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show a r e d u c t i o n  in t he  n u m b e r  of digi ts  of b o t h  forefeet  
a n d  h indfee t .  The  forefeet  are genera l ly  t r i d a c t y l  and  t he  
h i n d f e e t  t e t r a d a c t y l .  

Material and methods. We used maf ings  be t w een  hypo-  
d a c t y l  females  (hd/hd)  and  n o r m a l  he t e rozygous  males  
( h d / + ) .  I n  t h a t  t y p e  of ma t ing ,  t he  ra t io  of n o r m a l  to  
h y p o d a c t y l  is n o t  s ign i f ican t ly  d i f fe ren t  f rom 1 : 1 ~. 

N o r m a l  he t e rozygous  males  ( h d / + )  were i n t r o d u c e d  
to t he  cage of females  to  ma te ,  and  12 days  later ,  t h e  
p r e g n a n t  females  were recognized b y  pa lpa t ion .  

I n  o rde r  to  s t u d y  t he  foeta l  blood, d a y  14 of ges t a t ion  
was chosen,  since t h e  nuc lea t ed  red  ceils are sti l l  n u m e r o u s  
a t  t h a t  stage.  F ive  p r e g n a n t  h d / h d  r a t s  were ope ra t ed  
and  t he  foetuses  r e m o v e d  on d a y  14, b lood smears  were 
m a d e  and  s t a ined  b y  t h e  p a n o p t i c  m e t hod .  The  micro-  
scopic image  of t he  b lood ceils was  p ro jec ted  on p a p e r  
wi th '  a p ro j ec t ion  microscope.  Fo r  each  foetus,  t he  out -  
l ine  of 200 nuc lea t ed  red cells was d r a w n  and  the  d iam-  
e ters  d i rec t ly  measured .  The  f r equency  of each  d i a m e t e r  
was d e t e r m i n e d  (36 foetuses  f rom 5 mothers ) .  

Results and discussion. A l t h o u g h  i t  seems a h n o s t  im- 
possible  to  d i s t i ngu i sh  the  a b n o r m a l  foetuses  macro-  
scopical ly  a t  t h a t  s tage  ( the abno rma l i t i e s  become  ap-  
p a r e n t  on  d a y  15), t he  s t u d y  of t he  foeta l  b lood cells 
p e r m i t  one  to  observe  two popu l a t i ons  in  t he  ra t io  1 :1  
(Figure 1) : in  17 foetuses,  a v e r y  obv ious  macrocy tos i s  is 
seen:  a b o u t  80% of t he  cells h a v e  a d i a m e t e r  > 12 tzm, 
while  in  19 foetuses,  on ly  36% are > 12 ~zm. The  difference 

be tween  t he  two  pe rcen tages  is s t a t i s t i ca l ly  s igni f icant  
(me thod  of Z2: p < 0.001). Moreover ,  t h e  aspec t  of t he  
nuc l ea t ed  red  b lood cells is v e r y  d i f fe ren t  in t he  macro-  
cyfiie cells to  n o r m a l s ;  t he i r  nuc leus  is genera l ly  large  
and  i r regula r  a n d  pa ler  t h a n  in n o r m o c y t i c  cells (Figure 2). 

The  macrocy tos i s  obse rved  d u r i n g  t h e  ear ly  foeta l  
d e v e l o p m e n t  of h d / h d  r a t  r e sembles  b o t h  t h a t  of b r / b r  
r a b b i t  a n d  t he  macrocy tos i s  due  to p y r i m e t h a m i n e .  I n  
the  l a t t e r  cases an  i m p a i r m e n t  in t he  fo la te  or v i t a m i n  
B~2 m e t a b o l i s m  seems to  b e  impl ica ted .  Moreover ,  in  t he  
h d / h d  s t ra in ,  foeta l  red  cell mac rocy tos i s  is associa ted 
w i th  s t e r i l i ty  in  t he  h o m o z y g o u s  males,  as has  a l r eady  
been  obse rved  in m a n  w i t h  such  a me tabo l i c  fai lure 12. 

The  h d  gene could be respons ib le  for a d i s t u r b a n c e  of 
cell d iv is ion  wh ich  leads to  macrocy tos i s .  The  a b n o r m a l  
nuc lea t ed  red  cells could t h e n  be  de s t royed  too mass ive ly  
and  could b lock  up  t he  smal les t  a r te r ies  of t he  ex t remi t ies ,  
which  could give rise v e r y  soon to necrosis  and  a m p u t a -  
t ion  of t he  digits.  F u r t h e r  work  w i t h  v i t a m i n  t r e a t m e n t  
to  t he  p r e g n a n t  r a t  shou ld  d e t e r m i n e  t h e  t r u t h  of th i s  
hypothes i s .  

11 R, MOUTIER, •. TOYAMA and M. F. CHARRIER, J. Hered. 6~, 99 
(1973). 

12 I. M. D. JACKSON, W. B. Dora and G. Mc DONALD, Lancet 2, 
1159 (1967). 
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Summary. I t  was shown  t h a t  adrenerg ic  drugs,  wh ich  increase  t h e  in t r ace l lu la r  levels of cAMP, i n h i b i t  t he  rose t t e  
f o r m a t i o n  b y  T- lymphocy tes ,  b u t  s t i m u l a t e  the  rose t tes  p roduced  b y  B- lymphocy te s .  Chol inergic  drugs,  wh ich  in-  
crease t i le levels of cGMP, on  t he  con t ra ry ,  s t imu la t e  t he  f o r m a t i o n  of rose t tes  b y  T - l y m p h o c y t e s  b u t  inh ib i t  those  
p r o d u c e d  b y  B- lymphocy tes .  

I t  was r ecen t ly  d e m o n s t r a t e d  t h a t  E - rose t t e  f o r m a t i o n  
b y  h u m a n  T l y m p h o c y t e s  is e i the r  i n h i b i t e d  b y  drugs  
which  increase  t he  in t r ace t lu l a r  levels of cyclic adenos ine  
m o n o p h o s p h a t e  (cAMP) 2=4, or s t i m u l a t e d  b y  drugs  wh ich  
raise  t he  levels of cyclic guanos ine  m o n o p h o s p h a t e  
(cGMP) 5, 6. I n  th i s  p a p e r  we p r e s en t  ev idence  sugges t ing  
t h a t  h u m a n  T a n d  B l y m p h o c y t e s  bea r  adrenerg ic  and  
chol inergic  recep tors  whose  s t i m u l a t i o n  resu l t s  in an t ag -  
onis t ic  effects on rose t t e  fo rmat ion .  

Material and methods. L y m p h o c y t e s .  L y m p h o c y t e  sus- 
pens ions  o b t a i n e d  f rom pe r iphe ra l  b lood of n o r m a l  sub-  
jec ts  b y  F i co l l -Hypaque  were ad ju s t ed  to con t a i n  2 - 106 
cells/ml. Red blood cells: Unsens i t i zed  (E) sheep red blood 
cells (SRBC) were p r e p a r e d  weekly  in H u n k ' s  solut ion.  
Sensi t ized (EAC) S R B C  were p r e p a r e d  accord ing  to LAY 
a n d  NUSSENZWEIG v, us ing  r a b b i t  a n t i s e r u m  and  h u m a n  
complemen t .  

Drugs.  The  fol lowing drugs  (Sigma Chemica l  Co.) were 
a s sayed :  theoph i l l ine  10 -a M,  p a p a v e r i n e  10 -a M,  iso- 
p ro te renoI  2 �9 10 -4 M,  d i b u t y r y l  c A M P  2 �9 1.0 -4 M,  car-  
b a m y l c h o l i n e  10 -6 M,  p i locarp ine  10 -a M,  d i b u t y r y l  
c G M P  2 �9 10 -4 M,  a t rop ine  sul fa te  10 -G M.  Solut ions  of 
t he  d rugs  were p r e p a r e d  j u s t  before  use in H a n k s '  so lu t ion  
w i t h  f inal  p H  ad ju s t ed  to 7.4. 

Rosette assays. Drug effects on rosette formation were 
assayed by incubation 0.45 ml of the lymphocyte sus- 
pension containing 2 �9 106 viable cells/ml with 0.05 ml of 
the drug dilution, for 60 min at 37~ The mixture was 
separated in two tubes, each receiving, respectively, 
0.5 ml of a 0.25% suspension of unsensitized (E) and 
sensitized (EAC) SRBC. Control tubes received no drugs. 
The tubes were then centrifuged at room temperature 
for 5 rain at 200 g and incubated at 37 ~ for 30 min (for 
B-lymphocyte rosettes) or at 4~ for 60 min (for T-lym- 
phocytes rosettes). The resulting pellets were gently re- 
suspended and counted in a hemocytometer. The viability 
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of the  cells remained  around 95%. Lymphocy t e  s wi th  3 
or more bound e ry throcytes  were counted as rosettes.  
Resul ts  were expressed as per  cent  of inhibi t ion or st im- 
ulat ing re la t ive  to the  per cent  roset tes  formed by control  
lymphocytes .  

Results. As we can see in the  accompanying  table, 
theophyl l ine  (10 a M) and papaver ine  (10 3 M), drugs 
recognized as capable of raising the intracel lular  levels of 
cAMP through  a biockade of the  phosphodiesterase act iv-  
ity, showed an inhibi t ion of 20% (p < 0.005) and 68% 
(p < 0.005), respect ively,  in the  capac i ty  of T lymphocytes  
to form non- immunologic  E-roset tes .  The inhibi t ion 
produced by  isoproterenol  (2.  10 .4 M) and d ibu tyry l  
cAMP (2.  10 -4 M) were, respect ively,  21% (p < 0.005) 
and 24% (/5 < 0.005). The  roset te  format ion by  B- 
lymphocytes ,  on the  contrary,  were s t imula ted  by  the  
same drugs a t  ident ical  concentrat ions.  The s t imula tory  
effects obta ined wi th  these substances were 28% (p < 
0.01) for theophyll ine,  36% (p < 0.005) for papaver ine ,  
34% (p < 0.005) for isoproterenol  and 27% (p < 0.005) 
for d ibu tyry l  cAMP. Propranolol  (10 -a M) to ta l ly  blocked 
the  inh ib i tory  effect of isoproterenol  (2 �9 10 4 M).  Pilo- 
carpine (10 -a M) and carbamylchol ine  (10 -~ M), drugs 
capable of raising the  intracel lular  levels of cGMP through  
s t imula t ion  of guanylcyclase,  showed a s t imula to ry  effect 
of 12% (p < 0.005) and 14% (p < 0.005), respect ively,  in 
the  capac i ty  of T- lymphocy tes  to form E-rosettes.  Di- 
bu ty ry l  cGMP (2 �9 10 4 M) produced a s t imula to ry  effect 
of 11% (p % 0.025). The  EAC-rose t te  format ion  by  B- 
lymphocytes ,  on the  contrary,  were inhibi ted by  the  
same substances a t  ident ical  concentra t ions :  pilocarpine 
33% (p < 0.005), carbamylchol ine  27% (p < 0.010) and 

d ibu tyry l  cGMP 32% (p < 0.005). Atropine  (10 -6 M) 
to ta l ly  bIocked the  inhibi tory  effect of carbamylchol ine  
(1o o M). 

Discussion. We present  in this paper  new evidence 
t h a t  cyclic nucleotides cAMP and cGMP have  the  capac- 
i ty  of modula t ing  the  format ion  of rosettes by  human  T 
and B lymphocytes .  The results obta ined wi th  drugs 
capable of modula t ing  the intracel lular  levels of cyclic 
nucleotides were similar to those described by  CttlSARI 
a n d  EDGINGTON2, @ALNNT and REMO3, and GRIECO 
et  al. 4 using cAMP, and by  GRIECO et  al. 5, and LUNDAK 
et  al. 6 using cGMP. The roset te  format ion  by  human  T 
lymphocytes  wi th  S R B C  (E-rosettes) was e i ther  signifi- 
cant ly  inhibi ted by  drugs which increase the intracel lular  
levels of cAMP, or enhanced by  drugs which raise the  
levels of cGMP. Unexpec ted  results were obtained,  how- 
ever, wi th  h u m a n  B lymphocytes .  Here  the influence of 
the  two nucleot ides on roset te  fo rmat ion  wi th  sensitized 
ery throcytes  (EAC-rosettes) were shown to be in op- 
posite directions, since cAMP increased and cGMP de- 
creased the  percentage of roset te  obtained.  Explana t ions  
for this result  are unclear  at  this moment .  

Al though the  biochemical  mechanisms th rough  which 
cyclic nucleotides exer t  their  effects are not  ye t  under-  
stood, m a n y  regula tory  events  on cell membranes  are 
known to be ini t ia ted by  changes in cAMP and cGMP. 
I t  is known t h a t  the  blood lymphocy tes  can be distin- 
guished by  cell function,  membrane  antigens and mem- 
brane receptors.  

H u m a n  B lymphocy tes  have  membrane  receptors for 
ac t iva ted  complemen t  (C3) which can be demons t ra ted  
by  different  methods.  This complement  receptor  is de- 
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D I B U T Y R Y L  c G M P  2 .10""M 
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Stimulatory and inhibitory effects of drugs on rosette formation by human T and B Iymphocytes. The percentage of rosette formation 
(increase and decrease) was calculated from controls taken as 100%. 



1596 Specialia EXPERIENTIA 32/12 

Rosette formation1 by human  T and B lymphocytes in the presence of drugs that  raise the cellular levels of cAMP and cGMP. The percen- 
tage of inhibition or stimulation was calculated from controls taken as ]00% 

Drugs Cases T lymphocytes B lymphocytes 
No. 

Rosettes ]nhibition Stimulation Rosettes Inhibition Stimulation 
% % % % % % 

None 65 53.3• 7.0 - - 20.8~6.7 - 
Theophylline 10-3M 29 41.0•  9.5 * 20 25.0 L8.6 b 28 
Papaverine 10-3M 23 17.0~ 11.3 ~ 68 - 26.0j 8.1 ~ - 36 
IsoproterenoI 2.10-4M 13 48.3~ 9.7 ~ 21 31.3-c7.3 �9 34 
Dibutyryl cA~'[P 2.10-4M 13 48.6-z 9.0 ~ 24 - 29.4~5.8 ~ 27 
Isoproterenol 2-10-4M 
+ propranolol 10-aM 11 52.0~ 8.0 NS 21.2~ 5.0 NS 

None 24 47.8•  6.9 - 23.3-~6.5 - 
Pilocarpine 10-~M 9 55.4-~ 6.4 ~ 12 16.0• ~ 33 
Carbamylcholine 10 6 10 55.0~ 6.7 ~ - 14 17.0=L2.6 c 27 - 
Dibutyrol cG3iP 2.10-4M 10 53.02_ 4.1 b 11 15.5-c3.5 �9 32 - 
Carbamylcholine 10 6M 
+ atropine 10-6M 8 47.0• 6.8 - NS 22.0-}=3.7 NS - 

p % 0.005; ~p < 0.025; op < 0.01; NS not significant. 

s t r o y e d  b y  t r y p s i n  b u t  is n o t  b l o c k e d  b y  a n t i b o d y  to  Ig .  
H u m a n  t h y m o c y t e s  a n d  T l y m p h o c y t e s ,  on  t h e  o t h e r  
h a n d  c a n  be  i d e n t i f i e d  b y  s u r f a c e  m e m b r a n e  r e c e p t o r s  
w h i c h  b i n d  t o  S R B C  to  f o r m  n o n - i m m u n o l o g i c a l  E -  
r o s e t t e s .  T h e y  a r e  d e p e n d e n t  on  t h e  c o n c e n t r a t i o n  of  
d i v a l e n t  c a t i o n s  a, c a n  be  e n h a n c e d  b y  t r e a t m e n t  of  
l y m p h o c y t e s  b y  n e u r a m i n i d a s e  9, a n d  a r e  i n h i b i t e d  b y  
i o d a c e t a t e S  t ryps iKS,  az ideI0 ,  a n t i l y m p h o c y t e  serum1~ 
c y t o c h a l a s i n  ]3 11. T h e  p r o p e r t i e s  of  h u m a n  t h y m o c y t e s  
a n d  T l y m p h o c y t e s  of  m a k i n g  s p o n t a n e o u s  r o s e t t e s  w i t h  
S R B C  a p p e a r s  to  be  c o n f e r r e d  on  T-ce i l  precursors12,~a .  
C u r i o u s l y ,  i t  w a s  f o u n d  t h a t  t h e o p h y l i i n e  a n d  t h y m u s  
e x t r a c t s ,  k n o w n  to  i n c r e a s e  t h e  i n t r a c e l l u l a r  l eve l s  of  
c A M P ,  b o t h  h a v e  t h e  c a p a c i t y  of  s t i m u l a t i n g  E - r o s e t t e  
f o r m a t i o n  b y  h u m a n  p r e c u r s o r s  l y m p h o c y t e s  a n d  of  
r e s t o r i n g  t h e  i n l m u n o l o g i c a l  c o m p e t e n c e  of n e o n a t a l l y  
t h y m e c t o m i z e d  m o u s e .  T h e  r e s u l t s  o b t a i n e d  in  o u r  ex -  
p e r i m e n t s  w i t h  r o s e t t e  f o r m a t i o n ,  s u g g e s t  t h a t  cycl ic  

n u c l e o t i d e s  a r e  m o d u l a t o r  a g e n t s  of  l y m p h o c y t e  m e m -  
b r a n e  f u n c t i o n .  T h e s e  n u c l e o t i d e s  m i g h t  be  e x e r t i n g  
t h e i r  e f f ec t s  b y  m o d u l a t i n g  t h e  s y n t h e s i s  of  m e m b r a n e  
r e c e p t o r s  for  S R B C  a n d  C3, b y  i n c o r p o r a t i n g  t h e s e  
r e c e p t o r s  i n t o  p l a s m a  m e m b r a n e s  or  e v e n  b y  s h e d d i n g  
t h i s  r e c e p t o r s  f r o m  t h e  l y m p h o c y t e  m e m b r a n e s .  

8 ~[. JONDAL, G. HOLM and H. WIC, ZEI, 3. exp. Med. 7,36, 207 (1972). 
'~ C. BIA~CO and V. NUSSENZWEIC,, Blood 42, 939 (1973). 
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Summary. I K  a c t i v i t y  t i t r a t e d  b y  t h e  s e d i m e n t a t i o n  m e t h o d  iu  s e r a  f r o m  p a t i e n t s  a f f e c t e d  w i t h  S L E  w a s  f o u n d  t o  be  
n e g a t i v e l y  c o r r e l a t e d  w i t h  C4 a n d  C3 c o m p l e m e n t  f a c t o r s  levels .  T h e  s i g n i f i c a n c e  of  t h i s  d a t a  is d i s c u s s e d .  

G e n e r a l l y  t h e  i m m u n o e o n g l u t i n i n s ,  ( cons i de r ed  as  
a u t o a n t i b o d i e s  w i t h  a n t i - c o m p l e m e n t  spec i f i c i ty )  for-  
m a U o n  r e f l e c t s  a n  in  v i v o  c o m p l e m e n t  f i x a t i o n  ~. T h e  
I N s  r e a c t  s p e c i f i c a l l y  w i t h  f i x e d  C3 a n d  C4, in  t h e  K A F -  
u n r e a c t e d  f o r m ,  i. e., C 3b  a n d  C 4b ;  once  b o u n d ,  I K s  c a n  
t r i g g e r  a n e w  c o m p l e m e n t  a c t i v a t i o n  a n d  so f ix  m o r e  C3 
a n d  C4 2. T h e s e  a u t o - a n t i b o d i e s  a re  p r e d o m i n a n t l y  IgM,  
a n d  t h e  p r e s e n c e  of f ree  c o m p l e m e n t  c o m p o n e n t s ,  a s  wel l  
a s  E D T A ,  d i d  ~ o t  i n h i b i t  t h e i r  r e a c t i o n .  O n  t h e  c o n t r a r y  
I K  a c t i v i t y  f o u n d  in  h u m a n  s a I i va  is r e f e r r e d  to  a n  u n -  
u s u a l  f g A  c l a s s  of  a n t i b o d y  3, a n d  i t  is i n h i b i t e d  b y  f ree  
c o m p l e m e n t  c o m p o n e n t s  o r  E D T A  in  s o l u t i o n .  T h u s ,  
t h e s e  t w o  l a t t e r  p r o p e r t i e s  m a k e  t h e  s a l i v a r y  I K s  f u n c -  

t i o n a l l y  s i m i l a r  t o  b o v i n e  c o n g l u t i n i n s  ( non  a n t i b o d i e s ) ,  
w h i c h  r e a c t s  in a n  E D T A  r e v e r s i b l e  w a y ,  w i t h  t h e  K A F -  
r e a c t e d  f o r m  of  C3(C3d)  2 

S e r u m  r a i s e d  I K  v a l u e s  h a v e  b e e n  r e p o r t e d  in  m a n y  
h u m a n  p a t h o l o g i c a l  s t a t e s :  o v e r a l l  in  i n f e c t i o n s  4,~, a n d  
in  c o l l a g e n - v a s c u l a r  d i seases6 -S ;  in  al l  t h e s e  c o n d i t i o n s ,  
a c e r t a i n  d e g r e e  of c o m p l e m e n t  c o n s u m p t i o n  is u s u a l l y  
f o u n d .  U p  to  t h e  p r e s e n t ,  t h e  e x a c t  r e l a t i o n  b e t w e e n  I K s  
r i z ing  a n d  c o m p l e m e n t  l o w e r i n g ,  f r o m  t h e  c l in ica l  s t a n d -  
p o i n t ,  h a s  n o t  b e e n  i n v e s t i g a t e d  e x c e p t  for  s o m e  c a s e s  of  
r e n a l  p a t h o l o g y  9-11. 

W e  v a l u e d  t h e  I K  t i t r e  a n d  s o m e  c o m p l e m e n t  f u n c t i o n s  
in  p a t i e n t s  a f f e c t e d  w i t h  S y s t e m i c  Lupus erythematosus, 


