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of p lacenta l  exp lan t s  for 7 days  it is still possible to de- 
m o n s t r a t e  PS/3G in the  cy top la sm of the  t rophob la s t  
(Figure la).  T h a t  the  t r ophob la s t  is act ively synthes iz ing  
pro te in  is clearly shown by  the  au to rad iograph  of the  
cul tured p lacenta l  exp lan t  (Figure lc). tZadioimmuno- 
electrophoresis  of the  s u p e r n a t a n t  and homogenized  t issue 
f rom such exp lan t  cul tures fu r the r  showed labelling of the  
PSfiG precipi t in  arc. 

U l t r a s t ruc tu ra l  s tudies  of a series of f irst  t r imes te r  
p lacentae  using the  immunope rox idase  procedure  out-  
l ined above, conf i rmed t h a t  PSfiG is p roduced  by  the  
t rophob la s t  and, fu r thermore ,  revealed t h a t  synthes is  of 
th is  pro te in  in vivo is localized wi th in  the  syncy t io t ropho-  
blast .  The presence of PS/3G in tile c is ternae of the  rough 
endoplasmic  r e t i cn lnm wi th in  t he  syncy t io t rophob la s t  
was revealed by  the  posi t ive  peroxidase  s ta in ing observed 
in the  t e s t  p repara t ions  (Figure 2a) which  was no t  observ-  
ed in the  control  p repa ra t ions  (Figure 2b). However ,  

Effect of 50 ~zg PS/3G and ~2-PAG-containing fractions and hCG on 
tritiated thymidine incorporation by unstimulated and phytomitogen 
treated human lymphocytes 

Treatment Mean counts/rain -~ 1 SD Stimulation index 

untreated 39 j_ 3 1 
PSfiG 42 -:: 15 1.1 
~2-PAG 18 • 4 0.5 
hCG 56 ~ 25 1.4 
PHA 8,719 j- 262 224 
PSflG + PHA 2,172 • 253 57 
~2-PAG + PHA 1,283 • 199 33 
hCG + PHA 4,121 =L 665 106 
Con A 2,105 ~= 220 54 
PSflG + Con A 1,919 • 498 49 
~2-PAG + ConA 223 ~ 33 8 
hCG + Con A 1,526 i 219 39 

Results are expressed as the mean cpm of 4 euItures, then divided 
by the mean epln of the untreated, unstimulated cells to give the 
'stimulation index'. 

posi t ive s ta in ing for PSflG was no t  only confined to the  
cis ternae of the  endoplasmic  re t iculum,  bu t  was observed 
also wi th in  vesicles b en ea t h  the  apical  p lasma membrane ,  
and als0 on the  extracel lular  surface of the  p lasma  mem-  
brane  inves t ing  the  microvil l i  which  p ro jec t  f rom the  
apical  surface of the  syncy t io t rophob las t .  

The Table shows t h a t  a p ro te in  f ract ion conta in ing  
PSflG bu t  no t  conta in ing  the  known  immunosuppress ive  
prote ins  h u m a n  p lacenta l  lac togen 5, chorionic gonado- 
t roph in  (hCG)4 or p r egnancy  associa ted %-glycoprote in  
(%-PAG)6,~ exer t s  a marked  inh ib i to ry  effect  on P H A  
s t imula t ion  of h u m a n  Iymphocy tes  bu t  no t  on Con A 
s t imulat ion.  Only purif ied hCG and a semi-purif ied pre- 
pa ra t ion  of %-PAG inhib i ted  b o t h  P H A  and Con A s t im- 
ula t ion of lymphocy tes .  Proof  t h a t  PSflG is an immuno-  
suppress ive  pro te in  mus t  awai t  is purif icat ion.  

Our s tudies  clearly indicate  tha t ,  in vivo, PSfiG is a 
p ro d u c t  of the  syncy t io t rophob la s t  bu t  tha t ,  in vitro,  the  
cy t o t ro p h o b l a s t  m a y  be involved in its product ion .  This 
la t te r  observa t ion  is in keeping wi th  tile previous  observa-  
t ion of BECK and EWE~ 8 t h a t  in o r g a n  culture of p lacenta l  
t issue some prote ins  normal ly  synthes ized  by  the  syn- 
cy t io t rophob las t  appear  in the  cy to t rophob las t .  

A l though  the  funct ional  role of p regnancy  specific fil- 
g lycoprote in  is as ye t  unknown,  our  own studies  and those 
of BOI~N ~7 indicate  i t  m a y  have  immunosuppres s ive  prop-  
erties, This f inding m a y  be of impor tance  since PSfiG 
can be de tec ted  on the  syncy t io t rophob la s t  cell membrane .  
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Summary. A precipi t in  to  pneumococca l  and fungal  C-substance,  found in b o t h  ova and  spe rma tozoa  f rom a mar ine  
te leost  fish, has  similari t ies to m a m m a l i a n  C-reactive pro te in  (CRP). This is the  first  d emo n s t r a t i o n  of a CRP-l ike 
pro te in  in the  gametes  of any  species and adds  fur ther  in te res t  to the  as ye t  u n k n o w n  physiological  role of CRP in 
ver tebra tes .  

C-reactive pro te in  (CRP) is an acute  phase  or pa tho -  
logical pro te in  found in the  sera of m a n y  ve r t eb ra t e s  fol- 
lowing infection, burns,  in jury  or carc inoma 1, 2 a l though 
we recent ly  found a CRP-l ike  pro te in  in the  sera of ap- 
pa ren t ly  hea l thy  plaice, Pleuronectes platessa L., and 
some other  mar ine  teleosts  a. The plaice CRP-l ike protein,  
like t h a t  of h igher  ver tebra tes ,  is inhibi ted  by  very  small  
amoun t s  of phosphorylchol ine ,  and  calcium ions are 
necessary  for prec ip i ta t ion  to  occur wi th  pneumococca l  
and fungal  C-substances  a. We now repor t  the  d iscovery  of 
a CRP-l ike precipi t in  in ex t rac t s  f rom the  ova and sper- 
ma tozoa  of the  lumpsucker ,  Cyclopterus lumpus L., a tele- 
ost  found in the  N o r t h  Sea and in the  Arctic  and  Amer ican  

Atlant ic .  Prec ip i t ins  wi th  the  same specifici ty have  also 
been found in the  serum, liver and  spleen of th is  species 
bu t  no t  in the  urine or bile. Lumpsucke r s  were caught  in 
sa lmon nets  off the  Aberdeen  coast  dur ing the i r  shore- 
ward  breeding migra t ion  be tween  March and July,  1975. 
They  were ma in t a ined  in the  aqua r ium in aera ted  sea- 
wa te r  a t  12-15 ~ for periods of up to 1 month .  Fish  were 

1 W. S. ~FILLETT and T. FRANCIS, J. exp. Med. 52, 561 (1930). 
2 A. Koj, in Structure and Function o/ Plasma Proteins (Ed. A. C. 

ALLISON; Plenum Press, London 1974), vol. 1, p. 73. 
a B. A. BALDO and T. C. FLETCHER, Nature, Lond. 2d6, 145 (1973). 
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killed by  a blow on the  head  and blood collected ei ther  
d i rec t ly  f rom the  hea r t  or the  caudal  vein. U r i n e  could 
usual ly  be collected b y  syringe f rom the  b ladder  when  it 
was vis ibly d is tended .  Liver,  spleen and gonads  were dis- 
sected f rom the  body  cav i ty  bu t  in some cases unfer t i l ized 
egg masses  were collected f rom the  aquar ium t anks  where 
t h e y  had  been  laid overnight .  All the  organs were homo-  
genized wi th  the  m i n i m u m  a m o u n t  of water ,  cent r i fuged 
at  50,000 g for 15 min  and the  s u p e r n a t a n t  f ract ions  
freeze-dried.  

E x t r a c t s  f rom lumpsucker  ova  and spe rma toza  were 
examined  in Ouch te r lony  gel diffusion expe r imen t s  wi th  
wa te r  soluble ex t rac t s  f rom the  n e m a t o d e  Ascaris lum- 
bricoides, a n u m b e r  of fungi and purif ied pneumococca l  
C-substance.  Clear prec ip i t in  lines were formed wi th  the  
pneumococca l  and A scaris prepara t ions  and wi th  ex t rac t s  
f rom the  fungi  which  conta in  C-substance-l ike compo-  
nen t s  a, 4. The precipi t in  lines formed wi th  each p repara -  
t ion were cont inuous  and no spurr ing was visible. Preci-  
p i t in  lines fo rmed be tween  C-substance and  gamete  ex- 
t racts ,  se rum and l iver ex t rac t s  were also found  to be con- 

fluent.  These prec ip i t in  lines were soluble, wi th in  60 to 
90 min,  in saline conta in ing  sodium ci t ra te  (5~ E D T A  
(0.1 M) or phosphory lchol ine  (0.01 M) and  Ca 2+ (0.01 M). 
In  these  proper t ies  a t  least, the  lumpsucker  precipi t ins  
are similar to m a m m a l i a n  C R P  and the  CRP-l ike  prote ins  
t h a t  we have  de tec ted  in o the r  teleostsa,~,6. The lump- 
sucker egg and se rum precipi t ins  e luted in the  same po- 
si t ion f rom Sephadex  G-200 columns and  were sl ightly 
r e t a rded  wi th  respec t  to a m a m m a l i a n  7S lgG marker .  
The similarit ies be tween  the  egg a n d  serum precipi t ins  
were no t  due to co n t ami n a t i o n  of the  eggs wi th  body  
fluids since precipi t ins  were p resen t  in eggs t h a t  had  been 
laid and  Ieft in s e a w a t e r  for several  hours.  

Lumpsucke r  p repara t ions  were also examined  by  im- 
munoelec t rophores i s  in agar (1%) at  p H  8.6 wi th  Iungal 
ex t rac t s  and pneumococca l  C-substance.  Precipi t in  arcs 
wi th  mobil i t ies  equ iva len t  to t h a t  of a slow y-globulin were 
seen wi th  se rum and  wi th  bo th  male and female gamete  
ex t rac t s  (Figure a-c) .  The egg CRP-l ike protein ,  purif ied 
by  a me t h o d  using L-e-lecithin~, had  fi-mobili ty on im- 
munoelec t rophores i s  (Figure e). This var ia t ion  in eleetro- 
phore t ic  mobi l i ty  found  for lumpsucker  CRP-l ike preci- 
pi t ins  is cons i s t an t  w i th  t h a t  descr ibed for m a m m a l i a n  
C R P  6. W i t h  some liver and egg prepara t ions ,  precipi ta-  
t ion in the  e2-region was also seen (Figures c and d). Un-  
like t he  y-migra t ing  arcs, these p rec ip i ta ted  pro te ins  did 
no t  dissolve in ci t rate ,  E D T A  and phosphory lchol ine  so- 
lutions. The na tu re  of these  componen t s  is under  invest i-  
gation.  

Stress and t r a u m a  are known to p romote  the  produc-  
t ion of m a m m a l i a n  C R P  bu t  no in format ion  is available 
on the  factors  which  lead to t he  appearance  of CRP-l ike 
pro te ins  in fish. E x c e p t  for the  stress induced by  the  brief 
hand l ing  immed ia t e ly  prior  to bleeding, m a n y  of the  fish 
examined  in th is  and our previous s tudies  had no t  been 
subjec ted  to condi t ions  likely to induce the  produc t ion  or 
release of acute  phase  proteins.  I t  remains  i m p o r t a n t  how- 
ever, to  clearly es tabl ish  whe the r  the  fish CRP-l ike pro- 
teins are normal  cons t i tuen t s  of sera, liver and gametes  
of h e a l t h y  fish or if t h e y  appear  only af ter  subacute  in- 
fection,  t r a u m a  and /o r  when  the  animals  are removed  
f rom thei r  na tura l  env i ronment .  However ,  CRP-l ike pro- 
te ins  have  been descr ibed in the  sera of o ther  normal  fish 
and sensi t ive assay me t h o d s  have  shown it to be a normal  
cons t i tuen t  of p lasma f rom hea l thy  h u m a n  adul ts  ~, ~0. We 
have  found precipi t ins  in every  sample  of lumpsucker  
eggs examined  and  in over  100 serum samples.  Only one 
spen t  female appeared  to lack se rum precipi t ins  and this  
was also the  only fish found wi th  a fungal  infection. 

H u m a n  C R P  in te rac t s  with the  complemen t  sys tem 
and has been impl ica ted  in a var ie ty  of biological processes 
including opsoniza t ion  and the  p romot ion  of phagocy-  
tosis, lysis and  agglu t ina t ion  of bacter ia ,  mutagenes is  and 
b inding  to cell surfaces rr, ~. The plaice CRP-l ike  prote in  

Immunoeleetrophoresis of lumpsucker tissues and serum. Cathode 
to the right, a) well: Imnpsueker serum; upper trough; E. floccosum 
(2.5 mg/ml); lower trough; pneumocoeeal C-substance (1.8 mg/ml) 
b) well: lumpsucker sperm extract; upper and lower troughs: E. 
]loccosum (10 mg/nll) c} well: lumpsucker egg extract; upper trough: 
T. schoenleinii (10 mg/ml); lower trough: E. floccosum (10 mg/ml) 
d) well: lumpsueker liver extract; upper and lower troughs: E. 
]loccosum (5 mg/mI and 2.5 mg/ml) e) well: purified lumpsucker 
egg CRP-like protein (5 mg/ml) ; upper trough; E. floccosum (2.5 rag/ 
mI); lower trough: rabbit antiserum to lumpsucker serum. 
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m a y  be involved in immed ia t e  hype r sens i t i v i ty  re- 
sponses 13. Unt i l  now, CRP-l ike prote ins  have  no t  been 
found in the  ova or spe rmatozoa  of any  species. The pres- 
ence of such a p ro te in  in lumpsucker  gametes  once again 
raises the  ques t ion  of t he  funct ion,  if any,  of C R P  in ver-  
tebra tes .  Agglut in ins  for some cells and in par t icu lar  for 
e ry throcy tes ,  have  been found in ex t rac t s  of the  ova of a 
n u m b e r  of lower ve r t eb ra t e s  and inve r t eb ra t e s  1~, ~. These 
agglut inins  have  been called 'p ro tec t ins  '~6, since t h e y  
m a y  ac t  to p ro t ec t  the  eggs f rom invasion by  pa thogens .  
W h e t h e r  the  lumpsucker  CRP-l ike  p ro te in  we have  

descr ibed is p ro tec t ive  in any  way  for the  fish gametes  is 
a t  p r e sen t  unknown.  The occurrence of t he  pro te in  how-  
ever, in b o t h  eggs and sperm adds  fu r ther  in teres t  to the  
specula t ion and  predic t ions  of the  biological role of C R P  
in ve r t ebra tes .  

13 T. C. FLETCHER a n d  ]3. A. BALDO, Science 785, 360 (1974). 
14 ]3. A. ]3ALDO, a n d  G. UHLENBRUCK, VOX Sang.  27, 67 (1974). 
15 H.  KOTHBAUER, Na tu rwiss .  R u n d s e h .  28, 73 (1975). 
16 O. PROKOP, G. UHLENBRUCK a n d  W. t{0HLER, Dt .  Gesundhei t s -  

wes. 23, 318 (1968). 

I m m u n o s u p p r e s s i v e  Effect of a Mouse  Placenta Fraction on H-2 Incompat ib le  Split  Heart Al lografts  1 
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Ins t i tu te  o/ Medical  Microbiology, Odense University,  J .  B.  Wins lows  Ve] 79, D t f - 5 0 0 0  Odense (Denmark),  
23 J a n u a r y  7976. 

Summary .  A soluble p lacenta  f rac t ion f rom mice (A.CA) m a t e d  w i t h  H-2 h i s to incompat ib le  males (A/Sn) s ignif icant ly  
prolonged the  survival  of he te ro top ic  A/Sn  h e a r t  t r a n s p l a n t s  in A.CA recipients .  No pro longa t ion  of A /Sn  hea r t  g ra f t  
survival  was ob ta ined  wi th  the  cor responding  A.CA placenta  f rac t ion  af ter  A.CA • A.CA mat ing .  

P r e g n a n c y  represents  an except ion  to  the  rule of allo- 
graf t  re ject ion 3. An in t r iguing biological ques t ion  is how 
the  fetus,  possessing pa te rna l  h i s tocompa t ib i l i t y  ant igens,  
is p ro t ec t ed  f rom the  expec ted  immunologica l  des t ruc t ion .  
Ample  evidence of immune  s t imula t ion  is found in the  
m o t h e r  in t he  fo rm of h y p e r t r o p h y  o~ regional  l y m p h  
nodes  and the  p roduc t ion  of sensi t ized l y m p h o c y t e s  and  
ant ibodies  to fetal  h i s tocompa t ib i l i ty  ant igens  a. There  is, 
however ,  also subs tan t ia l  da t a  in suppor t  of a par t ia l  im- 
p a i r m e n t  of the  m o t h e r ' s  immune  response,  par t icu lar ly  
the  cel l -mediated,  dur ing  p r egnancy  5-s. The mechan i sms  
responsible  for th is  i m p a i r m e n t  are poor ly  under s tood  ~, 9. 
Most  likely several  mechan i sms  are responsible  for the  
fetal  exempt ion  f rom the  consequences  of the  immu n e  
response.  The t heo ry  t h a t  u terus  represen ts  an immuno-  
logically privi leged site has been re jec ted  ~ and there  are no 
special features  of the  ma te rna l  immune  sys t em t h a t  
makes  it to le ran t  to fetal  tissue. There  is, however ,  grow- 
ing evidence t h a t  mucopro te ins  in the  g lycocalyx on 
t rophob la s t s  can mask  t r an sp l an t a t i on  ant igens  and  pos- 
s ibly in terfere  wi th  the  effect  of sensi t ized l y m p h o c y t e s  ~~ 
Fu r the rmore ,  t rophob la s t s  have  been shown to inh ib i t  
the  spreading  of macrophages  in vi t ro  ~2. Finally,  ma t e rn a l  
an t ibodies  or an t i gen -an t i body  complexes  m a y  exer t  a 
blocking effect  on the  ce l l -media ted  immune  response 4 
and  var ious  ges ta t iona l  h o r m o n e s ~ ,  la is, and cer ta in  
e-globulins 17 in ma t e rna l  p lasma have  been  repor ted  to  
have  immunosuppres s ive  effect. We  repor t  here a signifi- 
can t  immunosuppres s ive  effect  of a soluble mouse  pla- 
cen ta  f rac t ion on the  survival  of spli t  mouse  hea r t  graf ts  
t r a n s p l a n t e d  over  a s t rong  h i s to incompa t ib i l i t y  (H-2L~ 
H-2 r) barrier .  

Mater ia ls  and methods. A techn ique  for he te ro top ic  
graf t ing  of spli t  allogeneic mouse hea r t s  earlier describ-  
ed is was used. A.CA mice served as recipients  and A/Sn  
b a b y  mice (24 48 h age) as donors  in the  p resen t  s tudy.  
The electrical  ac t iv i ty  of the  t r a n s p l a n t s  was moni to red  
wi th  a Tekt ronic  410 cardioscope.  P l acen ta  was excised 
f rom A.CA mice on days  16-18 af ter  mat ing,  homogenized  
in cold, sterile 0.25 M sucrose solut ion and u l t rasonica ted  
wi th  a Branson  B-12 sonifier equ ipped  wi th  a microt ip .  
5 ml  samples  were t r e a t ed  in glass tubes  submerged  ii1 ice 
under  c o n s t a n t  st irr ing.  Six 30 sec pulses of sonic energy  

(20 kHz  50 wat t )  were appl ied a t  30 sec intervals.  A.CA 
recipients  were given 0.3 ml of th is  p lacen ta  homogena te  
i.p. on every  2nd day  af ter  t r ansp l an t a t i on ,  s ta r t ing  on 
day  0. 

The p lacen ta  homogena te  was cent r i fuged fu r ther  a t  
20,000 g for 20 min at  +4~  The pellet  was resuspended  
in 5 ml  0.25 M sucrose solution, the  sonicat ion procedure  
was r epea t ed  and af ter  cen t r i fuga t ion  as above the  2 
s u p e r n a t a n t s  were pooled and  concen t r a t ed  6 X by  ul t ra-  
f i l t rat ion.  The final pel let  was resuspended  in 2.5 ml  
0.25 M sucrose solut ion wi th  t he  aid of gent le  sonication.  
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