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The I m m u n o s u p p r e s s i v e  Effects of Mouse  Placental  

O n e  of  t h e  m o s t  i n t r i g u i n g  b i o l og i ca l  q u e s t i o n s  is h o w  
t h e  foe tu s ,  w h i c h  i n h e r i t s  t r a n s p l a n t a t i o n  a n t i g e n s  f r o m  
b o t h  p a r e n t s  a v o i d s  a l l o g r a f t  r e j e c t i o n .  S e v e r a l  e x p l a n a -  
t i o n s  h a v e  b e e n  o f f e r e d  to  e x p l a i n  t h i s  p h e n o m e n o n  1, 
n o n e  of  t h e m  b e i n g  f u l l y  s a t i s f a c t o r y .  I t  is b e l i e v e d  t h a t  
e i t h e r  t h e  u t e r u s  m a y  be  a n  i m m u n o t o g i c a l l y  p r i v i l e g e d  
s i t e  ~, o r  t h e  t r o p h o b l a s t  is  o n l y  f e e b l y  i m m u n o g e n i c  a, o r  
e v e n  t h a t  i t  f o r m s  a n  i m m u n o l o g i c a l l y  i n e r t  ba r r i e r4 ,  5. 
I t  h a s  a l so  b e e n  p o s t u l a t e d  t h a t  t h e  p r o l o n g e d  s u r v i v a l  
t i m e  of  s k i n  a l l o g r a f t  in  p r e g n a n c y  6, a s  we l l  a s  t h e  i n h i -  
b i t i o n  of  l y m p h o c y t e  t r a n s f o r m a t i o n  b y  m a t e r n a l  p l a s m a  7, 
a r e  r e l a t e d  t o  t h e  e x c e s s  of  s t e r o i d  h o r m o n e s .  A l t h o u g h  
c o r t i s o n e  a n d  h y d r o c o r t i s o n e  h a v e  b e e n  k n o w n  to  s u p -  
p r e s s  t h e  i m m u n e  r e s p o n s e  8,9, t h e  m a i n  a d r e n a l  c o r t e x  
s t e r o i d  in  t h e  m o u s e ,  r a t  a n d  r a b b i t ,  c o r t i c o s t e r o n e  ~~ 
h a s  n o  s u c h  ef fec t .  O t h e r  s t e r o i d s ,  s u c h  as  e s t r a d i o l ,  
t e s t o s t e r o n e  a n d  p r o g e s t e r o n e ,  a l so  do  n o t  d i r e c t l y  
i n f l u e n c e  t h e  i m m u n e  r e s p o n s e  ~a-~5. P r o g e s t e r o n e  s y n t h e -  
s i z ed  b y  m o u s e  a n d  r a t  p l a c e n t a  is m e t a b o l i z e d  t o  s e v e r a l  
5 e - r e d u c e d  p r o d u c t s  a n d  t o  a n d r o g e n s . T h e s e  m e t a b o l i t e s  
h a v e  b e e n  i d e n t i f i e d  b y  R e m b i e s a  e t  al.  I~-18, b u t  t h e i r  
b i o l o g i c a l  ro le  is u n k n o w n .  W e  r e p o r t  h e r e  s o m e  e f f ec t s  of  
s t e r o i d s  n a t u r a l l y  o c c u r r i n g  i n  p r e g n a n t  m o u s e  o n  t h e  
i m m u n e  r e a c t i v i t y .  C o n t a c t  s e n s i t i v i t y  to  o x a z o l o n e  ~9 
w a s  c h o s e n  as  a c e l l - m e d i a t e d  r e a c t i o n  a n d  t h e  n u m b e r  
of  p l a q u e - f o r m i n g  cel ls  a s  t h e  i n d e x  of  h u m o r a l  i m m u n i t y .  

M a t e r i a l s  a n d  methods .  T h e  m i c r o n i z e d  t e s t  c o m p o u n d s  
w e r e  s u s p e n d e d  a t  c o n c e n t r a t i o n  5 m g / m l  in  s a l i n e  
c o n t a i n i n g  0 . 5 %  c a r b o x y m e t h y l c e l l u l o s e .  S wi s s  f e m a l e  
mice ,  w e i g h i n g  25-26 g, w e r e  g i v e n  d a i l y  1 or  2 m g  t h e  
c o m p o u n d  t e s t e d  s.c.  for  10 c o n s e c u t i v e  d a y s .  C o n t r o l  
a n i m a l s  r e c e i v e d  t h e  s u s p e n d i n g  m e d i u m  on l y .  A t  d a y  

Steroids  

-]-5 a n i m a l s  we re  s e n s i t i z e d  t o  o x a z o l o n e .  A t  d a y  + 1 1  a 
s o l u t i o n  of  1 %  o x a z o l o n e  in  o l ive  oil  w a s  s m e a r e d  o n  
b o t h  s i de s  of  t h e  e a r  a n d  t h e  t h i c k n e s s  of  t h e  e a r  w a s  
m e a s u r e d .  F o r  d e t a i l s  see  ~". l 0  s s h e e p  r ed  b lood  cel ls  w e r e  
i n j e c t e d  i .v.  t o  e a c h  m o u s e  o n  d a y  + 8  a n d  t h e  n u m b e r  o f  
a n t i b o d y  f o r m i n g  cel ls  w a s  r e c o r d e d  on  d a y  -}-12 b y  t h e  
J~RN~ t e c h n i q u e  2~ A s  in  s u b s e q u e n t  e x p e r i m e n t s ,  t h e  
v a r i a b i l i t y  of  e a r  s w e l l i n g  in  b o t h  s e n s i t i z e d  c o n t r o l s  
(11.2 ~ 3.8 - 16.9 4- 3.3) a n d  n o n s e n s i t i z e d  c o n t r o l s  
(2.4 ~- 1.3 - 5.7 4- 1.3) w a s  n o t e d ;  for  c o m p a r i s o n  of  
r e s u l t s  i n d i c e s  of  i n h i b i t i o n  w e r e  c a l c u l a t e d  for  e a c h  
c o m p o u n d  i n  e a c h  p a r t i c u l a r  e x p e r i m e n t ,  a c c o r d i n g  to  
t h e  e q u a t i o n  

A - C  
i i  - -  

B - C  
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Table 1. Effects of Steroid Compounds on Cell-Mediated and Humoral  Immune  Responses 

Compound a Contact sensitivity index of 
inhibition at daily dose 

Haemolytie plaques index of 
inhibition at daily dose 

1 mg 2 mg 1 mg 2 mg 

1. Progesterone 

2. 6fl-Hydroxyprogesterone 

3. 5cr 6, 20-trione 

4. 4-Pregnene-3, 6, 20-trione 

5. 5~-Pregnane-3,20-dione 

6. 3fl-OH-5cepregnan-20-one 

7. 5 cr 20~-diol 

8. Hydrocortisone b' ~ 

9. Testosterone b 

10. Dehydroepiandrosterone b 

11. 5e Androstane-3, I7-dione 

12. 3~-OH-5ct-androstan-17-one 

13. 17/~-OH-5 ceandrostan-3-one b 

14. 5/~-Androstane-3,17-dione b 

15.4-Androstene-3,17-dione 

1.14 a 0.77 e 0.77 a 1.84 e 

0.69 N.T. 0.88 N.T. 

0.64 N.T. 0.94 N.T. 

0.64 N.T. N.T. N.T. 

0.97 N.T. 1.76 N.T. 

1.0 N.T. N.T. N.T. 

1.36 N.T. N.T. N.T. 

-0.20 a N.T. 0.04 e N.T. 

1.0 a 0.88 a 0.95 a 0.71 a 

0.74 0.70 a 0.94 0.68 e 

0.33 ~ 0.21 ~ N.T. 1.10 

0.73 0.26 ~ 1.0 1.0 

0.71 0.50 a 1.0 0.57 a 

0.83 0.77 a N.T. 1.76 a 

0.60 0.40 r 1.68 0.47 

Each experimentaI group consisted of at least 6 animals. Control groups included 8-12 mice. Index = 1, no inhibition; index - 0, complete 
inhibition; index > 1, enhancement;  N.T., not  tested. 

Steroids No.1 and 5 to 15 were purchased froin Koch-Light Labs Ltd, Colnbrooke, Bucks, England. Steroids No.2-4 were a gift from Prof 
M. Koc6R, Insti tute of Organic Chemistry, Warsaw, b Supposedly not present in mouse placenta, o Ear swelling in hydrocortisone-treated, 
sensitized mice was less than  non-specific swelling in controls, a Mean of 2 independent experiments, e Mean of 3 independent experiments 

Statisticaliy significant p < 0.01. 
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Table II. Effects of Some Androstans on Lymphoid Tissues 
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Compound Thymus weight Cells per Spleen weight Cells per 
(mg :L S.D.) thymus • 106 (mg 4- S.D.) spleen • l0 s 

5~-Androstane-3,17-dione 25.4 4- 3.2 

Testosterone 27.4 • 3.7 

17fl-Hydroxy-5~-androstan-3-one 20.6 4- 3.9 

4-Androstane-3,17-dione 33.6 4- 4.2 

3c~ Hydroxy-5a-androstan-17-one 31.8 • 8.2 

Controls 52.1 4- 6.8 

13.5 

17.0 

5.0 

27.0 

23.7 

59.1 

80.6 • 27.1 

115.4 t 50.7 

126.2 i 31.9 

98.2 4- 34.9 

118.6 4- 46.3 

72.6 4- 22.5 

0.38 

1.78 

1.10 

1.0 

1.69 

0.42 

Each experimental group consisted of 6 animals, the control group of 8 animals. 

where  A refers  to  ear  swell ing in sens i t ized  an ima l s  
rece iv ing  t h e  t e s t e d  c o m p o u n d ;  B refers to  sens i t ized  
controls ,  rece iv ing  suspend ing  m e d i u m  only ;  C refers  
to  non-specif ic  sweIling in n o r m a l  an i m a l s  t e s t ed  w i t h  
oxazolone.  As t h e  m a g n i t u d e  of response  in JERNt; t e s t  
va r i ed  in con t ro l  an i m a l s  b e t w e e n  100-200 PFC/10  ~ 
spleen cells s imi la r  indices  were  ca lcu la ted  for i n h i b i t i o n  
of h a e m o l y t i c  p l a q u e  fo rma t ion .  T he  S t u d e n t  t - tes t  was  
used for  e v a l u a t i o n  of s ignif icance of inh ib i t ion .  Resu l t s  
are g iven  in  T a b l e  I. 

The  inf luence  of s t e ro id  c o m p o u n d s  on  t he  we igh t  a n d  
ce l lu la r i ty  of l y m p h o i d  t i ssue  was  t e s t ed  in i n b r e d  CBA 
female  mice  weigh ing  20.0 ~ 0.5 g. E a c h  a n i m a l  rece ived  
s.c. i n j ec t ion  of 1 m g  of t e s t  c o m p o u n d  da i ly  for 7 days,  
An ima l s  were b led  ou t  and  t he  w e i g h t  of spleen a n d  
t h y m u s  was recorded  on  d a y  + 8 .  The  organs  were 
t eased  a p a r t  and  nuc l ea t ed  cells c o u n t e d  w i t h  haemo-  
cy tomete r .  Resu l t s  are shown  in Tab le  I I .  

Results and discussion. Our  e x p e r i m e n t s  were a i m e d  
to  d iscover  t he  r e l a t i ons h i p  be t w een  t he  s t r u c t u r e  and  
i m m u n o s u p p r e s s i v e  ac t ion  of severa l  a n d r o s t a n e  and  
p r e g n a n e  der iva t ives .  Some of these  c o m p o u n d s  are 
k n o w n  to  occur  in mouse  p lacen ta ,  b u t  t h e i r  h o r m o n a l  
a c t i v i t y  is v e r y  low. W h e r e a s  t h e  i m m u n o s u p p r e s s i v e  
a c t i v i t y  of t es tos te rone ,  a c o m p o u n d  wh ich  ha s  no t  been  
iden t i f i ed  in  t he  p lacen ta ,  was  a l m o s t  nil,  some of i t s  
5c~-derivatives occur r ing  in p l a c e n t a  decreased  signifi-  
c a n t l y  t h e  c o n t a c t  s ens i t i v i t y  a n d  af fec ted  also, if 
s l ight ly,  t he  n u m b e r  of p l aque - fo rming  cells. I n  cont ras t ,  
5f l -androstane-3,17-dione,  a c o m p o u n d  w h i c h  is no t  
p re sen t  in  t he  mouse  p lacen ta ,  was  found  to  be  i nac t i ve  in 
i n h i b i t i o n  of c o n t a c t  sens i t iv i ty ,  b u t  e n h a n c e d  signifi-  
c a n t l y  t h e  P F C  n u m b e r .  Th i s  suggests  t h a t  s t e ro id  
de r i va t i ve s  p r e sen t  in  t he  mouse  p l a c e n t a  exe r t  t h e  
suppress ive  act ion.  Th i s  suppress ive  a c t i v i t y  depends  on  
t h e  s ter ic  con f igu ra t ion  of t h e  molecule.  

As al l  a n d r o s t a n e  de r i va t i ve s  tes ted ,  regardless  of 
t h e i r  suppress ive  proper t ies ,  p r o m o t e d  a s ign i f ican t  
decrease  of t h y m u s  we igh t  a n d  cel lu lar i ty ,  i t  c a n n o t  be  
exc luded  t h a t  t h e  suscep t ib i l i t y  of d i s t inc t  s u b p o p u l a t i o n s  
of t h y m o c y t e s  to p a r t i c u l a r  androgens  is d i f ferent .  I t  is 
k n o w n  t h a t  t e s to s t e rone  s t imu la t e s  e ry th ropo ies i s  (for 
rev iew see 2~). All  and rogens  t e s t ed  b y  us, excep t  t h e  mos t  
suppress ive  5e-andros tane-3 ,17-d ione ,  caused  a signifi-  
c a n t  increase  of spleen weight .  A l t h o u g h  we h a v e  no 
d i rec t  proof,  i t  is possible  t h a t  t h i s  is r e l a t ed  to increased  
ery throp0ies is .  Th i s  effect  of h o r m o n a l l y  i n e r t  and rogens  
deserves  f u r t h e r  a t t e n t i o n .  

The  biological  s ignif icance of our  f ind ings  r ema ins  
u n k n o w n ,  as we do no t  k n o w  t he  r e l a t ionsh ip  b e t w e e n  
t he  doses of t he  c o m p o u n d s  used a n d  t h e i r  n a t u r a l  o u t p u t  

f rom the  p lacen ta .  I t  shou ld  be  noted ,  however ,  t h a t  t he  
t e s t ed  s te ro ids  were in jec ted  s y s t e m a t i c a l l y  to  adu l t  
an imals ,  whereas  c o m p o u n d s  s y n t h e t i z e d  in p l a c e n t a  m a y  
a t t a i n  local ly  fa i r ly  h i g h  c o n c e n t r a t i o n  and  t h u s  inf luence  
l y m p h o c y t e s  en t e r i ng  t h i s  area.  This ,  in  our  opinion,  
m a y  c o n t r i b u t e  to  t he  o the r  m e c h a n i s m  p r e v e n t i n g  t he  
foetus  re ject ion.  

Addendum. W h e n  the  m a n u s c r i p t  of t h i s  p a p e r  was  
a l r eady  comple ted ,  a p a p e r  of FABRIS 2~ a p p e a r e d  ill t h i s  
Jou rna l .  He  found  t h a t  ill t h e  mouse  t h e  c o n t a c t  allergic 
r eac t ion  to  p icry l  chlor ide  is depressed d u r i n g  p regnancy .  
Our  resu l t s  m i g h t  provide ,  a t  leas t  pa r t i a l ly ,  an  exp l ana -  
t ion  of th i s  p h e n o m e n o n .  

Zusammen/assung. Der  E in f luss  der  yon  uns  in M/~use- 
p l a z e n t a  g e f u n d e n e n  u n d  iden t i f i z i e r t en  Proges te ron-  
m e t a b o l i t e n  auf  h u m o r a l e  u n d  zellul/ire I m m u n i t / i t  w u r d e  
u n t e r s u c h t .  5 - e -Andros t an -Der iva t e ,  vo r  a l l em aber  
5-~ Andros t an -3 ,17 -d ion  se tzen  n u t  die Ze l l immun i t / i t  
he rab ,  w~Lhrend P r e g n a n d e r i v a t e  ke inen  Einf luss  auf  di~ 
Immunit~itsvorg~Lnge h a b e n .  
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