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H U M A N  P A R A T H Y R O I D  HORMONE: A N T I B O D Y  CHARACTERIZATION 

R .  Hehrmann, J . - P .  Nordmeyer, H .  Mohr and R . - D .  Hesch 
D i v i s i o n  o f  C l i n i c a l  Endocr inology,  Department o f  Medicine 

Mediz in ische  Hochschule  Hannover 

ABSTRACT 

PTH a n t i b o d i e s  were r a i s e d  i n  two s h e e p  ( S  469 and S 478)  
by immunizing w i t h  p o r c i n e  and bovine  p a r a t h y r o i d  e x t r a c t s .  
Both a n t i s e r a  were c h a r a c t e r i z e d  w i t h  v a r i o u s  PTH p r e p a r a t i o n s  
and f r a g m e n t s .  Both a n t i s e r a  c r o s s  r e a c t  w i t h  human, b o v i n e  
and p o r c i n e  PTH, one a n t i s e r u m  a l s o  b i n d s  r a t  PTH. Region 
s p e c i f i c i t y  could  be a t t r i b u t e d  t o  t h e  mid r e g i o n  o f  t h e  PTH 
molecule  w i t h  p a r t i c u l a r l y  h i g h  a f f i n i t i e s  o f  b o t h  a n t i s e r a  f o r  
t h e  f ragment  44-68 hPTH. S 478 h a s  s m i l a r l y  i g h  a f f i n i t y  f o r  
i n t a c t  hormone ( a f f i n i t y  c o n s t a n t s  0 . 6  x 10” l / m o l ) ,  w h i l e  S 
469 h a s  much h i g h e r  a f f i n i t y  f o r  t h e  44-68 f ragment  ( a f f i n i t y  
c o n s t a n t  0 .84  x 1013 l / m o l )  t h a n  f o r  i n t a c t  hormone. The 
a n t i b o d i e s  are u s e f u l  n o t  o n l y  f o r  c l i n i c a l  rad io immunoassay ,  
b u t  a l s o  f o r  e x p e r i m e n t a l  work. They have  been d i s t r i b u t e d  t o  
many l a b o r a t o r i e s .  

INTRODUCTION 

The radioimmunochemical measurement o f  human p a r a t h y r o i d  

hormone (hPTH) i n  plasma i s  c o m p l i c a t e d  by t h e  h e t e r o g e n e i t y  o f  

c i r c u l a t i n g  PTH p e p t i d e s .  I n t a c t  1-84 hPTH ( 2 7 )  i s  s e c r e t e d  by 

t h e  p a r a t h y r o i d  g l a n d s  and a l s o ,  under  c e r t a i n  c o n d i t i o n s ,  PTH 

f r a g m e n t s  ( 1 6 ) .  Pro-PTH and Pre-Pro-PTH (20) do n o t  seem t o  

15 1 
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152  HEHRMA" ET AL. 

e n t e r  t h e  c i r c u l a t i o n  t o  any s i g n i f i c a n t  e x t e n t .  Glandular and 

sec re t ed  molecular spec ie s  of  PTH a r e  t h e r e f o r e  q u i t e  d i f f e r e n t  

( 2 ) .  C i r cu la t ing  i n t a c t  PTH and PTH fragments a r e  c l eaved ,  

degraded and p a r t i a l l y  cleaved i n  pe r iphe ra l  organs ( l 8 , 1 9 , 3 5 ) .  

Kidney (25,29,30) and l i v e r  ( 9 , 2 8 )  a r e  t h e  most important 

organs g iv ing  r ise t o  a l a r g e  v a r i e t y  of PTH fragments,  which 

f i n a l l y  account f o r  t h e  he t e rogene i ty  of  c i r c u l a t i n g  PTH i n  

p l a sma  ( 3 , 4 , 7 , 4 l ) .  F igure  1 g i v e s  a schemat ica l  survey of  t h e  

poss ib l e  types  of PTH fragments.  

T h i s  he t e rogene i ty  e x i s t s  with r e s p e c t  t o  molecular form 

and s i z e ,  t o  b i o l o g i c a l  a c t i v i t y ,  t o  immunochemical r e a c t i v i t y  

and t o  t h e  h a l f  l i f e  of d i f f e r e n t  fragments i n  t h e  plasma. For 

b io log ica l  a c t i v i t y  t h e  amino (N-)terminal sequence 1-34 seems 

t o  be requi red  a s  a minimum, so  t h a t  i n t a c t  1-84 PTH, 1-34 PTH 

b # intact PTH 1 - 8 4  

--- 1 - 7  small N-terminal fragments - 1 - 3 4  N-terminal 1 - 34 fragment 

---- 1 -  ? large N-terminal fragments 
C-terminal 53 - 84 fragment ----. ? - 8 4  C-terminal fragments 

_---_ 7 ? C-regional fragments 
!-- 7 N-regional fragments 

I Pro-PTH -6 

-31 , 4 Pre-Pro-PTH 

Figure 1 :  

Schematic and t h e o r e t i c a l  survey o f  PTH pep t ides ,  p recu r so r s  
and fragments,  which p lay  a r o l e  du r ing  s y n t h e s i s ,  s e c r e t i o n  
and metabolism of t h e  hormone. 
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HUMAN PARATHYROID HORMONE 15 3 

and l a r g e r  N-terminal  f r a g m e n t s  are  b i o l o g i c a l l y  a c t i v e  ( 4 3 ) .  

Carboxy ( C - )  t e r m i n a l  f r a g m e n t s  a r e  b i o l o g i c a l l y  i n e r t  ( 3 8 ) ;  

most l i k e l y  t h i s  is  a l s o  t rue  f o r  N- and C-regional  f r a g m e n t s ,  

s ince t h e  p o s i t i o n s  1 and 2 o f  t h e  PTH m o l e c u l e  seems t o  be  

e s s e n t i a l  f o r  b i o l o g i c a l  a c t i v i t y  ( 4 3 ) .  

The v a r i e t y  o f  plasma h a l f  l i v e s  o f  d i f f e r e n t  PTH 

f r a g m e n t s  w i l l  s t r o n g l y  i n f l u e n c e  measurements  of c i r c u l a t i n g  

PTH i m m u n o r e a c t i v i t y ,  s i n c e  PTH p e p t i d e s  w i t h  s h o r t  h a l f  l i v e s  

i n  t h e  r a n g e  o f  s e v e r a l  m i n u t e s ,  i n t a c t  PTH and N- termina l  

f r a g m e n t s ,  ( 1 9 , 1 6 )  w i l l  a c c o u n t  f o r  o n l y  a small f r a c t i o n  o f  

t o t a l  c i r c u l a t i n g  PTH i m m u n o r e a c t i v i t y  ( 3 4 1 ,  whereas  

c a r b o x y l - t e r m i n a l  ( 7 , 4 1 1  and c a r b o x y l - r e g i o n a l  ( 2 4 )  f r a g m e n t s  

w i t h  l o n g e r  h a l f  l i v e s  i n  t h e  r a n g e  o f  20 m i n u t e s  t o  h o u r s  a r e  

c i r c u l a t i n g  a t  much h i g h e r  c o n c e n t r a t i o n s ,  2-10 f o l d  a s  

compared t o  N-terminal  f r a g m e n t s  ( 1 6 ) .  Hal f  l i v e s  of PTH 

p e p t i d e s  are  prolonged i n  r e n a l  f a i l u r e  ( 2 3 , 2 4 ) .  

On t h e  b a s i s  o f  t h e s e  c o n s i d e r a t i o n s  i t  becomes e v i d e n t  

t h a t  t h e  measurement of PTH i m m u n o r e a c t i v i t y  i n  t h e  plasma o f  

p a t i e n t s  c a n  l e a d  t o  i n t e r p r e t a t i o n s  w i t h  c l i n i c a l  r e l e v a n c e  

o n l y  i f  t h o s e  PTH measurements  are  c a r r i e d  o u t  w i t h  PTH 

a n t i b o d i e s  t h a t  have been c h a r a c t e r i z e d  w i t h  r e g a r d  t o  t h e i r  

r e g i o n  s p e c i f i c i t y  and r e g i o n  s p e c i f i c  a f f i n i t y  ( 3 1 ) .  With t h e  

a v a i l a b i l i t y  of  s y n t h e t i c  1-34 N-terminal  and 53-84 C- te rmina l  
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15 4 HEHRMA" ET AL. 

PTH, most a n t i s e r a  c o u l d  be d e f i n e d  as cross r e a c t i n g  w i t h  

N-terminal f r a g m e n t s  ( 15) : ltBrewer-Sequencelt ( 6 , 4 5 )  o r  

"Nial l -Sequencel* (33 )  o r  w i t h  C- te rmina l  f r a g m e n t s  ( 3 8 ) .  

S i n c e  most a n t i s e r a  have  been  r a i s e d  by i n j e c t i o n  o f  c r u d e  

p a r a t h y r o i d  e x t r a c t s  o r  o f  t h e  "TCA superna te l '  g e n e r a t e d  d u r i n g  

t h e s e  e x t r a c t i o n s ,  c o n t a i n i n g  many f r a g m e n t s  p r e d o m i n a n t l y  from 

t h e  c a r b o x y l  t e r m i n u s  ( 1 1 , 1 2 , 4 2 ) ,  t h e s e  a n t i s e r a  d o  n o t  

n e c e s s a r i l y  cross react w i t h  N- o r  C- te rmina l  p a r t s  o f  t h e  PTH 

m o l e c u l e .  R e c e n t l y  s p e c i f i c  PTH f r a g m e n t s  have been 

s y n t h e s i z e d ,  s o  t h a t  c h a r a c t e r i z a t i o n  o f  a n t i s e r a  c a n  be 

c a r r i e d  o u t  w i t h  s y n t h e t i c  f r a g m e n t s  r e p r e s e n t i n g  p a r t s  o f  t h e  

whole m o l e c u l e .  

We have  produced two a n t i s e r a  ( S  469 and S 478) i n  s h e e p  

(21 ,221  t h a t  were a t  first t h o u g h t  t o  be C-terminal a n t i b o d i e s ,  

s i n c e  t h e y  showed l i t t l e  c r o s s  r e a c t i o n  w i t h  N-terminal  and 

N-regional  f r a g m e n t s .  C l i n i c a l  a p p l i c a t i o n  o f  a s s a y  r e s u l t s  

from such  a n t i b o d i e s  r e q u i r e s  much more i n f o r m a t i o n  a b o u t  

r e g i o n  s p e c i f i c i t y .  The r e s u l t s  p r e s e n t e d  h e r e  desc r ibe  a more 

comple te  c h a r a c t e r i z a t i o n  o f  t h e s e  two a n t i s e r a  a s  a b a s i s  f o r  

c l i n i c a l  a p p l i c a t i o n .  

MATERIALS AND METHODS 

A n t i b o d i e s :  The a n t i s e r a  S 469 and S 478 were r a i s e d  i n  s h e e p  

by immunizat ion w i t h  p o r c i n e  and bovine  p a r a t h y r o i d  e x t r a c t s .  
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HUMAN PARATHYROID HORMONE 155 

The p o r c i n e  immunogen was an a p p r o x i m a t e l y  2% p u r e  p a r a t h y r o i d  

e x t r a c t  from 30,000 p o r c i n e  g l a n d s  which had been c o l l e c t e d  a t  

t h e  a b a t t o i r  i n  Hamburg ( 2 3 ) .  The e x t r a c t i o n  was performed i n  

C.D. Arnaud's  l a b o r a t o r y  i n  Roches te r  i n  1975. The b o v i n e  

m a t e r i a l  was p a r t i a l l y  p u r i f i e d  bPTH (Calb iochem,  San Diego ,  

Lot  No. 400 150, b i o p o t e n c y  457 U/mg.) The d e t a i l s  of t h e  

immunizat ion scheme have been d e s c r i b e d  p r e v i o u s l y  ( 2  1 ,231 .  

S e v e r a l  b l e e d i n g s  o f  bo th  s h e e p  a t  a p p r o x i m a t e l y  two week 

i n t e r v a l s  were a v a i l a b l e  and coded S 469 V I - X I V  and S 478 

V I - X I V .  The c h a r a c t e r i z a t i o n  r e p o r t e d  h e r e  r e f e r s  t o  both  S 469 

V I  and S 478 VI; t h e r e  were n o  major  d i f f e r e n c e s  between 

d i f f e r e n t  b l e e d i n g s  o f  e a c h  s h e e p  e x c e p t  f o r  t h e  t i t e r  ( s e e  

b e l o w ) .  

The a s s a y  p r o c e d u r e  is a m o d i f i c a t i o n  o f  t h e  t e c h n i q u e  o f  

Arnaud e t  a 1  1971 ( I )  w i t h  d e x t r a n  c o a t e d  c h a r c o a l  t o  s e p a r a t e  

bound 10 p g  of  

bPTH (Wilson Lot N o .  156 552 ,  purchased  i n  1974) were l a b e l l e d  

w i t h  0 . 5  m C i  1251 by a c h l o r a m i n e  T t e c h n i q u e .  P u r i f i c a t i o n  o f  

t h e  t racer  was a two s t e p  p r o c e d u r e  w i t h  a d s o r p t i o n  

chromatography on Whatman CF I c e l l u l o s e  f o l l o w e d  by g e l  

f i l t r a t i o n  on B i o g e l  P I O ,  (21,231.  T h i s  t r a c e r  g i v e s  a 

n o n s p e c i f i c  b i n d i n g  between 2 and 6 %  and is s t a b l e  f o r  more 

t h a n  10 weeks i f  k e p t  f r o z e n  a t  working d i l u t i o n .  The t o t a l  

i n c u b a t i o n  volume o f  350 u1 i n c l u d e d  50 u1 o f  PTH free plasma 

and f r e e  hormone and w i t h  1251 bPTH a s  t r a c e r .  
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15 6 HEHRMA" ET AL. 

( c h a r c o a l  e x t r a c t e d ) ,  200 ~1 o f  d i l u t e d  a n t i s e r u m  and 100 p1 o f  

t r a c e r .  I n c u b a t i o n  was 24 h o u r s  w i t h o u t  tracer p l u s  48 h o u r s  

a f t e r  a d d i t i o n  o f  t r a c e r .  

PTH p r e p a r a t i o n s  and p e p t i d e s  f o r  c h a r a c t e r i z a t i o n :  

Bovine PTH (bPTH): 

WHO 1st I n t e r n a t i o n a l  Reference  P r e p a r a t i o n  f o r  p a r a t h y r o i d  

hormone, bovine  f o r  immunoassay (Ampoule Code 71/324)  o b t a i n e d  

from t h e  N a t i o n a l  I n s t i t u t e  of B i o l o g i c a l  S t a n d a r d s  and C o n t r o l  

(NIBSC) London. 

1-34 bPTH s y n t h e t i c  f ragment  o b t a i n e d  from Beckman, P a l o  A l t o .  

28-48 bPTH s y n t h e t i c  f ragment  p r e p a r e d  by Drs. M .  R o s e n b l a t t  

and H .  Keutman, Bos ton ,  and made a v a i l a b l e  t o  u s  by Dr. Joan  M.  

Z a n e l l i ,  NIBSC, London. 

4 .  53-84 bPTH c l e a v a g e  p r o d u c t ,  p r e p a r e d  and donated  by Dr. H .  

Keutman, Bos ton .  

P o r c i n e  PTH (DPTH): 

5 .  P o r c i n e  p a r a t h y r o i d  e x t r a c t ,  a p p r o x i m a t e l y  2% p u r e ,  p r e p a r e d  by  

P r o f .  C . D .  Arnaud, ( R o c h e s t e r / S a n  F r a n c i s c o ) .  

Human PTH (hPTH): 

6 .  NIBSC Reference  P r e p a r a t i o n  (Ampoule Code 75/549)  o b t a i n e d  from 

NIBSC, London. 
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HUMAN PARATHYROID HORMONE 15 7 

7 .  T i s s u e  c u l t u r e  human PTH ( ,*P2”)  prepared  and donated  by Drs. G 

Dorn and R .  Montz, Hamburg ( 1 3 , 1 4 ) .  

8-11. S y n t h e t i c  f r a g m e n t s  1-34, 13-34, 18-34 and 23-34 

12.  

13. 

14.  

15. 

hPTH (Brewer sequence  ( 6 ) ) ,  donated  by D r .  R i t t e l ,  Ciba-Geigy,  

B a s e l .  

44-68 hPTH s y n t h e t i c  f ragment  p r e p a r e d  and donated  by Drs. 

M .  R o s e n b l a t t  and H .  Keutman, Bos ton .  

53-84 hPTH s y n t h e t i c  f ragment  p r e p a r e d  by Dr. Joan  M .  Z a n e l l i ,  

NIBSC, London. 

Plasma from p a t i e n t s  w i t h  p r i m a r y  h y p e r p a r a t h y r o i d i s m .  

Plasma from p a t i e n t s  w i t h  s e c o n d a r y  ( r e n a l )  h y p e r p a r a t h y r o i d i s m .  

Rat PTH : 

16. Plasma from uraemic r a t s .  

17.  Rat PTH from t i s s u e  c u l t u r e s  of r a t  p a r a t h y r o i d s  ( p r e p a r e d  

and donated  by Drs. Dorn and Dietel ,  Hamburg). 

A f f i n i t v  e s t i m a t i o n :  

S i n c e  t h e  s e n s i t i v i t y  of  r a d i o l i g a n d  a s s a y s  i s  l i m i t e d  by 

t h e  a f f i n i t y  o f  t h e  a n t i s e r u m  u s e d ,  i t  is  d e s i r a b l e  t o  p r o v i d e  

q u a n t i t a t i v e  da t a  on a f f i n i t y .  T h i s  may be  d e r i v e d  from a 

S c a t c h a r d  p l o t  ( 1 7 , 3 9 , 4 7 ) .  B/F i s  p l o t t e d  a g a i n s t  t h e  a b s o l u t e  

amount of hormone bound (B) ( s e e  F i g .  4 and 8 ) .  I f  t h e r e  is  a 

l i n e a r  r e l a t i o n  between B/F and ( B ) ,  t h e  s l o p e  d e f i n e s  t h e  

a f f i n i t y  c o n s t a n t .  
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158 HEHRMANN ET AL. 

RESULTS 

Ti ters  and workinn d i l u t i o n s  o f  t h e  a n t i s e r a :  

Titer may be  d e f i n e d  as t h a t  d i l u t i o n  o f  a n t i s e r u m  which 

s p e c i f i c a l l y  b i n d s  50% o f  t racer  i n  t h e  a b s e n c e  o f  u n l a b e l l e d  

a n t i g e n .  A working d i l u t i o n  o f  t h e  PTH a n t i s e r a  is  chosen  t o  

g i v e  a p p r o x i m a t e l y  30% o f  s p e c i f i c  t racer  b i n d i n g .  T h i s  

working d i l u t i o n  i s  1 :35 ,000  f o r  S 469 V I  and 1:5,000 f o r  S 478 

V I .  S u r p r i s i n g l y ,  t i t e r s  of s e q u e n t i a l  b l e e d s  i n c r e a s e d  from 

J a n u a r y ,  1976 w i t h o u t  f u r t h e r  b o o s t e r  i n j e c t i o n s  u n t i l  t h e  

b l e e d i n g  I X  i n  A p r i l ,  1976 and t h e n  s l o w l y  d e c r e a s e d .  B l e e d i n g  

X I V  i n  August ,  1976 s t i l l  gave  t i t e r s  o f  1:12,000 f o r  S 469 and 

o f  l:3,OOO f o r  S 478.  

S p e c i e s  cross r e a c t i v i t y :  

As demonst ra ted  i n  F i g .  2 f o r  S 469,  b o t h  a n t i s e r a  c r o s s  r e a c t  

w i t h  b o v i n e ,  p o r c i n e  and human PTH. S 478 a d d i t i o n a l l y  b i n d s  

r a t  PTH. The a f f i n i t y  f o r  pPTH i s  s u f f i c i e n t l y  h i g h  t o  measure 

PTH c o n c e n t r a t i o n s  i n  normal  and r a c h i t i c  p i g s  ( 4 4 ) .  No 

i n t e r n a t i o n a l  r e f e r e n c e  p r e p a r a t i o n s  are  a v a i l a b l e  t o  c a l c u l a t e  

a f f i n i t y  c o n s t a n t s  f o r  r a t  and p o r c i n e  PTH. 

A f f i n i t y  f o r  i n t a c t  PTH: 

F i g u r e s  3a and b show s t a n d a r d  c u r v e s  f o r  i n t a c t  b o v i n e  

(71/324)  and human (75/549)  PTH and f o r  a serum d i l u t i o n  i n  

c h r o n i c  r e n a l  f a i l u r e  w i t h  a h i g h  p r o p o r t i o n  o f  PTH f r a g m e n t s .  
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HUMAN PARATHYROID HORMONE 159 

F i g u r e  2:  

S t a n d a r d  c u r v e s  o f  a n t i s e r u m  S 469 w i t h  human PTH (serum d i l u t i o n  of  
pr imary  h y p e r p a r a t h y r o i d i s m ) ,  bovine  PTH (WHO f i r s t  i n t e r n a t i o n a l  
r e f e r e n c e  p r e p a r a t i o n  711324) p o r c i n e  PTH ( g l a n d u l a r  e x t r a c t )  a s  well 
a s  f o r  bovine  and human 1-34 PTH. 

For S 469 s t a n d a r d  c u r v e s  o f  bovine  and human i n t a c t  hormone 

are  r e a s o n a b l y  p a r a l l e l ;  S c a t c h a r d  p l o t  a n a l y s i s ,  however ,  

r e v e a l s  n o  l i n e a r i t y  between B/F and (B), so t h a t  a f f i n i t y  

c o n s t a n t s  c a n n o t  be  c a l c u l a t e d  from t h e s e  d a t a .  For  S 478 

s t a n d a r d  c u r v e s  f o r  bovine  and human i n t a c t  PTH a re  n o t  

p a r a l l e l .  With b o t h  a n t i g e n s ,  S c a t c h a r d  p l o t s  show l i n e a r i t y  
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F i g u r e  3 ( a  and b ) :  

S t a n d a r d  c u r v e s  o f  a n t i s e r a  S 469 ( a )  and S 478 ( b )  w i t h  bPTH (WHO 
first i n t e r n a t i o n a l  r e f e r e n c e  p r e p a r a t i o n  71/324)  and hPTH (NIBSC 
r e f e r e n c e  p r e p a r a t i o n  75/549)  compared t o  a d i l u t i o n  c u r v e  of a 
p a t i e n t s  serum w i t h  r e n a l  i n s u f f i c i e n c y  and s e c o n d a r y  h y p e r p a r a -  
t h y r o i d i s m  c o n t a i n i n g  l a r g e  amounts  o f  PTH f r a g m e n t s .  
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F i g u r e  4 ( a  and b ) :  

S c a t c h a r d  p l o t s  of  S 478 f o r  i n t a c t  bPTH ( a )  and hPTH ( b  
A f f i n i t y  c o n s t a n t s  were c a l c u l a t e d  a s s u m i n g ,  t h a t  71/324 
75/549 was a p p r o x i m a t e l y  10% p u r e .  

9 

s t a n d a r d s .  
was 100% and 

between B/F and ( B )  ( F i g .  ha and b )  and a f f i n i t y  c o n s t a n t s  c a n  

be  calculated t o  be 0 . 6  x 1013 l /mol  for  bPTH (71/324)  and 0 . 2  

x 1013 l /mo l  f o r  hPTH ( 7 5 / 5 4 9 ) ,  p r o v i d e d  t h a t  75/549 i s  

a p p r o x i m a t e l y  10% pure  ( 4 6 ) .  By compar ison  o f  s t a n d a r d  c u r v e s  

o f  b o t h  a n t i s e r a  w i t h  i n t a c t  hormone p r e p a r a t i o n s ,  t h e  a f f i n i t y  

o f  S 469 f o r  1-84 hPTH c a n  be e s t i m a t e d  t o  be  l o w e r  by a factor  

o f  a p p r o x i m a t e l y  2 .  

Another PTH p r e p a r a t i o n  which c o n s i s t s  p r e d o m i n a t e l y  of i n t a c t  
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1-84 hPTH i s  t h e  Peak 2 (rrP2 ' r )  material  from Hamburg ( 1 3 1 1 4 ) ,  

e x t r a c t e d  and p u r i f i e d  from t i s s u e  cu l ture  media ,  i n  which 

human p a r a t h y r o i d  adenoma have been m a i n t a i n e d .  The mater ia l  

is  b i o l o g i c a l l y  a c t i v e  i n  s t i m u l a t i n g  a d e n y l a t e  c y c l a s e  o f  r a t ,  

bovine  and human c o r t i c a l  t u b u l a r  membranes. (Mohr e t  a1 

unpubl i shed  d a t a ,  ( 1 4 ) ) .  It  is  a l s o  a c t i v e  i n  t h e  c y t o c h e m i c a l  

PTH b i o a s s a y  ( 8 ) .  S t a n d a r d  c u r v e s  w i t h  t h i s  material show a two 

times h i g h e r  a f f i n i t y  of  S 478 f o r  i n t a c t  hPTH as compared t o  S 

469 (see F i g .  6 and 7 ) .  

A f f i n i t y  f o r  N-terminal  and N-renional  PTH p e p t i d e s :  

Under r o u t i n e  a s s a y  c o n d i t i o n s  w i t h  l 2 5 I  bPTH as tracer b o t h  

a n t i s e r a  d o  n o t  b i n d  1-34 bPTH, o r  1-34 hPTH (Brewer Sequence 

( 6 ) )  (see F i g .  21, and t h e r e  is  no c r o s s  r e a c t i o n  w i t h  t h e  

s y n t h e t i c  N-regional  f r a g m e n t s  13-34, 18-34 and 23-34 hPTH up 

t o  c o n c e n t r a t i o n s  o f  2 @ m l .  

However, Dr. J.M. Z a n e l l i  i n  t h e  l a b o r a t o r i e s  o f  t h e  NIBSC, 

London, provided  data  ( F i g .  5) t h a t  S 470 i s  a h i g h  a f f i n i t y  

a n t i b o d y  f o r  1-34 hPTH (Neal1 Sequence ( 3 3 ) )  i f  1251 1-34 hPTH 

i s  used a s  a t racer .  The a f f i n i t y  i s  s imi la r  t o  a n  a n t i s e r u m  

o f  Dr. Deslan ,  P a r i s  (10)  produced w i t h  1-34 hPTH a s  t h e  

immunogen. Less t h a n  100 pg/ml or 5 p g / t u b e  of 1-34 hPTH c a n  be 

d e t e c t e d  i n  t h i s  a s s a y  sys tem ( F i g .  5 ) .  
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F i g u r e  5:  

Data Ircn, Lk JM Zanelli (19781 1-34 hPTH (M% 75569) 
.& 156 625 25 10 20rg/ml 

S t a n d a r d  c u r v e s  of S 469 and  S 478  i n  a homologous 1-34 hPTH a s s a y .  
A t  a d i l u t i o n  of  1:1500, S 478  c o n t a i n s  a n t i - N - t e r m i n a l  p o p u l a t i o n s ,  
wh ich  h a v e  s i m i l a r  a f f i n i t y  a s  D r .  D e s p l a n s  ( P a r i s )  a n t i - N - a n t i s e r u m .  

A f f i n i t y  f o r  C - t e r m i n a l  PTH p e p t i d e s 2  

Both a n t i s e r a  r e v e a l  v e r y  p o o r  c r o s s  r e a c t i v i t y  w i t h  b o v i n e  and  

human 53-84 PTH. Only a t  v e r y  h i g h  c o n c e n t r a t i o n s  ( > l o 0  n g / m l )  

d i s p l a c e m e n t  of 1251 bPTH t racer  c a n  be  d e t e c t e d  ( see  F i g .  6 

and  7 ) .  

A f f i n i t y  f o r  mid r e n i o n a l  PTH p e p t i d e s :  

As shown i n  F i g .  6 a n d  7 ,  v e r y  poor c r o s s  r e a c t i v i t y  o f  b o t h  

a n t i s e r a  was found  w i t h  t h e  b o v i n e  s y n t h e t i c  f r a g m e n t  28-48.  

However,  f o r  t h e  s y n t h e t i c  human f r a g m e n t  44-68 e x t r e m e l y  
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* hPTH44-68 

20 - \1 I t . 
I .  8 

0 1 2 4 8  4 20 xx) ng/ml 500 

F i g u r e  6 :  

S t a n d a r d  c u r v e s  o f  S 469 w i t h  bPTH 28-48 and hPTH 53-84 and 44-68 
and w i t h  t h e  human t i s sue  c u l t u r e  PTH p r e p a r a t i o n  rlP2rl (Hamburg) .  
There i s  o n l y  l i t t l e  c r o s s  r e a c t i o n  w i t h  53-84 PTH,  b u t  v e r y  h i g h  
a f f i n i t y  f o r  t h e  mid- reg ion  f ragment  44-68 ( l e s s  t h a n  100 pg/ml 
o r  5 p g / t u b e  can  be measured) .  

s e n s i t i v e  s t a n d a r d  c u r v e s  c o u l d  be o b t a i n e d .  Both a n t i s e r a  

d e t e c t  much less  t h a n  100 pg/ml or  5 p g / t u b e ,  t h e  s t a n d a r d  

c u r v e  o f  S 469 ( F i g .  6 )  b e i n g  even more s e n s i t i v e  t h a n  f o r  S 

478 ( s e e  F i g .  7 ) .  A f f i n i t y  c o n s t a n t s  c a l c u l a t e d  from S c a t c h a r d  

p l o t s  ( F i g .  8 )  were 0 .84  x l /mo l  ( f o r  S 469) and 0 . 6 2  x 

1013 l /mol ( f o r  S 4 7 8 ) .  

The a f f i n i t y  o f  S 469 f o r  t h i s  p a r t i c u l a r  mid-C-regional 
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F i g u r e  7 :  

S t a n d a r d  c u r v e s  o f  S 478 w i t h  t h e  same PTH f r a g m e n t s  a s  i n  F i g .  6 
S i m i l a r  t o  t h e  a n t i s e r u m  S 469 t h e r e  i s  l i t t l e  c r o s s  r e a c t i o n  w i t h  
53-84 and 28-48 PTH and a g a i n  h i g h  a f f i n i t y  f o r  t h e  mid- reg ion  
fragment  44-68. 

p e p t i d e  44-68 is  much h i g h e r  t h a n  i t s  a f f i n i t y  f o r  i n t a c t  

hormone, w h i l e  f o r  S 478 t h e  h i g h  a f f i n i t y  f o r  i n t a c t  1-84 hPTH 

and bPTH is  i d e n t i c a l  w i t h  t h e  a f f i n i t y  f o r  t h i s  f r a g m e n t .  

DISCUSSION 

S e v e r a l  radioimmunoassay s y s t e m s  for  hPTH have proved  t o  

be o f  c o n s i d e r a b l e  c l i n i c a l  and d i a g n o s t i c  v a l u e .  F o r  r o u t i n e  

PTH d e t e r m i n a t i o n s  i n  p e r i p h e r a l  plasma o r  serum o f  p a t i e n t s  
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S 469 
4 S 478 

F i g u r e  8: 

S c a t c h a r d  p l o t s  f o r  b o t h  a n t i s e r a  S 469 and S 478 w i t h  t h e  human PTH 
fragment  44-68; t h e  c a l c u l a t e d  a f f i n i t y  c o n s t a n t s  are i n d i c a t e d  and 
show t h e  h i g h  a f f i n i t y  o f  b o t h  a n t i s e r a  for  t h i s  mid-region f r a g m e n t .  

w i t h  d i s o r d e r s  o f  c a l c i u m  metabol i sm and m e t a b o l i c  bone 

d i s e a s e ,  t h e  r e su l t s  o b t a i n e d  and t h e i r  c l i n i c a l  r e l e v a n c e  

depend t h e  p e p t i d e  a g a i n s t  which t h e  

a n t i b o d y  i s  d i r e c t e d .  When 1-34 s y n t h e t i c  PTH p e p t i d e s  and t h e  

t r y p t i c  f ragment  53-84 ( 3 2 )  became a v a i l a b l e ,  i t  was p o s s i b l e  

t o  c h a r a c t e r i z e  a n t i s e r a  w i t h  r e g a r d  t o  t h e i r  c r o s s  r e a c t i v i t y  

w i t h  t h e s e  N-terminal  and C- te rmina l  f r a g m e n t s .  On t h i s  b a s i s  

PTH a s s a y s  have been d e f i n e d  t o  be  N-terminal  o r  C-terminal  

s p e c i f i c .  A t  t h a t  stage we b e l i e v e d  t h a t  our a n t i s e r a  S 469 

and S 478 were C-terminal  a n t i b o d i e s ,  s i n c e  t h e y  d i d  n o t  d e t e c t  

l a r g e l y  on t h e  r e g i o n  of 
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N- t e rmina l  and N - r e g i o n a l  p e p t i d e s  ( 2 1 ) .  I n  t h e  mean t ime  

e x t e n s i v e  a n a l y t i c a l  and s y n t h e t i c  work i n  PTH b i o c h e m i s t r y  

y i e l d e d  f r a g m e n t s  a l o n g  t h e  whole 1-84 PTH m o l e c u l e  

( 2 6 , 2 7 , 3 2 , 3 6 , 3 7 ) .  As a r e s u l t  we were a b l e  t o  c h a r a c t e r i z e  o u r  

a n t i b o d i e s  more e x t e n s i v e l y .  The mater ia ls  i n c l u d e d  t h e  mid 

r e g i o n  f r a g m e n t s  28-48 bPTH and  44-68 hPTH. Under r o u t i n e  

c o n d i t i o n s  b o t h  a n t i s e r a  S 469 a n d  S 478 p r o v e d  t o  b e  n e i t h e r  

N - t e r m i n a l  n o r  C - t e r m i n a l ,  a l t h o u g h  S 478  c o n t a i n s  h i g h  

a f f i n i t y  a n t i - N - p o p u l a t i o n s ,  i f  1251 1-34 hPTH i s  u s e d  a s  

t r ace r .  

Both a n t i s e r a  h a v e  v e r y  h i g h  a f f i n i t i e s  f o r  t h e  mid-C-region 

f r a g m e n t  44-68 hPTH. For S 4 7 8  t h e  h i g h  a f f i n i t y  f o r  i n t a c t  

bPTH and  hPTH c a n  b e  e x p l a i n e d  by  t h i s  mid r e g i o n  s p e c i f i c i t y ,  

s i n c e  a f f i n i t y  c o n s t a n t s  a r e  s imi la r  f o r  f r a g m e n t  and  i n t a c t  

hormone.  

I n  t h e  case of S 469 t h e  a f f i n i t y  f o r  t h e  f r a g m e n t  44-68 is  

much h i g h e r  t h a n  f o r  t h e  i n t a c t  ho rmone .  

It  h a s  n o t  y e t  been  p o s s i b l e  t o  t e s t  cross  r e a c t i v i t y  w i th  t h e  

f r a g m e n t  1-64, t h a t  was used  f o r  c h a r a c t e r i z a t i o n  by  Blum e t  a1 

1979 ( 5 ) .  A v e r y  p u r e  p r e p a r a t i o n  of i n t a c t  hPTH 1-84 

( s u p p l i e d  b y  C . D .  Arnaud)  w i l l  b e  i n c l u d e d  i n  t h e  n e x t  

i n t e r l a b o r a t o r y  c o m p a r i s o n  o r g a n i z e d  by  WHO/NIBSC 1979 /80 .  
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16 8 HEHRMANN ET AL. 

The s y n t h e t i c  f r a g m e n t s  a v a i l a b l e  may n o t  be  i d e n t i c a l  w i t h  

t h o s e  c l e a v a g e  p r o d u c t s  p r e s e n t  i n  t h e  c i r c u l a t i o n  and t h u s  may 

n o t  have t h e  same c o n f o r m a t i o n  and a n t i b o d y  i n t e r a c t i o n .  

However, even a n t i s e r u m  S 469 w i t h  comparably l o w e r  a f f i n i t y  

f o r  i n t a c t  hormone d o e s  d e t e c t  PTH i n  more t h a n  95% o f  normal  

sera and i s  a b l e  t o  d i s c r i m i n a t e  c o n d i t i o n s  a s s o c i a t e d  w i t h  

c h r o n i c  h y p e r s e c r e t i o n  of t h e  hormone. T h i s  may i n d i c a t e  t h a t  

it i s  n o t  i n t a c t  hormone, b u t  a v a r i e t y  o f  PTH f r a g m e n t s  w i t h  

long  h a l f  l i v e s  t h a t  i s  b e i n g  measured i n  normal  p e r s o n s .  

Among more t h a n  60 p a t i e n t s  w i t h  proven p r i m a r y  

h y p e r p a r a t h y r o i d i s m  o n l y  t h r e e  had b o r d e r l i n e  PTH 

c o n c e n t r a t i o n s  w i t h  S 469,  w h i l e  measurements  w i t h  S 478 showed 

c l e a r l y  e l e v a t e d  l e v e l s  i n  a l l  p a t i e n t s .  P o s s i b l y  t h e s e  t h r e e  

p a t i e n t s  s e c r e t e  a major  p r o p o r t i o n  o f  i n t a c t  hormone, which is  

a d e q u a t e l y  measured by S 478 b u t  o n l y  w i t h  lower a f f i n i t y  by S 

469. With r e g a r d  t o  t h e  h a l f  l i f e  o f  t h e  mid r e g i o n  f r a g m e n t s ,  

which both  ant isera  d e t e c t  w i t h  h i g h  a f f i n i t y ,  we c o u l d  

d e m o n s t r a t e  t h a t  w i t h  i n t a c t  k i d n e y  f u n c t i o n  h a l f  l i f e  was 

between 20 and 50 m i n u t e s ;  i n  c h r o n i c  r e n a l  f a i l u r e  t h e  

d i s a p p e a r a n c e  o f  t h e s e  p e p t i d e s  was pro longed  5-10 f o l d  ( 2 4 ) .  

S i m i l a r  h a l f  l i v e s  have been d e s c r i b e d  for  C-terminal 

f r a g m e n t s .  

The c l i n i c a l  usefulness o f  s u c h  t tan t i -C-assays t t  are a t t r i b u t e d  

t o  t h e  r e l a t i v e l y  l o n g  p e r s i s t e n c e  and t h e  r e s u l t i n g  h i g h e r  
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c o n c e n t r a t i o n s  o f  c a r b o x y l  t e r m i n a l  f r a g m e n t s  i n  p e r i p h e r a l  

plasma o f  p a t i e n t s  ( 3 , 1 6 , 4 0 ) .  

For  t h e  PTH radioimmunoassays w i t h  t h e  a n t i s e r a  S 469 and S 478 

as c h a r a c t e r i z e d  h e r e ,  c l i n i c a l  u s e f u l n e s s  and a d e q u a t e  q u a l i t y  

c o n t r o l  c r i t e r i a  have been d e m o n s t r a t e d  ( 2 3 ) .  S i n c e  t h e  

a n t i b o d i e s  had a c c e p t a b l e  t i t e r s  and were r a i s e d  i n  s h e e p ,  t h e y  

a r e  a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t i e s  fo r  d i s t r i b u t i o n .  

Consequent ly  more t h a n  30 g r o u p s  i n  Europe,  U S A  and Canada have  

been s u p p l i e d  w i t h  t h e s e  materials. By t h e i r  cross r e a c t i v i t y  

w i t h  human, b o v i n e ,  p o r c i n e  and ra t  PTH, t h e  a n t i s e r a  are n o t  

o n l y  u s e f u l  f o r  c l i n i c a l ,  b u t  a l so  f o r  e x p e r i m e n t a l  work. 
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