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Collagens 

COORDINATE REGULATION OF CARTILAGE COLLAGEN AND PROTEOGLYCAN SYNTHESIS I N  
SCORBUTIC G U I N E A  PIGS, Bever ly  P e t e r k o f s k y ,  Rober t  G .  Spanheimer ,  and Timothy A.  

H1 
B i r d ,  L a b o r a t o r y  o f  B i o c h e m i s t r y ,  N a t i o n a l  Cancer I n s t i t u t e ,  B e t h e s d a ,  MD 20892 

v i t a m i n ,  i n c l u d i n g  p r i m a t e s  and guinea  p i g s .  I t  is  known t h a t  t h e  d i s e a s e  is  a s s o c i a t e d  
w i t h  d e f e c t s  i n  c o n n e c t i v e  t i s s u e ,  p a r t i c u l a r l y  i n  wound h e a l i n g ,  bu t  t h e r e  a r e  s t i l l  a 
number o f  q u e s t i o n s  r e g a r d i n g  i ts  p a t h o g e n e s i s .  The d i s c o v e r y  t h a t  a s c o r b a t e  was r e q u i r e d  
f o r  p r o l y l  h y d r o x y l a s e ,  and c o n s e q u e n t l y  s t i m u l a t e d  p r o c o l l a g e n  s e c r e t i o n ,  led  t o  t h e  
assumpt ion  t h a t  d e f e c t s  i n  t h e s e  p r o c e s s e s  were r e s p o n s i b l e  f o r  t h e  e f f e c t s  of s c u r v y .  Our 
s t u d i e s  s u g g e s t ,  however,  t h a t  t h i s  is  not  t h e  c a s e .  T i s s u e s  from normal and s c o r b u t i c  
g u i n e a  p i g s  were l a b e l e d  i n  s h o r t - t e r m  c u l t u r e s  w i t h  1 3 H ]  and [ 1 4 C ] p r o l i n e  and p r o t e i n s  
were d i g e s t e d  w i t h  b a c t e r i a l  c o l l a g e n a s e ,  a l l o w i n g  u s  to measure c o l l a g e n  and noncol lagen  
p r o t e i n  s y n t h e s i s  and p r o l i n e  h y d r o x y l a t i o n  s i m u l t a n e o u s l y .  C o l l a g e n  s y n t h e s i s  d e c r e a s e d  
by 80% i n  s c o r b u t i c  c a l v a r i a l  bone and t h e r e  was a d i r e c t  c o r r e l a t i o n  between t h e  e x t e n t  o f  
t h i s  e f f e c t  and t h e  loss o f  body weight  induced by s c u r v y ,  r a t h e r  than  w i t h  d e c r e a s e d  
p r o l i n e  h y d r o x y l a t i o n  (1). The same r e s u l t s  have  been found i n  a r t i c u l a r  and c o s t a l  
c a r t i l a g e .  The e f f e c t  on c o l l a g e n  s y n t h e s i s  c o u l d  be  reproduced  i n  a number of t i s s u e s  
from g u i n e a  p i g s  t h a t  were a c u t e l y  f a s t e d  f o r  96  h b u t  r e c e i v e d  v i t a m i n  C ,  so t h a t  p r o l i n e  
h y d r o x y l a t i o n  was normal ( 2 ) .  Decreased c o l l a g e n  s y n t h e s i s  r e s u l t i n g  from s c u r v y  or 
f a s t i n g  was a s s o c i a t e d  w i t h  d e c r e a s e d  l e v e l s  o f  p r o c o l l a g e n  mRNAs .  T h e r e  was r e l a t i v e l y  
l i t t l e  e f f e c t  on non-col lagen  p r o t e i n  s y n t h e s i s  i n  e i t h e r  s c u r v y  o r  a c u t e  f a s t i n g ,  bu t  i n  
both  c a s e s  c a r t i l a g e  p r o t e o g l y c a n  s y n t h e s i s ,  a s  measured by 35S04 i n c o r p o r a t i o n ,  was 
i n h i b i t e d .  I n  s c u r v y ,  t h e  i n h i b i t i o n  o c c u r r e d  c o o r d i n a t e l y  wi th  t h e  e f f e c t s  on w e i g h t  l o s s  
and c o l l a g e n  s y n t h e s i s .  The d e f e c t  i n  p r o t e o g l y c a n  s y n t h e s i s  o c c u r r e d  beyond t h e  s t a g e  of 
c o r e  p r o t e i n  s y n t h e s i s  and c o i n c i d e d  w i t h  a d e c r e a s e  i n  p r o t e o g l y c a n  g a l a c t o s y l  t r a n s f e r a s e  
a c t i v i t y .  We propose  t h a t  t h e  a n o r e x i a  c h a r a c t e r i s t i c  o f  a s c o r b a t e  d e f i c i e n c y  l e a d s  t o  a 
c h r o n i c  f a s t i n g  s t a t e ,  which i n  t u r n  r e s u l t s  i n  changes  i n  l e v e l s  of hormones involved  i n  
r e g u l a t i o n  of e x t r a c e l l u l a r  m a t r i x  components.  T h i s  concept  i s  s u p p o r t e d  by O U T  r e c e n t  
o b s e r v a t i o n  t h a t  t h e  l e v e l  o f  growth f a c t o r s  i n  serum was reduced d u r i n g  s c u r v y .  

C h o j k i e r ,  M., Spanheimer ,  R. ,  and P e t e r k o f s k y ,  B .  ( 1 9 8 3 )  J. C l i n .  I n v e s t .  7 2 :  826 
Spanheimer ,  R.G., and P e t e r k o f s k y ,  B .  (1985)  J. B i o l .  Chem. 260: 3955. 

A s c o r b i c  a c i d  d e f i c i e n c y ,  o r  s c u r v y ,  o c c u r s  i n  s p e c i e s  t h a t  cannot  s y n t h e s i z e  t h e  

COLLAGEN TYPES: A REVIEW, Karl A. Piez, Connective Tissue Research Laboratories, 
Collagen Corporation, 2500 Faber Place, Palo Alto, CA 94303. 

H2 
The collagen triple helix seems particularly suited to form long (150-450 nm) connecting 
segments between associating nonhelical domains. In some cases the helical segnents are 
interrupted as well as terminated by nonhelical domains. 
stabilized by lysinederived cross-links of several types an3 sometimes by disulfide bonds or 
both. The resulting aggregates play critical structural roles. In addition, specific 
interactions with cell surface macromolecules OK intermediary attachment factors are an 
important element in mcdulation of cellular function. 
magnitude of the problen of cell-matrix interactions. Types I ,  I1 and I11 collagen, 300 nm 
long, are the major interstitial collagens, all present as banded fibrils with a 67 ~n 

periodicity. 
are usually found together, but bone and tendon contain largely type I collagen. 
collagen probably belongs in this group since it has a similar helical domain and forms 
fibrils that are widely distributed. Type IV collagen, 400 nm long, is quite different in 
its aggregate form. It makes a mat-like structure with proteoglycans and glycoproteins in a 
manner specific to basement membranes. ryPe V I  collagen, 105 nm long, is widely distributed 
like types I and I11 but forms quite different fibrils with a 100 nm repeat. 
unknown. Type V I I  collagen is unique in that its aggregate form is apparently two molecules 
long (900 nm) to form a strap-like structure connecting basement membranes to interstitimn. 
Type V I I I  collagen is an endothelial cell product of unknown function. It contains triple 
helical domains about 150 nm long connected by nonhelical regions. Whether the monomer 
contains one or several helical domains is yet uncertain. 
11, are unique to cartilage. 
structure of one of its chains determined at the DNA level predicts interrupted helices with 
a monomer length of about 200 nm. The aggregate structure and function are unknown. Type X 
collagen is also unique in that it appears only in association with hypertrophying cartilage 
during endochondral bone formation. At that time it is a major biosynthetic product. Its 
function is unknown. As the smallest (150 nm long) of the collagens, type X may not be a 
structural component. Still another collagen, with chains designated h, 2, and 3u, is also 
unique to cartilage. It has cot yet been given a type nwber since its molecular form is 
unknown. The size of the chains predicts a helical segment about the same size as type I 
collagen. Thus, cartilage demonstrates its individuality in that it contains f o u r  unique 
collagens. 
types. The type I collagen in other tissues is the same gene product as in bone but there 
may be tissue-specific posttranslational differences. 

These associations are comonly 

We are just heginning to recognize the 

Type I1 collagen is specific to hyaline cartilage. Types I and I 1 1  collagen 
Type V 

Its function is 

Types IX and X collagen, like type 
Type I X  has a uniform distribution like type I1 and the 

Bone on the other hand contains only type I collagen except for traces of other 
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MUTATIONS IN GENES FOR TYPE I PROCOLLAGEN AND THEIR CONSEQUENCES IN MAN, Darwin J 
Prockop. Department of Biochemistry, University of Medicine and Dentistry of New 
Jersey-Rutgers Medical School, Piscataway, NJ 08854 

Type I collagen 1 s  the malor constituent of connective tissues such as skin, ligaments, 
tendons, and bone. The fibrils found in these tissues vary widely in both diameter and in 3- 
dimensional configuration, but all are products of the two structural genes for the pro(rl(1) 
and pro~Z(1) chain of type I procollagen. Expression of the two structural genes, however, 
requires coordinated expression of genes for at least 11 post-translational enzymes. Over the 
past several years, we and others have tried to obtain further information about this gene- 
protein system by examining mutations of the structural genes for type I procollagen in pa- 
tients with either osteogenesis imperfecta (01) or Ehlers-Danlos syndrome (EDS). In one var- 
iant of 01 studied by us and others, the mutation is a sporadic deletion of 3 exons of the pro 
ul(1) chain. Because the deletion is in-phase, expression of the gene gives rise to proul(1) 
chains that are 84 amino acids shorter than normal procfl(1) chains. Because of the Structure 
of the carboxy-terminal propeptide is normal, the shortened proul chains associate with and 
become disulfide-bonded to normal proul(1) and pro02(II chains synthesized by the same fibro- 
blasts. Trimers containing the shortened chains, however, are unstable at 3 7 O C  and are rapid- 
ly degraded in a process referred to as "protein suicide" The biological inactivation of 
normal pro0 chains in this process probably explains why the mutation was lethal. In a var- 
iant of EDS, the mutation is either splicing mutation or a gene deletion that gives rise to a 
shortened proa2(1) chain The shortening is a deletion of about 20 amino acids near the N- 
terminal region of the chain. The malor consequence of the deletion IS that the conformation 
of the N-terminal region of procollagen I S  altered. As a result, N-proteinase does not cleave 
the protein and the N-propeptide persists. I n  another variant of 01. the mutation is a dele- 
tion of 4 bp coding for part of the carboxy-terminus of the proaZ(1) chain Because the dele- 
tion causes a frameshift, the last 33 amino acids of the pro02 chains have an abnormal sequen- 
ce, and the prou2 chains do not associate with pro01 chains. As a result, only trimers of p r o  
01 chains are synthesized by the patient's fibroblasts The trimers of pro01 chains are se- 
creted by fibroblasts but the carboxy-terminus of the molecules unforlds at 36°C. The partial 
unfolding probably explains why the patient had moderately severe form of 01 The result sug- 
gest several general conclusions (1)  the tissue at risk from these mutations varies; (2) a 
mutation that causes the synthesis of a structurally abnormal pro@ chain IS more deleterious 
than a mutation that makes an allele non-functional, ( 3 )  mutations giving rise to shortened 
pro0 chains may be unusually common; and ( 4 )  heterozygous carriers for some of the mutations 
may be prone to more common diseases of connective tissue 

H3 

H4 
Northwestern University, 303 E. Chicago Ave, Chicago, Ill. 60611. 
The pathway by which the type I procollagen molecule assembles poses many problems. It is 
known that each prowII) chain is translated from an individual mRNA and is, after synthesis 
of the signal peptide, inserted and elongated into th-e cisternal space of the endoplasmic 
reticulum IER). Triple-helix formation finally proceeds in the direction carboxy-propeptide 
to amino-terminus. Thus, the chain registration event has been assigned to carboxyl- 
propeptide interactions among completed, released molecules. There is also evidence that the 
three chains of a single molecule are synthesized within the same time period, suggesting 
coordinate synthesis. The problems come in assembling these data into an acceptable 
mechanism. How are the chains (or ER surface) addressed so that the correct chains are 
inserted into the correct ER compartment in the correct ratio? How does the cell coordinate 
chain elongation? How do the proper newly synthesized chains find each other in the 
registration process? Recent electron microscopic evidence (1) shows that molecular 
organization may begin prior to or at the time of attachment of the mRNh-ribosomal 
complex to the ER surface. There are two directions of attack on this problem: one can look 
for interactions between mRNA's, cytosolic proteins, and membrane proteins to examine the 
mRNA complex formation and membrane attachment; and, one can examine the nature of the chaL9s 
in the ribosomal complex s. We report here studies on the latter problem. Chick tendon 
fibroblasts from I4C-or 
containing polysomes collected by sucrose gradient centrifugation. The polysomes were pass4 
over QAE-Sephadex columns under conditions in which nascent t-RNA associated chains are bound 
but cmpleted molecules are not. The two fractions were collected and analyzed by gel 
electrophoresis, slicing and counting. The unbound fraction yielded 25% of the collagenase 
sensitive counts and was shown to consist of completely elongated but not fully hydroxylated 
proo(l(1) and proK2 (I) chains in a 2 to 1 ratio. The nascent chains did not produce a 
continuum of chain sizes, but rather a characteristic, uneven molecular weight distribution 
pattern. These data suggest that there are significant pauses in chain elongation, with a 
final pause following chain completion, but prior to completion of proline hydroxylation. 
These underhydroxylated, polysome-bound, complete collagens are resistant to pepsin ana 
chlmotrypsin but not to a mixture of chymotrypsin and trypsin. It is clear, however, that 
chain selection and registration have already taken place while the chains are still 
attached to the mRNA plysome complex. Supported by NIH Grant AJY 13921. 

THE MJZWYISH OF SYNTHESIS AND ASSEMBLY OF THE TYPE I PRCCOJLAGEN MOLECULE, 
Arthur Veis, Theresa Z. Kirk and John S. Evans, Department of Biological Science, 

5 H-proline labeled 17 day old embryos, were lysed and the cbllagen- 

(1) A.Veis,S.J.Leibovich,J.S.mans,T.Z.Kirk (1985) Prcc. Natl kad Sci USA g, 3693-3697. 
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Noncollagenous Proteins of Bone and Cartilage 

CELLULAR REPLACEMENT AN0 SYNTHETIC EVENTS OF THE CARTILAGE/BONE TRANSITION 
AtrnoLd I. CapPan, Mahy 1. Kujawn, V a v i d  A.  Camina ,  David G. Pechak, Michael 

H5 
U&zhand&w and GLenn T. Sy6te,.tad, Bio logy  Department, Case Western Reserve U n i v e r s i t y ,  
Cleveland, Ohio 44106, USA. 

An i n t i m a t e  i n t e r - r e l a t i o n s h i p  e x i s t s  between t h e  embryonic c a r t i l a g e  core  model and 
the  newly fo rming  bone. For example, we w i l l  show t h a t  i n  the  embryonic t i b i a ,  chondrocal-  
c i n ,  a p r o t e i n  assoc ia ted  w i t h  m i n e r a l i z a t i o n ,  i s  made and s t o r e d  by the  deve lop ing  chon- 
d rocy tes  which e v e n t u a l l y  re lease  t h i s  35,000 d a l t o n  p r o t e i n  t o  be concent ra ted  i n  the  
ad jacen t  m i n e r a l i z i n g  bone m a t r i x .  However, even though t h i s  coopera t i ve  i n t e r a c t i o n  ex- 
i s t s ,  embryonic l o n g  bone c a r t i l a g e  does n o t  serve as a s c a f f o l d i n g  o r  templa te  f o r  t he  
newly fo rming  bone. I n  the  c h i c k  embryonic t i b i a ,  over  90% o f  t he  l e n g t h  o f  t he  day 16 bone 
forms comple te ly  ou ts ide  the  c a r t i l a g e  model o r  core.  I n  f a c t ,  t he  c a r t i l a g e  i s  comple te ly  
rep laced by the  marrow c a v i t y  and p r e c i s e l y  de f i nes  the  l i m i t s  o f  t h i s  space. Thus, c a r t i -  
l age  i s  n o t  rep laced by bone; i t  i s  rep laced  by marrow and vascu la tu re .  The f i r s t  bone 
forms as a p e r i o s t e a l  c o l l a r  o f  t i s s u e  o u t s i d e  o f  t h e  c a r t i l a g e  core  and becomes vascu la r -  
i z e d  be fo re  the  e rod ing  vascu la tu re  en te rs  t h e  c a r t i l a g e  core.  The os teob las ts  o f  t h i s  
f i r s t  bone d i f f e r e n t i a t e  d i r e c t l y  f rom mesenchymal p r o g e n i t o r  c e l l s  which can be morpholog- 
i c a l l y  de l i nea ted  from non-osteogenic c e l l s  be fo re  the  co re  chondrocytes f u l l y  d i f f e r e n -  
t i a t e .  Taken together ,  these observa t ions  suggest t he  hypothes is  t h a t  the  mesenchymal 
c e l l s  commit t o  an os teogen ic  l i neage  p r i o r  t o  the  c y t o - d i f f e r e n t i a t i o n  o f  the  c a r t i l a g e  
core.  Th is  hypothes is  cou ld  i n f e r  t h a t  i t  i s  the  os teogen ic  commitment which determines 
the  shape and o r i e n t a t i o n  of  t he  c a r t i l a g e  core.  Biochemical  and immunocytological  a n a l y s i s  
o f  newly syn thes ized pro teog lycans ,  t he  d e p o s i t i o n  o f  co l lagens  and l o c a l i z a t i o n  o f  chon- 
d r o c a l c i n  p rov ide  suppor t  f o r  t h i s  hypothes is .  Proteoglycans o f  d i s t i n c t i v e  s t r u c t u r e  and 
d i f f e r e n t  co l l agen  types  can be used as markers f o r  mesenchymal c e l l s ,  chondrocytes,  hyper-  
t r o p h i c  chondrocytes,  muscle and os teob las ts .  The exac t  morpho log ica l  l o c a l i z a t i o n  o f  these 
molecules de f i nes  the  t i s s u e ' s  l i m i t s  and prov ides  da ta  t o  suppor t  t he  v iew t h a t  c a r t i l a g e  
may n o t  p rov ide  the  b iochemica l  s c a f f o l d i n g  f o r  bone, b u t  r a t h e r  de l i nea tes  the  marrow 
space. Th is  p r e d i c t i o n  i s  a l s o  r e a l i z e d  upon re -eva lua t i on  o f  t he  morpho log ica l  events 
assoc ia ted  w i t h  e c t o p i c  fo rmat ion  o f  bone as  s t i m u l a t e d  by deminera l i zed  bone p a r t i c l e s  i n  
h i s t o l o g i c a l  p repara t i ons  k i n d l y  supp l i ed  t o  us by  D r .  Har i  Reddi o f  N I D R .  Ana lys i s  o f  
these molecu la r ,  c e l l u l a r  and t i s s u e  replacement events p rov ides  a d e t a i l e d  unders tand ing  
o f  t he  dynamics o f  l ong  bone fo rmat ion .  Supported by  g ran ts  f o r  N . I . H .  

NONCOLLAGENOUS PROTEINS OF BONE, Kenneth G. Mann, Debra Stenner,  Rober t  W. 
Romberg and B. Lawrence Riggs, Department o f  B iochemis t ry ,  The U n i v e r s i t y  of 

H6 
Vermont, B u r l i n g t o n ,  VT 05405 and The Mayo C l i n i c /Founda t ion ,  Rochester,  MN 55901. 
The under l y ing  hypothes is  f o r  s tudy ing  t h e  noncol lagenous p r o t e i n s  o f  bone can be d i v i d e d  
i n t o  t h r e e  subtheses: 1) t h e  noncol lagenous p r o t e i n s  w i l l  serve as u s e f u l  markers t o  
eva lua te  bone phys io logy  i n  v i vo ;  2 )  t h e  noncol lagenous p r o t e i n s  w i l l  p r o v i d e  immunochemi- 
c a l  markers f o r  t he  i d e n t i f i c a t i o n  o f  bone c e l l s ;  3)  the  noncol lagenous p r o t e i n s  a r e  
i m p l i c i t l y  assoc ia ted  w i t h  the  s t r u c t u r e ,  f o rma t ion  and remode l l i ng  o f  bone. The p r a c t i -  
c a l  approachswe have chosen t o  eva lua te  these hypotheses have invo lved  t h e  i d e n t i f i c a t i o n  
and i s o l a t i o n  o f  these p ro te ins ;  p r e p a r a t i o n  o f  immunochemical reagents d i r e c t e d  aga ins t  
them; and, t h e  e v a l u a t i o n  o f  t h e  phys i ca l  s t r u c t u r e  of these p r o t e i n s  and t h e i r  i n t e r a c -  
t i o n s  w i t h  o t h e r  c o n s t i t u e n t s  o f  bone. We have cons t ruc ted ,  us ing  two-dimensional  e l e c -  
t r o p h o r e t i c  techniques, a ca ta logue o f  t h e  major  noncol lagenous p r o t e i n s  i n  bone and have 
proceeded t o  conduct i s o l a t i o n  s t u d i e s  on these p r o t e i n s  us ing  bo th  convent iona l  and 
immunochemical techniques. Our p r i n c i p a l  e f f o r t s  have been aimed a t  bone G la -p ro te in  
(BGP) and a t  os teonec t in .  We have developed bo th  monoclonal and p o l y c l o n a l  a n t i b o d i e s  t o  
each o f  these p r o t e i n s ,  which have been a p p l i e d  t o  assays aimed a t  e v a l u a t i n g  phys io log i c  
f l u i d  l e v e l s  o f  these p r o t e i n s ,  and the  a s s o c i a t i o n  of b lood  l e v e l s  w i t h  normal and 
abnormal bone metabol ism. BGP decreases w i t h  ag ing  i n  normal i n d i v i d u a l s ,  and appears t o  
be a marker f o r  os teob las t  f unc t i on .  Data i n d i c a t e  inc reased os teob las t  f u n c t i o n  w i t h  
ag ing  and a l a c k  o f  impairment o f  os teob las t  f u n c t i o n  i n  postmenopausal os teoporos is .  We 
have eva lua ted  conformat iona l  t r a n s i t i o n s  i n  BGP which a re  assoc ia ted  w i t h  i t s  i n t e r a c t i o n  
w i t h  ca l c ium i o n  us ing  bo th  phys i ca l  and immunochemical approaches. We have a l s o  eva lua-  
ted,  us ing  q u a n t i t a t i v e  approaches, t h e  i n t e r a c t i o n  o f  os teonect in ,  w i t h  co l lagen,  ca l c ium 
and hyd roxyapa t i t e .  One p romis ing  l i n e  o f  research  i nvo l ves  the  i n t e r a c t i o n s  o f  bone 
p r o t e i n s  i n  t h e  i n h i b i t i o n  o f  hyd roxyapa t i t e  c r y s t a l  growth, which p o t e n t i a l l y  i m p l i c a t e s  
these p r o t e i n s  i n  some aspects o f  t he  r e g u l a t i o n  o f  t he  m i n e r a l i z i n g  su r face  i n  bone 
syn thes i s .  We a re  p r e s e n t l y  f u r t h e r  e v a l u a t i n g  t h e  s t r u c t u r e  o f  os teonec t in  and v a l i d a -  
t i n g  inununochemical analyses o f  b lood f l u i d  l e v e l s  o f  os teonec t in  i n  ag ing  and disease. 
A t  present,  ou r  s t u d i e s  must be regarded as t h e  p r e p a r a t i o n  o f  a secure founda t ion  f o r  t he  
t e s t s  of ou r  u n d e r l y i n g  hypotheses. Our p resen ta t i on  w i l l  thus  be a p rogress  repo r t .  
r a t h e r  than  a d e f i n i t i v e  d e s c r i p t i o n  o f  t he  f u n c t i o n  o f  t h e  noncol lagenous p r o t e i n s  i n  
bone. 
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H7 THE ROLES OF CHONDROCALCIN AND PROTEOGLYCAN IN THE CALIFICATION OF 
CARTILAGE MATRIX, A. Robin Poole, Joint Diseases Laboratory,  Shriners Hospital, McCill 

University, Montreal, Quebec, H3G 1A6. Canada. 
The calcification of car t i lage  mat r ix  involves a complex ser ies  of events. Prior t o  calcification a n  
extracellular mat r ix  is synthesized made  up primarily of type  I1 collagen and large chondroitin su l fa te  
proteoglycans which aggrega te  with hyaluronic acid. When car t i lage  calcifies these  proteoglycans 
undergo a n  organizational change whereby they a r e  concent ra ted  in d iscre te  foci in t h e  longitudinal 
s e p t a  of primary growth plates: these  foci have  sizes of 300-500 nm in d iameter  (I). They c a n  b e  
art if icially c r e a t e d  prior to calcification by ex t rac t ion  of car t i lage  with EDTA (A.R. Poole, I Pidoux 
and L.C. Rosenberg, submitted). Their formation may naturally b e  mediated by cleavage of hyaluronic 
ac id  leading to a focal collapse of proteoglycan aggregates in calcifying sites. When mineral is 
deposited in these  s i tes  a second molecule appears in these  foca l  deposits which is a calcium binding 
protein which w e  have called chondrocalcin (2,?). Sequence analyses have revealed t h a t  th i s  is  t h e  s a m e  
as or  very similar t o  t h e  C-propeptide of type  I1 collagen (M. van der Rest,  B. Olsen, L.C. Rosenberg 
and  A.R. Poole, submitted). Chondrocalcin is thought to b e  concerned with t h e  accumulation of mineral 
in these  foca l  s i tes  since th i s  only occurs in an extensive manner when chondrocalcin is present in high 
concent ra t ions  in these  sites. Hypertrophic chondrocytes synthesize increased amounts of this molecule 
compared with those from non-calcifying carti lages.  The synthesis and secretion of chondrocalcin is 
regulated by metabolites of vitamin D. (A. Hinek, A. Reiner, L.C. Rosenberg and A.R. Poole, 
submitted). These observations ind ica te  t h a t  aggregating car t i lage  proteoglycans and chondrocalcin (in 
t h e  C-propeptide of type  I1 collagen) a r e  involved in t h e  calcification of car t i lage  mat r ix  (4). 
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Two key molecules synthesized by the bone forming cell and secreted to the extracellular 
matrix (1) are osteonectin and the small bone proteoglycan, PG 11. Osteonectin is a 
phosphorylated glycoprotein of apparent M 
gel filtration and 29,000 on sedimentatio; equilibrium (2,3). 
binding domains for both collagen and hydroxyapatite, inhibits hydroxyapatite 
crystal growth strongly in the absence of collagen, but promotes calcium phosphate 
formation when combined with collagen in heteromolecular complexes ( 2 , 3 ) .  Osteonectin is 
localized to the bone matrix in vivo with less present in woven than in lamellar bone (4) 
and only negligible amounts detected in non-mineralizing connective tissues (2). Recent 
data (P. Gehron Robey and M.F. Young) indicate that osteonectin mRNA is present and an 
osteonectin-like molecule synthesized in fibroblast cultures in vitro. However, 
preliminary experiments suggest that this fibroblast form of osteonectin may not be 
completely identical to that produced by the normal bone osteoblast. Osteonectin message 
is sensitive to viral transformation and expression of the protein may be transcriptionally 
and translationally regulated. The bone proteoglycan, PG 11, consists of a 45,000 M core 
protein t o  which are attached several oligosaccharides and a single chondroitin sulfHte 
chain of average M 21 40-50,000(5). Similar molecules are found in tendon, skin, sclera 
and articular cart:lage. It is thought that these small proteoglycans interact 
specifically with collagen fibrils in composite connective tissue matrices (6). 
Preliminary data (L.W. Fisher and K.G. Vogel) suggest that the various tissue forms of PG 
I1 may differ either by specific post-translational modifications or actual peptide 
sequence variation. PG I1 mRNA appears as a doublet in the different connective tissues in 
which its core protein is expressed (M.F. Young, and A.A. Day). Finally, osteopenic bone 
is often deficient in osteonectin and/or PC 11. For example, several human (progressively 
deforming) and two bovine variants of osteogenesis imperfecta present bones practically 
devoid of one or both proteins. Bone cells isolated from affected individuals generally 
synthesize the missing protein but display altered incorporation of the molecules(s) in 
question to the extracellular matrix space (P. Gehron Robey). Consequently, the regulation 
of expression for these noncollagenous bone proteins would appear critical to the 
maintenance of healthy skeletal tissue. 
(1) P. Gehron Robey and J.D. Termine, Calcif. Tiss. Internatl. 2 : 4 5 3 ,  1985; ( 2 )  J.D. 
Termine et. al., Cell %:99, 1981; ( 3 )  R.W. Romberg et. al., J. Biol. Chem. =:2728, 1985; 
( 4 )  K.M.Conn and J.D. Termine, Bone 6 : 3 3 ,  1985; ( 5 )  L.W. Fisher et al., J. Biol. Chem. 
2S8:6588, 1983; (6) J.E. Scott and C.R. Orford. Biochem. J .  1.9!:213, 1981. 

MOLECULAR VARIANCE IN THE PHENOTYPIC EXPRESSION OF THE NONCOLLAGENOUS PROTEINS OF 
BOXE, John D. Termine, Bone Research Branch, National Institute of Dental 

= 40-45,000 on SDS gels, 32 ,000  on guanidine HC1 
This molecule has saturable 
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Bone Regeneration 

CARTILAGE INDUCTION AND DIFFERENTIATION: THE ROLE OF BONE DERIVEE CARTILAGE 
INDUCING FACTOR (CIF), Saeid M. Seyedin, Andrea Y. Thompson, Hanne Bentz, David M. 

Rosen and Karl A. Piez, Connective Tissue Research Laboratories, Collagen Corporation, 2500 
Faker Place, Palo Alto, CA 94303; Ned R. Siege1 and Gerald R. Galluppi, Department of 
Biological Sciences, Monsanto Company, 700 Chesterfield Village Parkway, St. Louis, MO 63198 
Subcutaneous implantation of demineralized bone matrix or guanidine-HC1 extracted proteins 
from demineralized bone induces chondrogenesis in rats. 
that induce chondrogenesis in culture have been purified from bovine demineralized bone and 
termed cartilage-inducing factors (CIF-A and CIF-B). CIF-A and CIF-B at concentrations of 
1-10 ng/ml each induce embryonic rat mesenchynal cells in agarose gels to assme chondrocyte 
morphology and synthesize cartilage-specific macromolecules. 
Mr of 26,000, as determined by SDS-polyacrylamide gel electrophoresis, and each appears to be 
a dimer of identical or very similar chains. 
we have found that CIFs are capable of stimulating normal rat kidney (NRK) fibroblasts to 
form colonies in soft agar, in the presence of epidermal growth factor (EGF). Anchorage- 
independent growth of NRK cells in soft agar is a function that is described for transforming 
growth factor-I3 (TGF-P). Colony forming activity in response to CIF-A or B was 
dose-dependent with half+naximal response similar to that observed for purified TGF-6. 
CIF-A, the major species in bone was purified and partially sequenced. Comparison of the 
sequence of the N-terminal 30 amino acids of TGF-G with the corresponding sequence of CIF-A 
revealed 100% identity. TGF-3 has keen purified from a variety of tissues. If CIF-A and 
Tm-:' are identical molecules, then bone appears to be a major storage site for this activity 
( ;200 ,:g/kg tissue). 
be a normal function of TGF-O like factors. 

H9 

'Two naturally occurring peptides 

Both factors have an apparent 

In addition t o  their chondrogenic properties, 

The abundance of CIF-A in bone suggests that cartilage induction may 

BOVINE BONE MORPHOGENETTC POLYPEPTIDE GENERATED BY LIMITED PEPSIN PROTEOLYSIS, 
Marshall R. UKist, Robert J. Delange, Jin-Jyi Chang, Yong Kang Huo, William 

H10 
Hirota, Arthur Lietze, Anna G. Brownell, G.A.M. Finerman, UCLA Bone Research Laboratory 
Department of Surgery, Division of Orthopedics, and Department of Physiological Chemistry, 
University of California, Los Angeles, CA 90024 

water insoluble aggregates, which include a bone morphogenetic protein ( R M P ) .  Limited pepsin 
proteolysis of this protein aggregate generated a group of low MW bone mosphogenetic 
polypeptides which. like BMP, induced differentiation of cartilage and bone in the mouse 
thigh. The term limited was applied because the morphogenetic products of proteolysis were 
stable and identified by the capacity to induce bone formation. The osteoinductive 
polypeptides were isolated from the products of limited proteolysis by sequential 
hydroxyapatite chromatography, Sephadex G-50 gel filtration, and hydrophohic reversed phase 
HPLC. Figs. 1 and 2 show HPLC elution profiles and SDS PAGE patterns. The osteoinductive 
polypeptides stained intensely with Coomassie Blue but produced a negative image with silver 
staining. The M of these polypeptides was 5 t Ik with a PI of 5.8. HPLC provided only 200 
pg quantities whfch were assayed in tisssue culture, and produced differentiation of neonatal 
muscle connective tissue outgrowths into cartilage. HPLC fractions with M 10,8,7, and Ik 
polypeptides were used as controls. The amino acid composition of HPLC isklated polypeptides 
was slightly acidic and consisted of approximately 40 residues. Limited proteolysis of a 
partially purified BMP with an M of 18.5k generated osteoinductive polypeptides with M of 
4 .1  and 4.7k. The 4.7k polypeptyzes reacted with both monoclonal and polyclonal mouse -' 
anti-bovine BMP. 

The non-collagenous proteins extractable from bovine bone with 4 M to 1.5 M GuHCl form 
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Bone Resorption 

ASSESSMENT OF MTABOLIC BONE DISEASE WITH BONE-SPECIFIC MARKERS, 6. L. Riggs, 
R.J- Duda, and K. G. Mann, Endocrine Research Unit, Mayo C l i n i c  and Foundation, 

Rochester, M\I 55905; Department o f  Biochemistry, Univers i ty  o f  Vermont, Burl ington, 
Vermont 05405 
There i s  an urgent need t o  develop simple, noninvasive methods fo r  determining bone tu r -  
nover i n  metabolic bone disease t h a t  are well-characterized, spec i f i c ,  and accurate. 
This t a l k  w i l l  discuss the p o s s i b i l i t y  t ha t  t h i s  can be accomplished by measurement o f  
one or more bone s p e c i f i c  biochemical markers and w i l l  focus the measurement o f  serum 
bone Gla-protein (EGP), also c a l l e d  osteocalcin, as an example o f  t h i s  approach. Serum 
BGP i n  these s tud ies was measured by radioimmunoassay as prev ious ly  described (J. Clin. 
Invest. 71:1316, 1985). In  young adu l t  women, mean ? SO i s  4.4 ? 1.6 ng/ m l  and t h i s  
increases two-fold by extreme o l d  age. Serum BGP i s  increased i n  hyperparathyroidism 
and decreased i n  hypoparathyroidism which demonstrates a l a rge  dynamic range fo r  t h i s  
measurement. In  these condit ions, serum iPTH and BGP corre la ted d i r e c t l y  (r = 0.91 P < 
0.001). Although some EGP d i f f uses  the c i r c u l a t i o n  a f t e r  synthesis by osteoblast, most 
i s  incorporated i n t o  bone matr ix  where i t  remains u n t i l  bone i s  resorbed. Thus, serum 
BGP could r e f l e c t  bone formation, bone resorption, or a combination o f  both. The re la -  
t i onsh ip  o f  serum BGP t o  the components o f  bone turnover was evaluated i n  18 normal 
women who received a continuous 24-h intravenous in fus ion  o f  the 1-34 synthet ic  fragment 
o f  human parathyro id  hormone. We compared basel ine and post-treatment values fo r  24-h 
excret ion o f  u r i na ry  hydroxyprol ine, an index o f  bone resorption; f as t i ng  l e v e l s  o f  
serum a l k a l i n e  phosphatase, an index o f  bone formation; and fas t i ng  l eve l s  o f  serum EGP. 
Urinary hydroxyprol ine increased by 69% (P < 0.001) whi le  serum a l k a l i n e  phosphatase was 
unchanged, demonstrating t h a t  as expected PTH in fus ion  increased bone resorpt ion without 
increas ing bone formation. &sp i te  the increase i n  u r ina ry  hydroxyproline, serum BGP 
decreased by 23% (P < 0.01). This divergence suggests t h a t  serum E P  i s  a measure o f  
bone formation not o f  bone resorption. The abnormality o f  bone turnover responsible f o r  
osteoporosis i s  cont rovers ia l .  We found tha t  serum BGP was increased (P < 0.002) i n  62 
women with postmenopausal osteoporosis as compared w i th  age and sex matched normals. 
A f te r  6-days admin is t ra t ion of c a l c i t r i o l  (a poss ib le  BGP secretogogue), the increase i n  
serum EGP i n  14 osteoporotic women was twice as l a rge  as i n  10 premenopausal and 9 post- 
menopausal normals. These r e s u l t s  provide fu r the r  evidence t h a t  defect ive osteoblast 
function i s  no t  a major cause of o v e r a l l  ske le ta l  loss i n  postmenopausal osteoporosis. 

Cell Biology of Bone and Cartilage 

HI2  THE CELL SURFACE AND OSTEOCLAST DEVELOPMENT, P. Osdoby, Department of Cell Biology, 

Osteoclasts are multinucleated cells which are developmentally and functionally related to 
cells of the mononuclear-phagocyte system. It is postulated that during bone developmeot and 
remodelling osteoclasts precursors are recruited (via chemotaxis) to bone, fuse, attach, and 
resorb the mineralized matrix. Humoral, cell-cell, and cell-matrix interactions apparently 
mediate these processes. This regulation in part is initiated at specific membrane recept- 
ors. Skeletal pathologies may arise from qualitative and or quantitative cell surface 
modifications or pathological microenvironmental signals acting through the osteoclast 
plasma membrane. To gain insight into these events isolated chick osteoclasts were used to 
develop a monoclonal antibody library containing 30 osteoclast-specific hyhridoma clones 
(Oursler et. al. 1985). Immunohistochemical, ELISA, RIA, Western blot analysis and EX 
immunocytochemical methods were employed to confirm the antibody specificity f o r  osteoclasts. 
Osteoclast-specific antibodies reacted with osteoclasts but not with monocyte or marrow 
derived giant cells. Antibody bound specifically to osteoclasts in tissue sections of bone 
further confirming specificity. These antibodies have been used to purify and biochemically 
characterize osteoclast-specific cell surface components. Studies are in progress tc elu- 
cidate the function of the osteociast-antigens. Moreover, experiments have been undertaken 
to determine if osteoblast expression is a prerequisite for osteoclast cyeodifferentiation. 
Monocytes and or  marrow cells were isolated from chicks, cultured alone, with osteohlasts, 
OK with skin fibroblasts. At select intervals after co-plating cultured were analyzed 
morphologically and immunochemically (RIA) for the appearance of osteoclast-specific 
antigens. Xonocytes or marrow cells cultured alone or with fibroblasts form giant cells that 
do not express osteoclast-specific antigens. Immunohistochemical and KIA data demonstrate 
that giant cells formed in the presence of osteoblasts develop osteoclast antigens. Cell- 
contact may be necessary for this induction. Monoclonal antibody technology has been used 
to identify and purify osteoclast-specific cell surface molecules. These antibodies have 
been used to begin to understand the role of cell interactions in bone devc.1opment. These 
reagents should help clarify factors involved in normal and pathological bone remodelling. 

Washington University School of Dental Medicine, St. Louis, Xissouri 63110. 
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H13 PROSTAGLANDIN AND BONE REMODELING, Gideon A. Rodan. Sevgi B. Rodan, Chi K. Yeh* 
Department of Bone Biology and Osteoporosis, Merck Sharp 

and Dohme Research Laboratories, West Point, PA 1948b and *Department o f  OralBiology. 
University of Connecticut, Farmington, CT Ob032 
Several years ago we proposed that cells of osteoblastic lineage may be involved in the 
regulation of bone resorption since they possess receptors for bone resorbing hormones 
[parathyroid hormone (PTH). 1,25(OH)203. PGE2, hypercalcemia factors], which are 
apparently absent in osteoclasts. To test this hypothesis we looked for bone resorbing 
activity in conditioned media of osteoblastic cells. We found that most of that activity 
was accounted for by prostaglandin €2 (PGE2). PGE2 and PGI2 are the major products 
of arachidonic acid in osteoblastic cells. We found that among osteosarcoma cell lines, 
only those with osteoblastic properties produced PGE2, the non-osteoblastic cells 
apparently lacking the enzymes for conversion of arachidonic acid to PGE. Among 
bone-resorbing stimuli PTH and 1,25(0H)2D3 did not enhance PGE production, whereas 
thrombin, bradykinin and rabbit serum enhanced prostaglandin synthesis in osteoblastic 
cells by about 3040%. A much larger effect was produced by mechanital stimulation. 
One-minute stretching and relaxation (0.2-0.5 Hz) o f  collagen ribbons on which calvaria 
cells had been grown for two weeks enhanced prostaglandin production over 2-fold one hour 
later. This effect was mimicked by microtubule disrupting agents. Colchicine. vinblastine 
or nacodazole enhanced prostaglandin production 3-4-fold. At least two-hour exposure to 
the drug was needed to produce that effect, which peaked between 8 and 24 hours. The rise 
in PGE production could be attributed to an increase in cyclooxygenase activity which was 
not dependent on de novo protein synthesis, suggesting compartmentalization of the PGE 
producing enzymes. To test in vivo the potential role of prostaglandins in mediating 
mechanical effects on bone remodeling, knee tenotomy was produced in rats and the resulting 
changes in the tibia metaphysis were followed histomorphometrically. This procedure caused 
a 2-fold increase in osteoclast numbers at 30 hours, a 2-fold increase in resorption 
surface at 72 hours and a 50% reduction in trabecular bone volume at 10 days, accompanied 
by a 15% reduction in the dry weight of the tibia, by comparison to the contralateral 
control. The increase in resorption surface was fully blocked by treating the animals with 
the prostaglandin synthase inhibitor, indomethacin. 

These and other recent findings, showing PGE enhancement of bone formation, 
further implicate prostaglandin E as possible physiological mediators of bone remodeling. 

and David 0. Thompson, 

BONE RESORPTION AND THE IIIUNE SYSTEI, Steven L. Tmitelbaum, Zvi 
Bar-Shavit, David L. Lacey, and Arnold J. Kahn. Waahington University Iedical 

H14 
Center. and Pedistrlc Research Institute. Cardinal Glennon Hospital. St. Louis 
University. St. Louis. I0 63110 

Bone resorption is an ever occurring process in man and other vertebrates and 18 
essential in these species for maintenance of mineral homeostasis. While it has been 
known for SOR. time that a lymphocyte-produced factor ia capable of stimulating the 
activity of the principal bone reeorptive cell, the ost.oclaet, the relationship of the 
immune system to bone resorption has until recently, remained largely unexplored. The 
realization. however. that the osteoclast is derived from a ~erber of the monocyte/ 
RaCrOphage family has under.cord the possibility that bone resorption may be 
immunoregulated. 

Our interest in thin area was engendered by the role of 1.25-dihydroxyvitamin D 
(1,25(OH)2D> em an inducer of macrophage differentiation. We found that this steroid, 
which ia the bioective form of vitamin and a pivotal factor in maintenance of skeletal 
homeoatamis. also promotes the human promyelocytic leukemia cell line, HL-60, and 
authentic bone marrow cells. to undergo monocytic differentiation. In 60 doing, theae 
1.25<0H>2D-induced cells not only acquire the biochemical markerr of macrophager, but 
express Clam I1 antigens. Moat importantly, like oateoclaats. 1,25(0H)2D-treated HL-60 
cells acquire the capacity to resorb bone. 

Rlcently. our interest ha6 also f o c u d  on the capacity of 1.25(OH)2D to regulate 
helper-T cell proliferation. We found that this calcium-regulating steroid stimulatea 
the DNA synthesrring by the non-transformed helper-T cell line D10. up to fifty fold in 
the presence of lectin or spodfic antigen. In contrast, however, the vitamin metabolite 
suppresses D10 proliferation when enhanced by Interloukin-1. Hence, 1,25(OH)2D presents 
itself as a broad-based and bipotential regulator of the immune system. 
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Hormones. Growth Factors and Other Metabolites 

HI5 TRANSFORMING GROWTH FACTORS AND BONE, K. J. Ibbotson, S. M. D'Souza and G. R. 
Mundy, Dept. of Medicine, Univ. of Texas Health Science Ctr ,  San Antonio, TX 78284. 

It has become apparent that  transforming growth factors (TGFs) probably have a role in bone destruc- 
tion associated with the humoral hypercalcemia of malignancy (HHM). The best evidence that  TGF Y is  
associated with tumor-mediated bone destruction comes from the r a t  D6 Leydig cell tumor. W e  found 
that  the bone resorbing activity produced by these tumor cells co-eluted with activit ies identical t o  
those of a high molecular weight (30 kd) TGF '., and the bone resorbing activity was inhibited by antisera 
to  the epidermal growth factor (EGF) receptor which inhibits the biological activity of both EGF and 
TGF". Northern blot analysis of this tumor showed excessive transcription of TGFr mRNA. W e  also 
found excessive TGF mRNA production in a human squamous cell carcinoma of the lung associated 
with hypercalcemia when examined by Northern blot analysis. The bone resorbing activity in extracts 
of this tumor was also inhibited by the EGF receptor antisera. In further support for a role for TGF a in 
this type of bone destruction, we found that  both rat  synthetic and human recombinant TGFaare potent 
bone resorbing agents in vitro. Since there is such a strong link between TGF" production and 
hypercalcemia, we examined two tumors which had not been associated with hypercalcemia but which 
produce large amounts of TGFa. Both tumors, a virus transformed r a t  fibroblast line, and a human 
melanoma line, caused hypercalcemia when carried in ra ts  or nude mice respectively. Both tumors 
released bone resorbing activity into that  cell  culture medium and this bone resorbing activity was 
again inhibited by the EGF receptor antisera, suggesting that  TGFa mediated the hypercalcemia. In 
HHM there appears to be inhibition of new bone formation in addition to  increased osteoclastic bone 
resorption. W e  examined the effects of human recombinant TGF on t w o  parameters of bone formation 
-~ in vitro, alkaline phosphatase activity in r a t  osteosarcoma cells, and collagen synthesis in organ 
cultures, of fe ta l  ra t  calvariae. Alkaline phosphatase is thought to be important in bone matrix 
mineralization and collagen synthesis represents the first s t ep  in the formation of the bone matrix. We 
found that  TGF 0 was a potent inhibitor of both alkaline phosphatase activity and collagen synthesis, 
providing further evidence that  TGF? mediates abnormalities in bone metabolism which occur in HHM. 
T G R  however is clearly not the sole agent responsible for HHM. In a second r a t  model of HHM, the 
Walker 256 breast tumor, we have found that the bone resorbing activity produced by the tumor cells 
co-eluted with TGFR -like activity and was not inhibited by antisera to  the EGF receptor. We and 
others have since shown that  TGFB stimulates bone resorption in vitro. Thus, it is possible that  
TG'Z may be responsible for some cases of HHM. Interestingly when we examined the effects of TGFR 
on bone formation we found that  TGFr  stimulated alkaline phosphatase activity and also enhanced 
collagen synthesis. TGFO has been previously implicated in wound healing and it may therefore play a 
role in fracture repair where i ts  actions may be modulated by other growth factors. In conclusion i t  is 
clear that  TGF's may not only have an important role in HHM but may also be important in the normal 
regulation of bone cell function and bone turnover. 

BIOSYNTHESIS OF CALCIUM-REGULATING HORMONES, John W .  Jacobs,  Biological  
Chemistry,  Merck Sharp 6 Dohme Research Labora to r i e s ,  West P o i n t ,  PA 19486 

The  syn thes i s  of two calcium-regulat ing hormones, c a l c i t o n i n  and a bone growth f a c t o r ,  was 
examined i n  human tumors a s soc ia t ed  wi th  a l t e r e d  s k e l e t a l  metabolism. I n  a squamous c e l l  
lung carcinoma as soc ia t ed  with malignant hypercalcemia,  l a r g e  molecular weight forms of 
c a l c i t o n i n  (LIw=3,500) were sec re t ed  by cu l tu red  tumor c e l l s .  To e s t a b l i s h  the molecular 
basis f o r  t h e  product ion of t hese  abe r ran t  forms of c a l c i t o n i n .  mRNA w a s  i s o l a t e d  from 
tumor c e l l s  and examined by c e l l - f r e e  t r a n s l a t i o n  a s says  and Northern b l o t  analyses .  
Resu l t s  i nd ica t ed  s imi la r .  i f  not  i d e n t i c a l ,  s i z e  ca l c i ton in - re l a t ed  gene products  were 
synthesized i n  t h e  tumor c e l l s  compared t o  t h e  thy ro id ,  t h e  normal s i te  of syn thes i s  of 
c a l c i t o n i n .  P a r t i a l  DNA sequence analyses  of tumor-derived c a l c i t o n i n  cDNAs ind ica t ed  no 
a l t e r a t i o n s  i n  t h e  primary s t r u c t u r e  of c a l c i t o n i n  mRNA which could account f o r  t he  
presence of l a r g e r  molecular weight  forms of t h e  hormone in tumor c e l l s .  Fu r the r  s t u d i e s  
were undertaken t o  examine a l t e r a t i o n s ,  i f  any, i n  t h e  c a l c i t o n i n  gene locus  i n  normal and 
tumor c e l l s .  Southern b l o t  analyses  ind ica t ed  no gross rearrangements of t h e  c a l c i t o n i n  
gene i n  lung tumor c e l l s  ve r sus  normal leukocytes .  Furthermore,  chromosomal l o c a l i z a t i o n  
s t u d i e s  ind ica t ed  a s i n g l e  locus  f o r  t h e  c a l c i t o n i n  gene on human chromosome 11. Taken 
toge the r ,  these r e s u l t s  i n d i c a t e  t h a t  lung tumor c e l l s  are syn thes i z ing  calci tonin-gene 
products  i d e n t i c a l  t o  t h a t  expressed i n  t h e  thy ro id .  Larger molecular-weight forms of the 
hormone p resen t  i n  tumor c e l l s  r e s u l t ,  i n  a l l  p r o b a b i l i t y ,  from d i f f e rences  i n  
p o s t - t r a n s l a t i o n a l  processing,  i . e .  c a l c i t o n i n  p recu r so r  c leavage and g lycosy la t ion .  
between tumor and thy ro ida l  C-cel ls .  
In  a second s e r i e s  of s t u d i e s ,  the  b iosyn thes i s  of a bone growth f a c t o r  w a s  examined i n  
tumors a s soc ia t ed  w i t h  ec top ic  bone formation i n  vivo.  P a r t i a l  p u r i f i c a t i o n  by g e l  
f i l t r a t i o n  chromatography ind ica t ed  a molecular weight of 20,000 f o r  t h e  f a c t o r .  
U ic ro in j ec t ion  of tumor-derived mRNA i n t o  Xenopus oocytes  gave rise t o  t r a n s l a t i o n  
products  w i t h  b i o l o g i c a l  a c t i v i t i e s  a s soc ia t ed  w i t h  bone growth, namely, s t imu la t ion  of 
c e l l  d i v i s i o n  and a l k a l i n e  phosphatase a c t i v i t y  i n  bone forming c e l l s  ( o s t e o b l a s t s ) .  
F rac t iona t ion  of mRNA from the  tumor c e l l s  i nd ica t ed  a d i s c r e t e  mRDiA f r a c t i o n  of 
approximately 2000 bases which, fol lowing mic ro in j ec t ion  i n t o  oocytes ,  contained a l l  t h e  
bone-growth promoting a c t i v i t i e s .  Fu r the r  c h a r a c t e r i z a t i o n  of t h i s  f a c t o r  i n d i c a t e s  t h e  
tumor c e l l s  are syn thes i z ing  a he re to fo re  unrecognized s t imu la to r  of o s t e o b l a s t i c - l i k e  
c e l l s .  
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HI7  PROSTAGLANDINS A N D  O T H E R  L O C A L  FACTORS R E G U L A T I N G  B O N E  METABOLISM, 
Lawrence 6 .  Raisz, M . D . ,  Dept. of Medicine,  U n i v e r s i t y  of Connect icu t  School of 

Medicine, Farminaton, CT 06032 
Local reaula tors  of bone formation and resorot ion may not only he important i n  the  remodelinq 
of t h e  s k e l e t o n  i n  response  t o  s t r e s s  and o t h e r  l o c a l  needs ,  h u t  may a l s o  mediate  t h e  
resoonse  t o  calcium reaulat ino hormones. Abnormal oroduction of local regulators  i s  l i k e l y  
t o  be resoonsible  f o r  hone loss  i n  inflammation and malionancy and miqht p l a y  a r o l e  i n  t h e  
Dathoaenesis  of Os teoDoros is .  Amona the  local reaula tors  t h u s  f a r  i d e n t i f i e d ,  prostaqlan- 
d i n s ,  p a r t i c u l a r l v  P G E 2  a n d  PGI2, have been most e x t e n s i v e l y  s t u d i e d  because t h e y  a re  
oroduced i n  bone and c l e a r l v  a f fec t  i t s  metabolism. PGE2 d i f f e r s  from other  s t imulators  of 
hone r e s o r p t i o n  i n  i t s  a b i l i t y  t o  s t imula te  bone formation. PGE2 production i s  increased by 
oarathvroid hormone, decreased hy qlucocort icoids  and epinephrine and i n c r e a s e d  by a l a r q e  
number of DathOlOaic fac tors  such as thrombin, bradvkinin, transforming qrowth fac tors  ( T G F )  
and inter leukin-1 ( I L - 1 1 ,  as well as eoidermal ( E G F )  and other  qrowth f a c t o r s .  T G F ,  EGF and 
I L - 1  can a l s o  s t i m u l a t e  bone r e s o r o t i o n  independent  of  prostaqlandin production. Tumor 
necrosis fac tor  ( T N F )  and  1,mDhotoxin ( L T )  are  a l so  ootent s t i m u l a t o r s  of hone r e s o r p t i o n .  
Althouah l o c a l  bone-derived arowth f a c t o r s  have been i d e n t i f i e d ,  they have not been f u l l y  
c h a r a c t e r i z e d  and none of the aaents l i s t e d  above other  than PGE2 have clear1.y been shown t o  
s t imulate  bone qrowth. Indeed, s e v e r a l  have been shown t o  i n h i b i t  o s t e o c l a s t  f u n c t i o n .  
There a r e  remarkablv few l o c a l  inh ib i tors  of bone resorot ion.  Interferon-qamma can i n h i b i t  
bane resorot ion both d i r e c t l y  a n d  b y  blockina  o r o s t a a l a n d i n  s y n t h e s i s .  A f a c t o r ,  which 
c o m o e t i t i v e l v  i n h i b i t s  PTH-stimulated hone resorpt ion,  h a s  been found i n  rat hone cul ture  
medium h u t  not vet character ized.  The D h y S i O l O Q i C  a n d  p a t h o l o q i c  importance of  t h e  many 
f a c t o r s  which i n f l u e n c e  hone metabol ism i s  l i t t l e  understood. Specif ic  i d e n t i f i c a t i o n  of 
t h e i r  ro les  may lead t o  a b e t t e r  understandinq of the  oathoaenesis and  treatment of metabolic 
bone disease and treatment of metabolic bone disease.  

Molecular Biology of Bone and Cartilage Development 

HI8 G E N E  EXPRESSION IN A MODEL SYSTEM FOR MONOCYTE-OSTEOCLAST DEVELOPMENT. P.H. 
Reitsma, S . L .  Teitelbaum, T. Hi l l ia rd  and A.J. Kahn,  Pediatr ic  Research I n s t i t u t e ,  
S t .  Louis U .  and the Washington U .  Medical Center, S t .  Louis, Missouri 63110. 

Data  obtained by a var ie ty  of d i f fe ren t  methods and from a number of independent laborato- 
r i e s  indicate  t h a t  os teoc las t s  a r e  c losely re la ted  t o  and probably descendent from a mono- 
c y t i c  precursor c e l l .  The h u m a n  promyelocytic leukemic ce l l  l i n e ,  HL-60, possesses many o f  
the charac te r i s t ics  of  such precursor c e l l s  including the a b i l i t y  to  respsnd to  exogenous 
inducers ( e . g .  the ac t ive  metabolites of  vitamin 03) by d i f f e r e n t i a t i n g  in to  c e l l s  with 
monocytic and os teoc las t ic  c h a r a c t e r i s t i c s ,  including the  a b i l i t y  t o  bind and resorb miner- 
a l ized hone matrix. I n  the  present s tudy,  a cDNA l i b r a r y  prepared from di f fe ren t ia ted  HL-60 
c e l l s  was screened w i t h  hybrid selected a n d  nonselected cONA probes generated from HL-60 
m R N A  i n  order  t o  ident i fy  clones represent ing genes ac t ive  d u r i n g  the d i f fe ren t ia t ion  pro- 
cess .  These clones were then used i n  Northern blot  analysis  to  determine the  nature and ex- 
t e n t  of change in  the  m R N A  pool subsequent t o  induction. The data show t h a t  ( i )  ~ 1 0 %  of the 
induced HL-60 cDNA l i b r a r y  contains sequences t h a t  a r e  more highly expressed i n  t rea ted  than 
in untreated c e l l s ,  ( i i )  >90% of the  l a t t e r  clones contain repeats o f  the A L U - 1  type,  ( i i i )  
repeat-associated mRNA's a r e  most a b u n d a n t  "-12-24 hours a f t e r  the addi t ion o f  inducer a n d  
( i v )  ALU-1 sequences appear t o  be covalently linked t o  otherwise unique m R N A s .  Thus, as h a s  
been reported for  many other  developing systems, d i f fe ren t ia t ion  in HL-50 i s  accompanied by 
spec i f ic  changes in  t h e  m R N A  population, par t icu lar ly  among those members containing A L U - 1  
sequences. However, whether such sequences play a n  ac t ive  ro le  i n  regulat ing t ranscr ip t ion  
ind/or t rans la t ion  i n  HL-60 remains t o  be determined. 
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Bone Matrix Proteins 

H I 9  TYPE X COLLAGEE: IS SYNTHESIZED DURING ENDOCHONDRAL OSSIFICATION IN 
FRACTURE REPAIR, H.T. Grant, G.J. Wang and G .  Balian. University Of 
Virginia, Charlottesville, VA 2 2 9 0 8  

During fracture healing, the histologic changes in the cartilaginous callus 
are similar to other forms of endochondral ossification. Collagen 
synthesis was studied in fractures created in the humerus of skeletally 
mature, White-Leghorn chicken. At 8-10 days the callus was dissected into 
subgroups according to color, consistency and vascularity and t ese areas 
were examined histolcgically and by metabolic labeling with "C-proline 
followed by SDS-PAGE and f luorography. Samples comprising fibrous tissue 
synthesized primarily type I collagen whereas type I 1  synthesis was 
increased in the areas of the callus containing chondroid tissue. A 55Kd 
polypeptide was synthesized, initially a s  a minor component, by the 
cartilaginous areas of the callus. This 55Kd became a major form in 
association with areas of hypertrophic chondrocytes and mineralized matrix. 
Identification of this protein as type X collagen was achieved by its 
sensitivity to bacterial collagenase, conversion to 40Kd by limited 
digestion with pepsin and by comparison of peptides obtained by cyanogen 
bromide or S. aureus V B  protease digestion with type X prepared from chick 
sternal chondrocyte cultures. Thus far type X collagen synthesis has been 
associated with embryonic endochondral bone formation, longitudinal bone 
growth and, in this study, with fracture repair. 

H20 CYSTCINE IN al CHAINS OF TYPE I COLLAGE:: PRODUCES A CLINICALLY HETEROGENOUS FOP3 OF 
OSTEOGESESLS IXPERFECTA, W. Nancy de Vr ies  and Wouter J .  de Wet, Department of  
Biochemistry,  Potchefstroom Unive r s i ty ,  2520 Potchefstroom, South Af r i ca .  

Extens ive  r a d i o l o o i c a l  examination of f i v e  ind iv idua l s  r ep resen t ing  t h r e e  gene ra t ions  of a 
l a rge  fami ly  w i t h  an autosomal dominant form of 01 showed a renarkable  v a r i a t i o n  i n  pheno- 
type ,  ranging  from mul t ip l e  f r a c t u r e s ,  b lue  s c l e r a  and seve re  s k e l e t a l  d e f o r m i t i e s ,  t o  p.0 

f r a c t u r e s ,  whi te  s c l e r a  and mild t r u n c a l  sho r t en ing .  Syn thes i s  of procol lagen  was examined in 
s k i n  f i b r o b l a s t s .  P r o t e o l y t i c  removal o f  t he  propept ide  reg ions  of newly synthes ized  DKOCOI- 
lagen ,  followed by two-dimensional SDS-PAGE, revea led  the  presence  o f  type  I co l l agen  i n  
which two ol(1)  cha ins  were l inked  through i n t e r c h a i n  d i s u l f i d e  bonds. Fragmentation of t he  
d i s u l f i d e  l inked  %I  ( I ) -d imers  wi th  v e r t e b r a t e  co l lagenase  and cyanogen bromide demonstrated 
tile presence  of a cys t e ine  r e s idue  i n  31(I)-CB8. The p a t i e n t s '  f i b r o b l a s t s  a l s o  synthes ized  
normal a l ( I )  cha ins .  The presence  of the  mutant a l ( I )  cha ins  i n  t r imers  of type I procollagen 
was c o n s i s t e n t l y  found t o  reduce the  thermal s t a b i l i t y  of  t he  p r o t e i n  as  judged by r e s i s t ance  
t o  d i g e s t i o n  by t r y p s i n  and chymotrypsin.  Xolecules con ta in ing  d i s u l f i d e  l inked  a1 (I) chains  
has a Tm of about 39"C, whereas the  Tm of type I co l l agen  from c o n t r o l  f i b r o b l a s t s  was 4G.S"C. 
T h e  most l i k e l y  exp lana t ion  f o r  the  d i s r u p t i v e  change i n  the  phys ica l  s t a b i l i t y  of t he  mutant 
co l l agen  is  t h a t  a cys t e ine  r e s idue  is  s u b s t i t u t e d  f o r  a g lyc ine  i n  fragment nl(I)-CBG. OLIK 
obse rva t ions  a l s o  i n d i c a t e  t h a t  the  mutant p roco l l agen  was c l ea red  from the  c e l l s  w i th  no 
s i g n i f i c a n t  de l ay  i n  s e c r e t i o n .  Also,  the  c l ea red  e x t r a c e l l u l a r  cys te ine-conta in ing  type  I 
procol lagen  molecules were cleaved by p roco l l agen  N-proteinase,  sugges t ing  t h a t  the  01 pheno- 
type  i s  due t o  the  inco rpora t ion  of cys t e ine -con ta in ing  type  I t r imers  i n t o  co l l agen  f i b r i l s .  

H21 MINERALIZATION OF HEALING CANINE TIBIAL DEFECTS, J. P. Gorski, J. T. Wonk and 
T. P. Moyer, Mayo Clinic, Rochester, MN 55905 

As part of a study of the effect of matrix proteins on mineralization, 
we measured calcium content per time in a fracture healing model. 
Similar results were obtained with six mongrel dogs in two age groups, 
1-2 yrs and >8 yrs. After anesthesia, four 0.9 cm holes were drilled 
through one cortex of each tibia and defects allowed to heal for 1, 2, 
4 or 6 weeks. Vascular volume of defects was determined with 
9gTc-labeled red blood cells and tibiae removed 4h later; ingrowth 
tissue was removed from each hole for independent analysis. Ingrowth 0 

tissue was devoid of cartilage by histologic analysis and suggests P 
repair proceeds via an intramembranous mechanism. Vascularization of 2 
defects peaked at 2 wks after surgery. Water content of ingrowth 
tissue was 74% at 1 and 2 wks and then dropped to 40% at 6 wks. The 
calcium/phosphorous molar ratio of ingrowth tissue averaged 1.827 at 1 

volume vs. specific gravity is shown and indicates that calcium uptake 
is triphasic. The data suggest phase one (40-100 mg calcium/ml) may 
represent accretion by proliferating mesenchymal tissue. Uptake 
during the second phase (100-200 m f r / m l )  is consistent with substitution of Cat? for another 
metal ion bound to anionic matrix sites. The third phase (>ZOO mg/ml) appears to involve 
deposition of calcium hydroxyappatite at the expense of tissue water. 

and 2 wks, and 1.594 at 4 and 6 wks. A plot of calcium content per 
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H22 SPECIES SPECIFIC DIFFERENCES IN THE ARTHRITOGENIC EPITOPES EXPRESSED BY MAMMALIAN 
AND AVIAN TYPE I1 COLLAGENS. Marie M. Griffiths, University of Utah, Salt Lake 
City UT 84132. 

Type 11 Col lagen-Induced Arthritis (CIA) is an experimentally-induced, autoimmune model of 
chronic, peripheral arthritis that is under multiple gene control in rats. A panel of 12 
inbred prototype and congenic rat strains have been tested for susceptibility to CIA as 
induced by native type I1  collagen extracted from the articular cartilage o f  several 
mammalian (deer, rat, calf, pig) and avian (chick) species. In a strain analysis 1) Porcine 
(PII) type I1 collagen was the most arthritogenic overall and chick (CII) type I1 collagen 
was the least arthritogenic of the collagens using a standard immunization protocol. 2) A 
general pattern o f  DA,WF>LEW>BN.lA, BN.IL, AUG>ACI, M520>BN, WF.lN, F344 as based on 
incidences of CIA was observed. However, under strong immunization conditions, reciprocal, 
RT1-controlled, differences in recognition of species specific arthritogenic determinants 
present i n  PI1 jnd CII were found with the WF.1N (MAXX) and BN.1L (LEW) strains. Suscepti- 
bility vs resistance to CIA (as induced by PI1 or CII) was paralleled by high or low 
cross-reactive, IgG anti-rat type I1 collagen antibody titers in the two strains 28 days 
after immunization. 

CHARACTERIZATION OF GROWTH FACTORS DERIVED FROM BONE MfiTRIX, 
P. Hauschka, S. Doleman, M. Iafrati, J. Sasse, M. Klagsbrun. 
Children's Hospital. Boston, Massachusetts 02115. 

H 23 

Bone matrix contains a variety of polypeptide growth factors (OF) which 
are extractable by deminerrlization (EDTA or HC1). Quantitation of these 
activities involvrs mitopenic assay on quiescent BALBlc 3T3 fibroblasts, 
where 1 GF unitI0.2 ml medium causes half-maximal stimulation of [='HI- 
thymidine incorporation into DNA. Up to 600 units of total O F  activity 
is present in 1 g of dry bone powder. Resolution by affinity chromato- 
graphy on heparin-Sepharose reveals up to six peaks of bone derived GF 
activity (BDGF), provisionally named by the NaCl molrrity at which they 
elute. For fetal bovine mandible (cartilage-free) thene peaks include: 
BDGF-0.1 ((10% of total activity), BDGF-0.45 (23%). BDGF-1.1 (10%). 
BDGF-1.5 (50Y.), BDGF-1.7 ( 7 % ) .  BDGF-2.0 (7%). In adult bovine femur the 
proportion of BDGF-1.5 (20%) and BDGF-1.7 (30%) is shifted. possibly 
because of endochondral origin. BDGF-1.1. -1.5, and -1.7 share certain 
chemical properties with fibroblast GF-like mitogens from brain, pitui- 
tary, cartilage, and tumors, and are potent mitogens for capillary 
rndothelial (CE) cells. BDGF-0.45 i 5  stable to boiling. O.1N HC1. and 411 
quanidine, inactivated by DTT and trypsin, and inactive on CE cells, 
thus resembling platelet derived growth factor (PDGF). Characterization 
of BDGF's by antisera to other known polypeptide OF'S is in progress. 

~ 2 4  y o n o c l o n a l  Ant i h o d i e s  t o  ::uisan C'non:lroiiectin 
v . ; ~ .  'Torn, V . P T .  V a r n e r ,  ,T. Oromsky, (z.?. I l n r t i n ,  an4  F 1 . K .  
ICleinman,FJIFI,:.JInP\, LQqA, BethesAa 754. 

C h o n d r o n e c t i n  is a g l y c o p x o t e i n  found i n  c a r t i l a q e  an:l  i n  seriu- w:iich 
m e d i a t e s  t h e  a t t a c h m e n t  o f  c h o n d r o c y t a s  to t v n e  1 1  c o l l a q e n  ( r r e l o i t t  et al.,PpTnl? 
77:385:19?O).  It h a s  a m o l e c u l a r  w e i g h t  o f  1 ; 3 O , O O 0  b e f o r e  r e r l i i c t i o  i o f  
d i s u l f i i i e  bonds  and  77,900 a f t e r  r e d u c t i o n .  :;Te h a v e  p a r t i a l l y  puri fio.3 human 
c h o n d r o n e c t i n  from serum u s i n q  a f f i n i t y  and ~ f 7 s o r p t i o n  chro1ia togra  d?y. :Je  
h a v e  r a i s e . ?  monoclonal  a n t i b o d i e s  t o  human c h o n q r o n e c t i n  hv iqniiini  : inq %lh-c 
-ice with n a t i v e  p a r t i a l l y - p u r e  human c h o n d r o n e c t i n .  The immunize J s p l e e n  
c e l l s  were f u s e d  t o  %g? I-iveloxna cells. The  r e s u l t i n o  coloi?ies w e r 3  scr?:?ne:3 
by >:LISA a r j a i n s t  p u r e  c i ionr l ronec t in  ohtaine:?  by e l e c t r o e l u t i o i i  Eror. S!)S-PA:G-: 
qe1.s. Two p o s i t i v e  c l o n e s  were  o t1 ta ine . l  a E t r r  Trowth an-! r e p e a t e d  s u h c l o n i n i .  
Us ing  i l e s t e r n  b l o t  t e c h n i q u e s ,  t h e  a n t i b o , i i e s  h a v e  b e e n  s:iown to r x o y n i z e  
h o t h  t h e  ret411ce4 and iinreriuce8 c h o n d r o n e c t i n  i n  W'hole liiinan s e r i i i n  3n:l i.! 
human c a r t i l a g e  e x t r a c t s .  The a n t i b o 4 y  ( 9 0 ~ s  n o t  c r o s s  r e a c t  w i t h  o t l i e r  serii-i 
or c a r t i l a g e  p r o t e i n s ,  and  i s  s p e c i e s  s p e c i f i c .  I n d i r e c t  i ~ ~ ~ i n o f l i i o r e ~ [ ~ : ~ ~ i ~ ~ ?  
of f e t a l  hiimRn s t e r n a l  and a r t i c u L a r  c a r t i l n i o  l o c a l  iz-11 the ?r l t i l ' )~ . (v  

p e r i c e l l u l a r l y  a r o u n d  c h o n d r o c y t e s .  A c o r n p t i t i v e  KLISA i s  b e i n g  f levelopei ;  t o  
d e t e c t  v a r i a t i o n s  i n  serum c h o n d r o n e c t i n  c o n c e n t r 3 t i o n  i n  n a t i e n t s  w i t h  hone  
a n 4  c a r t i l a g e  d i s o r d e r s .  D i f f e r e n c e s  a r e  e x p e c t e d  a s  c h o n s l r o n e c t i n  s e r v e s  
a n  i ' n p o r t a n t  role i n  c i l r t i l a g e ,  and i s  c a r t i l a g e - s p e c i f i c .  
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~ 2 5  MEASUREMENT OF BONE MORPHOGENIC PROTEIN AND PROSTAGLANDINS IF: PATIENTS WITH 
FIBRODYSPLASIA OSSIFICANS PROGRESSIVA, Joan C .  Marini,  Robert T. Hudak, James 

Renig, Marshall  R .  Urist and Michael A.  Zas lo f f .  National I n s t i t u t e s  of Health and 
Universi ty  of  C a l i f o r n i a ,  Los Angeles. 

t i s s u e  which i s  cha rac t e r i zed  by the  progressive appearance of  he t e ro top ic  enchondral bone. 
Lesions a r i s e  as sarcoma-like s o f t  t i s s u e  swel l ings.  By CT s t u d i e s ,  o s s i f i c a t i o n  i n i t i a t e s  
a t  random po in t s  i n  f a s c i a 1  planes surrounding muscles. The l e s i o n  progresses  through a 
c a r t i l a g e  s t a g e  and ends a s  h i s t o l o g i c a l l y  normal bone with c n e t r a l  marrow cav i ty .  The 
bas i c  l e s i o n  is  unknown and the re  have been no abnormal l abora to ry  t e s t s  by which the  
d i sease  may he followed. 

We have discovered t h a t  p a t i e n t s  with a c t i v e  l e s i o n s  have elevated l e v e l s  by R I A  of 
bone morphogenic p r o t e i n  i n  serum and a PGE-like compound i n  plasma. Levels  i n  these  p a t i e n t s  
a r e  up t o  t e n  t imes the  normal value.  The ec top ic  o s s i f i c a t i o n  i n  these  p a t e i n t s  fol lows a 
p a t t e r n  t h a t  is s t r i k i n g l y  s i m i l a r  t o  the  o s s i f i c a t i o n  induced by injecti-on of bone 
morphogenic p r o t e i n  i n t o  rat  muscle, suggest ing t h a t  t hese  values  provide information on the  
bas i c  biology of FOP. Measurement of t hese  compounds on add i t iona l  p a t i e n t s  (with a c t i v e  vs .  
i n a c t i v e ,  t r e a t e d  vs .  untreated d i sease )  w i l l  be presented t o  provide information on t h e i r  
u se fu l lnes s  a s  d i sease  markers. Further ,  we w i l l  present  t he  r e s u l t s  of s e l e c t i v e  venous 
c a t h e r i n a t i o n  of a c t i v e  l e s i o n s  and t h e i r  imp l i ca t ions  fo r  t he  biology of he t e ro top ic  
bone induct ion.  

Fibrodysplasia  Oss i f i cans  Progressiva (FOP) i s  a h e r i t a b l e  d i so rde r  of connective 

H26 s p e c i f i c  Binding S i t e s  f o r  Epidermal Growth Factor  (EGFI i n  Bone and I n c i s o r  Enamel 

An i n  vivo binding assay using radioautography was employed t o  v i s u a l i z e  EGF recep to r s  i n  
ra t  c a l c i f i e d  t i s s u e s .  Experimental  rats were i n j e c t e d  intravenously with l 2  'I-EGF (207 
pCi/pq). Control  rats received t h e  same quan t i ty  of 12'1-EGF toge the r  with 100 pq of 
unlabeled RGF. Two and 30 minutes l a t e r ,  f r e e  hormone was washed out  by perfusion with 
Ringer 's  so lu t ion  followed by qlutaraldehyde,  which f ixed  t h e  bound hormone i n  s i t u .  
S i l v e r  g ra ins  ind ica t ed  s i t e s  of hormone binding i n  t i s s u e s  of experimental  rats. These 
s i t e s  were def ined as s p e c i f i c  binding ( r e c e p t o r s )  when s i m i l a r  s i t e s  i n  con t ro l  rats 
showed a s i m i f i c a n t l y  reduced r eac t ion .  S p e c i f i c  bindinq s i t e s  were observed on undif-  
f e r e n t i a t e d  c e l l s  i n  t h e  zone of vascular  invasion a t  t h e  metaphyseal su r f ace  of t h e  
epiphyseal  p l a t e .  These mnonucleated c e l l s  had elongated processes  located between t h e  
c a l c i f i e d  c a r t i l a g e  and t h e  c a p i l l a r y  endothelium. S imi l a r  c e l l s  containing r ecep to r s  f o r  
RGF were a l s o  observed between endo the l i a l  c e l l s  and bone i n  t h e  zone of mixed sp icu le s .  
I n  enamel organ, r ecep to r s  were p re sen t  on t h e  ou te r  den ta l  epi thel ium, s t e l l a t e  reticulum, 
s t r a tum intermedium and p a p i l l a r y  l aye r  c e l l s  of t h e  p re sec re to ry ,  s ec re to ry  and maturation 
zones and t h e  ruffle-ended ameloblasts  i n  maturation. Within t h i r t y  minutes, t h e  labeled 
r ecep to r s  on ruffle-ended ameloblasts  were i n t e r n a l i z e d  t o  endosomes i n  a region within t h e  
Golqi zone. EGP has been implicated i n  c e l l  d iv i s ion ,  d i f f e r e n t i a t i o n  and invasiveness .  
The demonstration of EGF recep to r s  i n  bone and enamel organ provides t h e  f i r s t  evidence f o r  
a d i r e c t  r o l e  of t h i s  hormone i n  bone and enamel formation. Supported by MRC of Canada. 

Organ of t h e  R a t .  8. Martineau-Doiz6, W. Lai ,  H. Warshawsky and J . J . M .  Bergeron. 

A POTENTIAL MOLECULAR MARKER FOR OSTEOARTHRITIC CARTILAGE, Cahir A. H27 
McCevitt*, Stephen P. Arnoczky and Mark Mitchell, *Cleveland Clinic Foundation, 
Cleveland, OH 44106; Hospital for Special Surgery, New York, NY 10021: State 
University of New Y o r k ,  NY 11794. 

Specific molecular markers for degradation products of articular cartilage 
would be invaluable in diagnosis, classification and management of the sub-types 
of osteoarthritis. The soluble, non-proteoglycan proteins were systematically 
investigated in experimental canine and naturally acquired human (OA) with the 
aim of identifying possible markers for the disease. Experimental OA was 
induced for 3 to 7 months by section of the anterior cruciate ligament in 10 
dogs: human osteoarthritic patellae were obtained at autopsy. 

Proteins were extracted with 4M GcHCl with inhibitors, purified by density 
graduate centrifugation and analyzed by gradient gel electrophoresis and silver 
periodic acid staining. The results were notable: all of the pathological 
canine and human sepcimens contained a protein (M.W: 135kDa) that was absent or 
markedly reduced in concentration in controls. Preliminary characterization 
studies suggest the protein is an early degradation product of cartilage that 
could be employed as a marker for the disease. 
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H28 
During endochondral bone development, explants of embryonic chick limbs 
release neutral metalloproteinases capable of degradaing cartilage proteoglycan and 
gelatin. 
to the bone narrow cavity degrades proteoglycan as well as Belatin and is 
unique in being in a n  active form in the medium and resistant to the sfrim 
proteinase inhibitor, &macroglobulin and cartilage tissue proteinase 
inhibitors including 'Ilkll' (tissue inhibitor of metalloproteinases). 'i'he other 
enzymes presznt in media conditioned by tarsus and bone marrow explants are in 
latent forms. Although the activated tarsus enzyme(s) is capable of 
degrading proteoglycan, it is blocked by the above inhibitors. harrow 
enzyme does not seem to degrade proteo&lycan effectively, but is resistant to these 
inhibitors. 
mineralization perhaps by sequestering calcium at its onset, our results 
suggest that the "cavity-surround" tissue produces proteinase(s) which is 
essential to cartilage reiioval and mineralization during endochondral bone 
formation. 

)letalloproteinases in Endochondral bone Formation, Yuko !likun-'iakagaki, 
'The Children's !iospital and iiarvard Piedical School,  ljoston, ikA 02115 

'i'he enzyme(s) which is secreted from explants of the region adjacent 

Since it has been suggested that cartilage proteoglycan inhibits 

OSTEOINDUCTION IN PATS WITH A XENOGENEIC COMPOSITE, bnga M. Nathan, Rosa N. 
Armstrong, Hanne Bentz, Andrea Y. Thompson, Karl A. Piez and Saeid M. Seyedin, 

H29 
Connective Tissue Research Laboratories, Collagen Corporation, 2500 Faber Place, Palo Alto, 
CA 94303 
Subcutaneous implantation of allogeneic demineralized bone matrix (DBY) in rats results in 
endochondral bone formation. 
show inconsistent cartilage and bone formation, along with an intense inflamnatory reaction 
at the implant site. 
imnunogens present in bovine implants. 
purified bone-inducing factor(s) was prepared from bovine bone through a series of steps that 
included guanidine iEl extraction o€ the DBM followed by gel filtration and CM-cellulose 
chromatography of the proteins. Fmbryonic rat muscle cells embedded in agarose gel culture 
were used to assay for chondrogenesis. 
fraction differentiated and synthesized cartilage specific macromolecules. 
viva delivery system for CM-B, the inactive guanidine HC1-extracted b n e  residue was 
trypsinized ard extensively washed to remove the antigenic components yielding a 
predominantly insoluble collagenous matrix. 
different amounts of CM-B with a carrier system that consisted of 90% trypsinized insoluble 
bone collagen and about 10% purified soluble bovine dermal collagen. 
of materizils implanted i n  rats was measured by determining cartilage proteoglycan levels, 
alkaline phosphatase activity and histological methods. Subcutaneous implantation of the 
composite materials resulted in dose- dependent endochondral bone formation in rats, with 
CM-B. Osteogenic activity was detectable in a mixture of 1 part CM-B to 200 parts of the 
carrier. At higher doses, 1:lOO and 1:50, biological activity was comparable to allogeneic 
implants of rat DBM, with little or no inflamnatory response. The results, therefore, show 
that the osteoinductive activity of a bovine D W  is enhanced upon minimizing the imnunogenic 
components i n  the xenogeneic bone matrix. 

In contrast, implants of bovine DBM in rat subcutaneous tissue 

The inflamnatory response appears to be due to species-specific 
To overcome this type of a response. partlally 

Only cells treated with the CM-cellulose bound (5'-B) 
To develop an fi 

~ 

Xenogeneic composites were prepared by combining 

Osteoinductive activity 

~ 3 0  CARTILAGE-DERIVED ENDOTHELIAL CELL GROWTH FACTOR IS STRUCTURALLY RELATED TO TUMOR 
AND PITUITARY DERIVED GROWTH FACTORS. Joachim Sasse, John A. Smith*, Robert 
Sullivan and Michael Klagsbrun. Department of Surgery, Children's Hospital, 
Boston, MA 02115 and oepartment of Molecular Biology*, Massachusetts General 
Hospital, Boston, MA 02114. 

Cartilage-Derived Growth Factor (CDGF) has been extracted from human cartilage with 1 M NaCl 
and purified to homogeneity by cation-exchange chromatography on BioRex-70 and affinity 
chromatography on Heparin-Sepharose. The strong affinity for heparin of CDGF suggested to us 
a possible homology to tumor and brain derived growth factors. AccordingIy, two synthetic 
peptides were synthesized corresponding to two sequences present in both human hepatoma- 
derived and bovine pituitary-derived growth factor. Peptide 1 is the 15-mer amino-terminal 
region of brain and pituitary FGF ~Ala-Leu-Pro-Glu-Asp-Gly-Gly-Ser-Gly-Ala-Phe-Pro-Pro-Gly; 
Boehlen et al., P.N.A.S., 81: 5364, 1984) and peptide 2 is a 10-mer sequence close to the 
bovine FGF C-terminus (Ala-Ile-Leu-Phe-Leu-Pro-Met-Ser-Ala-Lys; Esch et al., P.N.A.S., 8 2 :  
6507, 1985). High titer antisera raised against these synthetic peptides strongly cross- 
reacted with CDGF in Western-Blot and Immuno-Slot-Assays. These results combined suggest 
that CDGF and tumor- and brain-derived growth factors are structurally related members of a 
class of cationic growth factors characterized by their strong affinity for heparin. 
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~ 3 1  ISOLATION AND CHARACTERIZATION OF PRDTEOGLYCANS FROM THE MINERALIZED COMPARTMENT OF 
RAT CALVARIA, K. Shimizu and J. P. Gorski, Mayo Clinic, Rochester, MN 55905 

Kecent studies have described the isolation and analysis of a small proteoglycan (PG) from 
bovine bone. In view of the potential usefulness of a rodent model in metabolic studies, it 
was of interest to purify and characterize the PG fraction from rat calvaria. 
calvaria were excised, parietal and frontal bones freed of sutures, and bone was minced and 
lyophilized. The tissue was first extracted with 4M guanidine-HC1 (pH 7.4) containing inhi- 
bitors for 72h at 4°C and then with 4M guanidine-HC1 (pH 7.4) containing 0.5M EDTA and inhi- 
bitors. The latter extract was subjected to DEAE-Sephacel chromatography in 6M urea; PG 
were eluted with a linear salt gradient at about 2.OM NaAc. 
further on hydroxyappatite in the presence of 7M urea where PG eluted as a single peak 
during a linear phosphate gradient. 
dient gels showed "Stains-All" bands at 255K, 180K, 130K and 35K. Additional Sepharaose 
CL48 chromatography separated the 35K species (Kav 0.7) from the PG peak (Kav 0.35). 
Treatment o f  the purified PG pool with proteinase K followed by SDS-PAGE resulted i n  a wide 
glycosaminoglycan band of apparent Mr=55K. Incubation with chondroitinase AC or A8C indi- 
cated that the 180K and 130K species were chondroitin sulfate proteoglycans with core pro- 
teins of Mr=42K. 
also yielded a 42K core protein. These data suggest that the proteoglycans of the minera- 
lized compartment of young rat calvaria can be purified by the above scheme, are heteroge- 
neous with respect to hydrodynamic size and possibly glycosaminoglycan composition, and yet 
exhibit a common core protein size. 

Young rat 

This fraction was purified 

Subsequent 808-PAGE under reducing conditions on gra- 

The 295K PG form was only partially dlgested by AC, however, ABC digestion 

Bone and Cartilage Cells 

H32 INDIJCED MINERALIZATIOM OF CHONDROCYTE CULTURES INCREASES SYNTHESIS 
OF TYPE X COLLAGEN, Jenny Morris, William T. Grant and Gary Balian, 
University of Virginia, Charlottesville, VA 22908 

Synthesis of type X (short chain) collagen is restricted to the region of 
transition between cartilage and bone. To determine if type X is 
associated with matrix mineralization, cells were cultured in the presence 
of 5-glycerophosphate (BGP). Osteoblasts isolated from chick embryo 
calvaria and chondrocytes prepared from "calcifying" o r  "permanent" 
cartilage regions of sterna were cultured with of without l O m M  BGP. Both 
osteoblasts and calcifying chondrocytes cultured with BGP demonstrated 
areas of mineralization beginning on day 10 whereas permanent chondrocytes 
did not mineralize. BGP induced a 25 fold increase in calcium 
concentration and an 8 fold increase in phosphorus in the cell layers of 
"calcifying" chondrocytes. While no type X collagen synthesis could be 
detected in osteoblasts OK "permanent" chondrocyte cultures with or without 
BGP, treatment of " c a l c ~ ~ i n g "  chondrocytes with BGP significantly 
increased incorporation of C-proline into type X in both cell layer and 
media compartments. Stimulation of type X collagen synthesis by BGP in 
association with the induced mineralization of calcifying chondrocyte 
matrix suggests a role for this collagen in the process of cartilage 
mineralization. 

H33 TYPE X COLLAGEN BIOSYNTHESIS BY CULTURED RABBIT GROWTH PLATE CARTILAGE CHONDRDCYTES 
Bashey, R.I., CamFo,R., Rao, V., Jimenez, S . A .  University of Pennsylvania 19104 

During the last few years it has been shown that hyaline cartilage contains in addi- 
tion to Type I1 collagen, several minor species which include la, Za, 3a and Type I X  colla- 
gens. In addition it has been shown that avian chondrocytes synthesize a short-chain colla- 
gen which i s  now classified as Type X collagen. We reported the synthesis of Type X colla- 
gen by rabbit and bovine growth plate cartilage i n  organ cultures. In the present study, we 
developed methods to isolate chondrocytes from the different zones of rabbit growth plate 
and successfully established primary cultures of these cells. 

Chondrocytes were isolated from four sequential sections of costochondral growth plate 
representing hypertrophic, reserve, proliferative and structural cartilage. When the chon- 
drocytes reached confluency they were metabolically labeled with 14C-proline. Analysis of 
the labeled proteins by SDS-polyacrylamide gel electrophoresis showed that type I 1  procolla- 
gen was the major collagen species synthesized by the chondrocytes from the four separated 
regions of the growth plate. 
total collagen was exclusively synthesized by the condrocytes cultured from the hyper- 
trophic zone. 
of the media suggesting that it is probably present in a higher molecular weight form. 
Further work i s  in progress to elucidate the nature of the Type X aggregate. 

In contrast, Type X collagen which represented about 20% of 

The newly synthesized Type X collagen was only visualized after pepsinzation 
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H34 EFFECT OF HEPARIN OPI COLLAGEN SYNTHESIS BY CRONDROCYTES, Cameron C. 

Chondrocytes isolated from either "permanent" or "calcifying" regions of 
embryonic chick sternae were grown to cpafluence and treated with heparin 
for 48h. One group was incubated with C-proline and another allowed to 
grow an additional 72h from the tine heparin treatment was stopped. There 
were no changes in cell morphology due to heparin. Radiolabeled proteins 
studied on SDS-PAGE showed a marked increase in bands that were pepsin- 
sensitive, corresponding to the region of precursor molecules of type I1 
collagen as well as a decrease in relative synthesis of type I1 and type X 
collagens. No type X collagen was detected in the "permanent" cartilage 
cells with or without heparin. Bacterial collagenase assay identified a 
significant reduction in collagenase sensitive material predominantly in 
the media compartment. All inhibitory effects were reversed upon removal 
of heparin. Heparin appears to inhibit collagen processing demonstrated by 
the accumulation of a precursor in the cell layer and a corresponding 
decrease in collagenase sensitive material in the media. This effect may 
correlate with the clinically known induction of osteoporosis following 
long term heparin therapy. Our results are consistent with reports that 
exogenous proteoglycan inhibits collagen synthesis by chondrocytes. 

Brown and Gary Balian, Univ. of Virginia, Charlottesville, VA 22908 

H35 C H A R A C T E R I Z A T I O N  OF HUMAN OSTEOBLAST L I K E  C E L L S  C U L T I V A T E D  "IN V I T R O "  
Annette Chamson, Aiine Rat tner ,  Nadine Raby and Jacques Frey, Medical School of 
Saint-Etienne, 42023 Saint-Etienne, France. 

O s t e o b l a s t  l i k e  c e l l s  were  c u l t i v a t e d  by enzyme d i g e s t i o n  ( t r y p s i n  - 
c o l l a g e n a s e )  f rom s p o n g i o u s  bone .  They were p r o p a g a t e d  by t r y p s i n i z a t i o n  
t h r o u g h  s e r i a l  s u b c u l t u r e s .  

The s u b c u l t u r e s  were c h a r a c t e r i z e d  by t h e i r  b i o c h e m i c a l  p r o p e r t i e s .  
The c e l l s  c o n t a i n  a l k a l i n e  p h o s p h a t a s e s ,  and i t  was p o s s i b l e  t o  d e t e r m i n e  
t h a t  i t  was t h e  bone i soenzyme by e l e c t r o p h o r e s i s  and i n h i b i t i o n  a t  56°C.  
The p r e s e n c e  of  o s t e o c a l c i n  was i n c o n s t a n t .  

The c o l l a g e n  b i o s y n t h e s i s  was s t u d i e d  a f t e r  l a b e l 1  
i t  w a s  o b s e r v e d  t h a t  t y p e  I 1 1  c o l l a g e n  was two t o  th ree  
i n  f i b r o b l a s t  c u l t u r e s  a n d  t y p e  I t r imer  was t w i c e  g r e a  
f i b r o b l a s t  c u l t u r e s .  

n g  w i t h  1 4 C  p r o l i n e .  
t imes l e s s  t h a n  

e r  t h a n  i n  

H36 NODULATION OF CHONOROCYTE METABOLISM BY CYTOKINES PRODUCED BY A SYNOVIAL CELL LINE, 
C . H .  E v a n s ,  H.I. Georgescu, D. Mendelow, K .  Sung, PI. Tsao and S .  Watanabe, 
Orthopaedic Research Laboratory, University of Pi t tsburgh,  Pi t tsburgh,  PA 15261 

HIG-82 is an establ ished l i n e  of lap ine ,  synovial f ib roblas t s .  Following act ivat ion by 
phorbol myris ta te  ace ta te  (0 .1  gg/ml), HIG-82 c e l l s  secre te  cytokines which have several 
e f f e c t s  upon the metabolism of primary, monolayer cu l tures  of lapine a r t i c u l a r  chondrocytes. 
The synovial fac tor  suppresses both the incorporation of 3 5 S O ~ , 2 -  i n t o  GAG and the incor- 
poration of 3H-proline i n t o  collagen, without d r a s t i c a l l y  reducing the synthesis  o f  non- 
collagenous protein.  Chondrocytes increase t h e i r  synthesis  of PGE, within one hour of 
being exposed to  HIG-82 c e l l  products; measurable increments in the secre t ion  of collagen- 
ase ,  gelat inase and caseinase follow 8-11 hours l a t e r .  The synovial ac t iva tor  i s  heat 
s t a b l e ,  p rec ip i tab le  by 60-95% sa tura ted  ( N H Q , ) ,  SO, and of II, between 10,000 and 25,000, 
propert ies  consis tent  with those of the catabol in/ inter leukin-1 family. 
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H37 CONTRACrION OF COLLAGEN LATTICE BY OSTEOBLAST LIKE CELLS, Jacques Frey 
and Annette Chamson, Medical School of Saint-Etienne, 42023 Saint-Etienne, France. 

H u m a n  o s t e o b l a s t  l i k e  c e l l s  w e r e  s t u d i e d  a f t e r  p r o p a g a t i o n  t h r o u g h  
s e r i a l  s u b c u l t u r e s .  T h e y  w e r e  c h a r a c t e r i z e d  b y  t h e i r  b i o c h e m i c a l  
p r o p e r t i e s .  

c o l l a g e n  gel. A c o l l a g e n  l a t t i c e  w a s  o b t a i n e d  a n d  it l o o k e d  l i k e  a 
t i s s u e .  E l e c t r o n  m i c r o s c o p y  s h o w e d  m i c r o f i b r i l l s  a n d  f i b r i l l s  o f  
c o l l a g e n  w i t h  n o r m a l  c r o s s - s t r i a t i o n .  S o m e  o f  t h e s e  f i b r i l l s  s e e m e d  
t o  h a v e  a b e g i n n i n g  o f  c a l c i f i c a t i o n .  

T h e s e  c e l l s  w e r e  a b l e  t o  c o n d e n s e  a n d  c o n t r a c t e  a n  a c i d  s o l u b l e  

H38 EFFECT OF STAPHYLOCOCCUS AUREUS CELL WALL COHPONENTS ON BONE CELLS I N  CULTURE, 
E l l i o t  J a c o b ,  Aram Y .  B a l e k j i a n ,  Robert  E .  Carson and H e r a l i n e  E .  Hicks ,  Naval 
X e d i c a l  Research  I n s t i t u t e ,  Bethesda ,  HD 20814-5055 

Al though __- S . a u r e u s  is  t h e  most f r e q u e n t l y  i s o l a t e d  organism i n  o s t e o m y e l i t i s ,  t h e  f a c t o r ( s )  
t h a t  e n a b l e  i t  t o  i n i t i a t e  and p r o p o g a t e  o s s e o u s  i n f e c t i o n s  have n o t  been i d e n t i f i e d .  T h i s  
s t u d y  e v a l u a t e d  t h e  e f f e c t s  o f  s t a p h y l o c o c c a l  c e l l  w a l l s ( O J ) ,  pept idoglycan(PG) ,  and an am- 
monium s u l f a t e  f r a c t i o n  p r e c i p i t a t e d  f rom t h e  c u l t u r e  s u p e r n a t a n t ( C S )  on bone c e l l  growth & 
v i t r o .  Bone c e l l s  were i s o l a t e d  from f e t a l  r a t  c a l c a r i a e  and pooled  t o  c o n t a i n  e i t h e r  o s t e o -  
c l a s t - r i c h ( 0 C )  o r  o s t e o b l a s t - r i c h ( 0 B )  p o p u l a t i o n s .  S t a p h y l o c o c c a l  components (W,  PG,  CS) 
were added a t  a c o n c e n t r a t i o n  of 0.1 mglml t o  c u l t u r e s  of e i t h e r  O C  o r  OB c e l l s  and i n c u b a t e d  
a t  37OC f o r  24h. The c e l l s  were p u l s e d  w i t h  3H-thymidine f o r  72 h ,  and t h e  d e g r e e  o f  i s o t o p e  
i n c o r p o r a t i o n  was measured. 
u p t a k e  i n  O C  c e l l s  (17.0% and 19 .4%,  r e s p e c t i v e l y )  than  i n  OB c e l l s  (6.7% and 9 . 4 %  r e s p e c -  
t i v e l y  a s  compared t o  c o n t r o l  v a l u e s .  In  c o n t r a s t ,  t h e  e x t r a c e l l u l a r  f r a c t i o n  caused a 
g r e a t e r  r e d u c t i o n  of DNA s y n t h e s i s  i n  OB c e l l s  (13%) than  i n  O C  c e l l s  ( 7 . 7 % ) .  E .  c o l i  l i p o -  
p o l y s a c c h a r i d e  ( 0 . 1  mg/ml) d i d  n o t  c a u s e  a s i g n i f i c a n t  r e d u c t i o n  of 3H-thymidine u p t a k e  i n  
e i t h e r  O C  o r  OB c e l l s .  T h i s  s t u d y  d e m o n s t r a t e s  t h a t  S . a u r e u s  p o s s e s s e s  c e l l - a s s o c i a t e d  a s  
w e l l  a s  e x t r a c e l l u l a r  components t h a t  i n t e r f e r e  w i t h  bone c e l l  growth i n  v i t r o  and t h a t  t h e s e  
components may p l a y  an impor tan t  r o l e  i n  t h e  p a t h o g e n e s i s  o f  o s s e o u s  i n f e c t i o n s .  

__ 

S . a u r e u s  CW and PC; caused  a g r e a t e r  i n h i b i t i o n  o f  3H-thymidine 

H39 PLURIPOTENT HEMOPOIETIC STEM CELLS G I V E  RISE TO OSTEOCLASTS, Gary B. S c h n e i d e r ,  
John Ni-colas and  Melanie  R e l f s o n ,  Loyola U u i v e r s i t y ,  Mayuood, IL 60153 

O s t e o p e t r o s i s  i n  t h e  i a l i a  r a t  i s  t h e  r e s u l t  o f  reduced  bone r e s o r p t i o n  due  t o  abnormal 
o s t e o c l a s t s .  S t u d i e s  i n  t h e  i a  mutant  have  shown t h a t  hemopoie t ic  s tem cel ls  from normal 
l i t t e r m a t e s  c o u l d  c u r e  t h e  s k x e t a l  s c l e r o s i s  and r e s u l t  i n  t h e  f o r m a t i o n  o f  normal 
o s t e o c l a s t s  when t r a n s p l a n t e d  i n t o  & r a t s .  The f o l l o w i n g  s t u d i e s  were conducted  t o  
d e t e r m i n e  t h e  inechanisni of t h e  c u r e ,  i . e . ,  d o  t h e  s tem c e l l s  p r o v i d e  a h e l p e r  f u n c t i o n  t o  
t r a n s f o r m  p r e - e x i s t i n g  mutant  o s t e o c l a s t s ,  o r  do they  d i f f e r e n t i a t e  i n t o  o s t e o c l a s t s  
themselves .  G o l d s c h n e i d e r  e t  a l .  (J. Exp. Med. 1 5 2 : 4 1 9 )  demonst ra ted  t h a t  s tem c e l l s  from 
r a t  bone marrow a r e  r e l a t i v e l y  l a r g e  mononuclear cel ls  t h a t  a r e  s t r o n g l y  p o s i t i v e  for  Thy 
1 . 1  a n t i g e n .  Using t h e  p a r a m e t e r s  d e s c r i b e d  by G o l d s c h n e i d e r ,  and f l u o r e s c e n c e - a c t i v a t e d  
c e l l  s o r t i n g ,  t h e  p l u r i p o r e n t  hemopoie t ic  stern c e l l s  were i s o l a t e d  from normal r a t  bone 
marrow, l a b e l e d  w i t h  s a t u r a t e d  FITC and i n j e c t e d  i n t r a v e n e o u s l y  i n t o  i r r a d i a t e d  (600 r a d s )  
i a  rats.  A f t e r  48 h r s ,  t h e  r e c i p i e n t  t i b i a e  and femora were removed, s p l i t  l o n g i t u d i n a l l y  
and t h e  e n d o s t e a l  s u r f a c e  s c r a p e d  w i t h  a s h a r p  f o r c e p s .  A f t e r  t h e  bone f ragments  were 
a l lowed t o  se t t le ,  t h e  r e s u l t i n g  c e l l u l a r  s u s p e n s i o n  was examined by phase  c o n t r a s t  and 
f l u o r e s c e n c e  microscopy. F l u o r e s c i n g  mononuclear c e l l s  of donor  o r i g i n  t h a t  had homed t o  
t h e  bone marrow demonst ra ted  modera te  c y t o p l a s m i c  f l u o r e s c e n c e .  30% of t h e  o s t e o c l a s t s  
observed  demonst ra ted  l i g h t  c y t o p l a s m i c  f l u o r e s c e n c e .  When c e l l u l a r  p o o l s  t h a t  a r e  
i n c a p a b l e  of  c u r i n g  o s t e o p e t r o s i s  ( t h y m o c y t e s )  t i e x  FITC-labeled and i n j e c t e d  i n t o  
r e c i p i e n t s ,  no  l a b e l e d  o s t e o c l a s t s  were observed .  These s t u d i e s  i n d i c a t e  t h a t  p l u r i p o t e n t  
hemopoie t ic  stem c e l l s ,  when t r a n s p l a n t e d  i n t o  & h o s t s ,  become o s t e o c l a s t s .  

- _  

- 
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1440 CHARACTERIZATION OF NEW CELL LINES ESTABLISHED FROM SPONTANEOUS MOUSE 
OSTEOSARCOMAS, Natalie M. T e i d ,  Maureen A. Harrison, and Janice Rowe, Imperial Cancer 
Resear& F m d ,  Lincoln's Inn Fields, London WC2A 3PX, England 

W e  have recently established cell lines from spontaneously arisingosteosarcomas of C57BL mice. First 
we determined t h d  there  were no transforming retroviruses produced by these lines, in contrast  to lines 
derived from tumors induced by the FBJ and FBR strains of mouse sarcoma virus. Next we examined 
the expression of cellular oncogenes in these lines; of 18 oncogenes examined, 5 were expressed in all 
l ines (but the sis oncogene was not expressed a s  has been reported for the human osteosarcoma cell line 
U2-0s). IntereFtingly, one cell line only contained fos gene expression. A molecular analysis showed 
that  this property was due to insertion of apparently unique cell DNA into the 3' coding region of the 
cell fos gene. The different cell lines and subdones derived therefrom show specific patterns of 
mineralization in vitro influenced by cell density, organic phosphate, vitamin D , dexamethasone, and 
parathyroid hormone. In collaboration with others, we have detected growth fac;br activit ies produced 
by the cells for fibroblast mitogenidty,  chondrogenesis, osteogenesis, and osteodast resorption; 
purification of these activit ies is  in progress. 

H41 SPECIFIC INHIBITION OF Ht-Kt-ATPase INHIBITS BONE RESORPTION I N  
VITRO, Kalervo Vaananen and Juha Tuukkanen, University of Oulu, 
Department of Pathology, Sf-90220 Oulu 

RFcent immunohistochemical studies have suggested the presence of 
H -K'-ATPase in osteoclast ruffled border area (Baron et ai.,LJ. Cell. 
Biol. 97,416a,1983). Omeprazole, a specific inhibitor of H -K'-ATPase has 
been s G w n  to be a potent inhibitor of acid production in gastric parietal 
cells (Fellenius e t  al., Nature 290,159,1981). We have recently reported 
that omeprazole inhibits PGE, stimulated bone resorption in vitro (Tuukka- 
nen and Vaananen, I n :  Cell Mediated Calcification and Matrix Vesicles, 
Cambridge 1985). Now w e  have extended these studies to other bone stimu- 
lating fpctors: PTH and 1,25(0H),D,. Both these agents cause stimulation 
of "Ca liberation from prelabeled mouse calvaria in vitro. This stimu- 
lation could be inhibited by omeprazole. Resorption could be further re- 
stimulated by PTH or PGE, even after 24 hours incubation with 10 M 
omeprazole, which indicates that omeprazole has no toxic effects to 
calvaria cultures. 

These results strongly support the role of H'-Kt-ATPase mediated acid 
production by osteoclasts as a primary mechanism of bone resorption. 

~ 4 2  A COMPARISON OF THE MORPHOLOGICAL AND HISTOCHEMICAL PROPERTIES OF THE OSTEOCLAST, 
MACROPHAGE POLYKARYON, AND BONE-INDUCED MULTINUCLEATED CFTL, Linda  M .  Walters and 
Gary B.  S c h n e i d e r ,  Loyola  U n i v e r s i t y  Medica l  C e n t e r ,  Maywood, I L  60153 

Based on f u n c t i o n a l  s i m i l a r i t i e s ,  macrophages and macrophage polykaryons  (MK's) have  been 
proposed a s  i n v e s t i g a t i o n a l  s u r r o g a t e s  f o r  o s t e o c l a s t s .  We examined t h i s  premise  by 
comparing t h e  h i s t o c h e m i c a l  and m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  of  r n u l t i n u c l e a t e d  cel ls  (MC's) 
found a d j a c e n t  t o  s u b c u t a n e o u s l y  implanted  bone w i t h  t h o s e  of s u t u r e - e l i c t e d  MK's and t i b i a 1  
o s t e o c l a s t s .  
i n d i c a t e d  t h a t  s i g n i f i c a n t  r e s o r p t i o n  had occured  o v e r  t h e  i m p l a n t  p e r i o d .  D e v i t a l i z e d  
t r a b e c u l a r  bone c h i p s  and s i l k  s u t u r e  were i m p l a n t e d  s u b c u t a n e o u s l y  i n t o  4 week o l d  r a t s .  
A f t e r  2 weeks t h e  i m p l a n t s  were r e c o v e r e d  a l o n g  w i t h  p o r t i o n s  of proximal  t i b i a  from i m p l a n t  
r e c i p i e n t s .  The r e c o v e r e d  m a t e r i a l  was b i s e c t e d ;  one  h a l f  was p r o c e s s e d  f o r  l i g h t  and 
e l e c t r o n  microscopy and t h e  o t h e r  f o r  t a r t r a t e  r e s i s t a n t  a c i d  p h o s p h a t a s e  (TR), a marker f o r  
o s t e o c l a s t s .  U l t r a s t r u c t u r a l l y ,  t h e  o s t e o c l a s t s  e x h i b i t e d  t y p i c a l  c l e a r  zones  and r u f f l e d  
b o r d e r s  a t  t h e  b o n e - c e l l  i n t e r f a c e .  The M K ' s  and bone-induced MC's  p o s s e s s e d  o c c a s i o n a l  
c l e a r  zorie-l ike a r e a s ,  b u t  a t  no t i m e  d e m o n s t r a t e d  r u f f l e d  b o r d e r s .  H i s t o c h e m i c a l l y ,  
o s t e o c l a s t s  were s t r o n g l y  p o s i t i v e  f o r  TR w h i l e  M K ' s  and M C ' s  showed l i t t l e  o r  no r e a c t i o n  
p r o d u c t .  The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  o s t e o c l a s t s  e x h i b i t  s i g n i f i c a n t  s t r u c t u r a l  
and enzymat ic  d i f f e r e n c e s  from M K ' s ,  imply ing  t h a t  MK's and o s t e o c l a s t s  may n o t  be  equiva-  
l e n t  cel ls .  We h a v e  a l s o  shown t h a t  bone-induced M C ' s  a r e  p r o b a b l y  M K ' s  and t h a t  t h e  45Ca 
r e l e a s e  which o c c u r e d  was due  t o  t h e  a c t i o n  of members of t h e  mononuclear phagocyte  s y s t e m  
r a t h e r  t h a n  by t r u e  o s t e o c l a s t i c  r e s o r p t i o n .  

F u n c t i o n a l  s t u d i e s  i n v o l v i n g  t h e  u s e  of 45Ca l a b e l l e d  l o n g  bone c h i p s  
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H43 MULECULAR APPROACHES TO THE CHARACTERISATION OF OSTEOCLASTS. Julia Warwick*, 
Timothy Chambers and Michael Horton*, Oepts. of Haematology and Histopathology, 
St. Bartholomew's* and St. George's Hospitals, London, U.K. 

A traditionally held view is that the osteoclast (OC), arises from mononuclear phagocytes. 
Whilst there is support for this contention, evidence has accumulated that they develop from 
a separate cell lineage. 
possible confusion of OCs with macrophages. I n  order to develop convenient tools for dis- 
section of OC, in contrast to macrophage, ontogeny, monoclonal antibodies (mabs) have been 
raised against functionally active-osteoclasts from osteoclastoma tumours (Horton et al, 
Cancer Research, in press). 8 mabs were found which differentiate between human O m  
nacrophages i n  foetal bone and other tissues. 
are seeking to identify OC-specific mRNA sequences using a cDNA library in Xgt-11,prepared 
'rom human osteoclastoma tumours. The library will be screened with osteoclast -derived 
cONA depleted of sequences complementary to mRNA from monocytes,macrophages and osteoclast- 
ma-derived stromal cell lines. Following Northern blot analyses,protein produced by the 
putative specific recombinants will be used to generate antisera for tissue screening. A sub- 
set of our OC-specific mabs (13C2,17D1,17BS) mimic the inhibitory effect of calcitonin on OC 
bone resorption and motility; a further mab (23C6) is without effect but reacts with OCs froa 
a wide ranqe of species other than man. We hope to isolate the correspondinq mRNA sequence 

Interpretation of existing experimental data is hampered by the 

As an alternative approach to this problem we 

from osteoclastoma library by screening for antigen expression. Otherwise it-may be possible 
to derjve a cDNA probe enriched for antigen-specific sequences from human renal cells whlch 
a'sc, bind 13C2 and 23C6 mabs. 

Molecular Biology of Bone Development 

H44 TRANSLATIONAL DISCRIMINATION BETWEEN TYPE I AND TYPE 11 COLLAGEN RNAs IN 
CHONDROBLASTS. Sherrill L. Adams, Vickie 0. Bennett and Ingrid M. Weiss. 
University of Pennsylvania, Philadelphia, PA 19104-6072. 

Chick vertebral chondroblasts grown in suspension culture synthesize a large amount of type 
I 1  collagen; they also contain moderate amounts of type I collagen RNAs, although they 
synthesize no detectable type I collagen protein. We have examined the basis for this 
apparent translational discrimination between types I and I 1  collagen RNAs by analyzing the 
association of these RNAs with polysomes. Addition o f  polysomes from these cells to a 
rabbit reticulocyte lysate i n  the presence of the translation initiation inhibitor aurin- 
tricarboxylic acid results in the efficient synthesis of type 11, but not type I, collagen. 
However, hybridization of cloned a2(I) collagen DNA to RNA isolated from sucrose gradient 
fractionated chondroblast polysomes shows that the a2(1) collagen RNA is in fact associated 
with small polysomes (3-4 ribosomes per RNA), implying inefficient translation initiation. 
In contrast, the type I1 collagen RNA is associated with large polysomes. These results 
suggest that the chondroblast ribosomes have the ability to discriminate between the types 
I and 11 collagen RNAs at the level of translation initiation. Furthermore, they suggest 
that there must be specific sequences in those RNAs which permit this discrimination. 
Nuclease mapping experiments show that the 5 '  untranslated region of the a2(I) collagen RNA 
in chondroblasts differs from that in other cell types, which may alter its translational 
efficiency. We suggest that this discriminatory ability may be an important control 
mechanism mediating the transition from type I to type I 1  collagen synthesis during chon- 
drogenesis. 

INDUCTION OF CHONDROGENESIS IN VITRO: CHANGES IN PROTEINS A9D IN LEVELS OF SPECIFIC H45 mRSAs, Marlissa A. Campbell and Kurt J. Doege, LDBA/NIDR, NIH, Bethesda, Xd, 20892 
Demineralized bone matrix induces bone formation in vivo, and cartilage formation in vitro. 
We have used this phenomenon to study the molecular events of chondrogenesis. Outgrowth 
cells from explants of fetal mouse muscle were exposed to demineralized bone matrix (DBM) 
(the DEAE-cellulose nonbound fraction of Gu-HC1 extracted bovine bone; a gift from Collagen 
Corp., Palo Alto, Ca.) at a concentration of SOug/ml, and 3uM dihydrocytochalasin B. After 
1 week of culture, the treated cells had become elon ated and were surrounded by a fibrous- 
appearing extracellular matrix. Pulse-labeling with 95S-methionine, followed by polyacrylam- 
ide gel electrophoresis of the cell lysates, revealed a series of proteins which were 
strongly induced by DBM. Several of these proteins were of the appropriate size and fulfill- 
ed other criteria permitting identification as cartilage-specific markers. Furthermore, 
northern hybridization of RNA prepared from these cells to cDNA probes specific for link 
protein and for type I1 collagen, confirmed that DBM induced expression of these genes. It 
is proposed that DBM-mediated chondrogenesis of mesenchymal cells in culture provides an 
ideal model system for studies on mechanisms of coordinated gene expression during cartil- 
age differentiation. 
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H46 EFFECT OF 2,2'-DIPYRIDYL aJ THE PRCPERTIES CF NEWLY SYNTHESIZED CARTILAGE CCLLAGENS, 
C. C. Clark and C. F. Richards, University o f  Pennsylvania, Philadelphia, PA 19104 

Cartilage cells isolated frm 17-day chick enbryo sterna were incubated in suspension cul- 
ture with [14Clprnline in either the absence or presence of 
for up to 2 h. 
9%, and incorporation into collagenase-susceptible protein was inhibited by 22% in the pre- 
sence as compared to the absence of IF. In time course experiments in the absence of P, 
all cartilage collagen precursors (types 11, IX and la,2a,3a) were secreted after a 30-40 
min lag period; in the presence of P, the lag period for all collagen precursors increased 
to 75-80 rnin and total collagen secreted was only 21% of control after 2 h. 
the collagens by SDS-polyacrylarnide gel electrophoresis showed that the mobility of all 
unhydroxylated species was significantly increased compared to their hydmxylated counter- 
parts. 
little as 15 rnin showed that the newly synthesized unhydroxylated type IX and la,2a,3cu 
collagen precursors were extensively degraded whereas the unhydroxylated type 11 procollagen 
was only partially susceptible and was converted to unhydroxylated collagen. 
suggest that the mimr cartilage collagens (type IX and la,2a,3a) failed to fonn a stable 
triple helix under conditions where type I1 was successful. 
significant effect of CP on disulfide bond formation, the reason for this failure is unknown 
at this time. 

0.5 mM 2,2'-dipyridyl (Dp) 
Under these conditions total incorporation of l4C was inhibited by only 

Analysis of 

Surprisingly, protease digestion at temperatures as low as O0 C and for times as 

These results 

Since there appeared to be no 

(Supported by NIH Grant AM-32481). 

H47 
Laboratories, Collagen Corporation, 2500 Faber Place, Palo Alto, CA 94303, **Department 
of Biological Sciences, Monsanto Corporation, 700 Chesterfield Village Parkway, St. 
Louis, Mo 63198 
Antibodies were produced to an amino terminal amino acid sequence shared by 
cartilage-inducing factor-A (CIF-A) and transforming growth factor-beta (TGF-6) using a 
synthetic polypeptide derived from amino acid residues 1 through 30. 
of the antikdies was determined by imnunoblotting, ELISA, and antibody canpetition 
assays. 
both nonreduced (26 K d )  and 8-nercaptoethanol reduced (12 Kd) CIF-A, as well as human 
platelet-derived W - 6 .  ?he antibodies, however, were not reactive with the relatd 
polypeptide CIF-B, suggesting that the primary structures of CIF-A and CIF-B are 
significantly different. 
imnunohistochemical staining methods were used to localize CIF-A in fetal ( 6  month 
gestation) bovine bone. 
and cortical bone as well as articular chondrocytes. 
labeled by the antibodies. 
(or TGF-6) synthesis in vivo. 

AMYIBODIES To CARTILAGE-INDUCING FACTOR-A, Larry R. Ellingsworth*, Jane E. 
Brennan*, Karl A. Piez*, and Kam Fok**, *Connective Tissue Research 

The monospecificity 

These tesults show that antibodies to the polypeptide were imunoreactive with 

Having established the specificity of the antibodies, 

Ihe results show specific staining of osteocytes in cancellous 
Epiphyseal chondrocytes were not 

Results presented here suggest that bone is a source of CIF-A 

H48 FORMATION OF 1,25-DIHYDROXWITAMIN D BY ACTIVATED NORMAL HUMAN MACROPHAGES: AN 
EXPRESSION OF THE VITAMIN D PARACRIN8 SYSTEM, A. W. Norman, H. R. Reichel and H. P. 
Koeffler, University of California, Riverside, CA 92521 

Cultures of normal human macrophages were examined f o r  t h e i r  capacity t o  metabolize [3HJ-25- 
hydroxyvitamin D [25(OH)D I M a  ophages which were exposed t o  7-interferon (r-IFN) or 
lipopolysaccharid& (LPS) cozverted [ H]-25(OH)D3 t o  a more polar vitamin D metaboli e i n  a dose- 
and time-dependent fashion. In cont ras t  untreated macrophages did not  metabolize 'H-25(OH)D i n  
s ign i f icant  amounts. 
[1,25(OH) D J on t h e  basis of (i) its migration on four  d i f fe ren t  HPLC solvent systems. (ii) by it! 
af f in i ty  2f,3, spec i f ic  chick in tes t ina l  1.25(OH) D receptors  and (i i i)  by its abi l i ty  In yivo t o  sti- 
mulate charac te r i s t ic  vitamin D responses i n  $he3 in tes t ine  and bone of rachi t ic  chicks. Pulmonary 
alveolar macrophages (PAM) which had t h e  highest  25(OH)D metabolizing ac t iv i ty  as compared to 
peripheral  blood monocytes and bone marrow derived macroph&es. were uti l ized t o  study the regula- 
tion of The results indicate t h a t  
1.25(OH) D production by macrophages is inhibited by dexamethasone and 1.25(OH) D but not by 
o ther  & t h n  D metabolites. Parathyroid hormone did not influence vitamin 6 3metabolism i n  
macrophages. which is secre ted  by activated macrophages 
may par t ic ipa te  i n  a paracrine system during i m m & 2  response. 
include t h e  modulation of T-lymphocyte function (e.g. suppression of interleukin-2 release) 
induction of myeloid progenitor cells t o  preferen t ia l ly  d i f fe ren t ia te  towards mature mono- 
cytes/macrophages. 

c f  

Subsequently, t h e  polar metabolite w a s  identified as I.25-dihydroxyvitami~ D 

r -1FN or LPS-stimulated 1.25(OH)2D3 fofmation i n  macrophages. 

0s s tudies  suggest t h a t  t h e  1.25(OH) D 
Potential  e f f e c t s  of 1,25(OH) D 
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H49 VARIABJ,E METHYLATION PATTERNS OF THE HUMAN TYPE 11 COLLAGEN GENE 
Eero Vuorio, Andrea Superti-Furga and Beat Steinmann, University of 
Turku, Finland, and Kinderspital Zurich, Switzerland. 

Gcnomic subclones covering the human procxl(I1)collagen gene (COLZAl) have 
bean used as probes to study the methylation patterns of the gene in various 
human cell types exhibiting varying rates of collaqen synthesis. For this 
purpose DNA was isolated from blood cells and cultured fibroblasts and from 
human fetal liver, skin and cartilage. DNA samples digested with restriction 
enzyme SmaI were fractionated on agarose gels and transfered to nitrocellu- 
lose for Southern hybridization. In all the DNA samples the reqion around 
the 5'-end of the gene was found to be underrnethylated. In blood DNA the rest 
of the qene was methylated and no other SmaI bands were detected. In tissues 
exhibitinq tyne I collagen production (liver, skin and cultured fibroblasts) 
another region in the central part of the qene was also underrnethylated. 
Only in cartilage DNA the whole qene was undermethylated. The results are in 
agreement with the hypothesis that certain CpG rich regions of the genome 
(such as the 5'-end of type I1 collaqen gene) remain always undermethylated. 
':he results also support the observations that actively expressed genes are 
undermethylated. Why undermethylation was observed in the central region of 
type I1 collaqen qene in fibroblasts and liver cells, which do not produce 
t.ype I1 collaqen, remains unexplained. 
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