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Summary 

Collagen and hyaluronic acid syntheses were studied in skin fibroblast cul- 
tures from patients with osteogenesis imperfecta and age-matched controls by 
labeling the cultures either with [3H]proline and separating the collagenous 
proteins with DEAE- and CM-cellulose chromatographies, or double-labeling 
the cultures with [3H]glucosamine and [14C]glycine and separating radioactive 
hyaluronic acid from glycoproteins and sulphated proteoglycans by DEAE- 
cellulose chromatography.  The activities of the cell layer hyaluronate syn- 
thesizing enzyme complex (hyaluronate synthetase) were also determined. 

The osteogenesis imperfecta cultures were classified into three variants on 
the basis of  type  III collagen synthesis. Type III collagen amounted to approx. 
40--50% from total collagen in the first variety and approx. 25--30% in the 
second variety. No difference was noted in the ratio of  type  III collagen to 
total collagen in the third variety in comparison with control cultures. 

The radioactivities of  3H-labeled hyaluronic acid in DEAE-cellulose 
chromatograms were compared with those of  the 14C-labeled proteins. The 
ratios ranged 9.2--17.3 in the cultures from the patients and 4.6--8.8 in the 
control  cultures. Hyaluronate synthetase activities were 1.3--2.0-fold higher 
in the osteogenesis imperfecta cells than in their controls. 

Increased hyaluronic acid synthesis in skin fibroblasts correlated with the 
severity o f  the disease but  not  with the increase in type  III collagen synthesis. 
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Introduction 

Osteogenesis imperfecta is a heritable disorder of connective tissue which 
principally affects skeleton [1] and leads to dislocated tendons, blue sclerae, 
scoliosis, and loss of hearing. The syndrome can be divided into several variants 
based on the onset of the symptoms [1,2], on skeletal findings [1], on the 
colour of the sclerae [2,3] or on the pattern of inheritance [1,4,5]. 

Previous results on collagen synthesis in cultured skin fibroblasts have shown 
that osteogenesis imperfecta is biochemically heterogenous [6]. In one lethal 
form an impaired synthesis of type I procollagen was reflected by a significant 
increase in the proportion of type III procollagen [6]. In some other cases the 
increase in type III collagen synthesis was less marked [6,7]. Increased amounts 
of type III collagen have later been demonstrated in skin [8,9] and bone [10] 
of certain patients with osteogenesis imperfecta. Type I collagen is the main 
protein of bone [11] which, in contrast to skin or some other tissues, does not 
contain type III collagen [10]. However, a number of fibroblast strains from 
patients did not express any alteration in the synthesis of collagen types 
[6,12]. High ratio of type III collagen to type I collagen synthesis observed in 
certain cultures does not, thus, correlate with the clinical manifestation of the 
disease and its role in the genesis of the disease is not yet  clear. 

Tissue specimens of patients with osteogenesis imperfecta also show varia- 
tion in the glycosaminoglycans. An increase in their amounts of woven bone 
and cartilage [13,14] and in their sulphation [15] have been reported in con- 
genital osteogenesis imperfecta. To the contrary, low chondroitin sulphate con- 
tent has been recorded in some bone and cartilage specimens [16,17]. The uri- 
nary excretion of glycosaminoglycans has been normal in some patients [18]. 

In the present study hyaluronic acid and collagen syntheses were compared 
in skin fibroblast cultures from patients with osteogenesis imperfecta and con- 
trol persons. The results indicate a relative increase in hyaluronic acid synthesis 
in all osteogenesis imperfecta cases studied. 

Materials and Methods 

Cells. Fibroblasts were cultured from forearm skin biopsies of patients and 
age-matched controls {Table I) in Dulbecco's modification of Eagle's medium 
supplemented with 10% foetal calf serum (both from Flow Laboratories, 
Irwine, U.K.), 23 mM sodium bicarbonate, 20 mM Hepes (Gibco-Biocult Ltd., 
Paisley, U.K.), 100 units/ml G-penicillin and 50 pg/ml streptomycin sulphate 
{Orion Oy Ltd., Helsinki, Finland}. Trypsinized cells were stored in liquid 
nitrogen. 

Chromatography of [3H]proline labeled components. All isotopes used for 
labeling were from the Radiochemical Centre, Amersham, U.K. The medium of 
confluent cultures was replaced with 5.0 ml Dulbecco's medium, lacking glut- 
amine and serum but supplemented with sodium ascorbate (50 pg/ml), and j3- 
aminopropionitrile (50 /~g/ml) as fumarate {both from Sigma Co., St, Louis, 
MO, U.S.A.) {'labeling medium'). The cultures were exposed for 24 h to 100 
pCi [3H]proline {L-[G3H]proline, spec. act. 630 Ci/mol) in 81 cm 2 cell culture ~ 
flasks (Nunc Co., Roskilde, Denmark) and cooled on crushed ice. Phenylmeth- 



390 

T A B L E  I 

S O U R C E  O F  C E L L S  

O S T E ,  A T C C  s t r a in  No .  1 2 6 2 ;  B A P O T ,  A T C C  s t r a in  No,  1 2 8 0 ;  o t h e r  s t r a ins  c u l t u r e d  f r o m  b iops ie s  ot  
loca l  p a t i e n t s ,  Cells b e t w e e n  the 5 t h  a n d  1 2 t h  passages  we re  used .  NB,  n e w b o r n ;  F ,  f ema le ;  M, m a l e ;  OI, 
o s t e o g e n e s i s  i m p e r f a c t a ;  C, c o n t r o l ;  A T C C ,  A m e r i c a n  T y p e  C u l t u r e  Co l l ec t i on ,  Rockv i l l e ,  MD, U.S .A.  

S t r a i n  Age Sex Diagnos i s  

O S T E  NB F OI c o n g e n i t a  ( le tha l )  
M A T I  NB F OI c o n g e n i t a  ( le tha l )  
K A L J U  21 m o n t h s  M OI c o n g e n i t a  m i l d e r  cou r se  
B A P O T  14  y e a r s  M OI e o n g e n i t a  m i l d e r  c o u r s e  
M A R N I  2 5  y e a r s  F OI  t a r d a  

H F  fe ta l ,  2 0 t h  w e e k  
o f  g e s t a t i o n  C legal  a b o r t i o n  

T Y T  NB F C n o r m a l  sk in  
L A U  12  y e a r s  F C n o r m a l  sk in  
ERTU 18 years F C normal skin 

KAI 40 years F C normal skin 

ylsulphonylfluoride (Calbiochem, San Diego, U.S.A., 400 #g in 100 #1 2-propa- 
nol) and p-chloromercurobenzoate  (Fluka AG, Switzerland, 400 pg in 100 pl 
distilled water) were added to prevent proteolytic alterations of the labeled 
components .  

The media were separated, centrifuged free from cells and dialyzed against 
50 mM Na2EDTA at 4°C for 72 h and against distilled water for 24 h with 
frequent  changes. Cells were detached with a rubber policeman and treated in 
an analogous way. An aliquot of  medium containing 200 000--300 000 cpm 
was used for the characterization of  procollagens with DEAE-cellulose chro- 
matography in 50 mM Tris-HC1 buffer, pH 7.4 and in 2 M urea using a linear 
gradient 0--0.20 M NaC1 over a total volume of 400 ml [6,19].  Fractions of 
7 ml were collected. An aliquot of  medium or homogenized whole culture con- 
taining 200 000--300 000 cpm was added to 5 ml of  0.5 M acetic acid solution 
containing 10 mg of  lathyritic rat skin carrier collagen [6],  treated with 1 mg 
pepsin (2696 U/mg, Worthington, NJ, U.S.A.) at 4°C and pH 2, for 4 h [6,19] 
and neutralized with NaOH at 4°C to inactivate pepsin. The pepsin-resistant 
collagen chains were separated with CM-cellulose chromatography in 30 mM 
sodium acetate buffer, pH 4.8 and in 4 M urea at 42°C using a linear gradient 
0--0.11 M NaC1 over a total volume of  600 ml [6,19].  Fractions of  12 ml were 
collected. 

Chromatography of [14C]glycine and [3H]glucosamine labeled components. 
For double-labeling experiments confluent cultures in 81 cm 2 flasks were 
exposed to 50 pCi [3H]glucosamine and 2.5 pCi [14C]glycine, (D-[1-3H]glucos - 
amine hydrochloride,  spec. act. 3.2 Ci/mmol; [14C]glycine, spec. act. 107 
Ci/mol} in 10 ml of  the labeling medium (see above} for 24 h. Protease inhibi- 
tors were added and media and cells were separated and dialyzed as described 
above. The whole media were chromatographed at 4°C in 50 mM Tris-HC1 
buffer, pH 7.4, containing 2 M urea on DEAE-cellulose using a linear gradient 
0---0.60 M NaC1 over a total volume of 600 ml. Fractions of 8 ml were col- 
lected. 
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Chromatography of [3SS]sulphate labeled components. Confluent cultures 
were exposed to 5 pCi [3SS]sulphate (carrier-free) for 24 h in the labeling 
medium. The media were dialyzed against ice-cold 0.1 M Na2SO4 for 72 h and 
against 50 mM Tris-HC1 buffer, pH 7.4, for 24 h and chromatographed on 
DEAE-cellulose as in the double-labeling experiments. 

Treatment of DEAE-cellulose fractions with collagenase and hyaluronidase. 
Collagenous proteins were localized in the DEAE-cellulose chromatograms 
using bacterial coUagenase. The fractions were dialyzed, freeze-dried, dissolved 
into 1.0 ml 0.15 M NaC1 solution and digested in 0.1 ml portions with collage- 
nase, (purified from type I; Sigma Co., St. Louis, MO, U.S.A.) [20,21], approx. 
5 pg/ml. Undigested radioactivity was precipitated with 6 M perchloric acid and 
centrifugation at 2000 X g for 30 min at 4°C. The radioactivities of the super- 
natants (1 ml) were counted in 10 ml Tergitol scintillation fluid. For localiza- 
tion of hyaluronic acid 0.1 ml samples of the dissolved fractions (1 ml) were 
treated with testicular hyaluronidase (1 g/l, Sigma Co.) for 6 h at 37°C. The 
undigested radioactivity was precipitated by adding ethanol to 83% (v/v) and 
centrifuging at 2000 × g for 30 min. The radioactivities of the supernatants 
(1.5 ml) were counted in 10 ml Tergitol scintillation fluid. Some media sam- 
ples were digested with streptomyces hyaluronidase (Calbiochem, San Diego, 
U.S.A.; 10 TRU */5 ml medium) before chromatography on DEAE-cellulose. 

Assay of the activity of hyaluronate synthesizing enzyme complex (hyaluro- 
nate synthetase). Fresh medium was changed to confluent cultures and the cells 
were allowed to grow for 24 h. They were then washed free from serum with 
ice-cold 0.9% NaC1 solution, collected with a rubber policeman and homoge- 
nized by a Pasteur pipette into 500 pl 0.9% NaC1 solution. Protein concentra- 
tion was determined [22], the suspension rapidly frozen, and kept at --70°C 
until the enzyme assays. A modification of the method described by Ishimoto 
et al. [23,24] was used. The reaction mixture (30 pl) contained 1.0 pl 1 M 
Tris-HC1 buffer, pH 7.3/1.0 pl 1.5 M MgC12/2.0 pl 10 mM UDP-N-acetylglucos- 
amine/1 pl 0.078 mM UDP-[l*C]glucuronic acid (UDP-[DU-14C]glucuronic 
acid, spec. act. 321 pCi/mol, as ammonium salt)/25 pl of cell homogenate 
(approx. 100 pg protein/30 pl). Control vials containing the complete mixture 
were boiled for 5 min. The samples and their controls were then incubated at 
37°C for 60 min and frozen. Hyaluronic acid-like polymer was separated from 
sulphated glycosaminoglycans and its radioactivity was determined as described 
by Saarni and Tammi [25]. The activity of the enzyme complex was expressed 
as pmol of UDP [ ~4C] glucuronic acid incorporated into the polymer per min per 
mg of cell layer protein. 

Determination of radioactivity. The radioactivities in 1.0 ml fraction of the 
chromatograms were counted in 10 ml Tergitol scintillation fluid [21,25] with 
Packard Tri Carb 3375 or 3320 liquid scintillation spectrometers. The radio- 
activities of 3H- and '4C-labeled components in double-labeling experiments 
were counted in separate channels and the overlapping of 14C-radioactivity in 
the 3H-channel was corrected by a computer. In hyaluronate synthetase assays 
2.0 ml samples were counted with 15 ml Tergitol scintillation fluid. The effi- 

* T R U ,  t u r b i d i t y  r e d u c i n g  u n i t s .  
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ciencies of the scintillation fluid were 12--13% for [3H]proline and [3H]glucos- 
amine, 73--80% for [14C]glycine or [14C]glucuronic acid and approx. 90% for 
[3sS] sulphate [21,25]. 

Results 

Classification of  the cultures on the basis of  type III collagen synthesis 
Ion exchange cellulose chromatograms of osteogenesis imperfecta fibroblast 

culture media (Table I) indicated cell strain specific differences in the ratio of 
type III to type I collagenous proteins. Fig. 1 shows DEAE-cellulose chro- 
matograms of [3H]proline labeled media procollagens of three variants of 
osteogenesis imperfecta strains and a control strain. Fig. 2 shows the CM-cellu- 
lose chromatograms of media proteins after limited pepsin digestion. The first 
variant, a well characterized lethal case of congenital osteogenesis imperfecta 
(ATCC strain No 1262), shows a relative increase in the procollagen type III 
content (Fig. 1A). Increase in type III collagen (up to 40--50% of total col- 
lagens) is obvious also in the CM-cellulose chromatographic pattern (Fig. 2A). 
Figures 1B and 2B show respective chromatograms of the second variant, a 
case of osteogenesis imperfecta tarda. CM-cellulose chromatogram of pepsin 
treated media proteins shows that type III collagen consists approx. 25--30% 
of total collagens (Fig. 2B). Chromatograms of some other strains, e.g. ATCC 
strain No 1280, (congenital cases with a milder course) show also similar pat- 
terns. 

Respective media chromatograms of the third variant are shown in Figs. 1C 
and 2C. The cells were cultured from another lethal case. Repeated labelings 
and chromatograms failed to show any increase in type III collagen synthesis 
compared with the controls (Figs. 1D and 2D) and are similar to chroma- 
tograms of a number of other osteogenesis imperfecta congenita or tarda 
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Fig.  1. D E A E - c e l l u l o s e  c h r o m a t o g r a m s  o f  [ 3 H ] p r o l i n e  labeled m e d i a  prote ins  o f  three  o s t eogenes i s  im-  
p e r f e c t a  ~okin f i b r o b l a s t  strains and on e  c on tr o l  strain. The c h r o m a t o g r a m s  w e r e  ~ n  at 4°C.  P r o c o U a g e n  
t y p e  I is e luted  as a s h a r p  p e a k  in  fract ions  4 1 - - 4 7 .  Mate r i a l  e l u t i n g  in fract ions  4 9 - - 5 6  conta ins  p r o c o l -  
l agen  t y p e  III. The start  o f  the  gradient  (gr.)  is indicated  w i t h  a n  a r r o w .  
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Fig.  2. CM-cel lu lose  c h r o m a t o g r a m s  o f  [ 3 H ] p r o l i n e  labeled m e d i a  prote ins  o f  three  o s t e o g e n e s i s  imper-  
recta  strains and one  c o n t r o l  strain. Prior to  c h r o m a t o g r a p h y  the proco l lagens  w e r e  c o n v e r t e d  to  co l lagen  
s ize m o l e c u l e s  w i t h  l i mi t ed  peps in  t rea tment .  Th e  c h r o m a t o g r a p h i e s  w e r e  run at 4 2 ° C .  The  staxt o f  the 
gradient  (gr.)  is indicated  w i t h  an arrow.  The  p os i t i on s  o f  t y p e  I co l lagen  ~]1 and ~ 2  cha ins  and t y p e  I I I  
co l lagen  [ a l ( I I I ) ]  3 axe indicated  in the  c o n t r o l  c h r o m a t o g r a m .  T y p e  III co l lagen  pea ks  in o ther  c h r o m a -  
tograms  are indicated  w i t h  arrows .  

strains, and of a normal fetal skin fibroblast strain. Chromatograms of pepsin 
treated whole cultures did not differ from those obtained from media proteins. 

Separation of radioactive hyaluronic acid from other labeled components with 
DEAE-cellulose chromatography 

The pattern of [3H]glucosamine-[i4C]glycine labeled cultured media 
chromatograms of the two lethal strains are shown with their controls in Fig. 3. 
Procollagen, hyaluronic acid and sulphated proteoglycans were localized in the 
fractions with collagenase and bovine and streptomyces hyaluronidase treat- 
ments. Variable amounts (36--78% of total radioactivity) of  collagenase sensi- 
tive material [19,26] were detected in the fractions eluting at 0.09--0.20 M 
NaCl (marked with 1) whereas the fraction eluting at 0.22--0.29 M NaC1 
(marked with 2) was almost completely (72--91%) bovine testicular hyaluroni- 
dase sensitive. This fraction disappeared completely in chromatograms of sam- 
ples digested with streptomyces hyaluronidase. Sulphated proteoglycans were 
eluted at 0.40--0.58 M NaC1 concentration. 

All three variants of osteogenesis imperfecta fibroblasts showed an increase 
in the radioactivity of the hyaluronic acid peak compared with their controls 
(Table II). The synthetic rate of hyaluronic acid (and collagen) were, however, 
highest in human fetal skin fibroblast cultures. The ratios of all-radioactivity of 
the hyaluronic acid fractions to the '4C-radioactivity of the protein peaks in the 
chromatograms were higher in all cultures from the patients (range 9.2--17.3) 
than in their age-matched controls, or in fetal skin fibroblasts (range 4.6--8.8) 
(P < 0.005), (paired t-test, n = 5). No difference was detected in the radioac. 
tivities of sulphated glycosaminoglycan peaks. 
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Fig.  3. D E A E - c e l l u l o s e  c h r o m a t o g r a p h i c  p a t t e r n s  o f  m e d i a  c o m p o n e n t s  f r o m  sk in  f i b r o b l a s t  c u l t u r e s  o f  
t w o  l e tha l  t y p e s  o f  o s t eogenes i s  i m p e r f e c t a  a n d  a c o n t r o l  d o u b l e - l a b e l e d  w i t h  [ 3 H ] g l u c o s a m i n e  a n d  
[ 1 4 C ] g l y c i n e .  The  s t a r t  o f  the  g r a d i e n t  (gr.)  a n d  p o s i t i o n  o f  p r o c o l l a g e n  t y p e  I (1)  a n d  h y a i u r o n i c  ac id  
(2)  are  i n d i c a t e d  w i t h  a r r o w s .  A, A T C C  s t r a in  1 2 6 2 ;  B, s t r a in  M A T I ;  C, n e w b o r n  c o n t r o l  s t ra in .  

The activity of hyaluronate synthetase 
The activities of  hyaluronate synthetase were higher in the cultures from 

patients than in the cultures from their age-matched controls (Table III). The 
highest activities were recorded in cultures from the lethal strains. As expected, 

T A B L E  II 

R A D I O A C T I V I T I E S  O F  P R O T E I N S  A N D  H Y A L U R O N I C  A C I D  IN F R A C T I O N S  O F  D E A E - C E L L U .  
L O S E  C H R O M A T O G R A M S  F R O M  O S T E O G E N E S I S  I M P E R F E C T A  A N D  C O N T R O L  S K I N  F I B R O .  
B L A S T  C U L T U R E S  

The  c u l t u r e s  w e r e  d o u b l e - l a b e l e d  w i t h  [ 3 H ] g l u c o s a m i n e  a n d  [ 14C]  g lyc ine  a n d  t h e  m e d i a  r a d i o a c t i v e  com-  
p o n e n t s  w e r e  s e p a r a t e d  w i t h  D E A E - c e l l u l o s e  c h r o m a t o g r a p h y .  OI ,  o s t eogenes i s  i m p e r f e c t a ;  C, c o n t r o l  
H A ,  h y a l u r o n i c  ac id .  

S t r a i n  H A  P r o t e i n  3 H / 1 4  C r a t i o  
( 3 H ,  c p m )  ( 1 4 C ,  c p m )  

O S T E  OI 56  9 6 4  6 2 2 5  9 .2  
M A T I  OI  31  4 4 5  2 5 8 6  12 .2  
K A L J U  OI  23  6 1 3  2 2 1 7  10 .7  
B A P O T  OI  3 5 1 7 7  2 4 8 2  14 .2  
M A R N I  O I  29  3 9 3  1 6 9 7  17 ,3  

H F  C 59  4 5 9  7 4 3 4  8 .0  
T Y T  C 9 3 1 7  2 0 1 9  4 . 6  
E R T U  C 21 2 6 6  2 4 1 6  8 .8  
K A I  C 17  1 5 0  2 4 5 1  7 .0  
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T A B L E  n I  

T H E  A C T I V I T Y  OF  H Y A L U R O N A T E  S Y N T H E T A S E  IN O S T E O G E N E S I S  I M P E R F E C T A  S K I N  

F I B R O B L A S T S  A N D  T H E I R  C O N T R O L S  

The  m e a n s  o f  t h e  p r o t e i n  c o n c e n t r a t i o n s  a n d  the  ac t iv i t i e s  o f  t he  e n z y m e  (per  m g  cell l aye r  p r o t e i n  a n d  

t h e  re la t ive  ac t iv i t i e s )  are  g iven  ( th ree  d e t e r m i n a t i o n s  in  each  e x p e r i m e n t ) .  25 pl o f  t he  to ta l  h o m o g e n a t e  

(500  #1) was  t a k e n  fo r  t he  assays .  OI ,  o s t eogenes i s  i m p e r f e c t a ;  C, c o n t r o l ;  n.s . ,  = n o t  s ign i f i can t  ( t - tes t ) .  

E x p e r i m e n t  S t ra in  m g  p r o t e i n /  p m o l / m i n  Per  Re la t ive  ac t i v i t y  
assay m g  p r o t e i n  ( range)  

× 10 -2 ± S.E. 

1 O S T E  OI  97 .0  36.7  +_ 0.1 * 1 . 7 2 - - 1 . 7 3  
M A T I  OI 80 .0  39 .8  _+ 2.7 ** 1 . 7 4 - - 2 . 0 0  
T Y T  C 84 .5  21.3  ± 0.3 1 .00 
H F  C 93 .0  31.1 ± 5.1 ** 1 .40 - -1 .53  

2 3 A P O T  OI  86 .5  19 .9  ± 0.8 ***  1 . 2 7 - - 1 . 3 8  

L A U  C 68 .5  15 .0  -+ 1.4 1 .00  

3 M A R N I  OI 73 .5  33 .6  + 2.3 n.s. 1 . 30 - -1 .50  

E R T U  C 55.0  24 .0  ± 4.9 1 .00 

* P ~ 0 .001 .  

** P ~ 0 . 0 1 .  

***  P ~ 0 .05 .  

human fetal skin fibroblasts had more activity than cultures from newborn 
skin. 

Discussion 

Analyses of tissue specimens obtained from patients with osteogenesis imper- 
fecta have pointed to disturbed proteoglycan metabolism [13--17]. Variation 
in histological structure of the specimens is possible and thus more studies are 
needed. 

No previous reports have been published on hyaluronic acid synthesis in 
osteogenesis imperfecta. A glycopeptide containing galactose and iduronic acid 
has been characterized from urine of certain patients [27]. Its origin is not  
known. 

Fibroblast cultures exposed to [3H]glucosamine produce radioactive pro- 
collagen and other glycoproteins, hyaluronic acid and proteoglycans. [3H]glu- 
cosamine label followed to the pattern of [14C]glycine labeled procollagens 
(Fig. 3) indicating labeling of the procollagen extension peptides. Similar 
DEAE-cellulose chromatograms have been obtained from procollagens labeled 
with [3H]glucosamine or [3H]mannose [26]. Compared with the ['4C]glycine 
labeled proteins (Fig. 3, Table II) the radioactivities of [3H]hyaluronic acid 
peaks were increased in all osteogenesis imperfecta cultures studied. The ratio 
of radioactivities in [3H]hyaluronic acid/[ '4C]protein were also higher in media 
chromatograms of those cultures than the ratios of fetal skin fibroblast cultures 
which produced hyaluronic acid at a high rate (Table II). These results were 
confirmed by the activities of the hyaluronate synthetase (Table III). In each 
particular experiment the activity of the synthetase complex in the patient's 
cells was higher than in the respective age-matched control culture. 
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It is possible, however, that nonsulphated precursors of, e.g., heparan sul- 
phate are formed in excess in osteogenesis imperfecta. Such precursors could be 
eluted together with hyaluronic acid in the DEAE-cellulose chromatography 
and in the fractionation of  Saarni and Tammi [25].  In control fibroblast cul- 
tures (in conditions expected to allow normal sulphation) 5--10 times more 
radioactivity is incorporated into the hyaluronic acid-like fraction than in the 
sulphated glycosaminoglycans (Fig. 3). Thus major contamination of  hyaluro- 
nic acid with nonsulphated glycosaminoglycan precursors seems unlikely but  
such a possibility is currently under investigation. 

Hyaluronic acid synthesis is high during the growth of  experimental granula- 
tion tissue [28] or during proliferation of fibroblasts in culture [29].  Addition 
of  fresh medium induces mitotic activity and activates hyaluronic acid syn- 
thesis, probably because of  factors present in the serum [30]. Incorporation 
experiments were therefore carried out  without  serum in the medium. 

Increased synthesis of  type  III collagen has been detected in cells cultured 
from many patients with osteogenesis imperfecta [6,7 ]. Classification of the cell 
strains into three groups on the basis of  relative type III collagen synthesis 
might be useful for further biochemical research on this syndrome. The highest 
activity of  the hyaluronic acid synthetase (Table III) was observed in cultures 
of  two lethal cases. The first of  these strains ATCC 1262, variant I, had also the 
most  severe defect  in the metabolism of collagen (Figs. 1A, 2A) whereas the 
other strain, variant III, had no obvious alterations in the ratio of type  III to 
total collagens estimated with ion exchange cellulose chromatographies. Several 
other  cells strains were classified on the basis of  their collagen synthesis. Their 
majority seems to belong to osteogenesis imperfecta variant II. In addition to 
the strain in Fig. 1C several other  strains, e.g. ATCC strains 1288 and 1267, do 
not  show any alteration in the ratio of type  III collagen to total collagen. It is 
possible that the actual amounts of  type I and type III collagens are normal 
after translation and that  type I collagen is degraded during the posttransla- 
tional events in osteogenesis imperfecta variants I and II. 

Abe et al. [31] noted that  fibroblasts in high density produce more type  III 
collagen than those seeded in low density. In the present  experiments con- 
fluent cultures were used and the results cannot  be explained on the basis of 
small variations in cell densities in such cultures. 

Mechanical weakness of  connective tissue is a cardinal sign of  two common 
inherited connective tissue disorders, the osteogenesis imperfecta and Marfan's 
syndromes [ 1,5]. In the latter the weakness is located in large arteries, whereas 
skeletal fragility predominates in osteogenesis imperfecta. Increased synthesis 
of  hyaluronic acid has also been noted in fibroblasts cultured from Marfan's 
syndrome patients [32].  

It can be speculated that connective tissue weakness in these syndromes 
might  maintain a continuous activation or 'repair' status of  the fibroblasts 
which is reflected by high type  III collagen and hyaluronic acid synthesis. Type 
III collagen synthesis is also high in early granulation tissue in wound healing 
[33],  an~! both  t he  concentration of  type III collagen and hyaluronic acid 
[6,28] are i higher in embryonic tissues than in respective adult  tissues. Histo- 
logical sections of  tissues from patients with osteogenesis imperfecta express 
various signs of  immaturi ty (see, for example, Ref. 1). We do not  ye t  know if 
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the fibroblasts of the individuals suffering from osteogenesis imperfecta express 
high synthesis of hyaluronic acid in vivo or if their hyaluronic acid is abnormal. 
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