler exci­
sion. The samples \\erc thcn defatted \\ith acctone, ace­
tonc-ether ( 1 : I) and ether, and desiccated 10 constant 
weight by storing for 3 days in a stainless-sleel vacuum 
dcsiccator (Nikortanks, Cat. No. 800). The dry ,ampk, 
were wcighed, and thc contents of waler and lipid were 
calculated a, percentage of the wet \\eight of the skin. 

Biu.,ynthesis o/ ("C)hydroxyly."ne and ("C)hydroxy­

pruline and /Ola/ incorporation of ("C )fabel/ed 

a,n,no ociås 

To stud) the biosynthcsis of thc two amino acids charac­
tcri,tic or collagen and related collagen-like glycoprotcins. 
incubations "ith the precursors ("C)l-lysine and ("C)L­
proline \lere performcd under parallcl and similar condi­
tions, as described for proline by Uino (20). To deter­
mine 1he incorporation or ("C)L-prolinc and ("C)L­
glutamine, incubations were carried out under ,imilar 
and comparable conditions. Minccd samplcs werc prepared 
b) scis�ors-cuuing to ohlain fragments or 2-3 mm in 
diameter. Samples werc preincubated at 3 7°C for 1 hour. 
Fh e tiCi of each labelled amino acid was added to each 
sample. lncubations "ere carricd out for 10 hours at
37 C for parts 2 and 3 of E�periment I, and for 24 
hours for thc corresp0nding parts of Experiment Il. Prc­
incubations and incubations were pcrforn,cd under con­
tinuous shaking. To cnd lhe incubations, the sample,
werc rapidly cooled and frozcn. After lhawing. the snmplcs 
"cre digested with papain. 

In the first experiment, arter the cnzymatic digestion, 
the samples \\ere dial)sed against running tap waler for 
24 hours at room tempcrature, thcn against ctistilled \\aler, 
and finally against 10-0 M CaCI,. The latter lwo steps 
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were performed at 4°C (I). The samples 11erc then ;ub­
mitted lo collagena,e digestion. 

In the ,ccond experiment. the samplcs were lyophililcd 
af ter dial) sis .igain;t distilled watcr, then wspended in 
Ji)-> M CaCI, and suhmiucd lo co!lugena,c dl11cslion. 

Be[ore digestion the undial) sed material from E.\peri­
ment I and thc su;pended material from Experiment II 
11ere adjusted 10 pH 7 .2 with 1 M Tris buffer (pH 7 .2) 
and then 200 11& collagenase in 10-" M CaCI, was added 
lo each tube. Enz)malic digestion was performed mcr­
nighl at 37°C under conlinuous ,haking. The �amples 
\\Cre then heatcd at 56-60°C for 30 min 10 precipitate 
insoluble proteins. After cooling, the sample� were centri­
fuged for 20 min in a Servall cemrifugc al 13 000 g at 
4°C. The sup�rnatcs containing "collagena�e-solubili1ed 
peptides" were separated from the undigcsted pellets. and 
the ("C) total uptake (dpm) determined in the former. 
Hydrol)sis of the "collagcna,c-solubili1ed pcptidcs" was 
carried out in 6 N HCI at 110 C through 16 hours. 
Arter hyclrolysis, HCI was cvaporated al 65°C under 
,acuum. The e,·aPorated samples were dissohed in di­
stilled water. A liquols of tbe hydrolyscd and evaporated 
,amplc, of Experiment I wer� used for determin;ltion o( 
("C)h)drm)lysine and ("C)h)dro,yproline and assa)Cd 
according to Blumenkrantz & Prockop (!) and Juva & 
Procl.op (13). rcspeclhel). 

Othcr aliquots werc uscd for thc determination or total 
hydro.,yproline according 10 Kivirikko et al. (14), and 
total hydrnxyl}sine nccording lo a modification of the 
method elaboraled by Blumenkrantz & Prockop (2). Ali­
quol!> of the hydrolysed collagenase-solubilized pcptidcs. 
were counted in a liquid scintillation countcr aftcr dis­
solution in distilled watcr, and lhc value of total l"C) 
incorp0ration establi,hed. 

Sta1istical analy1is 

Results arc expressed as mcan< ± S.E. Studcnt's Hest "as 
u,ed to determine the significance or lhc differences ob­
>crved. 

RESULTS 

Toral skin 

Weigh1 of dry and defatred skin. Comparison of 
dry weight as percentage of wet weight of skin 
biopsies removed from PXE patients and normal 
controls revealed no significant differences be­
tween the groups (Table I). 

Hydroxyproline and hydroxylysine. No signifi­
cant differences in hydroxyproline and hydroxy­
lysinc content, expressed as µg/ mg dry dcfatted 
skin, were found between thc PXE patients and 
controls. Ho\\ever, rather low values of hydroxy­
proline were found in both axillary and sacrat 
regions of the PXE patients. As a consequence, 
when µg Hylys/ µ,g Hypro were considered, a 
slight relative increase of the former amino acid 
of the lesions was seen (Table 11). 



Table I. Dry and defatted tissue as percentage of wet 
weight 

Diagnosi� No. Skin region DDS0• •o 

Exp. I 

PXE 5 Axillary 26.42± 0.9 
6 Sacral 29.96±0.9 

Controls 5 Axillary 28.56± 1.2 
6 Sacral 28.3 ± 1.0 

Exp. 2 

PXE 6 Axillary 36.4± 5 
8 Sacral 26.1±2 

Controls 5 Axillary 27.6± 3 
6 Sacral 25.5±2 

a DOS� Dry dclatled skin. 

Collagenase-solubi/ized peptides 

Total HC(lysine + hydroxylysine) per µg hydroxy­
proline. Total 14C(Lys+ Hylys) dpm per µg Hy­

pro in the axillary samples of the PXE patients 

were significantly higher than in the correspond­

ing areas of controls (Table 111). There was no 

difference in total 14C(Lys + Hy lys) dpm per µg 
Hypro between the sacral areas of the groups. 
Significant area differences were found in the 

control group as well as in the PXE patients 
(P < 0.001), the axillary areas showing the highest 
values (Table l ll). 

Total 14C(proline + hydroxyproline) per µg 
hydroxyproline. When 1

4C(Pr + Hypro) was re­
lated to /Lg Hypro content (as determined by J. 
Uitto, M.D.), no difference between PXE pa­
tients and control groups was observed. The ax­
illary areas showed a higher uptake than the sac­
ral areas in both groups (not shown). 

Total HC( proline + hydroxyproline) and ( 14C)-­

glutamine per mg wet weight of skin. No signifi-

Table IL Hydroxylysine a11d l,ydroxyproline in skin 
biopsies of P X E patients and normal controls 

Hylys Hypro /1g Hylys 
Skin (pg/mg (ug/mg 
region No. DDSa

) DDSa
) pg Hypro 

PXE 

Axillary 6 6.92±0.38 75.12± 5.0 0.092 
Sacral 8 6.23± 0.39 73.96±5.0 0.084 

Conrrol 

Axillary 5 6.82± 0.6 84.03±4.0 0.081 
Sacral 5 7.62±0.4 85.18±4.0 0.089 

a DDS: Dry defatted skin. 
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Table UT. Total ("C)lysine+(1'C)hydroxylysine per 
11g !iydroxyproline in "collagenase-solubilized peptides" 
from skin of P X E patienrs and normal conirols 

Diagnosis No. Skin ('lC)Lys 4 ('4C)Hylys
region (dpm per 11g Hypro) 

PXE 5 Axillary 12.121±958 
6 Sacral 1.882± 405 

Controls 5 Axillary 3.851 ± 306 
6 Sacral J.912± 191 

cant differences between corresponding areas of 

patients and controls were found, either for (14C)­
Glut or for total 14C(Pr+Hypro) (Table lV). 

Comparison of 14C(Pr+ Hypro) values for axil­
lary and sacral areas of controls revealed no sta­
Listically significant differences. The (14C)Glut 
content in collagenase-digested peptides from axil­
lae of controls was significantly greater than that 

of the sacral area (P < 0.01). 
Synthesis of (HC)hydroxylysine and (HC)-hy­

droxyproline by human skin. If hydroxylation of 
(14C)Lys and (14C)Pr was expressed as dpm (14C)­

Hylys or (HC)Hypro per 50 000 dpm total HC, 

no deviations in the former were noticed, while 
a slight increase in the (1

4C)Hypro formation was 
found in the lesions. If, however, the synthesis 
of (l4C)Hylys and (14C)Hypro was related to µg 
Hypro content in the correspondent aliquots, a 
significant increase of (14C)Hylys was found, 
while a slight but non-significant increase of 
(HC)Hypro was noticed in the lesions (Table V). 
No significant differences in the biosynthesis of 
(14C)Hypro and (HC)Hylys in relation to the two 
parameters considered wei:e observed between the 

sacral areas of both groups. 
Area differences in the control group between 

axillary and sacral areas were observed for both 
(HC)Hylys and (HC)Hypro when expressed as 
dpm/ µg Hypro. 

DISCUSSION 

The presence of abnormal collagen in PXE is 

suggested by the increased total 14C(Lys + Hylys) 

with a parallel increase in (14C)Hylys, when both 

were related to Hypro content, while total 14C­
(Pr + Hypro) and (HC)Hypro showed normal val­
ues in relation to the same parameter. 

The differences noted between the highly sig-
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Table IV. Cha11ges in ("C)glutamine and 11 C(proli11e+hydroxyproli11e) coment in collagenase-digesred pep­
rides from skin oj PXE patiellfs and normal controls 

('JC) Glut dpm 
Skin per 100 mg wet 

Diagnosis No. region wcight of skin 

PXE 6 Axillary 13 491 ± 3 524 
8 Sacral 6 700± 892 

Control 5 Axillary 13 660± I 541 
6 Sacral 6 606± 1 247 

nificant incrcase of (14C)I lylys and the slight in­
creasc in thc Hyly<; content as related to Hypro 
in PXE skin lesions might be due to the fact thal 
the biosynthcsis was studicd on partially purified 
collagen, while Hylys ,.,,as determined on total 
dry defatted skin. In dry defatted skin thc para­
meter of rcference, Hypro, represents collagen 
plus elastin, while that of the collagenasc-solu­
bilized peptides is only indicative of collagen. The 
above-menlioned differences may also be ex­
plained by suggesting an increased degradalion of 
the newly synthesized collagen and/or a defect 
in collagen maturation. This hypothesis would be 
in agreement with the finding of Smith et al. 
(19). who reportcd a decrease in total collagen 
due to a decrease in the insoluble fraction, with 
a slight increase of the soluble collagen in PXE 
lesions. It i<, well knO\\ n that Lys and Hylys par­
ticipate in the normal process of collagen cross­
linkage (18). A decrease in cross-linkage b found 
in correlation with increa�d soluble collagen (8, 
18). The lack of Lys and Hylys cross-linkage for­
mation in PXE may be related to the increase<l 
(HC)Hylys found. Recent electronmicroscopic 
studies suggest that the large areas of threa<ly 

11C (Pr Hypro) dpm
per I 00 mg wet 
wcight of �kin 

90483±18451 
44 101± 8 191 

81378±16953 
51 718± JO 191 

('�Cl Glut 

14C (Pr J-lypro) 

0.15 
0.15 

0.16 
0. 13

material in PXE may represent malformed col­
lagen (7). This finding, together \\ith the observa­
tion of twisted collagen fihrils in PXE (5), would 
tally with the presence of an abnormal collagen, 
with a high content of Lys and Hylys per µg 
Hypro, suggesting an incompletely cross-linkcd 
collagen being synthesized at the lesions. 

ln contrast to the finding in elastin (3), colla­
gen showed normal (11C)Glut incorporation. The 
unchanged total 11C(Pr+Hypro) and (1tC)Glut 
in PXE lesions shows normal contents of these 
amino acids in the newly synthesized collagen. 
The pre�enee of ca-+ in the lesions may in­
fluence our rcsults and conceal an increased syn­
thesh, as the ...,el as well as the dry weights of 
the connective tissue of the lesions may actually 
be lower than those of the controls. if calcium 
is subtracted. The qucstion as to whether lhe 
tendency to an incorporation of all the labellecl 
amino acids studied that is higher in the axillary 
region5 of the controls than in their sacral areas 
may be related to the fact that PXE lesions oftcn 
de\'elop in the axillary and ne,er in the sacral 
region, remains unanswered. The area clifference 
demonstrated in the controls also stresses the im-

Table V. Sy11thesis oj ("C)hydroxylysine and (11C)hydroxyproli11e by human skin 

Total (11C) !lylys 

Skin region No. 
dpm per 50 000 dpm 
total (14C)

PXE 

A,dllary 5 599± 68 
Sacral 6 458± 33 
Comrol 

Axillary 5 649± 108 
Sacral 6 568± 53 

(14C) 1 lypro dpn, 
per 50 000 dpm 
total (11C) 

6 140..:.. 895 
6 525±915 

4 606± 795 
6 593± 648 

Total ('4C) 
Hylys dpm 
per ,,g Hypro 

145 :t 8 
25±7 

50±9 
26±8 

(11C) 1 -lyproa 

dpm per /lg 
H)pro

243±52 
l03± 26 

198± 55 

106±43 

4 These determinations wcre carricd out by Jouni Uitto. M.D. (Homc addr�ss: Unl\cr,ity or !lelsinki). 
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portance of considering corresponding areas in 

connective tissue studies. Of utmost importancc 

is the parallel determination of Hylys and Hypro, 

whenever collagen is studied. 
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