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Methods. Before the  expe r imen t  the  tadpoles  are kep t  
for more t h a n  24 h in steril ized well wa te r  to which  ant i -  
biotics (penicillin : 100 000 ~z/1 and s t r ep tomyc in  : 100 rag/l) 
are added.  The speens are r emoved  and placed, 2 or 3 a t  a 
t ime,  in the  d isposo- t rays  which  have  been previously  filled 
wi th  0.5 ml  of medium.  The e ry th rob las t s  are freed by  
f r agmen ta t ion  of the  speen wi th  small  pincers. Then the  
chambers  are hermet ica l ly  sealed wi th  a th in  sheet  of 
coverslip. Qual i ta t ive ly  and quan t i t a t i ve ly  similar results  
were ob ta ined  wi th  cul tures  incuba ted  in air and wi thou t  
air. The cul tures are kep t  a t  a t e m p e r a t u r e  of 18~ and 
the  med ium is renewed every  4 or 5 days.  

Observations. This cul ture t echn ique  allows cont inuous  
observa t ion  dur ing the  ent i re  life of the  cells. A t  the  
larval  s tages of d e v e l o p m e n t  a t  which they  are removed,  
the  spleens are simple pouches  filled wi th  e ry thro id  ceils 
(Figure 1). As soon as spleen f r agmenta t ion  into explan ts  
takes  place, the  e ry th rob las t s  spread  over the  b o t t o m  of 
the  chamber .  30 minu tes  af ter  the  beginning of the  cul- 
ture,  the  release of a s ignif icant  q u a n t i t y  of e ry th rob las t s  
was observed.  

After  15-20 h of culture,  the  e ry th rob las t s  which  were 
packed  in the  spleen (Figure 1) have  aquired a charac ter -  
istic morpho logy  (Figure 2 a). I t  is qui te  remarkable  t h a t  
the  cells thus  isolated are h ighly  homogeneous  (Figure 
2b). Indeed  we have  a ma jo r i t y  of po lychromatoph i l  and 
acidophil  e ry throblas ts .  There are ahvays cases of mitosis. 
The average number of e ry th rob las t s  thus  ob ta ined  is 
abou t  5 �9 105 cel ls /medium ml for 4 or 5 days  of culture.  
I t  is i m p o r t a n t  to note  t h a t  af ter  abou t  8 days  of cul ture 

a pa r t  of the  'ma tu re  cells' degenerate .  At  9 or 10 days,  
the  average n u m b e r  of e ry th rob las t s  is abou t  3 �9 105 ceils/ 
med i u m ml. Af ter  12 days  this  n u mb er  remains  cons tan t ,  
abou t  2 �9 105 ce l l s /medimn ml (table). Actual ly  it is no t  
possible to say whe the r  'ma tu re  cells' degenera te  because 
they  reach a degree of d i f ferent ia t ion for which  the  con- 
di t ions of cul ture are no t  adequate ,  or w h e t h e r  t h e y  
m u s t  die and in vivo t h e y  would have  degenera ted  in 
the  same way.  

The morphology,  t he  behav iour  of the  remaining  ery- 
th rob las t s  (about  2 .  105 cel ls /medium ml) cont inues  to 
be normal  (Figure 3). These e ry th rob las t s  thus  cu l t iva ted  
for 4 weeks wi th  f r equen t  renewals  of the  medium,  
act ively incorpora te  labelled e lements  in the  prote ins  
(leuciue 3H) and the  R N A  (uridine 3H). 

Conclusion. The larval  e ry th rob las t  cul ture descr ibed 
above is an original for amphibians .  The cells thus  ob- 
t a ined  cons t i tu te  a homogeneous  popula t ion ,  and  are 
relat ively synchronous  wi th  regard to the i r  s ta te  of dif- 
ferent ia t ion.  Their  n u mb er s  (5 �9 105 cells/ml med ium on 
average af ter  4 or 5 days  of culture) are suff icient ly grea t  
to be biochemical ly  s tudied.  I t  should be under l ined  
t h a t  this  m e t h o d  of e ry th rob las t  cul ture makes  it pos- 
sible to follow thei r  evolut ion dur ing a period of several  
weeks. 

This biological sys t em should therefore  be par t icu lar ly  
sui table for s tudy ing  tire d i f ferent  p roblems raised in the  
in t roduc t ion  concerning the  s imul taneous  analysis  of 
b iochemical  and morphological  red line cell different ia-  
tion. 
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Summary.  Classical and a l te rna t ive  complemen t  p a t h w a y  act ivi t ies  have  been eva lua ted  in sera of w o m e n  in progres-  
sive stages of ges ta t ion  and in p r egnan t  mice belonging to ou tbred  or inbred mat ings ,  as compared  to suitable con- 
trols. \Virile classical C p a t h w a y  was found to be unmodif ied,  the  a l te rna t ive  one a t t a ined  in p regnancy  s ignif icant ly  
higher  ac t iv i ty  levels. Resul ts  are discussed in the  l ight  of mothe r -concep tus  relat ionships.  

Foeta l  al lografts survive in the  uterus  and are normal ly  
delivered n o t w i t h s t a n d i n g  the i r  bu rden  of h is tocom- 
pa t ib i l i ty  ant igens  which  pa r t ly  differ f rom those  of the  
mo the r  ~,2. Several  mechan i sms  have  been pos tu la ted  
which  migh t  account  for th is  unexpec ted  immunological  
behaviour ,  bu t  up to  da te  no conclusive evidence has 
been presented.  Never theless ,  immune  react ions do occur 
in pregnancy,  as has been d e m o n s t r a t e d  e i ther  in normal  
or in pathologic  condi t ions  a 5. Among  the  factors  which  
are possibly involved,  the  complemen t  sys tem is receiving 
increasing a t t en t i on  6 10. Thus, the  early f inding 6 of a 
s ignif icant ly lower level of hemoly t ic  ac t iv i ty  in the  sera 
of p r egnan t  women  has been conf i rmed in serum samples  
f rom late p regnancy  7, while a s l ight  bu t  s t eady  increase 
in hemolyt ic  po t ency  has been recent ly  r epor ted  in a 
p rospec t ive  s t u d y  of uncompl ica ted  h u m a n  pregnan-  
cies s,9. PROPP and ALPER 1~ found augmented  amoun t s  
of C3 in t he  serum of p r e g n a n t  women  at  the  t ime of 
pa r tu r i t i on  and the i r  results  have  been widely  con- 
f i rmed s, 9. 

Many  features  of the  c o m p l e m e n t  sys tem have  recent ly  
been clarified 1,. I t  is now well es tabl ished t h a t  besides 
the  classical p a t h w a y  of c o m p l e m e n t  act ivat ion,  in i t ia ted 

by  the  assembly  of t he  C l q - C l r - C l s  complex  on a l tered 
sites of the  immunoglobul in  Fc region, o ther  p a t h w a y s  do 
exist  which  bypass  t he  so-called early componen t s  (C1, 
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4, 2) enter ing  the  classical sequence a t  C3 leveN~. Our 
in te res t  in t he  a l t e rna t ive  (properdin) c o m p l e m e n t  p a t h -  
way  has led us to  eva lua te  its role in several  clinical s i tua-  
t ionsla,  z4. In  the  p resen t  inves t iga t ion  we have  examined  
the  ac t iv i ty  levels of such a p a t h w a y  in sera of women  in 
progressive stages of pregnancy,  and in p r egnan t  mice 
belonging to ou tb red  or inbred  mat ings ,  as compared ,  
respect ively,  to  hea l t hy  w o m e n  and control  animals.  

Material  and methods. H u m a n  serum samples,  were 
ob ta ined  f rom 51 w o m e n  wi th  uncompl ica ted  pregnancy ,  
followed f rom the  10th week of ges ta t ion  to 7 days  pos t  
pa r t um,  and f rom 43 hea l t hy  (non-pregnant)  women.  
Blood was allowed to  clot no longer t h a n  2 h and the  sera 
s tored a t  -- 70 ~ 

Mouse se rum samples  were ob ta ined  f rom 45 p r egn an t  
mice belonging to  inbred  (I) or ou tb red  (Swiss-Webster)  
s trains.  Females  were m a t e d  wi th  males of the  same s t ra in  

Table I. Serum titers of alternative and classical conlplenlent path- 
ways in human pregnancy 

C-pathway Serum donors Student t-test (p) 

Healthy women Pregnant women 

Alternative �9 30.5 ~ 7.9 46.7 :t: 8.5 < 0.001 
CIassicalb 154.6 ~ 22 .4  172.7 ~ 38.8 > 0.3 

~Expressed in terms of CVFAH50 units/ml. Mean • SD. 
bExpressed in terms of CH50 units/mI. Mean -c- SD. 
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samples contributing to each value is indicated by arrows. 

Table II. Serum titers of alternative complement pathway in mouse 
pregnancy 

and examined  dai ly  for vaginal  plug. P r e g n a n t  mice were 
isolated and,  a t  d i f ferent  t ime  intervals ,  blood samples  
were collected and sera s tored as ment ioned .  Control  
n o n - p r e g n a n t  females  were kep t  under  ident ical  environ-  
men ta l  and  d ie t a ry  condit ions.  

E ry th rocy tes .  Guinea-pig red ceils (for a l t e rna t ive  C 
pa thway)  or sheep red cells (for classical C pa thway)  were 
mixed  wi th  an equal  volume of Alsever ' s  solut ion con- 
ta in ing 100 ~zg each of penicill in and  s t r ep tomyc in  per  ml  
and  s tored a t  4 ~ for several  days  pr ior  to  use. For  each 
exper iment ,  an appropr i a t e  volume of the  cell suspension 
was cent r i fuged and  washed  3 t imes  in t he  cold wi th  
veronal  buffer  conta in ing  0.1% gelatin.  The buffer  was 
made  2.5 • 10 -4 M i n  Mg ++ and  1 • 10 a M i n  Ca ++ 
(VBS-Me++) for classical complemen t  p a t h w a y  assay, or 
depr ived  of bo th  ions, and made  up by  add i t ion  of Na- 
e t h y l en ed i ami n e t e t r aace t a t e  (EDTA) to  a final concen-  
t r a t ion  of 0.02 M (VBS-EDTA) for a l t e rna t ive  comple-  
m e n t  p a t h w a y  evaluat ion.  E a c h  cell suspension was 
s t andard ized  to  conta in  7.5 • 107 final  cell concent ra t ion .  

Cobra v e n o m  factor  (CVF) was purchased  f rom Cordis 
Labora tor ies  (Miami, USA).  Large pools of t he  lyophilized 
p roduc t  were p repa red  and al iquots  s tored at  - -70 ~ 

Classical complemen t  p a t h w a y  (CCP), the  me thods  de- 
scribed by  MAYER 15 were followed wi th  s l ight  modif ica-  
t ions;  1 ml  of op t imal ly  sensi t ized sheep red  cells a t  a 
concen t ra t ion  of 7.5 • 107 were incuba ted  (60 rain a t  
37 ~ wi th  an equal  volume of t e s t  serum at  various dilu- 
tions. The tubes  were tho rough ly  mixed,  cent r i fuged and  
the  lysates  were ana lyzed  for hemoglobin  spec t rophoto-  
metr ical ly .  The serum hemoly t ic  p o t en cy  was expressed 
in t e rms  of CH50 uni ts /ml .  

Al te rna t ive  c o m p l e m e n t  p a t h w a y  (ACP) was invest i -  
ga ted  th rough  a simple hemolyt ic  assay based upon the  
in te rac t ion  of a purif ied cobra v e n o m  pro te in  wi th  C3 
p roac t iva to r  and o ther  se rum factors.  The ex t en t  of th is  
in te rac t ion  is ref lected by  lytic degree of unsensi t ized 
e ry th rocy tes  in the  presence of f resh serum t rea ted  wi th  
EDTA.  The procedure  was carr ied out  in 2 s teps:  in the  
f i rs t  step, 0.2 ml of CVF were incuba ted  (30 rain a t  37 ~ 
wi th  equal  volumes  of t e s t  se rum a t  various di lut ions;  in 
the  second step,  0.3 ml  of guinea-pig se rum rendered  
0.02 23~r with  respec t  to EDTA,  as source of late C com- 
ponents ,  and 0.5 ml of the  s t anda rd ized  suspension of 
guinea-pig e ry th rocy tes  in V B S - E D T A  were added.  The 
react ion mix tu res  were incuba ted  for 60 min at  37~ and 
the  tubes  chilled in an icewater  b a t h  and  di luted wi th  
2.0 ml of chilled 0.15 M NaC1 conta in ing  0.1% gelatin. 
The lysates  were analyzed as men t ioned  and  the  se rum 
hemoly t ic  po tency  was expressed in t e r m s  of cobra  
venom act ivable  factors  hemoly t ic  uni ts  50 (CVFAH50), 
according to BRAI and OSLER ~6. 

Results and discussion. H u m a n  sera f rom 43 hea l thy  
women  and  51 p r e g n a n t  subjects  were t e s t ed  for classical 
(CCP) and  a l te rna t ive  (ACP) c o m p l e m e n t  p a t h w a y  act iv-  
ities. As shown in Table  I, while the  se rum hemolyt ic  
po tency  referred to  ACP a t ta ins  in p r egnancy  high vaiues 
which s ignif icant ly  differ (p < 0.001) f rom those  observed 
in h ea l t h y  subjects ,  the  two groups  do no t  differ wi th  

Groups CVFAH50 units/ml Student t-test (p) 
(Mean ~ SD) 

A) Pregnant animals 111.2 ~ 37.9 A vs B < 0.5 
(outbred mating SW • SW) 
13) Pregnant animals 106.4 ~ 26.8 A vs C % 0.001 
(inbred mating I • I) 
C) Non-pregnant animals 83.6 ~ 18.1 13 vs C % 0.001 

12 O. G6TZE and H. J. MOLLER-EBERHARD, J. exp. Med. 134, 90 
(1971). 

18 M. I~RAI and A. G, OSLER, J. exp. Med. 735, 950 (1972). 
14 ~. M. GOLDSTEIN, M. BRAI, A. G. OSLER and G. WEISSMANN, J. elin. 

Invest. 52, 34a (1973). 
15 M. M. MAYER, in Experimental Irnmunochemistry (Thomas, 

Springfield, Illinois 1961). 
16 M. BRAI and A. G. OSLER, Proc. Soc. exp. Biol. Med. 140, 1116 

(1972). 
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respect  to  CCP levels. A marked  increase in ACP hemo-  
lytic t i te rs  was found  to occur in t he  last  few weeks of 
ges ta t ion  (see Figure),  thus  suggest ing t h a t  p regnancy  
t ime-course and  ACP t i ters  are closely related,  as also 
seen in the  signif icat ive corre la t ion coefficient  (r = 0.61; 
p < 0.02). The  resul ts  of the  hemoly t i c  assays were fu r the r  
s t r engh tened  by  the  rocket  immunoelec t rophores i s  f ind- 
ing of h igher  C3-proact iva tor  concen t ra t ion  in sera of 
p r egnan t  subjects .  

In  an effort  to ex t end  these  observat ions ,  and to  re- 
duce the  var iabi l i ty  inheren t  to  da t a  on hospi ta l ized 
pa t ien ts ,  we inves t iga ted  ACP levels in p r egnan t  mice. 
As shown in Table II ,  the  t r end  in mice is fully cons is ten t  
wi th  the  one found in humans .  Sera f rom p regnan t  mice 
d isplay  a higher  hemolyt ic  eff iciency which  signif icant ly 
differs (p < 0.001) f rom the  one of the  control  sera. Some- 
w h a t  surpr izing was the  likeness oI the  hemoly t ic  be- 
hav iour  among  animals  belonging to allogeneic and  syn- 
geneic p regnancy  groups.  

Increase  in ACP and  in C3-proac t iva tor  concent ra t ion ,  
as i t  occurs in pregnancy ,  m a y  be in te rpre ted ,  f rom an 
immunologic  v iewpoint ,  as ref lect ing the  preferent ia l  de- 
p le t ion  of selected ACP components ,  name ly  pr0perdin ,  
p rope rd in -conver t a se  and fac tor  D (C3PAse), as a con- 
sequence of the i r  consumpt ion  b y  weak b u t  cont inuous  
humora l  or cellular immune  react ions.  This hypo thes i s  
suggests  t h a t  ant igenic  differences be tween  mo the r  and 
eoneeptus  are of relevance in pregnancy ,  as main ly  sup- 
por t ed  by  several  data ,  such as h y p e r t r o p h y  of the  region- 
al u te r ine  l y m p h  nodes, which  a t t e s t  to the  p r egn an t  
female ' s  awareness  of her  fetuses ~. On the  o ther  hand ,  it  
c anno t  be excluded,  p r egnancy  being charac ter ized  by  a 
d i f fe rent  hormona l  balance,  t h a t  hormones  more  t h a n  

i mmu n e  react ions  are responsible  for  t he  observed pa t -  
terns.  To cite an example,  it  is well es tabl ished t h a t  sex- 
hormones  influence the  homeos tas i s  of cer ta in  p l a sma  
pro te ins  t7 among  which,  and  to a h igher  extent ,  late- 
ac t ing complemen t  components~S, lL and  acute  phase  
r eac t an t s  m a y  a t t a in  twice the  normal  levels dur ing  pre-  
pa r tu r i t ion  per iod 20. Consis tent  wi th  th is  opposi te  view, 
our f indings of an ident ical  behaviour  in inbred and out-  
bred  pregnancies  cast  doubts  on w h e t h e r  hys tocompa t i -  
bi l i ty  differences should be considered par t ia l ly  respon-  
sible for the  high ACP-ac t iva t ion  found  in pregnancy.  
However ,  even in inbred  pregnancy ,  m o t h e r  and con- 
ceptus  m a y  p resen t  d i f fe ren t  ant igenic  specificities, due 
to foetal  an t igens  and/or  to sex-l inked de te rminan ts .  

I t  is diff icult  and unproduct ive ,  a t  th i s  p re l iminary  
stage of our invest igat ion,  to  relate p resen t  f indings to 
any  one of t he  several  physiological  changes  which occur 
in pregnancy .  Conclusive evidence m u s t  awai t  more  ex- 
tens ive  s tudies  on h u m a n s  and on sui table  animal  s t ra ins  
wi th  well def ined major  and minor  hys tocompa t ib i l i t y  
differences.  The possible re levance of a l te rna t ive  and  
classical complemen t  p a t h w a y  behav iour  in moni tor ing  
pregnancies ,  e i ther  in normal  or in pathologic  condi t ions  
should be emphasized.  

1'/ C. B. LAURELL, S. KILLANDER and J. THORELL, Scand. J. clin. 
Lab. Invest. 21, 337 (1968). 
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19 W. H. CHURCHILL, 12.. ~"[. WEINTRAUB, T. BORSOS and H. oL RAPP, 
J. exp. Med. 725, 657 (1967). 

e0 C. B. LAURELL, Stand. J. olin. Lab. Invest. 21, 136 (1968). 

Mast Cells in the Pinna of Balb/c 'nude' (nu/nu)  and Heterozygotes ( n u / + )  Mice ~ 
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Summary. The rela t ive number  of m a s t  cells in the  ear lobes'  skin (pinna) of nude (athymic) nu /nu  and normal  (thymie) 
n u / +  he te rozygotes  of Balb/c  mice was similar. The resul ts  ob ta ined  con t rad ic t  some suggest ions  abou t  the general  
influence of the  t h y m u s  on the  number  of m a s t  cells in the  skin and suggest  the  exis tence of some local factor(s) in 
regula t ion  of skin mas t  cell numbers .  

A l though  there  is some evidence t h a t  the  t h y m u s  m a y  
con ta in  precursors  of mas t  cells (MC) 4 6, it  is ha rd  to 
accep t  t he  hypo thes i s  t h a t  the  precursors  of these  cells 
are of t hymic  origin. CSABA et  a id repor ted  a decrease of 
c i rculat ing MC in the  blood af ter  neona ta l  t h y m e c t o m y  
of rats,  b u t  such an effect  was no t  observed by  WALKER s 
in the  mouse .  VIKLICKY 9, in ex tens ive  exper imen t s  em- 
p loying chimeras,  showed t h a t  precursors  of mouse MC 
are rad io- res i s tan t  ret icular  cells. The presence  of MC 
in a t h y m i c  'nude '  mice seems to  be the  bes t  evidence 
aga ins t  t he  concep t  of t hymic  origin of MC 1~ I t  was 
found  t h a t  in the  skin of ' nude '  mice there  is near ly  th ree  
t imes  more  MC t h a n  in normaI  animals  ~0,~1 The abun-  
dance  of MC in the  skin of ' nude '  mice lead VIKLICKY 
et  al. ~~ to  t he  conclusion t h a t  t he  f requency  of MC is 
regu la ted  in some w a y  by  the  thymus .  The absence of 
th is  regula t ion in a thymic  mice is, according to  them,  
responsible  for the  high f requency  of MC in the i r  mice. 

Searching for the  role of t h y m u s  in regula t ing l y m p h  
node  m a s t  cell popula t ions ,  we examined  a n u m b e r  of 
popl i tea l  l y m p h  nodes  of normal  and a t h y m u s  'nude '  
Balb/c  mice, bu t  we could no t  d e m o n s t r a t e  s ignif icant  

differences in the  absolute  n u m b e r  of MC between these  
animals.  As an addi t ional  control ,  we have  analyzed the  
re la t ive n u m b e r  of MC in the  'nude '  and  normal  Balb/c  
mice. This analysis was per formed on the  p inna  (the 
auricle of the  ear), as th is  organ seemed to be more uni- 
form and th inner ,  thus  mak ing  the  quan t i t a t i on  of MC 
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