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Table I 

Experiment  Influence of temperature on TCT-binding 
by plasma-protein (%) 
37 °C 25 °C 

TaMe II 

1 79 98 
2 83 100 
3 82 97 
4 85 100 

Amount of cold TCT added (~.g) TCT-P 25 binding to plasma 
protein at 25°C (%) 

25 78 
50 35 
75 10 
100 0 

amidoblack to detect the binding proteins (Figures 1 and 
2), with the fingerprint technique. Their identification was 
performed using monospecific immunosera, anti-xl-anti- 
trypsine, antitransferine, anti-al-lipoproteine, anti-a 2- 
macroglobuline, anti-IgA, anti-IgG anti-IgM. Further-  
more plaques were stained after exposure to polyspecific 
immunosera anti-lipoproteins, -glycoproteins, -haptoglo- 
buline and -hemopexine. Human  y-globuline, precipitated 
by addition of sodium sulfate, was used for two-dimensio- 
nal electrophoretic separation. 

Results. 1. Equilibrium dialysis: TCA precipitated ini- 
tially 80% of labelled H-CT and 25% of total  radioacti- 
vi ty  after dialysis (72 h). At 37 °C, 80 to 85% of H-CT were 
bound to plasma proteins; at  25 °C, the binding was nearly 
complete (Table I). The results were the same when amount  
of added H-CT changed from 300 to 3 ng. Addition of in- 
creasing amounts  of cold H-CT to the plasma decreased 
the binding of labelled H-CT (Table II) which became un- 
detectable in presence of I00 ~g cold H-CT. 

2. Two-dimensional radioimmunoelectrophoresis: At the 
dose level of 250 ng/ml, H-CT radioactivity was bound to 
a single protein peak, which was later identified as IgM- 
globuline (flz-macroglobuline) with specific ant i  IgM im- 
munoserum. At the higher dose level (1 ~g/ml), several 
other proteins bound radioactivity:  albumine, ~2-macro- 
globuline and ~-lipoproteine (Figures 1 and 2). 

Discussion. 1. The results presented demonstrate an in- 
crease of H-CT binding to plasma proteins with decreasing 
temperature. At 37°C, 80% of H-CT is bound as assessed 
by equilibrium dialysis. 

2. Addition of cold H-CT decreases the amount  of 
bound H-CT: the displacement is in favour of a similar 
binding of labelled and cold H-CT and makes unlikely 
al ternation of H-CT during the labelling procedure, at  
least a t  the binding site. Gel fil tration and preparative 
ultracentrifugation were used by  LEOGAT~ et al. 8 to s tudy 
interactions of H-CT with plasma proteins; they found 

evidence for an interaction but  did not  identify specific 
binding proteins. 

3. The amount  of circulating CT in man is controversial. 
We have matched the concentrations of H-CT with the 
one detected in the hog. In  most equilibrium dialysis expe- 
riments, H-CT was added in amounts equivalent to con- 
centrations prevailing in thyroid venous plasma (150 ng/ 
ml). In  a few instances, 1.5 ng/ml were used in order to 
come closer to systemic circulating hormone levels. The 
ratio bound/free H-CT is identical in both cases, indicating 
that  plasma proteins can display a binding capacity 
able to match the high hormone concentration of effluent 
thyroid blood 7. 

Rdsumd. La prot6ine porteuse sp6cifique de la CT-H est 
l 'IgM lorsque la teneur en hormone est relativement 
faible (jusqu'~ 250 ng/ml de plasma). Lorsque la concen- 
trat ion augmente, la CT-H se lie aux xz-macroglobulines, 
x2-1ipoprot6ines e t ~  l 'albumine, dont  l 'affinit6 pour l 'hor- 
mone est moindre mais la capacit6 de liaison importante.  
I1 est logique d 'admettre  que des anomalies portant  sur les 
prot6ines porteuses sp6cifiques modifient la distribution 
et le m6tabolisme de la CT, ce qui repr6senterait un m6ca- 
nisme pathophysiologique nouveau de dyscalcitonie hu- 
maine. 
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Cytotoxic Potential of Lymphocytes Stimulated with Autochthonous Lymphoid Cell Line Cells 

Human  lymphocytes ave activated by contact with 
histocompatibility antigens on the tymphocytes of another 
donor. The reaction, which occurs with lymphocytes of all 
normal individuals and with lymphocytes from cord 
bloods, requires no prior immunisat ion of the cell donors 
with the antigens concerned (for refs. see 1). An immunolo- 
gical basis for the reaction is indicated, however, by the 
demonstration, in rats, tha t  lymphocytes from tolerant 
animals are specifically unresponsive to cells of the to- 
lerance inducing strain 2,a. Human  lymphocytes are also 
activated by cells from human  lymphoblastoid cell lines 

(LCLs) established from the blood cells of normal indivi- 
duals and patients with various disorders. The reaction is 
essentially similar to a 'one-way' mixed lymphocyte reac- 
tion bu t  of greater intensi ty 4. Lymphocytes activated by  
culture with X-irradiated cells from a particular cell line 
are cytotoxic to these cells and the cells of other lines 5. 

New surface antigens on the LCL cells as well as histo- 
compatibil i ty antigens must  be capable of activating 
lymphocytes since cells from autochthonous LCLs are 
stimulatory6-9, although if the conditions are carefully 
controlled, to a lesser degree than cells from a histoin- 
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Table I. Stimulation of lymphocytes by cells from an autochthonous 
LCL and their subsequent eytotoxie action 

Composition of culture Stimulation Cytotoxicity 
(3H-thymidine versus: 
incorporated SaCr- DEW-1 
dpm) (% released) 

ED 6,134 18.8 
ED + X ED 3,243 19.4 
ED + X DEW-1 23,526 31.5 

ED + X FLE-1 42,887 26.7 
ED + X SAD-1 41,504 21.9 
DH 1,522 20.7 
DH + X E D  3,506 25.6 
DH + X DEW-1 32,145 40.6 
DH + X FLE-1 32,934 35.2 
DH + X SAD-1 34,096 37.5 
Controls 
ED rbc + X ED 173 19.2 
ED rbc + X DEW-1 1,767 19.3 
ED rbc + X F L E d  178 19.2 
ED rbc + X SAD-1 208 19.0 

c o m p a t i b l e  l i ne  (ref.  s a n d  u n p u b l i s h e d  o b s e r v a t i o n s ) .  T h e  
n e o - a n t i g e n s  m a y  a r i s e  c o i n c i d e n t a l l y  w i t h  t h e  c h a n g e  o f  
t h e  l y m p h o i d  cel l  t o  a c o n t i n u o u s l y  g r o w i n g  s t a t e  r e s u l t i n g  
in  t h e  e s t a b l i s h m e n t  o f  t h e  L C L .  T h i s  c o u l d  be  t h e  r e s u l t  o f  
a ' s p o n t a n e o u s '  m u t a t i o n  o r  o f  a m u t a t i o n  i n d u c e d  b y  a n  
E B  v i r u s  w h i c h  is  k n o w n  to  b e  p r e s e n t  in  m o s t ,  i f  n o t  a l l ,  
o f  t h e  L C L s  x°, u .  I f  t h e  a c t i v a t i o n  of  l y m p h o c y t e s  i n  t h i s  
s y s t e m  is  p a r t  o f  a n  i m m u n o l o g i c a l  r e a c t i o n  in  w h i c h  t h e  
ce l l s  b e a r i n g  n e o - a n t i g e n s  a r e  r e c o g n i s e d  a s  ' n o n - s e l f ' ,  i t  
s h o u l d  r e s u l t  i n  t h e  g e n e r a t i o n  o f  e f f e c t o r  ce l l s  c y t o t o x i c  
t o  t h e  a u t o c h t h o n o u s  L C L  cel ls .  T h i s  p a p e r  d e s c r i b e d  s u c h  
a r e a c t i o n .  

L y m p h o i d  ce l l  l i ne s  e s t a b l i s h e d  a t  v a r i o u s  t i m e s  d u r i n g  
t h e  p e r i o d  1 9 6 8 - 1 9 7 0  f r o m  t h e  b l o o d  ce l l s  o f  p a t i e n t s  in  t h e  
a c u t e  p h a s e  o f  i n f e c t i o u s  m o n o n u c l e o s i s  11 w e r e  m a i n -  
t a i n e d  r o u t i n e l y  in  F 1 0  m e d i u m  s u p p l e m e n t e d  w i t h  20%" 
f o e t a l  b o v i n e  s e r u m ,  1 0 %  t r y p t o s e  p h o s p h a t e  b r o t h ,  p e n i -  
c i l l in  a n d  s t r e p t o m y c i n .  T e s t s  fo r  t h e  p r e s e n c e  o f  m y c o -  
p l a s m a  i n f e c t i o n  w e r e  r e g u l a r l y  p e r f o r m e d  a n d  f o u n d  t o  b e  
n e g a t i v e .  F o r  u s e  a s  s t i m u l a n t s  t h e  L C L  ce l l s  w e r e  e x -  
p o s e d  t o  3000  r a d s  o f  X - i r r a d i a t i o n  a t  a cel l  c o n c e n t r a t i o n  
o f  2 × 10S/ml  e. F o r  u s e  a s  t a r g e t  ce l l s  t h e y  w e r e  l a b e l l e d  

ED, blood lymphoeytes from patients recovered from infectious mono- 
nucleosis 6 months  before the experiment.  DH, blood lymphocytes 
from normal individual. ED rbc, red blood cells. DEW-l ,  LCL esta- 
blished from a blood sample from patient  ED taken during the illness. 
F L E d  and SAD-1 ,two LCL from unrelated individuals. X, x-irradiated. 
dpm, disintegration per minute.  Autochthonous mixture  underlined. 
Lymphocytes  were cultured for 6 days at 1 × 10Slml in 3 × 1]2 inch 
capped tubes. 10sX-irradiated LCL cells were added where indicated. 
To s tudy  the cytotoxicity 0.5 ml fluid was removed on day  6 and l0 s 
SXCr labelled DEW-1 cells added in 0.5 ml fresh medium. After 6 h the 
tubes were centrifuged (500 g, 5 min) and the supernatants  carefully 
transferred to counting vials. The deposits were dissolved in 0.I ml N 
NaOH and transferred to vials. Results are expressed as the percen- 
tage of the total activity added of SaCr released into the supernate. To 
assess the st imulation 0.5 ptCi 3H-thymidine was added on day  6 and 
the cells harvested on day 7 (ref. as). All values are means  of triplicate 
cultures. 
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Table II. Stimulation of lymphocytes by autochthonous LCL cells and their subsequent  cytotoxicity against  autochthonous and allogeneic 
LCL ceils 

Composition of culture Stimulation 
(*H-thymidine incorporated, dpm) 

Cytotoxicity versus: 
51Cr-Y UD- 1A SlCr-GOL-1 P 
(% released) (% released) 

KY 
KY + X KY 
KY + X YUD-1A 
KY + X YUD-1E 
KY + X GOL-1P 
DH 
DH + X KY 
DH + X YUD-1A 
DH + X YUD-1E 
DH + X GOL-1P 
Controls 
KY rbc + X KY 
KY rbc + X YUD-1A 
KY rbc + Y XUD-1E 
KY rbc + X GOL-1P 

1,511 8.7 16.4 
817 7.7 14.3 

47,727 17.5 16.0 
49,272 16.8 16.5 
38,281 14.5 23.0 

1,785 8.9 15.0 
9,500 8.3 16.1 

45,854 16.6 19.1 
34,450 14.6 19.1 
37,227 11.3 20.4 

185 9.2 14.7 
1,396 8.4 14.9 
8,262 9.3 14.2 

300 8.7 15.2 

KY, blood lymphocytes  from patient  recovered from infectious mononucleosis 7 months  before the experiment.  DH, blood lymphocytes from 
normal  individual. KY rbe, red blood cells. YUD-1A and YUD-1E, 2 sub-lines established independently from the same blood sample taken 
from KY during the illness. GOL-1P, LCL from unrelated individual. Autoehthonous mixtures underlined. Other details as for Table I. 
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with  51Cr by incubat ion  for 24 h wi th  Na,SxCrO, (1 ~Ci/10 e 
cells/ml). 

Mitot ic  ac t iva t ion  of fresh blood lymphocy te s  (10*/ml in 
20% pooled h u m a n  serum ge la t in /Eagles  MEM) incuba ted  
wi th  X- i r rad ia ted  LCL cells (added to  give a f inal  concen- 
t ra t ion  of 105 cel ls /ml soon af ter  X-irradiat ion)  was assessed 
by the  incorpora t ion  of thymid ine- [methy l -aH]  0.5 vtCi; 
150 mCi /mmole)  in to  t he  t r ich loroacet ic  acid- insoluble  
fract ion over  the  in te rva l  d a y  6-7. Deta i l s  of the  me thods  
are to be found in refs. 4 and 12. Sui table  controls  lacking 
X- i r rad ia ted  LCL cells or  fresh l ymphocy te s  were t rea ted  
identical ly.  

The  cy to tox ic  capac i ty  of the  ac t iva t ed  blood lympho-  
cytes  was assessed by  the  c h r o m i u m  release technique.  
Control  cul tures  conta ined  donor  red cells and e i ther  blood 
lymphocy tes  of the  donor  or  the  X- i r rad ia ted  LCL cells 
used as s t imu lan t  b u t  no t  bo th  5 In  each expe r imen t  t he  
response of blood l ymphocy te s  f rom an unre la ted  donor  as 
well  as f rom the  or iginal  LCL donor  were compared .  As a 
fur ther  control  (to cover  any  possible change induced by  
X-i r radia t ion)  X- i r rad ia ted  blood l y m p h o c y t e s  were cul- 
tu red  wi th  au toch thonous  or  al logeneic b lood l ympho-  
cytes.  

S t imula t ion  (enhanced 8H- thymidine  incorporat ion)  in- 
duced by  au toch thonous  LCL cells occurred wi th  the  
l ymphocy te s  f rom all  six pa t i en t s  s tudied.  The  ac t iva t ed  
l ymphocy te s  were cy to tox ic  to  ~lCr-labelled au toch tho-  
nous and allogeneic cells. The  results  of two typ ica l  experi-  
ments  are shown in Tables  I and I I .  The  s t imula t ion  and 
cy to tox i c i t y  of the  l ymphocy te s  in the  au toch thonous  si- 
t u a t i o n  was no t  a resul t  of changes  induced  by  t h e  X- i r ra -  
d ia t ion  since X- i r rad ia ted  blood l ymphocy te s  did no t  st i-  
mula te  au toch thonous  l ymphocy te s  nor  was i t  due to foe- 
ta l  calf  se rum ant igens  in the  cul ture  fluid since h u m a n  
se rum was used as t he  se rum supp lemen t  in all  experi-  
ments .  Moreover ,  GREEN and SELL* h a v e  repor ted  t h a t  
foeta l  calf se rum ant igens  were no t  i m p o r t a n t  in the i r  
au toch thonous  s t imulat ions .  

I t  m a y  be concluded t h a t  neo-ant igens  on the  LCL cells 
in i t ia te  a l ymphocy t e  s t imula t ion ,  in vi t ro ,  resul t ing in the  
dea th  of the  LCL cells. The  fact  t h a t  al logenic as well  as 
au toch thonous  LCL cells can  be kil led by  l ymphocy te s  
s t imula ted  wi th  au toch thonous  LCL cells suggests  t h a t  
e i ther  the  kil l ing phase is of l imi ted  specif ici ty or  t h a t  
there  are  cross react ing ant igens  shared by  the  var ious  LCL 
cells. These poin ts  are  cur ren t ly  under  inves t igat ion.  

I f  i t  is accepted  t h a t  ' d ev i an t '  lymphocytes ,  s imi lar  to  
LCL cells, m a y  arise in v ivo  as a result  of v i ra l  t ransfor-  
ma t ion  or  o ther  cause, t he  in v i t ro  p h e n o m e n a  described 
mus t  closely mimic  an immunologica l  survei l lance me- 
chan ism opera t ive  in the  host .  

Rdsumd. Les pet i t s  l ymphocy te s  du sang, apr+s avoi r  
6t6 mis  en con tac t  pendan t  plusieurs jours  avec les cel- 
lules lymphoides  d 'une  lign6e au tochthone ,  p e u v e n t  t ue r  
les cetlules de ce t te  lign6e e t  d ' au t re s  lign6es. Ces inves- 
t iga t ions  peuven t  appor te r  de nouvel les  donn6es sur 
l 'op6rat ion de contr61e immunologique .  
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I m m u n i z a t i o n  a g a i n s t  C o b r a  V e n o m  

Act ive  immun iza t i on  of expe r imen ta l  an imals  agains t  
snake venoms  is hampered  b y  two  fea tures :  first,  t h e  
tox ic i ty  precludes appl ica t ion  of h igh  ini t ial  doses;  second, 
the  main  toxic  principles,  agains t  which i t  is impe ra t i ve  
to ob ta in  high an t i body  ti tres,  are poor  ant igens  because 
of the i r  low molecular  we igh t  1. 

B y  cross-l inking cobra  v e n o m  wi th  g lu ta rd ia ldehyde  
we have  been able to c i r cumven t  bo th  these difficulties.  
The  tox ic i ty  was profoundly  reduced,  whereas  good ant i -  
b o d y  format ion  against  t he  tox ins  was observed.  I t  seems 
possible to  use th is  procedure  for t he  rou t ine  immuniza -  
t ion  of an t i serum-yie ld ing  animals ,  and it  m a y  even be  
adap tab le  to the  ac t ive  immuniza t i on  of humans .  

Naja naja v e n o m  was t rea ted  in t he  fol lowing manner .  
A 2% tox in  solut ion in 0 .1M phospha te  buffer,  p H  6.8, 
was p repared  and 1% g lu ta rd ia ldehyde  solut ion (0.01 ml /  
mg  venom)  was added  under  cons tan t  stirring. The  mix-  
ture  was al lowed to  reac t  for 2 h a t  room t empera tu re .  
Af te r  emuls i fy ing  wi th  an  equa l  v o l u m e  of comple te  
F r e u n d ' s  a d j u v a n t ,  t he  p repara t ions  were i m m e d i a t e l y  
in jec ted  i.m. or  s.c. in to  rabbi ts .  

By  the  t r e a t m e n t  w i th  g lu tard ia ldehyde ,  t he  toxins  
were largely inac t iva ted .  Whereas  all  of 3 in jec ted  rabbi t s  

(3 kg) died af ter  2 mg  genuine v e n o m  (in F reund ' s  ad ju-  
vant ) ,  in the  course of a few hours,  a l l  of 10 an imals  sur- 
v ived  20 mg  cross-l inked venom,  wi thou t  s y m p t o m s  of ad- 
verse  effects. Two rabbi t s  died af ter  40 mg. 

Two rabbi t s  (3 kg) received 10 mg  cross-l inked venom.  
T h e y  were  boosted 3 t imes  wi th  t he  same and  twice  wi th  
the  double  amount .  Af te r  31/, mon ths  venous  blood was 
d rawn f rom the  ear  vessels and the  serum checked by  
aga r - immune  electrophoresis .  Bo th  ant isera  developed 
several  p rec ip i t a t ion  lines agains t  the  componen t s  of 
whole  cobra  venom,  among  t h e m  the  basic  tox ins  (Figure,  
upper  t rough),  as well  as against  pur i f ied  p repara t ions  of 
di rect  lyric  factor  ( D L F  2) and phosphol ipase  A. 

The  tox in-neu t ra l i z ing  po tency  of 1 of the  2 ant isera  
was inves t iga ted  in mice.  The  LDso of t he  genuine v e n o m  
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