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CHAPTER 1



HISTORY

The f i b r i n  e q u il ib r iu m :  f i b r i n  p r o d u c t io n ,  f i b r i n  and 

f i b r i n o l y s i s  h as r e c e n t ly  b een  c o n s id e r e d  t o  b e  in v o lv e d  in  s e v e r a l  

c l i n i c a l l y  im p o rta n t im m u n o lo g ic a l r e a c t i o n s .  In  organ  t r a n s p la n t  

r e j e c t i o n  and g lo m er u lo  n e p h r i t i s  th e  a l t e r a t i o n  in  th e  e q u il ib r iu m  

i s  th o u g h t t o  be se c o n d a r y  t o  th e  im m u n o lo g ic a l i n s u l t .  T h is  t h e s i s  

i s  p r im a r i ly  co n ce rn ed  w ith  th e  a s s o c i a t i o n  b etw een  n e o p la s ia ,  a 

d is t u r b e d  f i b r i n  e q u il ib r iu m  and r e s u l t i n g  im p a ired  im m unity . The 

a s s o c i a t i o n  has b een  r e c o g n is e d  a s  c l i n i c a l l y  r e le v a n t  f o r  a lo n g  

t im e : an e x c e l l e n t  a cc o u n t was g iv e n  by S p a th  (1 8 6 6 ) o f  g a s t r i c  

ca rc in o m a  and v en o u s th r o m b o s is .  The in c id e n c e  o f  n e o p la s ia  i s  h ig h ,  

and f o r  s e v e r a l  tum ours th e  m o r t a l i t y  h a s  n o t  s i g n i f i c a n t l y  ch an ged  

d e s p i t e  im proved  s u r g i c a l  and a n a e s t h e t i c  t e c h n iq u e s ;  any s im p le  

b e n e f i c i a l  change t o  th e  immune sy s te m  may b e c l i n i c a l l y  h ig h ly  

r e l e v a n t .

The h i s t o r y  o f  th e  a s s o c i a t i o n  b etw een  f i b r i n  and n e o p la s ia  

can b e d iv id e d  i n t o  two p a r t s ;  th e  d e s c r ip t i o n  o f  ch a n g es  r e s u l t i n g  

from  c a n c e r o u s  t i s s u e s ,  and d a ta  s u g g e s t in g  an a e t i o l o g i c a l l y  

im p o r ta n t a s s o c i a t i o n  b e tw e en  th e  f i b r i n  e q u il ib r iu m  and n e o p la s ia .

The abnorm al te n d e n c y  t o  d e v e lo p  v en o u s th ro m b o ses in  th e  

tum our la d e n  p a t i e n t  w as r e c o g n is e d  b y  a v a r i e t y  o f  c l i n i c i a n s :  a 

p e r c e p t iv e  a cc o u n t b e in g  by S c h la g e n h a u fe r  (1 9 0 9 ) .  Some o f  t h e s e  

p a t i e n t s  f u l f i l l  th e  c r i t e r i a  o f  th r o m b o p h le b it is  m ig r a n s , w h ich  can  

o c c u r  in  th e  a b sen ce  o f  n e o p la s ia .  W hether a s s o c i a t e d  w ith  tum our o r  

n o t ,  p a t i e n t s  w ith  th r o m b o p h le b it is  m ig ra n s have red u ced  sp o n ta n e o u s  

f i b r i n o l y s i s  w h ich  can b e  im proved  w ith  th e  a d m in is t r a t io n  o f  p h en form in  

and e t h y l o e s t r o l ; in  a s s o c i a t i o n  w ith  su ch  im provem ent t h e i r  c l i n i c a l



c o n d it io n  im p ro v es . F i b r i n o l y s i s  i s  a l s o  abnorm al in  p a t i e n t s  w i t h  

tu m o u rs, t h i s  h a s b e s t  b een  shown in  th e  p e r io p e r a t iv e  p e r io d  when 

p a t i e n t s  w ith  carcin om a te n d  to  h a v e  a red u ced  sp o n ta n e o u s  f i b r i n o l y s i s  

and p o o r  r e s p o n s e  t o  th e  i n s u l t  o f  th e  s u r g e r y :  t h i s  c o r r e l a t e s  l o o s e l y  

b u t n o t  c l i n i c a l l y  u s e f u l l y ,  w ith  th e  in c id e n c e  o f  deep v en o u s  

th r o m b o se s . T h is  d e p r e s s io n  o f  f i b r i n o l y s i s  h a s n o t  y e t  b een  a d e q u a te ly  

e x p la in e d  b u t th e  in c r e a s e d  in c id e n c e  o f  th r o m b o s is  around th e  tum our  

i s  p r o b a b ly  r e la t e d  t o  th e  h ig h  l e v e l  o f  th r o m b o p la s t ic  a c t i v i t y  

i n t r i n s i c  in  some c a n c e r s  (L aw rence e t  a l . ,  1 9 5 2 ) .

The p r o p o s i t io n  t h a t  a changed  f i b r i n  e q u il ib r iu m  can  a f f e c t  

tum our grow th  r e s t s  on s e v e r a l  im p o r ta n t and e a r ly  o b s e r v a t io n s :

A shw orth in  1869 d em o n stra ted  c e l l s  w h ich  ap p eared  s i m i l a r  t o  t h o s e  

in  t h e  p rim ary  tum our in  b lo o d  o b ta in e d  a t  p ostm ortem  e x a m in a t io n .

By s tu d y in g  m é ta s ta s é s  and p r im a ry  tumour Goldman was th e  f i r s t  t o  

s t r e s s  th e  im p o r ta n t o f  v en o u s in v a s io n  by m a lig n a n t c e l l s  and S ch m id t  

in  a s e r i e s  o f  p e r c e p t iv e  o b s e r v a t io n s  d e s c r ib e d  th e  fr e q u e n c y  o f  

tumour e m b o li and n o te d  t h a t  many w ere su rro u n d ed  b y  th rom bu s. Of th e  

em b o li s e v e r a l  ap p ea red  q u ie s c e n t ,  s e v e r a l  w ere in  m i t o s e s ,  b u t some 

w ere in  r e g r e s s io n .  He p ro p o sed  t h a t  th e r e  had b een  in t r a v a s c u la r  

d e s t r u c t io n  by a th r o m b o tic  p r o c e s s  b u t w ith  th e  a s s i s t a n c e  o f  

l e u c o c y t e  a c t i v i t y .  O th ers  d e v e lo p e d  t h i s  id e a  (L ev in  & S i t t e n f i e l d  

19 1 1 ) t o  in c lu d e  b lo o d  p la sm a  i n h i b i t o r y  s u b s ta n c e s .  Tedenuma (1 9 2 3 )  

in  e x p e r im e n ts  on fo w l sarcom a, fou n d  t h a t  w h i le  t h i s  tum our r a r e ly  

p ro d u ced  m é ta s ta s é s  u nder norm al c o n d i t io n s ,  m é ta s ta s é s  a p p ea red  

f r e q u e n t ly  i f  th e  tum our b urd en ed  fo w l was r e p e a t e d ly  b le d ;  he  

a t t r ib u t e d  t h i s  t o  th e  l o s s  o f  some d e f e n s iv e  a g e n t in  th e  b lo o d .



U n fo r tu n a te ly  th e  e x p e r im e n ta l  w ork ers who a d v o c a te d  t h i s  

v ie w  ig n o r e d  o th e r  l e s s  h y p o t h e t ic a l  f a c t o r s .  The o ld e r  m ethods o f  

p r e p a r a t io n  o f  tum our e m u ls io n s  e n t a i l e d  l e t h a l  traum a t o  much o f  

t h e  tum our and W eil show ed th a t  s e v e r a l  e a r ly  r e s u l t s  (s u c h  a s  L ev in  

& S i t t e n f i e l d  o b ta in e d )  w ere l i k e l y  to  h ave r e s u l t e d  from  th e  

te c h n iq u e  o f  p r e p a r a t io n .  In  th e  e x p e r im e n ts  o f  Tadenuma th e  r e p e a te d  

b le e d in g  o f  a n im a ls  was a d r a s t i c  p ro ce d u re  p r o v o k in g  r e p e r c u s s io n s  

in  o t h e r  t i s s u e s  some o f  w h ich  c o u ld  h ave b een  r e s p o n s ib le  fo r  

augm ented  m e t a s t a s i s .  C e r t a in ly  t h e s e  c o n s id e r a t io n s  prompt c a u t io n  

b e fo r e  a t t r i b u t i n g  in t r a v a s c u la r  d e g e n e r a t io n  to  any s p e c i f i c  a n t i -  

c a n c e r o u s  q u a l i t y  r e s id i n g  in  b lo o d  c l o t .  F u r th e r  d evelop m en t o f  

id e a s  a b o u t th e  f a t e  o f  in t r a v a s c u la r  m é ta s ta s é s  a w a ite d  th e  d ev e lo p m en t  

o f  th e  r a b b it  e a r  chamber and h ig h  m a g n i f i c a t io n ,  h ig h  r e s o l u t i o n ,  

c in e m io r o g r a p h ic  in  v iv o  a n a ly s i s  o f  c a n c e r  c e l l  e n d o t h e l i a l  s u r f a c e  

i n t e r a c t i o n  (Wood 1 9 5 8 ) .  T here i s  a prom pt, f ir m  d ir e c t  a tta ch m en t  

o f  tum our c e l l s  t o  v a s c u la r  e n d o th e liu m  o f  p o s t c a p i l l a r y  v e n u le s .  A 

b lo o d  c l o t  i s  form ed around th e  c a n c e r  c e l l s :  t h e s e  move th ro u g h  

e n d o t h e l i a l  d e f e c t s  in t o  th e  p e r iv a s c u la r  c o n n e c t iv e  t i s s u e  w here th e y  

p r o l i f e r a t e .  L o o s e ly  a t ta c h e d  tum our c e l l s  a p p a r e n t ly  d i e .  I n c r e a s e d  

f i b r i n  p r o d u c t io n  o r  p l a t e l e t  s t i c k i n e s s  en h a n ces  m e t a s t a s i s  fo r m a tio n  

w h erea s  f a c t o r s  p r o d u c in g  p l a t e l e t  d y s f u n c t io n ,  th rom bocytop  e n i a , o r  

f i b r i n o l y s i s  d e c r e a s e  m é t a s t a s é s .

H ep arin  and W a rfa r in , th e  two c l a s s i c a l  a n t i c o a g u la n t s ,  h a v e  

b een  shown t o  red u ce  m e t a s t a s i s  fo r m a tio n . H ep arin  i s  p rod u ced  by  

m ast c e l l s  and p r o b a b ly  by o th e r  c e l l s  o f  th e  r e t i c u l o e n d o t h e l i a l  

sy s te ln  and i s  a s u lp h a te d  p o ly - s a c c h a r id e .  I t  h a s b een  shown t o  h a v e  

d i r e c t  e f f e c t s  upon norm al and n e o p l a s t i c  c e l l s  b y  i n h i b i t i n g  m i t o s i s  

(K u d r ja s h o v e ta l  1969) p r o b a b ly  by p r e v e n t in g  th e  c y to p la sm  g e l a t i o n



S t a t e  w h ich  o c c u r s  p r io r  t o  m etap h ase (H e ilb ru n n  & W ilso n  1 9 4 9 ) .

The a n io n ic  c h a r a c te r  o f  H ep arin  may be o f  im p o rta n ce  in  p r e v e n t in g  

a tta ch m en t o f  tum our c e l l s  t o  th e  en d o th e liu m  by e l e c t r o s t a t i c  f o r c e s .  

U n fo r t u n a te ly ,  t h i s  same h y p o t h e s is  c o u ld  b e e x te n d e d  t o  s u g g e s t  t h a t  

a d h e s iv e  f o r c e s  b etw een  c e l l s  i s  d e c r e a s e d  p r o d u c in g  an en h an ced  

r e l e a s e  o f  tum our em b o li i n t o  th e  c i r c u l a t i o n  (Hagmar & B oeryd  1 9 6 8 ) .  

W a rfa rin  u n c o u p le s  p h o s p h o r y la t io n  w h ich  i n t e r f e r e s  w ith  c e l l u l a r  

m e ta b o lism  and h en ce  m i t o s i s ,  and in d e e d  may b e  c y t o t o x i c  ( L i s n e l l  

& M e llg r e n  1 9 6 3 ) .  C e r ta in ly  movement o f  tum our c e l l s  i s  r ed u ced  by  

e x h i b i t io n  o f  W arfarin  (T h orn es e t  a l . ,  1 9 6 8 ) .  W ith  s m a ll  d o s e s  o f  

IV tum our in  th e  e x p e r im e n ta l  an im al b o th  H ep a rin  and W a rfa rin  r e d u c e  

th e  in c id e n c e  o f  m e t a s t a s i s  in  th e  f i r s t  c a p i l l a r y  b ed  (T h o rn es e t  a l .  , 

1 9 6 8 ) . T h is  e f f e c t  was l o s t  in  l a r g e r  d o se s  o f  tum our. S p o n ta n eo u s  

m e t a s t a s i s  from  a grow in g  tum our w ere n o t  in f lu e n c e d  by  H ep arin  th e r a p y  

a lth o u g h  some e x p e r im e n ts  s u g g e s te d  an in c r e a s e d  number o f  m é t a s t a s é s .  

W a rfa rin  th er a p y  d e c r e a s e d  m e t a s t a s i s  fo r m a tio n  and red u ced  th e  grow th  

r a t e  o f  some p rim ary  tu m ou rs. Some o f  t h e s e  o b s e r v a t io n s  may b e  due  

t o  an en h an ced  immune r e s p o n s e ;  t h i s  w as s u g g e s t e d  b y  th e  e x p e r im e n t  

o f  K ir ic u t e  e t  a l  (1 9 7 3 ) :  th e  in c id e n c e  o f  m é t a s t a s é s  in  fo u r  

e x p e r im e n ta l  an im al g ro u p s w ere 83% in  c o n t r o l s ,  r e t i c u l o  e n d o t h e l i a l  

(RE) n o n s p e c i f i c  s t im u la t io n  76%, H ep arin  47% and RE s t im u la t io n  w ith  

H ep arin  28%. Even w ith  t h e s e  r e s u l t s  th e  s u g g e s t e d  mode o f  a c t io n  o f  

H ep arin  was by p r e v e n t in g  a d h e s io n  o f  tumour c e l l s  t o  th e  v a s c u la r  

e n d o th e liu m .

U n d o u b ted ly  H ep a r in , and t o  a l e s s e r  e x t e n t .  W a rfa rin  h a s  a 

known in f lu e n c e  on th e  immune sy s te m . H ep arin  h a s  an a n ti-c o m p le m e n t  

a c t i v i t y ,  p ro b a b ly  due t o  a n io n ic  i n h i b i t i o n  o f  th e  e s t e r a s e s  in  t h i s  

enzym e c a sc a d e ;  i t  p o s s e s s e s  an a n t i- in f la m m a to r y  a c t i v i t y  on l o c a l  o r



s y s t e m ic  a d m in is t r a t io n ,  su p p o s e d ly  b e n e f i t i n g  asth m a, lu p u s  

e r y th e m a to s u s , a l l e r g i c  th r o m b o -c y to p a e n ia , h a e m o ly t ic  an aem ia , 

d e r m a t i t i s  h e r p e t i f o r m is ,  exzem a, rh eu m ato id  a r t h r i t i s ,  a l l e r g i c  

g lo m e r u la r  n e p h r i t i s  and i r i t i s .  S e v e r a l  o f  t h e s e  d i s e a s e s  a re  

th o u g h t t o  have an im m u n o lo g ica l a e t io l o g y .  W arfarin  th e r a p y  in c r e a s e s  

p o ly m o rp h o n u c lea r  l e u c o c y t e ,  and l a t e r  m acrophage, c o n g r e g a t io n  around  

th e  n eo p la sm , th ou gh  lym p h ocyte  a c t i v i t y  i s  s u p p r e s s e d . S im i la r ly  

s k in  r e a c t io n s  f o r  d e la y e d  h y p e r s e n s i t i v i t y  a re  red u ced  and show  

red u ced  num bers o f  i n f i l t r a t i n g  c e l l s .

T hornes and co -w o rk ers  u sed  a p r o te a s e  d e r iv e d  from  A s p e r g i l lu s  

o r y z a e  In  th e  tr e a tm e n t  o f  c a n c e r  and leu k a e m ia ; t h i s  had a d i r e c t  

p r o t e o l y t i c  a c t io n  b u t a l s o  red u ced  th e  c o n c e n t r a t io n  o f  p la sm in  and 

t r y p s in  i n h i b i t o r s  p r e s e n t  in  th e  p la sm a . In  p a t i e n t s  w ith  le u k a e m ia ,  

i f  a n t ip la s m in  l e v e l s  w ere red u ced  t o  l e s s  th an  50% o f  n o rm a l, 

le u k a e m ic  c e l l s  w ere k i l l e d  in  v iv o .  T h is  d id  n o t  o cc u r  i f  B r ln a s e  

w ere added in  v i t r o .  S ix  c a s e s  g iv e n  d a i l y  B r in a se  f o r  1 0  t o  30 d ays  

d e v e lo p e d  co m p lem en t-d ep en d en t a u t o c y t o t o x ic  a n t ib o d ie s  t o  ly m p h o c y te s  

and leu k a e m ic  c e l l s .  R ep ea ted  th e r a p y  r e q u ir e d  th e  same number o f  

d a y s  t o  rep ro d u ce  th e  a u t o c y t o t o x i c i t y .  By c h a n c e , a p a t i e n t  w i t h  

ca rc in o m a  o f  th e  lu n g  was g iv e n  B r in a s e  on th e  same day a s  th e  s k in  

t e s t s  w ere r e p e a te d  to  t e s t  f o r  d e la y e d  h y p e r s e n s i t i v i t y .  He w as 

p r e v io u s ly  a n e r g ic ,  b u t d e v e lo p e d  s t r o n g ly  p o s i t i v e  r e a c t io n s  t o  PPD, 

s t r e p t o k in a s e /d o r n a s e ,  and p h y to h a e m a g lu t t in n in  (PHA). T h is  f in d in g  

was r e p l i c a t e d  in  a fu r t h e r  fo u r  p a t i e n t s ,  p r e v io u s ly  a n e r g ic .  E a r ly  

work w as p erform ed  on c e l l u l a r  immune r e a c t io n s  and f i b r i n o l y s i s .  T 

ly m p h o cy te  num bers w ere a s s e s s e d  in  v a r io u s  p a t i e n t s  and fou n d  t o  be  

c o r r e la t e d  w ith  a n t ip la s m in  l e v e l s .  B r in a s e  tr e a tm e n t  o f  a n e r g ic  

i n d i v i d u a l s  in c r e a s e d  th e  T lym p h ocyte  r e s p o n s e  by 50-150% .



S t r e p t o k in a s e  in  tw en ty  p a t i e n t s  s i m i l a r l y  in c r e a s e d  T c e l l  co u n t  

( i n  19 o u t  o f  2 0 ) .  B r in a se  h a s  a l s o  b een  found  to  a f f e c t  l e u c o c y t e  

m o t i l i t y ;  f o l lo w in g  B r in a se  in f u s io n  m ig r a t io n  o f  l e u c o c y t e s  in c r e a s e d  

by ab ou t 80%. C l i n i c a l l y  t h e s e  e f f e c t s  have b een  a s s e s s e d  in  th e  

B ow el Tumour S tu dy; p a t i e n t s  u n d er g o in g  r e s e c t io n  f o r  ca rc in o m a  o f  

th e  la r g e  b ow el w ere d iv id e d  i n t o  e i t h e r  o f  two g r o u p s , p la c e b o  o r  

a c t i v e .  The l a t t e r  w ere g iv e n  p e r io p e r a t iv e  s t r e p t o k i n a s e ,  s u f f i c i e n t  

t o  en h a n ce  f i b r i n o l y s i s ;  so  f a r  th e  r e s u l t s  a re  s u g g e s t iv e  o f  p r o lo n g e d  

s u r v i v a l  (5  y e a r  s u r v iv a l  61% in  s t r e p t o k in a s e  t r e a t e d ,  29% in  p la c e b o ) .  

The s i t e  o f  a c t io n  o f  t h i s  e f f e c t  h a s  b een  p o s t u la t e d  t o  b e  e i t h e r  

com plem ent a c t i v a t i o n ,  m acrophage ly s o s o m a l a c t i v a t i o n  o r  by rem ovin g  

b lo c k in g  s u b s ta n c e s  from ab out e i t h e r  t a r g e t  c e l l  o r  m acrop h age-  

ly m p h o c y te .

F ib r in  p r e v e n t in g  d r u g s , and f i b r i n o l y t i c  a g e n ts  h a v e  b o th  

b een  o f  c l i n i c a l  u s e ,  a lth o u g h  i f  more w ere known o f  t h e i r  mode o f  

a c t io n  drug a d m in is tr a t io n  and t im in g  may b e  more l o g i c a l ,  and 

e f f e c t i v e .

T here a r e ,  m oreover , o t h e r  r e a s o n s  t o  assum e a c o n n e c t io n  

b etw e en  f i b r i n  e q u il ib r iu m  and th e  immune sy s te m ; c o a g u la t io n  and 

f i b r i n o l y s i s  sh a r e  common s e r in e  p r o te a s e  enzym es and zym ogens w i t h  

th e  com plem ent c a s c a d e , and w ith  th e  K a il k ir e i n  sy s te m  (F ig u r e  1 . ) .

I t  i s  th o u g h t t h a t  Hageman f a c t o r  X II i n i t i a t e s  n o t  o n ly  th e  

i n t r i n s i c  c l o t t i n g  r e a c t io n  t o  f o r e ig n  s u r f a c e s  b u t a l s o  K in in -  

fo r m in g  and f i b r i n o l y t i c  r e s p o n s e ;  and h en ce  th e  com plem ent sy s te m  

(D o n a ld so n  1 9 6 8 ) . T h is  f a c t o r  was d em o n stra ted  by i t s  a b se n c e  

C R atnoff & (k>lopy 19551 in  a p a t i e n t  w ith  a g r e a t l y  p r o lo n g e d  c l o t t i n g  

t im e  in  v i t r o .  To in d u c e  c l o t t i n g ,  a c t iv a t io n  o f  X II a l lo w s  an
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a m p l i f i c a t io n  c a sc a d e  o f  p roenzym e-enzym e tr a n s fo r m a t io n s .  C o n ta c t  

w ith  s u r f a c e s  t h a t  a c t iv a t e  X II p rom otes f i b r i n o l y t i c  a c t i v i t y  in  

p lasm a ( S o u l i e r  & P r o n -W a r te lle  1959) w h ich  d o es  n o t  o c c u r  in  Hageman 

t r a i t  p la sm a . I t  a p p ea rs  t h a t  X l la  p r o b a b ly  a c t s  s i m i l a r l y  t o  

s t r e p t o k in a s e  by p ro d u c in g  a com plex  w ith  a p la sm in o g en  p r e c u r s o r .  

R a tn o ft  (1 9 6 6 ) w as u n a b le  to  co n firm  th e  a c t i v a t i n g  e f f e c t  on  

f i b r i n o l y s i s  a lth o u g h  t h i s  may h ave b een  due t o  d i f f e r e n t  e x p e r im e n ta l  

c o n d i t io n s .  The a c t iv a t io n  o f  th e  i n t r i n s i c  p lasm a K in in  fo rm in g  

enzym es by g l a s s  was d e s c r ib e d  by A rm strong e t  a l . , (1 9 5 4 ) and M a r g o lis  

(1 9 5 7 ) d em o n stra ted  th a t  t h i s  was d ep en d en t upon X l l - X I I a .

D on aldson  (1 9 6 8 ) r e p o r te d  t h a t  a c t i v e  X II can  c o n v e r t  C ' l  

t o  th e  a c t iv e  C  e s t e r a s e  , a g l o b u l i n .  The a c t i v a t i o n ,

b u t n o t  th e  a c t i v i t y  o f  C  e s t e r a s e  i s  i n h i b i t e d  by so y b ea n  t y p s in  

i n h i b i t o r ,  H ep a r in , and th e  p r o t e o l y t i c  i n h i b i t o r  from  b o v in e  lu n g .

The r e s u l t s  s u g g e s t  t h a t  XII d o es  n o t  a c t i v a t e  C 'l  d i r e c t l y  b u t  

th ro u g h  t r ig g e r i n g  th e  f i b r i n o l y t i c  and K in in  fo rm in g  r e a c t i o n s  in  

p la sm a . P la sm in  a c t i v a t e s  C ' l  (R a tn o f t  & N a ft  1 967) a s  may K a l l i k r e i n .  

T h is  c e n t r a l  lo c u s  o f  a c t io n  i s  im p r e s s iv e  and e n s u r e s  h y p o th e s e s  

ab ou t i n h i b i t o r s  o f  X lla ;  p o s s ib l y  a s  X l l - i n h i b i t o r  co m p lex , th e  

i n h i b i t o r  b e in g  a b so rb ed  o n to  f o r e ig n  s u r f a c e s  in  o r d e r  t o  a c t i v a t e  

XI I .  U n fo r tu n a te ly  d e s p i t e  t h i s  e le g a n t  c o n c e p t  p e o p le  who a r e  X II  

d e f i c i e n t  a re  n o t  h a n d ica p p ed  in  any undue way; th e y  b le e d  t o  e x c e s s  

b u t s l i g h t l y ;  and r e a c t  a d e q u a te ly  to  i n j u r y ,  m ic r o b ia l  a t t a c k ,  

im m u n o lo g ic a l c h a l le n g e  o r  m e c h a n ic a l i r r i t a t i o n .

Work p erform ed  in  a number o f  l a b o r a t o r i e s  h a s l e d  r e c e n t l y  

t o  th e  r e c o g n it io n  o f  th e  a l t e r n a t i v e  pathw ay o f  com plem ent a c t i v a t i o n ;  

o p e r a t iv e  in  th e  a b sen ce  o f  immune a n t ib o d ie s  and o f  th e  e a r ly  a c t in g



com ponents C l,  C2, C4 (G ewurz, S h in  & N ergen h agen  1 9 6 8 ) . T hese  

o b s e r v a t io n s  a re  now l in k e d  t o  th e  p r o p e r d in  sy s te m . T h is  can  b e  

d e f in e d  a s  t h a t  group o f  p r o t e in s  w h ich  in  th e  a b sen ce  o f  c l a s s i c a l  

C com ponents C l, C2 and C4 w i l l  m e d ia te  th e  p r o t e o l y t i c  a c t i v a t i o n  

o f  C3 and C5 when serum  i s  in c u b a te d  w ith  v a r io u s  p o ly s a c c h a r id e s  

and l ip o p o ly s a c c h a r id e s .  T hese s u b s ta n c e s  in c lu d e  e n d o to x in s ,  y e a s t  

c e l l  w a l l s ,  a g a r , d ex tr a n  and p o ly a n io n ic  s u b s ta n c e s .  The a c t i v a t i o n  

o f  C3 and C5 r e s u l t s  in  th e  g e n e r a t io n  o f  b i o l o g i c a l  a c t i v i t i e s  

a s s o c ia t e d  w ith  th e  s m a ll  fra g m en ts  o f  C3 and C5 C a n a p h y la to x in s  C3a 

and C5a) th e  c h e m o ta c t lc  C5b67 com plex  and p o t e n t i a l l y  c y t o l y t i c  

C5b6789 com p lex .

The p o ly s a c c h a r id e s  and p o ly a n io n ic  s u b s ta n c e s  ( f o r  e x a m p le , 

d e x tr a n )  w h ich  can a c t i v a t e  th e  a l t e r n a t i v e  pathw ay a re  a l s o  a n t i 

c o a g u la n t s .  The a l t e r n a t i v e  pathw ay i s  d ep en d en t on t h i s  a c t i v a t i o n  

o f  C3 (F ig u r e  I I ) .  T here i s  d ep en dence on a p o s i t i v e  fe e d b a c k  

m echanism  th ro u g h  th e  req u irem en t o f  C3b f o r  th e  a c t i v a t i o n  o f  

C3PA t o  C3 a and th e  e f f i c i e n t  c le a r a g e  o f  C3 by  C3A. Thus a p r o d u c t  

o f  th e  r e a c t io n  i s  n o t  o n ly  I n d is p e n s a b le  a s  a c o - f a c t o r  f o r  th e  

a c t i v a t i o n  o f  th e  enzym e w h ich  d r iv e s  t h e  r e a c t i o n ,  b u t I s  a l s o  

v i t a l  f o r  th e  e f f e c t i v e  fu n c t io n in g  o f  t h i s .  T hese f u n c t io n s  o f  C3b 

a re  c o n t r o l l e d  by C3bINA w h ich  c l e a v e s  C3b i n t o  2 I n a c t i v e  fr a g m e n ts  

C3c and C3d.

The b i o l o g i c a l  Im p ortan ce o f  th e  C3b d ep en d en t fe e d b a c k  

m echanism  i s  i l l u s t r a t e d  by th e  f a c t  t h a t  C3b r e g a r d le s s  o f  tk e  mode 

o f  fo r m a tio n  can s w it c h  on th e  sy s te m  and r e c r u i t  th e  b i o l o g i c a l  

a c t i v i t i e s  a s s o c ia t e d  w ith  a c t iv a t io n  o f  C3-C9. T r y p s in , th ro m b in , 

p la sm in  and ly s o s o m a l p r o t e a s e s  can  c le a v e  C3, w h ich  e m p h a s ise s  th e
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c o n fu s in g  in t e r p l a y  o f  in f lu e n c e s  in v o lv in g  f i b r i n  and com plem ent.

T here rem a in s t o  c o n s id e r  a fu r t h e r  c o m p lic a t io n  t o  t h i s

c o n fu se d  s c e n e :  w h e th er  p la sm in  i s  th e  o n ly ,  o r  ev en  th e  m ost

im p o r ta n t , f i b r i n o l y t i c  a g en t p r e s e n t  in  b lo o d . Moroz & Gilmorg,^

125em p lo y in g  an e x a c t  a s s a y  o f  f i b r i n o l y t i c  a c t i v i t y  u s in g  I 

f i b r i n  a b so rb ed  o n to  p o ly s t y r e n e  tu b e s  h ave shown c o n v in c in g  

e v id e n c e  t h a t  sp o n ta n e o u s  f i b r i n o l y s i s  i s  o n ly  s l i g h t l y  r e la t e d  t o  

p la sm in  p r o d u c t io n , w h ereas i t  a p p ea rs f a r  more r e la t e d  t o  com plem ent 

a c t i v i t y .  A g e n ts  p ro d u c in g  com plem ent a c t iv a t io n  w ere j u s t  as  

a c t iv e  a t  e n h a n c in g  f i b r i n o l y s i s  as w ere p la sm in o g en  a c t i v a t o r s .

I t  i s  n o t  s u r p r i s in g  th a t  changed  f i b r i n o l y s i s  c o u ld  be th o u g h t t o  

have r e le v a n c e  in  im m unity i f  f i b r i n o l y s i s  and com plem ent -  a t  

l e a s t  p a r t i a l l y  -  sh a r e  th e  same p r o t e o l y t i c  c a s c a d e .

The l a s t  p rob lem  in  r e la t i o n s h i p  to  th e  t h e s i s  i s  t h a t  o f  

t i s s u e  p la sm in o g e n  a c t iv a t o r s  and t i s s u e  p r o t e a s e s .  M acrophages  

and p o ly m o rp h o n u c lea r  le u c o c y t e s  a r e  c a p a b le  o f  b e in g  s t im u la t e d  

t o  r e l e a s e  p la sm in o g e n  a c t iv a t o r .  F or ex a m p le , U n k e le s s ,  Gordon  

& R e ic h  (1 9 7 4 ) fou n d  th a t  f o l lo w in g  th e  i n t r a p e r i t o n e a l  i n j e c t i o n  

o f  t h i o g l y c o l l a t e  (an  i r r i t a n t )  th e  a b i l i t y  t o  l y s e  f i b r i n  was 

in c r e a s e d  a h undred  f o l d .  A s im i l a r  phenomenon was found  f o l lo w in g  

th e  i n j e c t i o n  o f  BCG. I t  h a s  been  s u g g e s te d  t h a t  en h an ced  

p r o t e o l y s i s  may p ro v o k e  n e o p la s t i c  tr a n s fo r m a t io n . M ost m a lig n a n t  

c e l l  l i n e s  d e r iv e d  by tr a n s fo r m a tio n  u s in g  e i t h e r  o n c o g e n ic  v i r u s e s  

o r  c h e m ic a l c a r c in o g e n s  d em o n stra te  s i g n i f i c a n t l y  in c r e a s e d  l e v e l s  

o f  p la sm in o g en  a c t iv a t o r  th an  when com pared t o  t h e i r  norm al c o u n te r 

p a r t ,  (U n k e le s s  e t  a l . ,  1 9 7 3 ).
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An e a r ly  e v e n t  a s s o c ia t e d  w ith  m a lig n a n t tr a n s fo r m a t io n  i s  

th e  p r o d u c t io n  o f  p la sm in o g en  a c t iv a t o r  ( R if k in  & B a d er , c i t e d  by  

C h ristm a n , A c s, S i l a g i  & S i l v e r s t e i n  19 78 ) :  tu m o u r ig e n ic i ty  and 

p la sm in o g en  a c t iv a t o r  d is a p p e a r  c o n c u r r e n t ly  when mouse melanoma 

c e l l s  a re  grown in  BrdU, r e a p p e a r in g  when th e  drug i s  rem oved; 

t r y p s in  a p p lie d  t o  c e l l  f r e e  n u c le a r  fr a g m en ts  in c r e a s e  th e  a c t i v i t y  

o f  DNA p o ly m e r a se  and DNA m é th y la t io n . P la sm in o g en  a c t iv a t o r  w i t h in  

tr a n sfo r m e d  c e l l s  c o u ld  s e r v e  a r e g u la to r y  fu n c t io n  w h ereas th e  

p r o d u c t io n  o f  p la sm in  in  th e  su rro u n d in g  medium a f f o r d s  th e  n e o p l a s t i c  

c e l l  a m echanism  f o r  ch a n g in g  i t s  ch e m ic a l m i l i e u :  p r o t e a s e s  r e l e a s e  

c h ic k  em bryo f i b r o b l a s t s  from  c o n ta c t  i n h i b i t i o n ,  s t im u la t in g  c e l l  

d i v i s i o n  and d e o x y g lu c o s e  t r a n s p o r t  (S e f to n  & R ubin 1 9 7 0 ) .

T here a p p ea red , t h e r e f o r e ,  t o  b e s u f f i c i e n t  e v id e n c e  t o  s u g g e s t  

a p o s s i b l e  c o n n e c t io n  b etw een  im m unity and th e  f i b r i n  e q u il ib r iu m .

I f  t h i s  w ere  b e t t e r  d e f in e d  i t  m igh t be p o s s i b l e  t o  a l t e r  th e  immune 

r e s p o n s e  by m a n ip u la t io n  o f  th e  e q u il ib r iu m . T h is  w ould  o f  c o u r s e  

n o t  o n ly  b e  o f  i n t e r e s t  in  th e  f i e l d  o f  n e o p la s ia ,  b u t a l s o  in  o t h e r  

a r e a s ,  e s p e c i a l l y  w here a b n o r m a lit ie s  o f  th e  f i b r i n  e q u il ib r iu m  

o c c u r : t r a n s p la n t  r e j e c t i o n ,  g lo m eru lo  n e p h r i t i s .

O b v io u s ly ,  th e r e  a r e  p rob lem s a s s o c ia t e d  w ith  th e  known 

e x p e r im e n ta l  f in d in g s :  dampened d e la y e d  h y p e r s e n s i t i v i t y  due t o  

W arfarin  o r  H ep a rin ; p o s s i b l e  n e o p la s t i c  r i s k  w ith  p la sm in  in d u c e r s .  

T h ese l i m i t  c l i n i c a l  a p p l i c a t io n  a t  th e  moment.

The aim o f  t h i s  work was t h e r e f o r e  t o  e x p lo r e  th e  p o s s i b i l i t y  

o f  an a l t e r a t i o n  in  im m unity due t o  ch an ged  f i b r i n  e q u il ib r iu m  

em p lo y in g  tw o common t e s t s  o f  i n  v i t r o  c e l l u l a r  im m unity: th e
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l e u c o c y t e  m ig r a t io n  (LMT) and th e  a b i l i t y  o f  ly m p h o c y tes  t o  

in c o r p o r a te  th y m id in e  d u r in g  tr a n s fo r m a t io n  t o  ly m p h o b la s ts .  I 

th e n  u sed  t h e s e  t o  d e te rm in e  th e  e f f e c t s  o f  th r e e  c l a s s e s  o f  

d ru g s: a n t i c o a g u la n t s ,  su ch  a s  W arfarin  and H ep arin ; p r o t e a s e  

f i b r i n o l y t i c  a g e n ts  s t r e p t o k in a s e  and p la sm in  and th e  f i b r i n o l y t i c  

a n t a g o n is t s  e p s i l o n  amino c a p r o ic  a c id  (EACA) and A p r o t in in .

I s h a l l  d e s c r ib e  t h e s e  t e s t s  o f  i n  v i t r o  c e l l u l a r  im m u n ity , 

t h e i r  p ro b lem s and t h e i r  v a l i d i t y  in  th e  f o l lo w in g  c h a p te r .



CHAPTER 2
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LEUCOCYTE MIGRATION TEST (LMT)

In t h e  l a t e  1 9 th  ce n tu r y  i t  was r e a l i s e d  t h a t  l e u c o c y t e s  w ere  

in v o lv e d  in  th e  in fla m m a to ry  r e s p o n s e ,  L eb er  in  1888 th o u g h t t h a t  a 

b a c t e r i a l  p r o d u c t " P h lo g o s in "  was r e le a s e d  from  an a re a  o f  in f la m m a tio n  

w h ich  was c h e m o ta c t ic  f o r  l e u c o c y t e s .  M a ssa rt & B a rd et in  1891  

s u g g e s te d  t h a t  l e u c o c y t e s  w ere a s o u r c e  o f  en d o g en o u s c h e m o ta c t ic  

a g e n t s .

The d ev e lo p m en t o f  an in  v i t r o  t e s t  em p lo y in g  th e s e  id e a s  

r e s t s  on th e  d e s c r i p t i o n s  by R ich  & L ew is in  1932 o f  a n t ig e n  in d u c e d  

i n h i b i t i o n  o f  c e l l  m ig r a t io n  from  s e n s i t i s e d  t i s s u e  e x p la n t s  in  

v i t r o .  G eorge & Vaughan (1 9 6 2 )  u t i l i s e d  t h i s  by p a c k in g  g u in e a  p ig  

p e r i t o n e a l  A m trophages in t o  c a p i l l a r y  t u b e s .  They s t u d ie d  th e  

m ig r a t io n  o f  th e  c e l l s  from th e  tu b e s  and th e  i n h i b i t i o n  o f  

m ig r a t io n  t o  a n t ig e n  ( p a r t i c u l a r l y  PPD). T h is  gave a v e r s a t i l e  t e s t  

w h ich  was q u a n t i t a t i v e ,  and was fou n d  t o  be a r e l i a b l e  t e s t  o f  

c e l l u l a r  im m unity in  th e  g u in e a  p ig .

C a r p e n te r  (1 9 6 3 ) show ed^the m ig r a t in g  c e l l s  i n h i b i t e d  by  

a n t ig e n  was th e  m acrop hage. T ak in g  a d v a n ta g e  o f  th e  f a c t  th a t  

p e r i t o n e a l  e x u d a te s  o f  g u in e a  p ig s  a r e  ab ou t 75% m acrop hages and  

15% ly m p h o c y te s , Bloom  & B en n e tt in  1966  s e p a r a te d  t h e s e  c e l l  t y p e s ,  

and show ed t h a t  a n t ig e n  in d u ced  i n h i b i t i o n  was d ep en d an t upon a 

m ix tu r e  o f  b o th  ly m p h o c y te s  and m a cro p h a g es. M acrophages o f  

s e n s i t i s e d  a n im a ls  w ere n o t i n h i b i t e d  by a n t ig e n  a lo n e .  T h is  

d em o n stra ted  th a t  an in t e r m e d ia t e  s t e p  in v o lv in g  ly m p h o cy te  a n t ig e n  

r e a c t io n  w as n e c e s s a r y  w ith  th e  p r o d u c t io n  o f  a s o l u b l e  p r o d u c t . T h is  

was co n fir m e d  by a l lo w in g  norm al e x u d a te  c e l l s  t o  m ig r a te  in  cham bers
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f i l l e d  w ith  c e l l  f r e e  s u p e r n a ta n ts  o f  s e n s i t i s e d  ly m p h o c y te s . C le a r  

i n h i b i t i o n  o f  m ig r a t io n  was o b ta in e d . I d e n t i c a l  r e s u l t s  w ere o b ta in e d  

by D av id  (1 9 6 6 ) when s tu d y in g  th e  m ig r a t io n  o f  norm al p e r i t o n e a l  

e x u d a te  c e l l s .

T h ese  f i n d i n g s ,  im p o r ta n t f o r  im m u n o lo g ica l t h e o lo g y ,  becam e  

exp an d ed  by th e  id e a  th a t  a n t ig e n - ly m p h o c y te  r e a c t io n  c o u ld  p ro d u ce  

a w id e  a r r a y  o f  p r o d u c ts  b i o l o g i c a l l y  a c t iv e  b u t n o t  a n t ib o d ie s  

(term ed  ly m p h o k in es  by Dumonde e t  a l  1 9 6 9 ) . Many phenom ena h ave  

b een  d e s c r ib e d  in  a s s o c i a t i o n  w ith  a c t iv a t e d  ly m p h o c y te s  -  th e  t a b l e  

l i s t s  o n ly  some o f  th e  ly m p h o k in es t h a t  have b een  d e s c r ib e d .  None 

h ave b een  i d e n t i f i e d  c h e m ic a l ly  and t h e r e f o r e  can  o n ly  be c l a s s e d  in  

term s o f  b i o l o g i c a l  a c t i v i t i e s .  T h e ir  names and num bers r e f l e c t  th e  

a s s a y  s y s te m s  and th e  d i f f e r i n g  a c t i v i t i e s  c o u ld  r e p r e s e n t  one  

m o le c u la r  e n t i t y  o r  many. Lymphokine p r o d u c t io n  can  b e d e t e c t e d  e a r ly  

in  th e  a c t i v a t i o n  c y c l e  (G I p h a s e ) .  I t  s t o p s  when th e  c e l l  s t a r t s  t o  

p r e p a r e  t o  d iv id e  by r e p l i c a t i n g  n u c le i c  a c id s  (S p h a se ) when b l a s t i c  

tr a n s fo r m a t io n  o c c u r s .  L e u c o c y te  i n h i b i t i o n  f a c t o r  CLIF) i s  th e  

ly m p h o k in e  d e t e c t e d  in  th e  le u c o c y t e  m ig r a t io n  t e s t  (LMT) f i r s t  

d e s c r ib e d  by S 0b org  & B en d ix en  (1 9 6 7 ) .  By u s in g  p e r ip h e r a l  b lo o d  

l e u c o c y t e s  p a ck ed  i n t o  a c a p i l l a r y  tu b e  and com paring  th e  m ig r a t io n  

i n t o  medium o r  a n t ig e n  th e y  c o u ld  d e t e c t  l e u c o c y t e  i n h i b i t i o n .  They 

w ere a b le  t o  d e m o n stra te  c o r r e l a t i o n  b etw een  th e  r e s u l t s  o f  s k in  

t e s t i n g  and le u c o c y t e  i n h i b i t i o n  t o  b r u c e l la  a n t ig e n  and l a t e r  a p p l ie d  

th e  t e s t  t o  a v a r i e t y  o f  c l i n i c a l  s i t u a t i o n s  (B en d ix e n  1 9 6 7 ;1 9 6 8 ;1 9 6 9 ) .  

S u b s e q u e n t ly  th e  LMT h a s  b een  u sed  e x t e n s iv e ly  a s  an in  v i t r o  t e s t  o f  

c e l l  m e d ia te d  im m u n ity , b u t d e s p i t e  t h i s  th e r e  i s  no i n t e r n a t i o n a l l y  

a g re ed  m eth o d , n o r  r e f e r e n c e  s ta n d a r d s .
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LYMPHOKINES

1. M ig r a t io n  I n h ib i t o r y  F a c to r s

(a )  A n tig e n -In d e p e n d e n t  M acrophage M ig r a t io n  I n h ib i t o r y  

F a c to r  MIF

(b ) A n t ig e n - S p e c i f i c  M acrophage M ig r a t io n  I n h ib i t o r y

F a c to r  SMIF

( c )  B u f fy  c o a t  L e u c o c y te  M ig r a t io n  I n h ib i t o r y  F a c to r  LIF

2 . F a c to r s  S t im u la t in g  M acrophage F u n c tio n

(a )  M acrophage A c t iv a t in g  F a c to r  MAF

(b ) S p e c i f i c  M acrophage Arming F a c to r  SMAF

( c )  P i n o c y t o s i s  A c t iv a t in g  F a c to r  PAF

3. C h e m o ta c tic  F a c to r s

(a )  C h e m o ta c tic  F a c to r  f o r  M acrophages CFM

(b ) C h e m o ta c tic  F a c to r  f o r  L ym phocytes CFL

( c )  C h e m o ta c tic  F a c to r  fo r  PMN L e u c o c y te s  CFP

4. M ito g en  F a c to r s

(a )  A n tig e n  In d ep en d en t M ito g e n ic  F a c to r  MF

(b ) L ym phocyte T ra n sfo rm in g  F a c to r  LTF

Cc) A n tig en -D e p e n d en t B Lym phocyte M ito g e n ic  F a c to r  LMF

5 . C y t o s t a t i c  F a c to r s

(a )  L ym photoxin  LT

Cb) P r o l i f e r a t i o n  I n h ib i t o r y  F a c to r  PIF

( c )  C olon y  I n h ib i t o r y  F a c to r  CIF
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6 . F a c t o r s  S t im u la t in g  B Lym phocyte M a tu ra tio n  and A n tib od y  

P r o d u c t io n  (Thymus R e p la c in g  F a c to r s )

(a )  S p e c i f i c  F a c to r  'I g T '

(b )  N o n - S p e c i f i c  F a c to r  NSF

( c )  A l lo g e n ic  T c e l l  R e p la c in g  F a c to r  TRF

7. O th er  F a c to r s

(a )  S k in  R e a c t iv e  F a c to r  SRF

(b )  I n t e r f e r o n  IF
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The p ro b lem s t o  overcom e b e fo r e  th e  LMT c o u ld  b e  u sed  a s  a 

p h a r m a c o lo g ic a l  t o o l  was t o  d e f in e  a r e a s  in  th e  m eth o d o lo g y  o f  h ig h  

v a r i a b i l i t y ,  and i f  p o s s i b l e  t o  r ed u ce  t h e s e :  and t o  e n s u r e  

a d eq u a te  v a l i d a t i o n  o f  t h i s  m ethod a s  an in  v i t r o  m odel o f  d e la y e d  

h y p e r s e n s i t i v i t y .  I s h a l l  f i r s t l y  d e s c r ib e  th e  r o u t in e  m ethod w h ich  

I i n h e r i t e d  from  Mr. R ich a rd  Wood, and th e n  a n a ly s e  e a c h  p a r t  o f  t h i s  

t e s t .  I s h a l l  th e n  d e s c r ib e  v a l i d a t io n  t e c h n iq u e s .

M ethod

V enous b lo o d  was o b ta in e d  from  a s u b j e c t  b etw een  8 .3 0  and 

10 .0 0 a m , w ith o u t  u s in g  a to u r n iq u e t .  2 Omis w ere p la c e d  i n t o  a 

s t e r i l e  u n iv e r s a l  c o n ta in e r  c o n ta in in g  2 5 0  iu  o f  p r e s e r v a t iv e  f r e e  

H ep a rin  (W eddel) a l i t t l e  o f  w h ich  had b een  drawn i n t o  th e  s y r in g e  

p r io r  t o  u s e .

The b lo o d  w as se d im e n te d  by m ix in g  w ith  P la sm a g e l ( l a b o r a t o r i e s  

R oger B e l lo n )  t o  th e  p r o p o r t io n s  1 :2  P la sm a g e l t o  b lo o d . The b lo o d  

P la sm a g e l m ix tu r e  was a llo w e d  t o  s ta n d  f o r  20 m in u te s  w hereupon th e  

w h ite  c e l l  r i c h  p la sm a  was rem oved u s in g  a p a s te u r  p i p e t t e .

The c e l l s  w ere  th e n  c e n t r i f u g e d  (5  m in u te s  a t  lOOG) and w ashed  

x 3  in  p h o sp h a te  b u f f e r e d  s a l i n e  (P B S).

They w ere th e n  r e su sp e n d e d  in  E a g le s  medium CW ellcome)

6
c o n t a in in g  10% f o e t a l  c a l f  serum  (PCS) t o  a c o n c e n t r a t io n  o f  5x10  /m l  

By c a p i l l a r y  t r a c t i o n  th e  c e l l s  w ere drawn i n t o  c a p i l l a r y  tu b e s  

(H aw k sley  m icro  h a e m a to c r it )  and on e end s e a l e d  w ith  p l a s t i c i n e .

The tu b e s  w ere c e n t r i f u g e d  a t  lOOG f o r  5 m in u te s  and broken  a t  th e  

c e l l - f l u i d  i n t e r f a c e .
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The p rep a red  c a p i l l a r i e s  w ere p la c e d  i n t o  m ig r a t io n  w e l l s  

( S t e r l i n )  two to  ea ch  w e l l ,  u s in g  a s m a ll  b lo b  o f  s to p c o c k  g r e a s e  

a t  th e  p e r ip h e r y  o f  th e  w e l l  t o  h o ld  th e  c a p i l l a r y  t u b e s .  The w e l l  

w as th e n  f i l l e d  w ith  medium c o n ta in in g  10% FCS ( f o r  c o n t r o l s )  o r  

medium xlO% FCS c o n t a in in g  a n t ig e n  (PPD, M in is tr y  o f  A g r ic u l t u r e ,  

W e y b r id g e ) . The w e l l s  w ere c o v e r e d  w ith  g l a s s  c o v e r s l i p s  p la c e d  

o n to  p r e v io u s ly  g r e a s e d  w e l l  w a l l s  and in c u b a te d  a t  37°C in  a 00^  

e n r ic h e d  in c u b a to r  f o r  18 h o u r s . The a r e a s  m ig r a te d  w ere m easured  

by u s in g  a m ic r o sc o p e  w ith  a cam era l u c i d  a tta c h m e n t. M ig r a t io n  

i n d i c e s  o b ta in e d  b e in g :

(a )  th e  a r e a  m ig r a te d  in  th e  p r e s e n c e  o f  a n t ig e n

(b ) a r e a  m ig ra ted  in  medium

S t a t i s t i c s

D i f f e r e n c e s  b etw een  (a )  th e  a r e a  m ig r a te d  in  a n t ig e n  and Cb) 

th e  a r e a  m ig r a te d  in  medium w ere a s s e s s e d  by th e  Mann W hitney  

WilcoXi'jn ’U’ t e s t .  I f  c o n tr o l  a r e a s  w ere n o t  d i f f e r e n t  S t u d e n t 's  

' t ' t e s t  was u se d  t o  com pare m ig r a t io n  i n d i c e s ,  H owever i n  t e s t s  on  

d i f f e r e n t  s u b j e c t s  w ith  d i f f e r e n t  c o n t r o l  a re a  F e i l l e r ' s  th eorem  

(F in n e y  1 964) w as u se d  w h ich  assu m es th e  in d e x  i s  a r a t i o  o f  tw o  

n o r m a lly  d i s t r i b u t e d  v a r i a b l e s .

A n a ly s is  o f  Method

1 . A n t ic o a g u la t io n

O th er  a n t ic o a g u la n t  m ethods ch o sen  w ere (1 )  EDTA and (2 )  

D e f ib r in a t io n .  EDTA a n t ic o a g u la t io n  ap p ea red  t o  p ro d u ce  c y t o t o x i c i t y  

mean m ig r a t io n  a r e a s  (w ith o u t  a n t ig e n )  w ere low  (20mm) and PPD in
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h ig h  c o n c e n t r a t io n  (300m gm s/m l) p ro d u ced  i n s i g n i f i c a n t  I n h i b i t i o n .  

Trypan b lu e  dye e x c lu s io n  s t u d ie s  c o n firm ed  th e  c y t o t o x i c i t y .

D e f ib r in a t io n  was p erform ed  by s h a k in g  v en o u s b lo o d  f o r  15 

m in u te s  in  th e  p r e s e n c e  o f  p a p er  c l i p s .  Two p ro b lem s o c c u r r e d  w ith  

t h i s  te c h n iq u e :  an in c r e a s e d  red  c e l l  c o n ta m in a tio n  o f  th e  l e u c o c y t e  

e n r ic h e d  p la sm a  and a te n d e n c y  f o r  p l a t e l e t  l e u c o c y t e  clu m p in g  t o  

o c c u r  when th e  c e l l s  w ere w ash ed . D e s p ite  t h i s  th e  r e s u l t s  w ere  

s i m i l a r  t o  th o s e  o b ta in e d  w ith  th e  s ta n d a r d  te c h n iq u e  (T a b le  1 ) .

2 .  M ethod o f  S e d im e n ta t io n

B lo o d  a n t ic o a g u la t e d  w ith  H ep arin  was se d im e n te d  f o r  20 m in u te s  

e i t h e r  a lo n e ,  o r  m ixed  w ith  P la s m a g e l. The r e s u l t i n g  le u c o c y t e  

e n r ic h e d  p la sm a  sa m p le s  w ere com pared u s in g  th e  s ta n d a r d  t e c h n iq u e .  

T here was no s i g n i f i c a n t  d i f f e r e n c e  in  c o n t r o l  a r e a s ,  o r  in  

i n h i b i t i o n  a r e a s  t o  PPD. G re a te r  c e l l  num bers w ere o b ta in e d  u s in g  

P la sm a g e l s e p a r a t io n  and t h i s  s e p a r a t io n  m ethod was t h e r e f o r e  u s e d .

B oth  th e  d e f i b r i n a t e d  te c h n iq u e  o f  a n t ic o a g u la t io n  and th e  

P la sm a g e l s e p a r a t io n  p ro d u ce  s i g n i f i c a n t  red  c e l l  c o n ta m in a t io n .  

D e s p it e  t h i s  th e r e  had b een  no s i g n i f i c a n t  e f f e c t  on m ig r a t io n  

i n h i b i t i o n :  a f a c t  w h ich  was a t v a r ia n c e  t o  some e a r ly  work CFalk  

e t  a l  1 9 7 0 ) .  I t h e r e f o r e  u sed  l e u c o c y t e  e n r ic h e d  p lasm a p ro d u ced  

by s e p a r a t io n  w ith  P la sm a g e l to  t e s t  th e  e f f e c t  o f  r e d  c e l l  

d e p le t io n  ( u s in g  o s m o t ic  sh o ck ) and red  c e l l  c o n ta m in a tio n  (a d d in g  

known c o n c e n t r a t io n s  o f  red  c e l l s ) . O sm otic  sh o ck  d e p le t e d  red  

c e l l s ,  b u t s i g n i f i c a n t l y  d im in is h e d  (p  ^  .0 5 )  i n h i b i t i o n  t o  PPD in  

t h r e e  e x p e r im e n ts  on a H eaf 1 + s u b j e c t .  T h is  was due t o  le u c o c y t e  

c y t o t o x i c i t y  ( a s s e s s e d  by try p a n  b lu e  e x c l u s i o n ) . A dding red  c e l l s
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TABLE 1

C om parison  o f  s ta n d a r d  te c h n iq u e  u s in g  PPD 150 p g /m l H ep arin

a n t ic o a g u la n t  w ith  d e f i b r i n a t i o n  a n t i c o a g u la t io n ,  Means *  ISD.

lw\<j.LïS

H eaf g ra d e  H ep arin  D e f ib r in a t io n  Number o f
P a t i e n t s

0 0 .9 4  ±  0 .1 2  0 .9 6  ±  0 .1 4  5

1 0 . 7 9  * 0 . 0 9  0 . 7 7  : t 0 . 1 2  3

2 0 . 7 6  ± 0 .0 9 6  0 . 7 5  ± 0 . 1 5  3

3 0 . 5 6  ± 0 . 2 5  0 . 5 3  ± 0 . 3 4  3
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t o  p ro d u ce  a c o n c e n t r a t io n  o f  red  c e l l s  o f  Ix lO ^ /m l p rod u ced  no 

a l t e r a t i o n  o f  m ig r a t io n  i n h i b i t i o n .  T h is  d e g r e e  o f  c o n ta m in a tio n  

w ith  red  c e l l s  was g r e a t e r  th an  s e e n  w ith  any o f  th e  m ethods I u sed  

t o  p r e p a r e  th e  l e u c o c y t e  e n r ic h e d  p la sm a . M inim al red  c e l l  

c o n ta m in a t io n  c o u ld  b e  s a f e l y  ig n o r e d .

S e d im e n ta t io n  and A s p ir a t io n  T ech n iq u es

The s ta n d a r d  s e d im e n ta t io n  te c h n iq u e  w as com pared w ith  a l lo w in g  

t h e  P la sm a g e l b lo o d  m ix tu r e  t o  sed im en t f o r  40 m in u te s . T here w as no 

s i g n i f i c a n t  d i f f e r e n c e  o b se r v e d  in  m ig r a t io n  i n h i b i t i o n ,  n e i t h e r  was 

t h e r e  a s i g n i f i c a n t  d i f f e r e n c e  in  c e l l  num bers o b ta in e d .  T h is  

e x c lu d e d  th e  rem ova l o f  th e  lo w e r  2mm o f  h u f fy  c o a t .  When th e  b u f fy  

c o a t  was c o m p le t e ly  rem oved w ith o u t  s i g n i f i c a n t l y  in c r e a s in g  red  c e l l  

c o n ta m in a t io n , c e l l  c lu m p in g  f r e q u e n t ly  o c c u r r e d  d u r in g  c e n t r i f u g a t io n ,  

T hree e x p e r im e n ts  w ere  p erfo rm ed , w h ich  a lth o u g h  sh ow in g  no d i f f e r e n c e  

in  mean m ig r a t io n  i n h i b i t i o n  o r  c o n t r o l  a r e a s ,  show ed t h a t  p l a t e l e t  

c o n ta m in a t io n  s i g n i f i c a n t l y  Cp ^ . 0 5 )  in c r e a s e d  v a r i a t i o n  w ith  a h ig h  

s ta n d a r d  e r r o r  (H eaf 1 + p l a t e l e t  p o o r  m ig r a t io n  in d e x  0 .7 8  ± 0 .0 9 5 ,  

p l a t e l e t  r i c h  0 .7 5  ± 0 . 2 9 ) .  T h is  prob lem  w ith  p l a t e l e t  c o n ta m in a tio n  

w as s i g n i f i c a n t l y  re d u c e d , i f  in s t e a d  o f  c u t t in g  th e  c a p i l l a r y  tu b e  

a t  th e  c e l l  f l u i d  i n t e r f a c e  i t  w as c u t  j u s t  b e lo w  th e  i n t e r f a c e  

( c  0.5mm) w h ich  ' l o s t *  th e  p l a t e l e t  p lu g .  T h is  p r o c e d u r e , c u t t in g  

b e lo w  th e  c e l l  f l u i d  i n t e r f a c e ,  w as a d o p ted  i n  th e  s ta n d a r d  te c h n iq u e .

W ashing T ech n iq u e

One t e c h n i c a l  p rob lem  w h ich  I h ave m en tio n ed  i s  t h a t  o f  

p l a t e l e t - l e u c o c y t e  c lu m p in g  d u r in g  th e  c e l l  w a sh es . M icro sco p y  o f  

t h e s e  'c lu m p s' r e v e a le d  t h a t  th e y  c o n s i s t  o f  p l a t e l e t s  and l e u c o c y t e s .
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d u m p in g  c o u ld  be p rovok ed  i f  th e  s ta n d a r d  c e n t r i f u g in g  t im e s  and  

s p e e d s  w ere u sed  b u t C alcium  C h lo r id e  was added t o  th e  PBS. T h is  

s u g g e s t e d  t h a t  th e  problem  was p rod u ced  by p l a t e l e t  clu m p in g  

(Ca d ep en d en t) o c c u r r in g  when p l a t e l e t s  a re  damaged by c e n t r i f u g a t i o n ,  

U sin g  a p l a t e l e t  e n r ic h e d , l e u c o c y t e  d e p le t e  p la sm a , p u re  p l a t e l e t  

clum ps c o u ld  be in d u c e d . I f  l e u c o c y t e s  w ere th e n  added p l a t e l e t  

l e u c o c y t e  clu m p in g  o c c u r r e d . V a r io u s  c e n t r i f u g a t io n  te c h n iq u e s  

w ere t e s t e d ,  b u t th e  s ta n d a r d  p ro ce d u re  ap peared  th e  m ost 

s a t i s f a c t o r y  com prom ise and clu m p ing  o c c u r r e d  r a r e ly  p r o v id e d  t h a t  

f o l l o w in g  c e n t r i f u g a t i o n ,  medium was a s p ir a te d  q u ic k ly  and th e  c e l l s  

r e su sp en d ed  im m e d ia te ly . A u s e f u l  te c h n iq u e  was d e v e lo p e d  f o r  u s e  

w ith  d e f ib r in a t e d  b lo o d  (w h ich  p r e d is p o s e d  t o  c lu m p in g ):  l e u c o c y t e  

e n r ic h e d  p lasm a o b ta in e d  by P la sm a g e l s e p a r a t io n  was i n i t i a l l y  

c e n t r i f u g e d  a t  50G f o r  te n  m in u te s . T h is  a l lo w e d  s e p a r a t io n  o f  

p l a t e l e t s  from  l e u c o c y t e s ,  b u t in v o lv e d  th e  l o s s  o f  s i g n i f i c a n t  

num bers o f  l e u c o c y t e s .  F o llo w in g  t h i s  s t a g e  f u r t h e r  w a sh es w ere  

p erfo rm ed  c o n v e n t io n a l ly ,  w ith o u t  c e l l  c lu m p in g  d e v e lo p in g .

The number o f  c e l l  w ash es i s  o b v io u s ly  a r b i t r a r y .  I t  i s  

h ow ever d i f f i c u l t  t o  e n su r e  c o m p le te  s e p a r a t io n  o f  c e l l s  from  

c o n ta m in a tio n  w ith  a u to lo g o u s  p la sm a . T ech n iq u es  to  im prove t h i s  

in v o lv e  th e  u se  o f  d i f f e r e n t  c e n t r i f u g e  tu b e s  and p a s te u r  p i p e t t e s  

f o r  e a c h  w ash t h e r e f o r e  d is c a r d in g  p lasm a p r o t e in s  a d h e ren t t o  th e  

g l a s s  w a re . S in c e  an in c r e a s e d  number o f  w a sh es Cx6) s i g n i f i c a n t l y  

d e c r e a s e  m ig r a t io n  i n h i b i t i o n  t o  PPD ( p ^ . 0 5 ) .  To s e e  i f  t h i s  w as 

due t o  in c r e a s e d  l o s s  o f  a u to lo g o u s  p la sm a , I com pared th e  m ig r a t io n  

i n h i b i t i o n  a c h ie v e d  f o l lo w in g  th e  s ta n d a rd  3 w a sh es w ith  t h a t  o f  6 

w a s h e s , and t o  th a t  f o l lo w in g  6 w ash es t o  w h ich  0.1% a u to lo g o u s  p la sm a  

w as r e -a d d e d . W h ils t  th e r e  was d im in ish e d  i n h i b i t i o n  f o l lo w in g  6
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w a h ses  when com pared w ith  th e  s ta n d a r d  3 t h i s  w as n o t  ch an ged  when 

a u to lo g o u s  p la sm a  was r e -a d d e d . I c o n firm ed  by dye e x c lu s i o n ,  th a t  

t h e  in c r e a s e d  number o f  w ash es l e d  t o  c e l l  d e a th .

T hree w a sh es  w ere t h e r e f o r e  u se d  a s  a s u i t a b l e  com prom ise b u t 

w ith  th e  u s e  o f  c l e a n  c e n t r i f u g e  tu b e s  and p i p e t t e s  a t  e a c h  s t a g e .

E f f e c t  o f  Serum S u p p le m e n ta t io n  o f  Medium

O th ers  had n o t i c e d  d is c o n c e r t in g  ch a n g es  o f  m ig r a t io n  

i n h i b i t i o n  w ith  serum  o f  d i f f e r e n t  s p e c i e s  o r  ev en  b a tc h e s  o f  serum  

from  th e  same s p e c i e s .  M ig r a t io n s  w ere t h e r e f o r e  a tte m p te d  in  th e  

a b se n c e  o f  serum  s u p p le m e n ta t io n , b u t w ere c l e a r l y  u n s a t i s f a c t o r y :  

m ig r a t io n  a r e a s  w ere  s m a ll  10mm c o n t r o l s )  and s i g n i f i c a n t  

i n h i b i t i o n  d id  n o t  o c c u r  ev en  in  th e  p r e s e n c e  o f  h ig h  c o n c e n t r a t io n s  

o f  PPD i n  s t r o n g ly  H eaf p o s i t i v e  i n d i v i d u a l s .  I  t h e r e f o r e  com pared  

th e  e f f e c t  o f  v a r io u s  c o n c e n t r a t io n s  o f  f o e t a l  c a l f  serum  (B orou gh s  

W ellcom e, B a tch  No. K1903) r a n g in g  from 5-40% . A l l  th e  c o n c e n t r a t io n s  

g a v e  s t a t i s t i c a l l y  s i m i l a r  r e s u l t s ,  e x c e p t  t h a t  v a r i a b i l i t y  w ith  5% 

s u p p le m e n ta t io n  was s i g n i f i c a n t l y  g r e a t e r  th an  in  th e  h ig h e r  

c o n c e n t r a t io n s .  I t  t h e r e f o r e  ap peared  th a t  10% s u p p le m e n ta t io n  was 

th e  m ost r e a s o n a b le  c o n c e n t r a t io n  in  term s o f  r e s u l t s  and c o s t .

C a p i l la r y  W ell I n t e r f a c e

I f  th e  c a p i l l a r y  tu b e  d o es  n o t c o n ta c t  th e  m ig r a t io n  w e l l  f l o o r  

th e n  th e  m ig r a t io n  a r e a  a p p ea rs t o  b e  lo w . By com parin g  c o n t r o l  a r e a s  

u s in g  th e  s ta n d a r d  te c h n iq u e  w i t h  th a t  w here t h e  c a p i l l a r y  had b een  

p u r p o s iv e ly  l e f t  c o n t a c t in g  th e  w e l l  f l o o r ,  I  d em o n stra ted  red u ced  

m ig r a t io n  in  th e  l a t t e r  group (p ^ . 0 1 ) .  T h is  w as on e o f  th e  m ost 

o b v io u s  c a u s e s  o f  e r r o r  in  th e  te c h n iq u e .
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pH o f  Medium

M ost o b s e r v e r s  bad fou n d  th e  m ig r a t io n  i n h i b i t i o n  t o  be pH 

d e p e n d e n t , w h ich  I c o n fir m e d . A pH o f  c u l t u r e  medium l e s s  th a n  7 .0  

r e s u l t e d  in  l o s t  i n h i b i t i o n  to  a n t ig e n  a lth o u g h  c o n t r o l  a r e a s  w ere  

i d e n t i c a l  t o  t h o s e  w here th e  pH was 7 .2 .  The pH was a lw a y s  

m o n ito re d  t h e r e f o r e ,  b o th  by th e  u se  o f  pH l a b i l e  dye in  th e  E a g le s  

medium, and by m easurem ent o f  th e  pH p r io r  t o  th e  a d d i t io n  o f  c u l t u r e  

medium t o  th e  w e l l s .

Time o f  B lo o d  S to r a g e

S om etim es i t  was n e c e s s a r y  t o  s t o r e  b lo o d  sa m p les  f o r  up to  

4 h o u rs  b e f o r e  t e s t i n g .  C le a r ly  i t  was im p o r ta n t t o  a s s e s s  th e  e f f e c t  

o f  s to r a g e  in  th e  a s s a y .  B lo o d  was t h e r e f o r e  ta k en  from  two 

v o lu n t e e r s _  m ig r a t io n  i n h i b i t i o n  a s s a y  p erfo rm ed  im m e d ia te ly  o r  4 

h o u r s  s t o r a g e  a t  room te m p e r a tu r e . T here w as no s i g n i f i c a n t  

d i f f e r e n c e  i n  e i t h e r  c o n t r o l ,  o r  i n h i b i t i o n  a r e a s .

L eu co cy te  C e l l  Numbers

L e u c o c y te s  w ere p rep a re d  to  th e  c o n c e n t r a t io n  o f  IX lO ^/m l

in  th e  s ta n d a r d  t e c h n iq u e ,  b u t th e  a c t u a l  c e l l  num bers i n  th.e

c a p i l l a r i e s  d e v ia t e d  from  t h i s  by about 15%. T h is  c o u ld  be s im p ly

a s s e s s e d  by m easurem ent o f  th e  le n g t h  o f  c e l l  colum n f o l lo w in g

c e n t r i f u g a t i o n .  The v a r i a t i o n  was d ep en d en t upon c e l l  s e d im e n ta t io n

p r io r  t o  i n s e r t i o n  i n t o  th e  c a p i l l a r i e s  (w h ich  c o u ld  be d e c r e a s e d  by

r e s u s p e n s io n  by  s h a k in g  a t  m in u te  i n t e r v a l s ) . An e x p er im en t t o

a s s e s s  th e  im p o r ta n ce  o f  t h i s  v a r i a t i o n  was t h e r e f o r e  p erform ed

5 7a l t e r i n g  th e  num bers o f  l e u c o c y t e s  from 1x10  t o  1x10  /m l .  M ig r a t io n
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c o n t r o l  and i n h i b i t e d  a r e a s  w ere n o t  s t a t i s t i c a l l y  d i f f e r e n t  a t  t h e s e  

w id e  c o n c e n t r a t io n  l i m i t s .  T h is  d id  n o t  t h e r e f o r e  ap pear t o  be  

s o u r c e  o f  e r r o r ,  a lth o u g h  c o n c e n t r a t io n s  w ere k e p t a t  Ix lO ^ /m l f o r  th e  

s ta n d a r d  te c h n iq u e .

M ig r a t io n  Time

C la u sen  (1 9 7 3 ) in  a p e r c e p t iv e  c r i t i q u e  o f  m ig r a t io n  i n h i b i t i o n  

show ed t h a t  th e  i n h i b i t i o n  o f  m ig r a t io n  due to  PPD was tim e  d ep en d e n t:  

manto u x  n e g a t iv e  and m antoux p o s i t i v e  group d i f f e r e d  s i g n i f i c a n t l y  a t  

4 h o u rs  (p ^ .O O l)  b u t n o t  a t  20 h o u rs ( p ^ O . l ) .  H owever t h i s  was 

em p lo y in g  g l a s s  m ig r a t io n  w e l l s :  u s in g  p o ly s t y r e n e  w e l l s  th e  20  

h ou r m ig r a t io n  i n h i b i t i o n  was s im i l a r  t o  th e  4 h our v a lu e s .  At e a c h  

t im e  p o in t  th e  m ig r a t io n  in d i c e s  w ere s i g n i f i c a n t l y  lo w e r  th a n  when 

u s in g  g l a s s  w e l l s  ( in  m antoux p o s i t i v e  p a t i e n t s ) .  In  f a c t  he  

d e m o n str a te d  t h a t  th e  r e s u l t s  o f  th e  LMT u s in g  p o ly s t y r e n e  w e l l s  w ere  

in  c l o s e  a greem en t t o  th e  a g a r o se  te c h n iq u e  o f  m ig r a t io n  i n h i b i t i o n .

Time c o u r s e  s t u d i e s  w ere p erform ed  t o  e n s u r e  th a t  th e  20 h our  

m ig r a t io n  i n h i b i t i o n  was s a t i s f a c t o r y  ev e n  th o u g h  s i n c e  I  was u s in g  

p o ly s t y r e n e  w e l l s  t h i s  ap p eared  l i k e l y .  M ig r a t io n  i n d i c e s  w ere  

com pared a t  1 , 4 ,  18 and 20 h o u rs in  a group o f  s u b j e c t s  o f  v a r y in g  

H eaf r e a c t i v e n e s s .  The r e s u l t s  a re  shown In  T a b le  2 . U s in g  F e i l e r s  

th eo r em , t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  b etw een  in d i c e s  m easured  

a t  4 ,  18 and 20  h o u r s . Of g r e a t  i n t e r e s t  was th e  r e l a t i v e  s t im u la t io n  

a c h ie v e d  a t  1 h our in  th e  H eaf p o s i t i v e  g r a d e s . As a group  t h i s  was 

n o t  s i g n i f i c a n t ,  b u t in  in d iv id u a l  c a s e s ,  t h e r e  was a s i g n i f i c a n t  

s t im u la t io n  (d e te r m in e d  by *U' t e s t ) .  Some o f  th e  r e s u l t s  a t  1 h o u r  

t h e r e f o r e  a r e  a t  c o n f l i c t  w ith  th e  c o n c e p t  o f  l e u c o c y t e  i n h i b i t i o n ,  b u t
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TABLE 2

M ig r a t io n  I n h i b i t i o n  t o  PPD : Time C ou rse o f  M ig r a t io n  I n h i b i t i o n

(PPD 200  u g /m l)

M ig r a t io n  I n d ic e s  ±  ISD

H eaf Number 1 h our 2 h ou r 18 h ou r 20  hour
Grade

0 4 1 .0 5  ± 0 .1 0  0 .9 8  ± 0 .1 5  0 .9 4  ± 0 .1 5  0 .9 6  ± 0 .1 2

1 3 1 .1 5  ±  0 .2 5  0 .7 9 5 *  0 .1 5  0 .7 8  * 0 .1 1  0 .7 9  *  0 .0 9

2 3 1 .0 5  *  0 .2 8  0 .7 5  ± 0 .1 7  0 .7 7  ±  0 .1 0  0 .7 6  ±  0 .0 9 6

3 3 1 .2 1  ± 0 .3 6  0 .6 3  ± 0 .2 1  0 .6 1  ±  0 .2 2  0 .5 9  ± 0 .2 5
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PPD i s  o n ly  added t o  th e  medium in  th e  w e l l .  S in c e  th e  c e l l s  in  

th e  c a p i l l a r i e s  a re  p ack ed  t i g h t l y  f o l lo w in g  c e n t r i f u g a t i o n  i t  i s  

r e a s o n a b le  t o  s p e c u la t e  t h a t  i n i t i a l l y  th e r e  i s  an a n t ig e n  g r a d ie n t .

Under t h e s e  c o n d it io n s  l e u c o c y t e  c h e m o ta x is  w ould o c c u r  

to w a rd s  th e  h ig h e r  c o n c e n t r a t io n  o f  a n t ig e n .  To t e s t  t h i s  id e a ,  

m ig r a t io n s  w ere p erfo rm ed , w ith  m easurem ent a t  1 h our u s in g  PPD 

(2 0 0  u g /m l) in  th e  m ig r a t io n  w e l l  in  th e  s ta n d a r d  te c h n iq u e ;  in  th e  

c e l l  s u s p e n s io n  p r io r  to  i n s e r t i o n  i n t o  th e  c a p i l l a r y  tu b e  a s  w e l l  as  

in  th e  m ig r a t io n  w e l l ;  and in  th e  t h ir d  group o n ly  in  th e  c e l l  

s u s p e n s io n  packed  i n t o  th e  c a p i l l a r y  tu b e . T hree H eaf p o s i t i v e  

s u b j e c t s  w ere t e s t e d :  th e  mean m ig r a t io n  in d e x  f o r  th e  s ta n d a r d

te c h n iq u e  a t  1 hour was 1 .1 0  ±  0 .1 8  (IS D ); f o r  th e  PPD p r e s e n t  i n  c e l l s  

and medium 0 .8 2  *  0 .2 1  and f o r  th e  group w ith  PPD p r e s e n t  o n ly  in  th e  

c e l l  m ix tu r e  0 .6 5  ±  0 .1 7 .  T hese r e s u l t s  w ere s i g n i f i c a n t l y  d i f f e r e n t  

from  e a c h  o th e r  ( p / , . 0 1 )  and su p p o r ts  th e  c o n c e p t o f  i n t e r f e r e n c e  a t  

1 h ou r from c h em o ta x is ;  th u s  th e  group w ith  a n t ig e n  p r e s e n t  a t  e q u a l  

c o n c e n t r a t io n s  in  b o th  medium and c e l l  s u s p e n s io n  e x h i b i t e d  p u r e ly  

m ig r a t io n  i n h i b i t i o n ;  th o s e  w ith  a n t ig e n  p r e s e n t  o n ly  i n  th e  c e l l  

s u s p e n s io n  e x h ib i t e d  an a d d i t iv e  e f f e c t  o f  m ig r a t io n  i n h i b i t i o n  and  

c h e m o ta x is ;  w h erea s th o s e  w ith  a n t ig e n  o n ly  in  th e  medium in  th e  w e l l  

e x h i b i t e d  a c o n f l i c t  b etw een  c h em o ta x is  and m ig r a t io n  i n h i b i t i o n .  When 

th e  m ig r a t io n s  w ere re v ie w e d  a t  4 h o u rs and 20 h o u rs  t h e r e  was no  

s t a t i s t i c a l  d i f f e r e n c e  b etw een  th e  s ta n d a r d  te c h n iq u e  and th a t  w h ere  

a n t ig e n  was added b o th  t o  th e  c e l l s  and t o  th e  medium in  th e  w e l l ,  

b u t a t  t h e s e  t im e s  no s i g n i f i c a n t  i n h i b i t i o n  was o b se r v e d  w here th e  

PPD w as added o n ly  to  th e  c e l l  s u s p e n s io n .
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I b e l i e v e  t h a t  t h i s  h y p o t h e s is  c o u ld  e x p la in  th e  o c c a s io n a l  

s i g n i f i c a n t l y  s t im u la te d  v a lu e s  s e e n :  i t  i s  r e a s o n a b le  to  su p p o se  

t h a t  l e u c o c y t e  c h e m o ta x is  m igh t o c c u r  a t  a d i f f e r e n t  a n t ig e n  

c o n c e n t r a t io n  t o  m ig r a t io n  i n h i b i t io n ;  c e r t a i n l y  how ever f o r  r o u t in e  

p u r p o se s  th e r e  i s  no v a lu e  t o  b e g a in e d  from  th e  more c o m p lic a te d  

a d d it io n  o f  a n t ig e n  t o  th e  c e l l  s u s p e n s io n .

A lth o u g h  v a lu e s  a t  4 and 20 h o u rs  a re  co m p a ra b le , s t a t i s t i c a l  

a n a ly s i s  o f  t h i s  d ep en d s upon F e i l l e r ' s  th eorem  s i n c e  th e  c o n t r o l  

a r e a s  a re  d i f f e r e n t .  O b v io u s ly  t h i s  i s  a r e l a t i v e l y  i n s e n s i t i v e  

s t a t i s t i c a l  t e s t  and t h e r e f o r e  f o r  a co m b in a tio n  o f  c o n v e n ie n c e  and  

a c c u r a c y  20  h o u r s  w as a d o p ted  a s  s ta n d a r d . L a te r  th e  u s e  o f  4 h o u rs

m ig r a t io n  i n d i c e s  a r e  im p o rta n t in  th e  m u l t i s t a g e  LIF a s s a y .

D ose R esp on se  t o  PPD in  th e  LMT

4 H eaf n e g a t iv e  s u b j e c t s  and 4 H eaf 1 p o s i t i v e  s u b j e c t s  w ere  

s t u d ie d .  LMT w ere p erform ed  u s in g  v a r y in g  c o n c e n t r a t io n s  o f  PPD.

The r e s u l t s  a re  shown in  T a b le  3 .

T hese s u g g e s t e d  a l i k e l y  c o n c e n t r a t io n  o f  t o x i c i t y  o c c u r r in g  to

PPD a t  ab out 400  u g /m l b e c a u s e  o f  th e  s i g n i f i c a n t  f a l l  in  m ig r a t io n  

i n h i b i t i o n  a t  t h i s  l e v e l .  The d o se  r e s p o n s e  c u rv e  t o  PPD in  th e  H eaf 

p o s i t i v e  group w as com plex: s i g n i f i c a n t  i n h i b i t i o n  th e n  fo l lo w e d  a lo g  

r e s p o n s e  t o  300 u g /m l b u t a t  400 u g /m l th e r e  w as a g a in  a r a p id  

im p a irm en t o f  m ig r a t io n :  s u g g e s t in g  c y t o t o x i c i t y .  T h is  c o n c lu s io n  

w as co n firm ed  by t h e  r e s u l t s  o f  dye e x c lu s io n  v i a b i l i t y  s t u d ie s ,A t  

400 u g /m l c e l l  d e a th  had rea ch ed  h ig h ly  s i g n i f i c a n t  l e v e l s .



N
I f rH CM 00

O  8 h« rH CM rH rH rH
O iH ■H +1 +1 +1 47 +1 +1 +1
Q  \ in in CM CM CO CM incm 00 o rH O) 00 to to to in
ÇU P r i rH

d
O  8 rH COo  i to at to h- CD rH rH
eo iH •H +» +1 -fi +1 +1 +1 +1

Q  \ O r-i 00 00 O Oi COA  00 H rH rH 00 b- 00
A P r4 rH rH H

do  a rH iHo  a rH o> iH in 00 h.
(N iH ■H 4H +1 +1 ■H +1 +1 +1

Q  \ r4 0) r^ Oi 00 CM 0)&  00 t4 rH rH rH 00 00 00 00PU P H rH rH rH

do  a
in  a 00 h- at b- 00 Oi
r i

pH +1 +1 +1 +1 ■M +1 +1 +1
a \ oi in O (0 CM CO 00 Cr
CU 00 r4 C4 CM CM 0) Oi 00 Oi
PU P H 1-7 i-i rH

do  a CM CMo a O) rH a rH a mtH iH +1 +1 +1 -H +1 +1 +1 +1
Q  \ CO rH to to in CM rHPU 00 H CO rH CM CM O rH CM
PU p H r7 H r7 1-1 rH rH rH

P3 MPU aPU a
H CM

+» rH Oi *0* CO r i to rH to•H a
>  \ +1 +1 +1 ■H ■H +1 +1 +1

00
00 g 0) in CO 00 Oi
0) \ Ci CM CM rH CM CM CM rH
k  O r4 rH rH rH rH rH rH rH
<  in

rH M O
o  a to 00 in Oi rH 00k a

+1 +1 +1 +1 -H +1 +1 +1
a  00
O 0) in CM 00 o Oi to COO k rH CM rH CM rH rH rH CM

flO rH rH rH rH rH rH rH rH

•po
0>

T-) < CO U Q H P4 Ü tPoa3
CO

44 Q>
00 73 + + + +
0) OO O <s o O tH rH rH tHa  ko

30



31

Fpr p o p u la t io n  s t u d ie s  I t h e r e f o r e  c h o se  150 u g /m l PPD, s i n c e  t h i s  

g a v e  a c o n v e n ie n t  s e p a r a t io n  b etw een  H eaf n e g a t iv e  s u b j e c t s  and H eaf 

p o s i t i v e ,  b u t f o r  a s se s sm e n t  o f  d r u g -a n t ig e n  c y t o t o x i c i t y  I c h o s e  th e  

h ig h e s t  non t o x i c  c o n c e n t r a t io n  o f  PPD (3 0 0  u g /m l) .

Number o f  C a p i l la r y  T ubes in  Each W ell

O b v io u s ly  u s in g  2 c a p i l l a r i e s  in  ea ch  w e l l  r e d u c e s  th e  amount o f  

a n t ig e n  r e q u ir e d , i t  was t h e r e f o r e  p a r t  o f  th e  s ta n d a r d  te c h n iq u e  and  

w as u sed  in  th e  e a r ly  e x p e r im e n ts  on e p s i l o n  amino c a p r o ic  a c id ,  EACA 

(B urden e t  a l  1 9 7 8 ) . H ow ever, when a n a ly s i s  was p erform ed  upon th e  

r e s u l t s  o b ta in e d  u s in g  t h i s  m ethod w ith  th a t  o f  one c a p i l l a r y  in  e a c h  

w e l l  i t  becam e a p p a ren t th a t  a lth o u g h  th e  v a r ia t io n  p rod u ced  by th e  

2 c a p i l l a r y  te c h n iq u e  w as lo w , t h i s  was f a l s e .  The a r e a s  w ere so m etim es  

m isr e a d  b e c a u se  o f  o v e r la p p in g ;  o b v io u s ly  s t a t i s t i c a l  a n a ly s i s  u s in g  th e  

2 c a p i l l a r y  te c h n iq u e  sh o u ld  n o t  co u n t ea c h  as a s e p a r a t e  r e s u l t ,  b u t  

a s  a mean; w h ich  g i v e s  good  r e s u l t s  b u t u s e s  many c e l l s .

F or l a t e r  e x p e r im e n ts  o n ly  1 c a p i l l a r y  was t h e r e f o r e  u sed  in  e a c h

w e l l .

E x t r i n s i c  S o u r c e s  o f  V a r ia t io n

1 . D iu r n a l Rhythm

D e s p ite  th e  w id e  u se  o f  LMT a s  a c l i n i c a l  in  v i t r o  a s s e s s m e n t  o f  

c e l l u l a r  im m unity , th e r e  i s  s u r p r i s in g l y  l i t t l e  d o cu m en ta tio n  o f  th e  

p o s s i b i l i t y  o f  a d iu r n a l  rhythm . T here a re  o f  c o u r s e  a c c e p ta b le  

r e a s o n s  f o r  su p p o s in g  t h a t  a d iu r n a l  rhythm  c o u ld  o c c u r ;  s t e r o i d s  su ch  

a s  h y d r o c o r t is o n e  a r e  known t o  i n t e r f e r e  w ith  d e la y e d  h y p e r s e n s i t i v i t y ,  

and a r e  th e m s e lv e s  s u b j e c t  t o  w id e  f l u c t u a t i o n s  th ro u g h o u t th e  d ay .
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A f u r t h e r  Im p o rta n t d iu r n a l  v a r i a t i o n  i s  in  t h e  p e r ip h e r a l  b lo o d  

l e u c o c y t e  co u n t (Sharp  1 9 6 0 ) . The o n ly  e v a lu a t io n  o f  th e  p rob lem  was 

by R ich en s  e t  a l  (1 9 7 5 ) who a n a ly s e d  th e  v a r i a t i o n  in  7 human v o lu n t e e r s  

and in  15 r a t s  and com pared t h e s e  w ith  t o t a l  l e u c o c y t e  co u n t and 

c o r t i s o l  c o n c e n t r a t io n s .  They d is c o v e r e d  a marked d iu r n a l  v a r i a t i o n  

in  m ig r a t io n  a r e a , b u t s u r p r i s in g l y  n o t  in  m ig r a t io n  I n h i b i t i o n  ( t o  

DNCB c o u p le d  to  human serum  a lb u m en ). The n a d ir  o f  m ig r a t io n  o c c u r r e d  

a t  m id n ig h t .

My own s t u d ie s  w ere on 3 v o lu n t e e r s  who w ere H eaf p o s i t i v e ,  and 

3 p a t i e n t s  who had A d d is o n 's  d i s e a s e  and w ere b e in g  s t u d ie d  f o r  o t h e r  

r e a s o n s  (C la y to n  e t  a lH 77^ T h eir  A d d iso n 's  d i s e a s e  was sec o n d a r y  t o  

a d r e n a l t u b e r c u l o s i s .  M ig r a t io n  i n h i b i t i o n  t o  150 u g /m l PPD was 

p erfo rm ed  on th e  3 v o lu n t e e r s  a t  800 hours, 1200  h o u r s , 1400  h o u rs  and  

2 0 0 0  h o u r s . The r e s u l t s  a re  d em o n stra ted  in  T a b le s  4&&. C le a r ly  t h e r e  

w as no s i g n i f i c a n t  ch an ge in  m ig r a t io n  in d e x ,  b u t th e  c o n t r o l  a r e a  was 

s i g n i f i c a n t l y  lo w e r  a t  2000  h o u r s: c o n fir m in g  th e  work o f  R ich en s  e t  

a l .  Of e q u a l im p o rta n ce  w as th e  la c k  o f  s i g n i f i c a n t  ch an ge d u r in g  

th e  norm al w o rk in g  day , and a lth o u g h  i t  i s  p r e f e r a b le  t o  p erfo rm  th e  

m ig r a t io n s  a t  a u n ifo rm  tim e  th e  r e s u l t s  a re  com parab le when b lo o d s  

a re  ta k e n  b etw een  8am and 2pm.

The 3 p a t i e n t s  w ith  A d d is o n 's  d is e a s e  underw ent f o r  o t h e r  r e a s o n s  

th e  f o l lo w in g  p r o t o c o l:  on day 0 th e y  o m itte d  t h e i r  u s u a l  s t e r o i d  

d o sa g e  in  th e  e v e n in g ,  day 1 th e y  o m itte d  t h e i r  u s u a l s t e r o i d s  f o r  

t h e  w h o le  d a y , and on day 2 th e y  w ere a d m itte d , b a s a l  b lo o d s  ta k en  a t  

8am f o r  c o r t i s o l  l e v e l s  and f o r  m ig r a t io n  i n h i b i t i o n .  They w ere th e n  

g iv e n  30mgms o f  h y d r o c o r t is o n e  o r a l l y  and b lo o d s  ta k en  f c o r t i s o l  

l e v e l s  a t  30 m in u te  i n t e r v a l s .  At 4 h o u rs (1pm) and 8 h o u r s  C5pm)
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TABLE 4 D iu r n a l rhythm  : LMT in  3 v o lu n t e e r s  (H ea f +ve)

Time (H o u r s ) ' C o n tr o l A rea  
Mean ±  ISD

M ig r a t io n  
In d ex  ±  ISD

800 126 ± 5 mm 0 .7 7 + 0 .1 1

1200 132 + 5 mm 0 .8 0 + 0 .1 2

1400 127 ± 9 mm 0 .7 6 ± 0 .1 0

2000 97 ± 11mm 0 .7 9 ± 0 .1 5
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f u r t h e r  LMT' s  w ere p erfo rm ed . The r e s u l t s  a re  shown in  T a b le  5 . 

O b v io u s ly  t h e s e  r e s u l t s  a re  l i m i t e d ,  b u t im p o r ta n t. The b a s a l  

v a lu e s  w ere ta k en  when th e r e  was v i r t u a l l y  no c o r t i s o l  c i r c u l a t i n g  

( t h e  v a lu e  34 m ol/L  a p p ro a ch es  th e  l i m i t s  o f  a s s a y ) .  S in c e  h y d ro 

c o r t i s o n e  h a s  a h a l f  l i f e  ( c i r c u l a t i n g )  o f  ab out 1 -2  h o u rs (M igeon  

e t  a l  1956) t h i s  s t a t e  w ou ld  h ave e x i s t e d  f o r  a b o u t 24 h o u rs  p r e v io u s ly .  

B o th  m ig r a t io n  a r e a  ( c o n t r o l )  and m ig r a t io n  i n h i b i t i o n  t o  PPD w ere  

s i g n i f i c a n t l y  lo w er  th an  th a t  s e e n  f o l lo w in g  th e  h y d r o c o r t is o n e .

T h is  s u g g e s te d  t h a t  w h erea s h ig h  c o n c e n t r a t io n s  o f  a g l u c o c o r t i c o i d  

im p a ir  d e la y e d  h y p e r s e n s i t i v i t y  r e a c t io n s  in o r d in a t e ly  lo w  l e v e l s  

(p r o b a b ly  a s s o c ia t e d  w ith  a h o s t  o f  i n t r a c e l l u l a r  b io c h e m ic a l  

a b n o r m a l i t ie s )  a l s o  im p a ir  d e la y e d  h y p e r s e n s i t i v i t y .  I t  a l s o  c o n fir m s  

t h e  f in d in g s  o f  S te v e n so n  (1 9 7 3 ) who d em o n stra ted  t h a t  a d d i t io n  o f  

c o r t i s o l  t o  th e  medium i n t o  w h ich  th e  c e l l s  m ig r a t io n  s t im u la t e s  

polym orph m ig r a t io n  in  v i t r o .  D e s p ite  a m arked ly  s i g n i f i c a n t  f a l l  in  

c o r t i s o l  l e v e l s  b etw een  4 and 8 h o u rs  f o l lo w in g  o r a l  h y d r o c o r t is o n e  

(p ^ . 0 1 )  t h e r e  was no s i g n i f i c a n t  ch an ge in  m ig r a t io n  a r e a  o r  

i n h i b i t i o n .  T h is  i s  p r o b a b ly  r e la t e d  t o  th e  p r o lo n g e d  b i o l o g i c a l  

h a l f  l i f e  e f f e c t  s e e n  w ith  s t e r o i d s ;  and w h ich  h e lp s  to  a cc o u n t f o r  

t h e  u s e f u l  f in d in g  t h a t  m ig r a t io n  a r e a s  and i n d i c e s  a re  s i m i l a r  d u r in g  

th e  d ay.

T h ese r e s u l t s  h ave s i n c e  b een  co n firm ed  by s tu d y in g  a 48 y e a r  o ld  

man, th o u g h t on c l i n i c a l  grou n ds t o  h ave m ild  A d d is o n 's  d i s e a s e  

( f a t i g u e ,  l a s s i t u d e ,  m ild  h y p e r p ig m e n ta t io n , norm al e l e c t r o l y t e s ) .  

T o g e th e r  w ith  d ia g n o s t i c  t e s t s  f o r  h i s  A d d is o n 's  d is e a s e  (Bam and  

m id n ig h t c o r t i s o l s  and ACTH, s y n a c th e n  t e s t )  a H eaf t e s t  was p erfo rm ed  

and a LMT t o  200  u g /m l o f  PPD. The H eaf was n e g a t iv e  a t  48  h o u r s  and
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TABLE 5______3 P a t i e n t s  w ith  S eco n d a ry  A d d is o n 's  D is e a s e  : C o r t i s o l s

and M ig r a t io n  I n h i b i t i o n  F o l lo w in g  24  h o u rs w ith o u t  

R ep la cem en t, and 30mgms H y d r o c o r t iso n e  o r a l l y  a t  8 .3 0 h

Time (h o u r s )  P lasm a C o r t i s o l  M ig r a t io n  A rea M . I .
nm ol/L  Mean ^ ISD Mean *  ISD

800 34 + 9 62 ± 19 0 .1 9 ± 0 .1 4

1300 560 + 125 138 + 11 0 .6 4 ± 0 .1 2

1700 255 ± 205 136 ± 15 0 .6 5 * 0 .1 0
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th e  LMT show ed no s i g n i f i c a n t  i n h i b i t i o n .  The c l i n i c a l  d ia g n o s i s  

was c o n firm ed  and h e was s t a r t e d  on h y d r o c o r t is o n e  a t  72 h o u r s: w i t h in  

24 h o u r s  h e d e v e lo p e d  marked p o s i t i v i t y  o f  h i s  p r e v io u s  H eaf (2 + ) and  

th e  LMT becam e s i g n i f i c a n t l y  i n h i b i t e d  (MI 0 .6 8  p ^ .0 5  u s in g  ' U' t e s t ) .

To sum m arise: th e r e  i s  a marked d iu r n a l rhythm  o f  th e  LMT, 

p ro b a b ly  r e la t e d  to  c o r t i s o l  l e v e l s ,  b u t t h i s  i s  n o t  o f  im p o rta n ce  i f  

th e  b lo o d  i s  ta k en  b etw een  8am and 2pm.

V a r ia t io n  w ith  Time

Two v o lu n t e e r s  w eak ly  H eaf p o s i t i v e  (1 + ) had LMT p erform ed  

w e ek ly  f o r  2 m onths u s in g  PPD 150 u g /m l. The r e s u l t s  w ere a n a ly s e d  

u s in g  F e i l l e r ' s  th eo rem , and show ed no s i g n i f i c a n t  v a r i a t i o n ,  e x c e p t  

on on e o c c a s io n  in  on e s u b j e c t  24 h o u rs a f t e r  d e v e lo p in g  th e  

symptoms o f  a common c o ld .  The LMT t h e r e f o r e  g i v e s  c o n s i s t e n t  

r e s u l t s  in  norm al h e a lth y  s u b j e c t s  o v e r  a 2 month tim e  p e r io d .  Any 

e x c e s s i v e  v a r ia t io n  may be l i k e l y  t o  be due t o  c o n c u r r e n t i l l n e s s .

C o r r e la t io n  W ith O th er T e s t s  o f  C e l lu la r  H y p e r s e n s i t i v i t y

The in fo rm ed  c o n se n t  was o b ta in e d  f o r  2 9  p e o p le ,  21 p a t i e n t s  and  

8 norm al v o lu n t e e r s .  H eaf t e s t s  w ere p er fo rm ed , r e s p o n s e s  m easured  

and in d i v i d u a l s  grad ed  0 t o  111+ u s in g  th e  c r i t e r i a  e s t a b l i s h e d  by  

P a g e l  e t  a l  ( 1 9 6 4 ) .  The r e s u l t s  i d e n t i f i e d  a grou p  o f  4 p a t i e n t s  

w ith  c a r c in o m a to s is  p r e v io u s ly  known t o  r e a c t  t o  PPD b u t now a n e r g ic .

The s ta n d a r d  LMT was u sed  a s  o u t l in e d  a b o v e . The r e s u l t s  a re  

shown in  T a b le  6 . C le a r ly  th e r e  i s  a r e a s o n a b le  c o r r e l a t i o n  b e tw een  

th e  s k in  t e s t ,  and th e  LMT j u s t i f y i n g  i t s  u s e  a s  an in  v i t r o  

a s s e s s m e n t  o f  d e la y e d  h y p e r s e n s i t i v i t y .
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TABLE 6 C o r r e la t io n  o f  H eaf and LMT In  21 p a t i e n t s  and 8 v o lu n t e e r s

H eaf Grade Number o f  P a t i e n t s MI Mean * ISD

p r e v io u s ly  +ve 

1+

2+

3+

M il ia r y  T u b e r c le

0 .9 5  *  0 .1 2 5

0 .9 8  * 0 .1

0 .7 8  *  0 .0 8 5  

0 .7 6  * 0 .0 9 6  

0 .6 1  *  0 .2 6  

0 .5 6  *  0 .1 5
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Two S ta g e  L e u c o c y te  M ig r a t io n  T e s t

The LMT h a s  b een  shown t o  c o r r e l a t e  w ith  a n o th e r  in d e x  o f  

c e l l u l a r  im m unity; th e  H eaf t e s t .  I t  i s  s im p le  and cheap  and th e  

in h e r e n t  v a r i a b i l i t y  can  be red u ced  by c l o s e  a t t e n t i o n  to  d e t a i l .

In  th e  s ta n d a r d  LMT th e  ly m p h o cy tes  o b ta in e d  from  th e  v en o u s b lo o d  

a r e  b e l i e v e d  t o  p ro d u ce  th e  lym phokine LIF w h ich  s im u lta n e o u s ly  

i n h i b i t s  th e  m ig r a t io n  o f  PMNL. To exam ine an a l t e r a t i o n  in  t h i s  

t e s t  seem ed r e a s o n a b le  to  d iv id e  th e  s ta n d a rd  LMT i n t o  t h r e e  p a r t s :  

lym p h ok in e g e n e r a t io n :  lym phokine s t a b i l i t y  in  medium: and lym p hok in e  

a s s a y .

M a te r ia l  and M ethod

The c u l t u r e  medium u se d  was E a g le s  MEM c o n t a in in g  a n t i b i o t i c s  

and 10% f o e t a l  c a l f  serum , pH 7 .2  PPD (W eybridge) was u sed  in  a 

w o rk in g  c o n c e n t r a t io n  o f  150 u g /m l.

(1 )  C e l l  s e p a r a t io n .  To p rod u ce r e l a t i v e l y  p u re p o p u la t io n s  o f  

e i t h e r  ly m p h o c y te s  o r  p o ly m o rp h o n u c lea r  l e u c o c y t e s ,  b lo o d  a n t ic o a g u la t e d  

w ith  H ep arin  was se d im e n te d  w ith  P la sm a g e l (1 5  m in u te s  a t  room 

t e m p e r a tu r e ) . The b u f fy  c o a t  w as rem oved and c a r e f u l l y  la y e r e d  o n to  

f i c o l l / h y p a q u e . F o llo w in g  c e n t r i f u g a t io n  (2 0  m in u te s  a t  250G) th e  

ly m p h o c y te s  la y e r  o r  th e  PMNL c o u ld  b e c o l l e c t e d  s e p a r a t e ly .  T h ese  

c e l l s  w ere th en  w ashed  t h r e e  t im e s  in  p h o sp h a te  b u f f e r e d  s a l i n e  and  

re su sp e n d e d  in  medium. I f  e i t h e r  o f  th e  c e l l  s u s p e n s io n s  showed more 

th an  5% c o n ta m in a tio n  w i t h  th e  o th e r  c e l l  ty p e  (a s  shown by s t a i n i n g  

and e x a m in a tio n  w ith  l i g h t  m ic r o sc o p y ) th e  e x p er im en t w as abandoned .

( 2 ) (a)L ym ph ok in e g e n e r a t io n .  Lymphokine c o n ta in in g  s u p e r n a ta n ts  w ere  

g e n e r a te d  in  a P P D -lym phocyte c u l t u r e  e i t h e r  f o r  4 o r  24 hour p e r io d s .
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L ym p h ocytes, a t  a c o n c e n t r a t io n  o f  Ix lO ^ /m l w ere in c u b a te d  w ith  PPD 

a t  37°C , o r  f o r  c o n t r o l  c u l t u r e s  in  medium a lo n e .  At th e  en d  o f  th e  

c u l t u r e  p e r io d  th e  c e l l s  w ere spun down and s u p e r n a ta n ts  o b ta in e d .

PPD w as th e n  added t o  th e  c o n t r o l  s u p e r n a ta n t .

( 2 ) (b )L ym phokine s t a b i l i t y .  T h is  lym p hok in e c o n t a in in g  s u p e r n a ta n t  

c o u ld  th en  b e e i t h e r  a s sa y e d  im m e d ia te ly , o r  f o l lo w in g  an in t e r m e d ia t e  

in c u b a t io n ,  a t  37°C , f o r  e i t h e r  4 o r  24 h o u r s . Thus s t a b i l i t y  o f  th e  

lym p h ok in e LIF in  medium c o u ld  be d e te rm in ed .

(3 )  LIF A ssa y . F re sh  PMNL su sp en d ed  in  medium w ith  serum  w ere  

p la c e d  i n t o  c a p i l l a r i e s  th e  e n d s  o f  w h ich  w ere  s e a l e d  w ith  p l a s t e r c i n e  

and th e  c a p i l l a r i e s  th e n  c e n t r i f u g e d  f o r  5 m in u te s  a t  150G. The 

c a p i l l a r i e s  w ere c u t  j u s t  b e lo w  th e  c e l l  f l u i d  i n t e r f a c e  and i n s e r t e d  

on e i n t o  e a c h  p l a s t i c  w e l l  u s in g  a minimum o f  6 c a p i l l a r i e s  f o r  e a c h  

e x p e r im e n ta l  g rou p . The s u p e r n a ta n t  t o  b e t e s t e d  was added t o  th e  w e l l  

The w e l l s  w ere th en  in c u b a te d  f o r  18 h o u rs  a t  37^C, th e  m ig r a t io n  a r e a s  

drawn u s in g  a cam era lu c id a  m ic r o sc o p e  a tta ch m en t and m easured  by  

p la n im e tr y .

V a l id a t io n

I t  was assum ed th a t  i f  a r e a s o n a b le  agreem en t b etw een  t h i s  two  

s t a g e  p r o c e d u r e  and th e  c o n v e n t io n a l  s i n g l e  s t a g e  c o u ld  b e d e m o n str a te d  

t h i s  w ou ld  b e s u f f i c i e n t  v a l i d a t i o n .

T hree s e p a r a t e  a s s a y s  w ere p erform ed  in  e a c h  o f  6 s u b j e c t s .  The 

r e s u l t s  a r e  shown in  T a b le  7 . T h is  n o t  o n ly  show s a c l o s e  agreem en t  

b etw een  th e  two m ethods b u t a l s o  good r e p r o d u c i b i l i t y  o f  th e  2 s t a g e  

t e c h n iq u e .
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I th e n  d e term in ed  th e  e f f e c t  o f  in t e r m e d ia t e  in c u b a t io n  o f  

LIF c o n t a in in g  s u p e r n a ta n ts .  The r e s u l t s  a r e  shown in  T a b le  8 

w h ich  show s t h a t  w h erea s im m ediate a s s a y  and a s s a y  a f t e r  4 h o u rs  

in t e r m e d ia t e  in c u b a t io n  w ere s i m i l a r ,  th e  24 h ou r e x te n d e d  in c u b a t io n  

r e s u l t s  show ed a h ig h ly  s i g n i f i c a n t  l o s s  o f  a c t i v i t y .  C o n tro l a r e a s  

w ere n o t  a f f e c t e d ,  t h e r e f o r e  t h i s  c o u ld  o n ly  b e due t o  l o s s  o f  LIF 

o r  LIF a c t i v i t y .

T hese r e s u l t s  showed t h a t  t h i s  2 s t a g e  LMT was an a c c e p ta b le  

t e s t  f o r  i n v e s t i g a t i n g  th e  s i t e  o f  a c t io n  o f  th e  v a r io u s  d ru gs I 

w ish e d  t o  ex a m in e.
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TABLE 7 R e p r o d u c ib i l i t y  o f  2 S ta g e  M ethod, and Com parison w ith

1 S ta g e  T ech n iq u e

S u b je c t 2 S ta g e :  MI *  ISD 1 S ta g e :  MI *  ISD

0 .7 6  * 0 .1 1  

0 .6 9  *  0 .0 7  

0 .5 4  *  0 .0 9  

0 .6 5  *  0 .1 3  

0 .7 3  *  0 .1 2  

0 .7 4  *  0 .0 8

0 .7 9  * 0 .0 7  

0 .6 3  *  0 .0 5  

0 .5 1  * 0 .0 8  

0 .5 8  *  0 .0 7  

0 .7 2  *  0 .0 6  

0 .7 0  * 0 .0 9
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TABLE 8 The E f f e c t  o f  I n te r m e d ia te  I n c u b a t io n  o f  LIF C o n ta in in g

S u p e r n a ta n ts :  12 E x p e r im e n ts , 2 f o r  Each S u b je c t

I n te r m e d ia te  M ig r a t io n  In d ex  S ig n i f i c a n c e
I n c u b a t io n  Time Mean *  ISD

0  0 . 6 6  *  0 . 1 2

4 h 0 .7 0  * 0 .1 0  NS

2 4  h 0 .8 4  *  0 .0 9  p < . 0 1
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LYMPHOCYTE TRANSFORMATION

Y o f f e y ,  my P r o f e s s o r  o f  Anatomy a t  B r i s t o l ,  a s s e r t e d  th a t  th e  

sm a ll  ly m p h o cy te  w as n o t  e f f e t e  (Y o f fe y  & C o u r t ic e  1 9 5 6 ) .  T h is  was 

o n ly  su p p o r te d  l a t e  in  h i s  acad em ic c a r e e r  b y  th e  r e a l i s a t i o n  by  

H u n gerford  e t  a l  (1 9 5 9 ) and N o w ell (1 9 6 0 ) th a t  p h y to h a e m a g g lu t in in  

(PHA) an e x t r a c t  o f  th e  Red K id n ey  B ean , p h a s e o lu s  v u l g a r i s ,  c o u ld  

tr a n sfo r m  ly m p h o c y te s  t o  l a r g e ,  a c t iv e  c e l l s .  C a r s t a ir s  (1 9 6 1 )  

d em o n stra ted  th a t  th e  r e sp o n d in g  c e l l  was a s m a ll  ly m p h o cy te .

The c o n c e p t o f  a d u a l immune sy stem  w as a l s o  b e in g  d e v e lo p e d .

B ased  o r i g i n a l l y  on an im al s t u d ie s  rem oving  e i t h e r  th e ( b u r s a  o f  

f a b r i c i u s  (C l ic k  e t  a l  1 9 5 6 ) o r  thym us ( A s p in a l l  e t  a l  1 9 6 3 ) ;  th e  

id e a  w as expanded  by th e  m ic r o s c o p ic a l  a p p e a ra n ces  o f  PHA s t im u la t e d  

ly m p h o c y te s  com pared w ith  th o s e  s t im u la te d  by  a n o th e r  m ito g e n , poke  

w eek (PWM). A p r o p o r t io n  o f  th o s e  tr a n sfo r m ed  by PWM had a 

h y p e r p la s t i c  rough e n d o p la sm ic  r e t ic u lu m ; B c e l l s  (C h e s s in  e t  a l  1 9 6 6 1 ;  

w h erea s PHA in d u ced  o n ly  T c e l l  t r a n s fo r m a t io n .

The M itogen

The l i s t  o f  p o s s i b l e  m ito g e n s  h a s  b een  en o rm o u sly  ex p a n d ed , 

a r t i f i c i a l l y  by th e  s y s t e m a t ic  e x a m in a tio n  o f  v a r io u s  rem ote p la n t  

e x t r a c t s  and more m e th o d ic a l ly  by th e  e x a m in a tio n  o f  th e  c h e m ic a l  

s t r u c t u r e  o f  th e  m ito g e n s . An in e x h a u s t iv e  l i s t  i s  p r e f e r r e d  in  

T a b le  9 .

The f i r s t  m ito g e n s  t o  be d e s c r ib e d  w ere th e  L e c t in s .  T h ese  a re  

s u g a r -b in d in g ,  can p r e c i p i t a t e  p o ly s a c c h a r id e s  and g ly c o p r o t e in s  

and can  a g g lu t in a t e  c e l l s .  T h is  s u g g e s te d  th a t  th e y  w ere b in d in g  t o  

c e l l  s u r fa c e  s a c c h a r id e s  w h ich  was co n firm ed  by L e c t in  s p e c i f i c



44

TABLE 9

MITOGENS ( a f t e r  Cunningham e t  a l )

1. P la n t  E x tr a c t s PHA

Con c o v a l ln  A

L e n t i l

PWM

F a v in

P ea

W is te r ia  F lo r ib u n d a  

P ean u t a g g lu t in in

2 . B a c t e r i a l  P ro d u ct L ip o p o ly s a c c h a r id e  

S ta p h y lo c o c c a l  e n t e r o t o x in  B 

PPD

S t r e p t o ly s i n

3. A n tib o d y  r e a g e n ts A n ti I g  s e r a  

A n ti lym p h ocyte  

C arb oh yd rate  s p e c i f i c  

A n ti 2 m a c r o g lo b u lin  

A n ti B2 m ic r o g lo b u lin

4 . P o ly m ers F i c o l  

D extran  

P o ly  A -P o ly  U 

P o ly  1

P o ly  1 -P o ly  C 

P o ly e th y le n e  s u lp h a te  

D extran  s u lp h a te  

P e n to sa n e  s u lp h a te
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5. M is c e l la n e o u s  C h em ica ls Sodium m e ta p e r io d a te  

P h a rb o l e s t e r s  

Ca io n o p h o re  A 23187  

M eta l io n s  : Zn, Hg, N i 

P r o t e o l y t i c  en zy m es, t r y p s in  

P a p a in
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i n h i b i t i o n  by m o n o sa cc h a r id es  (B arb erg  e t  a l  1 9 6 6 ) . T h is  b in d in g  

t o  th e  s a c c h a r id e  com ponents o f  g ly c o p r o t e in s  and l i p i d s  c o u ld  be  

s im p ly  m a n ip u la te d , by p r o t e a s e s  rem oving  b lo c k in g  c o n s t i t u e n t s .

G o o d a ll e t  a l  (1 9 7 1 ) showed t h i s  w ith  a v a r i e t y  o f  p r o t e a s e s  en h a n c in g  

th e  a c t i v i t y  o f  PHA in  r a b b it  ly m p h o c y te s .

A c t iv a t io n

F o llo w in g  th e  i n t e r a c t i o n  w ith  r e c e p to r s  th e r e  i s  p ro b a b ly  a 

r e s u l t i n g  a l t e r a t i o n  o f  membrane com form ity  (T an ger e t  a l  1970)  

l e a d in g  t o  e a r ly  ch a n g es  in  transm em brane p o t e n t i a l  (V a ssa r  &

C u l l in g  1 9 6 4 ) ,  io n  le a k a g e  and tr a n s p o r t  (A llw o o d  e t  a l  1 9 7 1 ) ,  

q u e s t io n a b le  ch a n g es  in  c y c l i c  n u c le o t id e s  ( S i t h  e t  a l  1 9 7 1 ) ,  and 

l a t e r  ch a n g es  in  amino a c id  (Vandem B ergh  & B e t a l  1 9 7 1 ) and n u c le i c  

a c id  t r a n s p o r t  (P ark  & Good 1 9 7 2 ) . S u b s e q u e n t ly  th e  c e l l  d i v i d e s .

The e x t e n t  o f  a c t iv a t io n  i s  d ep en d en t upon many m o d u la to r s ;  

serum  f a c t o r s ,  FCS (C o n tin h o  & M o lle r  1 9 7 3 ) ,  red  b lo o d  c e l l s  

(T a rn v ik  1972; Y achn in  e t  a l  1 9 7 2 ) ,  PMNL (L u q u e t t i  & J a n o ssy  -1976), 

a u to lo g o u s  x ra y  i r r a d ia t e d  ly m p h o c y tes  (Y achn in  e t  a l  1 9 7 2 1 , m acrophages  

( 1 9 7 4 ) ,  o th e r  m ito g e n s , e i t h e r  T o r  B (Iv a n y  1 9 7 6 ) . T h ese  may 

f a c i l i t a t e  o r  in  some c a s e s  i n h i b i t  ( S c o t t  1 9 7 2 ) ly m p h o cy te  

r e s p o n s iv e n e s s  t o  PHA.

C l i n i c a l  S i g n i f i c a n c e  o f  A c t iv a t io n

The p rob lem  o f  th e  c l i n i c a l  s i g n i f i c a n c e  o f  ly m p h o cy te  

tr a n s fo r m a t io n  m ito g e n s  h a s  two l i m i t a t i o n s ;  t h a t  m ost work h as  

c o n c e n t r a te d  on PHA w h ich  w h i l s t  c o n v e n ie n t ,  may n o t b e  a p p r o p r ia te  

and m ethods u n t i l  r e c e n t l y  w ere la b o r io u s .  The t e s t s  h a v e  b een  u s e d ,  

h o w ev er , t o  i n v e s t i g a t e  many c l i n i c a l  c o n d it io n s :  i f  p oor r e s p o n s iv e n e s s
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t o  PHA o c c u r s  w ith  norm al T c e l l  num bers, i t  can  be c o n c lu d e d  th a t  

T c e l l  fu n c t io n  i s  im p a ired  (F u d en berg  e t  a l  1 9 7 1 ) .

M easurem ent o f  A c t iv a t io n

M easurem ent was i n i t i a l l y  by m ic r o sco p y  and b l a s t  c e l l  c o u n t s , 

l a t e r  th e  u s e  o f  r a d i o l a b e l l e d  (C14 o r  H3) th y m id in e  became s ta n d a r d ,  

a lth o u g h  o th e r  m arkers can  b e ex a m in ed , f o r  exam ple L amino a c id s

125(Kay 1 9 6 6 ) ,  a d en y l c y c la s e  s t im u la t io n  (W inchurch e t  a l  19 7 1 ) o r  I 

io d o u r id in e  (L u q u e t t i  & J a n o ssy  1 9 7 6 ) .

The u se  o f  th y m id in e  h a s  becom e c l a s s i c a l  b u t th e r e  a re  p ro b lem s  

a s s o c i a t e d  w ith  i t s  u se ; h ig h  c o n c e n t r a t io n s  i n h i b i t  DNA s y n t h e s i s  

by i n t e r f e r i n g  w ith  th e  s y n t h e s i s  o f  o th e r  d e o x y r ib o n u c le o t id e s  

(H a rto g  e t  a l  1 9 6 7 );  h ig h  s p e c i f i c  a c t i v i t y  may p ro d u ce  c e l l  d e a th  

(u se d  in  'h o t  p u l s e s ' )  w h erea s low  s p e c i f i c  a f f i n i t y  p ro d u c es  l i t t l e  

d i f f e r e n t i a t i o n  b etw een  c o n t r o l  and s t im u la t e d  c u l t u r e s ;  th y m id in e  

i s  q u ic k ly  b rok en  down by PMNL t o  thym ine and d ih y d ro th y m in e  w h ich  

a r e  n o t  u t i l i s e d .  The r a t e  l i m i t i n g  s t e p  i s  t r a n s p o r t  a c r o s s  th e  

membrane (H ir sc h h o m  e t  a l  1 9 7 / ) .

B C e l l  M ito g en s

S e m a n t ic i s t s  i n s i s t  on p o ly c lo n a l  B c e l l  a c t iv a t io n ;  t h e s e  

m ito g e n s  do n o t  rea d  th e  d ic t io n a r y  o f  Ig  s p e c i f i c i t i e s  and t r i g g e r i n g  

o c c u r s  a t  o th e r  s i t e s  th a n  th e  Ig  r e c e p to r  com b in in g  s i t e s ;  th e  

p r o l i f e r a t i o n  i s  n o t  im p o rta n t f o r  e a r ly  a n tib o d y  p r o d u c t io n  and d o e s  

n o t  a f f e c t  a l l  B c e l l s .  S in c e  th e  b l a s t  t r a n s fo r m a t io n  i s  o f t e n  

s l i g h t  in  co m p a riso n  w ith  th e  a n tib o d y  r e s p o n s e ,  i d e a l l y  th e  B c e l l  

s h o u ld  b e  in  a r e s t i n g  s t a t e  b e fo r e  d e t e c t io n  o f  a p o t e n t i a l  B c e l l  

m ito g e n  i s  a ttem p ted ; e s p e c i a l l y  s i n c e  some o th e r  m ito g e n s  a r e  B c e l l
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1 . V ir g in a l  

B C e l l

B c e l l  

m ito g en

b l a s t  w ith  h y p e r p la s t i c  

e n d o p la sm ic  r e t ic u lu m  

a n tib o d y  s y n t h e s i s

a n t ib o d y

s e c r e t in g

c e l l s

2 . V ir g in a l  

B c e l l

b l a s t

no h y p e r p la s ia

no s e c r e t i o n  

? o th e r  f a c t o r s  

n eed ed

3 . V ir g in a l  

B c e l l V

no r e s p o n s e  w ith o u t  

o th e r  f a c t o r s
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c o m p e t i t iv e  a n t a g o n is t s  (C o n tin h o  & M o lle r  1975; M is h e l l  & D u tto n  1 9 6 7 )

Many B c e l l  m ito g e n s  are  p o ly m ers  ( t h e  l i s t  o f  p o ly m er m ito g e n s  

in  th e  t a b l e  h ave a l l  b een  shown t o  b e  B c e l l  m ito g e n s )  w h ich  was one  

r e a so n  f o r  th e  id e a  th a t  th e y  en h an ced  th e  p r o d u c t io n  o f  C3 e i t h e r  

d i r e c t l y  from p r o t e o l y s i s  o f  C42 o r  v i a  en h an ced  m acrophage  

p r o t e o l y s i s .  The r e s p o n s e  may be p o ly p h a s ic  e s p e c i a l l y  w ith  p o ly m ers;  

f o r  ex a m p le , in  a d o se  r e s p o n s e  t o  F i c o l l ,  C on tin h o  & M o lle r  (197$p  

r e p o r te d  t h a t  a t  .0 0 1  t o  .0 1  u g /m l; 1 u g /m l and 100  u g /m l, p ea k s  o f  

s t im u la t io n  o c c u r r e d  w ith  no s t im u la t io n  a t  .1  and 10 u g /m l.

The p r o b a b le  e f f e c t s  o f  B c e l l  m ito g e n s  i n  v iv o  on B c e l l  a re  

shown in  th e  f i g u r e :  w ith  a w id e  a rra y  o f  p o s s i b l e  e f f e c t s  from  marked  

a n tib o d y  s y n t h e s i s  and s e c r e t io n  t o  no o b v io u s  e f f e c t .  A lth o u g h  th e  

b e s t  medium f o r  e x p lo r a t io n  o f  B c e l l  m ito g e n  s t r u c t u r e  and r e c e p to r  

a n a ly s i s  i s  s y n t h e t i c ,  w ith  o n ly  B c e l l s  p r e s e n t ,  th e  i d e a l  medium  

f o r  an a ttem p ted  a n a ly s i s  o f  th e  e f f e c t  o f  B c e l l  m ito g e n s  in  v iv o  

s h o u ld  a p p ro x im a te  c l o s e l y  to  w h o le  b lo o d . T h is  may p r o v id e  non

s p e c i f i c  a m p l i f i c a t io n  m echanism s o f  g r e a t  im p o rta n ce  i n  a c l i n i c a l  

s i t u a t i o n .  B-T; T-B c e l l  i n t e r a c t i o n .

When th e  id e a  o f  a d u a l immune sy s te m  becam e a c c e p te d  t h e r e  w as 

a l s o  a te n d en cy  t o  assum e t h a t  th e  thym us d e r iv e d  T c e l l  w as o n ly  

r e s p o n s ib le  f o r  c e l l u l a r  immune r e a c t i o n s ,  and th e  b u r sa  e q u iv a le n t  

d e r iv e d  B c e l l  was o n ly  r e s p o n s ib le  f o r  hum oral r e a c t i o n s .  S u b s e t s  

o f  b o th  s y s te m s  a r e  now r e c o g n is e d .  I d e n t i f i e d  by a n a ly s i s  o f  

r e s p o n s e s  t o  m ito g e n s  f o l lo w in g  s u i c i d e  s t im u la t io n  by o t h e r  m ito g e n s  

i n  th e  p r e s e n c e  o f  h ig h  a c t i v i t y  th y m id in e . T h ese s u b j e c t s  can  a l s o  

b e  d em o n stra ted  in  v iv o ;  G ronow icz & C o n tin h o  V  1414
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H e lp e r  f u n c t io n s  a s  w e l l  a s  s u p p r e s so r  fu n c t io n s  a r e  now known 

t o  e x i s t  in  b o th  B-T and T-B c e l l  i n t e r a c t i o n s ,  w h ich  s u g g e s t  an 

im p o r ta n t p h y s i o l o g i c a l  r o l e  f o r  b o th  T and B c e l l  m ito g e n s .

M eth odology

The h i s t o r y  o f  m eth o d o lo g y  in  th e  m easurem ent o f  ly m p h o cy te  

tr a n s fo r m a t io n  to  m ito g e n s  h a s a lr e a d y  b een  s u g g e s t e d .  L ik e  many 

a s s a y s  i t  h a s  d e v e lo p e d  from  tim e  and la b o u r  consum ing a s s a y s  

r e q u ir in g  la r g e  vo lu m es o f  b lo o d  t o  m icro  t e c h n iq u e s .  U n t i l  r e c e n t ly  

s e p a r a te d  ly m p h o cy tes  w ere n eed ed  and in  th e  e a r ly  work a c t i v a t i o n  

was d e t e c t e d  by l i g h t  m ic r o s c o p ic  c h a n g e s . S e p a r a te d  ly m p h o c y tes  

p ro v o k ed  much work on mediums and s u p p le m e n ta t io n  w ith  v a r i e t i e s  

o f  serum . W ith th e  in t r o d u c t io n  o f  th y m id in e  q u a n t i f i c a t i o n  o f  

a c t i v a t i o n  becam e s im p le r  b u t i n i t i a l l y  e la b o r a t e  p r o c e d u r e s  w ere  

u sed  p r io r  t o  s c i n t i l l a t i o n .  T h is  becam e s im p le r  w i t h  th e  u se  o f  

d r ie d  f i l t e r s  in s e r t e d  d i r e c t l y  i n t o  s c i n t i l l a t i o n  I n s e r t  v i a l s .  

A lth o u g h  d i s l i k e d  by th e  p u r i s t s  th e  u se  o f  d i l u t e  w h o le  b lo o d  r a p id ly  

a llo w e d  th e  u se  o f  s m a l le r  q u a n t i t i e s  o f  b lo o d  and th e  d ev e lo p m en t o f  

m icro  c u l t u r e  t e c h n iq u e s .  I t  a v o id s  l o s s  o r  m o d i f i c a t io n  o f  

ly m p h o c y te s  d u r in g  th e  s e p a r a t io n  p r o c e d u r e s  and f a c i l i t a t e s  ly m p h o cy te  

c u l t u r e .  I  d e c id e d  t o  u s e  th e  d i l u t e  w h o le  b lo o d  te c h n iq u e  d e v e lo p e d  

by L u q u e tt i  & J a n o s s y .

Method

V enous b lo o d  w h ich  w as ta k e n  b etw een  8am and 1.2 n o o n , was 

a n t ic o a g u la t e d  w ith  H ep arin  ( p r e s e r v a t iv e  f r e e )  o r  b e d e f i b r i n a t i o n .

I t  w as d i l u t e d  1 : 10 in  medium TC199; 200  u l  vo lu m es w ere th en  

d i s t r i b u t e d  i n t o  m i c r o t i t r e  p l a t e  w e l l s .  At l e a s t  16  r e p l i c a t e  w e l l s
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w ere u sed  f o r  ea c h  drug d i l u t i o n .  The c u l t u r e s  w ere in c u b a te d  a t  37°C  

f o r  4 8  h o u rs in  h u m id if ie d  a i r  w ith  5% CO  ̂ added and th e n  l a b e l l e d  f o r  

4 h o u rs  w ith  t r i t r a t e d  th y m id in e  (5  u l  o f  0 .5  u d i /m l ) .  C e l l s  w ere  

r e c o v e r e d  from  ea c h  w e l l  o n to  f i l t e r  p a p er  by means o f  an a u to m a tic  

m u lt ip le  sam p le h a r v e s t e r  ( s e e  p i c t u r e ) .  The f i l t e r s  w ere added t o  

th e  s c i n t i l l a t i o n  f l u i d  (PCS) and co u n ted  f o r  on e m in u te . The r e s u l t s  

w ere q uench  c o r r e c t e d  and e x p r e s s e d  a s  d i s i n t e g r a t i o n s  p er  m in u te  (DPM)

V a l id a t io n

A n t ic o a g u la t io n :

T here was no d i f f e r e n c e  b etw een  a n t ic o a g u la t io n  by d e f i b r i n a t i o n  

o r  w ith  H ep arin  e i t h e r  in  c o n tr o l  o r  PHA s t im u la t e d  b lo o d  sa m p le s  

(W ellcom e p u r i f i e d  PHA K 2313  a t  a c o n c e n t r a t io n  o f  0 .1  u g / u l ) .

D i lu t io n :

A com p arison  was made b etw een  b lo o d  sa m p les  from 3 v o lu n t e e r s  

d i l u t e d  v a r io u s ly  t o  1 : 2 ,  1 : 4 ,  1 : 1 0 ,  1 :1 5  and 1 :2 0  e i t h e r  in  c o n t r o l  

o r  PHA s t im u la t e d  in c u b a t io n s .  The c o e f f i c i e n t  o f  v a r i a t i o n  was lo w e s t  

(> 1 0 % ) a t  th e  1 :1 0  d i l u t i o n  a lth o u g h  th e  d i f f e r e n c e s  in  v a r i a t i o n  was 

n o t  s i g n i f i c a n t  e x c e p t  a t  1 :2  and 1 :2 0  d i l u t i o n s .  The mean DPM w ere  

h ig h ly  s i g n i f i c a n t l y  in c r e a s e d  a t  th e  lo w er  d i l u t i o n s ,  1 :2  and -1 :4 , b u t  

o n ly  in  th e  c o n t r o l  sa m p le s . The r e s u l t s  in  th e  PHA sa m p les  p ro d u ced  

s l i g h t l y  b u t s i g n i f i c a n t l y  lo w e r  r e s u l t s  b o th  a t  th e  h ig h e r  d i l u t i o n  

1 :2 0  and low  d i l u t i o n s  1 :2  and 1 :4 .

In  o r d e r  t o  a c c u r a t e ly  c o n t r o l  t h e s e  e x p e r im e n t s ,f u r t h e r  b lo o d  

sa m p le s  d i l u t e d  s i m i l a r l y  had n o t  had th y m id in e  added a t  th e  

c o n v e n t io n a l  t im e , b u t r a t h e r  im m e d ia te ly  p r io r  t o  h a r v e s t in g .  Any 

th y m id in e  w h ich  f a i l e d  t o  b e w ashed from th e  c e l l s  a d h e r in g  t o  th e
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f i l t e r  p a p e rs  c o u ld  th en  be c o u n te d . As th e  r e s u l t s  show (T a b le lO  ) 

a p r o p o r t io n  o f  th e  c o n t r o l  DPM r e p r e s e n t s  th y m id in e  c o n ta m in a t io n .

Number o f  L ym phocytes

L u q u e tt i  & J a n o s s y  had shown a l i n e a r  r e la t i o n s h i p  b etw een  

p h y s i o l o g i c a l  num bers o f  T c e l l s  and PHA maximum r e s p o n s e .  A lth o u g h  

I rep ro d u ced  t h e i r  f in d in g  i t  was o f  no co n seq u en ce  in  t h e  in  v i t r o  

drug e x p e r im e n ts ,  w here b lo o d  from  th e  same s u b j e c t  ta k e n  a t  th e  same 

t im e  i s  com pared. S im i la r  r e a s o n in g  a p p l i e s  t o  B c e l l  num bers.

I n c u b a t io n  Time

Time c o u r se  e x p e r im e n ts  w ere p erfo rm ed , th e  in c u b a te s  b e in g  

h a r v e s t e d  a t  1 2 , 2 4 , 48  and 72 h o u r s . The tim e  c o u r s e  s h o u ld  b e  

e x p e c te d  t o  h ave two c h a r a c te r s ;  i n i t i a l l y  a s l i g h t  d i f f e r e n c e  b etw een  

c o n t r o l  and s t im u la t e d  l a t e r  w ith  th e  e x h a u s t io n  o f  th e  medium, 

ly m p h o cy te  d ea th  and red u ced  DPM from  s t im u la te d  c u l t u r e s .  T h is  was 

in d e e d  th e  e f f e c t  fo u n d . The r e p l i c a t e s  a l lo w e d  a more

a c c u r a te  a s s e s s m e n t  o f  e r r o r .  A lth o u g h  mean v a lu e s ,  s t im u la t e d ,  a t  

24 h o u r s  w ere l e s s  th a n  a t  48  h o u r s , s in c e  th e  v a r i a t i o n  a t  24  h o u rs  

w as l e s s ,  s i g n i f i c a n t  d i f f e r e n c e s  b etw een  s t im u la te d  and c o n t r o l  v a lu e s  

w ere a s  o f t e n  o b s e r v e d  a t  24 h o u r s  a s  a t  48 h o u r s .

H a r v e s t e r  P o s i t i o n

The a u to m a tic  h a r v e s t e r  I  u sed  had an in h e r e n t ly  p o o r  d e s ig n  

f e a t u r e ;  in f lo w  w as v i a  one tu b e ,  s e e  p ic t u r e .  P r e s s u r e  o f  th e  

w a sh in g  f l u i d s  w a s , t h e r e f o r e  h ig h e r  a t  p o s i t i o n  1 th a n  p o s i t i o n  16 . 

C a r e fu l  a t t e n t i o n  t o  w a sh in g  p ro ce d u re  and com p arison  o f  t h e  -16 

r e p l i c a t e s  w ith  o t h e r  r e p l i c a t e s  red u ced  t h i s  e r r o r .
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TABLE 10 C om parison o f  V a r io u s  D i lu t io n s  o f  B lo o d  : TC199 Upon

T hym idine I n c o r p o r a t io n  (DPM) In  C o n tro l And PHA C u ltu r e s

D i lu t io n s  C o n tro l (no  th y m id in e
in c o r p o r a t io n

Mean DPM * IBE

C o n tr o l PHA

Mean DPM ^  IBE Mean DPM ^ IBE

2 1867 ± 279 2476 ± 259 8 0 ,1 0 1 ± 1 0 ,1 6 0

4 1603 ± 339 2181 267 8 6 ,2 5 9 * 8 ,2 3 1

10 1101 ± 97 1876 173 1 2 5 ,0 2 1 5 ,7 1 9

15 989 db 103 1719 189 1 2 9 ,0 2 1 * 7 ,1 9 4

20 897 ± 117 1831 220 9 4 ,0 8 3 8 ,1 2 4
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Carbon D io x id e

E a r ly  in  th e  a n a ly s i s  o f  m ethod th e r e  was no f a c i l i t y  t o  

c o n v e n ie n t ly  add CO  ̂ t o  th e  in c u b a to r .  The o n ly  a b n o r m a lity  t h i s  

p ro d u ced  was in  th e  o u te r  w e l l s  w h ich  d em o n stra ted  a pH ch a n g e , and  

accom p anyin g e v id e n c e  o f  c e l l  d ea th ; m ic r o s c o p ic a l ly  and on th y m id in e  

u p ta k e . T h is  was c ir c u m n a v ig a te d  by n o t u s in g  t h e s e  w e l l s .  When CO  ̂

a d d i t io n  becam e a v a i la b le  a fu r t h e r  p rob lem  o c c u r r e d , th e  g a s  

in f u s e d  was dry and p l a t e s  d r ie d . A s im p le  t r a y  o f  w a te r  a c t e d  a s  an 

e f f i c i e n t  h u m id i f ie r ,  b u t a l s o  b a c t e r i a l  I n c u b a to r . The f i n a l  

com prom ise was h u m id if ie d  CO  ̂ ( t h e  w a te r  r e p le n is h e d  f r e q u e n t ly  and 

in c lu d e d  an e f f i c i e n t  b a c t e r i o c i d a l  a g e n t ) , and sem i-p e rm e a b le  

c e l l o t a p e  o v e r  th e  p l a t e s .

L a b e l P e r io d

A v a r i e t y  o f  e x p e r im e n ts  w ere p erform ed  t o  exam in e th e  m ost 

e f f i c i e n t  l a b e l l i n g  p e r io d ,  and q u a n t i ty  o f  th y m id in e . Comparing 2 ,

4 , 8 and 12 h our l a b e l  p e r io d  (T a b le  1 1 ) th e  q u ic k e s t  t im e  w ith  a 

r e a s o n a b le  c o e f f i c i e n t  o f  v a r i a t i o n  was 4 h o u r s . As H3 th y m id in e  

can  k i l l  c e l l s ,  a s h o r t  in c u b a t io n  p e r io d  i s  t h e o r e t i c a l l y  im p o r ta n t ,  

and h a s  o b v io u s  p r a c t i c a l  a d v a n ta g e s .

T hym id ine Amount

S im i la r  e x p e r im e n ts  o f  4 hour l a b e l ,  v a r y in g  th e  q u a n t i ty  o f  

th y m id in e  (5  u l s  o f  0 .2 5 ;  0 .5 ;  0 .7 5 ;  1 u C l/m l) d em o n stra ted  th a t  th e  

optimum in  term s o f  c o s t ,  low  v a r ia n c e  and la r g e  d i f f e r e n c e  b etw een  PHA 

s t im u la t e d  and c o n t r o l  c o u n ts  was 0 .5  u C i/m l. The r e s u l t s  o f  b o th  

e x p e r im e n ts  i s  shown in  th e  T a b le . H
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TABLE 11 E f f e c t  o f  Time and Q u a n tity  o f  L abel (Means * ISP)

1 . Time (h o u r s ) C o n tr o l DPM PHA

Meag ± ISD Mean * ISD

2 1213 ± 147 5 3 ,2 5 9 + 5 ,9 9 7

4 1903 ± 156 1 1 9 ,3 4 0 ± 4 ,9 7 9

8 1790 ± 164 1 2 0 ,1 1 2 ± 6 ,5 4 8

12 1887 ± 199 1 0 6 ,2 4 8 ± 9 ,1 3 3

2 . Q u a n t ity  T hym id ine

5 u l s  0 .2 5 u C i/m l 795 ± 215 4 4 ,3 2 0 ± 1 1 ,2 5 9

0 .5 u C i/m l 1837 ± 166 1 3 0 ,0 3 1 ± 9 ,1 2 1

0 .7 5 u C i/m l 2311 ± 319 1 3 6 ,5 7 9 ± 6 ,9 5 0

1 u C i/m l 2749 ± 354 1 1 0 ,6 7 8 ± 7 ,1 3 4
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D ry in g  F i l t e r  P a p ers

U sin g  th e  s c i n t i l l a t i o n  f l u i d  PCS i t  w as im p o r ta n t t o  d e te r m in e  

th e  b e s t  mode o f  d e l i v e r y  o f  th e  h a r v e s t e d  c e l l s  a d h e ren t t o  th e  

f i l t e r ;  d ry  o r  w e t;  in  i n s e r t  v i a l s  o r  i n t o  s c i n t i l l a t i o n  v i a l s .

T here w as no s i g n i f i c a n t  d i f f e r e n c e  in  DPM b etw een  dry and ( s l i g h t l y )  

w e t . DPM in  i n s e r t  v i a l s  w ere f a r  h ig h e r  and more c o n s i s t e n t ;  th e  

f i l t e r s  w ere o f  su ch  a s i z e  t o  jam in  th e  i n s e r t  v i a l  a l lo w in g  b o th  

s i d e s  o f  th e  f i l t e r  t o  b e e x p o se d  t o  th e  s c i n t i l l a t i o n  f l u i d .

In s c i n t i l l a t i o n  v i a l s  th e  f i l t e r s  te n d ed  to  s t i c k  t o  th e  s i d e s  and 

th e  volum e o f  s c i n t i l l a t i o n  f l u i d  was f a r  l e s s  in  th e  i n s e r t  v i a l s .  

E a r ly  e x p e r im e n ts  ( s e e  p r e v io u s ly )  w ere p erfo rm ed  u s in g  s c i n t i l l a t i o n  

v i a l s ,  l a t e r  e x p e r im e n ts  (B urden e t  a l  1 977) i n s e r t  v i a l s - t h e r e  

was a su b se q u e n t ch an ge in  c o u n ts ,  p a r t i c u l a r l y  c o n t r o l s .

C o u n tin g  Time

For th e  c o u n t in g  e r r o r  t o  b e l e s s  th a n  10% ab out 5000  Cpm 

a re  n e e d e d , h o w ev er , th e  e r r o r  te n d s  t o  b e  red u ced  by th e  u se  o f  

r e p l i c a t e s ;  t h e r e f o r e  I  a d o p ted  a m in u te  co u n t a s  s ta n d a r d ,  

p r o d u c in g  a r a th e r  h ig h  e r r o r  on th e  c o n t r o l s  b u t a c c e p ta b le  f o r  

s t im u la t e d  v a lu e s .  E x p er im en ts  where d ru gs w ith  unknown e f f e c t  

w ere u s e d , w ere c o u n te d  u n t i l  th e  c o u n t in g  e r r o r  w as l e s s  th a n  10%.

Q uen ch in g

B ackground c o u n ts  w ere s u b t r a c te d ,  and Cpm c o n v e r te d  u s in g  a 

q u en ch  c o r r e c t io n  t o  DPM. Q uenching was a p p r o x im a te ly  50%.

E x p r e s s io n  o f  R e s u l t s  and S t a t i s t i c s

Lym phocyte t r a n s fo r m a t io n ,  l i k e  l e u c o c y t e  m ig r a t io n  i n h i b i t i o n .



57

i s  a n o th e r  a r e a  o f  in j u d ic io u s  u s e  o f  i n d i c e s .  W hereas m ig r a t io n  

i n d i c e s  can  b e  j u s t i f i e d ,  th a t  o f  s t im u la t io n  in d e x  can  n o t .  I t  

w ou ld  presum e a l i n e a r  r e la t i o n s h i p  b etw een  c o n t r o l  and s t im u la t e d  

and t h a t  c o n tr o l  m easurem ents w ere r e la t e d  t o  th e  number o f  

f u n c t io n in g  u n i t s .  That t h i s  i s  n o t  so  in  th e  w h o le  b lo o d  m ethod  

h a s  b een  shown, b u t i t  i s  a l s o  in a p p r o p r ia te  in  s e p a r a te d  ly m p h o cy te  

m eth o d s, p r im a r i ly  f o r  th e  same re a so n ; c o n t r o l  c o u n ts  te n d  t o  b e  

h e a v i ly  in f lu e n c e d  by th e  e x c e l l e n c e  o f  w a sh in g . A n oth er r e a so n  i s  

t h a t  c o n t r o l  c u l t u r e s  may h ave b een  e x p o sed  t o  m ild  m ito g e n s  

( i n e v i t a b l e  in  s e p a r a te d  te c h n iq u e s :  F i c o l l ) .  The v ie w  t h a t  th e  

e f f e c t  o f  2 m ito g e n s  m u l t i p l e s ,  i s  n o n s e n s e , and h a s b een  shown t o  

be i r r a t i o n a l  b o th  f o r  T and B m ito g e n s  ( s e e  f o r  ex a m p le . Burden e t  a l  

1 9 7 7 ) . A d d it iv e ,  in h i b i t o r y  o r  s y n e r g i s t i c  e f f e c t s  c o u ld  b e p r e d ic t e d  

and h a v e  b een  s e e n .  The u s e  o f  s t im u la t io n  i n d i c e s  s h o u ld  t h e r e f o r e  

b e abandoned . I h ave r e p o r te d  b o th  c o n tr o l  and s t im u la t e d  v a lu e s .

The d i s t r i b u t i o n  o f  96 c o n t r o l  and 96 (PHA) s t im u la te d  I n c u b a te s  w ere  

norm al and c o n t in u o u s  j u s t i f y i n g  th e  u se  o f  u n tra n sfo rm ed  d a ta  in  

s t u d e n t s  ' t ' t e s t .

R e p r o d u c ib i l i t y

As in  any a s s a y  i f  any ite m  i s  changed  th e  r e s u l t s  may in  th e  

fu tu r e  b e  a l t e r e d ;  ev en  s l i g h t  ch a n g es r e s u l t i n g  from  a r e - c a l c u l a t e d  

q uench  c o r r e c t i o n ,  o r  w o rse  an a l t e r e d  PHA. U n fo r tu n a te ly  th e r e  i s  

no e a s y  way t o  s ta n d a r d is e  th e  a s s a y .  PHA, o f  c o u r s e ,  h a s  b een  

s t a n d a r d is e d ,  and I  u sed  th e  h ig h ly  p u r i f i e d  red u ced  r e d  c e l l  

a g g lu t in a t io n  ty p e .  The prob lem  o f  r e p r o d u c i b i l i t y  c o u ld  b e r a t i o n a l i s e d  

by th e  u s e  o f  c u l tu r e d  ly m p h o cy tes  o r  much more c h e a p ly ,  by  

d e m o n s tr a t in g  c l o s e  r e p r o d u c i b i l i t y  in  a s u b j e c t  o v e r  a le n g t h  o f  t im e .
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One s u b j e c t  was s tu d ie d ;  c o n t r o l  and PHA v a lu e s  w ere com pared  

d a i l y  f o r  f i v e  d ays and s u b s e q u e n t ly  m on th ly  f o r  th r e e  m o n th s. E x cep t  

a t  t im e s  o f  in t e r c u r r e n t  i l l n e s s  th e  v a lu e s  w ere s t a t i s t i c a l l y  s i m i l a r .

V a l id a t io n  o f  O th er T ech n iq u es

I t e s t e d  C a p ro ic  A cid  (EACA) on o th e r  te c h n iq u e s  o f  i n v e s t i g a t i n g  

ly m p h o cy te  s t im u la t io n .  A w h o le  b lo o d  macro m ethod , s e p a r a te d  

ly m p h o cy te  macro and m icro  m ethods w ere em ployed . A l l  show ed PHA 

s t im u la t io n  t o  a v a r ia b le  e x t e n t ,  and a l l  showed s i g n i f i c a n t  

r e d u c t io n  o f  th e  s t im u la t io n  by EACA. D extran  s u lp h a t e ,  a known B c e l l  

m ito g e n  in d u ced  s i g n i f i c a n t l y  in c r e a s e d  c o u n ts  in  b o th  a s e p a r a te d  

ly m p h o cy te  and th e  w h o le  b lo o d  m acro te c h n iq u e .  T h is  I b e l i e v e  i s  

s u f f i c i e n t  v a l i d a t i o n ,  a lth o u g h  th e  work on p o ly s a c c h a r id e s  was a l s o  

v a l i d a t e d  u s in g  a s e p a r a te d  ly m p h o cy te  m icro  m eth od , d e s c r ib e d  b e lo w .

A f u r t h e r  te c h n iq u e  o f  v a l i d a t io n  u sed  was m ic r o s c o p ic a l  e x a m in a tio n ;  

a c t u a l l y  s e e in g  th e  ly m p h o b la s ts  was c o m fo r t in g .

S e p a r a te d  Lym phocyte T ech n iq u e

B lo o d  a n t ic o a g u la t e d  w ith  H ep arin  was s e p a r a te d  t o  y i e l d  a 

p re d o m in a n tly  ly m p h o cy te  p o p u la t io n  u s in g  F i c o l l  hypaque and 

c e n t r i f u g a t i o n .  The ly m p h o c y tes  w ere washed th r e e  t im e s  in  PBS and 

re su sp e n d e d  in  Medium 199 w ith  10% a u to lo g o u s  serum a t  a c o n c e n t r a t io n  

o f  1x10^ c e l l s / m l .  I n c u b a t io n  a t  37°C f o r  48 h o u rs in  CO  ̂ 5% and a i r  

was f o l lo w e d  by a p e r io d  o f  8 h o u rs l a b e l l i n g  r e s u l t s  b e in g  e x p r e s s e d  

a s  DPM.

The E f f e c t  o f  G r a n u lo c y te s

B u ffy  c o a t  c e l l s  w ere s e p a r a te d  on a F i c o l l  hypaque g r a d ie n t ,  th e
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g r a n u lo c y te s  w ere w ash ed , and r e su sp e n d e d  in  Medium 1 9 9 . They w ere  

th en  added t o  th e  ly m p h o cy tes  ( a t  a r a t i o  o f  1 :1 )  o r  b o i l e d  f o r  10  

m in u te s  b e fo r e  b e in g  added. C o n tro l and PHA s t im u la t e d  v a lu e s  a r e  

shown in  th e  T a b le . The a d d i t io n  o f  e i t h e r  l i v e ,  o r  dead  

g r a n u lo c y te s  im proved  th e  PHA r e s p o n s e .  W hether th e  g r a n u lo c y te s  

w ere  dead  o r  n o t  was s t a t i s t i c a l l y  i n d i s t i n g u i s h a b l e .

M ic r o s c o p ic  A p p earan ces

L ym phoblast ap p earan ce  f o l lo w in g  PHA s t im u la t io n  c o u ld  a lw a y s  

be o b s e r v e d  i n  e i t h e r  w h o le  b lo o d  o r  ly m p h o cy te  c u l t u r e s ,  p r o v id e d  

th a t  th e  c u l t u r e  p e r io d  was s u f f i c i e n t l y  p r o tr a c te d .  No ly m p h o b la s ts  

o c c u r r e d  in  c o n t r o l  c u l t u r e s .

Amino A c id  P r o t e in  I n c o r p o r a t io n

Me t h o d :

B lo o d  was ta k en  from 2 s u b j e c t s  known t o  resp o n d  t o  PHA and  

ly m p h o c y te s  o b ta in e d . F o llo w in g  d i l u t i o n  and c u l t u r e ,  a m in o is o b u ty r ic  

(C 14) o r  L eu c in e  (C14) was added a t  1 ,  6 ,  1 2 , 24 and 48  h o u rs  fo r  

l a b e l l i n g  p e r io d s  o f  4 , 12 o r  24 h o u r s .

Only a t  24 h o u r s  and 4 8  h o u r s  w ith  24  h ou r l a b e l l i n g  w as a 

s i g n i f i c a n t  d i f f e r e n c e  b etw een  c o n t r o l  and s t im u la t e d  c u l t u r e s  

o b s e r v e d . T here was c l o s e  c o r r e l a t i o n  b etw een  th e  DPM and e v e n  th e  

s i g n i f i c a n c e  a c h ie v e d  w ith  e i t h e r  AIB L eu c in e  o r  th y m id in e  I n c o r p o r a t io n  

a t  th e  t im e s  24  and 48 h o u r s .

S e p a r a te d  B and T C e l l s

Many w o rk ers h ave r e p o r te d  te c h n iq u e s  t o  s e p a r a t e  B from  T c e l l s .

T c e l l  in n u m er a tio n  i s  s im p le  and th e  te c h n iq u e s  can b e  ch eck ed  by



60

T a b le  12 E f f e c t  o f  A d d ition  o f  G r a n u lo c y te s

G r a n u lo c y te s  C o n tr o l DPM PHA DPM
Mean ± I SE Mean * ISE

None 717 ± 120 6 6 ,1 1 3  ± 6 ,9 5 1

Dead 899 ± 113 9 5 ,1 2 1  *  9 ,8 0 0

L iv e  875 *  107 9 3 ,7 7 6  * 8 ,6 7 8

p ^ O .O l  com pared w ith  none
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Time o f  
A d d it io n

Time o f  
I n c u b a t io n

C o n tr o l DPM 
Mean * ISE

PHA DPM 
Mean ^ ISE

4

12

24

54 a  7 

603 58

584 *  53

60 ± 11 

571 *  61

594 ^ 68

4

12

24

61 * 9

664  *  73 

659 ± 77

63 13

660  * 79

594 * 88

12 4

12

24

73 * 16 

576 *  45 

613  *  81

95 *  21

631 ^ 65

599 ^ 77

24 4

12

24

114 *  22 

770 *  53  

721 * 49

110 *  24

1495 *  120*  

1666 100*

48 4

12

24

129 *  81 

897 *  49  

860 ± 45

140 *  52

1910 * 202*  

2415  *  212*
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Time o f  
A d d it io n  

(h)

14TABLE 14 E f f e c t  o f  PHA on I n c o r p o r a t io n  o f  C L eu c in e

Time o f  
In c u b a t io n  

(b)

C o n tro l 
Mean ^ ISE

PHA 
Mean ISE

4

12

24

132 ± 26  

162 ± 26  

190 =* 21

126 ± 22 

187 21

201 31

4

12

24

136 * 5

106 *  17 

211 *  21

127 *  31  

141 *  40  

199 ± 25

12 4

12

24

141 * 12

142 * 29  

249 * 61

130 * 38  

88 *  41  

211 ± 71

24 4

12

24

166 * 9

121 ± 16 

247  18

143 *  21  

133 *  20  

599  * 91*

48 4

12

24

149 * 17 

155 *  13 

230 *  20

148 *  36 

515 *  62*  

712 *  66*

* p 0 .0 1  com pared t o  th e  c o n t r o l
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a l t e r a t i o n s  in  T c e l l  c o u n ts .  The p r o d u c t io n  o f  n o r m a lly  r e sp o n d in g  

c e l l s ,  h o w ev er , i s  more d i f f i c u l t .  M ost s e p a r a t io n  te c h n iq u e s  must 

p ro d u ce  s t im u la t io n  s i n c e  th e y  u t i l i s e  F ic o l l -h y p a q u e  g r a d ie n t s ,  

f o r e ig n  red  c e l l s  (s h e e p )  and p o o le d  human serum . S m a ll d i f f e r e n c e s  

in  s t im u la t io n  a re  p ro b a b ly  masked by th e s e  m eans.

M ethods

1. P r o d u c t io n  o f  T c e l l  d e p le t e d  ly m p h o cy tes

W hole b lo o d , h e p a r in is e d ,  was la y e r e d  on F ic o l l - h y p a q u e ,  

c e n t r i f u g e d ,  th e  ly m p h o cy tes  a s p ir a t e d  and w ash ed . T c e l l  r o s e t t e s  

w ere form ed by c u l t u r e  a t  4°C o v e r n ig h t  w ith  f r e s h  sh e e p  red  c e l l s .  

The f o l lo w in g  m orning th e  c u l t u r e s  w ere la y e r e d  o n to  F ic o l l - h y p a q u e ,  

c e n t r i f u g e d  and th e  r o s e t t e  d e p le t e  ly m p h o cy tes  a s p ir a t e d  and w ashed  

t h r e e  t im e s .

F u r th e r  r o s e t t e  t e s t s  on t h e s e  ly m p h o cy tes  r e v e a le d  a 10% 

a b i l i t y  t o  form  r o s e t t e s .

2 . P r o d u c t io n  o f  B c e l l  d e p le t e  ly m p h o cy tes

F ic o l l -h y p a q u e  s e p a r a te d  ly m p h o cy tes  w ere in c u b a te d  f o r  one  

h ou r in  a p i p e t t e  f i l l e d  w ith  n y lo n  f i b r e  c o a te d  w ith  AB serum  

f o l lo w in g  w h ich  Medium (TC199) was in f u s e d  th ro u g h  th e  p i p e t t e ,  and 

th e  r e s u l t i n g  r e le a s e d  ly m p h o c y te s , p r e d o m in a n tly  T c e l l s ,  c o l l e c t e d .

About 90% o f  th e s e  c e l l s  p rod uced  r o s e t t e s .  P re d o m in a n tly  

T, and B ly m p h o cy te  c u l t u r e s .

F o l lo w in g  th e  p r e p a r a t io n  o f  th e  T o r  B c e l l  d e p le t e  p o p u la t io n ,  

th e  c e l l s  w ere w ashed and su sp en d ed  a t 1x10 in  c u l t u r e  medium. 

F o llo w in g  24 h ou r c u l t u r e  th y m id in e  was added f o r  4 h o u r s .
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I n i t i a l l y  r e p e a te d  c u l t u r e s  show ed in o r d in a t e ly  and u n a c c e p ta b ly  

h ig h  c o n t r o l  c o u n ts .  I c o u ld  n o t  d e te rm in e  i f  th e y  w ere due to  

b a c t e r i a l  c o n ta m in a t io n , w h ich  w ith  s o  many s t e p s  i s  p o s s i b l e ,  o r  

t o  s t im u la t io n  o c c u r r in g  d u r in g  th e  s e p a r a t io n  p r o c e d u r e . B a c t e r i a l  

c u l t u r e  was n e g a t iv e .

I h ave r e p e a te d  th e s e  e x p e r im e n ts  h a v in g  l e f t  th e  ly m p h o cy te  

m ix tu r e  f o r  24  h o u rs a t  4°C and th e n  w ashed x 3 . T h is  p r o ce d u re  

im p roved  th e  m ethod -  p o s s ib ly  by a l lo w in g  l ig a n d s  o r  l ig a n d  e f f e c t s  

to  b e  rem oved.

R e s u l t s

P re d o m in a n tly  T c e l l .

Mean

C o n tr o l 1 1 ,5 5 0

PHA 9 1 ,5 6 6

D extran 1 4 ,1 1 3
S u lp h a te

CMWt. 5 0 0 ,0 0 0 )

SEM 

2 ,6 5 9  

1 0 ,1 4 4  Cp 0 .0 1 )  

3 ,1 7 5  Cp 0 .0 5 )

5 e x p e r im e n ts ;  s e p a r a te d  ly m p h o c y tes;  p r e p o n d e r a n t ly  T c e l l ;  Means 

I SEM.

P re d o m in a n tly  B c e l l .

Mean SEM

C o n tro l 1 4 ,1 5 6 3 ,0 0 4

PHA 1 3 ,9 8 7 2 ,9 6 7

D extran
S u lp h a te

2 1 ,5 0 0 5 ,9 9 9  Cp 0 .0 1 )

(MWt. 5 0 0 ,0 0 0 )

6 e x p e r im e n ts ;  s e p a r a te d  p red o m in a n tly  B c e l l  ly m p h o c y te s; Means 

ISEM.
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The t a b l e s  show th a t  PHA in d u ced  a s i g n i f i c a n t  in c r e a s e  in  c o u n ts  

o n ly  in  t h e  ' T c e l l '  p r e p a r a t io n . D extran  S u lp h a te  (a  known B c e l l  

m ito g e n , D ia m a n ste in  e t  a l  197%  p ro d u ces  s l i g h t  in c r e a s e s  in  T c e l l  

p o p u la t io n ,  b u t much more in  th e  'B c e l l '  p o p u la t io n .

C o n c lu s io n

T h ese  r e s u l t s  s u g g e s t  r e a s o n a b ly  p ure p o p u la t io n s  o f  

ly m p h o c y te s ;  th e  r a i s e d  c o n t r o l  v a lu e s  s t i l l  im p ly  a c t i v a t i o n  d u r in g  

th e  s e p a r a t io n ,  w h ich  m ust d e c r e a s e  th e  v a lu e  o f  th e  m ethod.
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FIBRINOLYSIS

H un ter o b se r v e d  th a t  th e  b lo o d  o f  ch a sed  (deer f a i l e d  t o  c l o t ,  

c o n fir m in g  th e  o b s e r v a t io n s  o f  M organi (1 9 7 6 )  and Davy & de S e n a i  

(1 7 4 9 ) th a t  b lo o d  i s  f l u i d  and in c o a g u la b le  a f t e r  sudden  d e a th ; th e  

r a t io n a l e  f o r  a c o r p s e  b lo o d  t r a n s f u s io n  (J u d in e  1 9 3 6 ) . T h ese  

o b s e r v a t io n s  w ere r e s p o n s ib le  f o r  th e  id e a  th a t  f i b r i n o l y s i s  was 

u n u su a l. The v ie w s  o f  P a u l N o lf  (1 9 0 0 ) w ere ig n o r e d ;  he had  

p o s t u la t e d  a dynam ic e q u il ib r iu m  b etw een  f i b r i n  d e p o s i t io n  and  

rem oval by a l a b i l e  f i b r i n o l y t i c  a g e n t .

The d is c o v e r y  o f  s t r e p t o c o c c a l  f i b r i n o l y s i s  ( T i l l e t t  &

G a m er 1933) w ith  c h a r a c t e r i s a t io n  o f  th e  r e s u l t a n t  f i b r i n o l y t i c  

sy s te m  by C h r is te n s e n  & M acleod  (1 9 4 5 ) d ir e c t e d  th o u g h t away from  

sp o n ta n e o u s  f i b r i n o l y s i s  t o  th a t  en h anced  by s t r e p t o k in a s e .  The 

p la sm in  schem e was e v o lv é d .

S tr e p t o k in a s e  com bin es on an eq u im o la r  b a s i s  w ith  p la sm in o g en  

t o  p ro d u ce  th e  s t o i c h i o m e t r i c  com plex p la sm in o g en  a c t iv a t o r .  T h is  

p r o t e a s e  i s  f i b r i n o l y t i c a l l y  i n a c t i v e  b u t a c t i v a t e s  p la sm in o g en  

t o  p la sm in .

A c t iv a t io n  o f  P la sm in o g en

A c t iv a t o r  P la sm in
AitlVdkor  n a S A t ' '

G lu -p la sm in o g e n  —? G lu -p la sm in  (1 )  G lu -p la sm in o g e n -> L y s-p la sm in o g e n  (3 )

L y s -p la sm in o g e n -_ > L y s -p la sm in  (2 )  G lu -p la sm in  ----  ̂ L y s -p la sm in  (4 )

To a cc o u n t f o r  th e  r a p id ly  damped sy stem  th e  com plex  p la sm in  

i n h i b i t o r  sy s te m  was s u g g e s te d  and i d e n t i f i e d  (R a tn o f f  e t  a l  1954;  

Norman 1 9 5 8 ) . To e x p la in  how p la sm in  c o u ld  e x i s t  in  a p o t e n t i a l l y
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h o s t i l e  en v ir o n m e n t, S h erry  e t  a l  (1 9 5 9 ) p o s t u la t e d  t h a t  p la sm in o q c*

was a b so rb ed  o n to  f i b r i n  w ith  a c o m p e t i t iv e  a f f i n i t y  f o r  p la sm in

b etw een  f i b r i n  and p la sm in  i n h i b i t o r s .  Ambrus & Markus (1 9 6 0 )

s u g g e s t e d  t h a t  f i b r i n o l y t i c  a c t iv a t io n  o c c u r s  p red o m in a n tly  in  th e

c i r c u l a t i o n ,  p la sm in  b e in g  im m e d ia te ly  bound t o  i n h i b i t o r  b u t t h i s

r e s u l t i n g  com p lex  d i s s o c i a t e s  on com ing in t o  c o n ta c t  w ith  f i b r i n ,

l i b e r a t i n g  f r e e  p la sm in . The m ost a t t r a c t i v e  h y p o t h e s is  (C hesterm an

e t  a l  1972) i s  t h a t  a c t iv a t o r  b in d s  t o  f i b r i n ;  p la sm in o g en  p e r f u s in g

th e  throm bus i s  th e n  a c t iv a t e d  l o c a l l y :  p b / ' ( o
0  ̂ 'plasvwCvx (  AoKc rsi , *414)

W h ile  t h e s e  Am erican w o rk ers c h a r a c t e r is e d  s t r e p t o k in a s e  

f i b r i n o l y s i s ,  e ls e w h e r e  in q u ir y  p u rsu ed  more p h y s i o l o g i c a l  l i n e s .

B ig g s  e t  a l  (1 9 4 7 ) show ed th a t  i n j e c t i o n s  o f  a d r e n a l in e  o r  v i o l e n t  

e x e r c i s e  p rod u ced  a c t i v i t y  in  d i l u t e  p lasm a and so o n  f i b r i n o l y s i s  

was d e m o n stra ted  in  norm al b lo o d  ( F e a m le y  & Tweed 1 9 5 3 ) . The 

c o n c e p t  th a t  sp o n ta n e o u s  f i b r i n o l y s i s  was m e d ia te d  v i a  p la sm in  

a c t i v a t i o n  was n o t  e n t i r e l y  s a t i s f a c t o r y  b e c a u se  in  F e a m le y ' s  

e x p e r im e n ts  ( F e a m le y  e t  a l  1952; F e a m le y  & Tweed 1 9 5 3 ; L ackner  

1 9 5 5 ) th e  r e s p o n s ib le  f i b r i n o l y t i c  a c t i v i t y  c a l l e d  ' l a b i l e  

f i b r i n o l y t i c  com ponent' was s t a b i l i s e d  by c l o t t i n g ,  i n h i b i t e d  by  

c a lc iu m  i o n s ,  and h e a t  l a b i l e ;  u n l ik e  p la sm in . Saw yer e t  a l  C19601 

show ed t h a t  f i b r i n o l y s i s  c o r r e la t e d  w ith  th e  amount o f  c o n ta m in a tin g  

p la sm in o g e n  and was i n h i b i t e d  by EACA; f e a t u r e s  th o u g h t t o  b e  

c o n s i s t e n t  w ith  'p la sm in o g e n  a c t i v a t o r ' .  F f i b r i n o l y t i c  m echanism s  

h ave b een  d e l in e a t e d  in  p la sm a . The c l a s s i c a l  p athw ay r e l i e s  upon  

Hageman F a c to r  a c t i v a t i o n ,  w ith  a c t iv a t io n  o f  p la sm in o g en  p r e a c t iv a t o r  

r e s u l t i n g  in  p la sm in  g e n e r a t io n .  A Hageman F a c to r  in d e p e n d e n t pathw ay  

h a s  b een  d e s c r ib e d ,  in v o lv in g  C3 b u t p o s s ib l y  no p la sm in  (S c h r e ib e r  & 

A u sten  1 9 7 4 );  a n o th e r  pathw ay r e l i e s  on p a r t i c i p a t i o n  o f  p l a t e l e t s .



68

Igm, C3 and C4 and p o s s ib l y  p la sm in o g en  (T a y lo r  & M u lle r  E berh ard  1970)

P o ly m o rp h o n u clea r  l e u c o c y t e  p r o t e a s e s  (P low  EF & E d g in g to n  TS 1 975)

a re  f i b r i n o l y t i c  b u t do n o t  u t i l i s e  p lasm ip ogen ^  VKe, »S v a s u la r  

Af_K\/ayor

Moroz & G ilm ore in  1976 showed th a t  sp o n ta n e o u s  b a s a l  

f i b r i n o l y s i s  was n o t  g r e a t ly  a f f e c t e d  by rem oval o f  p la sm in o g en  o r  

p la sm in  o r  i t s  i n h i b i t i o n .  I t  c o u ld  b e s i g n i f i c a n t l y  red u ced  by  

a g e n ts  o r  m anoeuvres w h ich  do n o t  a l t e r  p la sm in  su c h  a s  h e a t  

i n a c t i v a t i o n  o r  zym osan tr e a tm e n t . T here was no e f f e c t  due t o  g l a s s  

c o n t a c t ,  s u g g e s t in g  a m inor r o l e  f o r  Hageman F a c to r  d ep en d en t  

f i b r i n o l y s i s .  They p ro p o sed  th a t  sp o n ta n e o u s  f i b r i n o l y s i s  i s  m a in ly  

due t o  com plem ent a c t i v a t i o n  b u t a l s o  in v o lv e s  com plem ent c o n t r o l  

p r o t e a s e s  su ch  a s  C3b i n a c t i v a t o r .  T h is  norm al p lasm a p r o t e in  

c o n t r o l s  th e  l e v e l  o f  C3b by p r o t e o l y s i s  t o  C3c and C3d (R uddyjA usten  

1 9 6 9 ) . T h is  h i s t o r i c a l  ap proach  h a s  p erh a p s und er em p h a sised  th e  

im p o rta n ce  o f  a s s a y s  f o r  f i b r i n o l y s i s .  A lth o u g h  o f  l i m i t e d  c l i n i c a l  

im p o rta n ce  e a c h  new c o n c e p tu a l  ad vance h a s  b een  n e c e s s i t a t e d  by 

o b s e r v a t io n s  c u l l e d  from im proved  m eth o d o lo g y .

U n t i l  th e  d e s c r ip t i o n  by Moroz & G ilm o re , a v a i l a b l e  m eth ods o f  

i n v e s t i g a t i o n  w ere a l l  l i m i t e d  by i n s e n s i t i v i t y ,  by b e in g  e x c e s s i v e l y  

t im e  consum ing and u n p h y s io lo g ic a l . The i n i t i a l  p rob lem  w as p a r t l y  

th a t  o f  r e c o g n it io n ;  i f  b lo o d  i s  a llo w e d  t o  c l o t  in  a t e s t  tu b e  and

in c u b a te d  a t  37°C , th e  c l o t  w i l l  rem ain  s o l i d  f o r  d ays o r  w e ek s .

D i lu t io n  o f  b lo o d  o r  p lasm a h a s te n s  f i b r i n o l y s i s ,  p o s s ib l y  b e c a u s e  o f  

th e  d im in is h e d  e f f e c t  o f  i n h i b i t i o n  (M a cfa r la n e  1 9 3 7 ) ,  o r  b e c a u s e  o f

a l t e r a t i o n  o f  th e  q u a l i t y  o f  th e  c l o t .  The l y s i s  t im e  i s  a l s o

a f f e c t e d  by th e  c l o t t i n g  a g en t s i n c e  c l o t s  o f  d i l u t e  b lo o d  o r  p lasm a  

w ith  throm bin  in  th e  a b se n c e  o f  c a lc iu m  (p r e v e n t in g  c r o s s  l i n k i n g  o f
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f i b r i n )  r e l i q u i f y  w ith in  a few  h o u rs o f  in c u b a t io n ,  w h erea s  i f  

c a lc iu m  i s  p r e s e n t  th e  l y s i s  tim e  i s  2 -3  t im e s  lo n g e r  ( F e a m le y  &

Tweed 1953; L ackner 1955; F erg u so n  1 9 5 8 ) .

F e a m le y  (1 9 6 1 ) h a s  s a id  th a t  th e  m easurem ent o f  th e  d i l u t e  

w h o le  b lo o d , o r  e u g lo b in  c l o t  l y s i s  t im e  i s  c r u d e . In h e r e n t  in  

t h i s  m ethod i s  an a c i d i f i c a t i o n  a r t e f a c t  a l t e r i n g  th e  e f f e c t i v e n e s s  

o f  i n h i b i t o r s  and p r o t e a s e s .  The o th e r  a v a i l a b l e  m eth o d s; nam ely  

l y s i s  o f  r a d i o a c t i v e ly  o r  f lu o ro ch ro m e l a b e l l e d  f i b r i n  c l o t s  

( A lk j a e r s ig  e t  a l  1952; Saw yer e t  a l  1960; G enton e t  a l  19641  o r  o f  

f i b r i n  g e l s  in  th e  f i b r i n  p l a t e  m ethod (L a ssen  1 952; A str u p , M u lle r t z  

1 952) a re  i n s u f f i c i e n t l y  s e n s i t i v e  to  d e t e c t  m o d u la t io n  o f  th e  fu n c t io n  

o f  p la sm in  e i t h e r  d i r e c t l y  o r  by in f lu e n c in g  proenzym e a c t iv a t io n ;  

f a i l  t o  m o n ito r  a c t iv a t o r s  o r  i n h i b i t o r s  w h ich  e n t e r  th e  s u b s t r a t e  

p o o r ly ;  and do n o t  p r o v id e  a d eq u a te  s e p a r a t io n  o f  r e a c t io n  p r o d u c ts  

from  r e s id u a l  s u b s t r a t e .

The te c h n iq u e  o f  Moroz & G ilm ore f u l f i l  m ost c r i t e r i a  f o r

an a s s a y  o f  f i b r i n o l y s i s ;  I  h ave m o d if ie d  t h i s  te c h n iq u e  s l i g h t l y

and s e p a r a t e ly  v a l id a t e d  t h i s  m o d i f i c a t io n .  S im p ly , th e  m ethod

125r e l i e s  on th e  a b s o r p t io n  o f  I l a b e l l e d  f ib r in o g e n  o n to  p o ly s t y r e n e  

t u b e s ,  w h ich  i s  th e n  c l o t t e d .  B lo o d  o r  p lasm a i s  added to  th e  tu b e s  

f o r  known t im e , and an a l iq u o t  o f  t h i s  i s  th en  co u n te d  in  a 

c o u n te r .  The r e s u l t s  can b e e x p r e s s e d  as ng f i b r i n  1y s e d /m l/h o u r .

Moroz & G ilm ore fou n d  t h a t  i t  rep ro d u ced  c e r t a in  e s t a b l i s h e d  

f e a t u r e s  o f  p la sm in  fu n c t io n  ( e f f e c t  o f  i n h i b i t o r s ,  s t r e p t o k in a s e  

and u r o k in a s e  a c t i v a t i o n ) .  I t  was t e c h n i c a l l y  c o n v e n ie n t ,  a s s a y s  

may b e  co m p le ted  w ith in  30 m in u te s  (a  marked im provem ent on th e  6 

h ou r minimum r e q u ir e d  by th e  f i b r i n  p l a t e ) , th e  m ethod w as h ig h ly
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s e n s i t i v e  (x lO  g r e a t e r  th an  th e  f i b r i n  p l a t e  m ethod) w ith  low

125b ackground  l e v e l s  ( 1 5 .2 n g * 1 .2  SE) (I  f i b r i n  1y s e d /m l/h o u r )  and 

p e r m it te d  a s e n s i t i v i t y  o f  3 0 -5 0  ng  f i b r i n .

T here a re  p o t e n t i a l  d i f f i c u l t i e s  w i t h  t h i s  a s s a y  s i n c e  th e  

f i r b i n  i s  n o t  c r o s s  l in k e d  as th e  c l o t t i n g  p ro ce d u re  i s  p erfo rm ed  

in  th e  a b sen ce  o f  c a lc iu m . T h is  I b e l i e v e  i s  a d v a n ta g eo u s  b e c a u s e  

i t  in c r e a s e s  th e  l i k l i h o o d  o f  f i b r i n o l y s i s  and h en ce  th e  

s e n s i t i v i t y  o f  th e  p r o c e d u r e . E x p er im en ts  p erform ed  by Moroz & 

G ilm ore and d u p l ic a t e d  by m y s e lf  h ave shown th a t  v en o u s b lo o d  added  

t o  th e  f i b r i n  tu b e s  and a llo w e d  t o  c l o t  p ro d u ces  s i m i l a r  r e s u l t s  t o  

EDTÂ t r e a t e d  b lo o d . S in c e  t h i s  n o n - a n t ic o a g u la te d  b lo o d  c o n ta in s  

e x c e s s  c a lc iu m , c o n v e r s io n  o f  th e  l a b e l l e d  f i b r i n  t o  c r o s s  l in k e d  

may o c c u r ;  s u g g e s t in g  th a t  c r o s s  l in k in g  i s  n o t  o f  m ajor im p o r ta n ce  

t o  th e  r e s u l t s .  The m ethod as d e s c r ib e d  by Moroz & G ilm ore d o es  n o t  

a llo w  th e  s u b s t r a t e  c o n c e n t r a t io n  t o  b e  v a r ie d .  T h is  was no 

p rob lem  in  a c l i n i c a l  s i t u a t i o n ,  i t  s im p ly  m eant th a t  k i n e t i c  

a n a ly s i s  r e q u ir in g  s u b s t r a t e  c o n c e n t r a t io n  v a r i a t i o n s  w ere im p o s s ib le .

M eth od ology

I s h a l l  d e s c r ib e  th e  m ethod I  a d o p ted  and o u t l i n e  th e  a r e a s  w here  

my m ethod v a r i e s  from  t h a t  o f  Moroz & G ilm o re .

125P r e p a r a t io n  o f  I F ib r in  c o a te d  tu b e s

D is p o s a b le  p o ly s t y r e n e  tu b e s  (LP3) w ere u s e d . F or c o a t in g  th e  

125tu b e s  I f ib r in o g e n  (human, Amersham) s o l u t io n  Cl) w as p rep a re d  i n t o

a 0.015M  p h o sp h a te  b u f f e r  o f  i o n i c  s t r e n g t h  a p p r o x im a tin g  O.IM. I n to

e a c h  tu b e  was p ip e t t e d  0 .1 m l o f  th e  f ib r in o g e n  s o l u t io n  r e p r e s e n t in g  

12510 ug o f  I f ib r in o g e n .  The tu b e s  w ere r o t a t e d  in  a t i s s u e  c u l t u r e
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r o t a t o r  a t  room te m p era tu re  and an a n g le  o f  4 5 °  f o r  3 h o u r s . The 

unbound f ib r in o g e n  was th e n  a s p ir a t e d  (2 )  and th e  tu b e s  w ashed  

fo u r  t im e s  w ith  4ml a l iq u o t s  o f  T r is  NaCl (0 .015M  T r i s ,  0 .15N aC l 

pH 7 .4 )  b u f f e r .

A f t e r  a s p ir a t io n  t o  n e a r  d r y n e s s ,  0 .2 m ls  o f  T r is  NaCl b u f f e r  

c o n t a in in g  2U o f  b o v in e  th rom bin  (3 )  ( s u b s t a n t i a l l y  f r e e  o f  

p la sm in o g en  c o n ta m in a tio n )  w ere p ip e t t e d  i n t o  e a c h  tu b e ,  and th e  

tu b e s  in c u b a te d  a t  37°C f o r  15 m in u te s . A f t e r  a s p ir a t io n  o f  th e  

th rom bin  s o l u t io n  tu b e s  w ere w ashed x2 w ith  T r is  NaCl b u f f e r ,  f i l l e d  

w ith  b u f f e r  and s t o r e d  a t  4°C u n t i l  r e q u ir e d , when th e y  w ere a g a in  

w ashed  w ith  T r is  NaCl.

B lo o d  Sam ples

Venous b lo o d  was c o l l e c t e d  w ith  th e  u se  o f  a to u r n iq u e t  

a p p lie d  f o r  a maximum o f  1 m in u te , vacuum tu b e s  in  common u se  

(V a c u ta in e r ,  EDTA a n t i c o a g u la n t ) ,  and im m e d ia te ly  p la c e d  on i c e .

F i b r i n o l y t i c  A ssay

A ssa y s  w ere p erform ed  in  q u in t u p l i c a t e ;  a p p r o p r ia te  b u f f e r  

c o n t r o l s  b e in g  p erform ed  and c o u n ts  s u b tr a c te d  from  e x p e r im e n ta l  

v a lu e s  th r o u g h o u t . 2 0 0 u ls  o f  b lo o d  and an e q u a l volum e o f  T r i s  NaCl 

b u f f e r  w ere added to  ea ch  tu b e . The tu b e s  w ere in c u b a te d  a t  37°C  

in  an a tm osp h ere  o f  5% CO^ f o r  30 m in u te s , f o l l o w in g  w h ich  th e  

r e a c t io n  was te r m in a te d  by r a p id  v ig o r o u s  a d d i t io n  t o  e a c h  tu b e  o f  

two 2 0 0 u l a l i q u o t s  o f  c o ld  T r is  NaCl b u f f e r .  The tu b e s  w ere  th e n  

v ig o r o u s ly  sh a k e n , a 2 0 0 u l a l iq u o t  rem oved t o  a new u n c o a te d  LP3 tu b e  

and co u n te d  i n  a gamma s c i n t i l l a t i o n  s p e c tr o m e te r .  The r e s u l t s  w ere  

e x p r e s s e d  a s  ng  f i b r i n  ly s e d /m l /h o u r , mean * ISE.
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D if f e r e n c e s  in  M eth odology

T here w ere th r e e  v a r i a t i o n s

(1 )  In  th e  te c h n iq u e  o f  Moroz & G ilm ore th e  human f ib r in o g e n  was 

f r e e d  o f  c o n ta m in a tin g  p la sm in o g en  by p a s s a g e  th ro u g h  a l y s i n e -  

S e p h a r o se  colum n. T h is  I th o u g h t was u n n e c e ssa r y  in  a c l i n i c a l  t e s t ,  

b u t e x p e r im e n ts  t o  v a l i d a t e  t h i s  c o n c lu s io n  w ere p erfo rm ed .

(2 )  Moroz & G ilm ore u sed  B o v in e  serum  album in t o  b in d  any p o ly s t y r e n e

125s i t e s  u n o ccu p ied  by th e  I  f ib r in o g e n .  O m itt in g  t h i s  s t a g e

125in c r e a s e d  th e  p o s s i b i l i t y  o f  I f i b r i n  breakdown p r o d u c ts  a b so r b in g  

o n to  th e  u n o c cu p ied  s i t e s .  T h is  seem ed t h e o r e t i c a l l y  u n l i k e l y  

s i n c e  t h e  p r o t e in s  p r e s e n t  in  th e  t e s t  w h o le  b lo o d  w ou ld  b e a l s o  

a b so rb ed  o n to  th e  p o ly s t y r e n e  s i t e s ;  s i n c e  th e  c o n c e n t r a t io n  o f  

t h e s e  w ere g r e a t e r  th a n  th a t  o f  th e  f i b r i n  breakdown p r o d u c ts  any 

e f f e c t  w ou ld  b e m in im al.

(3 )  B o v in e  throm bin  was u sed  w h ich  was c o m m e r c ia lly  p r ep a re d  and  

s u b s t a n t i a l l y  f r e e  from p la sm in o g en  c o n ta m in a tio n . Moroz & G ilm ore  

p u r i f i e d  im pure B o v in e  th rom b in .

V a l id a t io n  o f  C hanges in  M ethod

P la sm in o g en  c o n ta m in a t io n .

I f  s i g n i f i c a n t  c o n ta m in a tio n  o f  th e  f i b r i n  monomer w it h  

p la sm in o g en  o c c u r r e d , th en  in c u b a t io n  w ith  s t r e p t o k in a s e  w ou ld  

p ro d u ce  f i b r i n o l y s i s .  E x p er im en ts  w ere p erform ed  on t h r e e  s e p a r a t e  

b a tc h e s  o f  8 tu b e s ;  s e r i a l  d i l u t i o n s  o f  s t r e p t o k in a s e  

( c o u r t e s y  o f  I . C . I .  L im ite d )  from 0 .1  u n i t s /m l  t o  1000 u n i t s /m l  w ere  

added in  b u f f e r  t o  th e  tu b e s  w h ich  w ere in c u b a te d  f o r  th e  30 m in u te s .  

T here was no s i g n i f i c a n t  d i f f e r e n c e  from c o n t r o l  tu b e s  c o n t a in in g  

b u f f e r  a lo n e ,  d e s p i t e  w h o le  b lo o d  o r  serum  sh ow in  a 10 t o  a 100 f o l d



in c r e a s e  in  f i b r i n o l y s i s .

TABLE E x p er im en ts  t o  D eterm in e  P la sm in o g en  C o n ta m in a tio n
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125cpm o f  f i b r i n  I l y s e d /2 0 0 u l

Mean c .p .m . ± ISE

T r is  NaCl

-S t r e p t o k in a s e  0 . l lu /m l  

10 u /m l 

100 u /m l 

1000 u /m l

97

98  

96  

95

100

9

10

8

9

11

T h is  d em o n stra ted  t h a t  any p la sm in o g en  c o n ta m in a tio n  was 

i n s i g n i f i c a n t  and a l s o  j u s t i f i e d  th e  u s e  o f  th e  c o m m e r c ia lly  

p u r i f i e d  th rom b in .

P la sm in o g en  a c t iv a t o r  c o n ta m in a t io n .

J u s t  a s  p la sm in o g en  c o u ld  co n ta m in a te  th e  f i b r i n ,  s o  c o u ld

p la sm in o g en  a c t iv a t o r .  I t h e r e f o r e  p erform ed  e x p e r im e n ts  u s in g

c o m m e r c ia lly  o b ta in e d  p r o c in e  p la sm in o g en  (S ig m a ) . The r e s u l t s

in  t h e  t a b l e  show th a t  a t  v e r y  h ig h  c o n c e n t r a t io n s  o f  p la sm in o g en

t h e r e  was a s i g n i f i c a n t  in c r e a s e  in  f i b r i n o l y s i s  a s  e x p r e s s e d  a s  

125
cpm o f  f i b r i n  I ly s e d /2 0 0  u l s .  T h ese c o n c e n t r a t io n s  w ere  ab out  

100 t im e s  g r e a t e r  th an  th e  minimum amount o f  p la sm in  n eed ed  to  

en h a n ce  f i b r i n o l y s i s  and a re  a l s o  c o m p a t ib le  w i t h  p la sm in  o r  

p la sm in o g e n  a c t iv a t o r  c o n ta m in a tio n  o f  th e  Sigm a p la sm in o g e n .
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TABLE__________E f f e c t s  o f  P o r c in e  P la sm in o g en

Means o f  4 e x p e r im e n ts  on s e p a r a t e  b a tc h e s  o f  tu b e s .

cpm mean ISE

T r is  NaCl 93 ± 6

-p la sm in o g e n  1 u g /m l 91 4" 7

10 u g /m l 92 X 8

100 u g /m l 101 « 11

1000 u g /m l 141 X 19

s i g n i f i c a n c e ,  Mann W hitney 'U' t e s t  p ^ O .0 5 ,  com pared w it h  c o n t r o l .

B o v in e  serum  album en.

I t  w ould  be odd i f  th e  s m a ll  number o f  f i b r i n  d e g r a d a t io n  

p r o d u c t (FDP) m o le c u le s  p rod u ced  d u r in g  th e  a s s a y  w ou ld  s i g n i f i c a n t l y  

b in d  t o  th e  u n o ccu p ied  b in d in g  s i t e s  on th e  p o ly s t y r e n e  tu b e s  

b e c a u s e  th e  t im e  e x p o sed  i s  s h o r t  and th e  FDP q u a n t i t y  w ou ld  be  

v a s t l y  s m a l le r  th an  th a t  o f  o th e r  p r o t e in s  in  b lo o d  l i k e l y  t o  

b in d  t o  p o ly s t y r e n e .  To c o n firm  t h i s  a p r i o r i  r e a s o n in g  an 

e x p e r im e n t was p erform ed  com paring tu b e s  made w ith  e x p o su r e  t o  

b o v in e  serum  albumen (BSA) and made a s  p r e v io u s ly  d e s c r ib e d .  The 

f i b r i n o l y t i c  a c t i v i t y  o f  10 s u b j e c t s  and th e  c o e f f i c i e n t  o f  

v a r i a t i o n  w as d e term in ed  and i s  shown in  th e  t a b l e  b e lo w .

M ethod Mean F i b r i n o l y t i c  C o e f f i c i e n t  o f
A c t i v i t y  V a r ia t io n

w ith  BSA 242 n g /m l/h o u r  9.8%

m o d if ie d  249 n g /m l/h o u r  8.8%
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125
P r o p e r t ie s  o f  th e  I f ib r in o g e n  t o  th e  p o ly s t y r e n e  tu b e s  was 

r e p r o d u c ib le ,  b o th  w ith in  ( c o e f f i c i e n t  o f  v a r ia t io n  *  7.5%) and 

b etw een  b a tc h e s  ( c o e f f i c i e n t  o f  v a r ia t io n  ^  8%). F o llo w in g  tr e a tm e n t  

o f  th e  a b so rb ed  f ib r in o g e n  w ith  throm bin  th e r e  w as a r e l e a s e  o f  

ab o u t 5.7% o f  th e  bound f ib r in o g e n ,  c o n s i s t e n t  w i t h  th e  r e l e a s e  

o f  f ib r in o p e p t id e s  A and B. The v ig o r o u s  w a sh in g  w ith  T r is  NaCl 

b u f f e r  r e le a s e d  sm a ll  (0.8% ) o f  th e  bound r a d i o a c t i v i t y .  T h ese  

r e s u l t s  w ere s i m i l a r  t o  th o s e  a c h ie v e d  by Moroz & G ilm o re .

N o n s p e c i f ic  R e le a s e  o f  F ib r in

A f t e r  30 m in u te s  in c u b a t io n  o f  tu b e s  w ith  T r is  NaCl b u f f e r

125
t h e r e  was n e v e r  g r e a t e r  th a n  20ng I f i b r i n  ly s e d /m l /h o u r  and 

o v e r  20 e x p e r im e n ts  th e  mean was 1 6 .2  * 1 .6  _ * IS D )n g  f i b r i n  

ly s e d /m l/h o u r .  T h is  w ould  s u g g e s t  i n s i g n i f i c a n t  p la sm in  c o n ta m in a t io n ,  

and r e p r e s e n t s  th e  l i m i t s  o f  s e n s i t i v i t y  o f  th e  a s s a y .

The E f f e c t  o f  Time o f  A ssay

W hole b lo o d  from 3 v o lu n te e r s  was a s sa y e d  a t  v a r io u s  t im e s  a s  in  

th e  F ig u r e .  T h is  co n firm ed  th e  f in d in g s  o f  Moroz & G ilm ore t h a t  th e  

a s s a y  was l i n e a r  o v e r  an h our. R ea d in g s a t  30 m in s w ere  fou n d  t o  be  

th e  m ost c o n v e n ie n t .

S u b s tr a te  D ependence

F iv e  e x p e r im e n ts  on w h o le  b lo o d  from v o lu n t e e r s  w ere p er fo rm ed ,

20  r e p l i c a t e s  w ere in c u b a te d  f o r  30 m in u tes  and th e  amount o f  f i b r i n  

l y s e d  d e te rm in ed . P r io r  t o  th e  a s s a y ,  h ow ever , th e  f ib r in o g e n  c o n te n t  

o f  e a c h  tu b e  w as d e term in ed  by X c o u n t in g . R e g r e s s io n  o f  f ib r in o g e n  t o  

f i b r i n  ly s e d  w a s, h ow ever, n o t  s i g n i f i c a n t  (R -  0 .1 4 5 )  n o r  was i t  

s i g n i f i c a n t  in  any in d iv id u a l  e x p e r im e n t. I t  w ou ld  a p p ea r  t h e r e f o r e .



77

t h a t  th e  r e a c t io n  i s  s u b s t r a t e  in d ep en d en t und er t h e s e  e x p e r im e n ta l  

c o n d it io n s .

The E f f e c t  o f  pH

The enzym e sy s te m s  in v o lv e d  in  f i b r i n o l y s i s  a r e  s i g n i f i c a n t l y  

a f f e c t e d  by ch a n g es  in  pH. In  th e  m ethod u se d  b lo o d  i s  b u f f e r e d  

w ith  T r is  N aC l, b u t o b v io u s ly  i t  i s  t h e o r e t i c a l l y  i n t e r e s t i n g  t o  

exam in e th e  e f f e c t  o f  pH change in  f i b r i n o l y s i s ,  and p r a c t i c a l l y  

im p o r ta n t t o  e n su r e  th a t  b lo o d  in  a c i d o t i c  p a t i e n t s  i s  a d e q u a te ly  

b u f f e r e d .  ( I n  i n v e s t i g a t i o n s  upon a c i d o t i c  i n d i v i d u a l s  i t  w ou ld  

a l s o  b e im p o rta n t t o  in t e r p r e t  th e  e f f e c t  o f  th e  a c i d o s i s  upon  

f i b r i n o l y s i s . )

The D egree o f  B u f f e r in g  A ch iev ed  in  th e  A ssay

Venous b lo o d  from 6 v o lu n t e e r s  was ea ch  d iv id e d  i n t o  s e v e r a l  

a l i q u o t s .  In  o n e , f i b r i n o l y s i s  a s s a y  and pH m easurem ent w ere  

p erfo rm ed  im m e d ia te ly  f o l lo w in g  d i l u t i o n  w ith  T r is  NaCl b u f f e r .  To 

o t h e r  a l iq u o t s  o f  th e  b lo o d , e i t h e r  d i l u t e  h y d r o c h lo r ic  a c id  w ith  

m ix in g  ( i f  h a e m o ly s is  o c c u r r e d  th e  ex p er im en t was abandoned) o r  

d i l u t e  sodium  h y d r o x id e  was added t o  e n su r e  a pH ra n g e  from 7 -  

7 .8 .  200  u ls  o f  t h i s  b lo o d  was th en  added t o  20 0  u l s  o f  T r is  NaCl 

b u f f e r ,  th e  pH m easured  and f i b r i n o l y s i s  a s s a y e d . D e s p it e  t h e s e  

s t e p s  th e  pH o f  th e  b u f f e r - b lo o d  m ix tu r e  rem ain ed  c o n s t a n t ,  and  

th e r e  was no s i g n i f i c a n t  e f f e c t  upon f i b r i n o l y s i s .

The E f f e c t  o f  pH Changes on F i b r i n o l y s i s

A s i m i l a r  m ethod was a d o p ted , u s in g  b lo o d  from  4 v o lu n t e e r s  b u t  

in s t e a d  o f  d i l u t i n g  th e  b lo o d  w ith  T r is  NaCl b u f f e r ,  i t  w as d i l u t e d
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w ith  i s o t o n i c  s a l i n e .  As th e  pH f e l l  t o  7 .0  th e r e  was a marked and 

s i g n i f i c a n t  (p ^  0 .0 0 1 )  in c r e a s e  in  f i b r i n o l y s i s ,  and t h e r e  was a 

s l i g h t  b u t s i g n i f i c a n t  (p ^ O .0 5 )  f a l l  in  f i b r i n o l y s i s  w ith  th e  pH 

r i s e  t o  7 .8 .

T h is  w ou ld  be e x p e c te d  s im p ly  from  th e  known o p tim a l pH o f  

p la sm in  w h ich  i s  ab out 7 . 0 ,  O th er d e te r m in a n ts

a t  lo w e r  pH w ere made. T hese w ere n o t  s t r i c t l y  n eed ed  f o r  th e  

v a l i d a t io n  o f  th e  t e c h n iq u e ,  b u t w ere i n t e r e s t i n g .  P eak  f i b r i n o l y s i s  

o c c u r r e d  a t  a pH o f  5 .8 ,  w ith  a ra n g e  o f  5 .5  -  6 . 4 .  T h is  m ust b e  

f u r t h e r  e v id e n c e  a g a in s t  p la sm in  a s  th e  o n ly  p o s s i b l e  f i b r i n o l y t i c  

en zym e.

T h ese f in d in g s  w ere co n firm ed  in  an a n a ly s i s  o f  4 p a t i e n t s  w ith  

d ia b e t e s  who w ere a d m itte d  in  d ia b e t i c  k e t a c i d o t i c  coma. F i b r i n o l y s i s  

was red u ced  u n t i l  c o r r e c t e d  f o r  th e  in t e n s e  a c i d o s i s ,  when i t  was 

s l i g h t l y  r a i s e d .

S to r a g e  o f  B lo o d

O b v io u s ly  some s to r a g e  o f  b lo o d  w ou ld  be u s e f u l  b e fo r e  a s s a y .

In  common w ith  m ost m ethods th e  b lo o d  was p u t i n t o  an i c e  b u c k e t  

im m e d ia te ly . F i b r i n o l y s i s  was m easured  in  6 s u b j e c t s ,  e i t h e r  

im m e d ia te ly  a f t e r  th e  b lo o d  w as ta k e n , o r  a t  h o u r ly  i n t e r v a l s  f o r  

4 h o u r s . The r e s u l t s  a r e  shown in  th e  T a b le  w here i t  can  be s e e n  

t h a t  s to r a g e  h a s  l i t t l e  e f f e c t  on th e  r e s u l t .
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TABLE

Time F i b r i n o l y s i s  n g /m l/h o u r
Mean ^ ISE

0 256 * 1 2 .5

Ih r  261 ± 1 8 .9

2 h r  251 * 1 5 .1

3h r 263  ± 2 2 . 9

4 h r 266 ± 1 2 . 8

S t a n d a r d is a t io n

Two te c h n iq u e s  w ere u sed  t o  e n su r e  a d eq u a te  s t a n d a r d is a t io n .  

P la sm in  s ta n d a r d  c u r v e s  w ere p ro d u ced , and, a s  can  be s e e n  in  th e  

f i g u r e ,  on 4 s e p a r a t e  b a tc h e s  o f  tu b e s  th e r e  was c l o s e  a g reem en t.

The amount o f  p la sm in  d e t e c t a b l e ,  0 .2  u g /m l i s  c o n s id e r a b ly  l e s s  

th an  in  o th e r  c o n v e n t io n a l  te c h n iq u e s  (2 u g /m l) .

P o o le d  human serum d iv id e d  i n t o  1 ml b a tc h e s  and s t o r e d  a t  

-2 3 °C  was a l s o  u sed  t o  e n su r e  a d eq u a te  s t a n d a r d is a t io n .  The co 

e f f i c i e n t  o f  v a r i a t i o n  as a s s e s s e d  u s in g  t h i s  serum  was 8.5% o v e r  

10 b a tc h e s  o f  tu b e s .

Summary

The r e s u l t s  show a d eq u a te  v a l i d a t io n  o f  th e  m o d i f i c a t io n s .

The a s s a y  rem a in s s im p le  and a c c u r a te  e s p e c i a l l y  in  com p arison  w ith  

o t h e r  t e c h n iq u e s  f o r  m ea su r in g  f i b r i n o l y s i s .

F i b r i n o l y s i s  in  S y stem s O th er Than W hole B lo o d

I t  was o b v io u s ly  u s e f u l  to  m easure th e  e f f e c t s  o f  s t r e p t o k in a s e  

o r  p r o te a s e  i n h i b i t o r s  upon th e  t e s t s  o f  c e l l u l a r  im m unity . T h is  was
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1 6 0  n

1 4 0

120-

100-  

n g  f i b r i n  
l y s e d  
m i / h r  8 0 -

6 0 -

4 0 -

20-

I I I I I I 1 I I

. 1  . 2  . 3  . 4  . 5  . 6  . 7  . 8  . 9
u g / m l  P l a s m i n

S t a n d a r d  C u r v e  b y  t h e  1 ^ ^ ^  f i b r i n  t u b e  m e t h o d :  
r e s u l t s  o f  4  s e p e r a t e  e x p e r i m e n t s ,  o n e  s t a n d a r d  

c u r v e  f o r  e a c h  o f  4  d i f f e r e n t  b a t c h e s  o f  t u b e s .  
E a c h  p o i n t  a s s a y e d  i n  q u a d r u p l i c a t e .
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c o n v e n ie n t  in  th e  m ethod u sed  to  exam ine ly m p h o cy te  tr a n s fo r m a t io n  

s i n c e  t h i s  u sed  a d i l u t e  w h o le  b lo o d  te c h n iq u e ,  b u t th e  LMT u se d  10% 

f o e t a l  c a l f  serum  in  medium, and th e  an im al tum our s t u d ie s  w ere  

p erfo rm ed  in  m ic e . A lth o u g h  n o t  i d e a l  i t  seem ed r e a s o n a b le  to  u s e  

th e  p r e s e n t  t e s t  in  b o th  s i t u a t i o n s .

F i b r i n o l y s i s  in  LMT

125(1 )  In  an e x p er im en t to  f in d  th e  v a l i d i t y  o f  th e  I f i b r i n  t e s t  

in  t h i s  s i t u a t i o n ,  th e  amount o f  f i b r i n  ly s e d  was s t u d ie d  a t  t im e  

i n t e r v a l s  from  0 to  60 m in u te s  in  medium c o n ta in in g  10% f o e t a l  c a l f  

serum , and in  su ch  a medium c o n t a in in g  p o ly m o rp h o n u c lea r  l e u c o c y t e s .  

The r e s u l t s  shown g r a p h ic a l ly  in  th e  F ig u r e  r e v e a l  l i n e a r  l y s i s  w ith  

a m inor v a r i a t i o n  b etw een  c o n t r o l  a s s a y s .  At e a c h  tim e  a n a l y s i s ,  

th e r e  was s i g n i f i c a n t l y  in c r e a s e d  f i b r i n  breakdown in  th e  medium 

c o n t a in in g  PMNL.

(2 )  The a d d it io n  o f  s t r e p t o k in a s e  to  t h i s  sy s te m  s i g n i f i c a n t l y  

en h a n ced  f i b r i n o l y s i s ,  b u t o n ly  when a t  much h ig h e r  c o n c e n t r a t io n s  

th a n  in  w h o le  human b lo o d .

Summary

The f i b r i n o l y t i c  a s s a y  can  t h e r e f o r e  b e u se d  in  th e  LMT. The 

f in d in g  th a t  th e  d o se  r e s p o n s e  cu rv e  to  s t r e p t o k in a s e  i s  s h i f t e d  t o  

th e  r ig h t  in  th e  LMT com pared w ith  human w h o le  b lo o d  s im p ly  s u p p o r ts  

t h e  known i n s e n s i t i v i t y  o f  c a l f  serum  t o  th e  d ru g .

Mouse

(1 )  Mouse w h o le  b lo o d  show ed a l i n e a r  r e s p o n s e  in  l y s i s  a g a in s t  tim e  

up t o  on e h o u r . T here was o n ly  a sm a ll  v a r i a t i o n ,  and m ice  o f  th e  

same a g e , s e x ,  w e ig h t  and h a b i t  had com parab le f i b r i n o l y t i c  a c t i v i t i e s
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(2 )  S t r e p t o k in a s e .  -  T here was a h ig h ly  s i g n i f i c a n t  in c r e a s e  in  

f i b r i n o l y s i s  w ith  th e  a d d it io n  o f  s t r e p t o k in a s e ,  m axim al a t  a 

c o n c e n t r a t io n  o f  125 iu /m l (4 5 6  *  26 f i b r i n  ly s e d /m l /h o u r  b e fo r e  S .K . 

1289 ^  119 ly s e d /m l/h o u r  w ith  s t r e p t o k in a s e ) .

Summary

Mouse w h o le  b lo o d  i s  c a p a b le  o f  p ro d u c in g  f i b r i n o l y s i s  o f  human 

f i b r i n .  T h is  was a p p r o p r ia t e ly  a m p lif ie d  by s t r e p t o k in a s e  added in  

v i t r o .  T h is  l a t t e r  f in d in g  h a s  n o t  b een  p r e v io u s ly  r e p o r te d .

C o n c lu s io n

125
The I f i b r i n o l y t i c  a s s a y  was found  t o  be an e x a c t  m easure  

o f  human f i b r i n o l y s i s .  I t  c o u ld  be u se d  t o  m easure f i b r i n o l y s i s  

in  th e  LMT, and in  mouse b lo o d .

F i b r i n o l y s i s

B e fo r e  th e  f i b r i n o l y t i c  a c t i v i t y  o f  p a t i e n t s  u n d er g o in g  s u r g e r y  

c o u ld  b e a s s e s s e d  i t  was f e l t  n e c e s s a r y  to  d e f in e  th e  c o n d i t io n s  

a f f e c t i n g  f i b r i n o l y s i s ,  and to  d e f in e  th e  d i s t r i b u t i o n  o f  f i b r i n o l y s i s  

in  th e  g e n e r a l  p o p u la t io n .

S e v e r a l  f a c t o r s  a re  known to  a f f e c t  o th e r  t e s t s  o f  f i b r i n o l y s i s .  

The m ost c a r e f u l  work in  th e  g e n e r a l  p o p u la t io n  i s  p r o b a b ly  t h a t  o f  

th e  p r o s p e c t iv e  N orth w ick  P ark  H eart S tu d y  (Meade e t  a l  1 9 7 7 ) w here  

s u b j e c t s  w ere r e c r u i t e d  from  th e  main London p r o d u c t io n  s i t e  o f  a 

fo o d  p r o c e s s in g  company. Among th e  v a r ia b le s  exam in ed  was 

f i b r i n o l y s i s ,  u s in g  th e  d i l u t e  b lo o d  c l o t  l y s i s  t im e  o f  F e a m le y  & 

C h a k r a b a r ti. The l y s i s  t im e s  w ere n o t  n o rm a lly  d i s t r i b u t e d  ( t h e  skew
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t o  th e  l e f t  b e in g  p a r t ly  due t o  a r t i f i c i a l  c o n s t r a in t s  im p osed  by  

th e  m eth o d ). T here was a s m a ll  la b o r a to r y  v a r ia n c e  (8% o f  t o t a l  

v a r ia n c e )  a la r g e r  i n t e r  p e r s o n s  v a r i a b i l i t y  (19%) b u t an enorm ous 

w h ith in  p e r so n  v a r i a b i l i t y  (73%) w h ich  w ou ld  h in d e r  any a n a l y s i s .  

S in c e  ab ou t 2000  p e o p le  w ere exam in ed  i t  was s t i l l  p o s s i b l e  t o  

c o n c lu d e  t h a t  age a f f e c t e d  f i b r i n o l y t i c  a c t i v i t y  in  th e  m a le , w ith  

o ld  p e o p le  h a v in g  l e s s  a c t i v i t y ;  h ig h e r  s o c i a l  c l a s s e s  had lo w e r  

a c t i v i t y ;  c i g a r e t t e  sm okers had lo w er  a c t i v i t y  (m a le s  o n ly )  and  

women on th e  c o n t r a c e p t iv e  p i l l  had a h ig h e r  f i b r i n o l y t i c  a c t i v i t y .

O th er s t u d i e s  had a l s o  d em o n stra ted  t h a t  v a r io u s  f a c t o r s  c o u ld  

a f f e c t  f i b r i n o l y s i s ;  s tr e n u o u s  e x e r c i s e  (D a v is  e t  a l  1976%; d ru gs  

su ch  as a d r e n a l in e  T; o r  b ig u a n id e s  ( F e a m le y  &

C h a k r a b a r t i) ;  th e  t im e  o f  day ( F e a m le y ) ;  o r  i f  th e  p a t i e n t  was 

d i a b e t i c  (A im er e t  a l  1975) o r  had p e r ip h e r a l  v a s c u la r  d i s e a s e .

I t  seem ed r e a s o n a b le  t o  exam in e th e s e  f a c t o r s  t o  s e e  i f  th e  

m en tio n ed  v a r ia t io n  in  f i b r i n o l y s i s  c o u ld  b e red u ced  by  

s t a n d a r d is in g  th e  t e s t .

The E f f e c t  o f  E x e r c is e

B lo o d  w as ta k e n  from 5 v o lu n t e e r s  a f t e r  30 m in u te s  r e s t  b e fo r e  

e x e r c i s e ,  a f t e r  a 15 m in u te  b r is k  w a lk  on a t r e a d m i l l ,  and a f t e r  a 

15 m in u te  run on a t r e a d m il l  a t  1 0 ° .

F i b r i n o l y t i c  a c t i v i t y  was 161 *  22 (ISEM) n g /m l /h  a t  r e s t ,

165 ^  3 2  (ISEM) n g /m l/h  a f t e r  w a lk in g  ; an i n s i g n i f i c a n t  d i f f e r e n c e  

an; 262  * 41 n g /m l/h  a f t e r  ru n n in g  ; s i g n i f i c a n t  (p  ^ 0 . 0 5  p a ir e d  t  

t e s t ) .
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For th e  f i b r i n  m a tr ix  t e s t  w a lk in g  had l i t t l e  e f f e c t  in  

f i b r i n o l y s i s ;  a m b u la tory  f i b r i n o l y t i c  a c t i v i t y  was t h e r e f o r e  

s a t i s f a c t o r y .

D iu r u a l V a r ia t io n

B lo o d  was ta k en  from  15 v o lu n t e e r s  a t  9am, 12md, 2pm and 4pm.

In  6 i n d iv id u a l s  t h e r e  was a s i g n i f i c a n t  change In  f i b r i n o l y s i s  

(ju d g e d  by th e  Mann W hitney U T e s t  on th e  q u i n t u p l i c a t e s ) ; t h i s  

v a r i a t i o n  d id  n o t  f i t  w ith  any d i r e c t  d ir u a l  p a t t e r n  b u t s im p ly  

r e f l e c t e d  t im e s  o f  s e v e r e  s t r e s s  (o p e r a t in g  : 3 s u b j e c t s ;  c a r d ia c  

a r r e s t  c a l l s  : 2 s u b j e c t s ;  phone c a l l  r e l a t i n g  t o  d ea th  o f  h e r  

c a t  : 1 s u b j e c t ) .  I t  i s  known th a t  o p e r a t in g  s e s s i o n s  (a t  l e a s t )  

p ro d u ce  a d r e n a l in e  r e l e a s e ,  a d r e n a l in e  in c r e a s e s  f i b r i n o l y s i s  

(T a n se r  & S m ith e ) .

To a s s e s s  th e  e f f e c t  o f  s l e e p  b lo o d  was ta k en  from  4 p a t i e n t s  

-  who had g iv e n  t h e i r  c o n s e n t  -  im m e d ia te ly  b e fo r e  th e  n ig h t  t im e  

s e d a t io n  rou n d , a t  12 m id n ig h t a f t e r  th e  p a t i e n t s  had b een  a s le e p  

f o r  2 h o u r s ;  a t  6am and 9am.

F i b r i n o l y t i c  a c t i v i t y  was s i g n i f i c a n t l y  lo w er  a t  12 m id n ig h t and  

6am th an  a t  th e  o th e r  two t im e s  -  s e e  T a b le .

TABLE__________E f f e c t  o f  S le e p  on F i b r i n o l y s i s

F i b r i n o l y t i c  A c t i v i t y  n g /m l/h r  
Means ^ ISEM

10pm 247  ± 43

12mn 151 * 32

6am 144 *  38

9am 261 * 48
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TABLE E f f e c t  o f  B B lo ck a d e  on F i b r i n o l y s i s

T reatm en t B a s a l  P u ls e  R ate F i b r i n o l y t i c A c t i v i t y
D u rin g  T reatm en t B e fo r e

T reatm en t
A f t e r
T rea tm en t

1 . P r o p r a n o lo l 160mgs 64 253 121

2 . O x p r e n o lo l ISOmgs 72 198 176

3. P r o p r a n o lo l 320mgs 42 173 98

4 . P r o p r a n o lo l 80mgs 54 72 51

5 . A te n o lo l lOOmgs 62 232 215

6 . O x p r e n o lo l 160mgs 68 187 188

7. P r o p r a n o lo l 480mgs 48 215 211

8. P r o p r a n o lo l 320mgs 52 267 98
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Drugs

I t  was r e l a t i v e l y  e a s y  t o  co n fir m  th e  e f f e c t s  o f  dru gs known 

t o  m arked ly  a f f e c t  f i b r i n o l y s i s ;  S a lb u ta m o l^ a  agen t^ w as g iv e n  to  

5 v o lu n t e e r s .  B lo o d  was ta k en  b e fo r e  and 2 h o u rs a f t e r  a 4mgm o r a l  d o se  

F i b r i n o l y t i c  a c t i v i t y  b e fo r e  S a lb u ta m o l was 155 ^ 41 (ISEM) n g /m l/h r  

b u t a fte r w a r d s  w as 461 * 89 (ISEM) n g /m l/h r ,  a h ig h ly  s i g n i f i c a n t  

(p ^ O .O O l) e f f e c t .

P h en form in  i s  now no lo n g e r  u sed  by me (b e c a u s e  o f  th e  p rob lem  

o f  l a c t i c  a c i d o s i s )  b u t in  10 o b e s e  d i a b e t i c s ,  o n ly  r e a s o n a b ly  

c o n t r o l l e d  w ith  d ie t a r y  r e s t r i c t i o n s  a lo n e .  M etform in  (mean d o se  

120mg d a i l y ,  ra n g e  500-160m g) p rod u ced  a m eagre in c r e a s e  in  

f i b r i n o l y t i c  a c t i v i t y .  B e fo r e  tr e a tm e n t  i t  was 79 * 22 (ISEM) 

n g /m l/h r  b u t two w eek s a f t e r  had in c r e a s e d  t o  116 * 39 (ISEM) n g /m l /h r ,  

p ^ 0 . 05 'U' t e s t .

T h ia z id e  d i u r e t i c s  ap p eared  t o  h ave no e f f e c t ,  b u t B b lo c k a d e ,  

had a s i g n i f i c a n t  e f f e c t  ( p ^ 0 . 0 5 )  d e c r e a s in g  f i b r i n o l y s i s . (

I was n o t  a b le  t o  exam ine th e  in d iv id u a l  e f f e c t s  o f  a n a e s t h e t i c  

a g e n ts  upon in  v iv o  f i b r i n o l y s i s ,  b u t o f  th e  o th e r  a s s a u l t s  th a t  

t h e  body c o p e s  w ith  d u r in g  s u r g e r y ,  b lo o d  t r a n s f u s io n  m ust rank  

q u i t e  h ig h ly .  S e v e r a l  p a t i e n t s  who w ere u n d e r g o in g  t r a n s f u s io n s  f o r  

anaem ias o f  'm e d ic a l '  o r i g i n  w ere s t u d ie d .  F i b r i n o l y s i s  was 

d e te rm in ed  b e f o r e ,  d u r in g  and a f t e r  t r a n s f u s io n .  T here was an 

in c r e a s e  in  f i b r i n o l y s i s  d u r in g  th e  t r a n s f u s io n  w h ich  di<.2r e a s e d  

s u b s e q u e n t ly  a s  can  b e s e e n  in  th e  F ig u r e .
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FREQUENCY DISTRIBUTION OF FIBRINOLYTIC 
ACTIVITY IN CONTROL POPULATION DIVIDED 
INTO SMOKERS AND NON-SMOKERS
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Normal Population

To exam ine f i b r i n o l y s i s  in  th e  norm al p o p u la t io n ,  members o f  

th e  h o s p i t a l  s t a f f ,  and p a t i e n t s  a t t e n d in g  a s u r g i c a l  o u t p a t i e n t s  

w ith  co m p la in ts  u n l ik e ly  t o  a f f e c t  f i b r i n o l y s i s  ( i r r i t a b l e  c o lo n  

syndrom e, h e m ia e )  w ere a sk ed  i f  th e y  w ou ld  a llo w  a v e n e p u n c tu r e  f o r  

t h i s  s tu d y . I f  th e y  a g re ed  v en o u s b lo o d  was o b ta in e d  a s  p r e v io u s ly  

d e s c r ib e d .  They w ere a l s o  a sk ed  ab out t h e i r  con su m p tion  o f  

c i g a r e t t e s ,  a lc o h o l  and d ru g s . From t h i s  t o t a l  p o p u la t io n  was 

s e l e c t e d  th o s e  p e o p le  who d id  n o t sm oke; to o k  no (a d m itte d )  d ru g s;  

and drank no more th a n  one p in t  (o r  e q u iv a le n t )  a day. T h ese  form ed  

th e  c o n t r o l  p o p u la t io n  ( s e e  f i g u r e )  w h ich  show ed norm al 

d i s t r i b u t i o n .  Sm okers had a s i g n i f i c a n t l y  ( p 4 [ 0 .0 5 )  lo w er  

f i b r i n o l y t i c  a c t i v i t y  134 ^  8 4 .6  (ISD ) n g /m l/h r  th an  th e  n on -sm ok er  

group 182*71 (ISD ) n g /m l/h r .  The d r in k e r s ,  n o t  a l l  d o c t o r s ,  had a 

r a i s e d  f i b r i n o l y t i c  a c t i v i t y ,  234*72  (ISD ) n g /m l/h r  (p < ^ 0 .0 5 ) .  T hose  

ta k in g  th e  o r a l  c o n t r a c e p t iv e  p i l l  had a s l i g h t  in c r e a s e  in  

f i b r i n o l y s i s  ; com paring sm oking women o r a l  c o n t r a c e p t iv e  ta k e r s  w ith  

n o n - o r a l  c o n t r a c e p t iv e  t a k e r s ,  and n on -sm ok in g  o r a l  c o n t r a c e p t iv e  

t a k e r s  w ith  th e  r e le v a n t  c o n tr o l  show ed a s i g n i f i c a n t  e f f e c t  ( p ^ O .0 5  

f o r  e a c h  g r o u p ) .

Age p ro d u ced  a s i g n i f i c a n t  d e c r e a s e  in  f i b r i n o l y s i s  ( s e e  f i g u r e )  

R -0 .3 4  n 45 p ^ 0 . 0 5 .

C o n c lu s io n

The norm al p o p u la t io n ;  am b u la tory ; and ta k in g  no d ru gs was d e f in e d ,  

F or com p arison  w ith  o th e r  s u b j e c t s  th e  e f f e c t  o f  sm ok in g , d r in k in g  and 

s e v e r a l  commonly ta k en  d ru gs was fo u n d .
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THE ANIMAL MODEL

T h is  i s  n o t in te n d e d  a s  a r e v ie w  o f  te c h n iq u e s  d e v e lo p e d  t o  

e x p lo r e  o n c o lo g y  in  th e  an im al m od el. The s u b j e c t  m a tte r  i s  to o  

g r e a t ;  I w ou ld  r a th e r  a n a ly s e  th e  L ew is Lung M odel.

T h is  tum our o r ig in a t e d  a s  a sarcom a p r e f e r e n t i a l l y  m e t a s t a s i z in g  

t o  th e  lu n g , i t  o c c u r r e d  in  th e  B la c k  C57. I t  a p p e a le d  a s  a u s e f u l  

m odel b e c a u s e  o f  th e  s h o r t  n a tu r a l  h i s t o r y .  U n lik e  some 

c a r c i n o g e n i c a l l y  in d u ced  tum ours th e  r e s u l t s  in  p r e v io u s  w o rk ers  

h and s show ed th a t  th e  te c h n iq u e  was r e p r o d u c ib le .

The main c r i t i c i s m  a r e  th o s e  o f  any an im al m odel : th e  s p e c i e s  

d i f f e r e n c e  com pared w ith  humans ; and th e  fr e q u e n t  p o o r  s t a t i s t i c a l  

h a n d lin g  o f  r e s u l t s .  T hose c r i t i c i s m s  s p e c i f i c  t o  t h i s  m odel h in g e  

upon th e  r e p u te d ly  low  im m u n ogen eity  and th a t  th e  fr e q u e n c y  o f  

lu n g  m é ta s ta s é s  do n o t  n e c e s s a r i l y  c o r r e l a t e  w ith  th e  fr e q u e n c y  o f  

body m é t a s t a s é s .

I h a v e  a tte m p te d  to  answ er some o f  th e s e  c r i t i c i s m s .

M ethod

E th e r  a n a e s t h e t i s e d  C57 B la c k  M ice w h ich  w ere  t h r e e  w eek s o ld  

w ere in n o c u la te d  w ith  0 .1  ml o f  tumour s u b c u ta n e o u s ly  i n t o  th e  f la n k .  

About 10 d a y s l a t e r  th e  tum our w as r e s e c t e d  u n d er e t h e r  a n a e s t h e s ia .

At 4 w eek s th e  a n im a ls  w ere k i l l e d ,  a th o ra co to m y  p er fo rm ed , th e  

lu n g s  f i l l e d  w ith  carbon  ( P e l i c a n  I n k ) ,  rem oved, and f i x e d  in  

F e k h e te s  S o lu t io n .

Tumour p a s s a g e  was p erform ed  by le a v in g  t h e  a n im a ls  f o r  2 -3  w eek s
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a f t e r  tum our I n n o c u la t lo n  b e fo r e  rem oving th e  tum our. I n f e c t e d  

g ro w th s w ere d e s tr o y e d ,  n e c r o t i c  a r e a s  d is c a r d e d ,  and th e  te c h n iq u e  

p erfo rm ed  und er s t e r i l e  c o n d it io n s  -  w h ich  l e s s e n e d  i n f e c t i o n .  The 

tum ours w ere f i n e l y  m in ced  u s in g  s c i s s o r s ,  0 .1  ml o f  a n t i b i o t i c  

( p e n i c i l l i n  and s tr e p to m y c in )  added and th e  tum our drawn i n t o  a 1 ml 

s y r in g e .  By r e p e a te d  a s p ir a t io n  th e  tum our was re n d ered  f i n e  enough  

t o  b e  i n j e c t e d  th ro u g h  a serum  n e e d le .  About th r e e  tum ours w ere  

u se d  f o r  ea c h  su b -g ro u p ; to  am algam ate more in c r e a s e d  th e  r i s k  o f  

i n f e c t i o n .

V a r ia b le s

1 . S i t e  o f  I n j e c t i o n

F la n k  B .C . i n j e c t i o n s  o c c a s io n a l l y  r e s u l t e d  in  p e r i t o n e a l  

e x t e n s io n  and a s c i t e s ,  w ith  su b se q u e n t r a p id  d e a th . A l o i n  s i t e  

was a tte m p te d , b u t p ro d u ced  a more v a r ia b le  r e s p o n s e  in  lu n g  

m é t a s t a s é s .

2 . Volume o f  Tumour

0 .0 5  m is  

0 .1  m is  

0 .2  m is

S iz e  o f  Tumour a t  2 w eek s N e c r o s i s  
(Mean)

2 x 3  cms +

2 . 5 x 3  cms +

2 x 3  cms ++

T hree vo lu m es w ere u s e d , and a lth o u g h  th e  s m a l l e s t  q u a n t i t y  ga v e  

e q u a l s i z e d  tum ours a t  2 w eek s w ith  m in im al n e c r o s i s ,  th e r e  was a 

h ig h  n o n -a c c e p ta n c e  r a t e ;  0 .1  ml volum e was c h o se n .

A n t i b i o t i c s

An o ld  fa s h io n e d  reg im e o f  p e n i c i l l i n  and s tr e p to m y c in  was u sed ,
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T h is  was e f f e c t i v e  in  r e d u c in g  th e  number o f  i n f e c t e d  l e s i o n s  ; and  

d id  n o t  d e c r e a s e  e i t h e r  tumour prim ary volum e o r  fr e q u e n c y  o f  

m é t a s t a s é s .

4 . Tumour R e s e c t io n

I n i t i a l l y  I t r i e d  n o t  rem oving th e  tum our, b u t p e r fo r m in g  a 

mock la p a r o to m y . T h is  c e r t a i n l y  en h an ced  p rim ary  grow th  and number 

o f  m é ta s ta s é s  when com pared w ith  e t h e r  a n a e s t h e s ia  a lo n e ;  w h ich  

i t s e l f  in c r e a s e d  th e  number o f  m é t a s t a s é s .  One m ajor prob lem  was 

t h a t  th e  m ice te n d e d  to  d ie  e a r l i e r  th an  th e  p la n n ed  t h r e e  w e ek s.

The more e x a c t  te c h n iq u e  w as r e s e c t io n  o f  th e  s m a ll  CIO day 

tum our w h ich  w h i l s t  i t  had an o p e r a t iv e  m o r t a l i t y ,  t h i s  was s m a ll  

(4%) and m a in ly  r e p r e s e n te d  a n a e s t h e t i c  p ro b lem s.

P rim ary  R ecu rren ce  R ate

The l a r g e s t  d e te rm in a n t was th e  p r e - r e s e c t i o n  s i z e  o f  tum our.

V a r i a b i l i t y  o f  M é ta s ta s é s

One p rob lem  w ith  t h i s  m odel i s  th e  v a r i a b i l i t y  o f  m é t a s t a s é s  

w h ich  i s  in h e r e n t  w ith  th e  s m a ll  tum our p o o lin g  n eed ed  t o  red u ce  

th e  r i s k  o f  i n f e c t i o n .  T h is  o c c u r s  w ith  th e  work o f  o th e r s  ( f o r  

ex a m p le , C a str o  e t  a l>  who c o n fu s e  m a tte r s  fu r t h e r  by u s in g  p a r a m e tr ic  

s t a t i s t i c a l  t e s t s  when th e y  a re  c l e a r l y  in a p p r o p r ia te .  (T h e ir  2SD 

p o in t  b e lo w  mean f r e q u e n t ly  f a l l s  b e lo w  z e r o .)

To com pare g ro u p s a d e q u a te ly  th e  same p o o le d  tum our m ust be  

i n j e c t e d  i n t o  th e  same b a tc h  o f  m ic e . Numbers o b ta in e d  from  on e  

p o o l  can  f r e q u e n t ly  be ab out 20 m ic e , b u t so m etim es l e s s .  T h ese
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l i m i t  th e  number o f  p a r a l l e l  e x p e r im e n ts .

S t a t i s t i c s

Mann W hitney 'U' T e s t  was em ployed  w ith  r e s u l t s  e x p r e s s e d  

a s  mean and ra n g e .

Pulm onary M é ta s ta s é s

O b v io u s ly  pulm onary m é ta s ta s é s  k i l l ,  b u t some d r u g s , f o r  

exam p le H ep a r in , may red u ce  pulm onary m é ta s ta s é s  b u t in c r e a s e  

m é ta s ta s é s  t o  o th e r  s i t e s .  To show t h i s  w ou ld  e n t a i l  th e  

in v id io u s  ta s k  o f  a n a ly s in g  o th e r  s i g n i f i c a n t  o rg a n s  -  su c h  as  

th e  l i v e r  -  f o r  m é t a s t a s é s .  I  d id  n o t  h ave th e  e x p e r t i s e  t o  

in d u lg e  in  t o t a l  body h i s t o lo g y ;  I t a c k le d  th e  p rob lem  by  

r e l a t i n g  r e s u l t s  in  pulm onary m é ta s ta s é s  to  l i f e  span  (th o u g h  any 

m ouse w h ich  was i l l  was c u l l e d ) .  T hese r e s u l t s  w ere a n a ly s e d  on  

an a c t u r i a l  b a s i s .

Low Im m u n ogen ic ity

Two m ethods w ere u sed  t o  exam in e th e  c la im s  t h a t  t h i s  m odel 

h a s  a low  im m u n o g en ic ity .

1. Tumour fo r m a tio n  and m é ta s ta s é s  in  o u tb r e d  m ic e .

P o o le d  tum our was i n j e c t e d  e i t h e r  i n t o  C57 B la c k  m ice  o r  a 

v a r i e t y  o f  o u tb r e d  m ic e . The in c id e n c e  o f  p rim ary  ta k e s  and th e  

fr e q u e n c y  o f  m é ta s ta s é s  in  th o s e  w ith  prim ary  was fo u n d .

Four e x p e r im e n ts  w ere p erform ed  a s  d em o n stra ted  b e lo w . T here  

w as a s i g n i f i c a n t  d i f f e r e n c e  w ith  b o th  th e  in c id e n c e  o f  p rim ary  t a k e s ,  

and num bers o f  m é t a s t a s é s .  T h is  s u g g e s te d  t h a t  sarcom a c e l l s  a re  

a n t i g e n i c .
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I n c id e n c e  o f  P rim ary  
T akes

M é ta s ta s é s

1. C57 n = 10 9 5 .5 ( 0 - 9 )

O utbred n = 10 5 3 ( 0 - 6 )

2 . C57 n = 12 12 9 ( 3 - 2 1 )

O utbred n = 12 7 2 ( 0 - 9 )

3 . C57 n = 8 7 7 .5 ( 2 - 1 4 )

O utbred n = 8 2 0

4 . C57 n = 6 6 9 ( 6 - 1 3 )

O utbred n - 6 0

2 . R ep ea ted  i n j e c t i o n s  o f  C57 Sarcom a.

I t  m igh t ap p ear s im p le  t o  show th a t  in  th o s e  m ice  who had

f a i l e d  to  ta k e  a p rim ary  in n o c u la t io n  th a t  fu r t h e r  i n j e c t i o n  w ou ld  

f a i l  t o  a l t e r  t h i s  s t a t e .  U n fo r tu n a te ly  th e r e  i s  a f a l l a c y  in  

t h i s  argum ent; i f  th e  in n o c u la t io n  h a s a lr e a d y  f a i l e d  t h i s  may be  

due t o  r e a s o n s  o th e r  th an  th e  immune sy stem ; fu r t h e r  I n n o c u la t io n s  

w ould  f a i l  a g a in .

F or t h e s e  r e a s o n s  tum our c e l l s  -  in  s u s p e n s io n  -  w ere k i l l e d  

by h e a t in g  and th en  i n j e c t e d .  T h is  was r e p e a te d  w e e k ly  x  3 . L iv e  

tum our was th e n  in n o c u la te d  and a l s o  i n t o  a c o n t r o l  group  who had

b een  g iv e n  i n j e c t i o n s  o f  norm al mouse l i v e r  c e l l s .

The in c id e n c e  o f  ta k e s  w as n o t  s i g n i f i c a n t l y  d i f f e r e n t  in  e a c h  

s e p a r a t e  e x p e r im e n t b u t w as o v e r a l l  ( p ^ 0 . 0 5 ) .  In  th e  th r e e  

e x p e r im e n ts  a s t e r i s k e d  th e r e  was a s i g n i f i c a n t  r e d u c t io n  o f  

m é ta s ta s é s  (p /^ 0 ^ 0 5 ) and t h i s  d i f f e r e n c e  e x i s t e d  o v e r a l l  (p  ^ 0 . 0 1 ) .
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I n c id e n c e  o f  P rim ary M é ta s ta s é s
T akes

1. C57 c o n tr o l n 11 10 7 (1 - 1 5 )

P r e - in n o c n = 11 9 4 (0 - 6 ) *

2 . C57 c o n t r o l n = 7 7 13 (4 -2 4 )

P r e - in n o c n = 7 6 6 (0 -1 1 ) *

3 . C57 c o n t r o l n = 12 12 9 (2 - 1 9 )

P r e - in n o c n = 12 10 6 (2 - 1 4 )

4 . C57 c o n t r o l n = 8 7 11 (8 -2 7 )

P r e - in n o c n = 8 5 7 (4 - 1 3 ) *

C o n c lu s io n

The tum our h a s  th e  a b i l i t y  t o  p rod u ce  an immune r e s p o n s e .  

L e v a m iso le

T h is  a n t ih e lm in t h ic  a g en t i s  known to  in d u c e  in  man an im proved  

c e l l u l a r  immune r e s p o n s e  when p r e v io u s ly  im p a ir e d . The m echanism  

i s  d e b a te d  b u t may b e m e d ia te d  v ia  th e  m acrophage. In  th e  m ouse th e  

r e s u l t s  a re  more q u e s t io n a b le  p a r t i a l l y  d ep en d in g  on d o sa g e  and r o u te s  

o f  a d m in is t r a t io n .  I  c h o se  t o  g iv e  L e v a m iso le  o v e r  t h r e e  d a y s ,  

s u b c u ta n e o u s ly ,  (Im g/K g) p r io r  t o  a mock la p a ro to m y  o u t l in e d  

p r e v io u s ly .  C o n tr o ls  w ere ch o sen  random ly ( c o in  s p in n in g )  and  

g iv e n  i s o t o n i c  s a l i n e  i n j e c t i o n s .

The fo u r  e x p e r im e n ts  o n ly  exam ined  th e  number o f  m é t a s t a s é s ;  

m easurem ent o f  prim ary  tum ours r e v e a le d  no d i f f e r e n c e  b etw een  th e  

g ro u p s . As can  be se e n  in  th e  t a b le  th e r e  w as a s i g n i f i c a n t  d i f f e r e n c e  

a c h ie v e d  (p^^O.OS) in  th r e e  o f  th e  e x p e r im e n ts , and in  th e  f o u r t h  group  

w h i l s t  n o t  s t a t i s t i c a l l y  d i f f e r e n t  th e  L ev a m iso le  group had l e s s
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m é t a s t a s é s .  The o v e r a l l  p r o b a b i l i t y  was a l s o  s i g n i f i c a n t .

R e s u l t s

E x p er im en ts No. o f  M é ta s ta s é s  
Mean (L a rg e)

S ig n i f i c a n c e

1 . L e v a m iso le n — 11 7 .5 (3 -1 3 ) p <  0 .0 5

C o n tr o l n = 12 1 3 .5 (9 - 2 2 ) p < 0 . 05

2 . L e v a m iso le n = 8 3 .5 ( 0 - 5 ) p < 0 . 05

C o n tro l n = 8 5 ( 2 - 6 )

3 . L e v a m iso le n = 6 4 .5 ( 0 - 6 ) p < 0 .0 5

C o n tro l n = 6 8 ( 4 - 1 3 )

4 . L ev a m iso le n = 9 5 (2 - 1 1 ) N. S .

C o n tr o l n = 8 6 .5 (2 -1 1 )

D is c u s s io n

The e f f e c t  o f  L e v a m iso le , o r  any o th e r  immune s t im u la n t  w ou ld  

t h e o r e t i c a l l y  b e l i m i t e d  in  any s i t u a t i o n  w here tum our c e l l s  w ere  

in  ab un d ance. T h is  ex p er im en t was a s e v e r e  t e s t  o f  th e  d ru g , w h ich  

was e f f e c t i v e ;  p resu m ab ly  by an en h an ced  c e l l u l a r  r e s p o n s e .

C o n c lu s io n

A lth o u g h  th e  in h e r e n t  d e f e c t  in  u s in g  an an im al m odel r e m a in s , 

s e v e r a l  s p e c i f i c  c r i t i c i s m s  to  th e  C57 B la ck  L ew is Lung sarcom a  

m odel h ave b een  an sw ered . The tum our d o e s  c o n ta in  a n t ig e n ic  s i t e s ,  

w h ich  can b e  r e c o g n is e d  by e i t h e r  f o r e ig n  m ice  o r  C57 B la ck ;  

m o d u la t io n  o f  th e  immune r e s p o n s e  w ith  L e v a m iso le  a p p r o p r ia t e ly  

d e c r e a s e d  tum our m é ta s ta s é s .
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S t a t i s t i c a l  a n a ly s i s  was p o s s i b l e  u s in g  non p a r a m e tr ic  t e s t s  

in  ea c h  s m a ll  group d e r iv e d  from  th e  same tum our p o o l .



CHAPTER 3
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HEPARIN. DEXTRAN AND COUMARINS

H ep a r in , a m u c o p o ly sa c c h r id e  com posed o f  s u lp h a te d  D- 

g lu c o sa m in e  and D -g lu c o r o n ic  a c id ,  i s  h e te r o g e n e o u s ;  e s t im a t e s  o f  

m o le c u la r  w e ig h t  ran ge from 600  t o  2 0 ,0 0 0 .  I t  c o n ta in s  a la r g e  

number o f  0 -  and N- s u lp h a te  l in k a g e s  and i s  s t r o n g ly  a c i d i c .  

H y d r o ly s is  o f  th e  e s t e r  l in k a g e  r e s u l t s  in  an a l t e r e d  m o le c u la r  

sh a p e  and l o s t  a c t i v i t y .  The a n t ic o a g u la n t  e f f e c t  may be due t o  

r e a c t io n  w ith  a n io n ic  g r o u p in g s  on c l o t t i n g  f a c t o r s  t o  p ro d u ce  

c o m p le x e s . F o llo w in g  in tr a v e n o u s  i n j e c t i o n  H ep arin  i s  e v e n ly  

d i s t r i b u t e d  b etw een  w h ite  c e l l s  and p lasm a; i t  d is a p p e a r s  

e x p o n e n t ia l ly  b u t a t  a r a t e  d ep en dent upon th e  d o se ; i t  i s  p a r t i a l l y  

m e ta b o lis e d  by th e  l i v e r  t o  a w ea k ly  a c t iv e  u r o h e p a r in .

The e f f e c t  o f  H ep arin  on tum our m é ta s ta s é s  i s  w e l l  known ; 

th e  fr e q u e n c y  o f  tum our lo d g in g  in  th e  pulm onary v a s c u la r  bed  i s  

d e c r e a s e d . As I h ave a lr e a d y  m e n tio n ed , t h i s  may r e s u l t  in  

in c r e a s e d  p e r ip h e r a l  m é ta s ta s é s .  T h is  e f f e c t  a p p ea rs t o  be due to  

e i t h e r  an a c t io n  p r e v e n t in g  f i b r i n  fo r m a tio n  around th e  tum our c e l l s  

o r  d i r e c t l y  a l t e r i n g  th e  a d h e s iv e  q u a l i t y  o f  th e  tum our c e l l .

S e v e r a l  r e a s o n s  s u g g e s t  an im m u n o lo g ica l r o l e  f o r  H ep a r in .

I t  b lo c k s  th e  e o s in o p a e n ic  r e sp o n se  t o  i n s u l i n ,  c o r t i c o s t e r o i d s  

and ACTH; i t  i n h i b i t s  th e  m ixed  lym p h ocyte  r e a c t io n  (C u r r ie  1 9 6 7 ) ,  

and a c t i v a t e s  th e  s p le e n  c e l l s  o f  m ice  o f  s e v e r a l  s p e c i e s  (R uhl e t  

a l  1 9 7 4 ) .  I t  p rod u ced  ly m p h o cy tes  when g iv e n  t o  a c a l f .

The p o s s i b i l i t y  o f  an im m u n o lo g ica l e f f e c t  i s  en h an ced  by th e  

c h e m ic a l s i m i l a r i t y  w ith  known B c e l l  m ito g e n s :  d e x tr a n  s u lp h a te ;  

d e x tr a n s ;  p o ly e t h y le n e  s u lp h a te ;  p o ly  A- p o ly  U; p o ly  I -  p o ly  C.
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P o ly m e r s , e s p e c i a l l y  a n io n ic  p o ly m e r s , a re  u s u a l ly  a c t i v e ,  th ou gh  

d e x tr a n  p h o sp h a te  i s  an e x c e p t io n .

I d e c id e d  t o  e x p lo r e  th e  p o s s i b i l i t y  o f  im m u n o lo g ic a l e f f e c t s  

in  t h e  le u c o c y t e  m ig r a t io n  t e s t  and upon ly m p h o cy te  t r a n s fo r m a t io n .

E f f e c t  o f  H ep arin  upon L eu co cy te  M ig r a t io n

The m ethod was as p r e v io u s ly  d e s c r ib e d ,  b u t w ith  b lo o d  

a n t ic o a g u la t e d  by d e f i b r i n a t i o n .  The H ep arin  u se d  was made by 

W eddel ( p r e s e r v a t iv e  f r e e ) .  Four c o n s e c u t iv e  e x p e r im e n ts  w ere  

i n i t i a l l y  em ployed  t o  d is c o v e r  th e  e f f e c t  o f  H ep a r in . C o n tr o l  

m ig r a t io n s  w ere com pared w ith  a d o se  r e s p o n s e ;  H ep arin  0 .0 1  

u n i t s /m l  to  100 u n i t s /m l;  ea ch  w ere a d ju s te d  t o  th e  c o n t r o l  pH.

TABLE D ose R esp on se o f  H ep arin ; E f f e c t  upon L eu co cy t e  M ig r a t io n

2
(A rea mm , mean -  ran ge; 4 e x p e r im e n ts )

2
Mean (mm ) Range

C o n tr o l 9 7 .5 85 -  112

H ep a rin : 0 .0 1  u n it /m l 9 8 .2 88 -  121

0 .1  u n it /m l 9 5 .6 81 -  116

1 u n it /m l 102 91 -  125

10 u n it /m l 111 99 -  141

100 u n it /m l 129 118 -  145

T here was a s i g n i f i c a n t  in c r e a s e  in  a rea  m ig r a te d  a t  1 and 10 

u n i t s / m l .  To e x p lo r e  th e  e f f e c t  fu r t h e r  two c o n c e n t r a t io n s  o f  

H ep arin  w ere ch o sen ; 0 .0 1  u n it /m l  and 1 u n i t /m l .  I show ed th a t  

t h e s e  had no t o x i c  e f f e c t  on ly m p h o c y te s , by tr y p a n  b lu e  e x c lu s i o n .
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M ig r a t io n s  w ere p erform ed  upon le u c o c y t e s  from  E e a f gra d e 2 

p o s i t i v e  s u b j e c t s  u s in g  c o n t r o l ,  c o n t r o l  and PPD, H ep a r in , H ep a rin  

and PPD.

TABLE The E f f e c t  o f  H ep arin  on PPD In d u ced  I n h i b i t i o n  o f  L e u c o c y te

2
M ig r a t io n ; R e s u lt s  in  mm , mean and ran ge o f  4 e x p e r im e n ts  

on one s u b j e c t .

C o n tr o l

+ PPD 

H ep a rin  0 .1  u n it /m l  

+ PPD 

H ep arin  10 u n it /m l  

+ PPD

Mean (mm )

9 9 . 75 

7 1 .2  

100.22 

7 0 .0  

115 

106

Range

83 -  115  

64 -  79

85 -  111  

61 -  82 

102 -  155  

94 -  1 3 1

The p r e v io u s  e f f e c t s  o f  H ep arin  a lo n e  w ere c o n fir m e d . S i g n i f i c a n t  

i n h i b i t i o n  o f  m ig r a t io n  o c c u r r e d  in  a l l  fo u r  e x p e r im e n ts  on c o n t r o l  

l e u c o c y t e s  ex p o sed  t o  PPD; o n ly  in  one ex p er im en t d id  PPD In d u ce  

s i g n i f i c a n t  i n h i b i t i o n  when in  th e  p r e s e n c e  o f  H ep arin  a t  10  u n i t s /m l  

H ep a rin  a t  0 .1  u n it /m l  p rod u ced  no s i g n i f i c a n t  e f f e c t  on th e  PPD 

in d u c e d  i n h i b i t i o n .

I th e n  p erform ed  an e x p er im en t t o  f in d  th e  s i t e  o f  a c t io n  o f  

t h i s  e f f e c t .  I u se d  th e  tw o s t a g e  v e r s io n  o f  th e  l e u c o c y t e  m ig r a t io n  

t e s t .  L ym phocytes w ere i n i t i a l l y  in c u b a te d  w ith  PPD t o  p ro d u ce  

ly m p h o k in e ( s ) , w h ich  w ere th en  t e s t e d  upon p r e d o m in a n tly  ly m p h o cy te  

f r e e  le u c o c y t e  m ig r a t io n s .  PPD was a lw a y s  added t o  th e  c o n t r o l  

m ig r a t io n .  To a l i q u o t s  o f  th e  lym phokine c o n ta in in g  s u p e r n a ta n ts  I  

added  0 .1  u n i t /m l  and 10 u n i t s /m l  o f  H ep a rin .
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2TABLE Two Stage Migrations: Means (mm ) and ranges of 5

e x p e r im e n ts  on th e  same E ea f grad e 1 p o s i t i v e  s u b j e c t ;  

th e  e f f e c t  o f  H ep arin

2
Mean (mm ) Range

C o n tr o l s u p e r n a ta n t  125 92 -  141

+ LIE 8 2 .7 5  67  -  95

H ep arin  0 .1  u n it /m l  131 97  -  135

+ LIE 8 4 .1  73 -  101

H ep arin  10 u n i t s /m l  152 129 -  177

+ LIE 157 135 -  182

H ep arin  a t  0 .1  u /m l had no d is c e r n a b le  e f f e c t .  At 10 u /m l i t  

p ro d u ced  e x a g g e r a te d  m ig r a t io n  and p r e v e n te d  i n h i b i t i o n  o f  m ig r a t io n .

C o n c lu s io n

H ep arin  i n t e r f e r e s  a t  a h ig h  c o n c e n t r a t io n  w it h  l e u c o c y t e  

m ig r a t io n  i n h i b i t i o n  to  a n t ig e n .  P ro b a b ly  LIE r e l e a s e  o c c u r s  a s  

u s u a l b u t th e  d e c r e a s e d  m o t i l i t y  and in c r e a s e d  a d h eren ce  found  

a f t e r  e x p o su r e  to  th e  a n t ig e n  i s  a n u l le d .  Even th e  c o n t r o l  m ig r a t io n s ,  

p o s s ib l y  in f lu e n c e d  by th e  ECS, w ere in c r e a s e d .  I  s u s p e c t  t h a t  t h i s  

i s  a s im p le  H ep arin  membrane e f f e c t ,  s im i l a r  t o  t h a t  s u g g e s t e d  f o r  

tum our c e l l s .

E f f e c t s  o f  H ep arin  upon Lym phocyte T ra n sfo rm a tio n

I t  was a lr e a d y  c l e a r  th a t  H ep arin  sh o u ld  e f f e c t  ch a n g es  in  

ly m p h o cy te  tr a n s fo r m a tio n  i f  i t  w ere to  b eh ave l i k e  th e  o t h e r  members 

o f  th e  s u lp h a te d  p o ly s a c c h a r id e  grou p . I was w o r r ie d  by  th e
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M eans - 1 SE of 8 experim ents involving 
4 subjects.
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co n seq u en ce  o f  t h i s  p o s t u la t e ;  H ep arin  i s  w id e ly  u sed  in  d iv e r s e  

im m u n o lo g ica l m ethods ev en  by th e  p u r i s t s  su ch  a s  C o u tin h o  & M o lle r .

I u sed  th e  w h o le  b lo o d  m ethod, b u t th e  b lo o d  was a n t ic o a g u la t e d  

by d e f i b r i n a t i o n .

R e s u lt

H ep arin  in c r e a s e d  a c t i v i t y  s i g n i f i c a n t l y  a t  5 iu /m l C p ^ O .0 5 )  

and 50 iu /m l ( p ^ O .O l) ;  s e e  f i g u r e .

I had shown t h a t  H ep arin  p ro d u c es  ly m p h o cy te  tr a n s fo r m a t io n . In  

d e f ib r in a t e d  b lo o d , f ib r in o g e n  and th e  c o a g u la t io n  c a s c a d e  a r e  m is s in g ,  

t h i s  may be th e  r e a so n  why t h i s  e f f e c t  o f  H ep arin  i s  n o t  o f t e n  s e e n .

I r e p e a te d  th e  above ex p er im en t in  w h o le  b lo o d , a n t ic o a g u la t e d  w ith  

H ep a r in , o r  by d e f i b r i n a t i o n .  To h a l f  o f  th e  d e f ib r in a t e d  b lo o d  I 

added f ib r in o g e n  (Human, S e a r le )  to  a f i n a l  c o n c e n t r a t io n  o f  3 g /L  and 

H ep a rin  2 .5  u n i t s /m l .

As can b e s e e n  in  th e  f ig u r e  th e  d o se  r e s p o n s e  was s h i f t e d  t o  

th e  l e f t  in  th e  p r e s e n c e  o f  f ib r in o g e n ,  w h ich  was s i m i l a r  t o  th e  

r e s u l t s  in  w h o le  b lo o d  a n t ic o a g u la t e d  w ith  H ep a r in . S u b s t im u la to r y  

d o s e s  o f  m ito g e n s  can h ave e f f e c t s ,  b u t t h i s  a l s o  d ep en d s on w h ich  

ty p e  o f  c e l l  i s  s t im u la t e d .  P r e p o n d e r a n tly  p u re B and T c e l l  

p o p u la t io n s  w ere p rep a re d  from d e f ib r in a t e d  b lo o d . PHA; d e x tr a n  

s u lp h a t e ;  and H ep arin  (5 0 0 0  iu /m l)  w ere in c u b a te d  w ith  a l i q u o t s  o f  

th e  p r e p a r a t io n s .  The r e s u l t s  o f  th e  fo u r  e x p e r im e n ts  a re  shown in  

th e  T a b le .
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TABLE Effect of Heparin on B or T Cell Populations; compared
w ith  known m ito g e n s

Means ± SEM

C o n tr o l 1 5 ,0 0 5 + 3 ,2 5 0

PHA 1 7 ,1 0 0 ± 4 ,1 0 9

D extran  S u lp h a te 2 2 ,2 2 2 6 ,1 5 8

H ep arin 2 1 ,1 9 5 * 5 ,9 7 1

T c e l l  C o n tr o l 1 2 ,1 7 5 * 3 ,1 5 7

PHA 9 5 ,4 3 1 9 ,7 5 8

D extran  S u lp h a te 1 3 ,9 7 7 2 ,2 1 0

H ep arin 1 1 ,2 9 9 2 ,9 1 1

H ep a r in , l i k e  D extran  S u lp h a te ,  had no s i g n i f i c a n t  e f f e c t  in  

th e  p r e p o n d e r a n t ly  T c e l l  p r e p a r a t io n ,  b u t had a s i g n i f i c a n t  C p ^ O .O l)  

e f f e c t  in  th e  B c e l l  p r e p a r a t io n .  T h is  i s  s t r o n g ly  s u g g e s t iv e  th a t  

H ep a rin  i s  a B c e l l  m ito g e n . I f  s o  i t  m igh t i n t e r f e r e  w ith  o th e r  

m ito g e n s . W hole b lo o d , d e f ib r in a t e d ,  was d iv id e d  i n t o  a l i q u o t s .

To th e  f i r s t  s e r i e s  a H ep arin  d o se  r e s p o n s e  was p erfo rm ed ; to  th e  

se c o n d  PHA w as added 12 h o u rs a f t e r  th e  s t a r t  o f  th e  in c u b a t io n ;  

t o  th e  t h i r d  a H ep arin  d o se  r e s p o n s e  was p erform ed  and PHA was 

added 24 h o u rs  l a t e r ;  t o  th e  fo u r th  H ep arin  and PHA w ere added  

s im u lt a n e o u s ly ;  t o  th e  f i f t h  PHA a lo n e  was added; to  th e  s i x t h  

H ep arin  was added 24  h o u rs  a f t e r  th e  s t a r t  o f  th e  in c u b a t io n ,  and 

f i n a l l y  PHA was added im m e d ia te ly . H ep arin  24 h o u rs  l a t e r .
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TABLE Interference of Heparin with PHA Induced Stimulation of
T hym id in e, PPM, Means ^ ISE , 4 e x p e r im e n ts

C o n tr o l

1650  ± 189

PHA (ad d ed  12h a f t e r  s t a r t  
o f  in c u b a t io n )

2 0 ,5 6 8  ± 2150

H ep arin

PHA:48 h rs  

8 1 ,0 1 3  6459

PHA + H e p a r in :48 h rs

a) 0 . 5  iu /m l 8 4 ,0 4 8  ±  7145

b) 5 iu /m l 8 8 ,1 5 0  ± 5298

c )  50  iu /m l 118,345 ± 4117

H ep a r in :4 8 h rs
PHA (ad d ed  a f t e r  12h)

a) 0 .5  iu /m l 1 ,8 9 0 * 211 a) 0 .5  iu /m l 1 8 ,9 8 7 db 2131

b) 5 iu /m l 2 ,7 5 0 * 235 b) 5 iu /m l 1 1 ,1 5 0 1988

c ) 50 iu /m l 8 ,1 7 6 * 614 c) 50 iu /m l 9 ,8 5 9 1750

H ep a rin  (ad d ed  a f t e r  12h r)

a) 0 . 5  iu /m l 1 ,5 1 9  ± 214

b) 5 iu /m l 1 ,7 4 1  ± 199

c )  50  iu /m l 4 ,1 4 5  ± 288

PHA(48h) & H ep arin  (ad d ed  a f t e r
12h r)

a) 0 .5  iu /m l 7 9 ,1 7 8  ± 6284

b) 5 iu /m l 8 3 ,3 1 0  ± 7145

c )  50 iu /m l 8 2 ,2 1 9  ± 6946

H ep arin  s i g n i f i c a n t l y  i n t e r f e r e s  w ith  PHA s t im u la t io n  i f  added  

p r io r  t o  th e  PHA; PHA s i m i l a r l y  i n t e r f e r e s  w ith  H ep a r in . T h is  

e f f e c t  i s  b e s t  s e e n  a t  5 u n i t s /m l  when H ep arin  p ro d u ces  l i t t l e  

e f f e c t  on i t s  own, b u t can d e c r e a s e  PHA s t im u la t io n .
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Conclusion

H ep arin  i s  a lym p h ocyte  s t im u la n t ,  a c t in g  p r e p o n d e r a n tly  on 

B c e l l .  I n t e r f e r e n c e  w ith  o th e r  m ito g e n s  can o c c u r .

Im m u n o lo g ica l E f f e c t s  o f  D extran  70 and C arragh een an

An e le g a n t  way o f  i n v e s t i g a t i n g  th e  e f f e c t s  o f  H ep arin  i s  t o  

exam in e th e  r e la t e d  ch e m ic a l s t r u c t u r e s  o f  D ex tra n  and C a rra g h een a n . 

Any d a ta  c o l l e c t e d  s e p a r a t e ly  on D extran  w ould  b e  u s e f u l  b e c a u s e  o f  

th e  c l i n i c a l  u sa g e ; C arragheenan  (Lambda; M arine C o l lo id  I n c )  th a t  

u b iq u it o u s  I r i s h  bog m oss i s  n o t  o n ly  w id e ly  u se d  a s  an ex p a n d er  

and s u r f a c t a n t  in  f o o d s t u f f s  and d r in k s  b u t h a s  b een  u sed  

im m unologi c a l l y .

D extran

T h is  s im p le  p o ly s a c c h a r id e  h a s  a n t ic o a g u la n t  p r o p e r t ie s  by  

i n t e r f e r i n g  w ith  f i b r i n  c r o s s  l i n k i n g .  E a r ly  p r e p a r a t io n s  p ro d u ced  

o c c a s io n a l  a n a p h y la x is ;  h ig h  m o le c u la r  w e ig h t  D e x tra n s  ev o k e  a B 

c e l l  t r a n s fo r m a t io n . U n lik e  H ep arin  i t  i s  n o t  h ig h ly  a n io n ic  and 

h a s m in im al membrane e f f e c t s .

L e u c o c y te  M ig r a t io n

I r e p e a te d  th e  e x p e r im e n ts  p erform ed  on H ep arin  b u t u s in g  

D ex tra n  in s t e a d .

U n lik e  H ep a r in , D extran  d id  n o t  p rod u ce any enhancem ent o f  

m ig r a t io n ;  th e  h ig h  c o n c e n t r a t io n  p rod uced  some im p airm en t ( p ^ O .0 5 )  

o f  a r e a  m ig r a te d . T h is  c o n c e n t r a t io n  p rod u ced  g r e a t e r  ly m p h o cy te  

d e a th  (d ye e x c lu s io n )  th an  in  th e  c o n t r o l s .  The e f f e c t  on m ig r a t io n



was p ro b a b ly  due t o  t o x i c i t y .  When added to  PPD D extran  had no  

a p p r e c ia b le  e f f e c t .
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TABLE D ose R esp on se o f  D extran  on L eu co cy te  M ig r a t io n

C o n tr o l  

D ex tra n  1 

2

3

4

Area M ig ra ted  
(Mean)

1 0 7 .8

1 0 6 .9  

1 0 4 .7 5  

1 0 5 .7 7

8 8 .9

Range

89

85

80

82

75

125  

121 

127

126  

98

TABLE______ E f f e c t  o f  D extran  on PPD In du ced  M ig r a t io n  I n h i b i t i o n  o f

L e u c o c y te s

A rea M ig ra ted  
(Mean)

Range

C o n tr o l

D ex tra n

PPD

PPD -  D extran

1 0 4 .5

1 0 7 .8

6 9 .7

7 3 .1

87

83

54

56

121
125

82

84

C o n c lu s io n

Tlrese r e s u l t s  s u g g e s t  t h a t  th e  im p o rta n t e f f e c t  o f  H ep arin  in  

th e  LMT i s  by ch a n g in g  th e  c e l l  membrane r a th e r  th a n  a r o l e  o f  

a n t ic o a g u la n t .
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Transformation

I e x p lo r e d  th e  e f f e c t  o f  D extran  on ly m p h o cy te  t r a n s fo r m a t io n  

in  a s i m i l a r  way t o  th a t  o f  H ep a r in . I e n c lo s e  an o f f  p r in t  from  

t h e  p a p er  p u b lis h e d  (Burden e t  a l ,  1 9 7 7 ) .

When t h i s  p r e l im in a r y  p u b l ic a t io n  was p r in t e d  we w ere u n su re  

w h ich  ly m p h o cy te  p o p u la t io n  w as s t im u la t e d .  S in c e  th e n  I h ave  

c o n firm ed  t h a t  l i k e  H ep arin  D extran  a f f e c t s  B c e l l s .

TABLE E f f e c t  o f  D extran  on B and T C e l l s ,  Compared w ith  PHA and

D extran  S u lp h a te

Means -  SEM

B C e ll C o n tro l 1 4 ,9 7 5 4 ,1 1 9

PHA 1 6 ,0 3 5 3 ,9 8 8

D extran  S u lp h a te 2 4 ,1 7 5 5 ,2 3 9

D extran 2 8 ,2 2 9 4 ,9 8 7

T C e l l C o n tro l 1 2 ,2 7 5 4 ,8 8 0

PHA 8 6 ,5 9 4 1 1 ,1 7 9

D extran  S u lp h a te 1 1 ,1 9 9 3 ,1 4 1

D extran 1 2 ,8 5 0 4 ,5 7 0

C o n c lu s io n

The p r e s e n c e  o f  s u lp h a te  r e s id u e s  a re  n o t n eed ed  t o  p ro d u ce  

t r a n s fo r m a t io n .  P erh ap s c o n fo r m a tio n a l r e q u ir e m e n ts  -  from  f o l d i n g  

o f  th e  p o lym er -  a re  th e  m ost im p o r ta n t. I w ou ld  s u g g e s t  t h a t  a l l  

p o ly s a c c h a r id e s  a re  c a p a b le  o f  in d u c in g  tr a n s fo r m a t io n  a lth o u g h  th e  

g r e a t e r  th e  c h a in  le n g th  and th e  more f r e e  s u lp h a te  (o r  a n io n ic )
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Fig. Effect upon thym idine incorporation in D. P. M. of 
Caragheenan, 48 h o u r incubation. Mean + ISE of 
12 experiments, involving 6 subjects.
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r a d i c a l s  th e  g r e a t e r  th e  e f f e c t .

The c e l l s  a f f e c t e d  a re  B c e l l s ;  a n tib o d y  may be p ro d u ced  and  

c e r t a i n l y  i s  in  r e s p o n s e  t o  some D ex tra n s and D extran  S u lp h a te .

C arragh een an

To e x te n d  t h e s e  c o n c lu s io n s  f u r t h e r ,  I c h o se  t o  i n v e s t i g a t e  th e

p o t e n t i a l  o f  C arragheenan  t o  p rod u ce lym p h ocyte  tr a n s fo r m a t io n . T h is

s u b s ta n c e  i s  w e l l  known t o  c l i n i c i a n s  from when i t  was c la im e d  t o

h a v e  c u r a t iv e  p r o p e r t ie s  f o r  p e p t ic  u lc e r s ;  t o  p h a r m a c o lo g is t s  b e c a u se

s . c .  i n j e c t i o n  o f  C arragheenan  i s  a r e p r o d u c ib le  m ethod t o  p ro d u ce

in f la m a t io n ;  and to  im m u n o lo g is ts  b e c a u se  o f  i t s  known a b i l i t y  t o

k i l l  m acrophages ( A l l i s o n  e t  a l ,  1 966) and t o  en h an ce g r a f t  s u r v iv a l

(E v erso n  e t  a l ,  1 9 7 7 ) . M ost work on ly m p h o cy tes  h ave s u g g e s t e d  th a t

i t  k i l l s  o r  j u s t  i n t e r f e r e s  w ith  PHA r e sp o n se  (Lake e t  a l ,  1 9 7 1 ) .

Some th o u g h  h ave o b se r v e d  in c r e a s e d  numbers o f  n u c le a te d  s p le e n  c e l l s

in  t h e  mouse f o l lo w in g  in tr a v e n o u s  i n j e c t i o n  (Thompson e t  a l ,  1 9 7 6 ) .

I p erfo rm ed  e x p e r im e n ts  t o  f in d  th e  e f f e c t  o f  C arragheenan  on w h o le

b lo o d  ( a n t ic o a g u la t e d  b y  d e f i b r i n a t i o n ) .  D ose r e s p o n s e s  w ere s t u d ie d

by m aking t i t r e  d i l u t i o n s  o f  th e  p o ly s a c c h a r id e ,  u s in g  16 r e p l i c a t e s

f o r  e a c h  d i l u t i o n .  The r e s u l t s  showed a 2 peak  d o se  r e s p o n s e  (F ig u r e )

-10
w ith  s i g n i f i c a n t  in c r e a s e s  o c c u r r in g  from 5 x  10 u g /m l to  th e

-1
maximum c o n c e n t r a t io n  o f  5 x  10  u g /m l (p 0 .0 1 ) .

I c o n c lu d e d  t h a t  C arragheenan  was a ly m p h o cy te  m ito g e n . Was i t  

a c t i v e  on B c e l l s ?



TABLE_____Effect of Carragheenan on B or T cells, compared with

PHA and D extran  S u lp h a te  ( * s i g n i f i c a n t  p 4^0.05)
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Means ±SEM

B c e l l  C o n tro l

PHA

D extran  S u lp h a te  

C arragheenan

T c e l l  C o n tro l

PHA

D extran  S u lp h a te  

C arragheenan

1 2 ,6 6 7

1 3 ,1 4 3

2 5 ,2 1 9

2 8 ,1 7 3 *

1 3 ,1 5 4

9 1 ,1 4 8

1 2 ,1 7 7

1 3 ,2 9 8

3 ,7 1 5

2 ,9 1 7

7 ,1 4 3

6 ,2 8 8

4 ,0 0 5

1 0 ,9 7 7

3 ,4 5 0

3 ,7 8 8

L ik e  H ep arin  and D ex tra n , C arragheenan  in t e r f e r e d  w ith  PHA r e s p o n s e ,  

d e p e n d in g  upon th e  t im e  o f  p r e s e n t a t io n .

TABLE______ E f f e c t  o f  C arragheenan  upon r e s p o n s e  t o  PHA, W hole

B lo o d  Method

C o n tr o l  

1 ,7 1 9  * 203  

C arragh een an

a) 5 X  loT ^ ^ u g/m l 1 8 2 3  *  311

b ) 5 X 1 0 “  ̂ u g /m l 2791 *  229

c )  5 X  10 ^ u g /m l 8145 * 640

C arragh een an  + PHA

a ) 5 X  lOT^^ug/ml 89197 * 9403

b) 5 X  10  ̂ u g /m l 95551 * 8983

c )  5 X  lO ” ^ u g /m l 97491  * 9138

PHA (added a f t e r  24h )

2 2 ,1 5 8  ± 2300

PHA (ad d ed  a f t e r  24h  & 
C arragh een an )

a) 9 ,0 0 8  ± 1744

b ) 2 ,1 1 0  * 581

c )  9 ,9 8 7  ± 1779  

PHA f o r  48h  

8 8 ,6 4 7  * 8063
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TABLE Con/d..

C arragh een an  Ridded a f t e r  24h )

a) 5 X 10"^^ug/m l 1916 ± 271

b ) 5 X  lo T ?  u g /m l 1788 *  310

c )  5 X  10 ^ u g /m l 1865 * 289

PHA + C arragh een an  (ad d ed  a f t e r
24h )

a) 8 7 ,1 1 4  ± 8193

b) 8 9 ,2 1 8  * 8801

c )  8 9 ,9 8 7  * 9117

I b e l i e v e  t h a t  an a l t e r n a t i v e  e x p la n a t io n  f o r  immune t o le r a n c e  

t o  g r a f t s  f o l lo w in g  C arragheenan  may b e  th e  p r o d u c t io n  o f  a n t i  

i d i o t y p i c  a n t ib o d ie s .  I t  i s  n o t  im p o s s ib le  t h a t  t h i s  p r o d u c t io n  

may b e in c r e a s e d  fu r t h e r  in  th e  p r e s e n c e  o f  d e f e c t i v e  m acrop h ages. 

T h ese  r e s u l t s  a re  n o t in  c o n f l i c t  w ith  th e  p r e v io u s  f in d in g s  o f  

Lake e t  a l  d e s p i t e  t h e i r  s ta te m e n t  t h a t  C arragh een an  was n o t  a 

s t i m u l a n t , b e c a u se  on r e a p p r a is a l  o f  t h e i r  d a ta ,  a t  a 

c o n c e n t r a t io n  o f  125 u g /m l t h e r e  w as a s i g n i f i c a n t  in c r e a s e  in  

th y m id in e  in c o r p o r a t io n  ( p ^ 0 . 0 5 ) .

Anim al E x p er im en ts

I d e c id e d  to  l i m i t  t h e s e  t o  some i n t e r e s t i n g  p o in t s ,  r a t h e r  

th a n  t o  r e p e a t  w h o le  e x p e r im e n ts  by p r e v io u s  w o r k e r s . I t  f i r s t l y  

seem ed  r e a s o n a b le  to  ch eck  t h a t  su b c u ta n e o u s  H ep arin  w ou ld  a f f e c t  

th e  fr e q u e n c y  o f  m é t a s t a s é s .  H ep arin  3 u n it /g r a m  was g iv e n  

s u b c u ta n e o u s ly  d a i l y  in  d iv id e d  d o s e s  t o  random ly ch o sen  C52 

b la c k  m ice  b e a r in g  tum our. I t  w as g iv e n  f o r  t h r e e  d ays b e fo r e  

r e s e c t io n  u n t i l  th e  t im e  o f  c u l l i n g .
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TABLE E f f e c t o f H ep arin  on F requ en cy o f  M é ta s ta s é s

Mean Numbers o f  
M é ta s ta s é s

Range S ig n i f i c a n c e

C o n tr o l n -9 6 .7 0 - 14 p ^ 0 .  05

H ep arin n—8 3 .1 0 - 5

C o n tr o l n -8 1 5 .5 7 - 24 p ^ 0 .  05

H ep arin n -9 1 0 .9 6 - 14

C o n tr o l n -6 6 .8 0 - 12 NSD

H ep arin n—6 5 .3 0 - 9

C o n tr o l n -7 8 .1 0 - 12 NSD

H ep arin n -7 6 .4 0 - 9

C u m u lative p r o b a b i l i t y  p 0 . 001

T h is  e f f e c t , , w h i l s t n o t  m arked, was s i g n i f i c a n t  in  two

e x p e r im e n ts . and th e  c u m u la t iv e  p r o b a b i l i t y  was h ig h ly s i g n i f i c a n t .

H aving  d em o n stra ted t h i s I  d e te rm in ed  th e  e f f e c t  upon s u r v i v a l .

TABLE E f f e c t o f H ep arin  on P o s t R e s e c t io n  S u r v iv a l

1 week 2 w eeks 3 w eek s

C o n tr o l n -6 6 6 3

H ep arin n —6 5 4 0

C o n tr o l n -5 5 4 2

H ep arin n -5 5 3 2

C o n tr o l n -6 5 5 2

H ep arin n—6 6 5 3

C o n tr o l n -4 4 4 1

H ep arin n -4 3 2 0
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T h is  showed no s i g n i f i c a n t  a l t e r a t i o n  o f  s u r v iv a l  in  th e  H ep arin  

t r e a t e d  grou p . In  c a s e  t h i s  was due to  H ep arin  t o x i c i t y ,  I ga v e  

H ep arin  a t  t h i s  d o sa g e  t o  a group o f  5 norm al a n im a ls  f o r  fo u r  w e e k s ,  

and com pared th e  r e s u l t s  w ith  a p e e r  group; t h e r e  was no d i f f e r e n c e  

in  s i z e  o r  s u r v iv a l ;  in  f a c t  a l l  s u r v iv e d .

The c o n v e n t io n a l  e x p la n a t io n  f o r  t h i s  e f f e c t ,  w ou ld  b e  th a t  

th e  H ep a r in , by  a c t in g  a s  an a n t ic o a g u la n t  had d e c r e a s e d  th e  

fr e q u e n c y  o f  pulm onary m é ta s ta s é s  b u t I n c r e a s e d  th e  fr e q u e n c y  o f  

non pulm onary m é t a s t a s é s .  A n oth er e x p la n a t io n  c o u ld  b e th a t  th e  

H ep arin  was a c t in g  a s  a B c e l l  s t im u la n t  e v o k in g  e i t h e r  in t e r f e r e n c e  

w ith  T c e l l  tumour c e l l  k i l l i n g ,  o r  p ro d u c in g  an en h a n c in g  serum  

e f f e c t .

Coumarin A n t ic o a g u la n t s

The o r a l  a n t ic o a g u la n t s  h ave no d ir e c t  a c t io n  on c i r c u l a t i n g  

c l o t t i n g  f a c t o r s ,  b u t b lo c k  th e  h e p a t ic  fo r m a tio n  o f  I I ,  V I I , IX and  

X by c o m p e t i t iv e ly  i n h i b i t i n g  th e  a c t io n  o f  v ita m in  K. Two s i t e s  

o f  a c t io n  o f  v ita m in  K h ave b een  s u g g e s te d  (L ow en th a l & M a c fa r la n e ,  

1 9 6 7 ; L ow en th al & B im baum , 1 9 6 8 ) ,  one i s  r e a d i ly  b lo c k e d  by th e  

co u m a r in s; th e  o t h e r ,  r e q u ir in g  h ig h  c o n c e n t r a t io n s  o f  v ita m in  K, 

i s  coum arin  i n s e n s i t i v e .

The cou m arin s c o v e r  a w id e  ran ge o f  s t r u c t u r e s ,  and a lth o u g h  

th e  drug I  u se d  f o r  in  v i t r o  e x p e r im e n ts  (B ish y d ro x y c o u m a r in ) i s  

d i f f e r e n t  from  W arfarin  i t  s h a r e s  th e  same d e r i v a t i o n ,  and th e  

s e e m in g ly  minimum req u irem en t o f  an i n t a c t  4 -h y d ro x y co u m a r in  r e s id u e  

w ith  th e  3 p o s i t i o n  s u b s t i t u t e d  by a carbon  r e s id u e  o r  h ydrogen  

atom (K r a lt  & C la a s e n , 1 9 7 2 ) .
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As I h ave a lr e a d y  m e n tio n ed , much work h a s b een  co n d u c ted  

upon W arfarin  and i t s  c l i n i c a l  e f f e c t s  upon m é t a s t a s é s .  I t  i s  

th o u g h t t o  h ave two a c t io n s ;  one a s  an a n t ic o a g u la n t ;  th e  o th e r  

a s an i n h i b i t o r  o f  m i t o s i s .  The drug l e v e l s  a c h ie v e d  in  on e t r i a l  

(T h o rn es , 1 974) w ere o n ly  s u f f i c i e n t  to  p rod u ce a m in im al ch an ge in  

p ro th ro m b in  tim e  b u t red u ced  th e  in c id e n c e  o f  m é t a s t a s é s .  T h is  

s u g g e s t e d  t h a t  th e  a c t io n  was n o t  r e la t e d  t o  a n t i c o a g u la t io n .  I 

s im p ly  exam in ed  th e  e f f e c t s  in  v i t r o  upon ly m p h o cy te  m ig r a t io n  and  

ly m p h o cy te  tr a n s fo r m a t io n .

L e u c o c y te  M ig ra tio n

A d o se  r e s p o n s e  f o r  B ish y d ro x y co u m a rin : in  th e  LMT was u se d ,  

-10
d i l u t i o n s  from  10 M b e in g  t e s t e d  in  c o n t r o l  and PPD c o n ta in in g  

m ed ia .

TABLE______ B ish y d ro x y co u m a rin  and th e  LMT : D ose R esp o n se

3 e x p e r im e n ts  on h e a f  s u b j e c t s

B ish y d ro x y co u m a r in  C o n tro l PPD
c o n c e n t r a t io n M ig r a t io n  Area M ig r a t io n A rea

Mean Range Mean Range

0 1 1 2 .4 5 9 2 -1 3 3 8 7 . 77 7 2 -9 8

1 1 3 .7 8 9 3 -1 3 8 8 9 .1 5 6 8 -1 0 4

lO"® M 1 1 0 .8 9 8 1 -1 2 9 1 0 5 .5 8 8 3 -1 1 1

lO"® H 1 1 0 .6 1 8 7 -1 3 3 1 0 6 .1 2 8 4 -1 2 2

1 0 -4  M 1 0 1 .6 6 8 2 -1 1 5 9 8 .6 3 8 0 -1 2 4

1 0 -2  ^ 9 6 . 77 7 6 -1 1 6 9 7 .7 1 7 3 -1 2 8

T h ese r e s u l t s  show th a t  a t  10 ^ M th e  s i g n i f i c a n t i n h i b i t i o n  o f

m ig r a t io n  due t o  PPD i s  a b la t e d ;  h ig h e r  c o n c e n t r a t io n s  d e c r e a s e  th e
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c o n t r o l  m ig r a t io n s .  T h is  c o n c e n t r a t io n  i s  t h a t  s e e n  d u r in g  c l i n i c a l  

u sa g e  (w ith  W a rfa r in ) o c c a s io n a l l y  i t  p ro v o k es  in t e r f e r e n c e  w ith  

h e p a t i c  o x id a t iv e - r e d u c t io n  en zym es; and d e c r e a s e s  h y p e r s e n s i t i v i t y  

r e a c t i o n s .

L ym phocyte T ra n sfo rm a tio n

A s i m i l a r  ex p er im en t w as p erform ed  on th e  e f f e c t  o f  th e  coum arin

on ly m p h o cy te  tr a n s fo r m a t io n . Four s u b j e c t s ,  a l l  ga v e  v en o u s b lo o d

a n t ic o a g u la t e d  by d e f r ib r i n a t i o n .  D ose r e s p o n s e s  w ere u n d erta k en

-10 -6o f  B ish y d ro x y co u m a r in  from 10 t o  10 M on c o n t r o l  and PHA 

s t im u la t e d  c u l t u r e s .

TABLE______ E f f e c t s  o f  B ish y d ro x y co u m a rin  on Lym phocyte T ra n sfo rm a tio n

W a rfa r in  Mean ^ SEM Mean * ISEM
C o n c e n tr a t io n  C o n tr o l PHA

0 2210 * 211 93567 9122

10-1°M 2180 * 196 97170 8989

1 0 “ ® M 2318 179 95159 9941

loT ^ M 1770 113 81180 * 11150

S ig n i f i c a n c e  p '1 0 .0 5  com pared w ith  c o n t r o l

-6The r e s u l t s  show ed a s i g n i f i c a n t  e f f e c t  a t  10 M, r e d u c in g  th e  PHA

-8c o u n t , b u t n o t  a t  1 0  M th e  c o n c e n t r a t io n  a t  w h ich  th e  m ig r a t io n s  

w ere s i g n i f i c a n t l y  a f f e c t e d .

I s u s p e c t  t h a t  t h i s  r e p r e s e n t s  d i f f e r e n c e s  b etw een  c e l l s .

-6
V i a b i l i t y  s t u d i e s  showed s i g n i f i c a n t  k i l l i n g  o f  ly m p h o c y te s  a t  10 M, 

b u t n o t  a t  lo w e r  c o n c e n t r a t io n s .



118

To r e s o lv e  t h i s  prob lem  I t r i e d  th e  e f f e c t  o f  th e  coum arin  

on th e  two s t a g e  LMT; g e n e r a t in g  lym phokine n o r m a lly  and t e s t i n g  

t h i s  on coum arin  medium c o n ta in in g  l e u c o c y t e s .

TABLE E f f e c t  o f  B ish y d ro x y co u m a rin  on L e u c o c y te  M ig r a t io n

I n h ib i t io n  to  Lym phokines

B ish y d ro x y co u m a rin  M ig r a t io n  Area
C o n c e n tr a t io n  Mean Range

0 6 5 .8  41 -  94

-10
10 M 6 4 .1  40 -  98

lO ” ® M 9 3 .2  75 -  118

lO ”® M 9 8 .1  79 -  127

T h is  showed a c l o s e  s i m i l a r i t y  w ith  th e  r e s u l t s  o f  th e  on e s t a g e  

S i g n i f i c a n t  r e d u c t io n  o f  th e  lym phokine in d u ced  i n h i b i t i o n  o f  

m ig r a t io n  o c c u r r e d  a t  10 ®M. I t  w ou ld  seem  t h a t  PMNL a r e  more 

s e n s i t i v e  t o  th e  c y t o c id a l  e f f e c t s  o f  th e  cou m a rin s th an  a re  

ly m p h o c y te s .

C o n c lu s io n

The cou m arin s p rod u ce i n h i b i t i o n  o f  le u c o c y t e  m ig r a t io n ,  and  

d e c r e a s e d  ly m p h o cy te  tr a n s fo r m a t io n . T h is isa t h ig h  c o n c e n tr a t io n ^  and 

c y t o c i d a l  e f f e c t s  on v a r io u s  c e l l s  a re  p ro b a b ly  s e e n  a t  d i f f e r i n g  

c o n c e n t r a t io n s ^ w ith  ly m p h o cy tes  more r e s i s t a n t  th a n  PMNL.



CHAPTER 4
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FIBRINOGEN AND FIBRIN DEGRADATION PRODUCTS

M ost work on th e  im m u n o lo g ica l p r o p e r t ie s  o f  f i b r i n  d e g r a d a t io n  

p r o d u c ts  (FDPs) h a s a l t e r n a t e d  b etw een  an a w a ren ess  o f  th e  in  v iv o  

e f f e c t s  o f  f i b r i n ,  as shown by B arn h art in  1968  u s in g  th e  s k in  

window te c h n iq u e  in  d o g s , and th e  d e s c r ip t io n s  o f  a l t e r a t i o n s  in  

ch e m o ta x is  o f  l e u c o c y t e s  t o  a v a r i e t y  o f  f ib r in o g e n  d e g r a d a t io n  

p r o d u c ts .  C lo t  s u p e r n a ta n ts  p rep a red  by th e  a c t io n  o f  th rom bin  

on f ib r in o g e n  a re  c h e m o ta c t ic  f o r  n e u t r o p h i l s ,  and e o s i n o p h i l s ;  

u n l ik e  e i t h e r  throm bin  o r  f ib r in o g e n  (Kay e t  a l  1 9 7 3 ) .  T h is  

a c t i v i t y  ap p ea rs t o  b e  due t o  f ib r in o p e p t id e  B: shown by  

p r o g r e s s iv e  p u r i f i c a t i o n ,  th e  e f f e c t s  o f  C o n to r tr ix  o r  A rv in  

venom s, and th e  a c t i v i t y  o f  s y n t h e t i c  f ib r in o p e p t id e  B (Kay e t  a l  

1 9 7 4 ) . C h em o ta ctic  a c t i v i t y  f o r  human n e u t r o p h i l s  and e o s i n o p h i l s  

h a s b een  shown by th e  a c t io n  o f  p la sm in  on human f ib r in o g e n  

(M cK enzie e t  a l  1975; Kay & K aplan 1 9 7 5 ) .

I  d e c id e d  t o  e x p lo r e  th e  e f f e c t s  o f  FDPs on le u c o c y t e  

m ig r a t io n  i n h i b i t i o n  b e c a u se  o f  th e  s i m i l a r i t i e s  b etw een  t h i s  and 

l e u c o c y t e  c h e m o ta x is , and b e c a u se  o f  th e  known d i f f i c u l t y  in  

s t a n d a r d is a t io n  o f  th e  LMT w ith  v a r i a b i l i t y  r e s u l t i n g  from d i f f e r e n t  

b a tc h e s  o f  serum  (L in g  1 9 7 6 ) . I  a s s e s s e d  th e  e f f e c t s  i n i t i a l l y  

u s in g  th e  c o n v e n t io n a l  le u c o c y t e  m ig r a t io n  t e s t ,  and th e n  e x p lo r e d  

th e  s i t e  o f  a c t io n  by u s in g  a two s t a g e  l e u c o c y t e  m ig r a t io n ,  and  

th e  w h o le  b lo o d  te c h n iq u e  f o r  d e t e c t in g  ly m p h o cy te  t r a n s fo r m a t io n .

M a t e r ia ls  and M ethods

1. P r e p a r a t io n  o f  FDPs

Human f ib r in o g e n  was d is s o lv e d  in  p h o sp h a te  b u f f e r e d  s a l i n e
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(P B S -) t o  a c o n c e n t r a t io n  o f  20m gm s/m l. Thrombin (B o v in e , S igm a)

20  i u n i t s / m l  o f  f ib r in o g e n  s o l u t io n  was added and th e  f ib r in o g e n  

a llo w e d  to  c l o t .  The c l o t  was sq u e e z e d  m a n u a lly  to  e x p r e s s  s u p e r n a ta n t , 

w ashed  x3  in  PBS and f i n a l l y  PBS added t o  g iv e  th e  i n i t i a l  vo lu m e. 

P o r c in e  p la sm in  (S igm a) was added (2 0  u g /m l) and th e  f i b r i n  and  

p la sm in  in c u b a te d  f o r  24 h o u rs a t  37°C . The su p e r n a ta n t  was th e n  

rem oved and in c u b a te d  f o r  a fu r t h e r  24  h o u rs th e n  a s s a y e d  f o r  p la sm in  

u s in g  th e  f i b r i n o l y t i c  a s s a y .  T h is  show ed a p la sm in  c o n c e n t r a t io n  

o f  n o t  more th an  0 .0 2  u g /m l ( t h e  l i m i t  o f  th e  a s s a y ) .  The

c o n c e n t r a t io n  o f  FDPs was fou n d  by s u b t r a c t in g  th e  dry w e ig h t  o f

f i b r i n  f o l lo w in g  p la sm in  in c u b a t io n  from th e  d ry  w e ig h t  b e fo r e  

in c u b a t io n .

L e u c o c y te  M ig r a t io n

B lo o d  was ta k en  from 6 v o lu n t e e r s ,  a n t ic o a g u la t e d  w ith  H ep arin  

and p rep a re d  a s  p r e v io u s ly  d e s c r ib e d . To th e  m ig r a t io n  w e l l s  w ere

added  a d o se  r e s p o n s e  o f  FDPs: 1 0 , 2 0 ,  40 and 80 u g /m l.

TABLE E f f e c t  o f  FDPs on L eu co cy te  M ig r a t io n , mean o f  6 s e p a r a t e

e x p e r im e n ts

2
C o n c e n tr a t io n  o f  FDPs M ig r a t io n  A rea mm

u g/m l Mean (r a n g e )

0 109 (8 7 -1 4 5 )

10 95 (7 8 -1 3 9 )

20  84 (6 6 -1 1 8 )

40  68 (6 0 -  77)

80 6 7  (5 8 -  74)
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T here was a s i g n i f i c a n t  e f f e c t  o f  th e  FDPs, w ith  a p la t e a u  a t  

ab ou t 40 u g /m l. To s e e  i f  sy n erg ism  o c c u r r e d  b etw een  th e  FDP e f f e c t  

and th e  a c t io n  o f  PPD an ex p er im en t was p erform ed  u s in g  a 

c o n c e n t r a t io n  o f  FDP w h ich  d id  n o t p rod u ce s i g n i f i c a n t  i n h i b i t i o n  

(1 0  u g /m l) was o b ta in e d  from 4 v o lu n t e e r s  a n t ic o a g u la t e d  w ith  

H ep arin  and th e  le u c o c y t e s  s e p a r a te d . Each was d iv id e d  i n t o  4 

a l i q u o t s .  One a c te d  a s  a c o n t r o l ,  one had 10 u g /m l o f  FDP ad ded , 

o n e PPD 10 ugm/ml and t o  on e b o th  FDP 10 ugm/ml and PPD 100  ugm/ml 

was ad ded .

TABLE Means and ra n g es  o f  4 e x p e r im e n ts  on M ig r a t io n  I n h i b i t i o n

t o  FDP and PPD

C o n tro l FDP 1 0  u g /m l

C o n tr o l 113 (8 7 -1 3 4 )  98  (7 8 -1 2 7 1

PPD 100 ugm/ml 85 (6 5 -1 0 1 )  72 (5 9 -8 5 )

The w e l l s  w ith  b o th  FDP and PPD p r e s e n t  p rod u ced  more i n h i b i t i o n  

th an  e i t h e r  FDP o r  PPD, t h i s  was s i g n i f i c a n t  ( p ^ 0 .0 5  U t e s t ) .  S in c e  

FDPs h ave b een  shown t o  have d ir e c t  e f f e c t s  upon l e u c o c y t e s  I  

co n d u c te d  an ex p er im en t u s in g  th e  two s t a g e  te c h n iq u e  t o  d em o n stra te  

t h a t  LIF can  b e  r e le a s e d  w ith  FDP. L ym phocytes w ere o b ta in e d ,  t o  

on e a l iq u o t  was added FDPs (8 0  u g /m l ) ; th e  o th e r  a c t e d  a s  c o n t r o l .  

F o llo w in g  a 24 hour in c u b a t io n ,  th e  ly m p h o cy tes  w ere rem oved and t o  

th e  c o n t r o l  s u p e r n a ta n t  FDPs added t o  80 u g /m l c o n c e n t r a t io n .  The 

s u p e r n a ta n t s ,  a d ju s te d  f o r  pH, w ere added t o  m ig r a t io n  w e l l s  and 

ly m p h o c y te s  d e p le t e  PMNL a llo w e d  to  m ig r a te .
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TABLE FDP (80 ug/ml) Induced Lymphokine Release, and Effect
on PMNL M ig r a t io n  A rea . Mean o f  5 e x p e r im e n ts .

M ig r a t io n  Area  

Mean Range

FDP in c u b a te d  85 (6 1 -1 0 1 )

s u p e m a te

C o n tr o l 116 (9 7 -1 4 4 )

s u p e m a te

T here was a s i g n i f i c a n t  r e d u c t io n  in  m ig r a t io n  a r e a  (p  0 .0 5  U t e s t )  

T h ese  e x p e r im e n ts  show ed th e  FDPs r e l e a s e  LIF.

E f f e c t s  o f  FDPs on Lym phocyte T ra n sfo rm a tio n

W hole b lo o d , a n t ic o a g u la t e d  w ith  H ep a r in , was d i l u t e d  a s  

p r e v io u s ly  d e s c r ib e d  and d is p e n s e d  i n t o  th e  m i c r o l i t r e  w e l l s .  A 

FDP d o se  r e s p o n s e  was p erfo rm ed . The t a b le  show s th e  mean o f  4 

e x p e r im e n ts  on s e p a r a te  v o lu n t e e r s .

T here i s  a d o se  r e s p o n s e ,  s i g n i f i c a n t l y  en h a n ced  th y m id in e  

u p ta k e  o c c u r r in g  a t  40 u g /m l ( p /^ 0 .0 5 )  and 80 u g /m l. I th e n  

a tte m p te d  t o  d e te rm in e  i f  th e  FDPs c o u ld  i n t e r f e r e  w ith  PHA 

r e s p o n s e  -  a n a lo g o u s  t o  th e  d e x tr a n  f in d in g s .
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TABLE Dose Response FDPs and Lymphocyte Transformation

DPM Mean * ISD

C o n tr o l  

FDP 10 u g /m l 

20  u g /m l 

40 u g /m l 

80 u g /m l

8450

8541

9136

9554

11149

921

945

879

968

971

I c h o s e  20  u g /m l f o r  th e  c o n c e n t r a t io n  o f  FDP : i t  p ro b a b ly  

ca u se d  s t im u la t io n  b u t in  any on e ex p e r im e n t p erfo rm ed  p r e v io u s ly  

i t  had n o t  done so  s i g n i f i c a n t l y .  W hole b lo o d ,  a n t ic o a g u la t e d  w ith  

H ep a r in , was d i l u t e d  and d iv id e d  i n t o  a l i q u o t s .

TABLE E f f e c t s  o f  FDPs on PHA T r a n sfo rm a tio n

I n c u b a t io n  Time Mean ^  I :8D

C o n tr o l 48 h r 7961 ± 710

FDP 48 h r 8432 ± 765

FDP added a f t e r  24 h r 48 h r 8210 ± 732

PHA 48 hr 156982 * 33410

PHA added a f t e r  24 h r 48 h r 81791 * 21149

PHA ) 
FDP )

48 h r 1 7 7 7 1 4 * 35142

FDP (4 8 h r )
PHA (ad d ed  a f t e r  24 hr).

48 h r 127 8 4 5 * 29113

PHA (4 8  h r )
FDP (ad d ed  a f t e r  24 h r)

48 h r 1 4 9 4 8 7 * 30157
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The work show ed th e  FDPs i f  added b e fo r e  PHA p ro d u ced  g r e a t e r  

th y m id in e  in c o r p o r a t io n  th a n  PHA a lo n e .  I f  th e y  w ere added a f t e r  th e  

PHA, c o u n ts  w ere s i m i l a r  t o  PHA a lo n e .

C o n c lu s io n

F ib r in  d e g r a d a t io n  p r o d u c ts  p ro v o k e lym phokine r e l e a s e  and  

ly m p h o cy te  t r a n s fo r m a t io n . They e x a g g e r a te  PPD in d u c e d  i n h i b i t i o n  

o f  l e u c o c y t e  i n h i b i t i o n  and PHA in d u ced  ly m p h o cy te  t r a n s fo r m a t io n .

The E f f e c t  o f  F ib r in o g e n

Human f ib r in o g e n  ( S e a r le )  was added t o  w h o le  b lo o d ,  a n t ic o a g u la t e d  

by d e f r ib r i n a t i o n ,  t o  w h ich  had b een  added H ep arin  2 .5  u n i t s / m l .  A 

d o se  r e s p o n s e  o f  f ib r in o g e n  was p erfo rm ed , u s in g  th e  e f f e c t i b l e  b lo o d  

c o n c e n t r a t io n s  o f  0 . 1 ,  1 , 2 ,  3 , 4 and 5 G/L. Any g r e a t e r  c o n c e n t r a t io n  

p ro v o k ed  c l o t t i n g .

TABLE______ F ib r in o g e n  and T hym idine I n c o r p o r a t io n , Means o f

e x p e r im e n ts  on 9 v o lu n t e e r s ,  n o t  p r e v io u s ly  t r a n s f u s e d .

Mean *ISD

C o n tr o l 7678 729

F ib r in o g e n  0 .5 8315 815

1 8101 770

2 7510 730

3 7514 729

4 7495 781

5 7999 914
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The lo w e s t  c o n c e n t r a t io n ,  0 .5 G /L  p rod u ced  a s l i g h t  in c r e a s e  

in  c o u n t s ,  w h ich  I th in k  was due t o  th e  H ep arin  e f f e c t  r e p o r te d  

e a r l i e r ;  a t  th e  h ig h e s t  c o n c e n t r a t io n ,  5G /L, th e r e  was s p o r a d ic  

h ig h  c o u n ts  in f lu e n c in g  th e  v a r ia n c e ,  t h i s  was due t o  p o o r  w a sh in g  

o f  th e  v i s c i d  c e l l - f l u i d  m ix tu r e  th ro u g h  th e  f i l t e r  p a p e r . I t  

seem ed  r e a s o n a b le  t o  s u s p e c t  th ou gh  th a t  th e  c o n c e n t r a t io n  o f  

f ib r in o g e n  IG/L and 4G/L c o u ld  b e  com pared; and su ch  co m p a r iso n  

w ou ld  b e due t o  th e  f ib r in o g e n  and n o t  H ep a rin . I c h o se  v o lu n t e e r s  

who had n e v e r  r e c e iv e d  t r a n s f u s io n s  to  o b v ia t e  any who may h a v e  

b een  e x p o se d  t o  f o r e ig n  f ib r in o g e n .

The E f f e c t  o f  F ib r in o g e n  on PHA T ra n sfo rm a tio n

W hole b lo o d , d e f ib r in a t e d ,  a n t ic o a g u la t e d  w ith  H ep arin  2 .5 i u / m l ,  

w as d iv id e d  i n t o  two a l i q u o t s  a f t e r  d i l u t i o n .  F ib r in o g e n  w as added  

t o  g iv e  w h o le  b lo o d  c o n c e n t r a t io n s  o f  1 and 4G /L. The a l i q u o t s  

w ere th en  d i s t r i b u t e d  i n t o  m i c r o t i t e r  w e l l s  and in c u b a te d  f o r  

2 d a y s . To t h e s e  p r e in c u b a te d  w e l l s  w as added e i t h e r  PHA o r  an 

e q u a l volum e o f  i s o t o n i c  s a l i n e ,  and th e  w e l l s  in c u b a te d  f o r  a n o th e r  

48  h o u r s .

TABLE E f f e c t  o f  F ib r in o g e n  on PHA In d u ced  T r a n sfo r m a tio n

F ib r in o g e n  F ib r in o g e n
IG /L  4G/L

C o n tr o l 6915^ 697  7 1 4 1*669

PHA 157315* 3 1 6 6 5  9 8 1 4 2 * 2 1 4 1 0

The t a b l e  r e p r e s e n t s  th e  m eans and ^ ISD o f  9 e x p e r im e n ts  on 

s e p a r a t e  in d i v i d u a l s ;  ea ch  e x p er im en t d em o n stra ted  th e  same f in d in g
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t h a t  PHA tr a n s fo r m a t io n  was d e p r e s s e d  w ith  th e  h ig h e r  f ib r in o g e n  

l e v e l .

D is c u s s io n

To e n su r e  t h a t  t h i s  e f f e c t  was s im p ly  due t o  f ib r in o g e n  i s  

d i f f i c u l t .  I h ave shown t h a t  H ep arin  can i n t e r f e r e  w ith  immune 

r e s p o n s e s  and t h a t  th e  amount o f  ' f r e e '  H ep arin  i s  p r o p o r t io n a l  

t o  th e  amount o f  f ib r in o g e n .  I  h ave p r e v io u s ly  shown th a t  i f  

H ep a rin  and PHA a re  added s im u lt a n e o u s ly  th en  th e  e f f e c t  o f  H ep a rin  -  

i f  a n y th in g -  i s  t o  s t im u la t e .  F ib r in o g e n  c o u ld  i t s e l f  p ro v o k e  

t r a n s fo r m a t io n ,  t h i s  was n o t fou n d  in  th e  s u b j e c t s  exam in ed .

The c e l l s  w ere a llo w e d  t o  r e s id e  in  t h e i r  d i f f e r e n t  f ib r in o g e n  

e n v ir o n m e n ts  f o r  48  h o u rs b e fo r e  th e  s t im u la n t s  w ere ad d ed , on th e  

s im p le  b a s i s  o f  a l lo w in g  t im e  f o r  any ' c o a t in g '  e f f e c t  o f  f ib r in o g e n  

t o  o c c u r .  I r e p e a te d  th e  e x p e r im e n ts  w ith o u t  th e  ' c o a t i n g '  in c u b a t io n  

and no d i f f e r e n c e  was fou n d  b etw een  th e  two g ro u p s .

I b e l i e v e  t h a t  t h i s  s im p le  c o n c e p t i s  r e a s o n a b le .  At h ig h  

c o n c e n t r a t io n s  o f  f ib r in o g e n  a ' c o a t '  c o u ld  d e v e lo p , p r e v e n t in g  

e i t h e r  l ig a n d  a tta ch m en t o r  any c o n fo r m a tio n a l membrane ch an ge  

r e q u ir e d  f o r  tr a n s fo r m a t io n .

C o n c lu s io n

F ib r in o g e n  i n t e r f e r e s  w ith  lym p h ocyte  t r a n s fo r m a t io n ,  p o s s ib l y  

by i n t e r f e r e n c e  w ith  l ig a n d  b in d in g .
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fp ic a r d ia l  ST-segm ent Recording  
Yhe degree o f  epicardial si-segm ent elevation provides an 

ĵjjependent index o f myocardial ischæmic injury.*® This is 
'-ecorded from five disc electrodes (1-5 mm diameter) sutured 
[0 the epicardium at least 1 cm from the border area o f  ischæ- 
(jiia in the potentially ischaemic zone. By passing the electro- 

through an averaging switch-box, a signal averaged 
from the input o f  five leads is obtained, and this may be 
recorded either from the oscilloscope or subsequently from 
lape. Constant heart-rate must be maintained by atrial pacing 
ID eliminate rate-dependent influences."

RESULTS

A characteristic sequence of recordings following cor- 
o n a r y -a r t e r y  occlusion in a dog is shown in fig. 1, the 
ca r d ia c  action potential being recorded from the centre 
o f the ischæmic zone. The notch on the upstroke of the 
actio n  potential corresponds to the “extrinsic potential” 
of Prinzmetal et al.* and is related to the activation of 
tissue between the recording and indifferent electrodes.® 
By recording differentially from two closely applied 
floating microelectrodes, large extrinsic potentials are

50(nvJ
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100 m se c

Rg. 1—Recordings of action potential (ap) endocardial (endo), 
and averaged epicardial ( efi) electrograms from dog heart in 
situ before and 2, 3, and 4 min after coronary-artery occlu
sion.

Note shortening o f the action potential and progressive delay in its 
usei with respect to the endocardial-potential loss o f the early rapid 
phase of depolarisation. The epicardial electrogram demonstrates the 
•induction abnorm ality and ST-segment elevation.

Action po ten tia l duration
E ndocard ia l-ep icard ia l 
conduction  delay

Mean ST segm ent elevation

^   ̂ , M inutes a f te r  occlusion
—Changes in action-potential duration , endocardial-epi- 

^ d ia l  conduction delay, and m ean ST-segment elevation in 
®g heart after acute coronary-artery  occlusion.

, l^ t r ic u la r  fibrillation (v.f.) resulted after 4 min 50 s o f ischæmia, 
2 % e  of maximum recorded conduction delay and action-potential

EPI

AP

ENDO

Fig. 3— Alternans of action potential and ST-segment of epicar
dial and endocardial electrograms preceding ventricular 
fibrillation.

Note the increased asynchrony between intracellular and extra
cellular recordings at onset o f fibrillation.

'«rtenin g .

eliminated. Endocardial activation can be seen to pre
cede epicardial activation. After coronary occlusion 
action-potential configuration changes rapidly, with 
shortening, loss of amplitude, and disappearance of the 
initial rapid phase of depolarisation. Changes of the order 
of those seen in isolated superfused anoxic ventricu
lar muscle after 30 min of total anoxia are observed in 
vivo after 2-3 min.*^

More detailed findings from one dog are shown in fig. 
2, in which ventricular fibrillation resulted after min 
of ischæmia. Within 30 s of occlusion, transient prolong
ation of action potential occurred and was followed by 
shortening and development of a more triangular shape. 
By 2 min endocardial-epicardial conduction was 
delayed, and mean epicardial ST-segments were elevated. 
At 4 min after occlusion, the action potential assumed 
an appearance similar to that of “slow response” poten
tials.’  ̂ Such potentials occur with a reduction in trans
membrane resting potential to less than —60 mV, at 
which voltage the rapid inward sodium current is inacti
vated.^^

An important characteristic of such potentials is their 
slowness of conduction. Together with conduction delay, 
action potential alternans developed, with alternation of 
amplitude, duration, and morphology. Fig. 3 shows this 
phenomenon preceding ventricular fibrillation, together 
with its association with alternation of ST-segment eleva
tion in epicardial and endocardial leads. In some dogs 
this progresses to varying degrees of localised conduc
tion blocks, either 2:1 or more irregular patterns, before 
the appearance of arrhythmias. Arrhythmias were not 
observed, at least in our pilot studies, in the absence of 
either preceding electrical alternans, or abnormal poten
tials, or long conduction delays.

DISCUSSION

The importance of the mechanism of re-entry in the 
genesis of arrhythmias with respect to the development 
of spontaneous ventricular automaticity** or facilitation 
by local catecholamine release can be adequately 
studied only by direct intracellular recording in vivo. 
Action-potential recording from floating microelectrodes 
is superior to the monophasic action potential obtained
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by induction of tissue injury with a suction electrode.*’ 
Transmembrane potential recordings and upstroke velo
city may not, however, at all times represent true abso
lute values, because of unavoidable movement artefact 
and variations in electrode-tip potential, although the 
time of onset and action potential are exactly reproduc
ible. The early transient prolongation of action potential 
after occlusion has not previously been reported. This 
may be akin to the prolonged potentials seen in chroni
cally ischæmic conducting^ .tissue.** We have not 
observed spontaneous ventricular- cardiac muscle-cell 
automaticity in our acute ischæmic preparation, but 
localised conduction blocks, together with slow conduc
tion and abbreviated action potentials, create the degree 
of asynchrony necessary for local re-entry. Temporal 
dispersion of repolarisation may also predispose to re
entrant activity. We propose to make further studies 
with intracellular recording from two or more ischæmic 
sites to delineate the extent of such asynchrony in adja
cent tissue. We suggest that the relative importance of 
some ionic and metabolic cellular changes resulting in 
early arrhythmias may be elucidated with this combina

tion of in-vivo measurements of conduction delay, actio 
potential, and ST-segment current of injury. T h i s  tech 
nique may also be of value in examining the effect of 
metabolic or pharmacological interventions.

Requests for reprints should be addressed to M .F.O., Department 
Cardiology, Royal Infirmary, Edinburgh, EH3 9YW. °
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IS DEXTRAN 70 A LYMPHOCYTE MITOGEN?

A. C. B u r d e n  
R. W in d l e

R. L. S t a c e y  
R. F. M . W ood

P. R . F . B ell

D epartm ent o f  Surgery, Leicester General Hospital, 
Leicester LES 4P W  '

Summary  Dextran 70 (‘Lomodex’) produced sig
nificant increases in thymidine incorpor

ation in a modified whole-blood method of investigating 
lymphocyte blastogenesis. This blastogenesis occurred at 
molar concentrations of 7 X10"® and 7 x 10"*. At 7 x 10“’ 
mol/1 dextran alone did not significantly increase 
thymidine incorporation; however, when this con
centration of dextran was added simultaneously with 
phytohæmagglutinin there was a significant increase in 
incorporation. Conversely when dextran was added 
before p .h .a ., thymidine incorporation was decreased. 
These variable effects indicate that dextran 70 may be 
a B-cell mitogen. Dextran 70 is widely used and these 
effects on lymphocyte blastogenesis may be clinically 
relevant.

INTRODUCTION

D e x t r a n s  are now widely used in clinical medicine as 
plasma substitutes and as prophylaxis against deep-vein 
thrombosis. The dextrans used are predominantly linear 
and are thought to have no important effect on the im
mune system. However, dextrans with a high degree of 
branching have been shown to have mitogenic effects on 
human B lymphocytes.*

We investigated the possible mitogenic effect of dex
tran 70 (‘Lomodex’) by means of a modified whole-blood 
method which measures the effect on lymphocyte stimu
lation.’ The effect of dextran 70 on the lymphocyte 
mitogenic response to phytohæmagglutinin ( p .h .a .) was 
also investigated.

METHOD

Defibrinated blood-samples were diluted 1/10 in medium

T C I99. 200 [zl volumes were then distributed into microtitre 
plate wells. The dose response o f dextran 70 was studied by 
making serial dilutions o f the dextran from 7x10"* to 7 x 10'’ 
mol/1. 16 replicate wells were used for each dilution. The cul
tures were incubated for 48 h and then labelled for 4 h with 
triated thymidine (5 |jJ o f 0-5 (xCi). Cells and medium were 
recovered from each well onto filter paper by means of an 
automatic multiple sample harvester. The filters were added to 
scintillation fluid and counted for one minute. Two experi
ments were performed on blood-samples from each of 3 sub
jects.

The maximum non-stimulatory dose o f dextran (7x10"* 
mol/1) was then used to investigate whether dextran had an 
effect on p .h .a . stimulation, p .h .a . (Wellcome purified PHAK 
2313) at a concentration o f 0 1 [xg/[xl was used. 7 sets of 32 
replicate wells were then incubated for 48 h as before but the 
following were added to the wells for the times indicated: (a) 
p .h .a . present for the whole 48 h; (b) p . h .a . present during 
only the last 24 h; (c) dextran and p .h .a . both present for the 
whole 48 h; (d) dextran for 48 hours but p . h .a . for the last 24 
h; (e) P.H.A. for 48 hours but dextran for the last 24 h; (f) dex
tran present for 48 h; (g) dextran present for the last 24 h. 
Two experiments were performed on each o f  3 subjects.

RESULTS

Significant (?<0-01) increases in thymidine incorpot' 
ation occurred with dextran 70 at molar c o n c e n t r a t i o n s  

of 7x10"® and 7x10"*. At 7x10"’ mol/1 dextran 70 had 
no significant stimulating effect (table i). H o w ev er»  

stimulation was significantly increased when 7x10
mol/1 dextran was added simultaneously with p . h .a .

TABLE I— EFFECT OF DEXTRON 70 UPON THYM IDINE 

INCORPORATION (M E A N ± S .E .)

and

Dextran 70 
(m ol/l) d .p .m . S ig n i f ic a n c e

0 6249+946
7x10-* 6164+1200 N.S.
7x10": 64381756 N.S.
7x10"* 14358+1365 p<0 01
7x10"* 23156+971 p<0 001



Drug Tim e (h) ■ d .p .m . Significance

Sone
48 6249+946

pextran 70 48 6438±756

pextran 70 24 6199±1132

48 1 0 0 026±5872

Dextran 70 
P.H.A-

.1 4 9 6 2 1 + 2 2 1 8 p<0 05*

Dextran 70
P.H.A.

9 8 076±4980 N.S.*

P.H.A. 24 24982+ 2218

f.H.A.
Dextran 70 : ) 7316±1349 p < 0 -0 0 1 t
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gLE II— e f f e c t  o f  d e x t r a n  70 ON P.H.A. STIMULATION OF 
THYMIDINE INCORPORATION (M EA N ±S.E .)

•Significance com pared  w ith  P.H.A. a t 48 ho u rs . 
-Significance com pared  w ith  p .h .a . a t 24 hou rs .

it was decreased when dextran was added before p .h .a . 
There was no significant effect when dextran was added 
24hours after p .h .a . (table ii).

DISCUSSION

We have demonstrated that predominantly linear dex- 
irans of the type used clinically produce lymphocyte 
stimulation in vitro. Our findings do not accord with 
those of others, since predominantly linear dextrans 
have previously been thought not to produce stimula
tion.* This discrepancy may simply reflect differences in 
methodology. It has been suggested that phagocytic cells 
are needed for dextran-induced stimulation;* these may 
have been depleted during the separation procedures 
ased to produce the separated lymphocytes studied by 
other workers.

The subpopulation of responding cells has not been 
identified, but both branched dextrans* and sulphated 
dextrans'* stimulate B lymphocytes. The behaviour of 
lymphocytes in the presence of both dextran and p .h .a . 
also suggests that the dextran is a B-cell mitogen, 
l̂ cause other non-specific B-cell mitogens show simi- 
l*fly variable effects depending upon the timing of the 
addition of antigen and dextran.*

This complex alteration of immunological responses is 
probably clinically relevant. Although augmentation of 

immune response would be undesirable in many sit
uations—e.g., immune-complex disease— such augmen- 
‘̂ hon could be highly desirable— e.g., during surgery 

cancer. Similarly immunodépression would be useful 
transplantation.
^ur findings are, however, limited both by the 

'Ĥl’iber of subjects examined, and by being the results 
'n-vitro investigations. We hope to amplify our results 
clinical studies.

^(quests for reprints should be addressed to A.C.B.
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Reviews of Books

Intestinal Ischæmia
A d r i a n  M a r s t o n , f . r .c . s . ,  Middlesex and Royal N orthern  Hospi
tals, London. London: Arnold. 1977. Pp. 190. £10.95.

M r M arston’s interest in intestinal ischæmia started early 
in his career, and his subsequent exploration o f  this subject has 
been an example o f  singleness o f  purpose and scholarship in 
surgical research. His work on mid-gut ischæmia at the Peter 
Bent Brigham Hospital was followed by careful observations 
on ischæmia o f  the large bowel. He has tidied up m any prob
lem areas and he introduced the term “ischæmic colitis.” This 
book is all that is to be expected from such a background. Pre
cise, exhaustive, and written in a lucid but never dogmatic 
style, it is well illustrated by Peter Drury and by photographs. 
Tw o small criticisms: why “ acute intestinal failure” for small- 
bowel ischæmia, whatever its cause may be, and why the 
apparent lack o f  urgency in surgical treatment? The condition 
may be less common than it was some years ago, but a surgeon 
in a district general hospital may still expect to see one or two 
cases a year, and a successful outcome depends more on rapid 
and effective surgery than on painstaking correction o f  electro
lyte and fluid imbalance or on preoperative heparinisation. 
The author intended to say that rapid surgery is the only pos
sible way to a successful outcom e, but the chapter is set out in 
such a way that this message does not come across clearly. In
testinal ischæmia is as likely to present in an insidious , non
acute form, the outlook then being very much more cheerful. 
The pathology and management o f  this form are dealt with in 
masterly style. The book, though slim and easy to read, is full 
o f  references and it should be read by all general surgeons and 
physicians. The author is to be congratulated: his publishers, 
who have got five illustrations upside down, are not.

Care of the Elderly
M eeting the Challenge o f  Dependency. Edited by A. N. E x x o n

S m i t h  and J. G r i m l e y  E v a n s . London: Academic. New York:
G rune & S tratton . 1977. Pp. 311. £11 80.

T h i s  is an important book for policy makers and resource- 
allocators. The Americans and British have a similar cultural 
attitude toward the elderly but, largely for historical and poli
tical reasons, they have adopted very different ways o f  dealing 
with the problems o f  old age. On both sides o f  the Atlantic 
there is m ounting anxiety about the management o f  this 
dependent section o f  the community. Britain faces an enor
mous increase in the numbers o f  old people who will need 
health and social services. T he function o f  geriatricians and 
their relationships with other health disciplines and with the 
social services have not yet been fully clarified. There are still 
far too many ancient hospitals, and social services for the 
elderly are being cut back. Nevertheless, the Americans feel 
that their position is more critical. Though their elderly 
burden is not likely to be as heavy as Britain’s until the end 
o f  this century, systematic study o f  the aged has been so neg
lected that there is, for instance, no medical training whatever 
in geriatrics, no specific medical service for the aged, and 
hardly any nationally organised community service. In place o f  
these is a huge investment in private nursing-homes which pro
vide the bulk o f  all hospital beds for the elderly. The U .S. 
Governm ent’s main role here is funding rather than organisa
tion. The Americans know that they are not getting value for 
money and that the service they are offering will not meet the 
needs o f the elderly in future. It was to take a hard look at 
these problems that a conference was held in W ashington, 
from which this book is derived. This is a collection o f  excel
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lent papers by politicians, economists, doctors, administrators, 
and research-workers, addressed to the following questions—  
what is the nature and size o f  the problem o f  dependency 
among the elderly; what are the potential and actual resources 
o f  health and social services that can be mobilised; what lines 
o f  research are likely to be helpful; and what are the implica
tions for public policy and the options available for action? 
Within this framework there were contributions from over 
thirty highly qualified speakers. British and American speakers 
spoke more or less alternately, evincing remarkable contrasts 
in some cases. The discussion sessions further highlighted these 
differences, and the keen questions the Americans directed at 
the British system o f  care were sometimes difficult to answer. 
For instance, “Why do geriatricians do so much adminis
tration?” and “ Is the geriatric department the centre o f  teach
ing and information for all caring staff in each area?” There 
was, however, considerable praise for the British system. 
There was a remarkable uniformity o f agreement on policy. 
Brain failure is one o f  the main problems to be tackled in every 
aspect. It is also clear that nothing should interfere with family 
willingness to help their elders, but community support pro
grammes should have the highest priorities. There is probably 
nothing else like this book on the subject o f  dependence o f  the 
elderly.

Children, the Environment and Accidents
E d ited  by R. H . J a c k so n ,  f .r .c .p .. U n iv ersity  o f  N ew ca stle  u p on
Tyne. London: Pitm an M edical. 1977. Pp. 164. £2.95.

F ew  people need reminding that accidents are the largest 
single cause o f  death in children between the ages o f  1 and 15, 
causing more deaths than the two next commonest causes (con
genital abnormality and respiratory disease) combined. A large 
proportion o f  hospital admissions in this age-group, as well as 
an unknown amount o f  injury treated by general practitioners 
or without medical help, result from accidents; traffic accidents 
involving young pedestrians and cyclists take a particularly 
heavy toll. In common usage the word accident implies that 
no-one is to blame for what has happened, and that the event 
is unpredictable and therefore unpreventable. Doctors and 
others concerned with accidental death and injury in children 
therefore have a difficult task in putting over the message that 
accidents can be prevented and that much remains to be done, 
by legislation and education, to achieve a safer environment 
for children. The papers which make up this book were given 
at a conference which brought together those who deal with 
the results o f  accidents and those who design the buildings, 
equipment, and environment which may cause them, and they 
provide not only an abundance o f  data (as well as some dis
turbing illustrations) on the types o f accidents and injuries 
that happen and the age and other characteristics o f  the 
children involved, but also raise some o f  the broader issues 
which make the subject o f  accident prevention such a complex 
one. It is clear that much more research is needed before we 
can come up w.ih authoritative answers to such questions as 
why adult supervision appears to have little effect in prevent
ing certain types o f  accidents; why parents overestimate their 
children’s ability to cope safely with traffic; whether we expect 
too high a level o f safety in our environment and the appli
ances we use for the price we are prepared to pay (both in 
terms o f  money and ease o f  use, comfort, and æsthetic consi
derations); why the efforts spent in education on accident pre
vention appear to be out o f  proportion to the results achieved; 
and how we can determine where the line on permitted activi
ties should be set which without hampering a child’s initative, 
yet protects him from hazards he is not equipped to foresee or 
overcome. The book thus sets out the scope o f  the problem o f  
accidents in children both as it concerns the professional, be 
he doctor, designer, or safety official, and the interested 
member o f the public— and child safety is a subject in which 
few people can afford not to be interested.

TH E LA N C ET,O C TO B ER !

Principles of Surgery in the First Six Months of Life
S . F r a n k  R e d o , m .d ., Cornell University Medical r 
Hagerstown, M aryland, and London: H arper & Rn» ^  
P p. 180.522.50.

It is difficult to know for whom this book i$ 
although Dr Redo says in his preface that a more 
and comprehensive discussion and a clearer appreciation of *** 
presentation, diagnosis, and management o f  the - ■
encountered in the first six months o f  life could be ac ^  
plished if  a book were devoted specifically to them. In 
tion on hæmangioma, although a large spreading 
hæmangioma is shown at various stages and its extensive 
gress is evident, nothing is advised about early treatment 
the child was first seen at three weeks; surely active treatm  ̂
should be undertaken as soon as possible. The excision^  
branchial sinus or fistula in the early months o f life is 
avoided except when there is a very severe infection. In iiu 
management o f  a tracheostomy there is no mention of the in- 
jection o f  saline and its immediate removal by suction. A good 
deal o f  space is devoted to abnormalities o f  the pleura, medias
tinum, and lungs, and some o f  the conditions mentioned are 
very rare. It is a pleasure to read the advice that inguinal her
nias should be treated as soon as possible after diagnosis in the 
first six months o f  life, but it is sad to read a recommendation 
for bilateral exploration even when a hernia has not been seen 
on the other side. The section on physiology contains an im
portant error— the mean insensible water loss is stated to be 
1 0 -1  -1 m l/kg per 24 h; this should be 1 0 -1 -1  mlAg/h. Local 
analgesia is recommended, even when a paediatric anaesthetic 
is available; modern paediatric anaesthesia offers many advan
tages to the surgeon. It should seldom be necessary to cut down 
to set up an intravenous infusion before operation. This book 
is selective and covers the congenital anomalies and surgical 
problems in the head, neck, chest, and abdomen during the 
first six months o f  fife, with a short section on orthopaedic 
problems. The material is similar to that found in other books 
on paediatric surgery which cover neonatal problems. There is, 
perhaps, too much emphasis on problems before, during, and 
immediately after operation, and it would have been encourag
ing to have a little more consideration o f  the long-term prob
lems that result from successful treatment o f  anomalies in the 
neonatal period. A specialist paediatric surgeon has more exten
sive and specialised texts; for the occasional paediatric surgeon 
this book provides a good deal o f  advice about the immediate 
approach to a surgical problem but not enough long-tefO 
advice for the continuing satisfactory management of the sur
viving child.

Biomedical Ultrasonics
P. N. T . W e l l s , Bristol General Hospital. London and Nc«
York: Academic. 1977. Pp. 635. £24, $46.90.

T he importance o f  medical ultrasound has been increasing 
and ultrasound now has an established role in a wide variety 
o f  clinical circumstances. This book is an impressively con4^  
hensive reference volume written by a physicist for all 
working with ultrasound for diagnostic imaging. Though t 
book is concerned in the main with the biophysical and biolog’ 
cal aspects o f  ultrasound, the basic principles, appl'ca*'^ 
and instrumentation are all discussed comprehensively- 
production o f a didactic text on a subject which is r̂ p* 
changing is always a problem and sometimes a disapP®'®̂  
ment. Dr Wells provides an immensely informative, well'» *’, 
trated volume taking in most current developments and iô i “ 
ing a thorough bibliography. All departments concerned 
ultrasound should have this book to hand; it will be a stand 
work o f  reference which will be o f  value to medical, techm̂ i 
and research staff for some time to come.
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STREPTOKINASE AND PLASMIN

Any a ttem p t t o  e x p lo r e  th e  p o t e n t i a l  immune e f f e c t s  o f  

s t r e p t o k in a s e  must a l lo w  f o r  th e  a n t ig e n ic  e f f e c t  t h a t  i t  i s  known 

t o  have ev en  c l i n i c a l l y  (Goodman & G ilm an , 1 9 7 5 ) .  F o r t u n a te ly  

th e  d e la y  o f  p ro d u c in g  an a c c e p ta b le  a s s a y  o f  f i b r i n o l y s i s  a l lo w e d  

some a lr e a d y  o u t - o f - s t o c k  s t r e p t o k in a s e  (k in d ly  g iv e n  by I . C . I . )  

t o  d e t e r i o r a t e  f u r t h e r .  As I s h a l l  show l a t e r  t h i s  had no  

a p p r e c ia b le  f i b r i n o l y t i c  a c t i v i t y  b u t was a c t i v e  a n t i g e n i c a l l y .

The m ain r e a so n  f o r  my i n t e r e s t  in  t h i s  f i e l d  was th e  e a r ly  

c l i n i c a l  o b s e r v a t io n s  o f  T h o m e S e t a l  (1 9 7 1 ) . A lth o u g h  t h e s e  w ere  

a n e c d o ta l  th e r e  w ere o b se r v e d  r e m is s io n s  o f  ca r c in o m a ta  -  a t  l e a s t  

a 50% r e d u c t io n  in  tum our b u lk . Many d ru gs u sed  s u c c e s s f u l l y  f o r  

th e  tr e a tm e n t o f  lymphomas h a v e  a low  r e m is s io n  r a t e  u se d  s i n g l y ,  

su ch  a s  r e p o r te d  f o r  s t r e p t o k in a s e .  The c o r r e c t  c o m b in a tio n s  a l lo w  

much h ig h e r  r e m is s io n  r a t e s ;  t h e r e  seem ed su c h  a p ro m ise  f o r  

s t r e p t o k in a s e .  O b v io u s ly  a s im p le  im m u n o lo g ica l r o l e  seem s l i k e l y  

w ith  su ch  a drug th a t  i s  a n t i g e n i c ,  b u t o th e r  p o s s i b i l i t i e s  su ch  as  

an a l t e r a t i o n  in  th e  d ev elo p m en t o f  th e  f i b r i n  -  strom a ab out tum ours 

c o u ld  o c c u r .

A gain  th e  work o f  T h orn eS et a l  (1 9 7 1 ) s u g g e s te d  a more com plex  

immune e f f e c t  th a n  t h a t  o f  a s im p le  s t im u la t o r  o f  th e  immune r e s p o n s e  

(su c h  a s  BCG). Work had a l s o  b een  p erform ed  on o th e r  p r o t e o l y t i c  

enzym es su ch  a s  t r y p s in .  The m ajor problem  w ith  any p r o t e o l y t i c

enzym e i s  o f  c o u r s e  t h e i r  d an ger in  c l i n c i a l  u s a g e . T h is  was my 

r e a so n  f o r  c o n c e n t r a t in g  on s t r e p t o k in a s e ,  w h ich  h as b een  u sed  

p l e n t i f u l l y .  The i s s u e  to  b e d e c id e d  was th e  mode o f  a c t io n .  Was



128

i t  a c t in g  a s  a p ure a n t ig e n ,  d id  i t  rem ove b lo c k in g  s u b s ta n c e s  from  

e i t h e r  ly m p h o cy te  o r  t a r g e t  c e l l ,  o r  had i t  a n o th e r  e f f e c t ?

S t r e p t o k in a s e  w orks by a c t iv a t in g  p la sm in o g e n , t h i s  com plex  i s  

n o t by i t s e l f  a c t i v e  a t  l y s i n g  f i b r i n  b u t can a c t i v a t e  p la sm in o g e n  t o  

p la s m in . I f  th e r e  i s  no p la sm in o g en  p r e s e n t  th en  no p la sm in  can be  

p ro d u c ed . My m ethod was t o  d iv id e  ea ch  e x p er im en t i n t o  g ro u p s; on e  

a c o n t r o l ,  on e u s in g  i n a c t i v e  s t r e p t o k in a s e  (IN S K ), on e u s in g  a c t i v e  

s t r e p t o k in a s e  (A SK ).

E x p erim en t : To D i l i n e a t e  " I n a c t iv e "  S tr e p t o k in a s e  (INSK) A c t i v i t y

a ) A n t i g e n i c i t y

10 v o lu n t e e r s  s u f f e r e d  in tr a d e r m a l a c t i v e  and i n a c t i v e  

s t r e p t o k in a s e  ( 1 0 0 - i . u n it#  w ith  th e  d ev elo p m en t o f  a d e la y e d  r e s p o n s e  

( > 12h r) in  8 o f  1 0 . The p a in  and d ia m e te r  o f  ery th em a was n o t  

s u b s t a n t i a l l y  d i f f e r e n t  b etw een  th e  2 ty p e s  o f  SK.

TABLE

D ia m eter  o f  E rythem a ev o k ed  b y  SK (mm) .

S u b je c t  A c t iv e  I n a c t iv e

1 3 .5  mm 3 .7  mm

2 2 .4 2 .0

3 2 .7 3 .1

4 1 .5 1 .1

5 1 .7 2 .4

6 2 .6 1 .3

7 2 .0 3

8 4 .5 5 .1

9 0 0

10 0 0



129

b) F i b r i n o l y t i c  A c t i v i t y

D ose r e s p o n s e  c u r v e s  w ere p erform ed  in  a P .B .S .  s o l u t io n  c o n t a in in g  

p la sm in o g en  (s ig m a , p o r c in e  l u / m l ) . The " in a c t iv e "  SK was s u b s t a n t i a l l y  

l e s s  a c t iv e  th an  th e  w ith in  d a te  SK, t h e r e  was a p p r o x im a te ly  a 

th o u sa n d  f o l d  d i f f e r e n c e .

TABLE

E f f e c t  o f  th e  S t r e p t o k in a s e s  on F i b r i n o l y s i s .

C o n c e n tr a t io n
u n i t s /m l

0

1

10

100

1000

F i b r i n o l y t i c  A c t i v i t y  n .gm s f i b r i n / m l / h r

S tr e p t o k in a s e

1 0 .2  ± 2 .9  

126 29  

1717 *  89 

1512 * 173

1 7 .3  * 6 .2

Out o f  d a te

1 0 .9  =t 8 .1  

1 1 .7  *  4 .2  

9 .1  ± 2 .7  

1 3 .2  dk 5 .9  

188  ± 72

D is c u s s io n

W ith in  d a te  s t r e p t o k in a s e  showed th e  p r o p e r t ie s  e x p e c te d ;  i t  

was a n t i g e n i c a l l y  a c t iv e  (a  d e la y e d  r e s p o n s e  was ch o sen  t o  o b v ia t e  

a f a l s e  p o s i t i v e  from  p la sm in  in d u ced  k in in  p r o d u c t io n ) , p rod u ced  

en h an ced  f i b r i n o l y s i s  w h ich  d e c r e a s e d  above a c e r t a in  c o n c e n t r a t io n  

INSK b eh aved  s i m i l a r l y  a n t i g e n i c a l l y  b u t was l e s s  a c t i v e  p r o d u c in g  

f i b r i n o l y s i s .  I t  was im p o rta n t I f e l t  t o  ch eck  t h a t  t h e s e  e f f e c t s  

w ere s i m i l a r  in  th e  m ed ia  I w ou ld  u s e  f o r  th e  LMT, b l a s t o g e n e s i s  

and in  th e  m ouse.
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E x p erim en t : F i b r i n o l y t i c  A c t i v i t y  o f  S tr e p t o k in a s e  in  E xp erim en t S y stem s

The two s t r e p t o k in a s e  p r e p a r a t io n s  w ere added in  th e  p r e v io u s  

c o n c e n t r a t io n s  t o  E a g le s  Medium + 10% FCS, E a g le s  + 10% FCS w ith  

w ashed  h u f fy  c o a t  c e l l s ,  and t o  Medium 199 w ith  1 p a r t  t o  10 o f  

h e p a r in i s e d  v en o u s b lo o d . Q u in tu p lic a t e  d e te r m in a t io n s  w ere made.

R e s u l t s

E a g le s  Medium w ith  10% FCS was s im i la r  i f  n o t  a s  a c t i v e ,  t o  t h a t  

o f  p la sm in o g e n ; th e  c o n v e n t io n a l  s t r e p t o k in a s e  p rod u ced  f i b r i n o l y s i s  

w h erea s INSK d id  n o t .  In  th e  p r e s e n c e  o f  c e l l s  th e  r e s u l t s  a r e  more 

co m p lex . The t a b le  show s t h a t  th e  i n a c t i v e  drug was a c t i v e  -  a lth o u g h  

n o t  a s  much a s  w ith in  d a te  SK -  in  b o th  E a g le s  Medium w ith  b u f fy  c o a t  

c e l l s  and Medium 199 w ith  v en o u s b lo o d .

TABLE

E f f e c t  o f  th e  two ty p e s  o f  s t r e p t o k in a s e  on f i b r i n o l y s i s  d e r iv e d  

from  E a g le s  Medium w ith  10% FCS, w ith  o r  w ith o u t  b u f fy  c o a t  c e l l s ,  and 

from  d i l u t e  b lo o d  in  Medium 1 9 9 .

W ith in  d a te  SK

E a g le s  Medium 
w ith  10% FCS

W ith  b u f fy  
c o a t  c e l l s

Medium 199 + 
1 :1 0  b lo o d

Mouse v en o u s  
b lo o d

F i b r i n o l y t i c  A c t i v i t y  (h g  f i b r i u /m l / h r )

0 1 10 100 1000 

8 .9  i  3 89 ± 7 151 ± 19 114  ± 1 9  13  *  3

17 i  4 113 ± 11 180  ± 13 177 ± 7  52 ± 5

2 4 - 5  149 ± 17 1414 ± 113 715 ± 85 498  ± 47

121 ± 10 198 ± 21 345 ± 31 571 ± 61 212 ± 19
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F i b r i n o l y t i c  A c t i v i t y  (n g  f i b r i n /m l / h r )  

" I n a c t iv e "  SK 0 1 10 100 1000

E a g le s  Medium 9 .2  ± 2 10 ± 3 9 ± 4  17 ± 6  29 ± 1 2
w ith  10% FCS

W ith b u f fy  
c o a t  c e l l s

Medium 199 + 
1 :1 0  b lo o d

Mouse v en o u s  
b lo o d

1 8  ±  2  2 1  ±  4  1 7  ± 3  98  ± 12 114 ± 16

26 ± 3 22 ± 4 27  ± 5 177 ± 21 249  ± 32

122 ± 12 139 ± 8 118 ± 12 214  ± 22 348  ± 32

D is c u s s io n

The e f f e c t  o f  a c t i v e  SK on FCS seem s t o  b e  m in im a l, b u t t h i s  i s  

a m p l i f ie d  in  th e  p r e s e n c e  o f  b u f fy  c o a t  c e l l s .  T h is  w ou ld  b e  

e x p e c te d  b e c a u s e  o f  th e  known p r o d u c t io n  o f  p la sm in o g en  a c t iv a t o r  

(an d  p o s s ib l y  o th e r  f i b r i n o l y t i c a l l y  a c t i v e  p r o t e a s e s )  from  

g r a n u lo c y te s  and m a cro p h a g es .

I t  i s  d i f f i c u l t  to  b e p r e c i s e  ab ou t th e  d i f f e r e n c e  in  r e s p o n s e  

t o  th e  i n a c t i v e  SK in  in d u c in g  f i b r i n o l y s i s  in  m ed ia  w ith  o r  w ith o u t  

c e l l s .  A pparent enhancem ent o n ly  o c c u r r e d  in  ea ch  c a s e  a t  100  i u / m l , 

b u t t h i s  ran ged  from a m ere 17 n g /m l/h r  in  th e  E a g le s  Medium to  

177 n g /m l/h r  in  th e  d i l u t e  b lo o d .

In  a l l  sy s te m s  1 u n it /m l  o f  " in a c t iv e "  SK in d u ced  no ch an ge in  

f i b r i n o l y s i s ,  b u t 1 u n it /m l  o f  w ith in  d a te  SK d id  p ro d u ce  c h a n g e s .  

Peak f i b r i n o l y t i c  a c t i v i t y  o c c u r r e d  a t  lO -lO O iu /m l -  f o r  th e  w ith in  

d a te  SK and f i b r i n o l y t i c  a c t i v i t y  was d im in is h e d  a t  lO O O iu/m l. F or  

" in a c t iv e "  SK, t h e r e  was no p la t e a u  p o in t  a c h ie v e d . As I s u g g e s t e d  

e a r l i e r ,  s t r e p t o k in a s e  i s  a c t i v e  in  mouse b lo o d , and b e h a v e s  

a p p r o p r ia t e ly .
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The r e s u l t s  s u g g e s t  th a t  t h e s e  d o se  r e s p o n s e  c u r v e s  c o u ld  

d i f f e r e n t i a t e  b etw een  f i b r i n o l y t i c  a c t i v i t y  and a n t i g e n i c i t y ,  

d e s p i t e  m ild  f i b r i n o l y t i c  a c t i v i t y  o f  th e  " in a c t iv e "  SK.

E f f e c t  o f  F i b r i n o l y s i s  on th e  LMT

The e f f e c t  o f  th e  two d ru gs was d e term in ed  upon th e  LMT in  d o se  

r e s p o n s e  c u r v e s .  The LMT was i n i t i a l l y  exam ined  w h o le , b u t w ith o u t  

a n t ig e n .

(a )  E f f e c t  on L e u c o c y te  M ig r a t io n

M ig r a t io n  w e l l s  w ere p rep a red  w ith  l e u c o c y t e  p ack ed  c a p i l l a r y  

tu b e s  d e r iv e d  from  10 v o lu n t e e r s .  I n to  th e  w e l l s  w ere p la c e d  Medium -  

w ith  10% FCS -  and th e  d o se  r e s p o n s e  c o n c e n t r a t io n  o f  th e  two  

s t r e p t o k in a s e  p r e p a r a t io n s .  M ig r a t io n  was a llo w e d  f o r  th e  cu sto m a ry  

t im e  (4 8 h r ) when th e  a rea  m ig r a te d  was m easured . A l l  th e  v o lu n t e e r s  

w ere p o s i t i v e  t o  s k in  t e s t s  w ith  s t r e p t o k in a s e .

R e s u l t s

TABLE

M ig r a t io n s  in  p r e s e n c e  o f  s t r e p t o k in a s e ,  s k in  t e s t  p o s i t i v e  s u b j e c t s

2
M ig r a t io n  Area (mm )

C o n c e n tr a t io n  u /m l A c t iv e  SK I n a c t iv e  SK

0 132 (1 1 9 -1 4 3 )  127  (1 1 5 -1 4 3 )

1 141 (1 2 2 -1 5 6 )  121 (1 1 0 -1 4 1 )

10 103 ( 8 8 -1 1 2 )  82 (  7 1 -  9 5 )

100 98 ( 8 5 -1 1 1 )  77 (  6 2 -  9 5 )

1000 62 (  4 4 -  82) 74 C 5 5 -  941



133

The d o se  r e s p o n s e s  w ere co m p lex . M ig r a t io n  a r e a s  w ere s i m i l a r  

w ith  no drug p r e s e n t*  a t  1 u n i t /m l  th e  i n a c t i v e  drug p rod u ced  no  

s i g n i f i c a n t  e f f e c t ;  th e  a c t i v e  drug ap proach ed  a s i g n i f i c a n t  e f f e c t  

-  b u t w ith  en h an ced  m ig r a t io n .  ( p ^ O . l ^  0 . 0 5 ) .  At 10 u n i t /m l ,  th e  

i n a c t i v e  drug p rod u ced  marked and s i g n i f i c a n t  (p ^  0 .0 1 )  i n h i b i t i o n .

T h is  w as a l s o  s e e n  in  th e  m ig r a t io n s  in  th e  p r e s e n c e  o f  a c t i v e  SK. 

Com paring th e  two t h e r e  was a s l i g h t  b u t s i g n i f i c a n t  d i f f e r e n c e  in  

fa v o u r  o f  th e  i n a c t i v e  drug ( p 4 ^ 0 .0 5 ) .  T h is  d i f f e r e n c e  was m a in ta in e d  

a t  1 0 0 / iu /m l  b u t n o t  a t  1000 u /m l w here c o n v e r s e ly  th e  a c t i v e  drug  

p ro d u ced  a lo w er  a r e a  a lth o u g h  t h i s  was n o t s i g n i f i c a n t .

D is c u s s io n

O b v io u s ly  s t r e p t o k in a s e  in  w h a tev e r  form w i l l  d e c r e a s e  th e  m ig r a t io n  

a r e a  in  m ost s u b j e c t s ,  i t s  e f f e c t  a s  an a n t ig e n .  I t h in k  t h a t  th e  c a u s e  

o f  th e  v a r ia t io n  in  m ig r a t io n  w ith  th e  d o se  r e s p o n s e s  was due to  ch a n g es  

in  f i b r i n o l y t i c  a c t i v i t y  and t h e r e f o r e  f r e e  ly m p h o k in e . In th e  c a s e  o f  

th e  " in a c t iv e "  SK t h i s  w ould  b e m ost marked a t  t h e  h ig h e s t  d o s e ,  w h i le  

f o r  th e  a c t i v e  i t  w ould  be b etw een  1 0 -1 0 0  u /m l. In  o r d e r  t o  t e s t  t h e s e  

c o n c lu s io n s ,  I d e c id e d  to  exam in e t h o s e  v o lu n t e e r s  I had fou n d  t h a t  

w ere n e g a t iv e  to  s k in  t e s t i n g  w ith  s t r e p t o k in a s e ,  and t o  exam ine  

lym p h ok in e s t a b i l i t y  in  th e  two s t a g e  LMT.

E f f e c t  o f  S t r e p t o k in a s e  on LMT in  S k in  T e s t  N e g a t iv e  S u b je c t s

Two s u b j e c t s ,  s k in  t e s t  n e g a t iv e  t o  s t r e p t o k in a s e ,  w ere  b le d ,  and 

t h e i r  b u f fy  c o a t  c e l l s  u sed  in  c o n v e n t io n a l  LMT w ith  th e  d o se  r e s p o n s e  

o f  th e  two d r u g s .
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Results

TABLE

M ig r a t io n s  in  p r e s e n c e  o f  s t r e p t o k in a s e ,  s t r e p t o k in a s e  s k in  t e s t  

n e g a t iv e  s u b j e c t s .

M ig r a t io n  A rea (mm )

C o n c e n tr a t io n  u /m l 

0 

1 

10 

100 

1000

A c t iv e

129 (1 1 7 -1 4 3 )  

122 (1 1 1 -1 4 0 )  

125 (1 1 3 -1 3 3 )  

132 (1 1 5 -1 5 1 )  

128 (1 1 6 -1 4 2 )

I n a c t iv e  

126 (1 1 2 -1 4 5 )  

131 (1 1 9 -1 4 1 )  

129 (1 1 7 -1 3 9 )  

123 (1 1 1 -1 3 7 )  

126 (1 1 7 -1 3 8 )

T here was no s i g n i f i c a n t  d i f f e r e n c e  b etw een  e i t h e r  d ru g , o r  

c o n c e n t r a t io n  (M ann -W h itn ey).

D is c u s s io n

I n h ib i t io n  o f  m ig r a t io n  o f  l e u c o c y t e s  t o  s t r e p t o k in a s e  d o es  n o t  

i n e v i t a b ly  o c c u r  and i s  p resu m ab ly  m e d ia te d  by i t s  a n t i g e n i c i t y ,  

p r o d u c in g  lym p h ok in e .

E f f e c t  o f  S t r e p t o k in a s e  on th e  2 S ta g e  LMT

1 . Lymphokine G en e r a t io n

L ym phocytes from  6 s k in  t e s t  p o s i t i v e  s u b j e c t s  w ere u s e d . They 

w ere c u l tu r e d  in  su p p lem en ted  medium c o n ta in in g  e q u a l volum e d o se  

r e s p o n s e s  o f  th e  two s t r e p t o k in a s e  p r e p a r a t io n s ,  a PBS s o l u t io n  was 

u sed  in  th e  c o n t r o l s .  F o l lo w in g  24h r in c u b a t io n  s u p e r n a ta n ts  w ere
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o b ta in e d .  The c o n c e n t r a t io n  o f  s t r e p t o k in a s e  was a d ju s te d  to  

1000 u /m l in  ea ch  s u p e r n a ta n t  w h ich  w ere th e n  c o r r e c t e d  f o r  pH.

T h is  lym p hok in e c o n ta in in g  s u p e r n a ta n t  was th e n  t e s t e d  on ly m p h o cy te  

d e p le t e d  l e u c o c y t e s .  F o llo w in g  4h r m ig r a t io n s  th e  a r e a s  w ere  

m easu red .

R e s u l t s

I n h i b i t i o n  o f  m ig r a t io n  o c c u r r e d  w ith  b o th  t y p e s  o f  

s t r e p t o k in a s e .  For th e  a c t i v e  p r e p a r a t io n  s i g n i f i c a n t  i n h i b i t i o n  

o c c u r r e d  a t  1000 u /m l; th e  " in a c t iv e "  p rod u ced  s i g n i f i c a n t  i n h i b i t i o n  

a t  1 , 10 and 100 u /m l.

TABLE

Lymphokine g e n e r a t io n  in d u ced  by s t r e p t o k in a s e  c o n t a in in g  medium.

C o n c e n tr a t io n

u /m l

0

1

10

100

1000

M ig r a t io n  A rea (mm )

A c t iv e  

92 (7 2 -1 0 0 )  

87 (7 4 -9 6 )  

92 (7 2 -1 0 8 )  

94 (6 9 -1 1 6 )  

56 (4 4 -6 2 )

I n a c t iv e  

93 (7 4 -1 0 6 )  

65 (3 6 -8 0 )  

62 (4 8 -7 2 )  

64 (4 0 -8 1 )  

82 ( 5 2 - 1 0 6 X

D is c u s s io n

Lymphokine g e n e r a t io n  o c c u r r e d  in  r e s p o n s e  t o  b o th  form s o f  

s t r e p t o k in a s e .  I presum e th e  c a u s e  o f  th e  p a t t e r n  o f  d o se  r e s p o n s e  

i s  from  en h an ced  f i b r i n o l y s i s  and en h an ced  p r o t e o l y t i c  breakdow n o f  

L .I .F .
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E f f e c t  o f  S t r e p t o k in a s e  on Lymphokine S t a b i l i t y  

M ethod

Lymphokine was g e n e r a te d  to  PPD in  th e  u s u a l  m anner. I t  was 

d iv id e d  i n t o  a l i q u o t s  and in c u b a te d  w ith  ly m p h o cy te  d e p le t e d  

l e u c o c y t e s  p ack ed  i n t o  c a p i l l a r i e s  e i t h e r  w ith  o r  w ith o u t  th e  

v a r io u s  c o n c e n t r a t io n s  o f  s t r e p t o k in a s e .  A f t e r  24  h o u rs m ig r a t io n  

a r e a s  w ere m easu red . F iv e  s e p a r a t e  e x p e r im e n ts  w ere  p erfo rm ed .

TABLE

E f f e c t  o f  S tr e p t o k in a s e  on Lymphokine S t a b i l i t y .

2
M ig r a t io n  Area (mm )

C o n c e n tr a t io n  uU/ml A c t iv e  I n a c t iv e

0 42 (2 9 -  4 9 ) 43 (3 1 -5 2 )

1 71 (5 4 -  88) 41 (3 0 -5 2 )

10 82 (6 2 -1 0 1 ) 45 (2 9 -5 9 )

100 84 (6 1 -1 0 6 ) 49 (3 8 -6 4 )

1000 54 (3 7 -  66 ) 71 (5 7 -9 2 )

R e s u l t s

The r e s u l t s  a re  shown in  th e  T a b le . T here i s  a s i g n i f i c a n t  

in c r e a s e  in  a re a  m ig r a te d  w ith  a c t i v e  s t r e p t o k in a s e  b etw een  1-lO O uU/m l 

w h ich  i s  red u ced  a t  lOOOuU/ml. " I n a c t iv e "  o n ly  e f f e c t s  a ch an ge a t  

lOOQuU/ml.

D is c u s s io n

T h ese  r e s u l t s  w ere c o m p a t ib le  w ith  th e  h y p o t h e s is  t h a t  th e  

lym p hok in e LIF c o u ld  be d egrad ed  by p r o t e o l y s i s ,  and t h a t  in  t h i s  

m odel p la sm in  g e n e r a te d  by s t r e p t o k in a s e  was th e  c a u s e .  To ch eck
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t h a t  i t  was n o t  due to  a non s p e c i f i c  e f f e c t ,  I fou n d  th e  e f f e c t  o f  

s t r e p t o k in a s e  on ly m p h o cy te  d e p le t e d  l e u c o c y t e s  in  medium a lo n e .

E xp erim en t

E f f e c t  o f  S tr e p t o k in a s e  on PMNL M ig r a t io n  ( u s in g  6 s k in  t e s t  

n e g a t iv e  s u b j e c t s  ( t o  S K )).

M ethod

S ix  s e p a r a t e  e x p e r im e n ts  w ere p erform ed ; ly m p h o cy te  d e p le t e d  

PMNL w ere p rep a re d  in  th e  u s u a l  way. To m ig r a t io n  w e l l s  c o n t a in in g  

c a p i l l a r i e s  p ack ed  w ith  t h e s e  c e l l s  was added E a g le s  Medium w ith  

v a r y in g  c o n c e n t r a t io n s  o f  s t r e p t o k in a s e .

TABLE

M ig r a t io n  Area  

C o n c e n tr a t io n  uU/ml A c t iv e  I n a c t iv e

1 97  (8 9 -1 1 2 )  99 (8 7 -1 1 4 )

10 101 (8 7 -1 1 0 )  98  (8 6 -1 1 4 )

100 97 (8 4 -1 1 9 )  103  (8 1 -1 2 1 )

1 0 0 0  81 (6 9 -1 0 1 )  84 (6 5 -1 0 3 )

0 100  (8 8 -1 1 4 )  102 (8 5 -1 1 3 )

R e s u l t s

U n t i l  th e  c o n c e n t r a t io n  o f  lOOOuU/ml was a c h ie v e d  t h e r e  was 

no s i g n i f i c a n t  ch a n g e . At t h a t  c o n c e n t r a t io n  th e r e  was a red u ced  

m ig r a t io n  a r e a ,  w h ich  was s i g n i f i c a n t  (p  ^ 0 .0 5  Mann W h itn ey ) f o r  

b o th  ty p e s  o f  s t r e p t o k in a s e  em p loyed .
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Discussion

O b v io u s ly  th e  e f f e c t s  on th e  lym phokine can  be c o n firm ed  up 

t o  a c o n c e n t r a t io n  o f  lOOOuU/ml. S in c e  b o th  ty p e s  o f  s t r e p t o k in a s e  

s i m i l a r l y  a f f e c t e d  th e  PMNL a t  th a t  c o n c e n t r a t io n ,  I assum ed th a t  

i t  was an a n t ig e n ic  e f f e c t .  I t  may b e m e d ia te d  from  lym p hok in e  

r e l e a s e  from  th e  d e p le t e d  ly m p h o c y tes  ( t h i s  seem s u n l i k e l y  in  v ie w  

o f  th e  la c k  o f  r e s p o n s e  t o  lOOOuU/ml in  th e  m ixed  LMT). P o s s ib ly  

a s e l e c t i v e  c y t o t o x i c  e f f e c t  i s  th e  e x p la n a t io n .

C o n c lu s io n

S tr e p t o k in a s e  h a s  two e f f e c t s  on th e  LMT. F i r s t  an " a n t ig e n ic "  

form , w h ich  o v e r  th e  c o n c e n t r a t io n s  t e s t e d  ob eyed  a lo g a r i th m ic  d o se  

r e s p o n s e  c u r v e , and s e c o n d ly  an e f f e c t  due to  p r o t e o l y s i s ,  a f f e c t i n g  

th e  amount o f  f r e e  ly m p h o k in e .

The n e x t  p rob lem  w as t o  d e c id e  how s t r e p t o k in a s e  w orks in  th e  

p r e s e n c e  o f  a n o th er  a n t ig e n ,  f o r  w h ich  I c h o se  PPD.

E f f e c t  o f  S t r e p t o k in a s e  on PPD In du ced  I n h ib i t io n  o f  LMT

M ethod

V o lu n te e r s  and p a t i e n t s  w ere grou p ed  i n t o  th r e e  H eaf g r a d e s ;  

h e a f  n e g a t i v e ,  m in im a lly  p o s i t i v e  and m axim al g ra d e  (b u t d id  n o t  

h a v e t u b e r c u l o s i s ) . V enous b lo o d  w as ta k en  from ea ch  and u se d  t o  

p ro d u ce  b u f fy  c o a t  c e l l s  f o r  th e  LMT. The LMT’ s  w ere s e t  up w ith  

PPD a t  150ugm /m l, and th e  norm al v a r y in g  c o n c e n t r a t io n s  o f  th e  

s t r e p t o k i n a s e s .  A f t e r  24h r m ig r a t io n  th e  a r e a s  w ere m easured  by  

p la n im e tr y .  A l l  s u b j e c t s  w ere s e l e c t e d  a s  n e g a t iv e  to  s k in  t e s t i n g  

w ith  s t r e p t o k in a s e .
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TABLE

E f f e c t  o f  S t r e p t o k in a s e  on PPD In du ced  M ig r a t io n  I n h i b i t i o n .

1 . H eaf N e g a t iv e  (n=4)

M ig r a t io n  in  ty p e  o f  s t r e p t o k in a s e  (mm )

Drug C o n c e n tr a t io n PPD A c t iv e I n a c t iv e

0 124 (1 0 6 -1 3 5 ) 123 (1 0 9 -1 3 3 )

uU/m l 0 150 120 (1 0 8 -1 3 8 ) 121 (1 0 7 -1 3 1 )

1 150 125 (1 0 9 -1 3 7 ) 129 (1 1 1 -1 4 0 )

10 150 127 (1 1 5 -1 3 9 ) 119 (1 1 4 -1 3 5 )

100 150 123 (1 1 0 -1 4 1 ) 120 (1 1 6 -1 3 7 )

1000 150 124 (1 0 9 -1 3 1 ) 123 (1 0 9 -1 3 8 )

2 .  H eaf Grade 1 (n = 6)

0 0 121 (1 0 9 -1 3 6 ) 123 (1 0 8 -1 3 4 )

0 150 95 (  8 7 -1 1 4 ) 97 ( 8 9 -1 1 9 )

1 150 93 (  8 1 -1 1 9 ) 95 ( 8 8 -1 2 1 )

10 150 112 (  9 8 -1 3 3 ) 98 ( 8 5 -1 1 7 )

100 150 114 (1 0 0 -1 2 9 ) 93 (  9 0 -  9 6 )

1000 150 91 ( 8 0 -1 1 9 ) 112 (1 0 0 -1 2 4 )

3 . H eaf Grade 4 (n=6) p a t i e n t s  w ith o u t  t u b e r c u lo s i s

0 129 (1 1 1 -1 4 1 ) 127 (1 1 6 -1 3 8 )

0 150 43 (  3 8 - 4 7 ) 45 (  3 9 -  4 9 )

1 150 41 ( 3 2 -  49) 44 (  3 7 -  4 7 )

10 150 52 ( 4 3 -  6 3 ) 41 ( 3 3 -  52 )

100 150 59 ( 5 2 -  6 7 ) 43 (  3 6 -  4 9 )

1000 150 49 ( 3 7 -  6 1 ) 43 (  3 3 -  4 7 )
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Results
The t a b l e  show s th e  cu m m u lative  d a ta ,  w ith  a n a ly s i s  i n t o  e a c h  

o f  th e  th r e e  broad  h e a f  g r o u p s . The f i r s t  g ro u p , t h o s e  who w ere  

n e g a t iv e  to  h e a f  t e s t i n g ,  w ere v o lu n t e e r s  who j u s t  happened  to  b e  

n e g a t iv e  t o  b o th  s k in  t e s t i n g  m o d a l i t i e s .  The r e s u l t s  o f  th e  a c t io n  

o f  PPD show ed th a t  th e r e  was no m ig r a t io n  i n h i b i t i o n .  S t r e p t o k in a s e  

had no e f f e c t  on th e  m ig r a t io n s  a t  any c o n c e n t r a t io n .

In  th e  h e a f  g ra d e  1 g ro u p , PPD had an im p r e s s iv e  e f f e c t ,  

p r o d u c in g  s i g n i f i c a n t  (p < L 0 .0 5 , Mann W h itney) i n h i b i t i o n .  The 

i n a c t i v e  s t r e p t o k in a s e  had no e f f e c t  on t h i s  i n h i b i t i o n  u n t i l  lOOOuU/ml 

was a c h ie v e d .  The a c t i v e  drug red u ced  th e  i n h i b i t i o n  a t  10 and lOOuU/ml 

T h is  was a s i g n i f i c a n t  e f f e c t  (p ^  0 .0 5 ,  Mann W h itn e y ). The e f f e c t  

w as n o t  s i g n i f i c a n t  a t  lOOOuU/ml, in  f a c t  i n h i b i t i o n  was p o s s ib l y  

more marked a t  t h i s  c o n c e n t r a t io n ,  a lth o u g h  t h i s  d id  n o t  a c h ie v e  

s i g n i f i c a n c e .  The i n a c t i v e  s t r e p t o k in a s e  a t  lOOOuU/ml d id ,  h o w ev er , 

p ro d u ce  a s i g n i f i c a n t  (p <  0 .0 5 )  change in  m ig r a t io n  w ith  a l e s s e n i n g  

o f  i n h i b i t i o n .

In  th e  f i n a l  group; p a t i e n t s  h ig h ly  p o s i t i v e  on s k in  t e s t i n g ,  

and who w ere s u b s e q u e n t ly  fou n d  n o t t o  b e  s u f f e r i n g  from  t u b e r c u l o s i s ,  

th e  a d d i t io n  o f  PPD had a m ost marked e f f e c t  (p  0 .0 1 )  w h ich  was 

p a r t i a l l y  a n n u lle d  by  a c t i v e  s t r e p t o k in a s e  a t  th e  c o n c e n t r a t io n s  

lO-lOOuU/ml ( p ^ 0 . 0 5 )  b u t n o t  by i n a c t i v e  s t r e p t o k in a s e .  At 

lOOOuU/ml o f  a c t i v e  SK t h e r e  w as s t i l l  a  s i g n i f i c a n t  r e d u c t io n  in  

m ig r a t io n  i n h i b i t i o n  (pC  0 .0 5 ) .

D is c u s s io n

The r e s u l t s  show a u n ifo r m ity  o f  e f f e c t  w h ich  w ith  o n ly  m inor  

p rob lem s can  b e  e x p la in e d  by th e  h y p o t h e s is  t h a t  SK can a l t e r  

lym p hok in e c o n c e n t r a t io n s  by p la sm in  m e d ia te d  d e g r a d a t io n .
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F or th e  h e a f  n e g a t iv e  s u b j e c t s  no lym p hok in e h a s  b een  g e n e r a te d  

and t h e r e f o r e  no e f f e c t  was fou n d  by th e  a d d i t io n  o f  e i t h e r  PPD o r  

SK. F or th e  h e a f  p o s i t i v e  grou p s PPD p ro d u ced  th e  e x p e c te d  

i n h i b i t i o n  and s t r e p t o k in a s e  a t  th e  c o n c e n t r a t io n s  w h ich  w ere  

f i b r i n o l y t i c a l l y  a c t iv e  red u ced  th e  i n h i b i t i o n .  The o n ly  e x c e p t io n a l  

prob lem  was th e  e f f e c t  in  group  I I  w ere lOOOuU/ml SK o f  " in a c t iv e "  

s t r e p t o k in a s e  d id  n o t  a c h ie v e  th e  e x p e c te d  e f f e c t .

One p o s s i b l e  prob lem  a t  su c h  c o n c e n t r a t io n s  m ig h t b e  

c y t o t o x i c i t y  so  I  d e c id e d  th a t  b e fo r e  f in d in g  th e  e f f e c t  o f  PPD 

and SK on h e a f  and SK p o s i t i v e  i n d iv id u a l s  I w ould  d e te r m in e  th e  

c y t o t o x i c  e f f e c t s  o f  SK a t  h ig h  c o n c e n t r a t io n .

E xp erim en t t o  D eterm in e  th e  C y to t o x ic  E f f e c t  o f  S t r e p t o k in a s e  and PPD

T h is  w as a s s e s s e d  by u s in g  try p a n  b lu e  e x c lu s io n  p erform ed  

a f t e r  c e l l  w a sh in g  and a f t e r  th e  l e u c o c y t e s  had b een  c u l t u r e d  f o r  

2 4 h r . They w ere c u l tu r e d  e i t h e r  in  Medium a lo n e ,  o r  e i t h e r  o f  th e  

s t r e p t o k in a s e s  a t  th e  p r e v io u s  c o n c e n t r a t io n s  w ith  PPD 200ugm /m l. 

E ig h t  e x p e r im e n ts  w ere p erform ed  upon b lo o d  from  4 s u b j e c t s  ( a l l  

s u b j e c t s  w ere SK and h e a f  p o s i t i v e ) .

TABLE E f f e c t  o f  SK and PPD on C e l l  V i a b i l i t y  

C o n c e n tr a t io n  o f  Drug 

0

A c t iv e  SK 1 

10 

100 

1000

C e l l  Count % N o n -v ia b le

0 .7 9 1 5 .1

0 .8 1 1 4 .2

0 .8 4 1 4 .7

0 ,7 9 1 4 .9

0 .8 0 1 5 .4
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T a b le  C o n t/d
C o n c e n tr a t io n  o f  Drug C e l l  Count % N o n -v ia b le

I n a c t iv e  SK 1 0 .8 0  1 4 .2

10 0 .7 8  1 5 .1

100 0 .8 3  1 4 .9

1000 0 .7 7  1 4 .7

( c e l l  co u n t r e p r e s e n t s  mean x  1 0 ^ /m l)

R e s u l t s

No s i g n i f i c a n t  e f f e c t  w as n o te d  e i t h e r  on c e l l  co u n t o r  p e r c e n ta g e  

n o n - v i a b i l i t y .

C o n c lu s io n

Any d i f f e r e n c e  in  r e s u l t s  w ou ld  b e u n l i k e l y  t o  b e  due t o  c e l l  

d e a th  from  t o x i c i t y .

The E f f e c t  o f  S t r e p t o k in a s e  on PPD In du ced  M ig r a t io n  I n h i b i t i o n  in  

S u b je c t s  P o s i t i v e  t o  S k in  T e s t in g  w ith  S tr e p t o k in a s e

Method

S u b je c t s  w ere  d iv id e d  by h e a f  and c l i n i c a l  s t a t u s  i n t o  th e  

f o l lo w in g  g ro u p s : h e a f  n e g a t iv e  b u t w e l l  ( n = 4 ) ; h e a f  n e g a t iv e  b u t  

u n w e ll ( n = 6 ) ; h e a f  m i ld ly  p o s i t i v e  a t  gra d e I ,  s u b j e c t s  w e l l  ( n = 8 ) ; 

s u b j e c t s  w e l l  (n = 4) and h e a f  m arked ly  p o s i t i v e  (g r a d e  i v )  w ith  no  

e v id e n c e  o f  c l i n i c a l  t u b e r c u lo s i s  (n =4) and f i n a l l y  t h o s e  w ith  

t u b e r c u lo s i s  ( n = 6 ) . A l l  had had s k in  t e s t s  w ith  s t r e p t o k in a s e  

w h ich  w ere p o s i t i v e  t o  th e  p r e v io u s  c r i t e r i a .  Venous b lo o d  was 

ta k en  a t  9am, th e  b u f fy  c o a t  c e l l s  o b ta in e d .  T h ese w ere d iv id e d  

and th e  LMT's p erform ed  f o r  th e  d o se  r e s p o n s e  c u r v e  o f  b o th  

s t r e p t o k in a s e  p r e p a r a t io n s .
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Results

The d is e a s e  r e p r e s e n te d  by th o s e  'u n w e ll '  w ere v a r ie d ,  b u t  

f o r  th e  h e a f  n e g a t iv e  group was c h r o n ic  ly m p h a t ic  leu k a e m ia  n = 2 , 

c a r c in o m a t o s i s ,  b r e a s t  n = l ,  c o lo n  n = l ,  b ron ch u s n = l and 

d i v e r t i c u l a r  d i s e a s e .  F or th e  m i ld ly  p o s i t i v e  group th e  d i s e a s e s  

w ere c a r c in o m a to s is  b ro n ch u s n = 2 , and d ia b e t e s  m e l l i t u s  w ith  

p e r ip h e r a l  v a s c u la r  d i s e a s e  w ith  g a n g ren e  n = 2 . S in c e  th o s e  

p a t i e n t s  w ith  p ro v en  t u b e r c u lo s i s  w ere o f  In d ia n  o r i g i n  th e  h e a f  

m arked ly  p o s i t i v e  b u t w e l l  group  w ere o f  s i m i l a r  e x t r a c t io n  b u t  

w ere h o s p i t a l  w o r k e rs .

I h a v e  d iv id e d  th e  r e s u l t s  i n t o  th r e e  g r o u p s , and th e y  a re  

p r e s e n t e d  in  th e  f o l lo w in g  t a b l e s .  I a n a ly s e d  th e  r e s u l t s  u s in g  

th e  Mann W hitney U t e s t .

A. H eaf N e g a t iv e

The e f f e c t  in  th o s e  w e l l  h e a f  n e g a t iv e  s u b j e c t s  was a s  had  

b een  fou n d  in  th e  e a r l i e r  e x p e r im e n t . The i n a c t i v e  s t r e p t o k in a s e  

in d u ced  a s i g n i f i c a n t  i n h i b i t i o n  o f  m ig r a t io n  a t  lOuU-lOOOuU.

T here was more marked i n h i b i t i o n  a t  th e  h ig h e s t  c o n c e n t r a t io n  

C p ^ O .0 5 ) . T hose who w ere u n w e ll had a l e s s  marked i n h i b i t i o n  to  

th e  i n a c t i v e  SK.

Even th ou gh  th e r e  was s i g n i f i c a n t  i n h i b i t i o n  (p ^  0 .0 1 )  

s i n c e  th e  c o n t r o l  and j u s t  PPD a d d it io n  m ig r a t io n  a r e a s  w ere  

s i m i l a r  I f e l t  i t  j u s t i f i a b l e  t o  com pare th e  m ig r a t io n  a r e a s  a t  

th e  v a r io u s  s t r e p t o k in a s e  c o n c e n t r a t io n s .  T here was no d i f f e r e n c e  

a t  lu U /m l, s i g n i f i c a n t  d i f f e r e n c e s  a t  1 0  and lOOuU/ml (p 4 L 0 .0 5 )  

b u t n o t  a t  lOOOuU/ml.
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The a c t i v e  drug p rod u ced  m ild  i n h i b i t i o n  a t  lOOuU/ml 

(puL O .05) and more marked a t  lOOOuU/ml ( p < 0 . 0 1 )  when added to  

l e u c o c y t e s  from  f i t  p e o p le .  In  th o s e  u n w e ll a t  10 and lOOuU/ml 

th e r e  w as marked i n h i b i t i o n  (p ^ O .O l)  w h ich  l e s s e n e d  a t  lOOOuU/ml 

(p <  0 .0 5  i f  c o n t r o l ,  o r  lO u U /m l). A gain  s i n c e  c o n t r o l  m ig r a t io n  

a r e a s  w ere s i m i l a r  I com pared e a c h  c o n c e n t r a t io n  o f  s t r e p t o k in a s e  

in  th e  f i t  and th e  u n w e ll .  lu U /m l showed no d i f f e r e n c e .  lOuU/m l 

show ed a m arkedly  red u ced  m ig r a t io n  in  th e  u n w e ll  com pared w ith  

w e l l  ( p ^ 0 . 0 5 ) ,  th e  same was s e e n  a t  lOOuU/ml. At lOOOuU/ml 

h o w ev er , th e  m ig r a t io n  was s i g n i f i c a n t l y  l e s s  in  th e  f i t  ( p 4  0 .0 5 )

When th e  two ty p e s  o f  s t r e p t o k in a s e  a re  com pared th e  m ost 

s t r i k i n g  d i f f e r e n c e  i s  in  th e  lo w  m ig r a t io n s  in  th e  p r e s e n c e  o f  

th e  a c t iv e  drug a t  10 and lOOuU/ml. T h is  d i f f e r e n c e  was 

s i g n i f i c a n t  (p ^  0 .0 5 )  u n l ik e  th e  d i f f e r e n c e s  a t  th e  o th e r  

c o n c e n t r a t io n s .

H eaf Grade I

A d d it io n  o f  i n a c t i v e  s t r e p t o k in a s e  t o  th o s e  s u b j e c t s  who w ere  

w e l l  c a u sed  a marked r e d u c t io n  o f  m ig r a t io n  a t  1 , 10 and lOOuU/ml 

Cp^ 0 .0 1 )  w h ich  w as l o s t  a t  lOOOuU/ml ( p ^ O . l ) .  A c t iv e  

s t r e p t o k in a s e  in  th e  same s u b j e c t s  p rod u ced  a s i m i l a r l y  red u ced  

i n h i b i t i o n  a t  lu U /m l (p 0 .0 1  i f  PPD c o n t r o l ) ,  b u t n o t  a t  10  o r  

lOOuU/ml (p ^ O .O l c f  lu U /m l) .  At lO OuU/m l, h o w ev er , t h e r e  was 

a g a in  s i g n i f i c a n t  i n h i b i t i o n .
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Comparing th e  e f f e c t s  o f  th e  s t r e p t o k in a s e ,  th e  d i f f e r e n c e s  o c c u r r e d  

a t  10  and lOOuU/ml w here th e  a c t i v e  SK p rod u ced  l e s s  ( p ^ O .O l)  i n h i b i t i o n  

th a n  th e  ' i n a c t i v e ' .  And a t  lOOuU/ml th e  i n a c t i v e  p rod u ced  s i g n i f i c a n t l y  

( p < ,0 .0 5 )  l e s s  i n h i b i t i o n .

In  th e  u n w e ll  s u b e j c t s  t h e r e  was l e s s  i n h i b i t i o n  t o  PPD th a n  in  th e  

w e l l  group ( p 4 .0 .0 5 ) .  To th e  i n a c t i v e  s t r e p t o k in a s e  th e r e  was l e s s  

i n h i b i t i o n  th an  in  th e  ' w e l l '  g ro u p , a t  10  and lOOuU/ml ( p ^ O .O l)  b u t  

more a t  lOOOuU/ml ( p 4 ^ 0 .0 5 ) . To th e  a c t i v e  s t r e p t o k in a s e  th e r e  was 

th e  same d e g r e e  o f  i n h i b i t i o n  a s  in  th e  ' w e l l '  g ro u p , a t  1 ,  10 and 

lOOuU/ml; l e s s  ( p ^ O .O l)  a t  lOOOuU/ml. Com paring th e  two ty p e s  o f  

s t r e p t o k in a s e ,  th e  d i f f e r e n c e s  l i e  in  th e  m ig r a t io n s  a c h ie v e d  a t  1 

and lOOOuU/ml ( in  th e  u n w e ll s u b e j c t s ) .

H eaf Grade 4

PPD in d u ced  marked i n h i b i t i o n  o f  m ig r a t io n  s i g n i f i c a n t l y  (p ^ O .O l)  

g r e a t e r  in  th e  ' w e l l '  s u b j e c t s .  The a d d i t io n  o f  " in a c t iv e "

s t r e p t o k in a s e  t o  th e  w e l l s  r e s u l t e d  (a t  1 ,1 0  and lOOuU/ml) in  s i g n f i c a n t l y  

( p 4 ^ 0 .0 5 )  g r e a t e r  i n h i b i t i o n  w h ich  was n o t  s e e n  a t  lOOOuU/ml. T hose  

w ith  TB had l e s s  i n h i b i t i o n  t o  1 ,1 0  and lOOuU/ml (p ^  0 .0 5 )  b u t m ore a t  

lOOOuU/ml (p ^  0 .0 5 )  com pared w ith  f i t  s u b j e c t s .  The a c t i v e  

s t r e p t o k in a s e  p rod u ced  en h anced  i n h i b i t i o n  a t  1 and lOOOuU/ml, l e s s e n e d  

i n h i b i t i o n  a t  10 and lOOuU/ml when com pared w ith  th e  c o n t r o l .  In  ea ch  

c a s e  t h i s  was s i g n i f i c a n t  ( p 4  0 .0 5  f o r  lu U /m l o f  c o n t r o l ,  0 .0 1  f o r  

th e  o t h e r s ) .  The a c t i v e  drug p rod uced  en h an ced  i n h i b i t i o n  a t  1 and lO uU/m l 

(p  0 .0 1 )  p r o d u c in g  m ig r a t io n  a r e a s  s i m i l a r  t o  t h o s e  o c c u r r in g  in  th e  

' f i t '  g ro u p . At 100  and lOOOuU/ml t h e r e  was no d i f f e r e n c e  t o  th e  PPD 

c o n t r o l .
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So com parin g a c t iv e  a g a in s t  i n a c t i v e  s t r e p t o k in a s e ,  th e  l a t t e r  

was more a c t i v e  a t  medium c o n c e n t r a t io n s  in  th e  group  o f  s u b j e c t s  who 

w ere w e l l ,  and more a c t i v e  a t  th e  v e r y  h ig h  c o n c e n t r a t io n s  o f  lOOOuU/ml 

i n  t h o s e  who w ere i l l .

D is c u s s io n

A. H eaf N e g a t iv e

T here w as an 'a n t ig e n ic *  r e s p o n s e  t o  th e  s t r e p t o k in a s e  shown b e s t  

by th e  ' i n a c t i v e '  s t r e p t o k in a s e  in  th e  group who w ere w e l l .  T h is  was 

d is r u p te d  in  th e  ' a c t i v e '  s t r e p t o k in a s e  in  th e  c o n c e n t r a t io n s  t h a t  p ro d u ce  

th e  m ost p la s m in . In  th e  s u b j e c t s  who w ere u n w e ll th e r e  w as l e s s  

i n h i b i t i o n  o f  m ig r a t io n  o f  s t r e p t o k in a s e  ( i n a c t i v e ) . T h is  r e l a t i v e  an ergy  

i s  a fr e q u e n t  accom panim ent t o  th e  s o r t  o f  d i s e a s e s  w h ich  t h e s e  p a t i e n t s  

h a v e i f  n o t  t o  th e  g e n e r a l  id e a  o f  b e in g  i l l .

The a c t i v e  s t r e p t o k in a s e  in  th e  f i t  s u b j e c t s  p rod u ced  th e  e x p e c te d  

e f f e c t  o f  a l e s s e n e d  d e g r e e  o f  in h ib it o n  u n t i l  lOOOuU/ml c o n c e n t r a t io n  

w as a c h ie v e d ;  t h i s  was n o t  o v e r  a c t iv e  f i b r i n o l y t i c a l l y  and I presum e  

was s i m i l a r l y  n o t  a c t iv e  in  d eg ra d in g  LIF.

In  th e  s u b j e c t s  who w ere u n w e ll th e  s t a g g e r in g  i n h i b i t i o n  a c h ie v e d  

a t  10  and lOOuU/ml was s u r p r i s in g .  I t  was s i m i l a r  t o  t h e  lo w e s t  m ig r a t io n  

a r e a  a c h ie v e d  in  th e  f i t  s u b j e c t s ,  o c c u r r e d  a t  c o n c e n t r a t io n s  known t o  

be f i n r i n o l y t i c a l l y  a c t iv e  and w as n o t s e e n  in  more c o n c e n tr a te d  a c t i v e  

s t r e p t o k in a s e  (lOOOuU/ml o r  in  ' i n a c t i v e '  s t r e p t o k in a s e  a t  t h e s e  

c o n c e n t r a t io n s ;  n on e o f  t h e s e  w ere f i b r i n o l y t i c a l l y  a c t i v e .  To s u b s t a n t i a t e  

t h e  id e a  t h a t  f i b r i n o l y s i s  was im p o rta n t in  t h i s  i n h i b i t i o n  o f  m ig r a t io n  

i s  th e  f in d in g  a t  lOOOuU/ml o f  ' i n a c t i v e '  s t r e p t o k in a s e :  in  f a c t  th e  o n ly  

c o n c e n t r a t io n  p ro d u c in g  f i b r i n o l y s i s .
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B. H eaf Grade 1

In  th e  f i t  s u b j e c t s ,  an e f f e c t  s i m i l a r  t o  sy n e r g y  o c c u r r e d  when th e  

tw o c e l l u l a r  a n t ig e n s  w ere added t o  th e  m ig r a t io n  w e l l s  t o g e t h e r .  The 

i n h i b i t i o n  p rovok ed  by lu U /m l o f  i n a c t i v e  s t r e p t o k in a s e  b e in g  q u i t e  

s i g n i f i c a n t  when in  th e  p r e s e n c e  o f  PPD in d u ced  i n h i b i t i o n .  The e x p e c te d  

e f f e c t s  w ere s e e n  when c o n c e n t r a t io n s  o f  e i t h e r  s t r e p t o k in a s e  w h ich  

w ere f i b r i n o l y t i c a l l y  a c t i v e  w ere u s e d .

In  th o s e  who w ere  u n w e ll t h o s e  c o n c e n t r a t io n s  o f  e i t h e r  s t r e p t o k in a s e  

w h ich  w ere f i b r i n o l y t i c a l l y  a c t i v e  p rod u ced  more marked i n h i b i t i o n .  The 

e f f e c t s  o f  10 and lOOuU/ml o f  i n a c t i v e  SK d id  n o t  f i t  t h e  id e a  t h a t  

f i b r i n o l y s i s  was r e s t o r in g  th e  a b i l i t y  t o  p rod u ce  i n h i b i t i o n  s i n c e  th e  

m ig r a t io n  a r e a s  a c h ie v e d  in  i n a c t i v e  s t r e p t o k in a s e  e q u a l le d  t h a t  o f  th e  

a c t i v e  d ru g .

C. H eaf Grade 4

In  th e  f i t  s u b j e c t s  sy n e r g y  o r  a d d it io n  o f  e f f e c t  was a g a in  s e e n .  

In  th o s e  w i t h  t u b e r c u lo s i s  o n ly  th o s e  c o n c e n t r a t io n s  p r o d u c in g  marked  

f i b r i n o l y s i s  p rovok ed  i n h i b i t i o n  o f  m ig r a t io n ,  w h ich  when i t  o c c u r r e d  

was a s  marked a s  t h a t  o f  th e  f i t  s u b j e c t s .

G en era l D is c u s s io n

I t h in k t h a t  t h e s e  r e s u l t s  co n firm  p la sm in  i n t e r f e r e s  w ith  m ig r a t io n  

i n h i b i t i o n ,  p resu m ab ly  by LIF breakdow n. They a re  s u g g e s t i v e  t h a t  one  

m echanism  by w h ich  g e n e r a l i s e d  an ergy  can  b e  broken  i s  from  f i b r i n o l y s i s . 

T h is  w ou ld  su p p o r t th e  id e a  t h a t  f ib r in o g e n  o r  f i b r i n  was a c t in g  a s  b lo c k e r  

s u b s ta n c e s  b u t th e  sp ectru m  o f  p la sm in  a s  a p r o t e a s e  may in c lu d e  o th e r  

r e le v a n t  a c t io n s .  I s  a s u p p r e s s o r  s u b s ta n c e  (a  ly m p h o k in e) r e le a s e d  by  

s u p p r e s s o r  c e l l s ;  c o u ld  i t  b e  d egrad ed  a s  LIF e v i d e n t l y  can  be?
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Effect of streptokinase on lymphocyte transformation

The a n a ly s i s  o f  th e  e f f e c t  o f  s t r e p t o k in a s e  was e a s i e r  in  th e  

tr a n s fo r m a t io n  o f  ly m p h o c y te s . The r e a so n  t h a t  n e i t h e r  th e  a n t ip r o t e a s e s  

EACA o r  a p r o t in in  c o u ld  be u sed  in  th e  LMT t o  b lo c k  o u t  th e  f i b r i n o l y t i c  

p o t e n t i a l  o f  s t r e p t o k in a s e  l e a v in g  i t s  a n t i g e n i c i t y  a lo n e  w as th e  g e n e r a l  

e f f e c t  I had fou n d  on i n h i b i t i o n  o f  m ig r a t io n . The a n a ly s i s  o f  e f f e c t  

w ou ld  I d e c id e d  b e to o  com plex  w i t h  s o  many v a r i a b l e s .

In  th e  ly m p h o cy te  tr a n s fo r m a t io n  t o  PHA, h o w ev er , I had fou n d  t h a t  

EACA p rod u ced  d e c r e a s e d  tr a n s fo r m a t io n  but t h a t  a p r o t in in  had had l i t t l e  

e f f e c t .  I t  w ou ld  b e p o s s i b l e ,  t h e r e f o r e ,  t o  p a r t i a l l y  b lo c k  th e  a c t io n  

o f  th e  s t r e p t o k in a s e  in d u ced  p la s m in . F or p r e c i s i o n  th o u g h  I d e c id e d  

t o  c o m p le te  th e  e x p e r im e n ts  f i r s t  w ith  b o th  ty p e s  o f  s t r e p t o k in a s e .

E xp erim en t : The e f f e c t  o f  s t r e p t o k in a s e  on ly m p h o cy te  tr a n s fo r m a t io n

The f i r s t  e s s e n t i a l  w as t o  f in d  th e  d e g r e e  o f  tr a n s fo r m a t io n  l i k e l y  

t o  b e p rod u ced  by s t r e p t o k in a s e .  W ith th e  r e l a t i v e l y  s h o r t  t im e  o f  

in c u b a t io n  u se d  w ith  PHA i t  was p o s s ib l e  th a t  s t r e p t o k in a s e  had l i t t l e  

e f f e c t ,  PPD f o r  in s t a n c e  h a s  o n ly  a n e g l i b l e  e f f e c t .  U n fo r tu n a te ly  any 

p o s s i b l e  e f f e c t  had t o  be t e s t e d  c a r e f u l l y  b e c a u se  o f  th e  p o s s i b i l i t i e s  

o f  an e f f e c t  s i m i l a r  t o  t h a t  form ed f o r  D extran  7 0 .

Method

S tr e p t o k in a s e  was added in  v a r y in g  c o n c e n t r a t io n s  t o  32 w e l l s  o f  

d i l u t e  b lo o d  f o r  e a c h  c o n c e n t r a t io n .  A f t e r  48  h o u rs th y m id in e  w as added  

f o r  a l a b e l l i n g  p e r io d  o f  4 h o u r s . The r e s u l t s  a r e  th e  mean o f  on e  

ex p e r im e n t on e a c h  o f  4 s u b j e c t s ,  a l l  p o s i t i v e  t o  s t r e p t o k in a s e  on s k in  

t e s t i n g .
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Results

Table - Effect of streptokinase on thymidine incorporation

A c t iv e  s t r e p t o k in a s e  uU/ml I n a c t iv e  s t r e p t o k in a s e  uU/m l 

D ose 0 1 10 100 1000* 1 10 100 1000

Mean 8 ,5 4 3  8499 9591 1 1 0 ,4 5 1  9114  8399  9335  1 1 4 ,0 0 3  7679

SEM ± 829 893 914 1 ,9 4 3  879 941 899 2511 1104

There was a s i g n i f i c a n t  e f f e c t  due t o  e i t h e r  s t r e p t o k in a s e  a t  lO O iu/L ; 

t h e r e  w as no s i g n i f i c a n t  d i f f e r e n c e  b etw een  th e  tw o ty p e s  o f  s t r e p t o k in a s e .

D is c u s s io n

B oth  v a r i e t i e s  o f  s t r e p t o k in a s e  w ere a c t iv e  in  in c r e a s in g  th y m id in e  

in c o r p o r a t io n  a t  e s p e c i a l l y  lO O iu /m l. T here was no  s i g n i f i c a n t  d i f f e r e n c e  

b etw een  v a r i e t i e s  o f  s t r e p t o k in a s e .  T h is  a n t ig e n ic  e f f e c t  was a n n o y in g .

To d i f f e r e n t i a t e  a com plex  a n t ig e n  l ig a n d  r e a c t io n  from  a p r o t e a s e  

l ig a n d  r e a c t io n  w ou ld  b e  d i f f i c u l t .  I c o u ld  u s e  p lasm dn ogen  w ith  

a v e r y  s m a ll  d o se  o f  s t r e p t o k in a s e ,  c o m m e r c ia lly  a c q u ir e d  p la sm in  o r  t o  

f in d  p a t i e n t s  w ith o u t  a PHA r e s p o n s e .

O b v io u s ly  u s in g  e i t h e r  p la sm in o g en  w ith  a s m a ll  amount o f  

s t r e p t o k in a s e  o r  co m m e r c ia lly  p rep a red  p la sm in  ( v i a  s t r e p t o k in a s e  

p la sm in o g en  p r o d u c t io n )  w ou ld  in v o k e  a fu r t h e r  c o m p lic a t io n .  The 

p la sm in o g en  t h a t  I c o u ld  a f f o r d  was p o r c in e  in  o r i g i n ,  and c o u ld  

o b v io u s ly  be a n t i g e n i c .

I t h e r e f o r e  d e c id e d  t o  t e s t  a number o f  p e o p le s  b lo o d  t o  f in d  PHA 

n e g a t iv e  r e sp o n d in g  p e o p le  and t o  f in d  i f  th e s e  w ou ld  th en  re sp o n d  t o  

a c t i v e  s t r e p t o k in a s e .  I  o b v io u s ly  t e s t e d  th e  s u b j e c t s  f o r  s k in  r e a c t io n  

t o  s t r e p t o k in a s e .

E f f e c t  o f  s t r e p t o k in a s e  on PHA n e g a t iv e  s u b j e c t s

I fou n d  two s u b j e c t s  who m ounted no ly m p h o cy te  r e s p o n s e  t o  PHA 

a s  t e s t e d  in  th e  m ethod p r e v io u s ly  o u t l in e d  b u t who w ere n o t  o b v io u s ly
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TABLE Thymidine Incorporation in response to PHA or Streptokinase; or both

P a t ie n t 1 P a t ie n t 2
Mean Range Mean Range

C o n tr o l 6549 (  5 2 1 8 - 8117) 7113 (  5 8 2 1 -  9 2 1 4 )

PHA 6698 (  4 9 8 7 -  8 5 4 1 ) * 7087 (  5 7 1 4 -  9 2 2 2 )

( A c t iv e )  SK 1 5998 (  4 7 4 8 -  7503) 7049 (  5 9 1 6 -  8 8 8 7 )
10 9219 ( 6 2 2 8 -1 3 3 7 7 ) 6659 (  4 8 3 3 -  82 2 9 )

100 18123 (1 5 1 4 4 -2 5 0 2 2 ) 19020 (1 6 2 4 7 -2 1 7 3 4 )
1000 8414 (  5 9 4 2 -1 0 1 7 4 ) 10121 ( 7 4 5 9 -1 3 2 2 2 )

I n a c t iv e  SK 1 6491 (  5 0 0 1 - 8291) 6844 ( 5 6 2 1 - 9 1 4 4 )
10 6288 (  5 1 7 7 - 8105) 6756 ( 5 7 1 6 - 9 2 1 0 )

100 6970 (  5 5 1 1 - 8 229) 7414 (  6 1 0 0 -  9 3 1 8 )
1000 7174 ( 5 7 7 4 - 8 514) 7776 ( 6 3 3 3 -  9 5 8 1 )

PHA + A c t iv e SK 1 5524 (  4 4 6 6 -  7948) 4942 ( 3 8 4 2 -  5 6 4 3 )
10 10126 (  6 4 1 1 -1 2 2 7 9 ) 8216 (  6 0 0 9 -1 0 2 9 1 )

100 62277 (5 8 7 1 0 -6 7 4 0 3 ) 44496 (3 6 9 4 2 -4 9 0 9 0 )
1000 9210 (  5 8 8 4 -1 1 4 4 4 ) 7144 ( 5 5 2 2 -  9 4 1 0 )

+ I n a c t iv e SK 1 6337 ( 5 1 2 9 - 8140) 7149 ( 5 6 6 0 -  8614)
10 6511 (  5 3 4 0 - 7899) 7008 ( 5 2 2 9 -  8490)

100 6994 ( 5 2 1 2 - 8 354) 8226 ( 4 8 4 8 -1 1 1 4 9 )
1000 7241 ( 5 8 1 3 - 8747) 7956 ( 3 3 6 1 - 9 4 4 6 )

PHA 48h 1 6214 (  4 8 2 6 - 8247) 6648 ( 4 9 1 7 -  9 5 6 1 )
SK ( a c t i v e ) 24h 10 6948 (  5 3 2 3 - 9491) 7001 ( 5 5 4 4 -  8 874)

100 32469 (2 7 5 1 0 -3 6 5 5 5 ) 21271 (1 6 4 1 4 -2 6 6 7 6 )
1000 7400 (  6 2 2 2 - 9 1 0 1 ) 10900 ( 8 3 5 7 -1 4 1 4 1 )

I n a c t iv e 1 6463 (  5 0 6 8 - 8214) 9214 C 8 8 1 2 -1 4 2 1 0 )
10 6411 (  5 1 4 2 - 8541) 8699 C 6 9 0 0 -1 3 0 1 0 )

100 6841 (  5 5 2 1 -  9214) 9127 C 6 1 4 1 -1 1 4 9 6 )
1000 6229 C 5 1 0 0 - 7149) 11124 (  9 2 4 1 -1 4 7 4 1 )

S K (a c t iv e )  48h 1 6988 (  5 7 7 4 - 8 202) 7295 (  5 5 6 9 -  9 4 1 1 )
PHA 24h 10 11798 (  8 4 1 2 -1 4 1 4 1 ) 10210 C 7 7 4 1 -1 5 1 5 0 )

100 7954 (  6 1 6 2 - 8714) 7140 (  4 8 6 9 -  82 1 2 )
1000 6810 ( 5 2 1 1 - 8285) 7914 ( 5 2 1 6 -  7 794)

S K ( in a c t iv e ) 1 6564 ( 4 9 1 5 - 7941) 7994 ( 6 6 1 6 -  9 2 4 4 )
10 6337 ( 5 2 1 6 - 8 216) 9125 ( 8 6 1 6 - 9 7 7 4 )

100 6514 ( 4 7 4 1 -  7155) 9520 ( 5 9 1 4 -1 1 1 0 6 )
1000 6984 ( 4 9 5 1 - 8315 8215 ( 5 2 1 3 -  9 2 1 6 )
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v e r y  i l l ,  o r  m a in o u r ish e d . B o th  w ere s u f f e r i n g  from  ca rc in o m a  : one  

b r e a s t ,  one c o lo n ic ;  n e i t h e r  r e a c te d  when s k in  t e s t e d  w ith  s t r e p t o k in a s e .  

N e it h e r  w ere on d ru gs o f  any s o r t  a t  th e  tim e  o f  t e s t i n g  b u t b o th  had  

had r e s e c t io n  o f  t h e i r  tum our w it h in  a w eek , and had th e n  b een  s u b j e c t e d  

t o  a n a e s t h e s ia ,  b lo o d  t r a n s f u s i o n ( s )  and a n a lg e s ia .

I p erform ed  th e  e x p er im en t on d i lu t e d  b lo o d  from  e a c h  s u b j e c t .  

T hym idine in c o r p o r a t io n  was a s s e s s e d  a s  p r e v io u s ly  d e s c r ib e d  f o r  c o n t r o l ,  

PHA a lo n e ,  th e  s t r e p t o k in a s e s  in th e  d o se  r e s p o n s e s  u se d  p r e v io u s ly  PHA 

and th e  s t r e p t o k in a s e s  added s im u lt a n e o u s ly  a t  th e  s t a r t  o f  in c u b a t io n .

PHA added f i r s t  and th e  s t r e p t o k in a s e  added 2 4 h  l a t e r  and f i n a l l y  th e  

s t r e p t o k in a s e s  f o l lo w e d  24h  l a t e r  by PHA. 16 w e l l s  w ere u se d  f o r  e a c h  

t e s t .  By t h e s e  means 1 had hoped  t o  d e t e c t  any a n t ig e n - l i g a n d  i n t e r a c t i o n .

R e s u lt s

The r e s u l t s  a re  a n n o ta te d  in  th e  s e p a r a t e  t a b l e .  PHA had no  

s i g n i f i c a n t  e f f e c t  in  e i t h e r  p a t i e n t ;  i n a c t i v e  s t r e p t o k in a s e  was a l s o  

i n e f f e c t i v e .  A c t iv e  s t r e p t o k in a s e  a t  lOOuU/ml p rod u ced  s i g n i f i c a n t l y  

en h an ced  th y m id in e  in c o r p o r a t io n  in  b o th  p a t i e n t s .  M in im al enhancem ent 

o c c u r r e d  in  p a t i e n t  (1 )  a t  lOuU/ml and p ro b a b ly  (b u t p = 0 .5 6 )  a t  lOOuU/ml. 

P a t ie n t  (2 )  had en h an ced  u p ta k e  a t  lOOuU/ml.

The c o m b in a tio n  o f  PHA and a c t iv e  s t r e p t o k in a s e  en h an ced  u p ta k e  

s i g n i f i c a n t l y  a t  1 0 ,1 0 0  and lOOOuU/ml. T h is  was s t r i k i n g  a t  lOOuU/m l, a t  

t h i s  c o n c e n t r a t io n  th e  e f f e c t  was c l e a r l y  g r e a t e r  th an  w it h  s t r e p t o k in a s e  

a lo n e  : n o t  e v id e n t  a t  10 and lOOOuU/ml. PHA and i n a c t i v e  s t r e p t o k in a s e  

d id  n o t a c h ie v e  en h an ced  u p ta k e .

A n a ly se s  t o  e x p lo r e  a B c e l l  e f f e c t  u s in g  PHA and s t r e p t o k in a s e  a t  

s ta g g e r e d  t im e  i n t e r v a l s  show ed t h a t  a c t i v e  s t r e p t o k in a s e ,  a t  lOOuU/ml 

e f f e c t e d  en h an ced  u p ta k e  o f  th y m id in e  i f  added a f t e r  PHA. I f  added b e f o r e ,  

lOuU/ml p ro d u ced  th e  en h an cem en t. I n a c t iv e  s t r e p t o k in a s e  rem ain ed  i n a c t i v e  

e x c e p t  when added a f t e r  PHA. E s p e c i a l ly  a t  lOOOuU/ml t h i s  ap p ea red  to  

en h ance u p ta k e .
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Discussion

The m ost s t r i k i n g  l i k l i h o o d  from  t h e s e  r e s u l t s  a p p ea red  t o  b e t h a t  

( a c t i v e )  s t r e p t o k in a s e  was o n ly  en h a n c in g  PHA u p ta k e  when a f f e c t i n g  

f i b r i n o l y s i s .  T h is  ap p eared  r e a s o n a b le  in  t h a t  i n a c t i v e  s t r e p t o k in a s e  

d id  n o t  a l t e r  th y m id in e  u p ta k e  ; and t h a t  th e  d o se  r e s p o n s e  cu rv e  

m ir r o r e d  t h a t  o f  f i b r i n o l y s i s .

B ut i t  seem ed  t o  me t h a t  th e  m ost e x a c t  t e s t  o f  t h i s  h y p o t h e s is  

w ou ld  be i f  th e  f i b r i n o l y s i s  c o u ld  be b lu n te d  by A p r o t in in  w h ich  sh o u ld  

a t  th e  sam e tim e  b lu n t  th e  th y m id in e  u p ta k e . On t h e s e  tw o p a t i e n t s ,  

t h e r e f o r e ,  a f u r t h e r  ex p er im en t was p er fo rm ed .

To t e s t  t h e  b lu n t in g  e f f e c t  o f  A p r o t in in  on s t r e p t o k in a s e  in d u ced  PHA 

en h an ced  th y m id in e  u p ta k e

D i l u t e  w h o le  b lo o d  was m ixed  w it h  PHA and w it h  th e  v a r y in g  

c o n c e n t r a t io n s  o f  ( a c t i v e )  s t r e p t o k in a s e .  To e q u a l v o lu m es was added  

e i t h e r  a p r o t in in  ( t o  a c o n c e n t r a t io n  o f  2 0 0 iu /m l)  o r  an e q u a l volum e  

o f  i s o t o n i c  s a l i n e .  T hym idine in c o r p o r a t io n  w as a s s e s s e d  a f t e r  48h  

in c u b a t io n  w i t h  a l a b e l  o f  4h . 36 w e l l s  w ere u sed  in  e a c h  c a t e g o r y .

T a b le  -  E f f e c t  o f  A p r o t in in  on s t r e p t o k in a s e  in d u ced  PHA en h an ced  
th y m id in e  in c o r p o r a t io n

C o n tro l

PHA

S t r e p t o k in a s e  : lOOuU/ml 

PHA and SK 

A p r o t in in

PHA,SK and A p r o t in in

P a t ie n t  1 

6429  (4 9 1 6 -8 2 1 4 )  

6611 (4 7 2 1 -7 8 9 5 )  

2 2 1 4 4 (1 6 4 4 1 -2 6 1 1 3 )  

6 6 4 9 9 (6 2 0 0 9 -7 2 2 9 )  

6747 (4 8 8 4 -8 1 8 0 )  

2 8 1 4 3 (2 4 9 8 8 -3 1 7 7 0 )

P a t i e n t  2 

7355 (5 5 8 8 -9 6 6 0 )  

6985 (5 9 5 0 -9 5 4 4 )  

1 8 6 5 1 (1 5 5 2 2 -2 4 1 7 0 )  

4 7 1 2 3 (4 1 4 0 0 -5 6 1 9 0 )  

7572 (6 1 4 0 -9 3 3 7 )  

2 2 5 1 5 (1 7 5 4 7 -2 5 5 4 0 )
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Results

The d a ta  a c h ie v e d  in  th e  c o n t r o l  s t r e p t o k in a s e  and PHA s t im u la t e d  

w e l l s  w ere  s i m i l a r  t o  t h a t  s e e n  p r e v io u s ly .  The c o m b in a tio n  o f  PHA and  

s t r e p t o k in a s e  a g a in  en h an ced  u p ta k e ; more s o  th an  e i t h e r  a d d i t i v e  on 

i t s  own ( p ^ O .O l ) .  A p r o t in in  on i t s  own was i n a c t i v e .  In  c o m b in a tio n  

i t  s i g n i f i c a n t l y  (pdLO 'O l) red u ced  th y m id in e  u p ta k e , b u t a d i f f e r e n c e  

s t i l l  rem ained  b etw een  i t  and s t r e p t o k in a s e  u sed  s i n g l y  C p ^ 0 .0 5 ) .

D is c u s  s i  on

1 s u g g e s t  t h a t  t h i s  i s  f u r t h e r  e v id e n c e  th a t  s t r e p t o k in a s e  can  

in d u c e  h e ig h te n e d  a c t i v i t y  w ith  en h anced  th y m id in e  u p ta k e , and t h a t  t h i s  

o c c u r s  v i a  f i b r i n o l y t i c  a c t i v i t y .

C o n c lu s io n

S te p to k in a s e  can p ro v o k e ly m p h o cy te  tr a n s fo r m a t io n  by ( a t  l e a s t )  

two m echanism s : one by i t s  a n t ig e n ic  n a tu r e  and on e by e n h a n c in g  

f i b r i n o l y s i s .

The e f f e c t  o f  s t r e p t o k in a s e  in d u ced  f i b r i n o l y s i s  in  m ice  

Method

M ice b e a r in g  tumour w ere g iv e n  e i t h e r  s t r e p t o k in a s e  ( a c t i v e )  o r  

s t r e p t o k in a s e  ( i n a c t i v e )  (SK I) f o r  th r e e  d ays in t r a v e n o u s ly  p r io r  t o  

r e s e c t  ±>n on th e  f i f t h  day ( t o  d e c r e a s e  b le e d in g  p rob lem s more th an  

24  h o u rs  w as a llo w e d  b e fo r e  o p e r a t io n ) ; and g iv e n  SK f o r  a  fu r t h e r  

th r e e  d a y s a f t e r  2 4 h  a f t e r  r e s e c t io n .

R e s u l t s

T here ap p eared  to  b e no in c r e a s e  in  b le e d in g  p ro b lem , th e r e  was 

no im m ed ia te  d e a th  in  e i t h e r  tr e a tm e n t grou p . NO a n a p h y la x is  r e a c t io n  

o c c u r r e d .

F our e x p e r im e n ts  w ere p erform ed  to  s e e  i f  th e  number o f  

m é ta s ta s é s  w ere a l t e r e d .
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T a b le  -  S t r e p t o k in a s e  and m é ta s ta s é s

T reatm en t Mean Range S ig n i f i c a n c e

SK.A n = 7 3 ( 0 - 6 ) p 0 .0 5
S K .l n 5 1 1 .7 5 (6  -1 7 )

SK.A n = 9 1 ( 0 - 3 )  ' p /  0 .0 5
SK. 1 n 6 7 .5 (2  -1 3 )

SK.A n = 6 4 .2 5 (1  -  7 ) p < 0 .0 5
S K .l n = 4 13 (9  -1 8 )

SK.A n = 8 2 .5 (0  -  7) N .S .D .
S K .l n = 6 4 (1  - . 8 )

T h is  was s i g n i f i c a n t l y  d i f f e r e n t  in  t h r e e  o f  th e  fo u r  e x p e r im e n ts  

and th e  c u m u la t iv e  p r o b a b i l i t y  was h ig h ly  s i g n i f i c a n t .  Four fu r t h e r  

e x p e r im e n ts  w ere p erform ed  to  exam ine th e  e f f e c t  on s u r v i v a l .

T a b le  -  S tr e p t o k in a s e  and s u r v iv a l

A fu r t h e r  4 e x p e r im e n ts  w ere p erform ed  t o  exam in e s u r v iv a l  :

T reatm en t 1 /5 2  2 /5 2  3 /5 2  4 /5 2  g r e a t e r  th a n
4 /5 2

SKI n=10 10 8 6 2 0
SKA n = l l  10 10 10 8 2

SKI n=12 11 11 5 1 0
SKA n=12 12 12 11 7 1

SKI n= 9 8 7 6 1 0
SKA n= 9 9 9 8 4 2

SKI n = l l  9 7 6 2 0
SKA n = l l  11 10  9 5 1

T h is  was s t r i k i n g l y  s i g n i f i c a n t ;  an o c c a s io n a l  m ice  who had had  

d e f i n i t e  h e a lth y  prim ary tum ours r e s e c t e d ,  s u r v iv e d  i n d e f i n i t e l y  as  

shown in  th e  l a s t  colum n.
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Discussion

P r e v io u s ly  e x p e r im e n ts  u s in g  s t r e p t o k in a s e  h ave had d i f f i c u l t y  

r e s o lv i n g  i t s  a n t ig e n ic  a t t r i b u t e s  w ith  th e  p o t e n t i a l  t o  en h an ce  

f i b r i n o l y s i s .  By mere good lu c k  1 had o b ta in e d  some o u td a te d  

s t r e p t o k in a s e  e a r ly  in  my r e s e a r c h  -  from  l . C . l .  L im it e d . ,  w h ich  1 

f a i l e d  t o  u s e .  T h is  ap p eared  a n t i g e n i c a l l y  i n t a c t ,  b u t f i b r i n o l y t i c a l l y  

im p a ired  ( s e e  e a r l i e r ) .

1 was a b le  t o  d i f f e r e n t i a t e  b etw een  t h e s e  tw o p r o p e r t ie s  o f  

s t r e p t o k in a s e  and t o  show t h a t  enhancem ent o f  f i b r i n o l y s i s  was a c t i v e  

in  r e d u c in g  th e  fr e q u e n c y  o f  lu n g  m é ta s ta s é s  and in  p r o lo n g in g  l i f e .

In  V itr o  Immune R esp on se

I had hoped  t o  m o n ito r  th e  immune r e s p o n s e  in  th e  m ouse d u r in g  

th e  th e r a p y  w ith  SK. T h is  was p o t e n t i a l l y  p o s s i b l e  by a d a p t in g  th e  

m ethod u sed  by L u q u e tt i  and J a n o ssy  in  humans (1 9 7 4 ) ,  b u t i t  becam e 

c l e a r  in  u s e  t h a t  th e  v a r ia n c e  w as to o  g r e a t .  D e s p i t e  th e  s m a ll  

volum e u sed  m ice  had to  b e k i l l e d ,  l i m i t i n g  th e  v a lu e  o f  a m ethod  

w h ich  1 had in te n d e d  w ould  a l lo w  s im u lta n e o u s  m easurem ent o f  f i b r i n o l y s i s ,  

immune ( c e l l u l a r )  r e s p o n s e ,  and a n titu m o u r  p o t e n t i a l .

1 h ave p erform ed  t h r e e  e x p e r im e n ts  w here a l l  th e  d a ta  c o u ld  b e  

r e l a t e d ,  th e  r e s u l t s  o f  w h ich  a re  shown in  th e  t a b l e .
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T a b le  -  Immune r e s p o n s e  ( tb y m id ln e  u p ta k e  t o  PHA), f i b r i n o l y s i s  
Tumour m é ta s ta s é s

8 e x p e r im e n ts , mean ± ISD

PHA F i b r i n o l y s i s M é ta s ta s é s

1 . C o n tr o l n=12 n=4 194± 27 n=4 743± 51 n—4 6 ( 2 - 1 2 )
SK n=12 n=4 745±  69 n=4 1149±166 n=4 3 ( 0 - 5 )

2 . C o n tr o l n=16 n=5 2 6 6 ±  22 n=5 729± 11 n=6 7 ( 2 - 1 3 )
SK n=16 n=5 844+ 81 n=5 1439+196 n=6 1 ( 0 - 3 )

3 . C o n tr o l n=12 n=4 319± 35 n=4 733+ 25 n=4 4 ( 2 - 9 )
SK n=12 n=4 954±  73 n=4 1388±  77 n=4 2 ( 0 - 4 )

4 . C o n tr o l n=15 n=5 212± 23 n=5 7 5 7 ±  5 7 n=5 1 2 (8 - 1 9 )
SK n=15 n=5 1 4 1 4 t  98 n=5 13411171 n=5 4 ( 0 - 1 0 )

5 . C o n tr o l n=12 n=4 199± 23 n=4 81 4 ±  16 n=4 1 6 ( 7 - 2 1 )
SK n=12 n=4 831+ 95 n=4 1412+214 n=4 3 ( 0 - 5 )

6 . C o n tr o l n=15 n=5 249±  27 n=5 9 1 9 1  79 n=5 4 ( 0 - 5 )
SK n=15 n=5 944±  95 n=5 15791151 n=5 1 ( 0 - 2 )

7 . C o n tr o l n=12 n=4 213± 27 n=4 6 2 4 ±  27 n=4 2 1 (1 5 - 2 5 )
SK n=12 n=4 744± 84 n=4 19971195 n=4 7 ( 0 - 1 4 )

8 . C o n tro l n=12 n=4 271± 35 n=4 777± 35 n=4 3 ( 0 - 5 )
SK n=12 n=4 995±101 n=4 1219±178 n=4 1 ( 0 - 2 )

T h ese r e s u l t s  show a c l e a r  and s i g n i f i c a n t  (p ^  0 .0 2 )  im provem ent 

in  PHA th y m id in e  in c o r p o r a t io n ,  and f i b r i n o l y s i s  w ith  s i g n i f i c a n t l y  

(p ^ O .O l)  few er  m é ta s ta s é s  when th e  m ice  w ere g iv e n  a c t i v e  

s t r e p t o k in a s e  com pared w ith  i n a c t i v e .  W ith su c h  s m a ll  num bers in  

e a c h  ex p er im en t any a ttem p t a t  c o r r e l a t i o n  o f  t h e i r  t h r e e  v a r i a b l e s  

was i n v a l i d .
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Discussion

I h a v e  d is c u s s e d  th e  p ro b lem s o f  th e  L ew is Lung tum our in  th e  

m eth o d o lo g y  -  i t  i s  u n f o r tu n a te ly  p ro n e to  w id e  v a r i a t i o n  in  number 

o f  m é t a s t a s é s .  T h is  makes i t  m andatory t o  p u rsu e  a s  a c c u r a te  as p o s s i b l e  

c o n t r o l  o f  th e  e x p e r im e n t . U n fo r t u n a te ly ,  t h i s  means t h a t  th e  

num bers in  ea ch  e x p e r im e n ta l  group w ere l i m i t e d .

In  e a c h  e x p er im en t th e r e  was a tr e n d  tow ard s en h an ced  

f i b r i n o l y s i s ,  and th y m id in e  u p ta k e  to  PHA, w ith  red u ced  num bers 

o f  m é t a s t a s é s .  A lth o u g h  th e  a c c e p te d  l e v e l s  o f  s i g n i f i c a n c e  w ere  

n o t  a c h ie v e d  in  a l l  in d iv id u a l  e x p e r im e n ts  th e  c u m u la t iv e  

p r o b a b i l i t y  in  ea c h  c a te g o r y  was h ig h ly  s i g n i f i c a n t .  W ith su ch  

s m a ll  num bers in  ea ch  e x p e r im e n ta l  group th e r e  w as no p o in t  in  

a tte m p tin g  to  a n a ly s e  th e  d e g r e e  o f  c o r r e l a t i o n  b etw een  th e  th r e e  

v a r i a b l e s .  C le a r ly  h o w ev er , th e y  move in  th e  a p p r o p r ia te  d i r e c t i o n  

t h a t  th e  h y p o t h e s is ,  f i b r i n o l y s i s  i n f lu e n c e s  th e  immune sy stem  

d im in is h in g  m é t a s t a s é s .

C o n c lu s io n

By u s in g  two p r e p a r a t io n s  o f  s t r e p t o k in a s e ,  w ith  d i f f e r e n t  

f i b r i n o l y t i c  a c t i v i t i e s  b u t s i m i l a r  a n t ig e n ic  p r o p e r t i e s ,  I was 

a b le  t o  show th a t  s t r e p t o k in a s e  a f f e c t e d  ly m p h o cy te  f u n c t io n ,  w ith  

en h an ced  a c t i v i t y ;  and p r o lo n g e d  mouse s u r v iv a l  a f t e r  r e s e c t io n  o f  

th e  L ew is Lung tum our. I c o u ld  n o t  d is p r o v e  th e  h y p o t h e s is  th a t  

t h e i r  two e f f e c t s  w ere l in k e d  by en h anced  f i b r i n o l y s i s  e n h a n c in g  

th e  immune s y s te m .
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Summary. The protease inhibitors. Epsilon Amino 
Caproic Acid (E.A.C.A.) and Aprotinin were found 
to significantly increase the inhibition produced by 
P.P.D. in the Leucocyte Migration Test (L.M.T.), 
Dose-response curves showed that the most effective 
concentrations were for E.A.C.A. 0 01 m  and 
Aprotinin 1001.U./ml.

In a series of 29 subjects with a range of Heaf 
reactivity this finding was consistent providing that 
there was a significant inhibition to P.P.D. alone.

At these concentrations, cell viability was un
affected and the effect of the drugs could be reversed 
by washing.

The exact mode of action of these inhibitors in the 
L.M.T. requires further elucidation.

IN T R O D U C T IO N

Proteolytic agents administered to anergic patients 
with advanced carcinoma have been shown to 
restore cell-mediated immune responses. Thornes et 
al. (1974) found that positive tuberculin skin test 
sensitivity could be demonstrated in previously 
unresponsive individuals after the administration of 
Brinase, a protease derived from aspergillus argei. 
In vitro testing of these individuals revealed an

Correspondence: Professor P. R. F. Bell, University of 
Leicester School of Medicine, Department of Surgery, The 
General Hospital, Gwendolen Road, Leicester LE5 4PW.

increase in E-rosette forming lymphocytes, suggest
ing an unmasking effect of proteases on T-cells. In 
addition, incubation of lymphocytes with E.A.C.A. 
was shown to significantly inhibit E-rosette forma
tion. Hirschhorn, Grossman, Troll & Weissman, 
(1971) had previously demonstrated that a protease 
inhibitor, E.A.C.A., was capable of reducing phyto- 
haemagglutinin stimulation of normal lymphocytes. 
This study was undertaken to investigate the effect 
of two protease inhibitors, E.A.C.A. and Aprotinin, 
on cellular immune responses. Initially, the action 
of these agents has been studied in vitro and this 
paper reports their effect on migration inhibition to 
P.P.D. in the Leucocyte Migration Test.

M A T E R IA L S  A N D  M E T H O D S

Antigen
Human tuberculin P.P.D. supplied by the Ministry 
of Agriculture’s Central Veterinary Laboratory was 
used throughout. The freeze-dried powder (P.P.D. 
292) was freshly dissolved in phosphate buffered 
saline (P.B.S.) on the day of each experiment.

Reagents
E.A.C.A. was obtained from Kabi Vitrum, Apro
tinin from Bayer; each were further diluted on the 
day of the experiment.

Subjects
Informed consent was obtained from 29 people.

2 1 7
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21 patients and 8 normal volunteers. Heaf tests were 
performed, responses measured and individuals 
graded from 0 to III +  using the criteria established 
by Pagel, Simmonds, MacDonald & Nassau (1964). 
The results identified a group of 4 patients with car
cinomatosis previously known to react to P.P.D. but 
now anergic.

The leucocyte migration test {L.M.T.)
This was performed using a modification of the 
method of Soborg & Bendixen (1967). Twenty ml of 
preservative-free heparinized blood was mixed with 
10 ml of plasmagel (Laboratoire Roger, Bellon) 
and allowed to sediment at 37“ for 20 min. The 
leucocyte-rich plasma was pipetted off and centri
fuged at 250 g  for 5 min. The supernatant plasma 
was discarded, the cells washed in P.B.S. at a pH of 
7-2, and finally resuspended in Eagles Medium 
(Wellcome) containing antibiotics and 10% fetal 
calf serum (Wellcome, lot K1903). Micro-haema- 
tocrit capillaries (Hawksley) were filled with the 
leucocyte suspension and then sealed with plasticine. 
After centrifuging the capillaries were cut 1 mm 
below the cell/fluid interface. They were then 
mounted in ml culture chambers (Sterilin), 2 
capillaries to each chamber. At least 4 chambers were 
used for each experimental group. To each group of 
chambers was added : medium alone, medium with 
either drug, medium with P.P.D. (150 or 300 //g/ml), 
or medium, P.P.D. and either drug, as appropriate 
for the particular experiment.

After 20 h incubation at 37° the migration areas 
were drawn using a microscope with a camera 
lucida attachment. The areas were measured by 
planimetry and the migration index expressed as the 
ratio :

migration area in test culture

migration area in control culture 

Dose-response curves
The four subjects were studied with a Heaf 1 + 
grade, 2 experiments being performed on each 
subject.

The effects of E.A.C.A. and Aprotinin were then 
assessed firstly upon their ability to alter migration 
inhibition on their own, and then upon their ability 
to change the inhibition to P.P.D., in a dose of 
0 1, 001 , 0-001M (E.A.C.A.) and 10, 100 and 
20 0 1.U./ml (Aprotinin).

The effect o f varying H eaf grade
Migration indices were then obtained for each

patient using P.P.D. at 150/^g/ml and testing the 
effect of addition of either E.A.C.A. 0-01 m  or 
Aprotinin 1001.U./ml.

Viability
This was assessed by using trypan blue exclusion 
performed after cell washing and after the leucocytes 
had been cultured for 24 h with E.A.C.A. 0-1, 
0-01 and 0-001 m  or Aprotinin 10, 100 and 
2 0 0 1.U./ml, and in the presence of P.P.D. 
300 //g/ml for 1 /2 and 24 h. Six experiments were 
performed upon blood from 3 subjects. Each 
experimental group consisted of 4 cultures.

Reversibility
Leucocytes were suspended in medium and cultured 
for 4 h with either Aprotinin at 1001.U./ml, 
E.A.C.A. at 0-01 m  or in medium alone as controls. 
The cells were then washed once with P.B.S., 
resuspended in Eagles Medium and migration tests 
performed against P.P.D.

Statistics
Significance was evaluated by using the Student’s 
r-test and the Mann Whitney 17-test.

R E S U L T S

Viability studies

As seen in Table 1, only with E.A.C.A. at 0-1 m  

concentration was there an appreciable effect of 
either drug. At this concentration there was a 
significant decrease in both cell numbers and 
viability after 24 h culture (P<0-05).

E.A.C.A.

At concentrations of 0-001 and 0-01 M , E.A.C.A. 
was found to have no significant effect on cell 
migration in the absence of P.P.D. However, at 
0-1 M migration was significantly ( f  <0-01) in
hibited. In the presence of P.P.D., E.A.C.A. 
significantly increased ( f  <0-01) the inhibition 
produced by P.P.D. with an increase in effect from 
0-001 to 0-01 M. However, 0-1 m  E.A.C.A. failed to 
produce an increased inhibition. It was decided to 
explore the action of this drug in exaggerating 
inhibition, and therefore in further experiments 
E.A.C.A. was used in a working concentration of
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Table 1. Effect of E.A.C.A. and Aprotinin upon total cell counts and cellular viability of 
human leucocytes

Length of culture 1/2 h 24 h

Concentration
of drug Cell count % Non-viable Cell count % Non-viabl

0 0-82 60 0-61 14-3
E.A.C.A.

0 001 M 0-73 6-2 0-60 14-1
0-01 M 0-74 5-8 0-59 13-9
0-1 M 0-77 6-1 0-49* 16-5*

Aprotinin
10 I.U./ml 0-79 5-9 0-61 13-8

100 I.U./ml 0-84 6-1 0-58 14-2
200 I.U./ml 0-77 6-3 0-60 14-4

Cell count represents mean of 6 experiments expressing cells x 10®/ml culture. 
* Significance compared with control f < 0  01.

0 01 M. These results are illustrated in Fig. 1 show
ing the means ± 1 s.d. for the 8 experiments at each 
dose level.

Aprotinin

At all 3 concentrations there was no significant effect 
on migration in the absence of P.P.D. However, 
it significantly augmented (F < 0  01) the inhibition 
to P.P.D. being more effective at 100 I.U./ml. The 
200 I.U./ml concentration produced less inhibition 
than expected and therefore 100 I.U./ml was chosen 
as the working concentration. In Fig. 2 the dose 
response to Aprotinin is shown for all 8 experi
ments, values representing means ±  1 s.d.

The effect of E.A.C.A. and Aprotinin in patients of 
varying Heaf grade

The effects of the 2 drugs were assessed in patients 
of varying Heaf grade using the working concen
trations established in the experiments on cells from 
Heaf 1 -I- patients (E.A.C.A. 0 01 m, Aprotinin 
100 I.U./ml). The results of these studies are shown 
in Table 2. Neither Aprotinin nor E.A.C.A. caused 
inhibition of migration in cells from 6 Heaf 0 
patients. In addition, tests were performed in 4 
anergic patients with either advanced carcinoma, 
sarcoid or Crohn’s disease who were known to be 
P.P.D. responsive prior to their illnesses. None of 
these patients showed inhibition to P.P.D. in the

Table 2. The effect of E.A.C.A. 0 01 m  and Aprotinin 100 I.U./ml upon the migration index, 
employing P.P.D. 150/fg/ml as antigen, in patients of varying Heaf grade

Heaf grade
Number of 

patients P.P.D. alone
E.A.C.A. 
& P.P.D.

Aprotinin 
& P.P.D.

0
0, previously +ve 

1 +
2 +
3 +

Miliary tubercle

0-95 ±0-125 
0-98 ±0-10 
0-78 ±0-085 
0-76 ±0-096 
0-61 ±0-26 
0-56±0-15

0-97 ±0-095
1-10±0-125 
0-55 ±0-085* 
0-56 ±0-05* 
0-43 ±0-21* 
0-35 ±0-05*

0-92 ±0-05
1-05 ±0-075 
0-56 ±0-095* 
0-54 ±0-120 
0-47 ±0-16* 
0-30 ±0-12*

* Significance compared with control P <0-01.
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Figure 1. The effect of E.A.C.A. on migration inhibition. 
Four subjects of Heaf grade 1, two experiments for each
subject. Mean ± 1 s.d. (----- ) Migration into medium +
E.A.C.A. alone; (----- ) migration into medium, E.A.C.A.
and P.P.D. (300 //g/ml).

L.M.T. and the addition of the drugs caused no 
significant alteration to the migration index. In the 
remaining 19 Heaf positive patients, both drugs 
produced a significant ( f  <0-01) increase in inhi
bition in each Heaf category.

Reversibility

Four experiments on 2 normal volunteers with Heaf 
grades of 1 +  showed a mean M L of 0-75 ±0-12 for 
the controls, a mean M.I. of 0-76 + 0-14 for E.A.C.A.
0-01 M, and a mean M.I. of 0*75 ±0-13 for Aprotinin 
100 I.U./ml.

D IS C U S S IO N

From the work of Hirschhorn et al. (1971) and 
Thornes et al. (1974), it had been expected that 
protease inhibitors would cause a reduction in in 
vitro cell-mediated immune responses. However,
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Figure 2. The effect of Aprotinin on migration inhibition. 
Four subjects of Heaf grade 1, two experiments for each
subject. Mean ± 1 s.d. (----- ) Migration into medium +
Aprotinin alone; (------) migration into medium, Aprotinin
and P.P.D. (300;ig/ml).

this Study has shown that two protease inhibitors, 
E.A.C.A. (0-01 m )  and Aprotinin (100 I.U./ml) 
both increase migration inhibition to P.P.D. in the 
leucocyte migration test. There were clear dose res
ponses to both drugs and increased inhibition was 
demonstrated in all Heaf positive grades. Cell 
viability was unaffected by the drugs at these con
centrations and therefore cytotoxicity does not 
appear to be a significant factor in the results 
achieved.

In the leucocyte migration test, lymphocytes in 
the cell suspension produce a leucocyte inhibition 
factor (L.I.F.) in response to antigen stimulation. 
L.I.F. acts mainly on macrophages and neutrophils 
to slow cell migration. The mode o f action of the 
drugs may therefore be:

(1) To stimulate L.I.F. production by lympho
cytes.

(2) To reduce L.I.F. breakdown.
(3) To increase the responsiveness of target cells 

to L.I.F.

If the drugs have a direct action on the lymphocytes
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producing L.I.F., positive responses might have been 
expected in some of the anergic patients, known to 
be previously tuberculin sensitive. Further, if the 
drugs were having an ‘unblocking’ action, then 
washing cells cultured with E.A.C.A. or Aprotinin 
would be unlikely to have produced complete 
reversibility of their effect.

On the results o f the present study it is impossible 
to assess the effect of E.A.C.A. and Aprotinin on 
increasing the responsiveness of target cells to L.I.F. 
or on reducing L.I.F. breakdown. Further work is 
being undertaken to assess the site of action of the 
drugs in the migration system.
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and Aprotinin (Bayer) 100 lu/ml, The tests were per
formed with glass microhaematrocrit capillaries 
(Hawksley) and plastic migration wells (Sterilin).

Cell separation
To produce relatively pure populations of either 
lymphocytes or polymorphonuclear leucocytes, 
blood was anticoagulated with preservative free 
heparin and sedimented with plasmagel (Labora- 
torie Roger Belon) for 15 min at room temperature. 
The buffy coat was then removed and carefully 
layered onto Ficoll/Hypaque. Centrifugation (20 
min at 250 g) separated lymphocytes from PMNL 
and the two cell populations could then be harvested. 
Cells were washed three times with phosphate buffered 
saline and then resuspended in medium. Stained 
films of the cell suspensions were examined by light 
microscopy and if there was more than 5% con
tamination with the other cell type, the experiment 
was abandoned.

Lymphokine generation
Lymphokine containing supernatants were generated 
in an PPD-lymphocyte cultuie either for 4 or 24 h 
periods. Lymphocytes, at a concentration of 1 x 10*/ 
ml were incubated at 37°, either with PPD or medium 
alone (for control cultures). At the end of the culture 
period the cells were spun down and the supernatants 
obtained. PPD was then added to the control super
natant.

The effect o f EACA or Aprotinin upon lymphokine 
generation. To find the effects of the protease 
inhibitors on lymphokine generation either EACA or 
Aprotinin was added to a lymphocyte suspension 
which was then cultured for only 4h, centrifuged, 
and the cell free supernatant obtained. Controls were 
produced by incubating the lymphocyte suspension 
for the same time in medium and then adding the 
relevant drug to the cell free supernatant obtained 
after centrifugation.

Lymphokine stability. The cell free supernatants, 
either controls or containing lymphokines, could 
then be used for LIE assay. Although this could be 
set up immediately, it was also possible to perform 
an intermediate incubation by keeping aliquots at 
37° for either 4 or 24 h before assay. This enabled the 
stability of LIF in medium containing serum to be 
determined. The effect of the protease inhibitors on 
lymphokine stability was studied by adding them to

the cell free supernatants before the 4 or 24 h culture 
period. To obtain the requisite control the drugs 
were added to the supernatants following either 4 or 
24 h culture. LIF assay was then performed.

LIF assay
Fresh PMNL suspended in medium were placed 
into capillaries the ends of which were sealed with 
plasticine and centrifuged for 5 min at 150 g. The 
capillaries were cut just below the cell fluid interface 
and inserted into the wells (one capillary per well) 
using a minimum of six capillaries in each experi
mental group. The supernatant to be tested was 
added to the well. The wells were sealed with glass 
cover slips and incubated for four hours at 37°. 
The migration areas were drawn using a microscope 
with a camera lucida attachment and measured by 
planimetry.

The effect of either EACA or Aprotinin on LIF 
assay was determined by adding EACA, Aprotinin, 
or an equal volume of isotonic saline (for controls) 
to the cell free supernatants.

R E SU L T S

The reproducibility of this two stage LMT was in
vestigated by performing three separate assays in six 
volunteer subjects known to be Heaf positive and 
with migration indices using the standard LMT and 
the same concentration of PPD of 0 71 ±  SD 0 07. 
The detailed results are shown in Table 1. There was 
no significant difference between the migration 
index achieved in any one subject on each of the 
occasions they were tested. The mean migration 
index in the two stage LMT was not significantly 
different from that obtained for the same subject 
using the standard LMT.

Table 1. Reproducibility of the two stage method. Three 
experiments on each of 6 Heaf positive subjects

Subject Migration index ± SD

1 0 76 ± O il
2 0 69 ± 0 07

3 0 54 ± 009

4 065 ± 0-13

5 0 73 ± 0-12

6 0 74 ± 0 08



Leucocyte migration inhibition PPD 961

Table 2. The effect of intermediate incubation of LIF con
taining supernatants: two experiments were performed on 
each of six subjects

Table 4. The effect of protease inhibitors on LIF assay; two 
experiments were performed on each of six subjects

Intermediate incubation Mean migration Significance
time (h) index ± ISD

0 0 66 ± 0 12 —

4 0 70 ± 0 10 NS
24 0 84 ± 009 P <0 01

LIF stability

Twelve experiments, two for each subject, were 
performed. The results are shown in Table 2; there 
was a significant loss of activity when lymphokine 
containing supernatants were subjected to a 24 h 
incubation before LIF assay. However, there was 
no significant loss of activity with a 4 h incubation.

Three experiments on each of four subjects were 
then performed to find the effect of the protease 
inhibitors on this loss in LIF activity. The results 
are shown in Table 3 demonstrating that both EACA 
and Aprotinin reduced the loss in LIF activity.

At 4 h there was no significant difference between 
the results achieved with supernatants in which a 
protease inhibitor was added prior to the further 
incubation compared to supernatants in which the 
inhibitor was added after the incubation.

These results were important for the structure of 
the further experiments because using a 4 h culture 
period clearly avoided any significant effect on the 
results from loss in LIF activity during the time of 
the test. Further experiments were needed since the 
migration indices with protease inhibitor present 
during the 24 h intermediate culture period, were 
significantly less than the index achieved by im
mediate assay with no protease inhibitor.

Protease
inhibitors

Migration index 
Mean ± ISD

Statistical
significance

0 065 ± Oil —

EACA 0 51 ± 0 09 P<001
Aprotinin 0 53 ± 0 12 P<001

LIF generation

The effect of the protease inhibitors was therefore 
assessed by using a 4 h culture time. Twelve experi
ments were performed, three on each of four sub
jects. Significant inhibition of migration occurred, 
despite the limited culture time and therefore we 
assumed LIF was released. Neither EACA or Apro
tinin had a significant effect : the mean MI for EACA 
was 0 84 ±  0*16, EACA control 0-85 ±  0 19; and 
for Aprotinin 0 80 ±  OTO, Aprotinin control 0 83 ±  
0T2. Therefore neither protease inhibitor altered 
lymphokine generation.

LIF assay

The effect on migration inhibition of adding EACA 
or Aprotinin to LIF-containing supernatants was 
assessed in a 4 h assay. The results are shown in 
Table 4. There was a significant increase in inhibition 
in the presence of either EACA or Aprotinin 
( f  <0 01).

D IS C U S S IO N

It appeared logical to divide the conventional LMT 
into two parts. Our initial experiment (Table 1) 
showed a reasonable reproducibility and the results

Table 3. The effect of the protease inhibitors on the loss of LIF effect at 24 h 
intermediate incubation: three experiments were performed on each of four 
subjects

Protease inhibitors 
during intermediate 

incubation

Present:
during
assay

Mean migration 
index ± SD

Significance

0 EACA 0 76 ± 0 07 —

EACA EACA 0 52 ± 0 06 P<001

0 Aprotinin 0 79 ± 0 09 —
Aprotinin Aprotinin 0 56 ± 0 07 P<001
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were similar to those obtained in the conventional 
test.

The second experiment studying the effect of 
incubation of the protease inhibitors with pre
formed LIF demonstrated their main action: 
they prevent loss o f activity during prolonged 
incubation of a LIF containing supernatant. The 
most plausible explanation of this would be that the 
serum in the medium contains a proteolytic sub
stance capable of LIF breakdown, which can be 
inactivated by either inhibitor. This substance may 
be plasmin, or possibly an activated complement 
component: EACA is capable of inhibiting the 
activation of the first component of complement 
(Soter, Austen, & Gigli, 1975).

Of importance to the further experiments was the 
finding that incubation of the LIF-containing 
supernatant for only 4 h produced no significant 
loss of activity, and it was possible therefore to 
explore the actions of the proteolytic inhibitors 
upon lymphokine production, and also their effect 
on the target cells used in the LIF assay by employing 
4 h incubation times.

We found no obvious effect upon LIF generation, 
which confirms our previous reasoning from the 
observation that the inhibitors only enhance signi
ficant migration inhibition (Burden et a l ,  1978). 
There was, however, a marked effect on LIF assay. 
This was surprising and is difficult to explain, 
particularly because there was no evidence of a 
medium effect after only 4 h incubation. A possible 
explanation is that the inhibitors synergise with 
LIF in its action on the PMNL target cell. But it 
may be possible to extend the concept of decreased 
LIF breakdown. It has been shown that EACA in 
heparinized whole blood decreases fibrinolysis 
(Moroz & Gilmore, 1976) by about 65% at a con
centration of 10 pmol/ml, although it has little effect 
upon cell free plasma. The PMNL and contaminants

such as platelets may therefore be producing 
proteolytic enzymes and the inhibition of this 
activated proteolysis might simply account for the 
effect of EACA or Aprotinin at this assay stage.

The use of proteolytic inhibitors, of which EACA 
and Aprotinin are only examples, may increase the 
sensitivity and selectivity of the Leucocyte Migration 
Test. The results however must be interpreted with 
some caution because although we demonstrated no 
increased LIF production this was only during the 
short 4 h incubation period, and we are unable to 
determine if a longer incubation would produce 
different results.

If the action of EACA and Aprotinin is by 
decreased proteolytic breakdown of LIF then as 
both are competitive inhibitors this action may be 
diminished in the presence of high levels of proteases. 
Our work used PPD, a relatively pure antigen, but 
other antigens, especially if derived from tissues, 
would be likely to augment proteolysis. The con
centration of EACA or Aprotinin cannot be in
creased to counter this because of cytotoxicity 
(Burden et a l,  1978). It may be, therefore, that a non
toxic, non-competitive inhibitor of proteolysis would 
be more effective.
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EACA AND APROTININ : THE PROTEASE INHIBITORS

Two w orks s t im u la t e d  my i n t e r e s t  in  th e s e  p r o te a s e  i n h i b i t o r s ,  

t h a t  o f  H ir sc h h o r n , G rossm an, T r o l l  & Weisman (1 9 7 1 ) on ly m p h o cy te  

t r a n s fo r m a t io n ;  and th a t  o f  L a tn e r , L o n g s ta f f  & T urner (1 9 7 4 ) on  

tum our g ro w th . H irsch h o rn  e t  a l  co n ce rn ed  w ith  th e  e a r ly  b io c h e m ic a l  

e v e n t s  o f  ly m p h o cy te  t r a n s fo r m a t io n , fou n d  t h a t  EACA d e c r e a s e d  th e  

amount o f  th y m id in e  in c o r p o r a t io n .  T h is  s tu d y  h a s  b een  c r i t i c i s e d  

b e c a u se  th e  c o n c e n t r a t io n  o f  EACA was q u i t e  h ig h  (O.OIM) a l e v e l  

c l o s e  t o  t h a t  w h ich  p ro d u ced  t o x i c  symptoms in  man. EACA i s  a 

s y n t h e t i c  l e u c in e  d e r iv e d  amino a c id  w h ich  p ro d u c es  c o m p e t i t iv e  

a n ta g o n ism  w ith  th e  p r o te a s e  a c t in g  p r e p o n d e r a n tly  a t  th e  s i t e  o f  

p r o t e in s .  I t  i n t e r f e r e s  w ith  th r e e  p r o t e a s e s  : p la s m in , ly s o s o m a l  

p r o t e a s e s  a c t in g  on a v a r i e t y  o f  s u b s t r a t e s  -  c a r t i l a g e ,  p r o t e in  

p o ly s a c c h a r id e  l i g h t  and h is t o n e s ;  and Cl e s t e r a s e .  In  v i t r o  

f i b r i n o l y t i c  s t u d ie s  (M oroz & G ilm ore 1977) h ave shown t k a t  th e  

maximum e f f e c t i v e  c o n c e n t r a t io n  o f  EACA t o  red u ce  sp o n ta n e o u s  

f i b r i n o l y s i s  i s  ab ou t O.OIM.

The f in d in g  o f  H irsch h o rn  e t  a l  f i t t e d  w e l l  w ith  th e  id e a  o f  

p r o t e a s e s  h a v in g  an im p o rta n t r o l e  in  th e  g e n e r a t io n  o f  immune 

r e s p o n s e ,  p o s s ib l y  a c t in g  by ’u n b lo c k in g ’ ly m p h o c y te s . The one  

d i f f i c u l t  p r e v io u s  work t o  f i t  in t o  t h i s  schem e was t h a t  o f  L a tn e r ,  

L o n g s t a f f  & T urner (1 9 7 5 ) who s tu d ie d  th e  a n t i  tum our e f f e c t  o f  

A p r o t in in  in  h a m ster s  and m ice . T h e ir  r a t io n a l e  sp ra n g  from  th e  

o p p o s i t e  s e t  o f  o b s e r v a t io n s  upon tumour and h o s t  b io c h e m is t r y .  In  

v iv o  e x p e r im e n ts  h ave d em o n stra ted  c o l la g e n a s e s  and ly s o s o m a l enzym es 

in  human tum ours (D resd en , H eilm an & Schm idt 1 9 7 2 ; Sham berger &
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Rudolph 1 9 6 7 ) . In v i t r o  i t  h as been  d em o n stra ted  th a t  tumour c e l l s  

can r e l e a s e  p r o t e a s e s  (H olm berg 1 9 6 1 );  p r o t e a s e s  can in d u c e  

p r o l i f e r a t i o n  in  c e l l  c u l t u r e s  (B u rger  1 9 7 0 ) w h erea s p r o t e a s e  

i n h i b i t o r s  r e s t o r e  c e l l  c o n ta c t  i n h i b i t i o n  o f  movement (G o e tz ,  

W e in s te in  & R o b er ts  1 9 7 2 ) . In  t h i s  c o n t e x t  i t  s h o u ld  b e  rem em bered  

t h a t  throm bin  i s  a p r o t e a s e ,  and s e v e r a l  v e r y  a c t iv e  p r o t e o l y t i c  

enzym es e g . , T r y p s in  can in d u ce  b o th  f i b r i n  p r o d u c t io n  a s  w e l l  as  

l y s i s .

A p r o t in in  was u se d  by L a tn er  : i t  i s  a n a t u r a l ly  o c c u r r in g  

p o ly p e p t id e  d e r iv e d  from  b o v in e  lu n g  m ark eted  as T r a s y lo l  by B a y er  

P h a r m a c e u tic a ls  L td . I t  i s  a non s p e c i f i c  p r o te a s e  a f f e c t i n g  

p la sm in  b u t a l s o  t r y p s i n ,  K a l l ik r e in  and th ro m b in . L a tn er  and c o 

w o rk ers d e s c r ib e d  two s e p a r a t e  phenomena; a d i r e c t  i n j e c t i o n  o f  

A p r o t in in  i n t o  tum our on e i t h e r  h a m ster  o r  m ouse p rod u ced  s i g n i f i c a n t  

tum our n e c r o s i s  when com pared w ith  a c o n t r o l  i n j e c t i o n  o f  PBS; more 

c o n v in c in g ly  su b c u ta n e o u s  A p r o t in in  s i g n i f i c a n t l y  p r o lo n g e d  th e  

s u r v iv a l  o f  m ice  b e a r in g  a d e n o -c a r c in o m a ta . They s u g g e s t e d  t h a t  

A p r o t in in  may p r e v e n t  th e  breakdown o f  ly m p h o k in es due to  tum our 

p r o t e a s e s .

W ith t h i s  b a c k g r o u n d T s ta r te d  upon an i n v e s t i g a t i o n  o f  th e  

e f f e c t s  o f  b o th  EACA and A p r o t in in  upon th e  in h ib i t o n  o f  l e u c o c y t e  

m ig r a t io n  to  PPD. I su p p o sed  EACA w ou ld  d e c r e a s e  th e  i n h i b i t i o n  

o f  le u c o c y t e  m ig r a t io n ;  I was u n su re  o f  th e  e f f e c t s  o f  A p r o t in in .

The E f f e c t  o f  EACA and A p r o t in in  on L e u c o c y te  M ig r a t io n

The r e s u l t s  o f  t h i s  work h ave b een  p u b lis h e d ;  B urd en , S t a c e y ,  

Wood & B e l l  (1 9 7 8 ) and I e n c lo s e  a copy o f  t h i s  p a p er  in  th e  t h e s i s .
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Q u ite  c l e a r l y  b o th  p r o te a s e  i n h i b i t o r s  w ere a c t i v e ,  and  

en h an ced  th e  i n h i b i t i o n  o f  l e u c o c y t e s  t o  PPD. In  th e  p a p er  we 

p o s t u la t e d  th e  p o s s ib l e  s i t e s  o f  a c t io n  as e i t h e r

( i )  To s t im u la t e  LIF p r o d u c t io n  from ly m p h o c y te s  (w h ich  seem ed  

u n l ik e ly  s in c e  some a n e r g ic  p a t i e n t s  had no p o s i t i v e  r e s p o n s e ) .

( i i )  To red u ce  LIF breakdow n.

( i i i )  To in c r e a s e  th e  r e s p o n s iv e n e s s  o f  t a r g e t  c e l l s  t o  LIF.

T h is  work had b o th  t h e o r e t i c a l  and p r a c t i c a l  im p o r ta n c e . 

T h e o r e t ic a l ly  b e c a u s e  o f  th e  u n e x p e c te d  f in d in g  o f  e x a g g e r a te d  

i n h i b i t i o n  w ith  EACA, and p r a c t i c a l l y  b e c a u s e  o f  th e  p o s s i b i l i t y  o f  

u s in g  e i t h e r  a n t ip r o t e a s e  t o  in c r e a s e  th e  s e n s i t i v i t y  and s e l e c t i b i l i t y  

o f  th e  le u c o c y t e  m ig r a t io n  t e s t s .  F or t h e s e  r e a e o n s  I  em barked upon 

an a ttem p t t o  d em o n stra te  th e  mode o f  a c t io n .

Why D id  P r o t e o l y t i c  I n h ib i t o r s  E x a g g e r a te  The R esp o n se  o f  L e u c o c y te  

M ig r a t io n  I n h ib i t io n  to  A n tig e n s?

The q u e s t io n  ap p eared  s im p le  t o  answ er by d iv id in g  th e  LMT 

i n t o  two p a r t s ;  p r o d u c t io n  o f  LIF and LIF e f f e c t .  I n i t i a l l y  I 

a tte m p te d  to  u s e  th e  two s t a g e  t e s t  em p lo y in g  g u in e a  p ig  m acrop h ages  

a s  th e  t a r g e t  c e l l s .  L ym phocytes from  human v o lu n t e e r s  a re  c u l t u r e d  

in  PPD t o  in c r e a s e  LIF c o n ta in in g  s u p e r n a ta n t ,  c o n t r o l  s u p e r n a ta n ts  

b e in g  p rod u ced  s im u lt a n e o u s ly .  T h ese  s u p e r n a ta n ts  c o u ld  th e n  be  

u sed  f o r  th e  c u l t u r e  f l u i d  I n to  w h ich  g u in e a  p ig  m acrop hages c o u ld  

m ig r a te .  The t e s t  was u n s a t i s f a c t o r y .  The m acrop hages w ere  o b ta in e d  

by th e  c o n v e n t io n a l  manner f o l lo w in g  an i n t r a p e r i t o n e a l  i n j e c t i o n  o f  

o i l ,  b u t by th e  tim e  th a t  th e  o i l  had b een  w ashed  from  th e  c e l l s ,  th e
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a b i l i t y  o f  th e  m acrophage t o  m ig r a te  was g r o s s l y  im p a ir e d . I t  was 

p o s s i b l e  t o  p ro d u ce  r e p r o d u c ib le  r e s u l t s  b u t th e y  d epended  upon v e r y  

s m a ll  a r e a s  o f  m ig r a t io n  and, c o n s e q u e n t ly ,  la r g e  e r r o r s .  Any 

e f f e c t  o f  th e  p r o te a s e  i n h i b i t o r s  ap p eared  t o  be m asked by t h i s .

I abandoned t h i s  ap proach  and a d a p ted  th e  p r i n c i p l e  t o  th e  

much more i n t e r e s t i n g  p r o c e s s  o f  d iv id in g  th e  l e u c o c y t e  m ig r a t io n  

t e s t  i n t o  tw o s t a g e s ,  w h ich  I  h ave a lr e a d y  d e s c r ib e d .  U s in g  t h i s  

t e s t  i t  was p o s s i b l e  t o  e x p lo r e  th e  mode o f  a c t io n  o f  th e  p r o t e a s e  

i n h i b i t o r s  a t  th e  s t a g e  o f  fo r m a tio n  o f  LIF and upon th e  e f f e c t  on  

th e  t a r g e t  c e l l .  By in c u b a t in g  LIF c o n ta in in g  s u p e r n a ta n t  i t  was 

a l s o  p o s s i b l e  t o  e x p lo r e  any p o s s ib l e  e f f e c t  upon th e  f o e t a l  c a l f  

serum  u se d  in  th e  c u l t u r e  medium. The r e s u l t s  a re  p u b l is h e d  (B u rd en , 

S ta c e y ,  Wood & B e l l  1979) and I  e n c lo s e  a cop y  o f  th e  p a p e r .

Our r e s u l t s  showed th a t  th e r e  was no e f f e c t  on LIF p r o d u c t io n .  

The m ain e f f e c t s  o f  e i t h e r  A p r o t in in  o r  EACA w ere on l o s t  

e f f e c t i v e n e s s  o f  LIF d u r in g  in c u b a t io n  in  medium w h ich  c o n ta in e d  

FCS and on th e  t a r g e t  c e l l .  We p o s t u la t e d  t h a t  t h i s  w as due to  

d e c r e a s e d  breakdown o f  LIF : th e  a n t ip r o t e a s e  b lo c k in g  PCS c o n t a in in g  

p r o t e a s e s  and le u c o c y t e  p r o t e a s e s .

F u r th e r  work h a s  co n firm ed  th a t  t h i s  i s  p o s s i b l y  by u s in g  

s u p e r n a ta n ts  p ro d u ced  a f t e r  in c u b a t io n  o f  ly m p h o c y te s  w i t h  PPD in  

FCS c o n t a in in g  medium in  th e  f i b r i n o l y t i c  a s s a y .

F i b r i n o l y s i s  Due t o  L e u c o c y te s  -  E f f e c t  o f  Lym phokines 

Method

S u p e r n a ta n ts  w ere d e r iv e d  from lym p h oycte  in c u b a te s  a s  d e s c r ib e d
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p r e v io u s ly .  T h ese w ere added to  ly m p h o cy te  d e p le t e d  polym orp ho

n u c le a r  l e u c o c y t e s  in  s i l i c o n i s e d  g la s s w a r e .  PPD was added t o  th e  

r e le v a n t  c o n t r o l  s u p e r n a ta n t . F o llo w in g  a 4h in c u b a t io n  f r e e  f l u i d  

was o b ta in e d  and u sed  in  th e  f i b r i n o l y t i c  a s s a y  h a v in g  b een  d i lu t e d  

1 : 1 w ith  T r is  NaCl b u f f e r .  In  a f u r t h e r  s e r i e s  o f  e x p e r im e n ts  

th e  l e u c o c y t e s  w ere re su sp en d ed  and c e l l  c o n t a in in g  f l u i d  was u se d  

in  th e  a s s a y .

TABLE

F i b r i n o l y t i c  a c t i v i t y  o f  PMNL and s u p e r n a ta n t  a f t e r  

e x p o su re  o f  PMNL t o  LIF c o n ta in in g  s u p e r n a ta n t .  R e s u l t s  o f  6 

e x p e r im e n ts  on h e a f  p o s i t i v e  s u b j e c t s  : m eans -  I SE

PMNL f r e e  

medium

PMNL c o n t a in in g  

medium

C o n tro l
S u p er n a ta n t

96 ± 29 

n g /m l/h  

131 ^ 36 

n g /m l/h

LIF c o n t a in in g  
S u p e r n a ta n t

615 ± 125 *

n g /m l/h  

760 ± 177  *

n g /m l /h

* p 0 .0 1  com pared w ith  c o n t r o l

R e s u l t s

T here was a low  amount o f  a c t i v i t y  in  b o th  c e l l  c o n t a in in g  

and c e l l  f r e e  su p e r n a ta n t  d e r iv e d  from  c o n t r o l  c u l t u r e s ,  t h i s  was 

s i g n i f i c a n t l y  g r e a t e r  th a n  t h a t  e x p e c te d  from medium a lo n e  (p 0 .0 1 )  

H ow ever, when PMNL w ere e x p o se d  t o  LIF c o n t a in in g  s u p e r n a ta n ts  th e r e  

was a marked r i s e  o f  f i b r i n o l y t i c  a c t i v i t y  ( s e e  T a b le ) .
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Discussion

L e u c o c y te s  a re  known to  p rod u ce f i b r i n o l y t i c  enzym es and t h i s  

in c r e a s e  in  a c t i v i t y  due t o  ly m p h o k in e (s )  was n o t  u n e x p e c te d  b e c a u s e  

l e u c o c y t e  ly so z y m e s  and p ro b a b ly  p la sm in o g en  a c t i v a t o r  p r o d u c t io n  

can  b e  s t im u la t e d  by th e  ly m p h o k in es .

E f f e c t  o f  EACA and A p r o t in in  Upon E x c e s s  F i b r i n o l y t i c  A c t i v i t y  o f  

PMNL E xposed  t o  LIF C o n ta in in g  S u p e r n a ta n ts

A s i m i l a r  s e r i e s  o f  e x p e r im e n ts  w ere p erfo rm ed  t o  e l u c i d a t e  

th e  e f f e c t  o f  th e  a n t ip r o t e a s e s .

M ethod

7
As p r e v io u s ly ,  PMNL (1 x 1 0  /m l)  w ere e x p o se d  to  c o n t r o l  o r  

LIF c o n ta in in g  s u p e r n a ta n ts ,  b u t w ith  a d d i t io n a l  su b g ro u p s  

c o n t a in in g  EACA (O.OIM) o r  A p r o t in in  2 0 0 iu /m l.  O nly c e l l  

c o n ta in in g  medium was a s s a y e d .

TABLE

F i b r i n o l y s i s  by PMNL, c o n t r o l  and a c t iv a t e d  : E f f e c t  o f  EACA 

and A p r o t in in .  Means -  ISE r e s u l t s  in  n g /m l/h r ,  10 e x p e r im e n ts  on e  

on ea c h  o f  10 h e a f  p o s i t i v e  s u b j e c t s .

C o n tro l LIF c o n t a in in g
S u p er n a ta n t S u p er n a ta n t

PMNL c o n t a in in g  medium 101 * 29 815 * 149

+ EACA (O.OIM) 88 * 2 7  707 * 118

+ A p r o t in in  2 0 0 iu /m l 81 *  31 548  *  69
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Results

PMNL c o n ta in in g  medium o b ta in e d  from  10 s e p a r a t e  h e a f  p o s i t i v e  

s u b j e c t s  gave s i m i l a r  r e s u l t s  in  b o th  c o n tr o l  and LIF c o n t a in in g  

s u p e r n a ta n t  to  th e  p r e v io u s  e x p e r im e n t. E i th e r  EACA o r  A p r o t in in  

red u ced  f i b r i n o l y s i s  in  th e  c o n t r o ls  by ab out 10% ( s i g n i f i c a n c e  p ^ 0 .0 5 )  

When th e  PMNL w ere e x p o se d  to  LIF c o n ta in in g  su p e r n a ta n t  f i b r i n o l y s i s  

was 815 * 149 n g /m l/h  w h ich  was s i g n i f i c a n t l y  red u ced  by b o th  EACA 

t o  707 *  118 n g /m l/h  p ^ O .O l (p a ir e d  t  t e s t )  and A p r o t in in  5 4 3  * 69  

n g /m l/h r  (p 4  0 . 0 1 ) .  A p r o t in in  red u ced  f i b r i n o l y s i s  by more th a n  th e  

EACA, and t h i s  d i f f e r e n c e  was s i g n i f i c a n t  ( p < 0 . 0 5 ) .

D is c u s s io n

I f  o u r  e x p la n a t io n  o f  en h anced  le u c o c y t e  m ig r a t io n  i n h i b i t i o n  

due to  th e s e  a n t ip r o t e a s e s  w ere s u f f i c i e n t ,  LIF i s  c a p a b le  o f  b e in g  

a c t iv a t e d  by PMNL en zym es. T h is  p r o t e o l y s i s  can be p r e v e n te d  by 

EACA and A p r o t in in .  I t  w ou ld  th en  seem  r e a s o n a b le  t o  e x p e c t  t h e s e  

a n t ip r o t e a s e s  t o  e x e r t  a s i m i l a r  e f f e c t  on PMNL f i b r i n o l y s i s .  The 

r e a so n  f o r  th e  d i s p a r i t y  b etw een  th e  EACA and A p r o t in in  r e s u l t s  may 

n o t  be due t o  any d i f f e r e n c e  in  a c t io n  in  th e  LMT, b u t a d i f f e r e n t  

e f f e c t  upon th e  f i b r i n o l y t i c  sy s te m  : th e  l e s s  s e l e c t i v e  a n t ip r o t e a s e  

b e in g  more e f f e c t i v e .

The h y p o t h e s is  i s  o n ly  p a r t i a l l y  su p p o r te d  b y  t h e s e  r e s u l t s ,  

o n e  o f  th e  a n t ip r o t e a s e  (p resu m a b ly  EACA) c o u ld  b e  more a c t i v e  

i n t r a c e l l u l a r l y  in  d e c r e a s in g  th e  m ig r a t io n .
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Conclusion

The a ttem p t t o  d em o n stra te  an a l l i e d  e f f e c t  t o  th e  PMNL 

m ig r a t io n  i n h i b i t i o n  en h a n cem en t, e q u a l f o r  b o th  EACA and A p r o t in in  

f a i l e d .  The r e s u l t s  in d i c a t e  th e  v i r t u e  o f  s e r e n d i p i t y ,  f o r  

ly m p h o k in e (s )  c o n t a in in g  s u p e r n a ta n ts  en h an ce PMNL p r o t e o l y s i s .

The E f f e c t  o f  th e  A n t ip r o te a s e  EACA and A p r o t in in  Upon L ym phocyte  

T r a n sfo rm a tio n

H irsch h o rn  e t  a l  d em o n stra ted  th a t  EACA r e d u c e s  sp o n ta n e o u s  

and PHA a c t iv a t e d  ly m p h o cy te  tr a n s fo r m a t io n . T h is  a p p l ie d  to  o th e r  

r e la t e d  s y n t h e t i c  l y s i n e  d e r i v a t i v e s  b u t n o t  a n t ip r o t e a s e s  w ith  

l a r g e r  m o le c u la r  w e ig h t s .  T h e ir  s t u d ie s  u t i l i s e d  s e p a r a te d  

ly m p h o c y te s ;  b e s id e s  d e m o n str a t in g  im p a ired  u p ta k e  o f  th y m id in e  

in  th e  p r e s e n c e  o f  EACA th e y  a l s o  a ttem p ted  to  d e f in e  th e  b io c h e m ic a l  

s i t e  o f  th e  l e s i o n .

I t  i s  im p o r ta n t t o  c o n firm  t h e i r  r e s u l t s ,  s i n c e  my w ork on  

th e  LMT had s u g g e s te d  an o p p o s i t e  e f f e c t .  The e f f e c t  o f  th e  a n t i 

p r o t e a s e s  was t e s t e d  on b o th  s e p a r a te  ly m p h o c y tes  and on w h o le  b lo o d .

M eth od ology

The m ethods f o r  b o th  th e  s e p a r a te d  ly m p h o cy te  and w h o le  b lo o d  

ly m p h o cy te  b la s t o g e n e s i s  h ave b een  p r e v io u s ly  d e s c r ib e d .

S e p a r a te d  L ym phocytes

i )  L ym phocytes from  tw o v o lu n t e e r s  w ere o b ta in e d  on tw o o c c a s io n s .  

The s u s p e n s io n s  w ere d iv id e d  i n t o  a l iq u o t s  and d o se  r e s p o n s e s  f o r  EACA 

and A p r o t in in  in  c o n t r o l  and PHA c u l t u r e s  w ere p erfo rm ed . The d o se
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ra n g e fo r  EACA was from O.OOIM t o  O.IM, t h a t  o f  A p r o t in in  from

1 -5 0 0  u n i t s /m l .  F o llo w in g  in c u b a t io n  and th y m id in e  l a b e l l i n g  th e  

c e l l s  w ere h a r v e s t e d ,  w ashed and th e  th y m id in e  in c o r p o r a t io n  a s s e s s e d  

(DPM). T e s ts  f o r  c e l l  v i a b i l i t y  w ere a l s o  p erform ed  by tr y p a n  b lu e  

e x c lu s io n  w ith  EACA, A p r o t in in  and PHA.

i i )  T hym idine in c o r p o r a t io n  was a s s e s s e d  in  te n  s u b j e c t s  ly m p h o c y te s  

in  c o n t r o l  and PHA c u l t u r e s  e x p o se d  t o  e i t h e r  i s o t o n i c  s a l i n e ,  

i s o t o n i c  s a l i n e  0.1% , EACA O.OIM and A p r o t in in  3 0 0 iu /m l.

125
i i i )  I io d o x y u r id in e  in c o r p o r a t io n  was a s s e s s e d  in  t h r e e  s u b j e c t s  

ly m p h o cy tes  when ex p o sed  s i m i l a r l y .

i v )  The e f f e c t s  o f  a n t ip r o t e a s e s  (EACA, O.OIM, A p r o t in in  3 0 0 iu /m l)

on PHA s t im u la t e d  o r  c o n tr o l  c u l t u r e s  o f  ly m p h o cy tes  (from  4 s u b j e c t s )  

14in c o r p o r a t io n  o f  C l e u c in e  was a s s e s s e d  a t  th e  v a r io u s  t im e s ,  5 m in s ,

1430 m in s , 60  m in s , 4 h o u r s , 12 h o u r s , 24 h o u rs and C AIBA a t  24 h o u r s . 

R e s u lt s

A n t ip r o te a s e  d o se  r e s p o n s e  -  th e  d o se  r e s p o n s e  I n d ic a t e d  t h a t  

EACA had no e f f e c t  on c o n tr o l  c o u n t s .  In  th e  p r e s e n c e  o f  PHA, EACA 

had l i t t l e  e f f e c t  a t  low  c o n c e n t r a t io n s ,  p r o d u c in g  m axim al e f f e c t s  

a t  O.IM when th e r e  was s i g n i f i c a n t  c e l l  k i l l i n g  ( s e e  l a t e r ) .

S i g n i f i c a n t  d e p r e s s io n  o f  th y m id in e  in c o r p o r a t io n  w ith o u t  c e l l  d e a th  

w ith  b o th  PHA and EACA o c c u r r e d  a t  O.IM. A p r o t in in  p ro d u ced  s l i g h t  

in c r e a s e  in  th y m id in e  in c o r p o r a t io n  a t  100 and 3 0 0 iu /m l ( p ^ 0 . 0 5 ) .

When 0.1% FCS was

added a t  ea ch  d o se  c o n c e n t r a t io n  o f  A p r o t in in ,  th e r e  was no o b s e r v a b le  

e f f e c t  on in c r e a s e d  c o u n ts .  T here was no s i g n i f i c a n t  d i f f e r e n c e  in  

c o u n ts  w ith  A p r to in in  and PHA a t  any d o se  exam in ed .
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Trypan b lu e  dye e x c lu s io n  -  th e  r e s u l t s  o f  e x p e r im e n ts  on  

tr y p a n  b lu e  dy e x c lu s io n  h ave a lr e a d y  b een  p u b lis h e d  w ith  PPD 

(B urden e t  a l ,  1 9 7 8 ) .  They s u g g e s t e d  no s i g n i f i c a n t  k i l l i n g  

u n t i l  EACA O.IM, and A p r o t in in  a t  5 0 0 iu /m l;  PHA and th e  

a n t ip r o t e a s e s  p ro d u ced  a s i m i l a r  e f f e c t .

F u r th e r  c o n f ir m a t io n  o f  e f f e c t  on th y m id in e  in c o r p o r a t io n :

TABLE

E f f e c t  o f  A n t ip r o te a s e  upon PHA s t im u la t e d  th y m id in e  

in c o r p o r a t io n ;  m eans and ra n g e  (xlO O O )dpm ., te n  s u b j e c t s  

s e p a r a te d  ly m p h o c y te s .

Group C o n tr o l PHA

I s o t o n i c  s a l i n e  6 ,5 0 0  ( 2 -  8) 1 2 5 ,0 0 0  (8 0 -1 4 4 )

I s o t o n i c  s a l i n e  +
0.1% FCS 1 1 ,1 0 0  (9 - 1 5 )  1 1 5 ,0 0 0  (7 7 -1 3 9 )

EACA O.OIM 6 ,1 0 0  ( 2 -  7) 3 9 ,0 0 0  (3 6 -  4 4 )

A p r o t in in  3 0 0 iu /m l 9 ,2 0 0  (7 -1 1 )  1 2 9 ,0 0 0  (8 9 -1 4 6 )

A p r o t in in  3 0 0 iu /m l +
0.1% FCS 1 2 ,0 0 0  (8 - 1 5 )  1 3 2 ,0 0 0  (7 7 -1 4 8 )

In  te n  s u b j e c t s  EACA was fou n d  t o  red u ce  th y m id in e  

in c o r p o r a t io n  i n  PHA s t im u la t e d  ly m p h o c y te s , from  125 ,0 0 0 cp m  (mean) 

t o  39 ,000cp m  (m ean) -  p ^  0 .0 5  u s in g  th e  Mann W hitney W llco x o n  *U' 

t e s t .  FCS in  a low  c o n c e n t r a t io n  (0.1% ) p rod u ced  s i g n i f i c a n t  

i n c r e a s e s  in  c o u n ts  in  th e  c o n t r o l  ly m p h o c y te s:  p 4  0 .0 5  (U t e s t )  

b u t had no s i g n i f i c a n t  e f f e c t  upon PHA c o u n ts .  A p r o t in in  i n  some 

p a t i e n t s  p ro d u ced  s i g n i f i c a n t  s t im u la t io n ,  b u t t h i s  was n o t  as  

marked as w ith  FCS. When th e  e f f e c t  o f  A p r o t in in  and 0.1% FCS w as 

exam in ed  th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  from  FCS u se d  a lo n e .
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125jt I d o x y u r id in e

125R a th er  th an  th y m id in e  th e  e m it t in g  I id o x y u r id in e  w as added  

a s  l a b e l ,  f o r  a s h o r t e r  l a b e l  in c u b a t io n  p e r io d  b e c a u s e  o f  th e  

p rob lem  o f  'h o t '  s u i c i d e .

TABLE

125
I n c o r p o r a t io n  o f  I io d o x y u r id in e  in t o  s e p a r a te d  ly m p h o c y tes  

e f f e c t  o f  EACA and A p r o t in in .  Means and ran ge (xlO O )cpm , 3 s u b j e c t s

C o n tro l PHA

I s o t o n i c  s a l i n e  520 ( 2 -  9 ) 5 1 ,0 0 0  (4 1 0 -6 3 0 )

+ 0 .1 %  FCS 987 (6 - 1 2 )  5 3 ,0 0 0  (4 3 0 -6 3 0 )

EACA O.IM 499 ( 2 -  9 ) 2 5 ,0 0 0  (2 1 0 -3 2 0 )

A p r o t in in  300 iu /m l 875 (7 - 1 0 )  4 9 ,0 0 0  (3 9 0 -6 1 0 )

+ 0 .1 %  FCS 989 (8 - 1 1 )  5 4 ,0 0 0  (4 4 0 -6 5 0 )

The r e s u l t s  d em o n stra ted  a s i m i l a r  tr e n d  to  th a t  fou n d  w ith  

th y m id in e  as l a b e l  : FCS and A p r o t in in  en h an ced  c o u n ts  s i g n i f i c a n t l y  

( p 4. 0 .0 5 )  in  c o n t r o l  a s s a y s ;  EACA red u ced  PHA s t im u la t e d  c o u n ts  

(puCO .O l) b u t n o t  th e  c o n t r o l s .

14C L eu c in e  I n c o r p o r a t io n

S e p a r a te d  ly m p h o cy tes  w ere o b ta in e d  from 4 s u b j e c t s ,  su sp e n d ed

in  medium and 10% a u to lo g o u s  serum  and e x p o sed  e i t h e r  t o  i s o t o n i c

14s a l i n e  a s  c o n t r o l  o r  t o  PHA. L a b e l l in g  w ith  C l e u c in e  was 

a tte m p te d  a t  v a r io u s  t im e s ,  e i t h e r  im m e d ia te ly  w ith  h a r v e s t in g  a t  

5 , 30 and 60  m in u te s  and 4 and 12 h o u r s , o r  a f t e r  4 h o u rs p re
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in c u b a t io n  and h a r v e s t in g  a t  24 h o u r s .

The f i r s t  3 t im e  i n t e r v a l s  -  5 ,  30 and 60 m in u te s  g a v e  no 

s t a t i s t i c a l  d i f f e r e n c e  b etw een  PHA s t im u la t e d  and c o n t r o l  c o u n t s ,  

and n e i t h e r  EACA n o r  A p r o t in in  a f f e c t e d  th e  c o u n ts  ( T a b le ) .

TABLE

14
C L eu c in e  in c o r p o r a t io n  (d m p ), means and r a n g e s  o f  

d e te r m in a t io n s  in  4 s u b j e c t s .

C o n tr o l PHA

0 125 (6 5 -2 1 5 )  130 (6 0 -2 1 0 )

5m ins EACA 127 (6 3 -2 2 1 )  135 (6 9 -1 9 8 )

A p r o t in in  119 (5 7 -2 1 9 )  124 (6 8 -2 0 7 )

0 121 (7 1 -1 9 1 )  125 (7 5 -1 8 7 )

30m ins EACA 125 (5 9 -2 0 1 )  131 (7 7 -2 1 0 )

A p r o t in in  130 (7 2 -2 1 0 )  135 ( 7 3 - 2 1 3 )

0 161 (9 3 -2 3 3 )  171 ( 9 8 - 2 3 8 )

60m ins EACA 168  (9 8 -2 1 9 )  175 (9 5 - 2 3 5 )

A p r o t in in  177  (8 9 -2 5 9 )  173  (9 2 -2 3 6 )

At 4 h o u rs  th e r e  was in  one s u b j e c t  a s i g n i f i c a n t  in c r e a s e  

14in  C in c o r p o r a t io n  -  c o n t r o l  145 (8 9 -1 7 8 )  PHA 210  (1 8 3 - 2 6 1 )  

dpm ( p ^ 0 . 0 5 ,  U t e s t )  w h ich  was i n h i b i t e d  by EACA b u t n o t  

A protin in-E A C A  c o n tr o l  151 (9 3 - 1 8 3 ) ;  PHA 185 ( 1 5 2 - 2 1 1 ) ;  A p r o t in in  

c o n t r o l  141 (8 5 - 1 7 1 ) ;  PHA 232 (1 9 5 - 2 6 6 ) .  The o th e r  s u b j e c t s  

show ed no s i g n i f i c a n t  d i f f e r e n c e  b etw een  c o n tr o l  and PHA s t im u la t e d  

c o u n t s ,  n or w ith  th e  a d d it io n  o f  EACA o r  A p r o t in in .
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At 12 h o u r s , 2 o f  th e  4 s u b j e c t s  show ed a s i g n i f i c a n t  in c r e a s e  

in  in c o r p o r a t io n .

TABLE

14E f f e c t  o f  PHA, EACA and A p r ù tin in  on C L eu c in e  in c o r p o r a t io n  

a t  12 h o u r s , 2 s u b j e c t s ,  means w ith  ra n g es  e x p r e s s e d  a s  dpm.

C o n tr o l PHA

C o n tro l 144 (1 1 1 -1 7 3 )  291  (2 4 0 -3 4 9 )

EACA 137 (1 0 3 -1 6 9 )  209  (1 7 1 -2 4 7 )

A p r o t in in  159 (1 2 3 -1 9 8 )  314 (2 5 3 -3 6 6 )

EACA s i g n i f i c a n t l y  (p ^ 0 .0 5 )  red u ced  th e  PHA s t im u la t e d

14in c o r p o r a t io n ,  b u t n o t  th e  c o n tr o l  in c o r p o r a t io n  o f  C 

A p r o t in in  had no s i g n i f i c a n t  e f f e c t .

At 24 h o u rs  a l l  4 s u b j e c t s  showed a s i g n i f i c a n t l y  in c r e a s e d  

14in c o r p o r a t io n  o f  C L eu c in e  w ith  PHA, e n a b lin g  th e  f u l l  ex p e r im e n t  

t o  b e  p erfo rm ed .

TABLE

14E f f e c t  o f  PHA, EACA, A p r o t in in  on C L eu c in e  in c o r p o r a t io n  (dpm) 

a f t e r  24 h o u rs in c u b a t io n .  Means w ith  ran ge f o r  4 s u b j e c t s .

C o n tro l PHA

C o n tr o l 210  (1 6 9 -2 6 1 )  543 (5 1 5 -6 0 5 )

EACA 205 (1 7 7 -2 4 9 )  319  (2 7 4 -3 7 6 )

A p r o t in in  249 (2 2 3 -2 9 9 )  589 (5 4 4 -6 6 3 )

The v a r i a t i o n  in  r e s u l t s  was s i g n i f i c a n t l y  l e s s  a f t e r  t h i s  

lo n g e r  in c u b a t io n .  EACA red u ced  ( s i g n i f i c a n t l y ,  p<  0 .0 5 )  th e  dpm
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in  th e  PHA s t im u la t e d  group b u t had no e f f e c t  on th e  c o n t r o l  c o u n t s .  

A p r o t in in  in  one s u b j e c t  p rod u ced  s i g n i f i c a n t l y  in c r e a s e d  in c o r p o r a t io n  

in  th e  c o n t r o l  a n a ly s i s  (2 6 3 , ran ge 2 4 1 -2 9 9  dpm com pared w ith  

1 8 9 , 1 6 9 -2 3 4 ) b u t i n  o th e r  s u b j e c t s  no s i g n i f i c a n t  e f f e c t  upon 

e i t h e r  c o n t r o ls  o r  PHA s t im u la te d  v a lu e s .

U ptake o f  AIBA

T h is  was o n ly  a s s e s s e d  a t  24 h o u r s . PHA p rod u ced  s i g n i f i c a n t  

i n c r e a s e s  in  dpm in  a l l  fo u r  s u b j e c t s ,  and th e  in f lu e n c e  o f  th e  

a n t ip r o t e a s e s  i s  shown in  th e  T a b le . L abel p e r io d  w as 12 h o u r s .

TABLE

The e f f e c t  o f  EACA and A p r o t in in  upon PHA s t im u la t io n  o f  AIBA 

in c o r p o r a t io n  (dpm) means w ith  ra n g es  in  4 s u b j e c t s .

C o n tro l PHA

C o n tro l 759 (6 9 8 -8 2 5 )  1 8 2 3  (1 7 9 9 -1 9 4 7 )

EACA O.OIM 735 (6 7 5 -7 9 8 )  941 (  8 7 3 -1 0 2 1 )

A p r o t in in  (3 0 0 iu /m l)  815 (7 3 2 -8 7 8 )  1 8 1 1  (1 7 2 1 -2 0 0 3 )

EACA s i g n i f i c a n t l y  (p ^ 0 .0 5 ,  U t e s t )  i n h i b i t e d  th e  in c o r p o r a t io n

o f  AIBA in  th e  PHA grou p , h a v in g  no s i g n i f i c a n t  e f f e c t  i n  th e  c o n t r o l  

g ro u p . A p r o t in in ,  s i g n i f i c a n t l y  en h anced  th e  c o n t r o l  c o u n ts  

(p  ( 0 . 0 5 ,  U t e s t )  b u t had no s i g n i f i c a n t  e f f e c t  upon PHA s t im u la t e d  

in c o r p o r a t io n .

D is c u s s io n

I h ave co n firm ed  th e  f in d in g s  o f  H irsch h o rn  e t  a l  t h a t  EACA 

i n h i b i t s  th e  in c o r p o r a t io n  o f  th y m id in e  in t o  PHA s t im u la t e d  ly m p h o c y te s
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In a s i m i l a r  a n a ly s i s  t o  h e r s ,  I exam in ed  th e  l i k e l y  c a u s e s .  The 

d e c r e a s e d  u p ta k e  may h ave b een  due to  ly m p h o cy te  d e a th . T here was 

no m o r p h o lo g ic a l e v id e n c e  f o r  t h i s ,  and tr y p a n  dye e x c lu s io n  d id  

n o t  s u g g e s t  t h a t  t h i s  was im p o r ta n t . T hese w ere b lu n t  end  p o i n t s ,  

b u t th e r e  was no e f f e c t  upon c o n t r o l  c o u n ts ,  and H ir s h c h o m  e t  a l  

had shown th a t  th e  EACA e f f e c t  c o u ld  be d i s p e l l e d  by w a sh in g  -  

as in  my own work (B urden e t  a l , 1 9 7 8 ) .

The e f f e c t  o f  EACA c o u ld  b e d e t e c t e d  u s in g  th e  3 p a ra m e ter s  o f

s t im u la t io n ,  RNA: DNA: and amino a c id  u p ta k e . The work o f

H irsch h o rn  had exam in ed  v a r io u s  e x p la n a t io n s  o f  t h i s  e f f e c t  -  t h a t

EACA a f f e c t e d  th e  sod ium  pump -  and t h a t  p r o t e in  s y n t h e s i s  may be

d im in is h e d  p r io r  t o  RNA o r  DNA c h a n g e s . My own d a ta  was p a r t l y  in

14c o n f l i c t  w ith  t h e i r  f i n d i n g s .  They s u g g e s te d  t h a t  C L e u c in e

in c o r p o r a t io n  was d e c r e a s e d  a f t e r  RNA s y n t h e s i s .  To t e s t  t h i s  id e a

th e y  had exam in ed  th e  e f f e c t s  o f  EACA o r  c y c lo -h e x tm id e  an i n h i b i t o r

14o f  p r o t e in  s y n t h e s i s  upon L eu c in e  C in c o r p o r a t io n  and u r id in e  

in c o r p o r a t io n  w h ich  marked RNA s y n t h e s i s .  C y c lo h ex im id e  i n h i b i t e d  

p r o t e in  in c o r p o r a t io n  b u t had no e f f e c t  upon u r id in e  in c o r p o r a t io n .

I do n o t  b e l i e v e  t h a t  th e  e x a c t  t im e  o f  th e  e f f e c t  o f  EACA i s  

im p o r ta n t , m ost o f  th e  s u b s t r a t e s  exam ined  a re  t r a n s p o r t  d ep en d en t  

and t h i s  may be th e  u l t im a t e  e x p la n a t io n  r a th e r  th an  H ir s c h h o r n 's  

p o s t u la t e  th a t  EACA i n t e r f e r e s  w ith  p r o t e o l y t i c  c o n t r o l  o f  DNA 

t r a n s c r ip t io n  s i t e s .  Even i f  th e  l a t t e r  e x p la n a t io n  h o ld s ,  th e  

c l i n i c a l  f e a t u r e s  a re  s t i l l  r e le v a n t ,  and i t  was in  t h i s  c o n te x t  

th a t  f u r t h e r  e x p e r im e n ts  w ere  p erform ed  on w h o le  b lo o d  c u l t u r e s .
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Effect of EACA on PHA Transformation in Whole Blood Thymidine
Incorporation

Method

The w h o le  b lo o d  m ethod was u s e d , d i l u t e d  w h o le  b lo o d  was 

d e l iv e r e d  in  2 0 0 u ls  a l iq u o t s  i n t o  a m u l t i c e l l  c u l t u r e  c o n t a in e r ,  

and to  24 r e p l i c a t e s  eq u a l vo lum es o f  e i t h e r  i s o t o n i c  s a l i n e , o r  

EACA in  0 .0 0 0 1 ,  0 .0 0 1 ,  O.OIM c o n c e n t r a t io n  was ad ded . At ea ch  

c o n c e n t r a t io n  o f  EACA, PHA was added t o  12 r e p l i c a t e s .  The 

e x p e r im e n ts  w ere r e p e a te d  on 12 s u b j e c t s .

R e s u lt s

The r e s u l t s  a re  e x p r e s s e d  in  th e  T a b le . At no c o n c e n t r a t io n  

o f  EACA was th e r e  a s i g n i f i c a n t  ch an ge in  c o n t r o l  c o u n ts .  PHA 

s t im u la t e d  v a lu e s  f e l l  e x p o n e n t ia l ly  from 1 5 6 ,0 6 7  ± 1 9 ,0 9 4  (8EM) 

to  2 3 ,1 2 6  * 2 ,4 0 6  a t  th e  c o n c e n t r a t io n  o f  O.OIM, o b v io u s ly  h ig h ly  

s i g n i f i c a n t  ( p < 0 . 0 1 ) .

E f f e c t  o f  W ashing

D i lu t e d  w h o le  b lo o d  from  4 s u b j e c t s  was d iv id e d  i n t o  2 a l i q u o t s ,  

i s o t o n i c  s a l i n e  o r  PHA was added t o  e i t h e r .  Each was th e n  d iv id e d  

i n t o  a f u r t h e r  2 a l i q u o t s ,  i s o t o n i c  s a l i n e  o r  EACA was ad ded . A f t e r  

24 h o u rs in c u b a t io n  th e  fo u r  a l i q u o t s  w ere c e n t r i f u g e d  (5  m in s , 

10 ,000rp m ) th e  s u p e r n a ta n t  d is c a r d e d ,  c e l l s  r e su sp e n d e d  in  medium and 

r e c e n tr ig u g e d  ( x 3 ) . The c o n t r o ls  -  n o t  c o n ta in in g  PHA -  w ere th e n  

ea c h  d iv id e d  i n t o  a f u r t h e r  2 a l i q u o t s .  I s o t o n i c  s a l i n e  o r  PHA w as 

added .
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TABLE E f f e c t  o f  EACA o r  A p r o tin in  on Lym phocyte T ra n sfo rm a tio n  and

th e  a c t io n  on PHA Enhanced T hym idine U ptake ( c . p . m . ; m eans * SEM)

EACA O.OOOIM 

0 . OOIM 

O.OIM

PHA added

1 5 6 ,0 6 7  ± 1 9 ,0 9 4  

1 3 1 ,1 9 9  ± 2 0 ,1 3 7  

7 8 ,8 9 7  ^ 8 ,9 7 6

2 3 ,1 2 6  ^ 2 ,4 0 6

1 ,9 7 4  ±  194  

1 ,8 8 8  ±  2 0 7  

1 ,9 1 5  ± 315  

2 ,0 2 7  ^ 199

A p r o t in in

100 iu /m l  

200 iu /m l  

300 iu /m l

1 6 2 ,0 7 1  ± 2 1 ,1 2 3  

1 5 5 ,0 5 2  ± 1 8 ,7 9 8  

1 6 0 ,0 0 1  ^ 2 0 ,0 5 4

1 0 ,1 7 5  ^ 1210  

1 2 ,7 1 6  i  1354  

1 5 ,5 6 6  ± 1419
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The 6 g ro u p s w ere th en  p la t e d  o u t in  th e  c o n v e n t io n a l  m anner; 

b u t th y m id in e  was added im m e d ia te ly  and th e  c e l l s  w ere h a r v e s t e d  

a f t e r  12 h o u r s .

R e s u l t s

As can  b e  s e e n  in  th e  T a b le , th e r e  was an e f f e c t  due t o  EACA 

d u r in g  th e  in c u b a t io n  w ith  th e  w h o le  b lo o d  c o n t a in in g  PHA. T h is  was 

a p p a r e n t ly  r e v e r s e d  by w a sh in g , b e c a u se  th e  c e l l s  ex p o se d  j u s t  t o  

EACA, th e n  w ashed  and e x p o sed  t o  PHA resp o n d ed  a s  w e l l  a s  t h o s e  n o t  

e x p o se d  t o  EACA.

TABLE E f f e c t  o f  w a sh in g  upon EACA e f f e c t

A d d it io n I s o t o n ic
S a l in e

S a lin e/P H A  
o r  EACA w ashed

PHA
a lo n e

I s o t o n i c
s a l i n e

EACA

9 ,5 4 3  i  921

8 ,9 8 1  -  954

3 3 ,1 2 9  -  2098

3 5 ,2 9 2  -  1 8 9 7 ’

1 2 1 ,1 1 1  ^  2 0 ,9 8 7

2 0 6 ,2 1 4  *  1 4 ,1 4 3 *

’ n o t  s i g n i f i c a n t  com pared w ith  c o n t r o l  

* com pared w ith  c o n t r o l  p ^  0 .0 5

E f f e c t  o f  A p r o t in in  upon PHA T ra n sfo rm a tio n  in  W hole B lo o d

Method

U sin g  th e  w h o le  b lo o d  m ethod , 24 r e p l i c a t e s  o f  2 0 0 u ls  a l i q u o t s  

o f  d i l u t e  w h o le  b lo o d  was d e l iv e r e d  t o  a m u l t ip le  c e l l  c u l t u r e  p l a t e ,  

and eq u a l vo lum es o f  e i t h e r  i s o t o n i c  s a l i n e ,  A p r o t in in  in  1 0 0 , 2 0 0 ,  

3 0 0 iu /m l was added . PHA was added t o  12 r e p l i c a t e s  o f  ea c h
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c o n c e n t r a t io n .  The e x p e r im e n ts  w ere r e p e a te d  on 6 s u b j e c t s .

R e s u lt s

A p r o t in in  p rovok ed  a s i g n i f i c a n t l y  ( p f O . 0 5 )  in c r e a s e d  

in c o r p o r a t io n  o f  th y m id in e  a t  e a c h  c o n c e n tr a t io n *  ex a m in ed , sh o w in g  

a d o se  r e s p o n s e  (T a b le ) . In  th e  p r e s e n c e  o f  PHA t h i s  in c r e a s e  was 

n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  in  any e x p e r im e n t .

D is c u s s io n

The e f f e c t  o f  EACA on a w h o le  b lo o d  sy s te m  i s  a n a la g o u s  t o  

t h a t  on s e p a r a te d  ly m p h o c y te s ; th e  f in d in g  th a t  th e  e f f e c t  can  be  

e l im in a t e d  by w a sh in g  s u g g e s t s  a r e v e r s i b l e  ch a n g e . S in c e  A p r o t in in  

d o es  n o t  h a v e  t h i s  e f f e c t ,  i t  w ou ld  seem  u n l ik e ly  t h a t  th e  e f f e c t  

o c c u r r e d  a t  th e  l e v e l  o f  th e  c e l l  membrane. The e x p la n a t io n  f o r  

th e  en h an ced  th y m id in e  in c o r p o r a t io n  p rod u ced  by A p r o t in in  p erh a p s  

l i e s  in  i t s  p o s s ib l e  a n t i g e n i c i t y .  I t  i s  d e r iv e d  from  B o v in e  l u n g , 

a n a p h y la c t ic  e f f e c t s  h ave b een  r e p o r te d  c l i n i c a l l y  (Com. S a f e t y  o f  

M e d ic in e s )  ev en  th ou gh  r a r e ly .  An a l t e r n a t i v e  e x p la n a t io n  c o u ld  l i e  

in  i t s  com plex  a n t ip r o t e a s e  b e h a v io u r . I t  i s  an e f f i c i e n t  a n t a g o n is t  

o f  p r o te a s e  a c t in g  on th e  K in in  s y s te m . I t  w ou ld  b e  e n t i r e l y  l o g i c a l  

t o  p r e d ic t  th a t  th e  k in in s  w ou ld  be c a p a b le  o f  in d u c in g  o r  en h a n c in g  

ly m p h o cy te  t r a n s fo r m a t io n .  They a re  known t o  be c h e m o ta c t ic ,  and  

p ro b a b ly  do in d u c e  lym phokine r e l e a s e .  A m u l t i h i t  sy s te m  w hereby  

k in in s  s t im u la t e  th e  p r o d u c t io n  o f  in f la m m a tio n  e n c o u r a g in g  th e  

m ig r a t io n  o f  ly m p h o c y te s , and s im u lt a n e o u s ly  p ro d u ce  e a r ly  ly m p h o cy te  

tr a n s fo r m a t io n  m igh t b e e x p e c te d .

I t  seem ed r e a s o n a b le  t o  e x te n d  t h i s  work in  v i v o .  The L ew is  

Lung sarcom a m odel was c h o se n . The m ethod and th e  p rob lem s a s s o c i a t e d
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w ith  i t  h ave a lr e a d y  b een  e x p la in e d .  The f i r s t  p rob lem  was to  

d e f in e  th e  e f f e c t  o f  su b c u ta n e o u s  EACA in  f i b r i n o l y s i s  in  C57 b la c k  

m ic e .

The E f f e c t  o f  EACA upon F i b r i n o l y s i s  in  M ice

1 c o u ld  f in d  no p u b lis h e d  d a ta  on EACA e f f e c t s  in  m ic e . 1 

t h e r e f o r e  co n d u c ted  e x p e r im e n ts  t o  f in d  i f  i t  a f f e c t e d  f i b r i n o l y s i s ,  

i t s  e f f e c t i v e  o r  b i o l o g i c a l  h a l f  l i f e ,  and t o  f in d  i f  th e  c o n c e n t r a t io n  

w h ich  p rod u ced  i n h i b i t i o n  o f  f i b r i n o l y s i s  was t o x i c .  The i n i t i a l  

e x p e r im e n ts  w ere p erform ed  in  v i t r o .

In  V itr o  F i b r i n o l y s i s  

Method

B lo o d  a n t ic o a g u la t e d  w ith  EDTA from  20 C57 b la c k  m ice  was p o o le d .

An EACA d o se  r e s p o n s e  was c o n d u c te d , t o  fo u r  a l i q u o t s  was added  e i t h e r  

i s o t o n i c  s a l i n e  o r  O.OOOIM, O.OOIM, O.OIM EACA. The b lo o d  was th en  

u sed  in  th e  f i b r i n o l y t i c  a s s a y  a s  o u t l in e d  p r e v io u s ly .

R e s u l t s

A lth o u g h  EACA a t  th e  lo w e s t  c o n c e n t r a t io n  t e s t e d  had l i t t l e  e f f e c t ,  

t h e  r e d u c t io n  o f  f i b r i n o l y s i s  was s i g n i f i c a n t  (p ^  0 .0 5 ,  u n p a ir e d  t e s t )  

and i t  ap p ea red  t h a t  O.OIM w as a p p ro a ch in g  th e  p la t e a u  l e v e l  ( T a b le ) .  

T h is  w ou ld  b e  p r e d ic t e d  i f  sp o n ta n e o u s  f i b r i n o l y s i s  in  th e  m ouse was 

o n ly  p a r t i a l l y  p la sm in  d ep en d en t. EACA had no s i g n i f i c a n t  e f f e c t  upon 

th e  b u f f e r  c o n t r o l s .
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TABLE

In  v i t r o  e f f e c t  o f  EACA, r e s u l t s  o f  p o o le d  b lo o d  o f  5 

e x p e r im e n t s ,  r e s u l t s  e x p r e s s e d  in  n g /m l /h r ,  means ± SE

T r i s  Na C l .  B lo o d

I s o t o n i c  S a l i n e  15 ± 1 743 ± 47

O.OOOIM 1 6 . ± 2 710 ± 59

O.OOIM 14 ± 1 678  ± 35

O.OIM 15 ± 2 664  ± 61

In V iv o  F i b r i n o l y s i s

M ice w ere randomly ch o sen  from a b a tc h  o f  4 0 ,  t o  e i t h e r  e n t e r  

a c o n t r o l  group ( 1 0  a n im a ls )  o r  t o  r e c e i v e  v a r i o u s  q u a n t i t i e s  o f  

EACA s u b c u t a n e o u s ly ;  lO O uls , 2 0 0 u l s ,  5 0 0 u l s ,  o r  1ml. (1 0  a n im a ls  

in  e a c h  g rou p , c o n c e n t r a t i o n  o f  EACA was 1 .4 G /L ) .  Four h o u r s  l a t e r  

th e  a n im a ls  w ere e x a n g u in a t e d ,  b lo o d  a n t i c o a g u l a t e d  w i t h  EDTA, 

s t o r e d  on i c e  ( f o r  l e s s  than  4 h o u r s )  and a s s a y e d  f o r  f i b r i n o l y s i s .

R e s u l t s

No an im al s u f f e r e d  a d v e r s e ly  from t h e  i n j e c t i o n s  o f  EACA. The 

t a b l e  shows t h e  r e s u l t s  o f  th e  e x p e r im e n t .

TABLE

F i b r i n o l y s i s  Means ( r a n g e )
(n g /m l /h r )

I s o t o n i c  S a l i n e  721 (6 8 9  -  779 )

lOOuls EACA 710 (6 8 1  -  752)

2 0 0 u ls  EACA 694 (6 5 5  -  731)

5 0 0 u ls  EACA 654 (6 1 9  -  6 8 8 )

1ml EACA 644 (5 9 6  -  67 4 )
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The r e s u l t s  w ere a n a ly s e d  u s in g  t h e  Mann W hitney U t e s t .  T here  was 

no s i g n i f i c a n t  e f f e c t  o f  lOOuls o f  EACA, b u t  a t  2 0 0 u ls  t h e r e  was 

s l i g h t  i n h i b i t i o n ,  w h ich  became s i g n i f i c a n t  a t  SOOuls, 0 . 0 5 .

The d i f f e r e n c e  b etw een  5 0 0 u ls  and 1ml o f  EACA was n o t  s i g n i f i c a n t .

The E f f e c t  o f  Time on EACA I n h i b i t i o n  o f  F i b r i n o l y s i s

Mice w ere c h o s e n  randomly and a s s i g n e d  t o  i s o t o n i c  s a l i n e  a s  

c o n t r o l  o r  EACA ( 5 0 0 u l s )  as  p r e v i o u s l y  d e s c r ib e d .  F o l l o w i n g  t h e  

a d m i n i s t r a t i o n  o f  EACA o r  i s o t o n i c  s a l i n e  t h e y  w ere c u l l e d  a t  24  

hours and b lo o d  o b t a in e d  f o r  th e  a s s a y .

R e s u l t s

F i b r i n o l y s i s  in  th e  c o n t r o l  group o f  10 m ice  was s i m i l a r  t o  

t h a t  o b t a in e d  i n  t h e  l a s t  ex p er im en t  : 713 * 63 n g /m l /h r  b u t  was 

s t a t i s t i c a l l y  d i f f e r e n t  from t h a t  g iv e n  EACA, 621  * 44  n g / m l / h r ,  

p ^  0 . 0 5 .

D i s c u s s i o n

In t h e  mouse EACA e f f e c t s  i n h i b i t i o n  o f  s p o n ta n e o u s  f i b r i n o l y s i s ,  

b o th  in  v i t r o  and in  v i v o .  The q u a n t i t y  n eed ed  f o r  a maximum d e g r e e  

o f  i n h i b i t i o n  was a t  l e a s t  2 0 0 u l s  s u b c u t a n e o u s ly ,  and a s  5 0 0 u ls  

p rod uced  s i g n i f i c a n t  i n h i b i t i o n  o f  f i b r i n o l y s i s  24  h o u r s  l a t e r ,  

t h i s  w ould  a l l o w  some a c c u m u la t io n  i f  g i v e n  d a i l y .

The E f f e c t  o f  EACA on Growth and Body W eight

Any d e l e t e r i o u s  e f f e c t  t h a t  EACA may h ave  on m ice  b e a r i n g  tumour  

may b e  m e d ia te d  by t h e  vague b u t  im p o rta n t  a r e a  o f  m a l n u t r i t i o n .  EACA,
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5 0 0 u l s  s c ,  was t h e r e f o r e  g iv e n  t o  10 a n im a ls  d a i l y  f o r  two w eeks  

from when th e y  w ere t h r e e  w eeks o l d .  They w ere compared w i t h  a 

p e e r  group (n=10) \rfio w ere g iv e n  SOOuls i n j e c t i o n  s . c .  o f  i s o t o n i c  

s a l i n e ,  and a f u r t h e r  p e e r  group o f  1 0  m ice  g iv e n  no i n j e c t i o n s .  

T here was no ap p a ren t  d i f f e r e n c e  i n  body w e ig h t  b e tw een  t h e  g r o u p s .  

The most s i g n i f i c a n t  e f f e c t s  was a l o c a l i s e d  l o s s  o f  h a i r  a b ou t t h e  

EACA i n j e c t i o n  s i t e s .

C o n c lu s io n

EACA c a u s e s  no d i s c e r n a b l e  t o x i c  e f f e c t  t o  m ice  when g i v e n  a s  

SOOuls s u b c u t a n e o u s ly  e a c h  day; a t  t h i s  d o s e  i t  s i g n i f i c a n t l y  

r e d u c e s  s p o n ta n e o u s  f i b r i n o l y s i s .

The E f f e c t  o f  EACA upon t h e  L ew is Lung Tumour 

Method

The m ice  w ere p rep a red  as  d e s c r ib e d  ab ove;  f o r  one week b e f o r e  

tumour r e s e c t i o n  h a l f  o f  ea c h  group w ere  g iv e n  EACA. They w ere  

c h o sen  a t  random. The c o n t r o l s  w ere  g iv e n  i s o t o n i c  s a l i n e ,  a d j u s t e d  

t o  com parable  pH w i t h  i n f u s e d  COg.

R e s u l t s

I n i t i a l  e x p e r im e n ts  exam ined  t h e  fr e q u e n c y  o f  m é t a s t a s é s  and as  

can be s e e n  in  t h e  t a b l e  t h e r e  was a s i g n i f i c a n t  i n c r e a s e  in  th e  

number o f  m é t a s t a s é s  i n  th e  EACA t r e a t e d  group .
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1. C o n tr o l  n=9 

EACA n=9

2 .  C o n tr o l  n=10  

EACA n = l l

3 . C o n tr o l  n=12  

EACA n—13

4 .  C o n tro l  n= 8  

EACA n=7

mean number o f  Mets  
( r a n g e )

1 2 .5  (7  - 1 9 )

1 7 .5  ( 1 4 - 2 7 )

4

18

10
9

(0 -11) 

( 1 6 - 3 2 )

7 . 5  (1  - 1 0 )

(7  - 1 5 )  

( 6  - 1 3 )

S i g n i f i c a n c e  
(U t e s t )

0 . 0 5

p / 0 . 0 1

p / 0 . 0 5

p / 0 . 0 5

1 2 .2 5  (9  - 1 7 )

L i f e  Span

A com p ar ison  was made b etw een  s u r v i v a l  o f  EACA o r  i s o t o n i c  

s a l i n e  t r e a t e d  m ic e .

P o s t  R e s e c t i o n  S u r v iv a l

EACA n= 6

Number

1 week  

6

a l i v e  a t : -  

2  w eeks  

5

3 w eeks  

1

C o n tro l n=7 7 6 2

EACA n = l l 1 0 8 0

C o n tro l n= 1 0 1 0 9 3

EACA n= 1 2 1 2 1 0 2

C o n tro l n=13 13 1 2 5

EACA n=9 8 6 0

C o n tro l n= 8 8 8 3

The s i m p l e s t  method o f  a n a ly s i n g  t h i s  d a ta  a p p e a rs  t o  be a rank t e s t  

w h ich  w ould  be  s i g n i f i c a n t  ( p ^ 0 . 0 5 ) .
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Discussion

Both t h e  fr e q u e n c y  o f  m é t a s t a s é s  and th e  s u r v i v a l  p o s t  r e s e c t i o n  

w ere a d v e r s l y  a f f e c t e d  by EACA, a t  a d o se  w hich  im p a ired  f i b r i n o l y s i s  

T h is  d o es  n o t  n e c e s s a r i l y  im p ly  how ever ,  t h a t  a l t e r a t i o n  o f  

f i b r i n o l y s i s  was th e  predom inant c a u s e .

E f f e c t  o f  A p r o t in in  upon L ew is  Lung M é t a s ta s é s

L a tn er  e t  a l ,  (1 9 7 5 )  d e s c r ib e d  two s e p a r a t e  phenomena : 

a d i r e c t  i n j e c t i o n  o f  A p r o t in in  i n t o  tumour in  e i t h e r  h a m ste r  o r  

mouse p rod uced  s i g n i f i c a n t  tumour n e c r o s i s  when compared w i t h  an 

i s o t o n i c  s a l i n e  c o n t r o l  i n j e c t i o n ;  su b c u ta n e o u s  A p r o t in in  

s i g n i f i c a n t l y  p r o lo n g e d  th e  s u r v i v a l  o f  a d en o ca rc in o m a ta  b e a r i n g  m ice

T h is  work c l e a r l y  r e q u ir e d  r e p e a t i n g  b u t  w i t h  t h e  more 

r e a s o n a b le  c o n t r o l  o f  f o e t a l  c a l f  serum i n j e c t i o n s .

E f f e c t  o f  A p r o t in in  on Mouse Lung M é t a s t a s é s  

Method

As p r e v i o u s l y  d e s c r ib e d ,  b u t  A p r o t in in  5Q0ul o r  F .C .S .  ( 5 0 0 u l )  

g iv e n  s u b c u t a n e o u s ly  bd f o r  1 0  days b e f o r e  r e s e c t i o n  and th e n  Tml 

bd o f  e i t h e r  m a t e r i a l  f o r  1 0  d a y s .

R e s u l t s

Four e x p e r im e n ts  w ere p er fo rm ed ,  th e  r e s u l t s  a re  c a t a lo g u e d  

in  t h e  t a b l e .
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TABLE

E f f e c t  o f  A p r o t in in  upon number o f  m é t a s t a s é s  means (r a n g e )  

o f  4 e x p e r im e n t s .

Means ( r a n g e s )  S * ig n i f i c a n c e

A p r o t in in  n=4 4 ( 0 -  7)

C o n tr o l  n=4 4 . 2 5  ( 3 - 1 2 )  N .S .D .

A p r o t in in  n= 6  8 . 2 5  ( 4 - 1 6 )

C o n tr o l  n= 6  1 1 .5  ( 8 - 1 7 )  p /  0 . 0 5

A p r o t in in  n=5 8 .7 5  ( 4 - 1 2 )

C o n tr o l  n=5 8 . 2 5  ( 5 - 1 9 )  N .S .D .

A p r o t in in  n=7 2 . 2 5  ( 0 -  4)

C o n tr o l  n=7 8 .7 5  ( 6 - 1 6 )  p ^  0 . 0 1

D i s c u s s i o n

The r e s u l t s  appear u n e q u iv o c a l ,  d e s p i t e  u s in g  t h e  more 

s t r i n g e n t  c o n t r o l  o f  F .C .S .  A p r o t in in  s i g n i f i c a n t l y  r e d u ce d  th e  

f r e q u e n c y  o f  m é t a s t a s é s  in  two o f  t h e  e x p e r im e n t s ,  and th e  

c u m u la t iv e  p r o b a b i l i t y  was l e s s  th an  0 . 0 5 .  E x p e r im en ts  w ere th e n  

p erform ed  t o  exam ine th e  s u r v i v a l  o f  A p r o t in in  t r e a t e d  m ic e .

E f f e c t  o f  A p r o t in in  on Mouse S u r v iv a l

Method

As p r e v i o u s l y  d e s c r ib e d .
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P o s t  R e s e c t i o n  S u r v iv a l 1 week 2  w eeks 3 w eeks

A p r o t in in  n=9 

C o n tr o l  n= 8

A p r o t in in  n=7 

C o n tr o l  n=7

A p r o t in in  n= 6  

C o n tr o l  n= 6

A p r o t in in  n=9 

C o n tr o l  n=10

9

7

6
7

6
5

9

10

In ea c h  ex p e r im e n t  th e  A p r o t in in  t r e a t e d  m ice  f a r e d  b e t t e r  th a n  

t h e  c o n t r o l s ,  t h e  o v e r a l l  s i g n i f i c a n c e  b e in g  l e s s  th a n  0 . 0 1 .

D i s c u s s i o n

The h y p o t h e s i s  t h a t  m a n ip u la t io n  o f  f i b r i n o l y s i s  c o u ld  a l t e r  

t h e  immune r e s p o n s e ,  and have  an e f f e c t  upon tumour g ro w th ,  o r  

m é t a s t a s é s  must h a v e  been  d i s p r o v e d  by t h e s e  r e s u l t s ,  b u t  o n ly  i f  

t h i s  q u a n t i t y  o f  A p r o t in in  d o es  a f f e c t  f i b r i n o l y s i s .

E f f e c t  o f  A p r o t in in  on F i b r i n o l y s i s  i n  Mice

( i )  In V i t r o  E f f e c t s

A p r o t in in  d o s e  r e s p o n s e s  w ere p erform ed  by u s i n g  p o o le d  b lo o d  

from C57 b la c k  m ic e ,  A p r o t in in  1 , 10 ,  1 0 0 ,  200 u n i t s  w ere added t o  

e a c h  ml o f  b lo o d .
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Results

TABLE

E f f e c t s  o f  A p r o t in in  on f i b r i n o l y s i s .

Mean

C o n tr o l  754 *  55

A p r o t in in  1 743 * 49

10 748 5 7

100 731 * 35

200  692 ^ 29

The c o n t r o l  o f  f i b r i n o l y s i s ,  u s in g  in  t h i s  c a s e  i s o t o n i c  s a l i n e  

as  c o n t r o l  was 754 n g /m l /h r .  O nly a t  2 0 0 iu /m l  was t h e r e  any  

s i g n i f i c a n t  r e d u c t io n  i n  f i b r i n o l y s i s  t o  692 n g /m l /h r  C p / 0 . 0 5 ) .  

T h is  may be  a c h ie v e d  d u r in g  t r e a tm e n t  w i t h  A p r o t in in .

( i i )  In V ivo  E f f e c t s

Mice w ere  randomly e n t e r e d  i n t o  a s e r i e s  o f  g ro u p s:  c o n t r o l  

i n j e c t i o n  f o r  10 d ays  o r  A p r o t in in  s . c .  f o r  1 0  d a y s .  M ice w ere  

e x s a n g u in a t e d  a t  I h ,  3h and 6 h a f t e r  th e  i n j e c t i o n ;  f i b r i n o l y s i s  

was th e n  m easured .

R e s u l t s

Mean -  Range S i g n i f i c a n c e

I s o t o n i c  S a l i n e  n = l l  735 (6 8 7 - 7 8 3 )

A p r o t in in  Ih  n = l l  699  (6 5 1 -7 3 1

3h n = l l  729 ( 6 7 1 - 7 5 3 )  p ( 0 . 0 5

6 h n = l l  738 (6 9 5 -7 5 4 )
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The mean f i b r i n o l y s i s  o f  th e  c o n t r o l  g rou p , 735 n g /m l /h r  was 

s i g n i f i c a n t l y  d i f f e r e n t  from t h o s e  m ice  k i l l e d  one hour a f t e r  an 

i n j e c t i o n  o f  A p r o t in in ,  699  n g /m l /h r .  There was no d i f f e r e n c e  a t  

3 o r  6  h o u r s .

D i s c u s s i o n

T h is  i s  a t  t h e  end o f  th e  s e r i e s  o f  i n j e c t i o n s ,  w h ich  c o u ld  

h ave produced  an a c c u m u la t iv e  e f f e c t .  T h is  w ould  be u n l i k e l y  

w ith  t h e s e  r e s u l t s  show ing  o n ly  an a l t e r a t i o n  o f  f i b r i n o l y s i s  

o v e r  an h our .

The i n h i b i t i o n  o f  f i b r i n o l y s i s  was t h e r e f o r e  m in im al d u r in g  

th e  c o u r s e  o f  i n j e c t i o n s ,  a l th o u g h  e f f e c t s  on o t h e r  p r o t e a s e s  

may be more p r o lo n g e d ;  A p r o t in in  b e in g  a r e l a t i v e l y  non s p e c i f i c  

a n t i p r o t e a s e .

Even t h i s  m in im al i n h i b i t i o n  o f  f i b r i n o l y s i s  s h o u ld ,  a c c o r d in g  

t o  t h e  h y p o t h e s i s  w h ich  I h a v e  b een  ex a m in in g ,  p ro d u ce  an im p a ir e d  

immune r e s p o n s e .  T h is  s h o u ld  th e n  i n c r e a s e  prim ary  tumour grow th  

and fr e q u e n c y  o f  m é t a s t a s é s .  T h is  seq u e n c e  i s  u n t e n a b le  w i t h o u t  

m o d i f i c a t i o n .  E i t h e r  a c o n t i n u a l  change in  f i b r i n o l y s i s  i s  

im p o r ta n t ,  o r  t h e  a l t e r a t i o n  i n  th e  immunity was n o t  h a r m fu l .  

A l t e r n a t i v e  c o n c e p t io n s  a r e  e q u a l l y  a t t r a c t i v e ;  f o r  ex a m p le ,  t h a t  

t h e  k i n i n  -  o r  lym phokine  breakdown i s  more im p o r ta n t .

C o n c lu s io n

I h a v e  shown t h a t  b o th  a n t i p r o t e a s e s ;  t h e  s p e c i f i c  EACA and th e  

more g e n e r a l  A p r o t in in ;  have  marked e f f e c t s  upon t h e  immune s y s te m .
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Both enhance leucocyte migration inhibition to the antigen PPD.

T h is  o n ly  o c c u r s  when i n h i b i t i o n  a l r e a d y  o c c u r s .  The s i t e  o f

a c t i o n  a p p ea rs  t o  b e  c o m p a t ib le  w i t h  t h e  h y p o t h e s i s  t h a t  ly m p h o k in e (s )

by
p rod uced  in  r e s p o n s e  t o  th e  a n t i g e n  c o u ld  be l y s e d ^ p r o t e a s e s ;  t h i s  

l y s i s  c o u ld  be  red u ced  by a p p r o p r ia t e  a n t i p r o t e a s e s .  I t  w ou ld  be  

d i f f i c u l t  t o  e x t r a p o l a t e  t h e s e  r e s u l t s  t o  a c l i n i c a l  s i t u a t i o n .

The c o n t r o l  b a la n c e  w i t h i n  th e  m ig r a t io n  chamber b e tw e en  p r o t e a s e  

and a n t i p r o t e a s e  would  be c o n s i d e r a b l y  d i f f e r e n t  from i n  v i v o .  The 

lym phokine c o n c e n t r a t i o n  in  a m ig r a t io n  chamber w ou ld  be g r e a t e r  

th an  i n  v i v o ,  e x c e p t  p erh a p s  i n  c i r c u m s t a n c e s  su ch  a s  a b s c e s s  

fo r m a t io n ,  o r  around n e c r o t i c  a r e a s  o f  tum ours.

EACA i n h i b i t e d  ly m p h o cy te  t r a n s f o r m a t io n ;  A p r o t in in  o c c a s i o n a l l y  

produced  t r a n s f o r m a t i o n ,  n o t  s u r p r i s i n g  i n  v ie w  o f  t h e  f o r e i g n  

n a t u r e  o f  t h e  p r o d u c t .  T hese  r e s u l t s  su p p o r t  H i r s c h h o m ' s  

c o n t e n t io n  t h a t  EACA a c t s  a t  an i n t r a c e l l u l a r  l e v e l .  E x tr a  

c e l l u l a r  d e p r e s s i o n  o f  f i b r i n o l y s i s  a c h ie v e d  no d e p r e s s i o n  o f  

lym p hocyte  d e p r e s s i o n .  T h is  w ou ld  n o t  d i s t u r b  t h e  h y p o t h e s i s  t h a t  

f i b r i n o l y s i s  a l t e r s  t h e  immune r e s p o n s e ,  f o r  th e  e f f e c t  on r e c e p t o r  

m e ta b o lis m ,  o r  p a r t i c u l a r l y  r e c e p t o r  a n t a g o n i s t  f o r m a t io n  may t a k e  

t im e  w hich  t h e s e  e x p e r im e n ts  do n o t  a l l o w ,  b e f o r e  t h e  p r e s e n t a t i o n  

o f  th e  l i g a n d .  The number o f  PHA r e c e p t o r s  ( i f  t h e y  o c c u r  as  

d e f i n i t e  p l a c e s )  may be c o n s i d e r a b l y  g r e a t e r  th a n  t h e  number r e q u ir e d  

t o  be  bound w i t h  PHA b e f o r e  t r a n s f o r m a t io n  o c c u r s .  R e c e p to r  

b lo c k a d e  under t h e s e  c ir c u m s t a n c e s  w ould  h a v e  l i t t l e  e f f e c t .  The 

f i n a l  ' e x t e n u a t i n g  c i r c u m s ta n c e '  i s  t h a t  f i b r i n  may be  t h e  b lo c k e r ;  

b u t in  th e  p r e s e n c e  o f  h e p a r in  f i b r i n  w i l l  n o t  b e  p ro d u ced .
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In t h e  an im al model EACA a c t e d  a s  p r e d i c t e d .  A p r o t in in  had a 

m inim al e f f e c t  o f  f i b r i n o l y s i s  and a c o n v e r s e  e f f e c t  on m é t a s t a s é s .  

T h is  may im p ly  a more marked c o n t r i b u t i o n  from t h e  k i n i n  s y s te m  

t o  m é t a s t a s é s  fo r m a t io n  th an  p r e s e n t l y  im a g in ed .



CHAPTER 7
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CONCLUSION

T h is  s tu d y  commenced w i t h  th e  com plex  p i c t u r e  o f  t h e  i n f l u e n c e  

o f  c l o t t i n g ,  and f i b r i n o l y s i s  on t h e  s p r e a d  o f  ca r c in o m a . T here  

was o n ly  a m inor h i n t  t h a t  t h e  c l o t t i n g  and f i b r i n o l y t i c  s y s te m s  

i n t e r f e r e d  w ith  im m unity . I t  w ou ld  b e  t o o  g e n e r o u s  t o  e x p e c t  t h a t  

a s e r i e s  o f  enzyme c a s c a d e  s y s te m s  c o n t r o l l i n g  c o a g u l a t i o n  w ould  

c o n t r o l  t h e  immune s y s te m ,  b u t  I b e l i e v e  t h a t  I h a v e  p r e s e n t e d  

e v i d e n c e  t o  s u g g e s t  a c o n s i d e r a b l e  in v o lv e m e n t .  R eason s  t o  

a c c o u n t  f o r  t h i s  in v o lv e m e n t  w ou ld  be p ure  s p e c u l a t i o n  b u t  t h e r e  

may b e  im p o r ta n t  p a t h o p h y s i o l o g i c a l  p r i n c i p l e s  h i g h l i g h t e d  by 

them.

My c h o i c e  o f  m ethods w as ,  o f  c o u r s e ,  p a r t l y  l i m i t e d  by  

what was a t  t h e  t im e  p o s s i b l e .  B oth  im m u n o lo g ic a l  m ethods t h a t  

I c h o s e  had t h e i r  p r o b le m s ,  w h ich  h a v e  b een  d i s c u s s e d  e l s e w h e r e .  

Most o b j e c t i o n s  a re  t h o s e  a p p l i e d  t o  any in  v i t r o  t e s t .  The m ost  

v a l i d  o b j e c t i o n  t o  th e  s tu d y  i s  t h a t  I d id  n o t  i n c l u d e  any  

e x a m in a t io n  o f  macrophage a c t i v i t y .  The b e s t  answer t o  t h e  

o b j e c t i o n  t h a t  i n  v i t r o  t e s t s  a r e  an i n v a l i d  p i c t u r e  o f  t h e  a c t u a l ,  

i s  t o  show r e p e a t e d  c o r r e l a t i o n  b e tw een  t h e  t e s t  r e s u l t  and a 

c l i n i c a l  e v e n t  : t h u s  m a s s iv e  s a l t  i n t a k e  r e l a t e s  w e l l  w i t h  

h y p e r n a tr a e m ia .  I have  a t te m p te d  t o  d e m o n s tr a te  t h i s  f o r  b o th  t h e  

LMT and ly m p h o cy te  t r a n s f o r m a t io n .

The an im al e x p e r im e n ts  w ere an a t tem p t  t o  t e s t  h y p o t h e s e s  

d e v e lo p e d  i n  t h e  i n  v i t r o  t e s t s .  I  had hoped t o  c o n t i n u e  th e  

e x p e r im e n t s  f u r t h e r  i n  c l i n i c a l  e x p e r im e n t s .  T hese  I d id  n o t  

p erform  f o r  two r e a s o n s ;  t im e  and th e  i n a b i l i t y  t o  show a c l e a r
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t r e n d  tow ards d e p r e s s e d  f i b r i n o l y s i s  in  p a t i e n t s  w i t h  ca rc in o m a  

t h a t  I had e x p e c t e d .  A lth o u g h  th e  s tu d y  w ould  h a v e  b een  more 

c o m p le te  w i t h  a c o n t r o l l e d  t r i a l ,  t h i s  w ou ld  ta k e  a t  l e a s t  f i v e  

y e a r s  t o  co m p le te  and had a l r e a d y  b een  commenced by o t h e r s  

(Bowel Tumour C o o p e r a t iv e  S t u d y ) .

The main t h r e a d  o f  t h e  s tu d y  h a s  b een  shown i n  t h e  c h a p t e r s  

on s t r e p t o k i n a s e  and on f i b r i n o g e n .  I f  s t r e p t o k i n a s e  h as  an 

im m u n o lo g ic a l  e f f e c t ,  one would  e x p e c t  f i b r i n  (o g e n )  d e g r a d a t io n  

p r o d u c ts  t o  h ave  a s i m i l a r  e f f e c t  p r o d u c in g  a p o s i t i v e  f e e d b a c k .  

The n e g a t i v e ,  o r  damping e f f e c t  w ould  be  t h a t  o f  f i b r i n  d e p o s i t i o n  

In f la m m a tio n  p r o d u c e s  t h i s  and p resu m ab ly  t h e  b a la n c e  b e tw een  

f i b r i n  d e p o s i t i o n ,  f i b r i n o l y s i s  w i t h  s p l i t t i n g  t o  f i b r i n  

d e g r a d a t io n  p r o d u c t s  h a s  im p o rta n ce  i n  l o c a l i s e d  in f la m m a t io n .

The w h o le  c o n c e p t  o f  f i b r i n o l y s i s  en h a n c in g  v a r i o u s  a s p e c t s  

o f  immunity was c h a l l e n g e d  by t h e  i n i t i a l  f i n d i n g s  t h a t  EACA 

and a p r o t i n i n  i n c r e a s e d  t h e  i n h i b i t i o n  t o  a n t ig e n  in  t h e  l e u c o c y t e  

m ig r a t io n  t e s t .  A lth o u g h  th e  e x p l a n a t i o n  t h a t  t h e  a n t i p r o t e a s e s  

w ere d e c r e a s i n g  t h e  lym phokine  breakdown seem ed l i k e l y ,  i t  was 

d i f f i c u l t  t o  c o n s t r u c t  a s a t i s f a c t o r y  t e s t  o f  th e  h y p o t h e s i s .  The 

two s t a g e  method w h ich  I  f i n a l l y  u sed  seem ed t o  p r o v id e  good  

e v i d e n c e ,  and I t h i n k  p r o v id e s  f u r t h e r  i d e a s  about t h e  e f f e c t s  o f  

f i b r i n o l y s i s  i n  l o c a l i s e d  in f la m m a t io n .

I doubt t h a t  t h e  a c t i o n  o f  EACA i n  t h e  t r a n s f o r m a t io n  o f  

ly m p h o c y te s  t o  PHA i s  i l l u s t r a t i v e  o f  any p a r t i c u l a r  p h y s i o l o g i c a l  

a c t i o n  o f  t h e  a n t i p r o t e a s e s  s i n c e  th e  e f f e c t  a p p ea rs  t o  be l a r g e l y  

i n t r a c e l l u l a r .  I t s  c l i n i c a l  u s e  may be  u n d e r p la y e d ,  i t s  e f f e c t s  

may b e  ap p a ren t  on lym p hocyte  f u n c t i o n  b e f o r e  any untow ard  e f f e c t  

on p la s m in .
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A p r o t in in  h a s  two p ro b le m s ,  i t  i s  m in im a l ly  a n t i g e n i c ,  and 

h a s  m a in ly  an a c t i v i t y  a g a i n s t  k i n i n s .  I t s  a c t i o n s  i n  th e  

an im al model was s u r p r i s i n g .  I t  can  e i t h e r  be  a c c e p t e d  as  

d i s p r o v i n g  t h e  i d e a  t h a t  f i b r i n o l y s i s  a f f e c t s  th e  immune r e s p o n s e ,  

o r ,  more r e a s o n a b ly  t h a t  s i n c e  a p r o t i n i n  a t  th e  d o sa g e  u se d  had  

su ch  a l i t t l e  e f f e c t  on f i b r i n o l y t i c  a c t i v i t y ,  i t s  e f f e c t s  w ere  

from a l t e r a t i o n  o f  o t h e r  p r o t e a s e  s y s t e m s ,  f o r  exam ple th e  k i n i n s .

I w ou ld  s u g g e s t ,  t h e r e f o r e ,  t h a t  I h ave  p rod uced  e v i d e n c e  

t h a t  s t r e p t o k i n a s e  in d u ced  f i b r i n o l y s i s  can en h ance  ly m p h o c y t ic  

r e s p o n s e s ,  s t r e p t o k i n a s e  in d u ced  f i b r i n  d e g r a d a t io n  p r o d u c t s  can  

en h ance  ly m p h o cy te  r e s p o n s e s  w h ereas  f i b r i n o g e n  d e p r e s s e s  immune 

a c t i v i t y .  In  l o c a l i s e d  in f la m m a to ry  c o n d i t i o n s  a f u r t h e r  

problem  may o c c u r  : ly m p h o k in es  may be i n a c t i v a t e d  by a p r o t e a s e  

(w h ich  i t s e l f  can be i n a c t i v a t e d  by EACA o r  a p r o t i n i n ) ; i n  t h e s e  

c o n d i t i o n s  th e n  f i b r i n o l y s i s  im p a ir s  im m une-m ediated r e s p o n s e s .

W hile  h e p a r in  may h ave  a p h y s i o l o g i c a l  o r  p a t h o p h y s i o l o g i c a l  

r o l e ,  t h e  o t h e r  a n t i c o a g u l a n t s  w h ich  I exam ined  a re  c l e a r l y  o f  

p h a r m a c o lo g ic a l  i n t e r e s t .  W arfarin  i s  known t o  b e  m i l d l y  

c y t o t o x i c ,  a s  I d i s c u s s e d  e a r l i e r ,  and b ehaved  as  s u c h ,  

i n t e r f e r i n g  w i t h  t h e  i n  v i t r o  immune t e s t s .  In  t h e  mouse t h e  

known e f f e c t  o f  w a r f a r in  r e d u c in g  th e  number o f  v i a b l e  m é t a s t a s é s  

h e l d ,  and s i n c e  th e  a n im a ls  s u r v i v e d ,  t h i s  e f f e c t  was c l e a r l y  

more im p o r ta n t  than  i t s  a c t i o n  a s  immune d e p r e s s a n t .  D e x tr a n ,  

and h e p a r in  I found  t o  be  a B c e l l  s t i m u l a n t .  The e x a c t  n a tu r e  

o f  w h ich  B c e l l s  w ere s t i m u l a t e d  I c o u ld  n o t  e v a l u a t e .
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I had f i n a l l y  hoped  t o  be a b le  t o  d e s c r i b e  w hich  p a t i e n t s  

m igh t b e s t  be  a id e d  by a l t e r e d  f i b r i n o l y t i c  a c t i v i t y .  U n f o r t u n a t e ly  

when I s t u d i e d  p a t i e n t s  about t o  undergo  o p e r a t io n  ( R e i l l y  and 

B urden, 1980) a l th o u g h  p a t i e n t s  w i t h  carc in om a had a lo w e r  

f i b r i n o l y t i c  a c t i v i t y  p r e - o p ,  some rebounded  p o s t - o p  t o  h ig h  

l e v e l s .  To d e s c r i b e  t h e  a p p r o p r ia t e  p a t i e n t  w ould  n eed  

s t a n d a r d i s i n g  t h e  t im e  o f  s a m p l in g .  I had w an ted  t o  sam ple  b lo o d  

d r a in in g  from tu m ou rs ,  b u t  t h i s  was i n p r a c t i c a l  f o r  m ost  tum ours .

I a l s o  a t te m p te d  t o  d e f i n e  th e  f i b r i n o l y t i c  a c t i v i t y  o f  tu m ou rs .  

T hese g a v e  i m p r e s s i v e l y  v a r i a b l e  r e s u l t s ,  p resu m ab ly  due t o  

w h ich  a r e a  ( n e c r o t i c ,  tumour, v a s c u l a r  s t r o m a , )  was n e e d l e d .

The v a r i a b i l i t y  was to o  g r e a t  t o  a l lo w  co m p a r iso n .
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