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shou ld  r e su l t  on ly  if some T-cells  h a d  escaped ki l l ing b y  
ant i -o,  I n  p /ac t iee ,  no  increased  ki l l ing was obse rved  as 
s h o w n  in t a b l e  3. Thi~ d e m 0 n s t r a t e s  c lear ly  t h a t  t h e r e  are 
no  tl~y-1 co i l t a in ing  (T)-spieefl cells wh ich  do n o t  also 
c o n t a i n  ~. 
T o g e t h e r  these  2 e x p e r i m e n t s  p rov ide  qu i t e  s t rong  evi-  
dence  t h a t  0 - d e t e r m i n a n t s  are p r e s en t  on  t he  surface  of 
mouse  T-, b u t  n o t  B - lymphocy te s .  T he  s equen t i a l  cy to-  
t o x i c i t y  e x p e r i m e n t ,  in  fact ,  suggests  t h a t  Q i s expressed  
b y  all  mouse  T-cells a n d  n o t  s imp ly  b y  a s u b p o p u l a t i o n  
of t h e m .  B o t h  expe r imen t s ,  however ,  a d m i t  t he  pos-  
s ib i l i ty  t h a t  a smal l  b u t  s ign i f ican t  p o p u l a t i o n  of B-cells 
m a y  express .  F u r t h e r  s tud ies  will  be  r equ i red  to  c lar i fy  
t h i s  po in t .  
The  d e m o n s t r a t i o n  of ~ - d e t e r m i n a n t s  on  t he  T-cel l -sur-  
face ra ises  t h e  issue of w h e t h e r  Q m a y  be iden t i ca l  to  a n y  
of t he  p rev ious ly  descr ibed  mouse  T-cell  specific an t igens  
such  as thy-1, TL,  Ly  a n d  MTLA.  So far, i t  appea r s  t h a t  
t h i s  is n o t  t h e  case. Fo r  example ,  if Q were t he  same  as 
thy-1, t h e n  L-cells express ing  Q o u g h t  to  express  thy-1 as 

Table 4. Resistance of mouse L-cells to anti-thy-1 

Serum dilution Dead cells (%) in 
NRS anti-~ anti-thy-1 

well. Our  e x p e r i m e n t s  as s h o w n  in t ab l e  4 h a v e  d e m o n -  
s t r a t e d  t h a t  t h i s  is n o t  t h e  case. F u r t h e r m o r e ,  Q an t i gen  
(mol .wt  100,000) a n d  a p ro t e in  (mol ,wt  a p p r o x i m a t e l y  
120,000) r ecen t l y  p r e c i p i t a t e d  specif ical ly f rom solubi l ized 
mous~ T - c e l l - m 6 ~ b r a n e ~  b y  anti-Q (S. Cancelosi  and  
J.  Brown,  u n p u b l i s h e d  observa t ions )  are  found  to h a v e  
c6ns ide rab ly  h igher  mol ,wts  t h a n  t he  thy-1 an t i gen  mole-  
cule (mol ,wt  27,000) 13-15. S imi la r  b u t  less conclus ive  
a r g u m e n t s  c an  also be  m a d e  in t he  case of TL-,  Ly-  a n d  
M T L A - a n t i g e n  s. Cohen  e t  al. is h a v e  s h o w n  t h a t  L-cells 
do n o t  express  T L - a n t i g e n s  a n d  L y - a n t i g e n s  are  ex- 
pressed  on  t he  surfaces  of l y m p h o i d  cells onlylT, 18. 
M T L A  has  a mo l .w t  s ign i f i can t ly  d i f fe ren t  f rom Q19, s0. 
These  resu l t s  are  c o n s i s t e n t  w i t h  t he  v iew t h a t  Q is no t  
iden t i ca l  to  thy-1, TL,  L y  or M T L A  ant igens .  
The  i n f o r m a t i o n  we h a v e  a b o u t  0 -an t igen  a t  t he  p r e sen t  
t ime  gives us  v e r y  few clues a b o u t  w h a t  i t s  f unc t i on  m a y  
be. Q is found  to  be  p r e s e n t  on  t h e  surface  of L-cells and  
of T-, b u t  no t  B - l y m p h o c y t e s  f rom the  mouse  a n d  ra t .  
I n  add i t ion ,  we h a v e  de t ec t ed  Q on t h e  surface of Swiss 
mouse  e m b r y o  f ibroblas t s ,  b u t  n o t  h u m a n  or  mouse  
e ry th rocy te s .  Since Q an t i gen  is i tself  a con A-recep tor  
a n d  since con  A is found  to  be mi togen ic  for T-, b u t  no t  
B - lymphocy te s ,  t he  poss ib i l i ty  exis ts  t h a t  Q m a y  be 
i nvo lved  in t he  con  A- induced  mi togenes i s  of T - l y m p h o -  
cytes.  E x p e r i m e n t s  emp loy ing  anti-Q~serum are c u r r e n t l y  
in progress  to  t e s t  t h i s  possibi l i ty .  

N 3.0 88.7 10.3 
1:10 - - 8.4 
1:20 - - 6.2 
1:40 - - 5.7 

L-cells grown as describ6d in table 1 were washed free of serum and 
resuspended in Eagles Minimal Essential"Medium at a concentration 
of 2 • 10 e cells/ml. Varying concentrations of anti-thy-1, anti-Q or 
normal rabbit serum (NRS) were added to 0.t ml samples of the cell 
suspension and incubated at 4 ~ for 1 h. 0.1 IO1 guinea-pig comple- 
ment (diluted 1:10) was then added to each tube and incubation was 
continued for a further one hour at 37 ~ Cell viability was deter- 
mined by trypan blue dye exclusion. 
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E a r l y  f o e t a l  t h r o m b o s i s  i n d u c e d  b y  T h a l i d o m i d e  in  m o u s e :  
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Summary. Mouse foetuses  were t r e a t e d  b y  T h a l i d o m i d e  on days  11-12 in order  to  ve r i fy  w h e t h e r  t he  d rug  would  induce  
b lood a b n o r m a l i t i e s  l ead ing  to  c i r cu la to ry  t roubles .  A b o u t  18% of t he  t r e a t e d  foetuses  showed  b o t h  severe  l imb  
h a e m o r r h a g e s  on  d a y  14, a n d  obvious  a l t e r a t i ons  of t he  nuc l ea t ed  red  b lood  cells of v i t e l l ine  origin.  These  blood 
abnorma l i t i e s ,  occur r ing  s u d d e n l y  d u r i n g  t he  we l l -known  'c r i t ica l  s t age '  of foe ta l  d e v e l o p m e n t ,  could  be respons ib le  
for  c i r cu l a to ry  b locks  lead ing  to  necrosis.  

A l t h o u g h  t he  t e r a togen i c  effects of T h a l i d o m i d e  h a v e  
been  k n o w n  for m a n y  years  in  m a n  a n d  an imal ,  pa r t i cu -  
l a r ly  in  mice  1, a n d  in r a b b i t s  ~, i ts  m e c h a n i s m  st i l l  
r e m a i n s  u n k n o w n .  A m o n g  t he  d i f fe ren t  modes  of ac t ion  
pos tu l a t ed ,  i t  h a s  been  sugges ted  t h a t  t h i s  d r u g  could be 
a n  a n t a g o n i s t  of g lu t amic  acid, cons ider ing  t he  s imi l a r i t y  
of t h e i r  fo rmulae  8. I t  h a s  also been  h y p o t h e s i z e d  t h a t  
T h a l i d o m i d e  could  be a n t a g o n i s t i c  to  severa l  v i t a m i n s  of 
t h e  B-group ,  p a r t i c u l a r l y  to  r ibo f l av in  ~ or folic acid 5. 
The  fac t  t h a t  some a n t a g o n i s t s  of folic acid h a v e  been  

p r o v e d  to  be t e r a togen i c  suppo r t s  t he  l a t t e r  h y p o t h e s i s  e. 
Some h e r e d i t a r y  l imb  a m p u t a t i o n s ,  g rea t ly  r e sembl ing  
t he  i nduced  T h a l i d o m i d e  ma l fo rma t ions ,  h a v e  been  de- 
s c r i b e d  in t he  rabb i t~ .  I t  has  been  shown  t h a t  these  
a b n o r m a l i t i e s  could  be  induced  b y  a b lood defect  ap-  
pea r ing  v e r y  ea r ly  in  t h e  fe ta l  life 8. Th i s  t r oub l e  could 
lead to  t h r o m b o s i s  w h i c h  in t u r n  induces  h y p o x i a  and  
t h e n  l imb  necrosis.  However ,  t hese  a m p u t a t i o n s  can  be  
p r e v e n t e d  in u te ro  b y  e i the r  hype rox i c  t r e a t m e n t  or 
t r e a t m e n t s  a i m i n g  a t  t h e  r educ t i on  of a b n o r m a l  e ry th ro -  
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b l a s t s ,  s u c h  as  fol ic  a c i d  or  v i t a m i n - B 1 2  i n j e c t i o n s  in t h e  
p r e g n a n t  m o t h e r  9. M o r e o v e r ,  i t  h a s  b e e n  s h o w n  t h a t  a 
d r u g ,  p y r i m e t h a m i n e ,  b l o c k i n g  t h e  fol ic  ac id  m e t a b o l i s m ,  
c o u l d  i n d u c e  i n  t h e  r a t  f o e t u s  b o t h  b l o o d  m a c r o c y t o s i s  
a n d  n e c r o s i s  l e a d i n g  t o  l i m b  a m p u t a t i o n  10. 
I n  t h i s  r e s e a r c h ,  we  w a n t e d  to  v e r i f y  w h e t h e r  T h a l i d o -  
m i d e  a d m i n i s t e r e d  t o  p r e g n a n t  m i c e  w o u l d  a c t  in  a 
a n a l o g o u s  m a n n e r  o n  t h e  e r y t h r o b l a s t s ,  w h i c h  c o u l d  in  
t u r n  p r o d u c e  c i r c u l a t o r y  b l o c k s  a n d  nec ros i s .  
M a t e r i a l  and  methods .  20 C 57 B1/6 J f e m a l e  mi ce ,  or igi -  
n a t i n g  f r o m  t h e  J a c k s o n  L a b o r a t o r y  (B a r  H a r b o r ,  
M a i n e ,  U S A ) ,  we re  m a t e d  w i t h  m a l e s  o f  t h e  s a m e  s t r a i n  
p l a c e d  in t h e  c a g e  o n e  e v e n i n g  a n d  r e m o v e d  t h e  d a y  
a f t e r  ( c o n s i d e r e d  as  d a y  0 of  g e s t a t i o n ) .  P r e g n a n t  f e m a l e s  
w e r e  r e c o g n i z e d  b y  p a l p a t i o n  on  d a y  11 a n d  i so l a t ed .  
A T h a l i d o m i d e  s u s p e n s i o n  of  1000 m g / k g  in  1 m l  of  
NaC1 0.9~ w a s  i n j e c t e d  i .p . ,  b e i n g  c e r t a i n  to  i n j e c t  
o b l i q u e l y  in  o r d e r  t o  a v o i d  d a m a g i n g  t h e  u t e r u s .  T h e  
f e m a l e s  we re  i n j e c t e d  tw ice ,  once  o n  d a y  11 a n d  o n c e  o n  
d a y  12. T h e  m i c e  w e re  s ac r i f i c ed  o n  d a y  14 w i t h  e t h e r .  
T h e  r e a s o n  w h y  t h i s  s t a g e  w a s  c h o s e n  is t h a t  t h e  l i m b s  
a re  d e v e l o p e d  a n d  t h e  n u c l e a t e d  r e d  ceils  of  v i t e l l i n e  
or ig in  a r e  s t i l l  n u m e r o u s .  

6 p r e g n a n t  f e m a l e s  u s e d  as  c o n t r o l s  r e c e i v e d  o n l y  t h e  
s a m e  v o l u m e  of  s a l i n e  s o l u t i o n  a t  t h e  s a m e  Stage.  A f t e r  
l a p a r 0 t o m y ,  t h e  f o e t u s e s  we re  r e m o v e d  w i t h  t h e i r  a d n e x a  
for  m a c r o s c o p i c a l  e x a m i n a t i o n  ; t h e  l i m b s  we re  e x a m i n e d .  
B l o o d  s m e a i s  wer~  ta~;ei~ b y  s e c t i o n  o f  a x i l l i a r y  V~ssels  
a n d  s t a i n e d  w i t h  M a y - G r i i n w a l d - G i e m s a .  
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Fig. 1. Haemorrhagic blebs of the front limb in a 14-day-old mouse 
foetus after Thalidomide treatment.  

Fig. 2. Congestion of the limb vessels in a 14-day-old mouse foetus 
after Thalidomide treatment.  

Fig. 3. I Blood cells of a 14-day-old control foetus. • 500. A Nucle- 
ated red blood cells of vitelline origin, B Red blood cells. I I  Blood 
cells of a 14-day-old foetus after Thalidomide treatment.  • 500. 
c Many nuclei covered by a thin layer of cytoplasm are visible. 
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Results and discussion. I n  t he  con t ro l s  (46 foetuses),  no  
l imb  a b n o r m a l i t y  was found.  115 t r e a t e d  foetuses  were  
s tud ied  a n d  classified in to  3 groups  accord ing  to  t h e i r  
macroscopica l  charac te r i s t i cs .  21 foetuses showed v e r y  
severe  l imb  haemor hages ,  especial ly  in t he  f ron t  l imb.  
The  lesions a p p e a r e d  as h a e m o r r h a g i c  b lebs  of the  f inger  
t ip s  (figure 1) ; t h e y  r e sembled  t he  lesions of t he  b r  r a b b i t  
b u t  genera l ly  were more  ex tens ive .  28 foetuses  h a d  no  
vis ible  h a e m o r r h a g e  b u t  p r e sen t ed  a conges t ion  of t he  
l i m b  vessels w h i c h  a p p e a r e d  to  be  en la rged  (figure 2). 
66 foetuses  seemed to  be  en t i r e ly  n o r m a l  w h e n  e x a m i n e d  
macroscopica l ly .  
A p p e a r a n c e  of t he  b lood  cells on d a y  14. All  of t he  b lood  
smear s  obse rved  showed n u m e r o u s  nuclei  covered  b y  a 
t h i n  layer  of c y t o p l a s m  (figure 3), t he  d i a m e t e r  of these  
cells be ing  m u c h  more  r educed  t h a n  those  of m a t u r e  red  
b lood  cells. Moreover ,  m a n y  nuc lea t ed  red  cells seemed 
to  be  on  t he  verge  of expel l ing  t he i r  nucleus .  Our  pre-  
l i m i n a r y  o b s e r v a t i o n s  on  r a t  foetus  h a d  shown  a v e r y  
i m p o r t a n t  macrocy tos i s  a c c o m p a n i e d  b y  expu ls ion  of 
n u m e r o u s  nuclei.  These  a l t e red  young  e r y t h r o b l a s t s  could 
induce  some c i r cu la to ry  d i s t u r b a n c e s  in t he  l imb  vessels,  
l ead ing  to  t h r o m b o s i s  p r o d u c e d  e i the r  b y  nuclei  a c c u m u -  
l a t ion  or b y  cy top l a smic  f r a g m e n t s  s u d d e n l y  re leased in 
t he  smal l  ar ter ies .  The  a b n o r m a l i t i e s  of t he  e r y t h r o b l a s t s  
could  be  induced  b y  mi to t i c  p e r t u r b a t i o n s  p rovoked  b y  
Tha l idomide .  S imi la r  effects of t he  d rug  h a v e  been  
obse rved  on  p ro tozoa  n a n d  on  b lood ce l l s  of ch ick  

e m b r y o  13. I n  add i t ion ,  i t  h a s  been  s h o w n  t h a t  t he  l imb  
lesions occur red  d u r i n g  ' c r i t i ca l  s tages '  of foeta l  deve lop-  
m e n t :  days  28-42 in m a n  18, days  11-12 in mouse  a n d  
days  16-18 in r a b b i t  7. These  per iods  coincide p a r t i a l l y  
w i t h  t he  in t ens ive  h e m a t o p o i e t i c  a c t i v i t y  of the  yo lk  sac 
in t he  3 species:  days  23-35 in man1% days  8-12 in 
mouse  1~, days  16-18 in  r a b b i t  16. 
T h u s  Tha l idomide ,  s imi la r  to  o the r  t e r a togen ic  d rugs  
t a k i n g  effect  on  t he  same  foe ta l  stage,  could h i n d e r  t he  
phys io logica l  evo lu t ion  of v i te l l ine  ery thropoies is ,  wh ich  
in t u r n  induces  a c c u m u l a t i o n  of a b n o r m a l  cells in  t he  
vessels,  a n d  f ina l ly  necrosis  of t he  ex t remi t ies .  The  b lood  
a b n o r m a l i t i e s  fol lowing Tha l i domide  a d m i n i s t r a t i o n  h a v e  
ye t  to  be  s tud ied .  These  abnorma l i t i e s ,  those  obse rved  
a f t e r  severa l  t r e a t m e n t s ,  for  examp le  p y r i m e t h a m i n e ,  
a n d  those  seen in t h e  b r  r a b b i t  foetuses,  s u p p o r t  t h e  
h y p o t h e s i s  of a possible  b lood  or igin of ce r t a in  foeta l  l imb  
ma l fo rma t ions .  
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T h e  c h e m o k i n e t i c  e f fect  of  s e r u m  a l b u m i n  
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Summary. E x p e r i m e n t s  pe r fo rmed  b y  m e a n s  of t ime  lapse c i n e m a t o g r a p h y  or t he  f i l ter  t e c h n i q u e  show t h a t  h u m a n  
se rum a l b u m i n  ha s  m a r k e d  chem ok i ne t i c  effects on  n e u t r o p h i l  cu l tu red  in Gey ' s  solut ion.  The  ave rage  speed of t he  
cells, as well  as t h e  p r o p o r t i o n  of neu t r oph i l s  showing  locomot ion ,  is increased.  E n h a n c e d  locomot ion  corre la tes  w i t h  
decreased  a t t a c h m e n t  to  t he  s u b s t r a t u m  as d e t e r m i n e d  b y  morpho log ica l  a n d  func t iona l  cr i ter ia .  

S e r u m  a l b u m i n  is a m a j o r  c o n s t i t u e n t  of p l a s m a  w i t h  a 
v a r i e t y  of essen t ia l  func t ions .  I t  regula tes  the  p l a s m a  
v o l u m e  b y  colloid osmot ic  pressure ,  b inds  f a t t y  acids a n d  
o t h e r  subs t ances  a n d  r ep re sen t s  a s torage  fo rm of p ro t e in s  
and  amino  acids. F u r t h e r m o r e ,  we h a v e  repor ted  t h a t  
s e r u m  a l b u m i n  p r o m o t e s  d i rec t iona l  locomot ion  of leuco- 
cy tes  b u t  lacks c h e m o t a c t i c  a c t i v i t y  3. These  f indings  h a v e  
since been  conf i rmed  and  e x t e n d e d  3-6. In  add i t ion ,  r ecen t  
e x p e r i m e n t s  h a v e  shown  t h a t  h u m a n  se rum a l b u m i n  
(HSA) a t  phys io logica l  c o n c e n t r a t i o n s  s t i m u l a t e d  n o t  
on ly  d i rec t iona l  l ocomot ion  b u t  also r a n d o m  locomot ion  
of n e u t r o p h i l s  su spended  in Gey ' s  solut ion.  These  resu l t s  
sugges ted  t h a t  s e r u m  a l b u m i n  ha s  m a r k e d  c h e m o k i n e t i c  
p rope r t i e s  5, ~. Chem ok i ne t i c  effects  can  be  induced  t h r o u g h  
a v a r i e t y  of m e c h a n i s m s  ~ inc lud ing  changes  in cell- 
s u b s t r a t e  adhes iv i tyS,  ~. T he  f i l ter  t echn ique ,  wh ich  'had 
been  used in t h e  p a s t  to  ana lyze  t he  p h e n o m e n o n ,  

p rov ides  on ly  for i nd i r ec t  ev idence  on  t he  locomoto r  
b e h a v i o u r  of cells. W e  the re fo re  s tud ied  the  locomotor  
response  of neu t roph i l s  to  H S A  also b y  means  of t i m e  
lapse  c i n e m a t o g r a p h y ,  w h i c h  allows for a d i rec t  eva lua-  
t i on  of t he  response!0.  F u r t h e r m o r e  we i n v e s t i g a t e d  
w h e t h e r  t he  chemok ine t i c  effect  of h u m a n  se rum a l b u m i n  
(HSA) is r e l a t ed  to n e u t r o p h i l  adhes ion  and  spreading .  
Solu t ions  of h u m a n  se rum a l b u m i n  (Behr ingwerke  Mar-  
burg ,  W. Ge rmany)  and  Gey ' s  so lu t ion  were p r epa red  as 
p rev ious ly  descr ibed  n:  N e u t r o p h i l  locomot ion  was as- 
sessed w i t h  t he  f i l ter  t e c h n i q u e  us ing modif ied  c h a m b e r s  
a n d  a two-f i l te r  sys t em (8 ~m and  0.45 ~xm pore  size 
respect ive ly)  11. The  c u l t u r e  med ia  in  t h e  upper  and  lower  
c o m p a r t m e n t  of t he  c h a m b e r  were ident ica l .  The  p ropor -  
t i on  of t he  neu t roph i l s  t h a t  h a d  m o v e d  t h r o u g h  t he  en t i r e  
t h i c k n e s s  of t he  f i l ter  h a s  been  ca lcu la ted  n.  Phase -  
c o n t r a s t  p ic tu res  of cells k e p t  in  Sykes-Moore c h a m b e r s  

Table 1. The influence of human serum albumin (HSA) on neutrophil viability and locomotion 

Culture medium Viability Locomotion 
(% nigrosin- Filter technique Time-lapse cinematography 
positive cells) ~ % cells migrated) Average Neutrophils showing 

speed ([xm/min) locomotion (%) 

Gey's solution 1 < 0.01 3.8 47.4 
2% HSA in Gey's solution 1 4.6 4- 1 13.2 100 


