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SUMMARY 

The thyrotropic and gonadotropiC specific biologic activities 

of chorionic gonadotropin (hOG) as assessed by the mouse thyro- 

tropin and prostate weight bioassays increased at least 5 fold 

during purification, The hOG generated from recombination of hCG 

subunits that were essentially devoid of both activities recovered 

thyrotropic as w e l l  as gonadoteopic biologic activity. These d a t a  
show that the substance with thyrotropic activity found in hCG 

preparations has phwsicochemicai properties indistinguishable from 

those of hOG and therefore, these results strongly suggest that 

thyrotropic activity is an intrinsic property of hCG. 

The observation that pregnancy urine contains a substance 

with thyrotropic activity was made over two decades a g o  (1)o 

S~bsequently. thyrotropic activity has been found in commercially 

available chorionic gonadotropin (hCG) preparations (2) from 

pregnancy urine, prompting consideration of the hypothesis that 

thyroid stimulating activity is an intrinsic property of hCQ. It 

has been well established that when separate, the ~ and B subunits 

of hCG are essentially devoid of gonadotropic activity, and that 

the hCG formed by recombination o f  these subunits re~ains activity 

(3). If thyroid stimulatlng activity were also a p r o p e r t y  of hCQ, 

then the thyrotropic biologic activity of highly purified hCG 

would be expected to behave in a similar fashion. Therefore, we 

assessed the relative thyrotropic activities of crude hOG. highly 

purified hCQ. hCG~ subunit, hCGB subunit, and hCG generated by 

recombination o f  purified hCG~ and hCG@ subunits, 
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MATERIALS AND METHODS 

H i g h t y  p u r i f i e d  h C G  w a s  d e r i v e d  f r o m  c o m m e r c i a l l y  a v a i k a b [ e  

h C G  { O r g a n o n ,  Oss ,  N e t h e r l a n d s )  a s  p r e v l o u s t y  d e s c r i b e d  { 4 - 5 ) .  

T h e r e  was a 4 t o  5 f o l d  i n c r e a s e  i n  hCG s p e c i f i c  b i o l o g i c  a c t i v i t y  

d u r i n g  p u r i f i c a t i o n  ( 4 ) .  The p r e s e n t  s t u d y  was p e r f o r m e d  u s i n g  

p u r i f i e d  hC~ b a t c h e s  CRII5  and CP119o The method  f o r  s e p a r a t i o n  

and purification of the hCG~ and hCG B subunits has been described 

(6)° To generate recombined hCG) the purified subunits were 

mixed in equimo[ar amounts in 0.02 M Tris buffer, 0°15 M NaC%, 

pH 7o4, and incubated at 3? C for 6 hr. The buffer used t o  

prepare sotutions for bioassay in addition contained I% bovine 

serum ~ l b u m i n .  

The thyroid stimu[atin~ activity of the hormone preparations 

was determined by the mo~se thyrotropin bioassay as described 

elsewhere (7)° The response variable in blood samples obtained at 

2, 9j and 22 hr after intraperitonea[ injection of test solutions 

w a s  catcu[ated as percent of the counts in the in[fiat samp[eo 

The interstitial ceil stimu[ating acitivity of the hormone 

preparations was determined by Griff T° Ross, National Institute 

of Child Health and Human Devetopment, NIH, using a ventral 

prostate weight bloassay as described elsewhere (8)° For a[[ 

assays, potency estimates were calculated by the method of 

Brown[ee (9) and the 95% fiducia[ Limits by the method of 

Finney (i0)° 

R E S U L T S  

A S  s h o w n  i n  T a b t e  l j  t h e  t h y r o t r o p i e  a c t i v i t y  a s  w e l t  a s  t h e  

g o n a d o t r o p i c  a c t i v i t y  o f  t h e  h C G  p r e p a r a t i o n  i n c r e a s e d  m a r k e d l y  

d u r i n g  p u r i f i c a t i o n .  T h e r e  w a s  a 5 f o l d  i n c r e a s e  i n  t h e  a c t i v i t y  
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Figure I, Dose-response curves of highty purified hCG (C~I19) 

and recombined hCG (hCG~*~) in the mouse thyrotropin bioassay. 

Symbols and wertica[ bars indicate the mean and SoE. of the 

responses (9 hr) of 5 mice. 

of purified hCG i n  the gonadotropin bioassay and about a 7 fold 

increase in the mouse thyrotropin bioasSayo Dissociation o f  the 

highly purified hCG into subuni±s resulted An ions of virtually 

all biologic activity in %he mouse %hyrotrop[n bioassay, as welt 

as in the gonadotropin bioassay (Table 1). Even doses as large 

as I .0 mg of the subunits were devoid of biotogic activity at 2, 

9, and 22 hr in the mouse thyrotropin bioasSayo However, as shown 

in Table I, %he hCG generated from recombination of these subunits 

regained both thyrotropic and gonadotropic biologic activities. 

Figure 1 depicts the dose-response curves obtained with highty 

purified hCG (C~119) and hCG ~enerated from recombination of 

purified hCG (CRl19) subuni%s. The maximum responses obtained 

with the hCG preparations were in excess of 2000% and thus 

gremtty exceeded the non-specific responses reported fop some 

substances (II). The slopes of the curves were not significantly 

different and the point estimate of the potency ratio was 0.96 
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F i g u r e  2 .  Time c o u r s e  o f  t h e  r e s p o n s e  o b t a i n e d  w i t h  h i g h l y  
p u r i f i e d  h C G  a n d  r e c o m b i n e d  h C G  ( h C G a ÷ B )  i n  t h e  m o u s e  

t h y r o t r o p i n  b i o a s s a y .  E a c h  s y m b o l  i n d i c a t e s  t h e  m e a n  o f  t h e  

r e s p o n s e s  o f  5 m i c e  g i v e n  1 2 5  ~ g  ( s q u a r e s ) ,  2 5 0  u g  
( t r i a n g l e s ) ,  o r  500 ~g  ( c i r c l e s } .  The CRt 19 h a t c h  o f  hCG 

was used in this experiment, 

( 9 5 %  f i d u c i a [  l i m i t s  = 0 . 7 3 - 1 . 2 6 ) .  F u r t h e r m o r e ,  t h e  s h a p e  o f  t h e  

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

w a s  s i m i l a r  to that obtained with its recombinant (Figure 2). At 

a t [  d o s e  l e v e l s ,  t h e  m a x i m u m  r e s p o n s e  o c c u r r e d  a t  9 h r .  

D I S C U S S I O N  

T h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y  s t r o n g l y  s u g g e s t  t h a t  

the thyrotropic activity found in hCG preparations resides in 

the same molecular species as the gonadotropic activity. That 

both gonadotropic and thyrotropic specific biologic activities 

increased by similar factors during purification supports 

t h i s  h y p o t h e s i s .  T h e  h C G a  a n d  h C G f l  s u b u n i t s  p u r i f i e d  b y  

b o t h  i o n  e x c h a n g e  c h r o m a t o g r a p h y  a n d  g e l  f i t [ r a t i o n  w e r e  

essentially devoid of b o t h  activities. Hence, the observation 

t h a t  r e c o m b i n e d  hCG r e g a i n e d  b o t h  t h y r o t r o p i c  a n d  g o n a d o t r o p i c  
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biologic activities in the same ratio as the native hCG cannot 

be accounted for on the basis of contamination of the subunits 

with thyrotroplc activity. Not only the slope of the 

dose-response curve, but also the time course of the response 

obtained with recombined hCG was essentially the same as that 

obtained with native hCG. 0up finding that the recombined 

hCG generated from biologically inactive subunits regained 

thyrotropic activity quantitatively and qualitatively similar 

to that in the highly purified hCG preparation strongly suggests 

t h a t  hCG has intrinsic thyrotropic activity. 

Table I. Thyrotropic and gonadotropic biologic activities in 

c r u d e  hCO, highly purified hCG (CallS), hCG~ subunit, hCO~ 

subunit, and recombined hCO. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Relative PotencyW Relative Potency@ 

Mouse Thyrotropin Ventral Prostate 

Preparation Bioassay Weight Bioassay 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Crude hCG 0.I~ 0,20 

Purified hCG i.00 1 ,00 

hCG~ (0.02 (0.001 
hCOB <0.02 <0.001 
Recombined hOG 0.82 0.80 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*Potencies calculated relative to purified hCG (CRIIS). 

S i n c e  c h o r i o n i c  t h y r o t r o p i n ,  t h e  s u b s t a n c e  w i t h  t h y r o t r o p i c  

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

p o s s e s s  p h y s i c o c h e m i c a l  p r o p e r t i e s  d i f f e r e n t  f r o m  t h o s e  o f  t h e  

s u b s t a n c e  w i t h  t h y r o t r o p i c  a c t i v i t y  i n  u r i n a r y  hCG p r e p a r a t i o n s  

( 13 ) ,  t h e  p o s s i b i l i t y  o f  c h o r i o n i c  t h y r o t r o p i n  c o p u r i f y i n g  w i t h  

hCG is unlikely. Atso, it has been shown that chorionic 

thyrotropln does not have an ~-subunit structure identical to 

that of hCG since antisera generated to the hCO~ subunit 

neutralized the biologic activities of hCG and human pituitary 

thy~otropin, but not chorionic thyrotropln ( 7). In contrast, 
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the data presented here indicate that the substance exhibiting 

thyrotropic activity in highly purified hCG has an ~-subunit 

structure apparently indistinguishable from that of hCG. 

Thus, our results support the concept that the placenta 

secretes a substance with thyrotropic activity that is distinct 

from chomionic thyro%ropin and has physicochemica[ properties 

indistinguishable from those of hCG° 
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