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A b s t r a c t  

A ti  ra  a g a i n s t  human p l a c e n t a l  p r o t e i n s  rer develop d i n  
g o a t s  and r a b b i t s ,  u s i n g  immunoadjuvants ar.d a pro longed  i n j e c t i o n  
schedule .  The a n t i s e r a  were absorbed  w i t h  normal serum p r o t e i n s  
and t h e n  t e s t e d  i n  immunodiffusion a g a i n s t  normal and pregnancy 
s e r a .  Two bands o f  p r e c i p i t a t i o n  due t o  pregnancy a n t i g e n s  were 
observed i n  pregnancy sera as early as 18 days a f t e r  concept ion .  
De tec t ion  o f  these a n t i g e n s  has  p o s s i b i l i t i e s  f o r  a p p l i c a t i o n  as 
an e a r l y  pregnancy t e s t .  

I n t r o d u c t i o n  

The p o s s i b i l i t y  o f  u s i n g  an t i s e rum t o  p l a c e n t a l  e x t r a c t  t o  

d e t e c t  pregnancy a t  an  e a r l y  s t a g e  a r o s e  from an i n v e s t i g a t i o n  

d i r e c t e d  toward  de te rmin ing  whether p l a c e n t a l  and o ther  f e t a l  an- 

t i g e n s  are r e e x p r e s s e d  i n  d i s e a s e  s ta tes ,  p a r t i c u l a r l y  cance r .  

Levels  of e x i s t i n g  serum p r o t e i n s  change i n  pregnancy,  and new 

p r o t e i n s  appear  t h a t  are produced by e i the r  t h e  mother o r  t h e  fe- 

t u s .  The occur rence  of a t  least one and perhaps  two s e r o l o g i c a l l y  
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2 HOLLADAY ET AL 

specific components in pregnancy sera was demonstrated by Thornes 

(3) in 1958 by gel precipitation. 

presence of a pregnancy-associated a-globulin in a region of the 

starch gel electropherogram which he called the "pregnancy zone." 

In 1960, Hirschfeld and Sdderberg ( 5 )  found two "pregnancy precip- 

In 1959, Smithies ( 4 )  showed the 

itates" on immunoelectrophoresis of pregnaficy sera, one in the 

fast a-globulin region, and the other in the slow a2-beta-globulin 

region. Since then, as many as four such pregnancy-associated 

plasma proteins have been detected. 

Gall and Halbert (6) showed the sequential appearance of four 

pregnancy-associated plasma proteins that were studied as preg- 

nancy progressed; Lin et al. (7) characterized these with respect 

to molecular weight, isoelectric point and electrophoretic mobil- 

ity, pH and temperature stability, sedimentation behavior, solu- 

bility, and elution from D E B  cellulose. Possible enzyme activity 

was also investigated. Three of the proteins were routizely seen 

by immunoelectrophoresis. One of the proteins coztainei iron. 

NoLe appeared in normal nonpregnancy plasna. The pregnancy san- 

ples tested were from subjects in +,he third trimester. The anti- 

sera used had been raised against pregnancy plasaa and then ab- 

sorbed exhaustively with nonpregnancy plasma. Bohn (8) used rab- 

bit antihuman placenta antiserum absorbed with male serurn to de- 

tect four pregnancy-associated plasma proteins. Only one was COR- 

sidered to be specific for pregnancy, while two could be detecte2 

socletines in sera fron nonpregnant female subjects, especially in 

tnose taking oral contraceptives. 
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. - -  

PREGNANCY-ASSOCIATED SERUM PROTEINS 3 

Berne ( 9 )  used a quantitative radial immunodiffusion test to 

determine levels of a pregnancy-zone protein, termed by him “2- 

pregnoglobulin, also found in males and nonpregnant females. 

Users of oral contraceptive estrogen-progestin combinations showed 

levels reaching into the pregnancy range. First elevations of the 

a2-pregnoglobulin were detected at six weeks of pregnancy. The 

purpose of the present work was to determine how early in preg- 

nancy any of the pregnancy-associated serum antigens could be de- 

tected. 

Materials and Methods 

PreparatioE of crude placental extract. Term placentas were 
roe prc 

obtained at delivery and chilled in 0.85% sodium chloride solution: 

The placentas were washed for 1 hr in tap water to remove a maxi- 

I N  

“)* - 3 I I * C S  C ” k ) t ?  I h i p  
mum of blood elements and serum proteins. Fat was then cut away; 

and the placenta was cut into pieces about 1 cm on a side and fro- 

zen. Subsequently, the frozen material was homogenized in three 

voluzles of 0.1 M, pH 7, phosphate buffer. The homogenate was cen- 

trifuged at l 7 p O O  x g for 10 min in an angle-head centrifuge, the 

supernatant was collected, the pellet was rehomogenized in two 

volumes of the same buffer, and a second centrifugation at 17,000 
rQoCSt;*h: W L O t  tJ L 3 ? :\I 4 

X R for 10 min was done.Y The ornteins nf interest. Were nrerini- 
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c o n t a i n i n g  0.1% sodiucl a z i d e ,  t h e  s o l u t i o r ,  was d i a l y z e d  a g a i n s t  

t h i s  s m e  b u f f e f ,  and any material  t h a t  p r e c i 2 i t a t e d  w a s  remoTred 

by c e n t r i f u g a t i o n . (  ' ' <  * ' '- I" 

* .  
3 -I,.: ( t ,  I- -,I 1 %  ., * f , I - r ~ r , i , r .  3 c; - J -4 

r I \ 
(3 t l r -  J c 

Ary serum p r o t e i n s  l e f t  i n  t h e  s o l u t i o n  wer? reaoved by cy- 

c l i n g  it over  an  immunoadsorbent column of a n t i b o d i e  t o  normal 

human serum? The unbound f r a c t i o n  emerging from t h i s  t r ea tmen t  
[ L lDa)  ' . - 1 ; W L ~  Jar. a C  e. , n ,  \ , i p s  

was s t i l l  a complex m i x t u r e ,  c o n t a i n i n g  a t  least  2 0 . d i f f e r e n t  pro- 

t e i n s ,  as judged by g e l  e l e c t r o p h o r e s i s .  The s o l u t i o n  could  not  

be concen t r a t ed  beyond 20 A 2 8 0  u n i t s  (7373 p e r  m l  without  undes i r ed  

p r e c i p i t a t i o n  o c c u r r i n g  on s t o r a g e ,  e s p e c i a l l y  on f r e e z i n g  and 

thawii!g3 Apparent ly ,  t h e  b u l k  of t h e  m a t e r i a l  t h a t  p r e c i p i t a t e d  

w a s  p l a c e n t a l  t i s s u e  p r o t e i n s ,  mos t ly  a c i d  i n  n a t u r e .  T h i s  mate- 

p r o t e i n s  t h a t  appear  i n  t h e  serum from t h o s e  t h a t  do no t  could  be 

e f f e c t e d .  Only 10 t o  1 5  o f  t h e  p r o t e i n s  i n  t h e  mixture  have 

proved t o  be s u f f i c i e n t l y  a n t i g e n i c  t o  result i n  d e t e c t a b l e  a n t i -  

body product ion  t o  them. - =rn - y t o  modify t h e  ex- 
3 4  6 /l'kcly P O C Z ~ L ; ~  

t r a c t i o n  procedure  ( f o r  example,  m i l d  a c i d  e x t r a c t i o n  o f  d i ced  

p l a c e n t a ,  wi thout  homogenizat ion)  i n  o r d e r  t o  minimize t h e  e x t r a c -  

t i o n  of  p r o t e i n s  t h a t  do no t  appear  i n  t h e  plasma! U P @ c r c C v r  I for * @  

I- -a;' 

.. r '< ,: 

3pef ioc' '1*7 54. 

R a i s i n f f  o f  a n t i s e r a .  The p l a c e n t a l  e x t r a c t s ,  ninus+erun 
n,-:pP'f:c * 

p r o t e i n s  bu t  s t i l l  c o n t a i n i n g  t h e  r e l a t i v e l y  nonant igenic  t i s s u e  

pr97,eins mentioned, were c o n c e n t r a t e d  t o  about 15  A 2 8 0  u n i t s  p e r  

1 0 1 5 5 4 b  
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ml f 'Dr i n J e c t i o n  p u r p s e s .  An estiTat.2 C t h e  a t i  n t e n  

5 

w a s  

0 . 1  t o  1 m g . / n l ,  based on i n t e n s i t y  of  r e a c t i c r .  i n  iniixnodlf?Jsion. 

The e x t r a c t  was mixed wl th  an equa l  vo lu !e  o f  F reuxd ' s  c o z p l e t e  

ad;uvant 

e i t h e r  i n  t h e ,  h i p s  o r  behind t h e  neck ' (& nl f o r  g o a t s ,  1 rd f o r  

r a b b i t s ) .  T h e r e a f t e r  t h e  same amounts of  e x t r a c t  without  adjli- 

vant  were i n j e c t e d  subcutaneously at weekly i n t e r v a l s .  Every 

4. ? . ; a ~ - '  o r . %  

and t h e  p r e p a r a t i o n  w a s  irl:?c>F2 sidSc~i%aceously f ' r , - 7 c i r , & ,  

~ l . J > * , ) C ,  r % c L , F i . L . -  ' . f " '  . Q I C Q  1 i i i ' n f i l  
w 

3 A  

f o u r t h  week, i n j e c t i o r !  was done w i t h  a n t i g e n  p l u s  a d j u v a c t .  F i r s t  

b l e e d i n g  was a t  5 weeks ( 4 0  ml f o r  r a b b i t s  and 150 m l  f o r  g o a t s )  

and was biweekly t h e r e a f t e r !  H i g h - t i t e r  a n t i s e r u T  w a s  o b t a i n e d ,  , 

u s u a l l y  i n  about  7 t o  8 months. 

40 + P L f  i : c  ab-\1had { p e - '  * I C  , 

4\ 
'1 p Q ? r * M - + ) J w  

The an t i s e rum w a s  absorbedywi --q NTY'JY3Q. "' 

a n t i g e n s  f G r  t h e  presence  of  a n t i g e n s  t h a t  a p p e a r e i  i n  t h e  s e r a  of  

pregnant  xomen. The ant i serum was f i r s t  t e s t e d  z g a i n s t  s e r a  3-02  

women i n  t h e  t c i r d  t r i m e s t e r  of  pregnar,cy. Teszs a g a i n s t  +he s e r a  
r 

fron! t h r e e  5 . l f f e ren t  wornen i n  t h e i r  f i rs t  pregnaricy) e L .  Ti irr 
- I  

F-+m-, f-& t h r e e  women i n  t h e i r  second. p r e g n a r , c ; j i m ,  

and k.ew tn ree  w m e n  ir, t h e i r  t h i r d  ? r e g n m c y  
:b.a.rd i-?-4Lu.q r #6' 1 '>'r~' u i A b : $  - .  

c o n t r o l  f o r  a l l  t h r e e  p l a t e s  w a s  from a 28-year-ald woTnan who ha:! 

1'"- -3  e:,,. had one s u c c e s s f u l  pregnancy 5 y e a r s  p r e v i o u s l y ,  and who s i n c e  

t h a t  time ha?. been t a k i n g  an es t rogen-based  b i r t h  c o n t r o l  p i l l .  

. .  No r e a c t i o n  w a s  nc t ed  a t  any t i m e  w i t n  t n e  c o n t r o l .  k-pe+k~ - ~e 

t 0 1 5 5 4 1  
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FIGURE 1 

Detec t ion  of  pregnancy-assoc ia ted  a n t i g e n s  i n  sera from womec ir, 
t h e  t h i r d .  t r i r ; , e s t e r  cf t h e i r  f i r s t  c regnancy .  
c c n t a i n s  an i c d i v i d u e l  s e r . ~ ~ .  Cont ro l  s e r u n  i s  i n  t h e  C v e l l s ;  
t h e  c e n t e r  w e l l  c o n t a i n s  t h e  abccr’Ded a n t i p l a c e n t a l  an t iger .  ~r.:i- 
serurn. T ine  of r e a c t i a n :  2b h r .  

Each or’ t h e  A wel l s  

r-eee-t-ion was-seen w i t h i n  5 h r  w i th  a l l  t h e  t h i r d - t r i z e s t e r  s e r a .  

These r e a c t i o n s  improved wit:? t i m e ,  so t h a t  i n  40 h r  2 t o  b bar.ds 

cf p r e c i p i t a t i o n  were obseryied f o r  a l l  samples .  The f o u r  p r e c i a i -  . .  

t i n  bands between a t h i r d - t r i c e s t e r  pregnancy serum and t h e  a n t i -  

serum are unusua l ly  c l e e r  i n  F igu re  4 (well marked 3 P ) .  

The an t i s e rum gave nega t ive  t e s t s  a g a i n s t  a success ion  of 

ba t ches  of pooled  normal h u a n  male sera. It was p o s i t i v e  a g a i n s t  

all of  a s e r i e s  of  40 samples o f  t h i r d - t r i m e s t e r  pregnancy sera .  

I t  Was n e g a t i v e  a g a i n s t  t h e  s e r a  of t e n  nonpregnant  women, inc lud-  

I o - l 5 s 4 1 3  
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C 

B C ‘  

C 8 
FIGURE 2 

Detection of pregnancy-associated antigens in sera from women in 
the third trimester of their second pregnancy. Disposition of the 
wells and time of reaction as in Fig. 1. 

. %  

\ , I ‘  * * I  ., . 
ing those previously pregnant. T%u+&uL, no reaction has beer, 

shown with sera from women taking estrogen-related contraceptives a 

( f0uG-e-d) . 
the positive, 4 eactions with third-trimester preg- 
was decided to see how early these reactions could 

3 n 0 p d . r  ?e, 3 + r e e - ~ ~ + r 0 * &  +&+ ~ * ~ * ~ - . ~ ~  j F  p ~ ~ _ r ? r r (  
- -  I 

sera. Y A  serum sample% was obtained from mdv @rOJP:; 
6’3 kc‘- 

a 29-year-old woman 6 days after she had failed to begin her men- ~ uai,&;o/~ Tor 
\ 

q p q u l P c y  strual period. A good estimate of the time duration since t?’<-( ,,9**WJ 

tion was 18 to 22 days. A serum sample* was obtained from a 25- W U p  I M 0 4  o r  

IO’155Vl 
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FIGURE 3 
D e t e c t i o n  of  pregnancy-associated a n t i g e n s  i n  s e r a  from women i n  
t h e  t h i r d  t r i m e s t e r  of t h e i r  t h i r d  pregnancy. 
w e l l s  and t i m e  o f  r e a c t i o n  as i n  F i g s .  1 and 2 .  

D i spos i t i on  of t h e  

year -o ld  woman 1 0  days a f t e r  she  had f a i l e d  t o  begin he r  mens t rua l  

p e r i o d ,  g i v i n g  a t ime d u r a t i o n  of  22 t o  26 days s i n c e  concept ion .  
L 

\ b  Samples M-%R&~- were t e s t e d  by double  d i f f u s i o n  (- 5 ,  

r- ) a g a i n s t  antiserum t o  p l a c e n t a l  a n t i g e n s .  P l a c e n t a l  

e x t r a c t  and serum from a woman i n  t h e  t h i r d  t r i m e s t e r  o f  her  t h i r d  

pregnancy were used as r e f e r e n c e .  

A f t e r  16 h r ,  one sharp  band and one f a i n t  band of p r e c i p i t a -  

t i o n  were observed i n  both  samples ,  and t h e  two bands merged o r  

showed i d e n t i t y  wi th  bands from b o t h  p l a c e n t a l  e x t r a c t  and t h e  

t h i r d - t r i m e s t e r  pregnancy serum sample. For bo th  samples -, 
I 0 1 5 5 5 0  
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{e' - . --, 

H P A  

A-HPA 

3 P  

FIGURE 4 

9 

Comparison of a n t i g e n s  ,,-om ear ly-pregnancy an th , rd - t r imes te r  
serum samples.  
t r i m e s t e r  of  h e r  t h i r d  pregnancy;  w e l l  M con ta ined  serum from a 
woman 18-22 days p regnan t ;  w e l l  HPA i s  human p l a c e n t a l  e x t r a c t ;  
A-HPA i s  t h e  an t i s e rum.  Time of  r e a c t i o n :  16 hr ' .  

Well 3P con ta ined  serum from a woman i n  t h e  t h i r d  

J 
FIGURE 5 

.C I 
' 3 P  
, -.  . !  

Same comparison as i n  F i g .  4, except  t h a t  i n  t h i s  c a s e  t h e  e a r l y -  
pregnancy sample (J) w a s  a pregnancy se run  t aken  22 t o  26 days 
a f te r  n s x e c t i o n .  Immunodiffusion f - r  14 h r .  
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a p r e c i p i t i n  band could be  observed  as e a r l y  as 1 hr  af ter  t h e  

s tar t  o f  immunodiffusion. Three p r e c i p i t i n  bands were observed 

forksample 0 w i t h i n  24 h r  a f t e r  l o a d i n g .  
+d *, rr3j 

Another ear ly-pregnancy serum sample,  t aken  a t  28 t o  32 days 

af ter  concep t ion ,  w a s  t e s t e d  a g a i n s t  t h e  an t i se rum and gave two 

p r e c i p i t i n  bands w i t h i n  1 6  h r .  

of g e s t a t i o n  by r o u t i n e  examinat ion f o r  a l l  t h r e e  of t h e  women. 

The human p l a c e n t a l  a n t i g e n  p r e p a r a t i o n  gave t e n  d i s t i n g u i s h a b l e  

p r e c i p i t i n  bands wi th  t h e  an t i s e rum.  

are t h e  s t r o n g e s t  f o r  ve ry  e a r l y  pregnancy sam?les show i d e n t i t y  

w i t h  t h e  weakest bands from samples from t h i r d - t r i m e s t e r  pregnan- 

c i e s .  T h i s  i n d i c a t e s  t h a t  t h e  a n t i g e n s  involved  r each  a concen- 

t r a t i o n  peak e a r l y  i n  pregnancy,  and t h e n  s lowly  decrease  du r ing  

g e s t a t i o n ,  

Pregnancy was conf i rned  a t  8 weeks 

The p r e c i p i t i n  bands t h a t  

Conclus ions  

We have dernonstrat2d t h a t  an t i s e rum a g a i n s t  h m m  p l a c e n t a l  

a n t i g e n s  can  bq used t o  d e t e c t  t h e  appearance e a r l y  i n  pregnancy 
! 

I 

of pregnancy-agsociated serum p r o t e i n s .  I n  t h e  ear l ies t  sample 
I , 

concep t ion ,  a n t i g e n s .  

A d d i t i o n a l  s 

should  be t e  

c i a t e d  p r o t e  

a wide 
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a s c e r t a i n  i f  t h e i r  ' A S P  provokes t h e  p roduc t i an  of a n t i g e n s  t h a t  

r e a c t  w i th  t h e  mt ise : -xn .  F i n a l l y ,  e f f o r t s  shculd  be made t o  cha r -  

a c t e r i z e  t h e s e  e a r l y  appear ing  pregnancy-assac ia ted  p r o t e i n s  so 

t h a t  t hey  can be comgared wi th  o t h e r s  desc r ibed  i n  t h e  l i t e r a t u r e ,  

and t o  d e t e r n i n e  whether t h e y  can o c c w  i n  v a r i m s  d i s e a s e s .  
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P r e p a r a t i o n  of a Typical Immuno4sorbent 

/ 
P r o t e i n  t o  be  bound t o  Sepharose 4 B ,  known as t h e  l i F d ,  w a s  concentrated 

i n  s o l u t i o n  t o  70 m l ,  and dialyzed a g a i n s t  t h e  "coupling" b u f f e r ;  t h a t  i s ,  

t h e  b u f f e r  i n  which t h e  banding of liju t o  Sepharose occurs .  

By using a small c a l i b r a t e d  column o r  sy r inge ,  70 m l  of Sepharose (same as 

volume of p r o t e i n )  based on column packing volume, were c o l l e c t e d .  

The 70 r n l  of Sepharose w a s  washed with a t  least  20 volumes of 0 . 1  

phosphate,  pH 6 . 5 ,  b u t  no a z i d e ,  f o r  f e a r  of i n t e r f e r e n c e  with binding 

of t h e  amine groups.  

. 

For a c t u a t i n g  t h e  Sepharose,  0.3 gm of cyanogen bromide per  ml of Sepharose 

w a s  used, o r  2 1  gm t o t a l .  

The 70 m l  of Sepharose w a s  mixed with an equal  volume of coupling b u f f e r  

i n  a 400 m l  beaker ,  and t h e  beaker with s t i r r i n g  b a r  was placed i n  an ice 

ba th  over a magnetic s t irrer.  

c o n t r o l  t h e  temperature  r a t h e r  than adding ice t o  t h e  mixture  during 

a c t i v a t i o n  which r e s u l t s  i n  d i l u t i o n  of a c t i v a t e d  s i tes .  

It w a s  p r e f e r a b l e  t o  use  an i c e  ba th  t o  



t o  



Immobilization of  Antigen t o  A f f i n i t y  Chromatographic Supports G 

One of t h e  two methods of choice f o r  i s o l a t i o n  of IgG from a n t i s e r a  

has  been d iscussed;  t h a t  i s ,  t h e  f r a c t i o n a t i o n  of a n t i s e r a  on DEAE c e l l u l o s e .  

The g r e a t  advantage of t h i s  method is  t h e  very mild chemical t rea tment  t o  

- 
4 

which IgG is subjec ted .  A disadvantage i s  t h a t  homogeneous recovery of IgG 

is  n o t  assured  and s p e c i f i c  IgG is  n o t  recovered alone. The second method 

%of choice  f o r  i s o l a t i n g  IgG from a n t i s e r a  e n t a i l s  use of immuno@sorbents 

whereby t h e  an t igens  of i n t e r e s t  are immobilized on a support  and t h e  a n t i s e r a  

is  e l u t e d  over t he  immunoasorbent. 

A t y p i c a l  example of t h  e i s o l a t i o n  of  t h e  IgG, s p e c i f i c  a g a i n s t  human . 
/-I . About / serum from a r a b b i t  antiserum t o  human serum, is shown i n  F igure  

1830 AZo0 u n i t s  of r a b b i t  anti-human serum was appl ied  t o  an immunodsorbent 

column, 2.5 x 14  c m  o r  approximately 70 m l ,  conta in ing  700 mgs of normal serum 

a t t a c h e d  by cyanogen bromide t o  Sepharose 4B. 

e l u t e d  w z h  0 .1  M sodium p h o s p h a t b  b u f f e r ,  pH 7.0,  and 0.1% sodium az ide .  

- i 
I 

- 
The bulk of t h e  f i r s t  peak was 

Complete and non- ta i l ing  e l u t i o n  of t h i s  "unbound material ' '  ( t h a t  i s ,  not  

bound by antigen-antibody i n t e r a c t i o n )  was achieved by a d j u s t i n g  t h e  above 

bu6der t o  1.0 M sodium ch lo r ide .  The an t ibod ies  bound t o  t h e  whole serum 

immuno.llsorbent were e l u t e d  wi th  2.0 M sodium th iocyanate ,  pH 6.6, and 0.1% 

az ide .  This f r a c t i o n  w a s  d ia lyzed  t o  0 . 1  M P S ,  7.0, by an in - l ine  d i a lyze r .  
- 

% 
u n i t s  were recovered from t h e  f i r s t  peak and about 420 

3 0  
About 1250 A 

u n i t s  were recovered from t h e  second peak, I n  excess of 95% of t h e  material _I 

CS. 

uf 
a p p l i e d  t o  t h e  column was e l u t e d  by a l l  t h e  var ious  b u f f e r s .  

u3 
tn 

/ 
I n  experiments i n  which t h e  feed  a n t i s e r a  was loaded i n  small d i s c r e t e  

lr 
ba tches ,  on to  the  column, a mass of an t ibod ie s  from antihuman serum a t  least  

equa l  t o  t h e  mass of t h e  serum p r o t e i n s  was bound, and la te r  e l u t e d  wi th  

th iocyana te .  Estimating t h e  average molecular weight of serum a t  100,000 



one can calculate t h a t  based on a antigen-antibody (IgG = 160,000 m . w . )  

s i n g u l a r  molecular i n t e r a c t i o n ,  500 mg of serum would bind maximally 800 mg 

of a n t i b o d i e s .  Observed r e s u l t s  were about 75% of t h i s  f i g u r e .  

A p o s s i b l e  disadvantage t o  t h i s  i s o l a t i o n  of s p e c i f i c  IgG by a n t i g e n i c  

immobilization was observed t o  be t h a t  c e r t a i n  antigen-antibody a f f i n i t i e s  

v a r i e d  i n  s t r e n g t h ,  r e s u l t i n g  i n  premature cleavage of t hese  bonds i n  i n i t i a l  

b u f f e r  o r  l a t e r  i n  r e l a t i v e l y  mild th iocyana te  o r  g lyc ine  b u f f e r s .  Such an 

occurrence a l s o  has  i t s  p o s i t i v e  a s p e c t s  whereby g rad ien t  o r  s tep- increase  

e l u t i o n  could be used t o  f r a c t i o n a t e  t h e  va r ious  an t ibod ie s  bound t o  t h e  

immobilized serum p r o t e i n s .  

Peak 2 w a s  r e g u l a r l y  checked by immunoelectrophoresis aga ins t  goat a n t i -  

r a b b i t  serum f o r  contaminating r a b b i t  p r o t e i n  which might be nonspec i f i ca l ly  

bound t o  t h e  immunodsorbent. A t y p i c a l  example of t h i s  r e s u l t  is  shown i n  

F igure  

goa t  a n t i - r a b b i t  antisera,  but  y i e lded  t h e  t y p i c a l  whole serum-antiserum 

p a t t e r n  when r e a c t e d  wi th  normal serum. The la t ter  p a t t e r n  shows tha t -  

where pool  2 yie lded  t h e  one expected p r e c i p i t a t e  band (IgG) a g a i n s t  

W O J T  1 e of the  IgG maintained i t s  immunological a c t i v i t y  followin 

z t e  e l u t i o n  and d i a l y s i s ,  /c*& 41@d!!,& pyvwi 
/ 

The e f f e c t  of t h e  b inding  then d i s s o l u t i o n  of t he  bond by th iocyanate  

on t h e  t o t a l  r e a c t i v i t y  of t h e  IgG w a s  i n v e s t i g a t e d  by simply re loading  onto 

a normal serum-immunoasorbent t h e  IgG f r a c t i o n  previous ly  e l u t e d  from t h e  

immunodsorbent. 

R e s u l t s  



7 > 

Caution must be taken t o  minimize t i m e  t h a t  t h e  IgG a r e  d isso lved  i n  

t h e  th iocyanate .  Data now i n d i c a t e s  t h a t  a f t e r  exposure t o  t h e  th iocyanate  

exceeding one hour i r r e v e r s i b l e  loss of t h e  immunological a c t i v i t y  of t h e  I@ 
_c_ 

occurs.  The th iocyanate  may b e  r ap id ly  recovered from t h e  IgG by In - l ine  
# 

d i a l y s i s  of t h e  column e f f l u e n t  us ing  Bio-Rad 80 Hollow F ibe r  Beaker Device, 
___c_ 
(exclusion l i m i t  5000 mw).  fifF*eE) 

I n  a series of experiments i t  has  been shown t h a t  an t ibod ie s  t o  normal 

human serum which have been "once-bound" t o  a normal serum immunoalsorbent, 

e l u t e d  i n  th iocyanate ,  and quick ly  d ia lyzed ,  w i l l  "rebind" t o  t h e  same column 

a t  about 80-90% of i n i t i a l  b ind ing  q u a n t i t y .  

Production of a n t i s e r a  t h a t  is  "balanced" a g a i n s t  such a complex hetero- 

geneous s o l u t i o n  of p r o t e i n s  as whole serum is very d i f f i c u l t .  A "balanced" 

a n t i s e r a  i s  one i n  which t h e  an t ibod ie s  e x i s t  i n  t h e  same propor t ion  of t h e  

IgG as t h e i r  s p e c i f i c  an t igens  comprised t h e  a n t i g e n i c  mixture. For example, 

i n  whole serum, albumin may exist  a t  levels of 35-55 mgs p e r  m l .  of serum , 
forming a percentage  of about 50% of t h e  serum p r o t e i n .  About 20% of t h e  

serum p r o t e i n s  i s  composed of IgG.  The remaining p o r t i o n  of t h e  serum is 

composed of some 50-60 odd o t h e r  v i t a l  p r o t e i n s ,  bu t  o b v i o u s l y ' i n  small 
(FMS 4 

amounts. Thus, a balanced a n t i s e r a  would be one in which t h e  IgG was approx. 

50% antialbumin, 20% anti-IgG, etc.  OdER 

s - r ecogn i t ion  o r  p a r f r a l  r ecogn i t ion  of 

s z v e r a l  of t h 5  antigens-f romgJlo_teJns- g y 3 ; h p _ . h o s t ~ p a r t i c u l a r l ~ t h e  --.- case of 
-=7;;=, 

- 
t) 

A 
v1 

v1 
cp 

This r e s u l t s  i d  dtw. kt p ~ o  Z E P  ~ + ? ~ ~ / ~ w T s  

Human serum and goat anti-human serum were mixed i n  propor t ions  varying from 

serum - no antiserum, t o  1/20 serum, 19/20 an t i se rum (a molar excess of a t  



least  2 of antibody t o  a n t i g e n ) ,  p r e c i p i t a t e d  o v e r n i t e ,  and t h e  superna tan t  

app l i ed  t o  the  wells of t h e  aga r  p l a t e .  A f t e r  e l e c t r o p h o r e s i s ,  a h igh  q u a l i t y  

commercial anti-human serum ant i serum was appl ied  t o  t h e  t roughs .  The p a t t e r n  

given i n  P l a t e  4 shows t h a t  i n  t h e  l a s t  case of excess antibody v i r t u a l l y  a l l  

an t igens  were s u b t r a c t e d ,  except IgG, albumin, and a few be ta-g lobul ins .  

I n  the  second experiment, IgG P BXXXm a g a i n s t  human 
a519 

serum, i s o l a t e d 4  a human serum d i m u n o J b s o r b e n t ,  w a s  i t s e l f  a t t ached  t o  f Sepharose t o  produce an IgG, anti-human serum, immunomsorbent. Only 1 m l  of 

human serum, 70 mg of p r o t e i n ,  w a s  appl ied  t o  t h e  column con ta in ing  300 mg of 

immobilized IgG. Even w i t h  t h i s  supposed excess of an t ibody,  t hose  an t igens  

from t h e  human serum t h a t  had n o t  been s u f f i c i e n t l y  responded t o  by t h e  h o s t s  

exceeded t h e i r  a v a i l a b l e  an t ibod ie s  and unbound through t h e  column. They 

are i d e n t i f i e d  i n  p l a t e  66 as IgG, albumin, and a few be ta-g lobul ins .  

This experiment shows n o t  only t h a t  t h e  antisera is  unbalanced, bu t  a l s o  

provides  a simple s o l u t i o n  t o  ba lanc ing  it .  From t h e  f i r s t  antisera r a i s e d ,  t h e  

IgG is i s o l a t e d  and made i n t o  an immunolsorbent.  

The an t igen ic  mixture i s  then e l u t e d  through t h i s  immunodsorbent, and t h e  

I 1  unbalanced" an t igens  &' ou t  unbound. 

e i t h e r  i n t o  f i r s t  animal o r  o t h e r s ,  and t h e  process  i s  repea ted .  

They are concent ra ted  and i n j e c t e d ,  

-it 
A 

f o r  only one serum p r o t e i n  w i l l  b e  2icc 141 
I n  the  f u t u r e ,  a n t i s e r a  

r equ i r ed  f o r  a v a r i e t y  of func t ions ,  among them be ing  tes ts  f o r  g e n e t i c  dkrfhca 

production of " a n t i s e r a  minus one" p repa ra t ion ,  and p a d d i t i o n  f o r  production 
I h 

of "balanced" a n t i s e r a .  Two monospecific a n t i s e r a  a l r eady  i n  production are 

shown i n  P la te  91. The i n d i c a t e d  33c r a b b i t  antiserum is monospecific f o r  human 

serum albumin and 39B r a b b i t  antisgrum i s  monospecific f o r  human serum t r a n s f e r r i n .  
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INJLCTEO INTO RABBIT 

SERUM PREWREO AND 
W S E O  THROVGH ANTIGEN 
i ( H  UMh : 3 HAKE MONO- 

@ w i l i l c  ipr, 

sible: for example, one ma', 
eluted from complex, ;I' 

suhscqucntly, problems will 
require introduction of adtlil 
cation mily also he required 
Ic;is~ 100 should be possihlt 

required tha t  are rapid and 
such antigens are often quilb 
general method for isolating , 
Fig. 7 and depends on thc 
everything from ;I sample c '  

Initidly (Fig. 7. step 1 )  I I  
tionnl meiinS and irnmobilizc 
arc hyperimmunized against ! 

niques for  producing bitliincl I 
II later section.) The hirrvcsl. 
imniobi1i;rc.d starting antigi. 
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purified antihotlies ag;iinsl i t  (3tc.p 6 ) .  W h d t h e s e  antihoclics in titrn are 
passed over the singlc-;intigcn coltrmn, the nntibodics against that  an- 
tigen ilrc iid><)l'hed (step 71, while the unadsorhcrl antibodies pass 
thtwtgli (step 8 ) .  'l'lie httcr, which include mitilwdics itg;iit1>t all hut one 
ot  the antigcns in the initial niix~irre, ;ire now niiitle into ii much Ii1rgc.I. 
column (step 9). T h i s  m;iy iiow bc used for piqxiring the single mtigcn 
of interest by cyclic application of the strirting t,iiuture. in which cast the 

desired antigen falls directl!, 
alter elittion. miry be itsed t c .  
prcpnrntion of more ilnti-iill 

'This gcnernl method will 
of serum lipoproteins and I;  

Froii:ii/ s i~i~i ir ir l iot;s .  1 m n  
metric:rlly to all ;intigens it1 

i mni t t nogen ic i t y of d i fie re n I 
m a y  he made the basis o f  , 
. ~ c p r r ~ i / i o / t  which is illustt~;i! 
niisture (Fig. 3 ,  step I )  ani1 
finity column (steps 7 and .I 
pumped continuously throii 
its length at ilillerent rates 

STARTING ANTIGEN MlXTUh 
(FOR ILLUSTRATIVE PURPOSES 
THREE ANTIGENS ARE ASSUWD 
TO BE PHESE'JT) r 

THROUGH COLUMN 



.rn ;ire 
i t  ;In- 
. pass 
111 one  
larger 
nrigen 
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factory method of ev;,' 
uw it  to make ;L C O ~ I I  

istics. 
I t  might be though, 

rise to ii balanced o.  
btarting :wigen mixiti. 
ever. ;iguin some anti!, 
rernovc them from \ I  

number of antigenic 41 

is still necdcd. 
l'wo gcnerd proccc! 

fir51 (Fig. 4 A )  the ini, 
mixture (step I ) ,  and . 

011 ;I coliirnn of immoh 
IgG thus iwlated (sic1 
l 'hc situr;ition profile + 

to &\cover how unh;t 
uscd IO isolate the ;I' 

h m k  through first). ' I  
cling and u\ed LIS an ;. 

tiscruni production (\I. 
to pi'cpare ;I sccond sc! 
clitiunA boos1 i ng anti!: 
unt i l  the iinimiils used 
column (step IO). I n  I I  

ni;ijc)r antigcns (alhun, 
tiscrii iig;tin\t iilbumin , 

u\ed lo prepare batch: 
thc proper ratio to ref I 

I n  thc procctlure s h !  
coliirnii or i i n t i v x u r n  ; 

given mixture. Insteiic~ 
cilic in the sense of r io t  

10 prspurc ii Iiirge spc 
either not bound or bo: 
given ;imounl of the st. 
(\tep 5 )  and used to i n  
tibodirs from rhese ani, . 
used to prcp;ire ;L secoI ' 
tigens for which this 5 ,  

l i i t ~ t c l  (step 9) and USC'~ I  ; 





solution. For example. serum idhumin :is a contaminant i n  ;I prcpamtion 
ciin be removed i n  thc following wiry. Serum ;tlbumin is cuv;llcntly 
linked to a column wppot-1. :itid an antiserum containing ;intihotlies 
agoinsr serum alhitmin p;i\scJ over it. l'hc column is  then u.ell washed, 
and the prep;iriition containing the alhuniin contnminuni p;rsscd ovcr i t .  
'The contiiniinating ;dlwnin 1s then bound noncov;ilcntly to the ;intibody 
which is noncov;tlently hound t o  the iintigcn which is coviilciitly et- 
tnched. During column rcgencr;~iioii both o f  the outer two sandwich 
components :ire rcniovcd. -This nicthod is convenient only t iw sni;i11- 
sc:iIe w o r k ,  since the iiiicldlc conip)nciil (which may he citlicr ;rntigcn or 
iinlihudy) is lost. 

I n  thc sccond type of c o l m n .  Jevclopcd by one of tis ( 6 ) .  the iiniigcn 
(or ;rntihody) cov;ilcntly linhcd to tlic coliinin support is tr~cd to rcmove 
its opposite numhcr from wlution. the column is then waslied. and the 
two moieties (;intigcn ;In11 m i b o d y )  ;ire then coviilcntly linked logctticr 
i v i t l i  ;I rcagcnt such ;IS gltlt:rr;tldchydc. This wi*vr.se.s the coltiniii I'i'oni an 
antigen to ;in i ~ ~ i t i h ~ d ~  oiic ( o r  vice vetail) ilnd the column ni;ty then Irc 
used to stihriict the Slrccics or'igtn:rlly cov;dcntly ilttitchcd to the sup- 
port. 

This does not by m y  mc;ln4 euhiiust the possibilities opened u p  hy the 
conibin;ttion 01. stc.rcu~pciilic ad\orhcnr\ iincl the ;implitic;ttion inherent 
i n  r;tpiJ recycling iind i n  tlic imniirnc systcni itself. I n  theory. with thrcc 
o r  (out. stages of iinip1ific;ttion. kic~ors  o f  IO" ;tppcar fcn\ihlc. I t '  gel lilti.;i- 
tiun can ; t l w  he i\ditpIcd 11) rcI;rtivcIy rapid cycling SO that only mixtttrc.s 
0 1 '  ;I niir-row molcciil;tr \$eight i';lngc need he deitlt with. then the 
prohlcnis 01' ininiutio~tihtritctive rcagcnt prcpx;t[ion c;m hc. grc;~rly siii i-  

plilicd. 
Iii the preceding p;ipci. thc hasic instrumentation rcqiiirctl f tw  cyclic 

column operation W:I\ h c r i h c t l .  l ~ h i r ~  lirr in thi \  p;ipcr we Ii;ivc 1 7 ~ ~ 1 1  

concerned with priiiciplc\ ,ipplic;drlc to sttch systcnis. We now ;t\k, c;In 
they  in tact be n ix l c  to w w h .  ;tiid w h a t  ;ire their 1imit;rtions:' 1 

INITIAL EXPERIMENTAL SYSTEM 

A very 1;rrgc number of v;rriahlcs mirst be considered in developing 
proccdurcs. ;tnd the piuh1r.m of optimizing separations is extrcnicly dif- 
ticuli to appro;tcli initiiilly. At tlic o i i t ~ ~ t  thcrclbre we have niildc the !i)I-. 
lowing decisions, hwx.l in  part on ;I long s e r d o f  orienting cxpcriiiicnts. 

l : / i / ! i o t i .  The  i n i t i ; t l  prohlciii is the gcncnd c l i t ~ s  of eluting agent to bc 
used. ;rnd four wcrc consirlcrcd. The first c1;iss employs extremes ol' p l t  
( 7 ) .  This is drcctivc for iiiiiny purposcs: however. in our hands columns 
were gr~tdually clcgritdcd after continuous use and also presented thc 
prohleni of p l i  i.ccquilihriition (scncritlly i t  time-ciinsuming proccdurc) 

I O l S 5 b - l  

AUTOMATIC I h l  

before each new sample 
destroyed h y  high or low ~ 

that neutralizing solution 
ellluerit line. making eqxl 
extremes quite brief. Thc 
which itre not specifically 
ficicntly tiniversid for OUI 

stances such ;is urea whicl 
seiondary and tertiary pi 
dic;ltc.\ that i t  gr;idually 11.1 

subst;inccs eluted. i s  not 
which must hc employed. 
t ion of urc;i may gradti. 
nurnhcr of ~roublcsome i n  

Thc fourth c h s  includr, 
iinio1i.i. thiocy;inate and 
lithium is m e  of the fen 
have emplo),cd ammoniui, 1 I 

nionium with lithium will I I 

~ ' l ~ t ~ ~ ~ ~ ( ~ ~ ( / ? i / ~ l ~ .  Low teni, ' 
tion, and dialysis. possihl. 
fore sought I O  operate all L 
possible unt i l  ;I measurahl 
is seen. S;imples and COIL. 

pl l .  All solutions hnvc I 
hutyered with 0. I M sodiiir 
forming dl stcpb itt ;I dill 

I~ric.rc,r.icistir.\.i .\ .  When pi 
tended pcriods. i t  is esscl: 
solution\. Sodium azide. ( 1  

protein w-nplcs i t  is conw.  
drop per 10 rnl. 

Moi i i tor i f i .q .  ThiocyannrL 
hance ;tt 260 nrn bur h a w  
Ii\tter wavelength or at 2s. 
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Isolation of Placental Antigens 

The placental extract, isolated as described in Section , can be 

procilssed in two different wav s-to purify the unique antigens. The possi- 
c * 

bility of two different approaches will be true in all cases where abnormal - 
proteins occur mixed with normal proteins. In the first method an immuno- 

sorbent is prepared, containing balanced antibodies specific against the 

normal proteins and the sample is eluted through the immunosorbent so that 

the abnormal proteins are recovered in the unbound protein of the effluent. 
3 

The second method starts once sufficient purity of the abnormal proteins is 

accomplished, so that antisera against them can be produced, the specific 

antibodies isolated, and an immunosorbent (second generation) consisting of 

only antibodies to the abnormal proteins can be produced. Subsequently the 

abnormal proteins can then be easily bound from a complex mixture. 

An example of a sample absorbed with an immunosorbent of the first type 

is shown in Figure . About 40 A280 units of the placental extract were 

applied to a 1.5 x 15 cm column containing approx. 700 A280 units of a fair- 
quality IgG (anti-normal human serum) - cyanogen bromide activated-Sepharose 
innnunosorbent. The first two unbound peaks were eluted with the starting 

buffer, 0.1 M sodium phosphate, pH 7.0, and 0.1% sodium azide. The first 

peak was determined to be primarily nucleic acids of large molecular weights. 

The second peak of 5 A units was considerably reduced in normal serum 2 80 

proteins and contained greater than five proteins unique to human placentas. 

The last peak contained normal serum proteins bound to the IgG, and required 

thiocyanate for elution. The column was then regenerated with the phosphate 

buffer. 

sample addition, elution, and regeneration 50 times to increase amount of 

Using an automatic system such a column has been cycled through 
# 

h A 

working material. 

1 0 1 5 5 1 0  



A matter of considerable importance must be now mentioned; that is, 

what constitutes a "normal" or an "abnormal" protein? For that matter, 

what constitutes a tlnormal" or "abnormal" human? In the absence of an 

universally accepted answer, the problem must be approached by obtaining 

pools of many different "normal" individuals so that variants in certain 

"normal" proteins will not be mistaken to be the abnormal proteins being 

studied in a particular instance. Although as progress is made in com- 

paring the various serum proteins among a population perhaps such a seemingly 

harmless disparity as a difference of one or two amino acids on a trans- 

ferrin molecule will be found to be significant medically or pathologically. 

As to our particular situation, care must be taken that the placental 

antigens, isolated as they are from a mixed pool of many different indi- 

viduals represent truly unique placental molecules and not individual 

protein variations. 
I 

This is accomplished by absorbing the placental ex- 

tract with an immunosorbent produced from IgG developed against "pooled'' r t , @ p  P , 
c t11pn- 

normal human sera (a "first-generation" column). 

tract may be first absorbed with an immunosorbent so that there is the 

Or, the placental ex- 

possibility of 2 or 3 variant "normal" proteins still present, then an 

antiserum may be developed against this sample. The antiserum can be made 

monospecific for only placental proteins by absorption of the contaminating . 
IgG that is anti-normal with an immunosorbent containing pooled normal pro@ 4 d 

o,+;~I;er a h +  
&mrr urn3 

human serum. 

After exeensive absorption, there should be an antiserum which is bld,'y . 

monospecific for only placental antigens. 

antiserum can be isolated a DEAE cellulose column and made into a 

( 1  second-generation" column,l)lthough ideally only the subset of the total 

Most of the total IgG of this 
Y s / q  

/ 

IgG that is specific for the antigen is desired9 at this point in the 

development either there is not enough of the antigens t o  isolate a 



reasonable quantity of specific IgG via an immunosorbent, or the antiserum 

titer is too low for an efficient IgG recovery, or both cases may be partially 

true. It is the function of the ')second-generation" column to allow produc- 

tion of sufficient quantities of antigen (tewto hundreds of milligrad to 

provide both immobilized antigens and better antiserum from booster injections. 

iqdated 

human sera was not available at the time. L- 
The only active antibodies not specific for placental antigens remaining 

fter this absorption would be those raised by whatever proteins of the 9 / pooled placental extract (representing a cross-section of material and fetal 
. blood types) were different from or not included in the individual serum. 

healthy individuals, the most likely differences in proteins between 27 
maternal (or adult human) and fetal will be in the haptoglobins and trans- 

ferrins. A -clrp 

/katurning-tolhe-chroioafog~ph, prox. 120 A280 units of processed 

'OC *280 
g u .  C V t . w * d  5 ~ 4 ~  zw F i d ~ f i ? t  4 
placental extract were applied to a 2.5 x 15 cm column containing 1, 

units of the described IgG, including &gG specific for placental 

antigens. The unbound Proteins were eluted from the immunosorbent in two 

peaks and were not characterized. 

were eluted with 2 . 5  M thiocyanate buffer, pH 6.8, and are being characterized 

as follows- 

The bound proteins (about 12.0 A280 units) 

- In plate 165 the reaction by immunoelectrophoresis was investi- 
0 
J gated for placental antigenr isolated by both first and second generation 
CTr 
VI 
2 
F' 

columns. 

absorbed with pooled normal h m s n  =-? to make it s-ecific for placental 

The antiserum (raised bff irst-type antigen) had been extensively 

antigens. 

least 5 bands of reaction with placental antigens of both first and second 

It showed no reaction with normal sera. However, it showed at 

generation. 
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Abstract 

Antisera against human placental proteins were developed in 
goats and rabbits, using immunoadjuvants and a prolonged injection 
schedule. The antisera were absorbed with normal serum proteins 
and then tested in immunodiffusion against normal and pregnancy 
sera. Two bands of precipitation due to pregnancy antigens were 
observed in pregnancy sera as early as 18 days after conceptioc. 
Detection of these antigens has possibilities for application as 
an early pregnancy test. 

Introduction 

The possibility of using antiserum to placental extract to 

detect pregnancy at an early stage arose from an investigation 

directed toward determining whether placental and other fetel an- 

tigens are reexpressed in disease states, particularly cancer. 

Levels of existing serum proteins change in pregnancy, and new 

proteins appear that are produced by either the mother or the fe- 

tus.  The occurrence of at least one and perhaps two serologically 

1 
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specific compments in pregnarq sera was denonstrated by Thornes 

(3) in 1953 by gel preci?itatix. In 1959, Smithies (4) shovel tt,: 

presence of a pregnancy-associated a-globulin in a region of the 

starch gel eiectropherogran which he called the "pregzancy zone." 

In 1960, Hirschfeld and Sdderberg ( 5 )  found two "pregnamy preciF- 

itates" on imunoelectrophoresis of pregnancy sera, one in the 

fast a-globulin region, and the other in the slow a2-beta-globulic 

region. Since then, as many as four such pregnancy-associated 

piasza proteins have been detected. 

Gall and Halbert (6) showed the sequential appearance of four 

pregnancy-associated plasma proteins that were studied as preg- 

nancy progressed; Lin et al. (7) characterized these with respect 

to molecular weight, isoelectric point and electrophoretic mobii- 

ity, pH and temperature stability, sedinentation behavior, solu- 

bility, and elution from DEAE cellulose. 

WES a l s o  investigated. 

by imunoelectrophoresis. 

-- 

Possible enzpe activit:; 

Three of the proteins were rcuticely seer. 

One of the proteins ccniaine2 i r o x .  

Sone apgeared in normal nonpregnancy plasma. The pregcancy say- 

ples tested were from subjects in the third trimester. The ami- 

sera used had been raised against pregnancy plasm and then ab- 

sorbed exhaustively with nonpregnancy plasma. Bohn ( 8 )  use6 rak- 

bi', antinunan placenta antiserm absorbed with male serm to de- 

tect four pregnancy-associated plasma proteins. 

sidered to be specific for pregnancy, while two coul2 be detectei 

soxetimes in sera fron nonpregnant female subJects , es2eci811:r in 

those taking oral contraceptives. 

Only 0p.e WES coz- 

1 0 1 5 5 1 4  



PREGNANCY-ASSOCIATED SERUM PROTEINS 3 

Berne ( 9 )  used a quantitative radial imunodiffusion tes: tc 

determine l e v e l s  of a pregnancy-zone proteiri, termeci by him a2- 

pregEoglobulin, also found in males and nonpregnant females. 

Users of oral contraceptive estrogen-grogestin combinations showed 

levels reaching into the pregnancy range. First elevations of the 

a2-pregnoglobulin were detected at six weeks of pregnancy. ?he 

purpose of the present work was to determine how early in preg- 

nancy any of the pregnancy-associated serum antigens could be de- 

tected. 

Materials and Methods 

Preparatioc of crude placental extract. Term placentas were 

obtained at delivery and chilled in 0.851 sodium chloride solution. 

Processing was begun immediately upon return to the laboratory. 

The placentas were washed for 1 hr in tap water to remove a maxi- 

mum of blood elements and serum proteins. Fat was then cut away, 

and the placenta was cut into pieces about 1 cm on a side and fro- 

zen. 

volumes of 0.1 M ,  pH 7, phosphate buffer. The homogenate was cen- 

trifuged at l 7 p O O  x g for 10 min in an angle-head centrifuge, the 

supernatant was collected, the pellet was rehomogenized in t w o  

volumes of the same buffer, and a second centrifugation at 17,000 

x g for 10 min was done. The proteins of interest were precipi- 

tated fromthe pooled supernatants by adding solid ammonium sul- 

fate to 555 saturation. 

was dissolved in a minimal amount of 0.1 M, pH 7, phosphate buffer 

Subsequently, the frozen material was homogenized in three 

Following centrifugation, the material 

1 0 1 5 5 1 5  
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c o n t a i n i n 6  0.15 sodium a z i d e ,  t h e  s o l u t i a r ,  was d ia lyzed  a g a i n s t  

t h i s  s m e  b u f f e r ,  and any material t h a t  p r e c i p i t a t e d  was remc-;e0 

by c e n t r i f u g a t i o n .  

Ar-7 serum p r o t e i n s  l e f t  i n  t h e  s o l u t i o n  were removed by cy- 

c l i n g  it ove r  an  i m u n o a d s o r b e n t  colunn of a n t i b o d i e s  t o  normal 

human serum. The unbound f r a c t i o n  energ ing  from t h i s  t r ea tmen t  

was s t i l l  a complex m i x t u r e ,  con ta in ing  a t  least  2 0 s d i f f e r e n t  pro- 

t e i n s ,  as judged by g e l  e l e c t r o p h o r e s i s .  

be c o n c e n t r a t e d  beyond 20 A280 units (10)  p e r  m l  wi thout  undes i r ed  

p r e c i p i t a t i o n  o c c u r r i n g  on s t o r a g e ,  e s p e c i a l l y  on f r e e z i n g  and 

thawing. 

was p l a c e n t a l  t i s s u e  p r o t e i n s ,  most ly  a c i d  i n  n a t u r e .  Th i s  mate- 

r i a l  could  be s e p a r a t e d  i n t o  s e v e r a l  s u b f r a c t i o n s  by chromatogra- 

phy ove r  D U E  c e l l u l o s e .  

i t s  own s a k e ;  i n  a d d i t i o n ,  some s e p a r a t i o n  of  p l a c e n t a l  t i s s u e  

p r o t e i n s  t h a t  appear  i n  t h e  serum from t h o s e  t h a t  do not  could be 

e f f ec f , ed .  

proved t o  be s u f f i c i e n t l y  a n t i g e n i c  t o  r e s u l t  i n  d e t e c t a b l e  a n t i -  

b o d j  p rcduc t ion  t o  them. E f f o r t s  a r e  under way t o  mod i f j  t h e  ex- 

t r a c t i o n  procedure  ( f o r  example,  mild a c i d  e x t r a c t i o n  of  d i ced  

p l a c e n t a ,  wi thout  homogenizat ion)  i n  order  t o  minimize t h e  e x t r a c -  

t i o n  of p r o t e i n s  t h a t  do not appear  i n  t h e  plasma. 

The s o l u t i o n  could not  

Apparen t ly ,  t h e  b u l k  of t h e  material t h a t  p r e c i p i t a t e d  

T h i s  s e p a r a t i o n  could  be of  i n t e r e s t  f o r  

- 
Only 10  t o  15 o f  t h e  p r o t e i n s  i n  t h e  mixture  have 

R a i s i n g  of a n t i s e r z .  The p l a c e n t a l  e x t r a c t s ,  minus serum 

p r o t e i n s  bu t  s t i l l  c o n t a i n i n g  t h e  r e l a t i v e l y  nonant igenic  t i s s u e  

p r o t e i n s  ment ioned,  were concen t r a t ed  t o  about  1 5  A280  u n i t s  per  

1 0 1 5 5 1 b  



PREGNANCY-ASSOCIATED SERLY PROTEINS 5 

ml f o r  i n J e c t i o n  F U ~ ? C S ~ S .  An estLinato or' t h e  sc t iger .  con ten t  *,,.as 

The e x t r a c t  w a s  mixed wi th  an  e q u a l  voia-.e o f  F r e w d ' s  cornplete 

aaJ uvant (11) , and t h e  p r e p a r a t i o n  w a s  indec ted  subcQtaneous;;, 

e i t h e r  i n  t h e  h i p s  o r  behind t h e  neck ( A  ml f o r  g o a t s ,  1 rJ f o r  

r a S b i t s )  . 
@ 

T h e r e a f t e r  , t h e  same anoun t s  of  e x t r a c t  without  adJu-  

van+, were i n j e c t e d  sub:xtaneously a t  weekly i n t e r v a l s .  

f o u r t h  week, i ndec t io r ,  w a s  done w i t h  a n t i g e n  p lus  ad juvan t .  F i r s t  

o l e e d i n g  w a s  a t  5 weeks (40  m l  fo r  ra 'c 'ci ts  and 150 ml f o r  g o a t s )  

and w a s  b iweekly  t h e r e a f t e r .  H i g h - t i t e r  ant iserum was o b t a i n e i ,  

u s u a l l y  i n  aboa t  7 t o  8 months. The an t i s e rum was absorbed wi tk  

l y o p h i l i z e d ,  pooled ser 'm o b t a i n e d  from normal hurnan males (100 

m g / d  o f  a n t i s e r u m )  t o  render  it s p e c i f i c  f o r  p l a c e n t a l  a n t i g e n .  

Every 

b 

- 
R e s u l t s  and Di scuss ion  

Gel p r e c i p i t a t i s n  was used t o  t e s t  t h e  a n t i s e r m  to p l a c e n t a l  

a n t i g e n s  f o r  t k e  Zresence of  a r? t igens  th t  appeared i n  t h e  sers  of 

p regnan t  women. Y k s  =c:iseru! x a s  f i r s t  tes:ed aga ins t  sera fro.- 

women i n  t h e  : X r d  t r i x s t e r  of  cregna?.cy. Teszs a g a l n s t  t h e  sera 

fron t h r e e  d i f f e r e r i t  w a e n  i n  t h e i r  f i r s t  pregnancy are shoe .  i n  

F igu -e  1, f r o n  t h r e e  w r e n  i n  t h e i r  seconc! pregzancy i n  F igu re  2, 

and from t h r e e  worzer. ir. t h e i r  t h i r d  pregnancy i n  Figure 3. The 

c o n t r o l  f o r  a l l  t h r e e  p l a t e s  w a s  from a 28-year-old woman who hz:! 

had one s u c c e s s f u l  pregnancy 5 y e a r s  p r e v i o u s l y ,  and who s i n c e  

t h a t  t i m e  ha:! beer. t a k i n g  an es t rogen-based  b i r t h  c m t r o l  p i l l .  

No r e a c t i o n  w a s  noted a t  any t ine w i t h  t h e  c o n t r o l .  A p o s i t i v e  
1 0 1 5 5 7 1  
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A 

C A 
FIGURE 1 

Detection of pregnancy-associated antigens in sera from women in 
the third trimester of their first pregnancy. 
contains an individual serum. Control serum is in the C wells; 
the center well contains the absorbed antiplacental antigen anti- 
serum. Time of reaction: 24 hr. 

Each of the A wells 

reaction was seen within 5 hr with all the third-triaester sera. 

These reactions improved with tibe, so that in 40 hr 2 t o  4 bands 

of precipitation were observed for all samples. 

tin bands between a third-trimester pregnancy serum and the anti- 

The four precipi- 

serum are unusually clear in Figure 4 (well marked 3P).  

The antiserum gave negative tests against 8 succession of 

batches of pooled normal human male sera. 

all of a series of 40 sam$i.es of third-trimester pregnancy sera. 

It was positive against 

It was negative against the sera of ten nonpregnant women, includ- 

1 0 1 5 5 1 8  
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C 

a 

C 

C '  

8 
FIGURE 2 

De tec t ion  of pregnancy-associated a n t i g e n s  i n  s e r a  from women i n  
t h e  t h i r d  t r i m e s t e r  of t h e i r  second pregnancy. 
w e l l s  and time of  r e a c t i o n  as i n  F i g .  1. 

Dispos i t i on  o f  t h e  

i n g  t h o s e  p rev ious ly  pregnant .  Thus f a r ,  no r e a c t i o n  has beer, 

shown wi th  sera from wocen t ak ing  e s t r o g e n - r e l a t e d  con t r acep t ives  

( f o u r  c a s e s  t e s t e d ) .  

I n  view of t h e  p o s i t i v e  r e a c t i o n s  wi th  t h i r d - t r h e s t e r  preg-  

nancy s e r a ,  it was decided t o  s e e  how e a r l y  t h e s e  r e a c t i o n s  could 

be found i n  pregnancy s e r a .  

a 29-year-old woman 6 days a f t e r  she  had f a i l e d  t o  begin her  men- 

s t r u a l  p e r i o d .  

t i o n  was 18 t o  22 days .  

A serum sample M was obta ined  from 

A good e s t ima te  of the t ime dura t ion  s i n c e  concep- 

A serum sample J was obtained from a 25- 

I O 1 5 5 . 1 9  
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C 
FIGURE 3 
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C 

Detection of pregnancy-associated antigens in sera from womer, in 
the third trimester of their third pregnancy. 
wel ls  and time of reaction as in Figs. 1 and 2. 

Disposition of the 

year-old woman 10 days after she had failed to begin her menstrual 

period, giving a time duration of 22 to 26 days since conception. 

SamTles M arid J were tested by double diffusion (Figures 4 and 5 ,  

respectively) against antiserum to placental antigens. Placental 

extract and serum from a woman in the third trimester of her third 

pregnancy were used as reference. 

After 16 hr, one sharp band and one faint band of precipita- 

tion were observed in both samples, and the two bands merged o r  

showed identity with bands from both placental extract and the 

third-trimester pregnancy serum sample. For both samples M and J, 
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H P A  

a 
3 

f* A-H PA 
t 

3 P  

FIGURE 4 

Comparison of a n t i g e n s  from ear ly-pregnancy and t h i r d - t r i m e s t e r  
serum samples. Well 3P con ta ined  serum from a woman i n  t h e  t h i r d  
t r i m e s t e r  o f  h e r  t h i r d  pregnancy; w e l l  M con ta ined  serum from a 
woman 18-22 days  p r e g n a n t ;  w e l l  HPA is  human p l a c e n t a l  e x t r a c t ;  
A-HPA i s  t h e  a n t i s e r u m .  Time of  r e a c t i o n :  16 h r .  

H PA 

. .  

3 
FIGURE 5 

Same comparison as i n  F i g .  4, except t h a t  i n  t h i s  c a s e  t h e  e a r l y -  
pregnancy sample (J) was a pregnancy serum- t a k e n  22 t o  26 days 
a f t e r  c a n c e p t i o n .  Irrm-.x~dif"..aim for  16 h r  , 
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a p r e c i p i t i n  band could  be observed  as e a r l y  as 1 hr a f t e r  the 

start  of  immunodiffusicn.  Three precipi: in bands v e r e  observed 

f o r  sample J w i t h i n  24 h r  a f t e r  loading .  

Another ear ly-pregnancy  serum sample, t aken  a t  28 t o  32 days 

a f t e r  concep t ion ,  was tes ted a g a i n s t  t h e  an t i se rum and gave two 

p r e c i p i t i n  bands w i t h i n  16 hr. 

of g e s t a t i o n  by r o u t i n e  examinat ion  f o r  a l l  t h r e e  or' t h e  women. 

The human p l a c e n t a l  a n t i g e n  p r e p a r a t i o n  gave t e n  d i s t i n g u i s h a b l e  

p r e c i p i t i n  bands wi th  t h e  a n t i s e r u n .  

a r e  t h e  s t r o n g e s t  f o r  ve ry  e a r l y  pregnancy samgles show i d e n t i t y  

with t h e  weakest bands from samples f r o n  t h i r d - t r i m e s t e r  pregnan- 

c i e s .  This  i n d i c a t e s  t h a t  t h e  a n t i g e n s  involved r e a c h  a concen- 

t r a t i o n  peak early i n  pregnancy,  and then  slowly dec rease  du r ing  

g e s t a t i o n .  

Pregnancy was confirmed at  8 weeks 

The p r e c i p i t i n  bafids t h a t  

Conclusions 

We have demonstrztad t h a t  antiserurc a g a i n s t  hucan p l a c e n t a l  

a n t i g e n s  can be used t o  d e t e c t  t h e  appearance e a r l y  i n  pregnancy 

of pregnancy-associated serum p r o t e i n s .  In  t h e  ear l ies t  sample 

t e s t e d ,  t a k e n  18 t o  22 days a f t e r  concept ion,  two such p r o t e i n s  

were c l e a r l y  d e t e c t e d .  

concept ion ,  gave i n d i c a t i o n  of t h r e e  pregnancy-associated a n t i g e n s .  

Add i t iona l  s a n p l e s  t aken  at even e a r l i e r  s t a g e s  o f  g e s t a t i o n  

should be tes ted  t o  determine j u s t  how e a r l y  such pregnancy-asso- 

c i a t e d  p r o t e i n s  can be d e t e c t e d .  

a wide v a r i e t y  of hormone-based con t r acep t ives  should  be t e s t e d  t o  

Another sample,  t aken  22 t o  26 days after 

F u r t h e r ,  samples from u s e r s  of 

i 0 1 5 5 8 2  
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e s c e r t a i n  i f  t h e i r  UCP 2rsvokes t h e  pr3duct i ;n  of  an t igens  ?ha', 

r e a c t  w i t h  t h s  a c r i s e r m .  F i n a l l y ,  sff3r2s sb.JGld be m a l e  t o  - k 2 r -  

a c t e r i z e  t h e s e  e a r l y  apoear ing  p regnancy-as s Jc i a t ed  p r o t e i n s  so 

t h a t  t h e y  can be corqared  wi th  o t h e r s  desc r i ce r !  i n  t h e  l i t e r a t u r e ,  

and t o  d e t e r n i n e  whether t hey  can o c c u r  i n  v2ricus d i s e a s e s .  
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Several rabbit antisera specific against individual human serum pro- 
y r l r c  

, .  
*processed on DEAE cellulose to remove their total IgG for study 

of immunosubtractive electroph esis on density polyacrylamide gels fl .(flu*~! A Jhby I : :,,- 
H d- J For example, 2.05 ml (approx.-@Am units) of rabbit anti-human 

were fractionated on a2.5 x a cm column of DE32 yielding, as for all rabbit ?-, 

7 
antisera, two early IgG peaks in 0.01 E phosphate buffer, as shown in Figureb 

Also, 8 ml (approx. 1000 A200 units) of dialyzed horse anti-whole human 
serum and 19.6 ml (approx. 1200 A200 units) of dialyzed goat anti-whole 
human serum were fractionated on a 2.5 x 60 cm DE32 column, as shown in Figure ? 

. As previously noted, both horse and goat antisera yield two distinct 

3 
IgG peaks when fractionated on DEN. The chromatograph of 5 ml (approx. 330 

units) of human pregnant sera on a 1.5 x 50 cm column is shown in Figure 2 A200 
, A comparison of the chromatographs of the horse, human, and goats 

sera shows the most similarity for horse and human sera fractionation. 
In order to recover the tailing 7 S y IgG from DEAE, it is necessary 2 

to increase the buffer concentration to 0.02 or 0.03 - M phosphate, pH 8.0. 
If this remaining IgG contains 1 or 2 contaminating 8-globulins, they may be 

removed by immunosubtraction. 

There are a number of chromatographic parameters to be considered in 
affinity chromatography. Among these are column temperature, ionic strength 
and pH of buffers and eluting solutions, flow rates, time of runs, column 
geometry, and column life. 

to investigate the above problems. 

c 

Attempts of varying sophistication have been made 

The immuno#sorbent columns are normally run at room temperature for 

which acceptable flow rates are obtained. When a column was run at 7 O C ,  a 
marked increase in flow resistance was observed and all eluted peaks exhibited 
severe "tailing" problems. 
tical limitations on gravity head m d e  iwimpossible to achieve a flow rate 
comparable to that found for the same column at room temperature, so that a 
pump was necessary to reestablish this latter rate. (A Figure is available 
for temperature affect.) 
increased tailing led to abandonment of low temperature operation. 

The increased flow resistance was such that prac- 

The existence of heightened flow resistance and 
/ 

Various buffers have been employed by investigation to dissociate the 

antigen-antibody bands found on immunolllsorbents. Weetal utilized 
a 



0.05 - M glycine-HC1-buffered 1% NaC1, pH 2.3, to remove human gamma globulins 
(HGG) that had been bound to rabbit anti-human gamma globulin immobilized on an 

activated glass support. Although the data was not clear, it seemed that as 
much as 30% of the HGG could not be readsorbed when rerun over the immun-sor- 

bent. 
almost all human serum albumin from immunoQsorbents consisting of anti-human 
serum albumins crosslinked by thiol complexes. No effort was made to determine 

the recovery of immunological activity. 
porcine insulin from an insulin lysine Sepharose column. No destruction of 
antibody was detected with concentration of HC1 as high as 3N, provided the 
fractions were neutralized immediately. 
HC1, pH 3.1, to dissociate human chorionic somato-mammotropin (HCS) from an 
immunoasorbent of anti-HCS-sepharose. Unlabeled HCS was restored to full immu- 
noreactivity even if it had been exposed to &f quanidine for as long as 5 hours 
prior to dilution or dialysis against neutral buffer. Dandliker reported 
that antigen-antibody complexes in solution are dissociated by thiocyanate, 
perchlorate, or iodide ions in the region of 1-4 M near neutrality. 
pH ranges the reaction is even more rapid but the complications due to irrever- 
sible effects are increased. 
cyanate and perchlorate y q  70-80% near neutrality. 

Chidlow and others &" reported that 0.2 - M glycine-HC (pH 2 .2 )  removed 

*- 
Cuatrecasb @) used HC1 to elute anti- 

x 
Weintrwb (& employed GM guanidine- 

At lower - 

Recoveries of antibody activity for 2M thio- 
W t b e  

We have experimented with several of the above schemes for breaking antigen- 

antibody bonds. 
antigen-antibody immunolsorbent bonds, so that further material was eluted 
with 6M urea. 
evidenced byday ingoluble cloudy,and white precipitates, even though it was 
immediately *. No effort was made to ascertain the quantitative loss of 
immunoreactivity.. It was suspected that the urea might also slowly destroy the 
covalent structure of the immundsorbent. 

It was found that 4M urea would dissociate only part of the 

However, the &M urea resulte in considerable denaturation as 
p > p l I s  .'DI 4 

I* 7 '  e- 1 

The pH elution effect was investigated by using 0.03 M - glycine-HC1, pH 3.0, 
to rupture antigen-antibody bonds. 
after elution, so that denaturation, on visual observation, seemed minimal. 
However, precipitates invariably formed during storage, although the IgG con- 
centration was maintained at 1-10 mg/ml. 
of this precipitation might be due to antigen-antibody interaction due to 
undesired elution of not only antibody from the antigenic immunodsorbent but 
also some of the antigen. This effect was confirmed by testing the dissolved 
precipitates in diffusion tests against solutions of antigen and antibody. 

The effluent was neutralized immediately 

It was suspected that a great deal 
/ 



A reaction was observed between the undesired antigens in the precipitate 

and its homologous antibody. 
An additional observation concerning glycine-HC1 was that it seemed to 

improve in quantitative elution of bound IgG when ionic strength was increased. 

This behavior indicated varying affinities for varying antibodies and offered 
possibility of gradient elution of antibodies from multiple antigenic immuno- 
adsorbents. 

The eluent presently used to dissoatm t h e  an tiqen-antibody bonds is 

s.5 M thiocyanate,n 1 E!- 7 - 0 ,  0.E ium azide. Ammonium and 
sodium thiocyanate have been utilized with equal effectiveness. Buffers with - 
Tlilocyanate molarities below 1.0 do not give quantitative elution. €6Ste. - 
G ! !  c 
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Fur ther  progress  has  been achieved towards e s t a b l i s h i n g  a "factory" f o r  the 

product ion of l a rge  q u a n t i t i e s  of immunoglobulins ( inc lud ing  t o t a l  IgG and s p e c i f i c  

s u b s e t s ) ,  cancer an t igens  and an t igens  p a r t i c u l a r  t o  pregnant  serum and p l a c e n t a l  

e x t r a c t ,  and monospecific a n t i s e r a .  S ign i f i can t  progress  has  r e s u l t e d , p a r t i c u l a r l y  

from t h e  add i t ion  of immunoadsorbents t o  the  normal a r s e n a l  of s epa ra t ion  t o o l s  such 

as c e l l u l o s e  ion  exchangers and Sephadex f i l t r a t i o n  media. 

Using e s t a b l i s h e d  techniques  of ion  exchange s e p a r a t i o n ,  a p r o t e i n  sample 

c o n s i s t i n g  of a phosphate e x t r a c t  of human p lacenta  has  been f r ac t iona ted  i n t o  

g r e a t e r  than 10 major peaks on DEAE ce l lu lose .  

peaks has  not  y e t  been e s t a b l i s h e d .  

I d e n t i f i c a t i o n  of a l l  of t hese  

Apparently some of them conta in  serum pro- 

t e ins  no t  t o t a l l y  e l imina ted  from t h e  p lacenta  p r i o r  t o  e x t r a c t i o n .  Analysis of 

each  peak, cons i s t ing  of Ouchterlony and immunoelectrophoretic d i f f u s i o n  of the  

concent ra ted  peaks a g a i n s t  a r a b b i t  antiserum t o  human pregnant serum absorbed I 
w i t h  whole human serum, has  shown a number, a t  least 5 ,  of molecular spec ie s  q u i t e  

well s c a t t e r e d  over a phosphate b u f f e r  range of 0.02 - M sodium phosphate t o  0.10 M 

sodium phosphate wi th  0.5 NaC1.  The exis tence  of such a sepa ra t ion  range, as f l e R g  eru 

well as t h e  d i f f e r e n t  an t igen  l o c a t i o n s  observed on immunoelectrophoresis,  * FLMir? 

Cteu 
i n d i c a t e s  molecules wi th  q u i t e  d i f f e r e n t  charge d e n s i t i e s  and hence molecular 

s t r u c t u r e .  

e l e c t r o p h o r e t i c  p a t t e r n s  of each peak. Furthermore, Friemel (1) has shown on 

od 
C4wru4 

Evgence  i n d i c a t i n g  a range of molecular weights  is obtained from g e l & .  

Jikc 

%Y 

# 

6200 Sephadex f i l t r a t i o n  t h a t  p l a c e n t a l  e x t r a c t  an t igens  f r a c t i o n a t e  over a %:* 

% range of molecular weights .  

The DEAE-cellulose colum provides  such a good s e p a r a t i o n  of t h e  var ious 

an t igens  t h a t  i t  w i l l  be  r o u t i n e l y  used as a p r e f r a c t i o n a t i o n  s t e p  i n  a scheme t 
/ 'herb, 
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IMMUNOGLOBULIN 

The chromatographic 

S E P W T I O N S  USING I O N I C  EXCHANGE COLUMNS 

s e p a r a t i o n  procedure f o r  7 S g a m a  g l o b u l i n s  (I&) 
i e  b a s i c a l l y  s i m p l e ,  i nvo lv ing  f o r  t h e  serum sample d i a l y s i s  ( u s u a l l y )  aga ins t  

t h e  e q u i l i b r a t i n g  s o l u t i o n  o f  low i o n i c  s t r e n g t h  and high pH, a p p l i c a t i o n  t o  

t h e  column, and e l u t i o n  wi th  t h e  e q u i l i b r a t i n g  b u f f e r .  Most of t h e  7 S gamma 

g l o b u l i n s  are t h e  most c a t i o n i c  of  t h e  serum p r o t e i n s ,  so they are  e l u t e d  

through t h e  anion exchange column a t  v i r t u a l l y  t h e  v e l o c i t y  of t h e  e l u e n t ,  

main ta in ing  a very s h o r t  f i n i t e  e q u i l i b r i u m  w i t h  t h e  anion exchanger.  

e q u i l i b r i u m  may be  f u r t h e r  shor tened  by e i t h e r  i n c r e a s i n g  the  i o n i c  s t r e n g t h  

or  lowering t h e  pH of t h e  e l u e n t .  However, bo th  measures have t h e  e f f e c t  of 

dec reas ing  the  equ i l ib r ium times of o t h e r  p r o t e i n s  having n e t  charges  similar 

t o  t h e  more a c i d i c  7 S gamma g l o b u l i n s  r e s u l t i n g  i n  p o s s i b l e  contaminat ion.  

E l u t i o n  of o t h e r  serum p r o t e i n s  fo l lowing  t h e  IgG may be c o n t r o l l e d  t o  some 

e x t e n t  by g rad ien t  s l o p e  and limit s a l t  concen t r a t ion .  

In  t h e  normal chromatographic run,  t h e  equ i l ib r ium s o l u t i o n  c o n t a i n s  0.01 

A f t e r  t h e  f i r s t  

This 

- M sodiunrphosphate (pH 8.01, 0.001 2 EDTA, and 0.02% toluene.  

peaks conta in ing  t h e  7 S gamma g l o b u l i n s  are e l u t e d  i n  t h i s  s o l u t i o n ,  t h e  

coluam is e l u t e d  wi th  a five-column-volume concave g rad ien t ,  va ry ing  between 

a s t a r t i n g  s o l u t i o n  of 0.01 M sodium-phosphate (pH 8.0), 0.001 - M EDTA, 0.02% 
t o luene ,  and a l i m i t  s o l u t i o n  of 0.30 M sodium7iphosDhate (pH 8.01, 0.00lFJ 

EDTA, and 0.0- e. A series of s t e p  e l u t i o n s  can be followed by s t a r t i n g  

a t  0.01 - M sodium*hosphate (pH 8.01, etc . ,  and inc reas ing  a t  s u i t a b l e  increments 

t h e  b u h e r  concent ra t ion  towards t h e  f i n a l  concen t r a t ion  of 0 .1  - M sodium phos- 

‘ phate$8.0, and 1.0 M sodium ch lo r ide .  About 852 of t h e  feed,  based on absor- 

bancy a t  280 nm, is  e l u t e d  w i t h  t h e s e  two s o l u t i o n s .  

p o s s i b l y  l i p o p r o t e i n ,  is very  s t r o n g l y  a t t a c h e d  t o  t h e  column and r e q u i r e s  f o r  

i ts e l u t i o n  a s o l u t i o n  of 1.0 

0.02% to luene ,  and 5% Tween 80 (a de te rgen t ) .  Columns thus  t r e a t e d  have been 

used f o r  as many as 

p r o t e i n  bui ldup.  

___eL_ 
Remaining material, 

NaC1, 0.10 fi sodium phosphate,  0.001 M EDTA, 

10 s e p a r a t i o n s  wi thout  showing d e l e t e r i o u s  e f f e c t s  of 

The 7 S g a m  g lobu l ins  can a l s o  be  i s o l a t e d  by mul t ip le  p r e c i p i t a t i o n s  

w i t h  e t h a n o l  o r  s u l f a t e  s a l t s ,  followed by g e l  o r  anion exchange chromatography, 

b u t  generally t h e  r ecove r i e s  are poore r ,  t h e  g lobu l ins  are more likely t o  b e  

dena tured ,  and impure, and the methods are more labar lous  than  w i t h  m u l t i p l e  

/ 

chromatography 



The immunoglobulin classes IgA and IgM are d i f f i c u l t  t o  i s o l a t e  from 

sera on p r e s e n t l y  used anion exchange columns, b o t h  e l u t i n g  i n  overlapping 

r eg ions  con ta in ing  immunoglobulins and nonimmunoglobulins. The IgM can be 

i s o l a t e d  from sera by Sephadex G-200 chromatography and PeWkon block elec-  

t r o p h o r e s i s .  

s i n c e  IgA are the  predominant g l o b u l i n s  i n  co los t rum w h i l e  they are but  minor 

(410%) g l o b u l i n s  i n  serum. Both TgA and IgM can be i s o l a t e d  by m u l t i p l e  pre- 

c i p i t a t i o n  followed by p r e p a r a t i v e  e l e c t r o p h o r e s i s ,  b u t  aga in  chromatography 

is p r e f e r r e d  for reasons given f o r  t h e  IgG i s o l a t i o n .  

The IgA  a r e  more e a s i l y  o b t a i n e d  from colostrums than  from sera, 

The obse rva t ions  made du r ing  experiments  and product ion  runs wi th  the  

v a r i o u s  anion exchangers were combined w i t h  l i t e r a t u r e  results t o  produce t h e  

recommended IgG sepa ra t ion  methods l i s t e d  i n  Table  V1.F. .l. 

pe rcen tages  s t a t e d  are somewhat u n c e r t a i n ,  s i n c e  a r o u t i n e  sc reen ing  test f o r  

de t e rmina t ion  of 'IS g a m a  g l o b u l i n  con ten t  of each i n d i v i d u a l  serum feed has 

not y e t  been e s t a b l i s h e d .  

certain, b e i n g  based on t h e  normal human serum IgG concen t r a t ion  of 18% of 

t o t a l  serum p r o t e i n s .  

have been cha l lenged  d i f f e r e n t l y  va ry  cons ide rab ly  i n  t h e i r  immunoglobulin 

c o n c e n t r a t i o n s .  

c a t e d  t h a t  t h e  horse  and goat  have t h e  l a r g e s t  IgG concen t r a t ions ,  varying 

from 20 t o  35%. Based on t h e  recovery of u n i t s ,  r a b b i t  sera a r e  es t imated 

t o  vary  from 10 t o  201 and hamster  sera from 5 t o  10% i n  IgG concent ra t ions .  

The recovery 

The recovery v a l u e s  f o r  human serum are the  most 

Those sera from animals  whose immunoglobulin systems 

Pre l iminary  d e n s i t y  scans of polyacrylamide g e l s  have indi-  

The gene ra l  t r end  of Table  VI.F.1.1 i n d i c a t e s  t h a t  f o r  human and horse 

serum, w i t h  a properly prepared exchanger and a n  unhemolytic serum, the re  i s  
very  l i t t l e  d i f f e r e n c e  i n  t h e  chromatography of  d i a lyzed  and undialyzed serum. 

However, f o r  such animals as t h e  hamster  and r a b b i t ,  t h e r e  are cons iderable  

d i f f e r e n c e s  between chromatographs of d i a lyzed  and undialyzed samples. 

seems t o  b e  a group of p r o t e i n s  i n  t h e s e  sera which have a high-ionic-s t rength 

charged " f i e ld"  a s soc ia t ed  w i t h  them, caus ing  them t o  move as a cohesive "slug" 

through t h e  exchanger when t h e  sera is undialyzed.  

There 

1 0 1 5 5 8 9  
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R. F. Hall 

B. Experimental Animals - G,/~-TJ 
1. Storage 

Goats a r e  usually procured by advert is ing i n  the loca l  newspapers 

or  contacting l ivestock dealers who purchase the  animals a t  l o c a l  auction 

markets o r  on the farms. 

cause the immune system i s  fully developed a t  t h i s  time. 

Animals one year o ld  o r  more a r e  desirable be- 

The animals a re  examined for  evidence of disease and in te rna l  para- 

s i t e s  upon a r r i v a l  and placed i n  i so l a t ion  fo r  about three weeks t o  avoid 

introducing incipient  disease t o  other animals already on hand. 

t h i s  period anthelmintics a re  administered to eliminate in te rna l  para- 

s i tes .  

s t a t e  of heal th  before inject ions a re  begun. 

Duriw 

A rout ine hematological examination is  done t o  help determine the 

. 

Housing can be very simple. A she l t e r  open on one side i s  e l l  t h a t  

i s  needed t o  give some protection from excessive sun 

weather. 

a s m a l l  outside l o t  o r  pasture. 

and inclement 

The a n i m a l s  may be confined ins ide  a barn o r  allowed t o  run i n  

Rations usually consis t  of good qual i ty  hay fed free  choice da i ly  

d o n g  w i t h  a s m a l l  amount of grain t o  help maintain condition. 

2. In jec t ion  Schedules 

Three kinds of inject ions a re  rout inely used t o  immunize goats with 

various antigens. The subcutaneous in jec t ion  u t i l i z e s  an area of loose 

skin on the neck adjacent to a la rge  lymph node, on the in s ide  of the 

front  l e g  between the thoracic &ea and the limb, or  on the  inside of the 

hind leg adjacent o t  the inguinal region. 

I 



Other areas on the animal’s body may a lso  be used successfully. 

h a i r  over the chosen area i s  clipped and the  skin disinfected with alcohol 

o r  other  standard sk in  an t i sep t ic .  

f ingers and, using a s t e r i l e  s y r i n s a n d  sharp 18-x, ga. needle, the antigen 

in jec ted  j u s t  beneath the  skin. 

?he 

A fo ld  of skin i s  grasped with one’s 

The intramuscular i n j ec t ion  uses 8 large/nuscle  mass, usually in  the 

pos te r ior  portion of the  foreleg adjacent to  the thoracic region, o r  i n  the 

pos te r ior  pa r t  of the hind l e g  midway between the hip jo in t  and the s t i f l e  

joint .  Again, the ha i r  i s  clipped from the area and dis infectant  applied 

t o  t h e  skin. The leg  i s  grasped wi th  one hand and the other hand th rus t s  

the  18-20 g a . ,  1 inch needle attached t o  the  syringe in to  the muscle mass 

t o  the full depth of the needle. 

Intraperi toneal  in jec t ion  i s  the introduction of antigen i n t o  the  

peritoneal. cavity which contains the  gastrointestinal.  t r a c t  as well  ZLS 

other  organs. The animal i s  restrained i n  a standing position and the 

hair clipped over t he  r i g h t  sublumbar fossa ju s t  posterior t o  the  last  

rib. 

w i t h  syringe attached i s  inser ted  through the skin and muscle in to  the 

cavity. 

needle has not penetrated an i n t e s t ine  o r  other organ. 

the  syringe are  quickly expelled and the needle withdrawn. 

The s k i n  i s  dis infected as before and the 18-20 ga., 1 inch needle 

Gentle suction on the  syringe should be applied t o  be sure the 

The contents of 

I n  a l l  these procedures the  a n i m a l  caretaker will r e s t r a in  the animal, 

usually i n  a standing posi t ion,  by using one hand t o  grasp the head and 

neck and the other hand t o  grasp the rump of the goat. 

Inject ions a re  usually madeat weekly intervals,  a t  l e a s t  i n  the 

beginning,in order t o  induce a rapid increase i n  the antibody l eve l  i n  

the  animal. After a desired l e v e l  of antibodies i s  achieved it may be 

I 



necessary t o  i n j e c t  l e s s  frequently t o  maintain a sat isfactory level. 

Adjuvants a r e  materials which a re  added t o  the antigens t o  delay 

absorption of the  antigen from the s i t e  o f  inject ion,  thus allowing 

prolonged stimulation t o  the immune system. 

o i l  (Freund) a r e  commonly used as adjuvants and a r e  somewhat i r r i t a t i n g  

t o  animal t issues .  

animal when t h e  in jec t ion  i s  made and a loca l ized  swelling resu l t s  f r o m  

the presence of t h e  adjuvant. 

formation of an abscess, but 

Preparations of water-in- 

There is usually some t rans i tory , loca l  pain to  the 

The t i s sue  react ion may progress t o  the 

t h i s  happens r a r e l y  i n  goats. 

The i n i t i a l  inject ion of antigen i s  incorporated i n  a volume of 

adjuvant and put  i n t o  the t e s t  animal. 

subcutaneously o r  intraperi toneal ly  without adjuvant. 

in jec t ions  of antigen with adjuvant are  commonly done, but the irritant 

nature of t h e  adjuvant i s  l i k e l y  t o  cause some Local pe r i ton i t i s  and 

adhesions. 

3. Bleeding Schedules 

Thereafter, the antigen i s  given 

Intraperitoneal 

Blood can be collected f r o m  the goat frequently and i n  volumes 

su f f i c i en t  to supply the  needs of the investigator.  

o r  more can be drawn a t  weekly in te rva ls  without harm t o  the goat. 

Volumes of 200 ml. 

Animals are fasted f o r  12 hours pr io r  to-bleeding t o  reduce the 

amount of fat and other substances undesirable i n  the processing of 

t he  serum. 

neck. 

applied t o  s i t e  of venipuncture. 

causes the jugular vein to distent? and a sharp 16 ga. needle i s  thrus t  

i n t o  the vein. The blood i s  caught i n  a su i t ab le  container. If s t e r i l e  

The animal i s  restrained by the at tendant  holding head and 

The hair over the  jugular f’urrow i s  clipped and disinfectant 

Pressure pos te r ior  t o  s i t e  of bleeding 



collections a re  desired a needle and syringe can be used t o  avoid con- 

tamination from h a i r  and fingers.  

Care should be exercised t o  avoid trauma t o  the perivascular t i s sues  

Sharp,small bore 

If 

and formation of la rge  hematomas i n  the jugular furrow. 

needles and exact locat ion of the vein make bleeding a simple matter. 

unable t o  obtain blood from one jugular vein, one can usually go t o  the  

cont ra la te ra l  vein and make sa t i s fac tory  puncture. 
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B. Experimental  Animals 

The animals p re sen t ly  i n  use f o r  t h e  production of experimental  

r a b b i t s  and goats .  and prepara t ive-sca le  a n t i s e r a  are dcc, 
2,f inVo Jrnlz 

A 
For product ion of la rge  q u a n t i t i e s  of a n t i s e r a ,  goats are obviously 

p r e f e r a b l e  t o  r a b b i t s ,  bu t  they have t h e  disadvantage t h a t  they re- 

q u i r e  the  i n j e c t i o n  of cons idera ly  more an t igen ic  material t o  achieve 

a h igh  q u a l i t y  antiserum. 

Rabbi t s  

1. Storage. -- The r a b b i t s  are maintained s i n g l y  i n  cages wi th  

se l f - se rv ice  feeders  and water b o t t l e s .  

2 .  I n j e c t i o n  Schedules. -- For t h e  f i r s t  i n j e c t i o n ,  the  an t igen  

i s  suspended i n  Freund's complete adjuvant about 1 hour  p r i o r  

t o  in j ec t ion .  

accomplished by s o n i f i c a t i o n .  

The d i s p e r s a l  of t h e  Freund's adjuvant is 

The ant igen in Freund's complete adjuvant is i n j e c t e d  

e i t h e r  subcutaneously at t w o  sites behind t h e  r a b b i t ' s  head 

or i n  each h ip .  For complex ant igen mix- 
t u r e s ,  such as human serum, t h e  f i r s t  i l i j ec t ion  c o n s i s t s  of 
about 60 milligrams of  serum. This allows on the o rde r  of 
0.5-5.0 mg of each minor serum cons t i t uen t  and of course a 

considerable  amount of albumin and . But t h e s e  

unusually l a rge  amounts of albumin an-n are 

necessary t o  e l i c i t  an antibody response f o r  these  molecules 

dh ich  vary but l i t t l e  ac ross  animal l i n e s  and subsequently 

are not  e a s i l y  recognized as fo re ign  an t igens .  For o t h e r  

p u r i f i e d  ant igens,  t h e  f i r s t  i n j e c t i o n  usual ly  c o n s i s t s  of 

1-5 mg. 

Jg i', 

s- 1 0  

Subsequent boos ts  are g iven  weekly by i n j e c t i n g  d;sb mg 

of t h e  ant igen,  no ad juvant ,  subcutaneously a t  two sites i n  

t h e  r a b b i t ' s  haunches. 

adjuvant t o  the  an t igen  a t  t h e s e  times w i l l  r e s u l t  i n  an 
increased  antibody t i t e r p n  t h e  s h o r t  term but  one f aces  

t h e  p o s s i b i l i t y  t h a t  knots, s o r e s ,  and i n f e c t i o n  may r e s u l t  

from t h i s  adjuvant. 

Addit ion of Freund's incomplete 



Introduction and Historical Notes 

Whit are adjuvants? As WIIITE (1967 (2)] said, “the list of thcm rcads like a 
mcdicval alchcmist’s shopping list.” We would likc first to give a clear and simple 
definition which yet takcs into account the complexities of a field whcre many 
authors have uscd the samc words for completcly diffcrcnt concepts. RAMON (1926), 
whose primary goal was the enhancemcnt of antibody synthcsis against diphtheria 
or tctanus toxoid, called “adjuvant and immunity stimulating substancis” products 
which, uscd in combination with spccific antigcn vaccincs, enhance immunity levels 
above those that the vaccincs are capable of developing whcn injcctcd alonc. Gvcn 
at that carly date, he condudcd: “Si intdrcssant que soit ce procddd du point dc vue 
pratique, il ne l’est pas moins du point de vuc thCoriquc, h cause dcs rcchcrchcs qu’il 
peut suscitcr pour essaycr de pfnktrer le mfcanismc intitnc, soit de I’augrncntation 
d‘antitoxinc ninsi provoqudc, soit dc 1’Uaboration dcs antitoxines au scin dc l’orga- 
njsmc”. In othcr words, RAMON thought that adjuvants could be uscd as a tool to 
gain new insights into the machanism of antibody response. FREUND (1956), without 
giving any dcfinition, emphasized thc diffcrcnt manifcstations of adjuvmt eZect: 

(a) enhancemcnt of antibody formation and alterntion of sensitizatiori to proteins; 
Q sensitization to simple chcnical compounds; 

/ 

(c) allcrgy. 
Munoz (1964) dcfincd an “adjuvant” as a substance that cnhanccs thc antibody 

timc closc to thc injcction of the antigcn. This meaning is cxtcndcd to all substanccs 

suspcctcd to bc associated with the antibody rcsponsc. WHITE [1967 (l)] applied the 
term ‘gadjuvant’D (L. adjuvarc: to help) only to substnnccs which, when injccxd to- 
getbcr with antigen (i) convcrt an appucntly nonantigenic substancc to an cffcctive 
antigen, (ii) increase lcvds of circulating antibody, (iii) lead t G  thc production of 
delayed hypcrscntitivity or to its incruse, and (iv) lead to the production of ccrtain 
disease statcs such as thyroiditis, aspcrmatogcncsis, allergic cnccphalornyelitis, 
-,dr&aljtis or arthritis and iridocyclitis. 

As we have seen from the Jiffercnt definitions, the maniicstatioris of adjuvint 
keets arc numerous, and to the antibody response, delayed hypcrscnsitivity and 
allergic diseascs wc could add homograft rcictions, some growth proccsscs, inducc- 
ment of plsmocytoma, ascitcs. and interfwn synthcsis. 

Although an adjuvant may literally help the immune rcsponsc, Wc fecl compellcd 
to discuss opposite cffccts too, since such vcry wcll-known adjuvants as Frcund’s 
adjuvant have bcen obscrved to lower the immune rcsponsc (JANKOVIC, 1963). 
More rcccntly extcnsivc work has becn done on phytohcmagglutinin adjuvant 
activity; some authors have concluded that thcse heterogcncous substances cxcrc an 
enhancing eAect on the immune response [GAMDLB, 1966 (2); SINCHAL r t  ul., 19671, 

I rcsponsc to antigcn injected cithcr simultaneously with it or within a pcriod of 

that cnhanca hypcrscntitivity reactions that arc dircctly relarcd to antibodies, or 
i 
P 
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9 

9 
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2 Introduction and Historical Notcs 

whilc other8 havc otscrvcd an opporitc c&ct (MARKLEY #:ai., 1967; JASIN and ZIFP, 
1968). 

Thcrciorc the dcfinition of an adjuvant must have two aspccts. From a practical 
point of vicw, as pointcd o u t  by WHITE [I967 (I)], it rcfcrs to substanccs enhancing 
the irninunc responsc, whatcver this may be. 

From a theorctical point of vicw it should refer to any sulstancc which acts on 

and (ii) the nonspecific activity of the cells involvcd in the immune response (mainly 
rnacrophagcs and lymphocytes) by enhancing cell multiplication or by stimulating 
cell transformation. 

It is obviously difficult to make a clear distinction between such products as 
(i) phytohcmagglutinh, which is ablc to enhance DNA, RNA and protein syn- 
thesis bcsidcs possessing blastogenic capacity; (ii) Freund’s adjuvant, which stimu- 
latcs hormonal secretions in addition to its activity on macrophages and lympho- 
cytcs; (iii) such hormones as somatotropin or folliculin, which cnhancc protein 
synthesis (including synthcsis of globulin); and (iv) mitotic drugs, which will not 
be included as adjuvants. Thus wc could define as adjuvants or immunity-stimulating 
substanccs aiy product wbicb acts ( i )  011 a haptcrt or an ulitigcr) by trjharicirg itj utri~etii: 
propcrti;i, or (ii) ON t h  tells inuofucd ir~ the inin~unc rciponsc (this &ciq  uiidcrstood ai itrclridin~ 
ariti&oAy syiithcs:~, anaphylaxis, d d p d  ~vpcrscnsitiuitj, aflcrgi: di!mes, arid gta f t  reattion$ 
irmtwircd) . 

h . r o n  [1925 (I)] nor iccd a corrcliuion in immunizcrl lwrscs bciwccn a local 
absccss at thc sitc of antigcn injcction and a high lcvcl of antibodics; hc dcmon- 
stratcd that it was possible to artificially incrcase diphthcria or tetanus antitoxin lcvcls 
by adding substances such as brcad crumbs, alcuronc seeds, agar, tapioca, starch oil, 
lecithin. 

occurs when diphthcria toxin and spccific antitoxin arc miscd rogcthcr. H A R ~ E Y  
(1952) and GLENNY (1926) pointed out  that such a prccipitatc was dntigcnic and had 
a highcr immunizing valuc than the supcrnatant liquid. Ljpovaccincs wcrc discovered 
byLah1olcNrcandP1~0~ [1916 (1,2)]. Lewrsandhosm (1924)obscrvcd thatantibody 
formation against various antigcns was remarkably intense in guinea pigs which had 
rcccivcd an injcction of living virulent tubcrclc bacilli ihto thc pcrimncal cavity a few 
d;ys before they werc givcn antigens. Thcsc lipovaccincs wcrc also uscd by RAXON 
and ZOELLER (1927), WALSH and FRAZER (1934), COWLAUD (1935), and SAUNZ (1937). 

With thcsc obscrvations as a. foundation, FREUND (sce FREUXD e t  af . ,  1937) 
’started his classic experimentation on the production of dclaycd hypcrscnsitivity 

and or: antibody syntbesis which showed that the tWC effects of :he allcrgic irrit- 
1 ability duc to the tuberculous infection, namely the enhancencn: of antibody prd- 

duction and thc nltcrntion of scnsitization, can be rcproduccd in thc abscncc of 
tubcrculosis (~iltl!tlNL) nntl iMCDI!IthtOi-i‘, 1942). FRl?[IND rcvicwcd thcsc observations 
in 1917 niicl 1956. , 

The powerful antibody-stimularin~~.~Zriccr of Freund’s adjuvant has not bccn 
equalled by any other adjuvant. This mixturc has made it possible to produce anti- 
bodies even in animals considered poor produccrs, such as rats (HAVAS and ANDRE, 
1935) or mice (ANACKER and MUNOZ, 1961; MUNOZ, 1963), and to induce auto- 
Jlcrgic diseases (KABAT e t  d., 1946; MonGm, 1946). The next step of the investi- 

(i) the nonspecific part of thc antigen, called “adjuvanticity” by DRUSER (1961). 

# SORDELLI and SERPA (1925) rcported the antigcnic valuc of the prccipitaic thar 
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