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ALPHA AND BETA SUBUNIT IMMUNOREACTIVITY OF REFERENCE 
PREPARATIONS USED I N  THE RADIOIMMUNOASSAY OF FOLLICLE 

STIMULATING AND LUTEINIZING HORMONES I N  SERUM 

Eugenia Rosemberg 

The Worcester C i t y  Hospi ta l ,  and t h e  U n i v e r s i t y  
of  Massachuset ts ,  Medical School, Worcester ,  

Massachuset ts  

The Medical Research I n s t i t u t e  of Worcester ,  I n c . ,  

ABSTRACT 

The 2nd IRP-HMG, t h e  1st I S ,  and LER 907 have been widely 
used i n  s tandard  FSH and LH R I A  systems t o  measure c i r c u l a t i n g  
levels of FSH and LH i n  human serum. 
dose-response curves e l i c i t e d  by t h e  p r e p a r a t i o n s  were p a r a l l e l  
t o  each o t h e r  and t o  t h a t  of serum samples t e s t e d .  When t h e s e  
materials were s t u d i e d  i n  t h e  homologous a and B-hLH R I A  
systems, t h e  t h r e e  hormones and a serum sample used as i n t e r n a l  
c o n t r o l  i n  a l l  assays ,  d i sp layed  a h igher  degree of contamina- 
t i o n  w i t h  a than w i t h  B-hLH s u b u n i t s .  On weight  b a s i s ,  t h e  a / B  
r a t i o s  were 18.0, 18.7, 6.7, and 13.0,  f o r  t h e  2nd IRP-HMG, 1st 
I S ,  LER 907 and serum, r e s p e c t i v e l y .  I n  t h e  homologous a and 
B-hFSH R I A ' S ,  t h e  h i g h e s t  contaminat ion w i t h  a-hFSH was d i s -  
played by LER 907 (a/B r a t i o : l O ) ,  t h e  a/B r a t i o s  f o r  t h e  2nd 
IRP-HMG and 1st I S  were 2 .2  and 1.1, r e s p e c t i v e l y .  The serum 
sample contained about  6 .2  ng e q u i v a l e n t  of a-hFSH/ml; B-hFSH 
was n o t  d e t e c t e d .  

I n  t h e s e  systems,  t h e  

The a-subuni ts  of g l y c o p r o t e i n  hormones are i n t e r -  
changeable and r e s p o n s i b l e  f o r  t h e  "wi th in  spec ies"  cross-  
r e a c t i v i t y  of t h e  hormones. Therefore ,  employing a n  a n t i s e r a  
r a i s e d  a g a i n s t  n a t i v e  FSH and LH i n  which t h e  a n t i g e n i c  si tes 
are a-d i rec ted ,  t h e  r e f e r e n c e  materials and t h e  c i r c u l a t i n g  
gonadotropins  which c o n t a i n  a n  excess  of a over  ,+subunit, 
would e l i c i t  dose-response curves p a r a l l e l  t o  each o t h e r .  
Because v a r i o u s  ba tches  of RIA r e a g e n t s  may n o t  e x h i b i t  similar 
c h a r a c t e r i s t i c s ,  b e f o r e  t h e s e  materials are used i n  s t a n d a r d  
R I A ' S ,  t h e  immunological s i m i l a r i t y  o f  t h e  r e f e r e n c e  prepara-  
t i o n  and tes t  samples must be e s t a b l i s h e d  w i t h  t h e  r e a g e n t s  
used i n  each labora tory .  
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9 4  RO S EMBERG 

INTRODUCTION 
The 2nd IRP-HMG and t h e  1st I S ,  both of u r i n a r y  o r i g i n ,  and 

t h e  p i t u i t a r y  e x t r a c t ,  LER 907, commonly used as r e f e r e n c e  

p r e p a r a t i o n s  i n  t h e  r a d i o i m u n o a s s a y  (RIA) of f o l l i c l e - s t i m u l a t i n g  

and l u t e i n i z i n g  hormone i n  serum, are n o t  a l i k e .  

they been e x t r a c t e d  from d i f f e r e n t  sources  b u t ,  they d i f f e r  i n  

t h e  degree of homogeneity, and i n  physicochemical  p r o p e r t i e s ,  and 

may c o n t a i n  a v a r i e t y  of p a r t l y  degraded materials which may be 

d i s t i n g u i s h a b l e  i n  some, b u t  n o t  a l l  RIA systems. I n  s p i t e  of 

these  d i f f e r e n c e s ,  t h e  s l o p e  of t h e  i n h i b i t i o n  lines e l i c i t e d  by 

t h e s e  p r e p a r a t i o n s  were p a r a l l e l  t o  each o t h e r  i n  t h e  homologous 

FSH and LH s tandard  R I A  systems (1) .  I n  o r d e r  t o  g a i n  a n  

understanding regard ing  t h e s e  f i n d i n g s ,  s t u d i e s  were c a r r i e d  o u t  

t e s t i n g  t h e s e  p r e p a r a t i o n s  i n  t h e  homologous a l p h a  and b e t a  hFSH 

and hLH R I A  s u b u n i t  systems. 

Not o n l y  have 

MATERIALS AND METHODS 
Appropriate  s t o c k s  and subs tock  s o l u t i o n s  of t h e  t h r e e  

hormones were prepared as previous ly  r e p o r t e d  ( 1 ) .  The 

c h a r a c t e r i s t i c s  of t h e  a lpha  and b e t a  RIA'S of  hFSH and hLH 

performed under our  l a b o r a t o r y  c o n d i t i o n s  have been previous ly  

descr ibed  (2) .  The double  an t ibody RIA method was used, 

employing reagents  suppl ied  by t h e  Nat iona l  P i t u i t a r y  Agency 

(NPA), Baltimore, Maryland. I n  each of t h e  f o u r  R I A  systems, 

t h e  r e s p e c t i v e  s u b u n i t  was used as l a b e l  and as t h e  r e f e r e n c e  

prepara t ion .  
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ALPHA AND BETA SUBUNIT IMMUNOREACTIVITY 95 

The minimum d e t e c t a b l e  dose (MDD) of the  r e f e r e n c e  prepara- 

t i o n  used w a s  def ined as t h e  dose which produced 80% of t h e  

binding of l a b e l  by t h e  zero s tandard .  I n  the  a and B-hFSH 

systems MDD's w e r e  0.82 ng f o r  a-hFSH (NPA Batch l ) ,  and 

0.29 ng f o r  B-hFSH (NPA Batch l ) ,  r e s p e c t i v e l y ;  t h e  i n t e r a s s a y  

c o e f f i c i e n t  of v a r i a t i o n  of r e p l i c a t e  assays  was 0.06 and 0.07, 

r e s p e c t i v e l y .  

f o r  a-hLH (NPA Batch l ) ,  and 0.025 ng f o r  6-hLH (NPA Batch l), 

r e s p e c t i v e l y ;  t h e  i n t e r a s s a y  c o e f f i c i e n t  of v a r i a t i o n  of 

I n  t h e  a and 6-hLH systems t h e  MDD's were 0.07 ng 

r e p l i c a t e  assays  was 0.07 and 0.18, r e s p e c t i v e l y .  

One IU of FSH and LH a c t i v i t y  of t h e  2nd IRP-HMG w a s  con- 

s i d e r e d  t o  be contained i n  229.5 mcg of the  material (WHO, 

Technical  Report S e r i e s  293, 1964), and 1 IU of FSH and of LH 

a c t i v i t y  of the  1st I S ,  w a s  considered t o  be contained i n  133.9 

and 133.7 mcgs of t h i s  s tandard ,  r e s p e c t i v e l y  ( 3 ) .  The fo l lowing  

dose l e v e l s  were used: i n  t h e  a-hFSH subuni t  system, a-hFSH 

( reference  p r e p a r a t i o n ) ,  from 1 t o  5 ng; 6-hFSH, from 10 t o  

100 ng; 2nd IRP-HMG, 1.1, 1 . 7 ,  2.3, 4.6 and 9.2 mcg; 1st I S ,  1 .0 ,  

1.3, 2.7 and 5.4 mcg; and 30, 50, 150 and 200 ng of LER 907. I n  

t h e  8-hFSH s u b u n i t  system: 6-hFSH ( r e f e r e n c e  p r e p a r a t i o n ) ,  from 

0.2 t o  10 ng; a-hFSH, from 100 t o  300 ng; 2nd IW-HMG, 2.2, 4.6 

and 9.2 mcg; 1st IS,  0.67, 1.0, 1.3, 2.7 and 5.4 mcg; and 100, 

200 and 400 ng of LER 907; i n  t h e  a-hLH s u b u n i t  system; a-hLH 

( r e f e r e n c e  p r e p a r a t i o n ) ,  from 0.05 t o  1 ng; B-hLH; from 40 t o  

400 ng; 2nd IRP-HMG, 0.46, 0.69, 1.1, 1.7 and 2.3 mcg; 1st I S ,  

0.4, 0.67, 1.0, 1 .3  and 2.7 mcg; and 5 , 1 0 , 2 0 n g  of LER 907. I n  
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96 ROSEMBERG 

the  6-hLH subuni t  system: f3-hLH ( r e f e r e n c e  p r e p a r a t i o n )  from 0 . 0 5  

t o  1 ng; a-hLH, from 5 t o  100 ng; 2nd IRP-HMG, 2 . 3 ,  4.6 and 6.9 

mcg; 1st IS,  1.4, 2.7, 4.0 and 5 . 3  mcg; and 10, 20, 5 0  and 100 ng 

of LER 907. 

obtained from s e v e r a l  normal men, used as i n t e r n a l  c o n t r o l  i n  

our l a b o r a t o r i e s ,  were t e s t e d  s imultaneously w i t h  the  prepara- 

Three d i l u t i o n s  of an u n f r a c t i o n a t e d  serum sample 

t i o n s  under s tudy.  

computer programs. For 2nd IRP-HMG and 1st I S ,  r e s u l t s  are 

expressed both i n  terms of mass and of t h e  corresponding IU's, 

and, i n  terms of mass f o r  LER 907. 

A l l  a ssays  were c a l c u l a t e d  by a p p r o p r i a t e  

RESULTS 
Table 1 d e p i c t s  t h e  r e s u l t s  ob ta ined  when t h e  p r e p a r a t i o n s  

were s tudied  i n  the  a and B-hFSH R I A  systems. 

of a-hFSH wi th  B-hFSH was 0.4%, and t h a t  of 8-hFSH with a-hFSH 

7%. The t h r e e  hormones d isp layed  a h igher  degree of contamina- 

t i o n  with a than wi th  8-hFSH. 

were: 2 .7 ,  1.1 and 10.0 f o r  t h e  2nd IRP-HMG, 1st IS and LER 907, 

r e s p e c t i v e l y .  a-hFSH was measured i n  t h e  serum sample, however, 

due t o  t h e  lower s e n s i t i v i t y  of t h e  B-hFSH system, 8-hFSH was 

undetec tab le .  

The contaminat ion 

On weight b a s i s ,  t h e  a / B  r a t i o s  

Table 2 d e p i c t s  the  r e s u l t s  ob ta ined  i n  t h e  a and B-hLH 

R I A  systems. The contaminat ion of a-hLH wi th  8-hLH w a s  0.8%, 

and t h a t  of B-hLH w i t h  a-hLH 0.1%. The t h r e e  hormones d isp layed  

a higher  degree of contamination w i t h  a than  w i t h  B-hLH. On 

weight b a s i s ,  the  a/B r a t i o s  were 18.0, 18.7 and 6.7 f o r  t h e  2nd 

IRP-HMG, 1st I S  and LER 907, r e s p e c t i v e l y .  The serum sample 
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PREPARATIONS 

0.003 (0.002-0.004) ng/ng 

* 

a-hFSH 

~ ~ _ _ _ _ _ _ _ _ _ _ _  

-1.2 450 ng 

6-hFSH 

2nd I W  HMG 

1st I S  

LER 907 

Serum Control 

TABLE 1 

R I A ' S  of 2nd IRP, 1st I S  and LER 907 i n  the a and 6-hFSH Subunit  System 

a-hFSH R I A  SYSTEM 

RELATIVE POTENCY 
(CONFIDENCE LIMITS) 

1 

0.07 (0.05-0.08) ng/ng 

0.00041 nglng 

[ lo0  80-110) ng/IU] 

(0.00035-0.00047) 

0.00032 nglng 

[ 4 0  (33-60) ngIIl.1 

(0.00024-0.0004) 

0.03 (0.025-0.04) ng/ng 

6.2 (2.9-9.6) ng/ml 

SLOPE 

-1.1 

-1.2 

-1.1 

-1.1 

-1.1 

-1.2 

MED 

1.7 ng 

25.3 ng 

4.2 mcg 

[18.1 mIU]  

5.3 mcg 

[39.7 mIU] 

55.6 ng 

367.4 h 

6-hFSH RIA SYSTEM 

(CONFIDENCE LIMITS) 

1 1-0.9 1 1.5 ng 

0.00015 4% 
(0.0001-0.00023) 

-1.0 
[ 4 0  (30-60) ng/IU] 

I 

0.00029 ng/ng 
(0.0002-0.0004) 

-1.0 
[ 4 9  (37-64) ng/IU] 

9.2 mcg 

140.0 mIU] 

4.8 mcg 

[36 .0  mIU] 

+MED: Median Effec t ive  Dose (50% binding) .  *Undetectable. Rela t ive  Potency: mean of 2 assays.  
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ALPHA AND BETA SUBUNIT IMMUNOREACTIVITY 99 

showed a h igher  conten t  of a-hLH than of 6-hLH ( a / B  r a t i o : 1 3 ) .  

I n  each of t h e  f o u r  R I A  systems, t h e  s l o p e s  of t h e  i n h i b i t i o n  

l i n e s  e l i c i t e d  by a l l  p r e p a r a t i o n s  except  f o r  t h a t  of a-hLH i n  

t h e  B-hLH system (Table 2 ) ,  were p a r a l l e l  t o  t h e  r e s p e c t i v e  

r e f e r e n c e  material and t o  each o t h e r  (F not  s i g n i f i c a n t  a t  0.05 

l e v e l ) .  

The 

1966 and 

DISCUSSION 
radioimmunoassays of FSH and LH were f i r s t  developed i n  

have s i n c e  been widely used t o  perform s t u d i e s  r e l a t e d  

t o  gonadotropic  s e c r e t i o n  i n  p h y s i o l o g i c a l  and p a t h o l o g i c a l  

condi t ions  i n  men. These s t u d i e s  have been, and are performed 

examining t h e  c i r c u l a t i n g  l e v e l s  of t h e s e  hormones employing 

a n t i s e r a  r a i s e d  a g a i n s t  t h e  n a t i v e  hormones. FSH and LH are 

p r e s e n t  i n  t i s s u e s ,  plasma o r  u r i n e  i n  heterogenous forms. 

Plasma o r  serum may c o n t a i n  not  only t h e  n a t i v e  hormones b u t  

some of t h e i r  metabol ic  products .  Also,  f r e e  a-subuni ts  of 

hFSH, hLH and hTSH have been found i n  serum ( 2 ,  4 t o  7), and 

c i r c u l a t i n g  f r e e  6-hLH s u b u n i t s  have been measured throughout  

t h e  mens t rua l  c y c l e  i n  women ( 2 ) .  

Because of t h e  presence of common a n t i g e n i c  sites between 

g lycopro te in  hormones, a n t i s e r a  r a i s e d  a g a i n s t  one of t h e  

gonadotropins  may c o n t a i n  a n t i b o d i e s  capable  of r e a c t i n g  

i n d i s t i n c t l y  wi th  a l l  t h e  g l y c o p r o t e i n  hormones. Therefore ,  i t  

is  d i f f i c u l t  t o  determine whether t h e  c r o s s - r e a c t i o n  observed 

when employing a n t i s e r a  r a i s e d  a g a i n s t  n a t i v e  g l y c o p r o t e i n  

hormones r e f l e c t s  contaminat ion of hormonal p r e p a r a t i o n s  used 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



100 ROSEMBERG 

as immunogens o r ,  a l t e r n a t i v e l y ,  r e f l e c t  t h e  presence  of common 

a n t i g e n i c  de te rminants  i n  small p o r t i o n s  o r  e n t i r e  s u b u n i t s  of 

t h e  hormones. 

The choice  of r e f e r e n c e  p r e p a r a t i o n s  poses  d i f f i c u l t y  i n  

t h e  genera l  a p p l i c a t i o n  of s tandard  R I A ' s  f o r  t h e  measurement of  

gonadotropins  i n  blood. One of t h e  fundamental p r i n c i p l e s  of a l l  

b ioassays  o r  immunoassays is t h a t  t h e  r e f e r e n c e  p r e p a r a t i o n  o r  

s tandard  used be as similar as p o s s i b l e  t o  t h e  material be ing  

tes ted. ,  A t  p r e s e n t ,  p r e p a r a t i o n s  s u i t a b l e  f o r  t h e  R I A  e s t i m a t i o n  

of serum FSH and LH are not  a v a i l a b l e  and m a t e r i a l s  such as t h e  

2nd IRP-HMG,, t h e  1st  IS ,  and LER 907 are widely used f o r  t h i s  

purpose. 

The p r e s e n t  s t u d i e s  have demonstrated t h e  h e t e r o g e n e i t y  of 

When s t u d i e d  i n  t h e  a and B-hLH R I A ' s ,  they t h e s e  hormones. 

e l i c i t e d  h igher  contaminat ion w i t h  a t h a n w i t h  %-subuni ts .  

t h e  2nd IW-HMG and t h e  1st I S ,  t h e  contaminat ion w i t h  a-hLH 

was t h r e e  t i m e s  h igher  than  i n  LER 907. I n  t h e  a and B-hFSH 

I n  

R I A ' S ,  t h e  h i g h e s t  contaminat ion w i t h  a-hFSH w a s  e l i c i t e d  by 

LER 907 (a /%: lO) ,  t h e  2nd IRP-HMG and t h e  1st I S  conta ined  two 

times o r  equal  the  amount of a than of 8-FSH, r e s p e c t i v e l y .  

I n  t h e  serum sample, a-hFSH was measured; $-hFSH was unde- 

t e c t a b l e .  S t u d i e s  by o t h e r  i n v e s t i g a t o r s  have shown t h a t  a f t e r  

g e l  f i l t r a t i o n  i n  Sephadex G-100, t h e  i m u n o r e a c t i v e  e l u t i o n  

p a t t e r n s  of t h e  2nd IRP-HMG, and of LER 907 i n d i c a t e d  d i s t i n c t  

immunoreactive peaks of FSH and LH, as w e l l  as of f r e e  a- 

s u b u n i t s  of FSH and LH. F r e e  $-FSH w a s  n o t  d e t e c t e d ,  and a 
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w e l l  def ined  r e a c t i v e  peak of f r e e  5-hLH was n o t  seen  (8 ,9 ,10) .  

I t  has  been w e l l  e s t a b l i s h e d  t h a t  a l l  f o u r  g l y c o p r o t e i n  

hormones conta in  two noncovalent ly  bound subuni t s ,  a and 8 

(11-16). Separa te ly ,  n e i t h e r  s u b u n i t  e x e r t s  b i o l o g i c  a c t i v i t y .  

The 5-subunits confer  b i o l o g i c  and immunologic s p e c i f i c i t y  and are 

respons ib le  f o r  t h e  "between spec ies"  c r o s s - r e a c t i v i t y  of t h e  

g lycopro te in  hormones; t h e  a-subuni ts  are s u f f i c i e n t l y  similar t o  

be in te rchangeable  with one another ,  and are r e s p o n s i b l e  f o r  t h e  

"within spec ies"  c r o s s - r e a c t i v i t y  of t h e  hormones (17,18) . 
Therefore ,  employing an  a n t i s e r a  r a i s e d  a g a i n s t  n a t i v e  FSH and LH, 

i n  which the  a n t i g e n i c  si tes are a-d i rec ted ,  t h e  s l o p e s  of t h e  

i n h i b i t i o n  l i n e s  e l i c i t e d  by u r i n a r y  p r e p a r a t i o n s  such as t h e  2nd 

IW-HMG and 1st I S ,  by a p i t u i t a r y  extract such as LER 907, and 

by human serum,a l l  of which conta in  a n  excess  of a over  8-subuni ts ,  

would be p a r a l l e l  t o  each o t h e r .  

C e r t a i n l y ,  a r e f e r e n c e  p r e p a r a t i o n  o r  s tandard  cannot be used 

u n l e s s  i t  g i v e s  p a r a l l e l i s m  wi th  t h e  test sample i n  the  assay  

system u t i l i z e d .  It  should be remembered, however, t h a t  

p a r a l l e l i s m  i n  i t s e l f ,  does  n o t  provide  proof t h a t  t h e  subs tances  

i n  t h e  tes t  serum and t h e  r e f e r e n c e  material o r  materials are 

i d e n t i c a l ,  o r  t h a t  they are a p p r o p r i a t e  f o r  u s e  i n  another  assay  

system o r ,  more important ly ,  t h a t  they are a p p r o p r i a t e  f o r  u s e  

wi th  o t h e r  ba tches  of reagents  i n  similar assay  systems, as 

replacement reagents  may d i f f e r  as f a r  as t h e i r  immunological 

c h a r a c t e r i s t i c s ,  s p e c i f i c i t y  and s e n s i t i v i t y  are concerned. 

Consequently, before  t h e  2nd IRP-HMG, the  1st I S  o r  LER 907 
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are used as r e f e r e n c e  prepara t ions ,  t h e i r  immunological 

s i m i l a r i t y  wi th  t h e  test samples must be e s t a b l i s h e d  with t h e  

R I A  reagents  used i n  each l a b o r a t o r y .  
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