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IMMUNE RESPONSE OF THE GUINEA PIG 

INFLUENCE OF THE BOOSTER DOSE ON 
ANTISERA TITER AND SENSITIVITY 

TO BOVINE PARATHYROID HORMONE ANTIGEN: 

P i e r r e  D'Amour and b i l l e s  Richer ,  
DBpartements de MBdecine e t  de Microbiologie-Immunologie, 
U n i v e r s i t e  de Montreal e t  Cent re  de Recherche6 C l i n i q u e s ,  

G p i t a l  Saint-Luc, Montreal, Quebec, Canada, H2X U 4 .  

ABSTRACT 

T h i r t y  guinea p i g s  were immunized w i t h  40 p g  of bovine para-  
thyro id  hormone, bPTH(1-84), and d iv ided  i n t o  6 groups w i t h  a 
similar primary response. Each group w a s  boosted twice w i t h  a 
d i f f e r e n t  dose of a n t i g e n  (0.04 t o  40 pg) .  The t i t e r  (30% bind- 
ing  of t r a c e r )  and a f f i n i t y  (% displacement  w i t h  320 pg of 
bFTH(1-84) were s t u d i e d .  The primary response w a s  maximal a t  
6 1  days;  t i ters were 1 X o r  less  and a f f i n i t y  was low. 
The response was maximal 25 days a f t e r  each b o o s t e r .  A f t e r  t h e  
f i r s t ,  t h e  h i g h e s t  t i ters ,  5.2 2 2.6 X (mean i. S.D.) were 
seen i n  t h e  40 pg group and a p o s i t i v e  c o r r e l a t i o n  was observed 
between t h e  dose of a n t i g e n  and t h e  t i t e r  ( r = . 7 3 8 6 ,  p < O . O O l )  
f o r  doses  g r e a t e r  than  0.6 p g .  T h i s  remained t r u e  a f t e r  t h e  
second b o o s t e r  a l though t i ters  were lower i n  a l l  groups.  
f i n i t y  w a s  g r e a t e r  a f t e r  t h e  f i r s t  b o o s t e r  (35.85i. 20.38X, 
n = 3 0 )  than a f t e r  the  second (23.24k 20.73, n = 3 0 ,  p < 0 . 0 0 2 5 ) ,  
bu t  w a s  s imi l a r  i n  a l l  groups. Se lec ted  a n t i s e r a  r e a c t e d  w i t h  
a n t i g e n i c  determinants  i n  reg ions  1-34, 53-84 and 35-53 of t h e  
bPTH molecule. C r o s s - r e a c t i v i t y  wi th  human PTH(1-84) was maxi- 
mal i n  t h e  53-84 region.  I n  conclus ion ,  a n t i b o d i e s  a g a i n s t  a l l  
reg ions  of bPTN can be r a i s e d  i n  t h e  guinea p i g .  Once a pr imary 
response is e l i c i t e d ,  b e s t  t i ters  are achieved by boos t ing  w i t h  
high doses  of a n t i g e n  wi thout  any d e t r i m e n t a l  e f f e c t  on a n t i s e r a  
a f f i n i t y  . 

Af- 
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2 D'AMOUR AND RICHER 

INTRODUCTION 

The product ion of a n t i b o d i e s  of high t i t e r  and a f f i n i t y  

a g a i n s t  bovine (b) o r  human (h) p a r a t h y r o i d  hormone (PTH) has  

been a r e l a t i v e l y  d i f f i c u l t  t a s k .  Those people  who have suc- 

ceeded t o  g e t  one u s e f u l  an t i se rum (1-9) have had g e n e r a l l y  t o  

immunize a l a r g e  number of animals ,  if n o t  s p e c i e s ,  w i t h  a low 

rate of success .  It i s  d i f f i c u l t  t o  e x t r a c t  from t h e s e  s t u d i e s  

c l e a r  guidance of how t o  proceed t o  o b t a i n  s u i t a b l e  a n t i s e r a ,  

s i n c e  none of them e v e r  provided a d e t a i l e d  a n a l y s i s  of t h e  im- 

mune response of one animal s p e c i e s  t o  t h e  PTH ant igen .  Such a 

s tudy  is  needed t o  s u c c e s s f u l l y  conceive p r a c t i c a l  smaller immu- 

n i z a t i o n  program which w i l l  n o t  r e l y  on chance o r  animal number 

t o  g e t  u s e f u l  a n t i s e r a .  

Since t h e r e  are many v a r i a b l e s  i n  t h e  immune response,  and 

s i n c e  one cannot s tudy  them a l l ,  we decided o r i g i n a l l y  t o  use a 

r e l i a b l e  method of immunization (10) f o r  our  program. The s tudy  

was a l s o  designed t o  test the  hypothes is  t h a t  l i m i t i n g  doses  of 

immunogen used as b o o s t e r s  may s t i m u l a t e  t h e  making of a n t i s e r a  

of h igh  a f f i n i t y  by s e l e c t i n g  antibody-forming cells w i t h  re- 

c e p t o r s  of t h e  h i g h e s t  a f f i n i t y  f o r  t h e  a n t i g e n i c  de te rminants  

of bPTH(1-84). T h i s  approach was based on t h e  r e p o r t e d  f a c t  t h a t  

the  dose of a n t i g e n  inf luenced  t h e  rate of matura t ion  of ant ibody 

a f f i n i t y  a g a i n s t  hapten ic  determinants  dur ing  t h e  primary immune 

response i n  r a b b i t s  and guinea p i g s  (11). 

This  paper d e s c r i b e s  t h e  r e s u l t s  t h a t  we  have obta ined  w i t h  

such an approach. 
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IMMUNE RESPONSE OF THE GUINEA PIG 

MATERIALS AND METHODS 

Materials 

Animals 

White s h o r t  h a i r  o u t b r e e d  H a r t l e y  f ema le  g u i n e a  p i g s  (Cana- 

d i a n  Breed ing  Farm, S t -Cons tan t ,  Quebec), we igh ing  2350 g,  were 

k e p t  on a normal  d i e t  supplemented w i t h  f r e s h  v e g e t a b l e s  and used  

f o r  t h e  immunizat ion program. 

3 

PTH P r e p a r a t i o n s  

bPTH(1-84) p u r i f i e d  t o  t h e  c a r b o x y m e t h y l c e l l u l o s e  s t a g e  (12) 

was used  f o r  i o d i n a t i o n .  TCA-powder bPTH w a s  pu rchased  from t h e  

I n o l e x  C o r p o r a t i o n  (Glenwood, I l l . )  and p u r i f i e d  by g e l  chroma- 

tography on BioGel P-100 (BioRad L a b o r a t o r i e s ) ( l 2 ) ;  t h i s  prepa-  

r a t i o n  w a s  c a l i b r a t e d  a g a i n s t  bPTH(1-84) s t a n d a r d  711324 i n  a 

c a r b o x y l  t e r m i n a l  radioimmunoassay and  used  f o r  a l l  t h e  immuni- 

z a t i o n s .  bPTH(1-84) s t a n d a r d  711324 w a s  p rov ided  by t h e  N a t i o n a l  

I n s t i t u t e  f o r  B i o l o g i c a l  S t a n d a r d s  (Ho l ly  H i l l ,  Hampstead, London, 

NW36RB, England)  as w a s  hPTH(1-84) s t a n d a r d  751549. S y n t h e t i c  

bPTH(1-34) was pu rchased  from Beckman ( P a l o  A l t o ,  Ca. 94304);  

bPTH(53-84) was a g i f t  o f  D r  J .T .  P o t t s ,  J r . ,  hPTH(1-34) and hPTH 

(53-84) w a s  pu rchased  from P e n i n s u l a  Inc .  (611 T a y l o r  Way, 

Belmont, C a .  54002) .  hPTH(1-84) was o b t a i n e d  by e x t r a c t i o n  o f  

pooled human p a r a t h y r o i d  adenoma by t h e  method o f  Keutman (13). 

T h i s  c rude  e x t r a c t  was p u r i f i e d  by g e l  chromatography on BioGel 

P-100 (13)  and c a l i b r a t e d  a g a i n s t  hPTH(1-84) s t a n d a r d  751549 i n  a 

c a r b o x y l  t e r m i n a l  radioimmunoassay. 
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6 D'AMOUR AND RICHER 

Immunization Products  

P e r t u s s i s  vacc ine  and h e a t  k i l l e d  t u b e r c l e  b a c i l l i  were 

purchased from I n s t i t u t  Armand-Frappier (Laval ,  Quebec). 

Complete Freund's  adjuvant  w a s  ob ta ined  from GIBCO (Grand I s l a n d ,  

N.Y.  14072). 

Methods 

Immunization Program 

The method of V a i t u k a i t i s  (10) was used f o r  a l l  t h e  immuni- 

z a t i o n s .  The bPTH(1-84) a n t i g e n  w a s  f i r s t  solubi1i::ed i n  a small 

amount of 0 . 1  M a c e t i c  a c i d ,  d i l u t e d  t o  t h e  a p p r o p r i a t e  volume 

wi th  0.9% sodium c h l o r i d e ,  and mixed wi th  an equal  volume of 

complete Freund's adjuvant  t o  which an a d d i t i o n a l  amount of 5 

mg/ml of h e a t  k i l l e d  t u b e r c l e  b a c i l l i  had been added. 

t u r e  was emuls i f ied  by pass ing  i t  r a p i d l y  between two s y r i n g e s  

connected by an adaptor .  F ive  hundred ul of t h i s  emulsion, con- 

t a i n i n g  the requi red  amount of a n t i g e n ,  w a s  i n j e c t e d  i n t r a d e r m a l l y  

a t  10-15 si tes on the  shaved back of each guinea p ig .  0 .5  m l  of 

P e r t u s s i s  vaccine was a l s o  given t o  h a l f  t h e  animals  a t  the  t i m e  

of t h e  primary i m u n i z a t i o n  t o  e v a l u a t e  i t s  e f f e c t  on t h e  primary 

immune response.  For  t h e  b o o s t e r  doses ,  t h e  complete Freund's  

adjuvant  w a s  n o t  supplemented w i t h  h e a t  k i l l e d  t u b e r c l e  b a c i l l i  

T h i s  mix- 

and P e r t u s s i s  vaccine was n o t  used. 

T h i r t y  guinea p i g s  were i n i t i a l l y  immunized wi th  40 pg of 

an t igen .  Before t h e  i n j e c t i o n  of the  f i r s t  b o o s t e r ,  they were 

matched i n t o  6 groups of 5 animals  having a comparable primary 
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IMMUNE RESPONSE OF THE GUINEA PIG 5 

response.  The f i r s t  3 groups were boosted t w i c e  w i t h  40, 10 o r  

2.5 ug of a n t i g e n  on day 106 and 190 whi le  t h e  3 o t h e r s  rece ived  

0.6, 0.15 o r  0.04 pg on day 148 and 239. A l l  t h e  animals  were 

b led  through an ear v e i n  (14) every second week s t a r t i n g  30 days 

a f t e r  t h e  primary immunization, and every  week s t a r t i n g  2 1  days 

a f t e r  b o o s t e r  doses  u n t i l  a s i g n i f i c a n t  decrease  i n  t i t e r  w a s  

observed. 

Study of t h e  a n t i s e r a  produced 

F i f t y  u l  of plasma coming from each b leeding  of each animal  

was d i l u t e d  t o  1 X w i t h  0.05 M b a r b i t a l  b u f f e r ,  pH 8.6, con- 

t a i n i n g  10% outda ted  human blood bank plasma. These samples were 

s t o r e d  a t  -6OOC u n t i l  used.  A n t i s e r a  w e r e  r o u t i n e l y  assayed a t  a 

f i n a l  d i l u t i o n  of 1 X When needed lower o r  h igher  d i l u t i o n s  

were made wi th  t h e  same b a r b i t a l  b u f f e r .  The d i l u t i o n  of an  a n t i -  

serum g i v i n g  30% binding of t h e  t r a c e r  was def ined  as t h e  t i ter  

and t h i s  d i l u t i o n  w a s  r e t a i n e d  t o  measure a f f i n i t y .  The method 

of Segre ( 7 )  was used f o r  t h e  assay .  

by a modi f ica t ion  ( 7 )  of t h e  method of Hunter and Greenwood ( 1 5 ) ,  

and p u r i f i e d  by g e l  chromatography on BioGel P-100 ( 7 ) ,  w a s  a l -  

ways used as  tracer. A f f i n i t y  w a s  s t u d i e d  i n  non e q u i l i b r i u m  

condi t ion  w i t h  a s i n g l e  poin t  type of assay;  320 pg of bPTH(1-84) 

o r  160 pg of bPTH(1-34) w e r e  incubated f o r  two days wi th  each 

ant iserum; 10,000 cpm of tracer w a s  then  added and t h e  incubat ion  

1251-bPTH(1-84), i o d i n a t e d  

w a s  cont inued f o r  24 hours .  For  t h e  zero p o i n t ,  no co ld  hormone 

w a s  added. Damage was es t imated  i n  tubes  where no ant iserum was 

added. A l l  procedures were done a t  4OC. F i n a l  volume of t h e  
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6 D'AMOUR AND RICHER 

assay  was 500 ~ 1 .  B a r b i t a l  b u f f e r  c o n t a i n i n g  10% outda ted  human 

blood bank plasma w a s  used t o  d i l u t e  a l l  t h e  components of t h e  

assay .  One m l  of 5% charcoa l  (Nor i t  A) -0.5% Dextran T 70 

(Pharmacia) i n  b a r b i t a l  b u f f e r  was used to  s e p a r a t e  f r e e  from 

bound hormone t r a c e r .  A f t e r  s e p a r a t i o n  both  phases  were counted 

on a Beckman 5000 gamma counter .  B I T  w a s  c a l c u l a t e d  i n  t h e  u s u a l  

way; B / T = B  - .D (B t F) where B i s  t h e  tracer i n  t h e  super-  

B t F  

n a t a n t  and F t h e  t r a c e r  p r e c i p i t a t e d  by c h a r c o a l ,  .D i s  t h e  Z of  

count behaving as bound t r a c e r  i n  t h e  absence of ant iserum. 

Percent  displacement  was e s t i m a t e d  f o r  each an t i se rum as be ing  

t h e  d i f f e r e n c e  between t h e  BIT a t  p o i n t  0 and a t  p o i n t  320 pg 

( 3 3 . 7  X M) of bPTH(1-84). 

A n t i s e r a  showing maximum displacement  of  t h e  tracer wi th  

co ld  hormone i n  t h e  s i n g l e  p o i n t  displacement  a s s a y  were f u r t h e r  

s t u d i e d  t o  c h a r a c t e r i z e  t h e i r  a n t i g e n i c  r e c o g n i t i o n .  T h i s  was 

accomplished by s t u d y i n g  t h e  displacement  of  1251-bPTH(1-84) 

t r a c e r  bound t o  each an t i se rum by i n c r e a s i n g  amount of  i n t a c t  

bPTH(1-84) o r  of s y n t h e t i c  f ragments  r e p r e s e n t a t i v e  of t h e  amino- 

o r  carboxyl- terminal  sequence of t h e  bPTH molecule. Cross-reac- 

t i v i t y  wi th  hPTH w a s  s t u d i e d  s i m i l a r l y  w i t h  i n t a c t  hPTH(1-84) o r  

s i m i l a r  s y n t h e t i c  f ragments .  The a s s a y  c o n d i t i o n s  were i d e n t i c a l  

t o  t h e  s i n g l e  p o i n t  assay  descr ibed  previous ly .  

S t a t i s t i c s  

Standard methods were used t o  c a l c u l a t e  mean, s t a n d a r d  devia-  

t ion ,  l i n e a r  r e g r e s s i o n ,  c o r r e l a t i o n  c o e f f i c i e n t  and l e v e l  of  

s i g n i f i c a n c e  (S tudent ' s  "t" t e s t ) .  
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IMMUNE RESPONSE OF THE GUINEA PIG 
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FIGURE 1 Time course s tudy  of  t h e  immune response  of  5 guinea  
p i g s  t o  t h r e e  i n j e c t i o n s  of 40 pg of  bPTH(1-84) a n t i g e n .  The 
time of i n j e c t i o n  is i l l u s t r a t e d  by arrows a t  t h e  t o p  of  t h e  
f i g u r e .  The d e l i n e a t e d  a r e a s  r e p r e s e n t  an e x t r a p o l a t i o n  of t h e  
r e s u l t s  i n  p e r i o d s  where no sampling was done. 

RESULT S -- 
1; Time-Course Study of  t h e  Immune Response 

The immune response  of 5 guinea p i g s  who r e c e i v e d  t h r e e  i n -  

j e c t i o n s  of 40 pg of bPTH(1-84) i s  i l l u s t r a t e d  i n  F igure  1. The 

b inding  c a p a c i t y  of each an t i se rum,  f o r  a f i x e d  d i l u t i o n  of 1 X 

is maximal 61 days a f t e r  t h e  pr imary immunization and 25 

days a f t e r  each of t h e  two b o o s t e r  doses .  The peak of  t h e  b i n d i n g  

c a p a c i t y  fol lowed t h e  same time-course p a t t e r n  i n  animals receiv- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
0
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



8 D'AMOUR AND RICHER 

ing  smaller doses of antigen as boos ters  (not i l l u s t r a t e d ) .  

Further ana lys i s  and comparisons were done on the  a n t i s e r a  col- 

l ec ted  a t  the  peak of the  primary, secondary o r  t e r t i a r y  response. 

2 )  Evolution of Ant i sera  Ti te r  

Following a primary immunization wi th  40 pg of bPTH(1-84), 

a l l  the 30 guinea p igs  developed an t ibodies ,  although titers giv- 

ing  30X binding of the  t r a c e r  were i n f e r i o r  t o  1 X i n  most 

animals. A t  t h i s  d i l u t i o n ,  the mean binding capacity was 20.9? 

8.4% (mean ? S.D.), and was similar i n  the  15 animals who were 

given Pe r tus s i s  vaccine (21 .1 t  7.7%)  when compared t o  the  15 who 

did not receive i t  (20.7f9.3X). 

It was poss ib le  t o  separa te  t h e  30 animals i n t o  6 groups of 5 

guinea pigs having a s i m i l a r  primary immune respone (c f .  t ab l e  I). 

Af ter  t he  f i r s t  booster dose, those groups reimmunized with 40, 

10 and 2.5 pg of an t igen  had an increase  i n  t h e i r  t i ter ,  while 

those reimmunized with 0.60, 0.15 and 0.04 pg had minimal o r  no 

increase.  The h ighes t  t i ter  of 5.2 X f 2.6 X w a s  ob- 

served i n  the 40 pg group. 

second booster dose were lower i n  a l l  groups when compared with 

the  f i r s t  booster.  This  d i f f e rence  was s i g n i f i c a t i v e  f o r  t he  

groups who received 40 ug ( < .0125), 2.5 pg ( < .001), 0.15 pg 

(p < 0.0025) and 0.04 Ug (p < .0125). A s  can be seen i n  Figure 2 ,  

a pos i t i ve  co r re l a t ion  was found t o  e x i s t  between the dose of 

antigen used a s  a boos te r  and the  f i n a l  t i t e r  of the an t i s e ra .  

This was most evident i n  the  dose range between 0.6 and 40 pg 

a f t e r  the f i r s t  booster ( r =  .7836, p <0.001).  Although similar 

The t i ters observed following the 
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10 D'AMOUR AND RICHER 

I" BOOSTER 
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LOG OF DOSE OF ANTIGEN USED FOR BOOSTERS 

FIGURE 2 The t i t e r  and a f f i n i t y  of 30 guinea pigs a n t i s e r a  
a re  analyzed a s  a function of t he  amount of bPTH(1-84) an t igen  
given f o r  booster doses. A pos i t i ve  co r re l a t ion  was found t o  
e x i s t  between the t i t e r  of the a n t i s e r a  and the  dose of an t igen  
used f o r  booster.  This co r re l a t ion  was more evident a f t e r  the 
f i r s t  booster dose than a f t e r  t h e  second one. The a f f i n i t y  
of the a n t i s e r a  remained i d e n t i c a l  a t  a l l  doses of an t igen  used 
f o r  booster.  

r e s u l t s  were observed a f t e r  the second boos ter ,  the co r re l a t ion  

was l e s s  good ( r z . 5 9 5 3 ,  p <0.01) .  

3)  Evolution of Ant i sera  Af f in i ty  

Results a r e  summarized i n  Table I and i n  Figures 2 and 3 .  

After  the  f i r s t  immunization, only an occasional antiserum demon- 

s t r a t e d  displacement of the t r a c e r  with cold bPTH(1-84) so  tha t  

t i t e r s  giving 30% binding of t r a c e r  were not s tud ied .  Displace- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
0
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



IMMUNE RESPONSE OF THE GUINEA PIG 11 

c 

0 20 40 60 80 I00 

Yo DISPLACEMENT AT 30% 'IT 
AFTER lsT BOOSTER 

FIGURE 3 The % d i sp lacemen t  o f  t r a c e r  o b t a i n e d  w i t h  320 pg o f  
bPTH(1-84) a t  t i t e r  g i v i n g  30% b i n d i n g  o f  t h e  t r a c e r  i s  i l l u s -  
t r a t e d  f o r  each  a n t i s e r u m  as a f u n c t i o n  o f  t h e  two b o o s t e r  d o s e s .  
Boos te r  d o s e s  were 40 (tt.), 10 (-), 2 . 5  (U-O-U), 
0 .6  (k+A), 0.15 (-) and 0.04 pg (*) p e r  a n i m a l .  
The b l a c k  l i n e  r e p r e s e n t s  t h e  r e s p o n s e  t h a t  one  would have ob- 
t a i n e d  i f  no change i n  a f f i n i t y  had been  s e e n .  
r e p r e s e n t  a 10% d e v i a t i o n  from t h i s  r e sponse .  

D o t t e d  l i n e s  

ment o f  t r a c e r  by c o l d  hormone was maximal 25 days  a f t e r  t h e  

f i r s t  b o o s t e r  dose ,  even i n  t h e  low d o s e s  groups where t i t e r  d i d  

n o t  i n c r e a s e .  The mean d i s p l a c e m e n t  o f  t h e  t r a c e r  obse rved  w i t h  

320 pg bPTH(1-84) was 3 5 . 8 9 ? 2 0 . 3 8 %  ( n = 3 0 ) ( r a n g e  0 t o  66 .9%) .  

No r e l a t i o n s h i p  c o u l d  b e  found between t h e  dose  of a n t i g e n  used  

a s  a b o o s t e r  and t h e  a f f i n i t y  of t h e  a n t i s e r a  ( F i g u r e  2 ) .  T h i s  

w a s  a l s o  t r u e  a f t e r  t h e  second  b o o s t e r  d o s e  even i f  a f f i n i t y  
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1 2  D'AMOUR AND RICHER 

MOLESX 1615 

FIGURE 4 
ing concentration of bPTH(1-84) (-), hPTH(1-84) (-), 

and hPTH(53-84) (*), i s  i l l u s t r a t e d  f o r  th ree  d i f f e r e n t  
an t i s e ra .  Antiserum C-52 w a s  used a t  a f i n a l  d i l u t i o n  of 
1/25,000, C-73 a t  1137,500, and C-90 a t  1/30,000. I n i t i a l  BIT 
was near 35% i n  a l l  cases.  

The displacement of 1251-bPTH(1-84) t r a c e r  by increas- 

bPTH(1-34) (---a), hPTH(1-34) (w-), bPTH(53-84) (u), 
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IMMUNE RESPONSE OF THE GUINEA PIG 13 

tended t o  decrease  i n  a l l  groups.  T h i s  decrease  i n  a f f i n i t y  

observed a f t e r  t h e  second b o o s t e r  dose w a s  no t  s i g n i f i c a n t  

w i t h i n  each group due t o  t h e  small number of an imals  and t o  

t h e  l a r g e  s tandard  e r r o r  b u t  t h e  mean displacement  of t r a c e r  

ob ta ined  f o r  a l l  groups was 23.24k 20.75% ( range  0-72.5%) and 

t h i s  v a l u e  w a s  s i g n i f i c a n t l y  lower than t h e  one observed a f t e r  

t h e  f i r s t  b o o s t e r  ( p < 0 . 0 0 2 5 ) .  T h i s  i s  i l l u s t r a t e d  g r a p h i c a l l y  

i n  F igure  3; only 3 guinea p i g s  had more than  a 10% i n c r e a s e  

i n  t h e i r  % displacement  of tracer a f t e r  t h e  second b o o s t e r  

whi le  12 had more than a 10% d e c r e a s e .  

R e s u l t s  of displacement  wi th  160 pg of bPTH(1-34) a r e  n o t  

i l l u s t r a t e d  s i n c e  only t h e  o c c a s i o n a l  an t i se rum r e a c t e d  w i t h  

t h i s  r e g i o n  of t h e  bPTH molecule. 

4 )  A n t i g e n i c i t y  of The bPTH(1-84) Molecule 

Three a n t i s e r a  showing more than  50% displacement  of t h e  

t r a c e r  w i t h  320 pg of bPTH(1-84) were f u r t h e r  s e l e c t e d  t o  s t u d y  

t h e i r  a n t i g e n i c  de te rminants .  R e s u l t s  of  t h e s e  s t u d i e s  are 

i l l u s t r a t e d  i n  F igure  4. 

A l l  t h r e e  a n t i s e r a  recognized one ( o r  more) a n t i g e n i c  de- 

terminant  p r e s e n t  i n  t h e  53-84 p o r t i o n  of  t h e  bPTH molecule ,  

account ing f o r  70% of t h e  r e a c t i v i t y  of  an t i se rum C-90 and 50% 

of t h e  r e a c t i v i t y  of antisera C-52 and C-73. S i n c e  no d i s p l a c e -  

ment w a s  produced by bPTH(1-34) i n  s t u d i e s  w i t h  an t i se rum C-52 

and C-73, one has  t o  p o s t u l a t e  t h e  e x i s t e n c e  of a n o t h e r  d e t e r -  

minant i n  t h e  a r e a  34-53 t o  account  f o r  t h e  t o t a l  displacement  

obta ined  w i t h  bPTH(1-84). With an t i se rum C-90, bPTH(1-34) d i s -  
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14 D'AMOUR AND RICHER 

p laced  35% of t h e  t r a c e r  thus  t h e  whole a c t i v i t y  of t h i s  a n t i -  

serum could be accounted f o r  by de te rminants  p r e s e n t  i n  t h e  

1-34 and 53-84 p o r t i o n s  of t h e  bPTH molecule .  None of t h e s e  

a n t i s e r a  c ross - reac ted  wi th  hPTH(1-34), b u t  a l l  t h r e e  c ross -  

r e a c t e d  with hPTH(53-84): b u t  t h i s  d i d  not  account  f o r  a l l  t h e  

carboxyl- terminal  r e a c t i v i t y  of  t h e s e  a n t i s e r a  w i t h  hPTH(1-84) 

and one has  thus  a l s o  t o  p o s t u l a t e  some c r o s s - r e a c t i v i t y  w i t h  

region 34-53 of  t h e  hPTH molecule. 

DISCUSSION 

O u r  main o b j e c t i v e  was t o  r a i s e  a n t i s e r a  of h igh  t i t e r  and 

a f f i n i t y  a g a i n s t  bPTH(1-84), whi le  g a i n i n g  p r a c t i c a l  i n f o r -  

mations on t h e  immune response of t h e  guinea p i g  t o  t h i s  p a r t i c u -  

l a r  an t igen .  We e l e c t e d  t o  immunize by t h e  method of V a i t u k a i t i s  

e t  a l .  (10) because i t  proved i t s e l f  u s e f u l  i n  r a i s i n g  a n t i b o d i e s  

with small doses  of a n t i g e n .  The only  m o d i f i c a t i o n  t o  t h e i r  

method was the  omission of P e r t u s s i s  v a c c i n e  i n  h a l f  t h e  animals  

a t  t h e  t i m e  of primary immunization t o  e v a l u a t e  i t s  e f f e c t  on t h e  

immune response t o  bPTH(1-84). We a l s o  used p r o g r e s s i v e l y  smaller 

doses of  a n t i g e n  f o r  b o o s t e r s  i n  t h e  hope of  s e l e c t i n g  antibody- 

forming c e l l s  w i t h  r e c e p t o r s  of t h e  h i g h e s t  a f f i n i t y  f o r  t h e  a n t i -  

genic  de te rminants  of bPTH(1-84): t h i s ,  w e  thought ,  would permit  

t h e  r a i s i n g  of a n t i s e r a  of t h e  h i g h e s t  a f f i n i t y .  

Following primary immunization, a l l  guinea p i g s  developed 

s i g n i f i c a n t  amounts of  a n t i b o d i e s  r e f l e c t i n g  t h e  a n t i g e n i c i t y  of 

bPTH(1-84) i n  t h a t  s p e c i e s .  T h i s  primary response  w a s  maximal a t  

61  days,  a t iming s imilar  t o  t h e  one observed by V a i t u k a i t i s  e t  
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IMMUNE RESPONSE OF THE GUINEA PIG 15 

a l .  (10) i n  r a b b i t s  immunized w i t h  s u b u n i t  of human c h o r i o n i c  

gonadotrophins .  T h i s  s u g g e s t s  t h a t  i n  t h e s e  s p e c i e s  t h e  method 

of immunization r a t h e r  than t h e  a n t i g e n  may be impor tan t  f o r  t h e  

t iming of t h e  primary immune response .  A n t i s e r a  t i t e r  and a f f i n i -  

t y  were low a f t e r  primary immunization and P e r t u s s i s  v a c c i n e  had 

no e f f e c t  on e i t h e r  process .  

The b o o s t e r  doses  were given 45 t o  90 days a f t e r  t h e  peak 

of t h e  pr imary o r  secondary immunizations when a s i g n i f i c a n t  

f a l l  i n  t i t e r  had been observed. 

followed t h e  same k i n e t i c s  and w a s  maximal 25 days a f t e r  t h e  in-  

j e c t i o n .  T h i s  i s  s l i g h t l y  l a t e r  than what i s  u s u a l l y  recommended 

f o r  b l e e d i n g  t i m e  a f t e r  a b o o s t e r  dose ( 6 , 8 , 9 ) .  

The response t o  each b o o s t e r  

A f t e r  t h e  f i r s t  b o o s t e r  dose ,  t h e  average  a f f i n i t y  of the 

a n t i s e r a  w a s  g r e a t l y  i n c r e a s e d  i n  each group of animals  when 

compared t o  t h e  primary immune response.  But t h e  hypothes is  t h a t  

a l i m i t i n g  dose of immunogen given as b o o s t e r  might i n c r e a s e  t h e  

a f f i n i t y  of  t h e  a n t i b o d i e s  produced dur ing  t h e  secondary immune 

response w a s  n o t  v e r i f i e d ,  c o n t r a r y  t o  what h a s  been observed 

dur ing  t h e  primary immune response (11) .  On t h e  o t h e r  hand, a 

r e l a t i o n s h i p  w a s  found between t h e  dose of  immunogen used a s  a 

b o o s t e r  and t h e  t i t e r  of  t h e  a n t i s e r a .  A b o o s t e r  dose  of 0.60 p g  

o r  less of  bPTH(1-84) caused minimal o r  no i n c r e a s e  i n  t h e  t i ter  

when compared w i t h  t h e  primary response.  I n c r e a s i n g  dosage 

caused p r o p o r t i o n a l  i n c r e a s e  i n  t i ters up t o  5 f o l d  i n c r e a s e  w i t h  

40 pg which was t h e  h i g h e s t  dose t e s t e d .  T h i s  o b s e r v a t i o n ,  though 

unexpected, is most i n t e r e s t i n g  s i n c e  i t  has  p r a c t i c a l  impl ica-  
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16 D'AMOUR AND RICHER 

t i ons  f o r  r a i s i n g  a n t i s e r a  of high t i t e r  in the system under 

study and possibly i n  systems with o the r  immunogens and o the r  

animal species.  

Af te r  the  second booster dose, a decrease both i n  a f f i n i t y  

and t i t e r  was observed when r e s u l t s  were compared t o  those ob- 

tained a f t e r  t he  f i r s t  booster.  Here again,  there  w a s  no 

co r re l a t ion  between t h e  dose of immunogen and the  a f f i n i t y  of 

an t i s e ra ,  bu t  there  w a s  a r e l a t ionsh ip  between t h e  dose and the  

t i ter .  This i n h i b i t i o n  of t h e  response is c l e a r l y  not r e l a t e d  

t o  the dose of immunogen s ince  i t  w a s  seen i n  a l l  groups. It 

is not excluded tha t  i t  might be r e l a t ed  t o  the timing of the 

reimmunization, even i f  the boos te r  dose was given a t  least 60 

days a f t e r  t he  peak of the  secondary immune response. 

The a n t i s e r a  produced shared c e r t a i n  c h a r a c t e r i s t i c s .  The 

53-84 por t ion  of bPTH(1-84) appears t o  contain the  main immuno- 

genic determinant(s) f o r  the  guinea p ig  and accounted f o r  a t  least 

50% of the r e a c t i v i t y  of t he  a n t i s e r a  s tud ied .  This component 

cross-reacted i n  a l l  a n t i s e r a  with hPTH(53-84). 

determinant, pos tu la ted  t o  be present i n  the  34-53 region, w a s  

present i n  two of t h e  three  a n t i s e r a  s tud ied  and cross-reacted 

with hPTH. 

the 1-34 region of t he  bPTH, which d id  not  cross-react with 

hPTH(1-34). These r e s u l t s  c l e a r l y  ind ica t e  tha t  there  e x i s t  a t  

l e a s t  three an t igenic  determinants on the  bPTH(1-84) molecule 

which can be recognized by guinea p i g  a n t i s e r a .  

Another an t igenic  

One antiserum recognized an an t igen ic  determinant i n  

In  conclusion, bPTH(1-84) can induce an immune response in 

guinea p ig  following a primary immunization, bu t  a n t i s e r a  pro- 
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duced are of low t i ter  and a f f i n i t y .  

with a 1000-fold range doses  of immunogen, t h e  I n c r e a s e  of t h e  

t i ters of a n t i s e r a  I s  dose-dependent, whi le  t h e  i n c r e a s e  i n  a f -  

f i n i t y  I s  dose-independent. 

lowered a f t e r  a second b o o s t e r ,  t h e  t i ters were a g a i n  dose- 

Following a f i r s t  b o o s t e r  

While b o t h  t i ters and a f f i n i t y  were 

dependent and the  a f f i n i t y  w a s  no t .  These f i n d i n g s  should be 

u s e f u l  t o  those  i n t e r e s t e d  t o  s tar t  small p r e d i c t a b l e  lmmunl- 

z a t l o n  programs wi th  bPTH. 
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