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ABSTRACT

This  s tudy concerns ItM U with an ex.iminat ion of two pro te i ns  which 

are  e l cva ie t i  in the serum oi pat i n ,  i s  w i 'h  cancer,  us i t ig  polyacrylamide  

ge l  e l e c t r o p h o r e s i s  (PACK) under d i s s ov  i a t l v n  c o n d i t i o n s .  The 

molecular  we ights  (>6V) 01 the two p r o t e in s  wet e 40CXX) -  500(X)d for  the  

l ar ger  p r o t e in  which was c a l l e d  A -band and lb000 -  22000 for the 

smal ler  p rote in  which was c a l l e d  B bind.  Using PACl i t  was p o s s i b l e  

to show t ha t  the two I mds were e l e v a t e d  in  76"( of  p a t i e n t s  with cancer  

and in 36 of  p a t i e n t  wi th  benign c o n d i t i o n s .  They were a l s o  e l e v a t e d  

in  p a t i e n t s  who had undergone renal  t r.i i s p la n t a t io n .  B-band was 

s i g n l f i i  in t l y  ral  ed in those  ;>ati< m eh ;e g r a f t !  were undergoing  

re jee  l i o n .  fur Lfermot > an e l e v a l e d  11 band seemed to  he a 

r e l i a b l e  e a r l y  in d i ca to r  o f  r e j e c t i o n .  A- band was not s i g n i f i c a n t l y  

r a i s e d  in the r e j e c t o r s .

In order t o  i d e n t i f y  tin p m i  < in in A-band and B -hand a search was 

made lor  them in l lie v.irioun 11 act  ions rc.-iuil in) 11 mu the Cohn 

f- km L n, ion procedure.  A-b ind wa. found in f r a c t i o n  5.  Gel 

f i l l  t, n ch'o/raatograpliy ? hu.ed huh A -band and B- band to r e s id e  in 

the i i ih molecular weight  peak ( i 18 000 -  240 OOOd). A-hand and B-band 

were compared on PAGE wi th c a r c l nu - i  ibryonic an t ig en  (OKA) and beta_  

m icr vy lob ul i n  and wet e sImwu i 1 be uni e l a t e d  to e i t h e r .  From the  

molecular weight  o f  A-hand, i t s  presence in f r a c t i o n  5 and i t s  

e l e v a t i o n  in acutv e r u d i t io n s  a i d  in c a n c e r , i t  was thought that  A - 

h i,id n ight  he a Ip h a  | - ac id- g , l yco pro te  in (orosomucdid) , Accordingly  

alpha a c i d  g ly c o pr o te in  w.l: prepared u tng a pe rc l t lo t i i  ac id  i s o l a t i o n  

t echnique and was found l > ia r rc sp . n d  to  A-band. The i d e n t i t y  of  B 

band i s  not yet  known.

The s i m i l a r i t y  between a I ph 11- a t  id- I m pi t e i n  and : y< -phorin o f

/ t h e . . .
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Tho d e p r e s s e d  immunity oi p a t i e n t s  w i t h  c a n c e r  lias Inng been

o£ i n t e r e s t .  Alpha a c i d  g l y c o p r o t e i n  e x t r a c t s  from s e t a  of

most p a t i e n t s  wet.  a b l e  to  d e p r e s s  PIIA-induced lymphocyte  t r a n s f o r m a t i o n .

Th i s  was too lit marked in Cue p r e p a r a t i o n s  f rom p a t i e n t s  w i t h

Hodykins lymphoma and the  e f f e c t  was dose d e p e n d e n t .

In summary, serum from p a t i e n t s  with ca nc e r  was i n v e s t i g a t e d  and 

two p r o t e i n s  sh.-wn t o  be e l e v a t e d .  These two p r o t e i n s  Were shown 

t o  be o i  l i m i t e d  v a l u e  in  d i a . u i s i s  o f  c a n c e r . The s m a l l e r  o f  th e  

two p r o t e i n s  was found to  be u s e t u l  i s  a marker  of  r e j e c t  ion in 

t r a n s p l a n t  p a t i e n t s .  The l a r g e r  o f  t he  two p r o t e i n s  wa. i n v e s t i g a t e d ,  

i d e n t i f i e d  and shown to  be r e l a t e d  to b lood  group a n t i g e n s .  It was 

a l s o  shown to  a f f e c t  b lood c o a g u l a t i o n  and lymphocyte b I a s t o g e n e s i s .
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1.

1. INTRODUCTION

Thv tvrms can v r  and m a l i g n a n t  n e o p l a s i a  r e f e r  to  a group of  

t i i ' " 1' 1 " t h a t  li.tr. t he  p r o p e r l  i o f :  - ( I ) b i o l o g i c a l  autonomy;

( 2 ) c e l l  p r o l i f e r a t i o n ;  ( 3 )  a - s o c i a l  c e l l  b e h a v io u r ;  (4 )  

i n v a s i v e n e s s ;  and (5)  m e t a s t a s i s  (W a l la c h ,  1976) .

There  have been many a t t e m p t s  to  e x p l a i n  ma l igna ncy  in  g e n e r a l  

b iochemica l  terms (Bodansky,  1975).  However,  a l th o u g h  ca nce r  

most  be c o n s i d e r e d  a d i s e a s e  r t  u l t i n g  from a deep s e a t e d  b io chemi ca l  

d e f e c t ,  i t  i s  a p p a r e n t  t h a t  i n v a s i v e n e s s , ( i . e .  i n f i l t r a t i o n  o f  

normal  t i  , u. . by m a l i g n a n t  c e l l s )  and m e t a s t a t i c  sp r ead  c o n s t i t u t e  

c r i t i c a l  f e a t u r e s  o f  c a n c e r  (Wal lach ,  1976) .  N o n - i n v a s iv e  tumours ,  

even i f  r a p i d l y  g rowing ,  a r e  c l i n i c a l l y  be n ig n .  I n v a s i v e n e e s  i s  a 

c h a r a c t e r i  l i e  ol some normal  growth p a t t e r n s .  For  ex am ple , the 

im p l a n t i n g  t r u p h o b l a s t  shows d i s t i n c t l y  i n v a - i v e  p r o p e r t i e s .  However,  

in t h i s  in Lance, th e  in v a s io n  i l i m i t e d  only t o  c e r t a i n  s t a g e s  ol 

deve lopment .  I t  would be t r u e  to  say th,.u i f  i t  were n o t  f o r  the 

f a c t  t h a t  c a n c e r s  inv .d e  and meta ta  I s o ,  c a n c e r  would no t  p r e s e n t

the  same f o r e b o d in g  c l i n i c a l  problem tha t  it d o e s .

1 . 1 .  hVlUfcNCF FUR 1IM0UK ASSOC lAl ti) AN'l ICfcNS AND A HOST IMMUNE 

f USPONSK DIRFCn p AGAINST Till: TUMOUR.

k f t v c l i v e l y  tumour con t i t u t .  p a r a s i t i c  d i s e a s e s  ( Hu xl ey , 195 8) .  

The su c ce ss  o i  t h i s  p a r a s i t i s m  i s  i n t e r e s t i n g  bec ause  tumours 

may r e p r e s e n t  immunolugicn 1 ly f o r e i g n  t i s s u e  (lladdow, 1965;

Old 6  Boys e , 1964 and 1966; Ba ldwin,  1967 ; Sou tham, 1967;

K l e i n ,  I9t>8; O e t tk en  and Hel IstrWtn, 197 3).  One of  the

Importan t  unanswered qu. t ions  in  the  m o le c u l a r  b io lo g y  of  

tumours con ce rn s  th e  mechanism or m e c h a n i s m w h e r e b y  tumour 

c e l l  t cap. d< t r u  cion by t h e  immum v tern. During

/ i n v a s io n .



i n v a s i o n  and m e t a s t a s i s ,  tumour c e l l s  b e a r i n g  f o r e i g n  a n t i g e n s

a r e  exposed t o  a l l  a s p e c t s  of  th e  immune sys tem yet  the y  a r e

not  always d e s t r o y e d .  One H t i e  e a r l y  d e m o n s t r a t i o n s  o f  

I union it  y a; l iu t t urn out wa by Fo ley  ( 1 9 , 1 ) ,  who .Imwvd

Lli.it p r i o r  i xpo . are I a syngene ic  r e c i p i e n t  to  a tumour

g r a f t  would r e s u l t  in p r o t e c t i v e  immunity on r e c h a l l e n g e

w i t h  Lhi s.am tumour.  The p a r t i c u l a r  model he used was a

methy l  c h o l o n t h r e n i - i n d u c e d  tumour in  mice.

Much ev i d en c e  has  accumula ted  howing t h a t  a common 

11 a Lure of  n eo p la  t i c  c e l l  w,. t he  v x p r t i  an of  f o r e i g n  

a n t i g e n s  on the  c e l l  membranes ol th e  tumou c e l l s .  These  

a n t i g e n s  may b e s t  be r e f e r r e d  to  t u m o u r - a s s o c i a t e d  

a n t i g e n s .  South.im c t  a 1 . ,  (1 962) ,  i n j e c t e d  l i v e  au to lo g o u s  

tumour c e l l s  under  the  s k in  ut p a t i e n t s  s u f f e r i n g  from 

c a n t e r .  H, found t h a t  a t  l e a s t  10 c e l l s  were needed to  

form a tumour no du le .  He a l s o  showed t h a t  i l  the  tumour 

Ce l l  were mixed wi th  th e  p a t i e n t s  own lymphocytes ,  t h e i r  

t r a n s p 1a n t a b i l i t y  w i markedly  r e du c ed .  These ex pe r i me n t s  

Were s u g g e s t i v e  of the  e x i s t e n c e  oi  tu m o u r - a s s o c i a t e d  a n t i g e n s  

on tumour c e l l s  md o i  an Immunological  r e s p o n se  d i r e c t e d  

a g a i n s t  them.

Old and Boysc (19 66 , 19 66)  r ev ie w  the d a t a  showing the  

e x i s t e n c e  oi  t u m o u r - a s s o c i a t e d  a n t i g e n - in ex pe r im e n t a l  

animal  tumours w hi l e  Southern (196 7 ) ,  d i s c u s s e s  in  g r e a t  

d e t a i l  t he  ev id enc e  ( o r  c a n c e r - s p e c l i i c  a n t i g e n s  in man.

C l i n i c a l  ob e r v a t i o n ,  exper imen t  b :ed on the  n a t u r a l  

course  of  tumour g rowth,  tumour t r a n s p l a n t a t i o n  and 

v a c c i n a t i o n ,  c e l l u l a r  mechaniui  o i  immunological  r e s p o n s e ,

/ s e r o l o g i c a l . . . .
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s e r o l o g i c a l  method ot a n t i g e n i c  a n a l y .  i and sk in  t e s t s  

a r e  a l l  r ev iewed  ,nd e v a l u a t e d  in  t h i s  p a p e r .  Southam 

conc ludes  t h a t  "Most oi  the s t u d i e s  which p u r p o r t  to  show 

c a n c e r - s p e c i f  1 c a n t i g e n s  have p r ob ab ly  shown only 

d i f f e r e n c e !  in  the  t i : s u e  a n t i g e n s  o t  d i f f e r e n t  p e o p l e .

II l ever ,  : om. o t  tin. o n  r e c e n t  and s t r i n g e n t l y  c o n t r o l l e d

tud i .  have so g r e a t l y  r educed  t h i s  s o ur ce  o f  e r r o r ,  t h a t  

i t  , mis q u i t e  p r oba b ly  tha t  the  more r e c e n t l y  obse rved 

a n t i g e n i c  d i f f e r e n t ,  a r t  a c t u a l l y  c a n c e r - s p e c i f i c .  F u r t h e r

i.  i t l g a t i o n s  comparing normal and n e o p l a s t i c  t i s s u e s  from 

the  same i n d i v i d u a l  a r e  n i c e s s a r y " .

1.2 ANTlCbt::. IN VIRAl.l.Y-TNHi’CKt) TUMOUKS

fu m o u r - a s s o c i a t e d  a n t i  ns can bt d e m on s t r a t e d  to r  bo th  

v i r a l  ly and c h e m i c a l l y - i n d u c e d  c a n c e r s .  In  a l l  v i r a l l )  

induced tumours in an i mal s  a cimiuon a n t i g e n  appe ar s  whose 

i d e n t i t y  r emains  u n a l t e r e d  i  d i f f e r e n t  s p e c i e s  as  long as 

the  same v i r u s  i u eu to  p r o d u t . th.  tun u r  (Deichmnn,1969) .

For  example,  a c r o s s  r . a c t i o n  between c h i c k  embryo c e l l s  and

mouse c e l l  I im  i s  e v i d e n t  a f t e r  t r a n s f o r m a t i o n  (Ge lderblom 

and Bauer ,  1971) .  S i m i l a r l y  a common a n t i g e n  was found on 

the  c e l l  s u r f a c e s  of  e v e r a l  c e l l  l i n t s  t r an s f o r m ed  by mouse 

sarcoma v i r u s  (Aoki , i_ e l . ,  1971).

1 . 3 ANTlGKNh IN CHI Ml I :A1.I.Y-1 NDIICFI) Tl'MOl'RS

C h e m ic a l ly - i n d u ce d  tumours a l o  show t u m o u r - a s s o c i a t e d  

a n t i g e n s  ( F i t c h  1962).  1 horns.m ,a a l. ,( 1973) ,  have shown 

th e  p r es e n ce  of  t u m o u r - s p t c i f i c  membrane a n t i g e n s  in the  

serum of r a t  w i th  me thy l  c h o l a n t h r e n e - i n d u c e d  sarcomas.  

D ick i nson  e t  a 1 . ,  ( 1972) have shown t h a t  t u m o u r - a s s o c i a t e d

/ a n t i g e n s . . .
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a n t i g e n  a r e  p r e s e n t  on the  s u r f a c e  of  tumour c e l i a  and 

can b removed by mi id t r y p s i n  t r e a t m e n t .  Baldwin and 

h i  co - worker s  have i s o l a t e d  immunogenic c e l l  s u r f a c e  

components from am in o- .u o  dy e - in d u c e d  r a t  hepatomas 

(Baldwin ind C lav,  1972) and hav, ihown t h a t  th es e  

component;  i n c l u d e  a tumour - spec  i f  i t  a n t i g e n  (TSA) w i th  

m o l e c u l a r  w e ig h t  (MW) ol >!) ,OOOd (Baldwin c l  a l . , l 9 7 J a ) .

Chemical t a r c i n o g e n c h  i #. d i s t i n c t  I rom v i r a l  

c a r c i n o g e n e s i  induces  a n t i g e n  ■ which d i f f e r  trom one 

tumour 1 0  a n o t h e r  in the same animal  induced by the  same 

c a r c in o g e n  and a l s o  from an imal  to  animal  (S jo g r en  1915) .  

However,  i t  has been obse rved  t h a t  th e  i n d u c t i o n  of : amour- 

a s s o c i a t e d  a n t i g e n s  cn the  l i v e r  c e l l  s u r f a c e  maybe accompanied 

by a l o s s  o f  normal l i v e r -  i p e c l f i c  a n t i g e n ,  (Baldwin e t  a l ,1971) 

.4 IMMI'NITV IN III MAN Tl'MOURS

The a e t e o l o g i e s  of  human c a n c e r s  a r e  l e s s  w e l l  d e f in e d  than  

tho;  in  a n i m a l s ,  bu t  t h e r e  i s  e v i d e n c e  o f  tumour c e l '  changes  

which induce an a l t e r e d  immune r e a c t i o n  towards  the  tumour .

In many c.i es lymphocytes  from c a n c e r  p a t i e n t s  ire c y t o t o x i c  

to  c u l t u r e d  uu to log ou  tumour c e l l s .  01  g r i  -it i n t e r e s t  i t he  

f i n d i n g  of cowmon a n t i g e n s  between human melanomas,  

neurob la s toma;  nd a gangl ioneuroma (t r e  I and T h e i l k a o s ,

1971),  All  l h, e t Limout in  thou; lit t o  bi d e r i v e d  from 

neur. ,1 tu be .  The a n t i g e n i c  m a t e r i a l  has  a MW o f  between 

>2,000 - bO.OOOd. Other  have  found a tumour a s s o c i a t e d  

a n t i g e n  in human s . r o u s  cy s ta d e no ca rc in o m a  o f  the  ovary 

(B h a t t a c h a r y a  and Barlow,  1973) .  ( h i  m L i gen has a h i g h  MW 

and i s  a g l y c o p r o t e i n  w i th  b e t a  e l e c t r o p h o r e t i c  m o b i l i t y .

I t  was n o t  r e l a t e d  e i t h e r  to  VIA or  II A a n t i g e n s .

/ Q u a l i t a t i v e .
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• ’us!  i t d L i v e  d l f U  rcnce in  plasma membrane a n t i g - n a  may 

r e  Lde in  the  ca r bo h y dr a t ,  companent o f  thes e  a n t i g e n s  

r a t h e r  than th e  p e p t i d e  fragment  .' (Perdue , c t _ a l .  , 1 9 7 3 )

The a n t i g e n i c  d e t e r m i n a n t s  o f  th e  membrane 

g l y c o p r o t e i n s  a re  o r i e n t a t e d  on th e x t e r n a l  f ace  o f  the  

membrane and i t  app. r ,  t h a t  changes  in v o l v i n g  t h e s e  

m o le c u l e s  a r e  im po r t a n t  in the  p a t h o g e n e s i s  o f  m a l i gn a n t  

neop lasm They may b, i nv o lv e d  in the  a l t e r e d  re s p on se  

to  v a r l o u  r e g u l a t o r s ;  pnenomena such as  l o s s  of  c o n t a c t  

i n h i b i t i o n ;  and may p la y  a r o l e  in  the  l i f e  c y c l e  of  the

tumour by a l l o w i n g  e i t h e r  e s cap e  from or d e s t r u c t i o n  by the  

immune s y s t e m .

One i n t e r e s t i n g  a s p e c t  ol  a n t i g e n i c  changes  a s s o c i a t e d  

w i t h  t r a n s f o r m a t i o n  of  c e l l s  to  the  m a l i g n a n t  s t a t e  i s  t h e  

ap pe a ra nc e  o f  a n t i g e n s  which a re  no rm al ly  a s s o c i a t e d  wi th  the  

embryo.  In 1967 Prehn showed t h a t  i m u n i z a t i o n  of  mice w i t h  

embryonic t i s s u e s  would p r o t e c t  them a g a i n s t  su b se qu en t  

c h a H e n g i  w i th  methyl  c h o l a n t h r e i i c - i n d u c e d  tumour c e l l s .

I he 1 a c t  t h a t  raembran, changes  a r e  known to  be c l o s e l y  

’ inked to  th e  m a l i g n a n t  change of tumour c e l l s  (Kmmelot 1973; 

Wallach 1973),  i s  of  impor tance  in u n d e r s t a n d i n g  the 

r e l a t i o n s h i p  between h o s t  and tumour.  The documented ev id enc e  

of  a n t i g e n i c  changes  a s s o c i a t e d  wi th  n e o p l a s i a  l e nds  c red  nee 

t o  the  s u g g e s t i o n  by Bu rne t t  , and o t h e r s  t h a t  one 

f u n c t i o n  o f  the  immune sys tem i s  to  p r e v e n t  the  development  

of  c l o n e s  o f  c e l l s  wi th  m a l i g n a n t  p o t e n t i a l  (Dutchman 1969;

P a s t e r n a k  1969; Baldwin 1973) .  G e n e r a l l y  th e se  ex p er im en t s  

have invo lved  t r a n s p l a n t a t i o n  o f  tumour c e l l s  and the

/ d e m o n s t r a t i o n .
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d e m o n s t r a t i o n  Lhst a spei LI U inmuni ly could  be induced 

. ' g . i tn s t  them Not a l l  tumour , however , p o s s e s s  n e o a n t i g e n s  

( ll.i I dw in  I 1- / ) ) .  Many mamn.iry tumours in  r a t s  whethe r  

spon taneous  or  c a r c i n o g e n - i n d u c e d  appe ar  to  be d e f i c i e n t  in 

tumour a n t i g e n s .

in man, fo r  e t h i c a l  r ea  ons ,  e v a l u a t i o n  o f  tumour 

immunity by t r a n s p l a n t i n g  tumour c e l l s  i s  n o t  d e s i r a b l e ,  

a l th o u g h  Southern ( 19 6 7 ) ,  d id  pe r fo rm such ex pe r i me n t s  

and de m on s t r a t e d  t h a t  l a r g e  numbers of  tumour c e l l s  were 

r i ' , a i r e d  to  e s t a b l i s h  even l i m i t e d  tumour growth.

The development  of  t r a n s p l a n t a b l e  tumours in  syngeneic  

an im a l s  ha a l lowed  a s tudy  to  be mad. ol th e  r o l e s  played by 

t h e  v a r i o t  e f f e c t o r  arms o f  the  immune sy s t em ,  in tumour 

c e l l  d e s t r u c t i o n  (He l l s t r Cm  and H e l l s t r t tm ,  1974).  The 

He 11 s t rums de m on s t r a t e d  c o n v i n c i n g l y  t h a t  th e  c e l l u l a r  arm

01  hl ln,nunt' s y sLum w“ ’ of  p r imary  im po r t an ce .  They ,erc ab le  

t o  how than s p e c i f i c  immunity cou ld  be t r a n s f e r r e d  from 

Immune animal  to  non- inmum synge ne ic  an im al s  by lymphoid 

c e l l s .  (Lymph node c e l l s ,  s p l e e n  v e i l s ,  t h o r a c i c  duc t  c e l l s  

and p e r i t o n e a l  e x u d a t e s ) .  Tumour immunity can a l s o  be

t r a n s f e r r e d  by c e l l s  from tum ou r - be a r in g  h o s t s  (Deckers e t  a l . ,  

1971) .

Iiom many in  v i t r  s t u d i e s , d i f f e r e n c e s  have • merged 

between the  ty p e s  o f  a n t i g e n s  ex p r e s s e d  on an imal  tumours and 

those  f -und in  human tumours.  Che mi ca l ly  induced  neoplasms 

in  animal u s u a l l y  ex p r e s s  n e o a n t i g e n s  which a r e  c h a r a c t e r i s t i c  

f o r  t h a t  tumour a lon e  and nay be d i f f e r e n t  from a n t i g e n s  

e x p r e s s e d  on Other  tumour,  induced by th e  same ca r c i n og e n  

in the  saim an im al .  V i r a l  tumours on the  o t h e r  hand t end

/ t o . . .
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t o  express  a n t i g e n s  which i r e  c h a r a c t e r i s t i c  of  the  v i r u s  

i r r v s p i i t l v v  oi  h r  t  or  h i s t o l o g y  o f  th e  tu mo ur . By 

compar i son in  man, i t  would appear  t h a t  u  .nours ex pr es s  

an t i g en -  which i r e c h a r a c t e r i s t i c  f o r  the  h i s t o l o g i c a l  

type of  the  tumour ( C a r r e l  and T h e i l k a e s , 1973).

. ') Mi CHAN ISM ill- IMMUNITY ACA1NS1 i'UMOUKS

i e v e r a l  l im un o lo g ie a l  mechanisms 01  tumour c e l l  de s t r u c t io n  

have been d e s c r i b e d .

1 . 5 .1  T-l.ymphocy t e s

I t  hat. fo r  soon t ime now been he ld  t h a t  the 

c y t o t o x i c  r - c e l l  c o n s t i t u t e  the  ma jor  e f f e c t o r  

mechanism in  immunity towards tumour c e l l s  

(Wagner el  a I ■, 1973).

In most  c a s e s  of  s p e c i f i c a l l y  immunized h o s t s , t he  

T- lymphocy te  has been  w ide ly  shown to  be cue 

e f f e c t o r  c e l l  in the  r e j e c t i o n  of a l l o g r a f t e d  

t i s s u e  ( C e r r o t  i n i  and Brer r  , 1974).  The r o l e  

of  the T- lymphocy te  in  tumour immunology, whi l e  

l e s s  d e f i n i t e  than in the  t r a n s p l a n t a t i o n  c o n t e x t , 

has been shown in the ca >• of mur ine  plasmacytoma and 

in murine sarcoma v i r u s - i n d u c e d  tumours.  However, 

i t  would ap pe ar  tha t  the  I ' - c e l l  n - sponsi  i s  a 

r e l a t i v e l y  s h o r t - l i v e d  phenomenon w h i l s t  the non- 

l e f f e c t o r  arms o f  the  immune sys tem remain 

o p e r a t i o n a l  long a f t e r  r e g r e s s i o n  of  th e  tumour 

(Lamon ct  ■' I , 1973).  In f a c t  Lamon was mb I, t o  

d e m o n s t r a t e  a c y t o t o x i c  e f f e c t  not  dependen t  on

/ the . .
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to  t x p r c s i  an t i gu iv  which . ire c h a r a c t e r  i t  1c o£ the  v i r u s  

i r r t  pev t ivi o i  hn i t  or  h i s t o l o g y  o f  the  tumour . By 

compar i son in man, i t  would appe ar  t h a t  tumours  ex p r e ss  

a n . I g e n s  which a r e  c h a r a c t e r  i t i c  fo r  the  h i s t o l o g i c a l  

type  oi th e  tun  our ( C r r i l  and T h e i l k a e s , 1973).

. 5  MEC H A N I S M S  OF  1MMUN i Y At .  A I N S ' j  I’ UMOUKt

S e v e r a l  immunological  mochanismt o f  tumour c e l l  d e s t r u c t i o n  

have been d e s c r i b e d .

1 . 5 .1  1-Lymphocyte s

I t  hat- fo r  some t ime now been he ld  t h a t  thi  

c y t o t o x i c  T - c c l I  c o n s t i t u t e s  the  ma jo r  e f f e c t o r  

mechanism in immunity towards  tumour c e l l s  

(Wagner et  a I . ,  1973).

In most case of s p e c i f i c a l l y  immunized h o s t s , t he  

T- lymphocy te  has  been w ide ly  shown to  be the  

e f l . c t o r  c e l l  in  the  r e j e c t i o n  of  a l l o g r a f t e d  

t i s s u e  ( C e r r o t l n i  and Br unn er ,  1974) .  The r o l e  

of the T- lymphocyte  in  tumour Immunology, w h i l e  

l e s s  d e f i n i t e  than in t h e  t r a n s p l a n t a t i o n  c o n t e x t , 

has  been shown in the  ca of murine plasmacytoma and 

in murine sarcoma v i r u s - i n d u c e d  tu m ou rs . However , 

i t  would ap pe ar  th a t  the  T - c e l l  r e s p o n se  i s  a 

r e l a t i v e l y  s h o r t - l i v e d  phenomenon w h i l s t  t he  non- 

I « I l e c t o r  arms o i  the  immune sys tem remain 

o p e r a t i o n a l  long a f t e r  r e g r e s s i o n  o f  the tumour 

(Laroon < i aj  , 1973).  In f a c t  Latnon as a b l e  to  

d em o n s t r a t e  a c y t o t o x i c  e f f e c t  n o t  dependen t  on

/ t h e . .
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the p r e s e n c e  0 1  T - c e l l s .  Tht t - ce 1L r e q u i r e s  

vvnt i i ct  w i th  t h e  t a r g e t  c e l l  f o r  k i l l i n g  and 

one eI Lec to r  c e l l  pe r  t a r g e t  seems to  be r e q u i r e d . 

i h e  t a r g e t  c e l l  k i l l i n g  ap p e a r s  to  p roce ed  w i t h o u t  

,, : i s t a n c e  front B- lymphocytes ( C e r o t t i n i  & Brunner ,  

1974),

Inv.. .Lig.i t  ions  w i th  th e  mouse DBA/a mastocytoma 

i n d i c a t e  t h a t  th e  l e s i o n  i n f l i c t e d  upon th e  t a r g e t  

c e l l  by the  T- lymphocytes  i s  due to  the  f o rm a t io n  

ol a g a p - j u n c t i o n a 1 complex,  l y s o l e c i t h i n  does no t  

p la y  a r u l e  ( F e r l u g a  and A l l i s o n ,  1974).

The involvement  of  f - l y m p h o cy te s  in tumour immunity 

was s t r e n g t h e n e d  in view ol the  i n a b i l i t y  to  

immunize a thymic mice w i th  tumour g r a l t s  which 

were s u b s e q u e n t l y  e x c i s e d .  Al so  f - c e l l s  were 

found to  bt e s s e n t i a l  for  th e  a d o p t i v e  t r a n s f e r  of 

immunity to  t h i s  tumour in normal  mice ( Rouse e t  a 1 . ,  

1973).

1 . 5 . '  Macrophag.

The r o l l  of macrophages in tu.itour immunity was 

o r i g i n a l l y  s u g g e s t e d  troro ex p er im en t s  where 

p e r i t o n e a l  exuda te  i l l  from tumour-immune 

ho s t  were shown t o  be h i g h l y  e f f e c t i v e  in 

t r a n s t ,  r ing,  twin u n i t y  to  sy nge ne i c  r e c i p i e n t s .

T h i s  e f f e e  l iv e n .  of  macrophage ■ has been 

d e m o n s t r a t e d  in  v i t r o  as we l l  by add ing  mur ine  

lymphoma c e l l s  to  mono layer s  of  s p e d  I l e a .  ly 

sens 11 l.-vd macrophages whereupon tie tumour >11

/ a r e . .



i r e  d e s t r o y e d  (Baldwin 6  R o b i n s , 197b) The 

e x a c t  mechanism i s  n o t  y e t  c l e a r .  Macrophages 

can he a c t i v a t e d  in  v i t r o  by c o - c u l t u r  ing them 

w i t h  s p l e e n  c e l l s  irom immune dono rs  and t a r g e t  

c e l l s .  A f a c t o r  p r e s e n t  in  the  s u p e r n a t a n t  of 

ip 1 eon cel  I c u l t u r e d  in th e  p r e s e n c e  o f  a n t i g e n  

can be u m d  to  arm ma cro p ha ge s . T h i s  f a c t o r  i s  

known as  s p e c i f i c  macrophage a rming f a c t o r  

(SMAF) when th e  armed macrophages  come i n t o  c o n t a c t  

w i t h  the  s p e c i f i c  a n t i g e n ,  they  become a c t i v a t e d  

and can then k i l l  tumour c e l l s  in  a n o n - s p e c i f i c  

manner ( kvaiv and A le x a n d e r ,  1972).

Ant ibody dependen t  ce l  1-media ted c y t o t o x i c i t y  

The k i l l i n g  of  tumour c e l l s  by lymphocytes  in  the  

p r e s e n c e  of  s p e c i f i c  an t ibo dy  has been shown fo r  

s e v e r a l  system . (MacLennan, 1972, Forman and M i l l e r ,  

1973,  Haka la  and La ng e , 1974) .  N o n - s e n s i t i z e d  

s p l e e n  c e l l s  cou ld  be r e n d e re d  c y t o t o x i i  to  PAkA-7 

tumour c e l l s  by s e r a  1rom tu m o u r - b e a r i n g  hamstt  r s . 

i h i s  a c t i v i t y  cou l d  bi abs orb ed  ou t  by PARA-7 c e l l s  

but  n o t  by c y t o m e g a l o v i r u s - t r a n s f o r m e d  c e l l s .  f f  

t he  serum wa o b t a i n e d  mon than 1 0  days a f t e r  the  

tumour t r a n s p l a n t ,  i t  b lock ed  immune s p le e n  c e l l s  

c y t o t o x i c  i t y  and d id  not  medial  tumour t a r g e t - c e l l  

k i l l i n g  by non-s pec  i • lc  s p le e n  s e l l  However , serum

o b t a i n e d  i-b days a f t e r  t r a n s p l a n t  t i o n  o f  the  tumour 

t r a n s p l a n t  cou l d  m e d i a t e  c e l l  d e s t r u c t i o n  by non- 

sen,. i t  i;-i i! lymphocyte:  (Lausch e t  u 1 . , 197')) .

V i r a l l y  or  c h e m i c a l l y - i n d u c e d  rouri sarcomas
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could  be s p e c i f i c a l l y  d e s t r o y e d  by n o n - a e n s l t i z e d  

1 •mphoid c e l l s  when th e  c y t o t o x i c i t y  was 

m ed ia ted  by an t i b o d y  r e l e a s e d  from p r e s e n s i t i z e d  

p 11 on II In liorl  tv  rm c u l t u r e s  (Ne l son  o t a I . ,

1975).

The c y t o t o x i c  e f f e c t  i s  ex p r e ss e d  only i f  t he  

a n t ib o d y  ha an i n t a c t  Fc p o r t i o n .  Th er e  i s ,  

howevt , cons id: ru b ly  c o n t r o v e r s y  as  to  t h e  n a t u r e  

of  the  e f f e c t o r  c e l l  i n v o l v e d . I t  i s  b e l i e v e d  not  

to  be a T - c e l l  and has long been he Id to  be l i -cel  I 

w i th  immunoglobul in on i t s  s u r f a c e . However , 

r e c e n t l y  i t  he been p roposed  th a t  the p a r t i c i p a t i n g  

c e l l  i s  a n u l l  c e l l  or  .i K-« e l l  or  pe rh ap s  a 

macrophage (Greenberg  and S h e n , 19 / 3 ) ,  The work 

of  O 'Too le  ■. t a! ■ ,( 1973, 1974 > has  de m ons t r a t e d  

q u i t e  c l e a r l y  t h a t  t h e r e  i s  no c y t o t o x i c i t y  in 

the  T - c e l l  f r a c t i o n  oi b lood lymphocytes  They 

showed t h e i r  e f f e c t o r  p o p u l a t i o n  to  c o n s i s t  o f  B - c e l l s  

or  macrophages wi th  Fc r e c e p t o r s  . T h i s  work was 

conf i rmed by o t h e r s  ( de V r i e s  e t  a 1 ■, 1974).

Comp lenient -depend cu t  c y t o t o x i c  i t y

In smue forms of  ma l ig n a nc y ,  p a r t i c u l a r l y  l e u k em i a , 

a n t i i  -dy d i r e c t e d  a g a i n s t  tumour soc Id led  a n t i g e n s  

i s  demonstt  b l e . S p e c i f i c  c y t o t o x i c i t y  fo r  

appropr  l a t i  t a r g e t  c e l l s  can be demon t r a t e d  in v i t r o .  

S e n s i t i v i t y  to  comp 11 n t - d ep e i id e n t  an t i b o d y

/ d e s t r u c t i o n . .



destruction ap pe ar ;  to  b- r e l a t e d  Co n numb' i 

f a c t o r s  i n c l u d i n g  the amount and d e n s i t y  o f  c e l l  

s u r f a c e  a n t i g e n  and i t s  s t a b i l i t y  on t h e  c e l l  

membrane. S e v e r a l  taurine l euk emi as  a rc  h i g h l y  

.v iv. i t ivc to  complement-dependen t  a n t i b o d y  l y s i s .

■lowever, many hepatomas and sa rcomas a r e  ve ry  

i n s e n s i t i v e  to  uch l y s i  (BaU h’in  & R o b i n s , 1976).

T h i s  mechanism of tvaiour c e l l  d e s t r u c t i o n  i s  no t  

thought  to  be of  any impor ta nce  in v i v o .

In the  Moloney leukemia- lymphc tyst em,

a c o r r e l a t i o n  between r e g r e s s i o n  i t  tumour and

h ig h  l i t r e  o f  complement-dependen t  a n t i b o d i e s  

d i r e c t e d  a g a i n s t  tumour c e l l s  and the  p r e s e n c e  of 

a n t i b e d  1' s which cou l d  m e d ia t e  ADCC wore n o t e  - . 

i e rum li-otn animal  w i th  r a p i d l y  p r o g r e s s i n g  tumour; 

l i d  not po •••-' such a c t i v i t i e s  (Uarada e t  a 1 . , 1971).  

R e c e n t l y  . e l e c t i v e  d - s t r u c t i o n  of n e o p l a s t i c  c e l l s  

liavi been ob se rve d  in  leukemic m i c e , c a t s  and dogs 

f o l l o w i n g  i n f u s i o n  of  normal serum,  plasma or  whole 

b lo od .  It AKR mice t h i s  a n t i - l e u k e m i c  a c t i v i t y  

of  serum i; me d ia ted  by the  C5 component o f  

complement .  I t  has  been s u gg e s t ed  t h a t  complement 

may be a. c r u c i a l  l i m i t i n g  f a c t o r  in immune d e s t r u c t i o n

o f  t u m o u r  c e l l  ( K a s s e l  J .  i f ' - '  1

f . R U M  FA< - D R S  W l U C l i M O D  1 1 Y ' l i l t  I MM I IN K R K S K O N M  I d  M / . b U i N A N C Y  

In the  l i g h t  of a l l  t he  ev id enc e  f o r  l u m o u r - a . s o c i a t e d  

u t i g e n s  t o g e t h e r  wi th  the  f act  t h a t  an immunological  r e s po n se  

aguln.it '  tumoui t e n  o c c u r ,  we ar-  - t i l l  faced w i t h  the  t a c t  

th-'.U tumour, do ; is In o r d e r  to  e x p l a i n  th e  f a c t  t h a t

/ tumours



tumour:- do develop d e s p i t e  an immune response which i s  

p o t e n t i a l l y  l e t h a l ,  many authors have p o s tu la t e d  that  t ea  

im m une response towards a lumaur i s  blocked by f a c t o r s  in the 

s e r um. Tin f i r s t  and probably the b es t  know, demonstrat ion  

that  serum lav lor could LiUvr lurv will ,  c e l l u l a r  immunity 

came from the laboratory  of  the Hellstrttms (He l ls trbm and 

D e lI s t r b m , 1969) They were ab le  to  show that  pre- treatment  

o f  Moloney sarcoma c e l l s  with h e a t - i n a c t i v a t e d  serum from 

tumour-beai ing  mice prevented them from being k i l l e d  by 

s p e c i f i c a l l y  inmune 1. . iphocytes.  Such b l ock in g  a c t i v i t y  

has been demonstrated in the serum of  many an imals ,  

in c l u d in g  man, with va r i o u s  chem ic a l l y  and v i r a l l y - i n d u c e d  

tumours (Boyrc c t  a l . ,  1962, Bubenik and Turano,  1968,

Ferrer and Mihich,  19681.

I t  was o r i g i n a l l y  proposed that the serum b l ock in g  f ac t or  

was antibody in nature ,  and that the antibody coated the  

t u m o u r - a s io c i . l c d  ant igen  and prevented t h e i r  r e c o g n i t io n  

by s u i t a b l e  lymphocyte . Thi sug ges t i on  was supported by 

the f ind ing  that the b l ock in g  a c t i v i t y  could be l o c a l i s e d  

in the 7S immunoglobulin tr ac t io n  o t  serum (IgG C l a s s ) .

A l s o  i t  was shown that  b lock ing  a c t i v i t y  in  the serum ol  

m ice ,  bear ing  v i r a l l y - i n d u c e d  sarcomas could be adsorbed 

onto in t a c t  tumour c e l l s .  I t  was a l s o  shown that  IgM 

a n t i b o d i e s  were p o t e n t i a l l y  c y t o t o x i c  to tumour c e l l s  in 

the presence of  rr—plemcnt and did not p a r t i c i p a t e  in b lock ing  

(Baldwin e l  a l . ,  I974.t and b ) .  The hy pot hes i s  that  b lock ing  

a c t i v i t y  in the serum of tumour-bearing animals ,  was due 

t o  antibody became untenable  when i t  was shown that  t h i s



a c t i v i t ;  was i , p l d l y  l o s t  i t  t h e  tumour was s u r g i c a l l y  

removed (Baldwin eL a t . ,  1973a) .  Not o n ly  was c e l l  med ia ted  

cy t o t  ■ x i c i t y  no lo ng e r  b l o c k e d , but  t h e s e  s e r a  from an i mal s  

which had tumours s u r g i c a l l y  removed were a b l e  to  n e u t r a l i s e  

the  b l o c k i n '  u t l v i t y  in tumour b e a r e r  serum.  Thi s  was 

de m on s t r a t e d  fo r  the  Molo ne y-v i r us  induced  sa rcomas in mice 

(HeI iMrhm ,|nd l l e l l s t r t tm ,  1970) whose tumours showed spon taneous  

r e g n  . s i o n ,  in an i m al s  whose tumours had been s u r g i c a l l y  removed 

(Baldwin e t  a l . , 19 7 4 a  and b)  and a l s o  in  c l i n i c a l l y  symptom f r e e  

human cancel  p a t i e n t s  (He 11s t rhm and He 11s t rHm, 1974).  In a l l  

t h e  s t u d i o :  ) t a r  men t ioned th e  u n b lo c k in g  e f f e c t  showed

s p e c i f i c i t i e s  comparab le  t o  th o se  of th e  n e o a n l i g e n s  a s s o c i a t e d  

w i t h  th e  tumour in q u e s t i o n  (Baldwin e t  a l ; 1974b).

The phenomenon of un b lo c k in g  can b e s t  be i n t e r p r e t e d  as  a 

n e u t r a l i z a t i o n  o f  b lo c k in g  f a c t o r  in  tumour b e a r e r  serum by 

a n t i b o d y ,  s u g g e s t i n g  the  involvement  of  tumour a n t i g e n  in  the  

blocking,  p r o c e s s .  Th i s  would e x p l a i n  th e  r a p i d  l o s s  of  

b lo c k in g  f a c t o r s  subsequen t  to  removal of  the  tumour .  In

I h i s  . i t i i a t i o n     mi is., n ml ed a iu igvns would no longer  In

produced and t h e  a v a i l a b l e  a n t i g e n s  would be r a p i d l y  removed 

from t in  serum.  In th e  l i g h t  of th e se  f i n d i n g s  i t  was proposed 

t h a t  th e  b lo c k i n g  f a c t o r s  were a n t i g e n - a n t i b o d y  complexes.

Thi s  su. ’.v.i s t  ion r e c e i v e d  su pp o r t  from some w inkers  who showed 

t h a t  m l i g e n  and a n t i b o d y  were r e q u i r e d  f o r  b lo c k in g  and t h a t  

n e i t h e r  would b lo c k  a l o n e  (S jo g re n  e t  a l . ,  1971 and 1 9 / t ) .

D i r e c t  p roof  oi a n t ig en -  a n t i b o d y  involvement  in b lo c k in g  has 

been p r ov id ed  by Baldwin e t  a l . , (1972 ) .  These a u t h o r s  were a b l e  

to  show t h a t  . i cc  i f  i c  a n t ib o d y  from hepatoma b e a r i n g  r a t s  would 

not b lo c k .  I f  t i l s  was added to  tumour a n t i g e n ,  s o l u b i l i z e d
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from t h e  hepatoma c e l l  w i th  p a p a in ,  t h e  b l o c k i n g  d i d  occ ur .

The e x a c t  mechanism u n d e r l y i n g  b lo c k in g  by such immune 

complexes i s ,  ho w eve r , not  c l e a r .

THK. ROl.E OK ANTIGKN IN BLOCKING IMMUNITY TO CANC1.R t bjX.

I t  i s  p o s s i b l e  t h a t  the  t u m o u r - a s s o c i a t e d  a n t i g e n  i t s e l f  

may p la y  a more s p e c i f i c  r o l e  by i n h i b i t i i '  s e n s i t i z e d  

lymphocy tes .  Evidence  f o r  t h i s  may be found in  t h e  l i t e r a t u r e .  

C u r r i e  and Basham ( C u r r i e  and Basham, 1972; C u r r i e  197 11, 

have shown t h a t  lymph>cytes from p a t i e n t s  w i th  advanced 

ca rc inomas  need t o  be e x t e n s i v e l y  washed b e f o r e  t h e i i  

c y t o l y t i c  p r o p e r t i e s  a r e  d e t e c t a b l e .  They showed t h a t  the  

serum component r e s p o n s i b l e  f o r  i n h i b i t i n g  lymphocyte 

c y t o t o x i c i t y  had no d e t e c t a b l e  a f f i n i t y  fot  th e  t a r g e t  c e l l s  

and ap pe are d  to  a c t  on t h e  lymphocyte s u r f a c e  im ply ing  t h a t  

tumour a n t i g e n  may w e l l  be in v o lv e d .  Also  when t h i s  

i n h i b i t o r y  m a t e r i a l  was a s s a y e d  in t h e  serum o t  ca nc e r  p a t i e n t s  

th e  i n d i c a t i o n s  were t h a t  p a t i e n t s  w i t h  smal l  tumours had 

minimal  i n h i b i t o r y  a c t i v i t y  but  in  t h o s e  w i t h  advanced d i s e a s e  

i t  was r e a d i I  d e t e c t a b l e .

F u r t h e r  work s u g ,  s t i n g  a n t i g e n  Involvement  has  been done on a 

r a t  hepatoma system.  Baldwin had been a b l e  i a show t h a t  the  

c y t o t o x i c i t y  of  lymph node c e l l s  from tumour immune r a t s  can 

be s p e c i f i c a l l y  i n h i b i t e d  by t r e a t m e n t  w i th  th e  serum trom 

tu m o ur -b ea r in g  an im al s  (Baldwin e t _ a l .  , 1973b).  Th is  s u g g e s t i o n  

t h a t  t h e  b lo c k in g  f a c t o r  inv o lv ed  i s  a n t i g e n ,  r e c e i v e d  f u r t h e r  

su p p o r t  from t h e  f i n d i n g  t h a t  i n h i b i t o r y  a c t i v i t y  can be 

n e u t r a l i z e d  by a d d i ng  tumour im m u n e - se rum to  th e  b lo c k i ng  serum

/ B a l d w i n . . . .
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(Baldwin £ 1 ^ 1 . , 1973c,  1974a and b ) .  I „  a d d i t i o n ,  o t h e r  s t u d i e s  

h a / e  shown t h a t  the  c y t o t o x i c i t y  o f  lymph node c e l l s  from 

r a t s  immunized a g a i n s t  a hepatoma i s  s p e c i f i c a l l y  i n h i b i t e d  by

Shor t  ex p o s u re  to  s o l u b i l i z e d  t u m o u r - s p e c i f i c  a n t i g e n  

(Baldwin £i  ' I . ,  19731,). I'hc p > i . s ib l l  i t y  i h a t  c i r c u l a t i n g  

tumour a n t i g e n  may p l a y  an i m p o r . a n t  and pe r haps  a ma jor  r o l e  

in  modi fy ing  th e  r e l a t i o n s h i p  between host  and tumour i s  

emphasi sed  by s t u d i e s  showing t h e  in v i t r o  c y t o t o x i c i t y  

of  p e r i p h e r a l  blood lymphocytes from tu m o u r - b e a r i n g  p a t i e n t s  

can be s p e c i t  a  a l l y  i n h i b i t e d  by c o n t a c t  w i t h  the  appropriate 

tumour a n t i g e n .  S i m i l a r l y  C u r r i e  showed t h a t  e x t e n s i v e  

washing  was i < q u i r e d  t o r e s t o r e  lymphocyte c y t o t o x i c i t y  

t o  lymphocytes from p a t i e n t s  w i th  melanoma thus  c o n f i r m in g  

h i s  e a r l i e r  work ( C u r r i e ,  1973).

Ihe probable r o l e  of c i r c u l a t i n g  tumour a n t i g e n  in  serum 

i n h i b i t o r y  a c t i v i t y  i s  su g g e s t e d  by s e v e r a l  o f  i t s  f e a t u r e s  

i . e .  P r e d i l e c t i o n  f o r  lymphocytes;  Absence o f  a f f i n i t y  for  

the t a r g e t  c e l l s  and h i s t o g e n i c  s p e c i f i c i t y .  All  t hese  

p r o p e r t i e s  p r o v id e  some e v i d e n c e ,  a l b e i t  c i r c u m s t a n t i a l ,  t h a t  

the b lo c k in g  a c t i v i t y  i s  a n t i g e n  (Vaag e , 1973 and 1 9 7 4 ) .

1'he ba lance  betw -n a n t i g e n  and a n t i b o d i e s  in  c i r c u l a t i o n  cou l d  

he c r i t i c a  in  d e t e r m in in g  the  n a t u r e  o f  th e  r e a c t i o n .  In a 

m i c r o c y t o t o x i c i t y  or r e l a t e d  a s s a y ,  i t  i s  p o s s i b l e  t o  o bs e rv e  

b lo c k in g  when a n t i b o d y - c o n t a i n i n g  s e r a  from an i ma l s  w i t h  

r e g r e s s i n g  tumours was i n t r o d u c e d  i n t o  th e  sys tem.  Tumour c e l l s  

exposeu t o  t h e s e  s e r a  shed t h e i r  a n t i g e n s  and thus  immune 

complexes were formed w i t h  a n t i g e n  e x c e s s . It a n t ib o d y  was 

in  exc ess  i t  appeared t h a t  the  serum cou ld  e x e r t  an u n b lo c k i ng  

e f f e c t  (Hayami e t  a l ■, 1964) .  T e s t s  f o r  b lo c k in g  serum f a c t o r s

/ i n  . . .
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in v i t r o  were commonly done by i n h i b i t i o n  0£ lymphocyte-  

me d ia te d  c y t o t o x i c i t y  ( H e l l s t r t t m  and H e l l s t r Bm ,  l ° 7 4 ) .

Conv inc in g  ev id enc e  has been p ro v id ed  in  many r e p o r t s  f o r  

b lo c ka d e  a t  the  l e v e l  o f  e f f e c t o r  c e l l s .  Thi s  mechanism 

p r e v e n t s  ac c e s s  o f  c y t o t o x i c  lymphocytes  t o  th e  t a r g e t  

c e l l s  (Kayll  , 19 6 2 ;  Mt i l l e r ,  1965; H u t c h i n s ,  1968; K l e i n ,

1971; Todd c t  a 1 . ,  1971; Cohen c t  a L , 1974).

C u r r i e ' s  work on mclanonw i s  im p o r t a n t  ( C u r r i e ,  197.1) b ec aus e  

i t  showed t h a t  b lood  lymphocy tes  from p a t i e n t s  w i t h  e a r l y  

l o c a l i s e d  d i s e a s e  were a c t i v e l y  c y t o t o x i c  in  v i t r o  and tha c  

t h i s  c y t o t o x i c i t y  was p r o g r e s s i v e l y  l o s t  a s  th e  d i s e a s e  

p r o g r e s s e d .  S i m i l a r  o b s e r v a t i o n s  have been made w i t h  b l a d d e r  

ca rcL.v. .  i s  and sa rcomas .  Thus lymphocyte c y t o t o x i c i t y  may 

v a r y  ac c o r d in g  t o  the phase o f  th e  d i s e a s e .  Thi s ,  in t u r n ,  

seems to  be l i n k e d  to  t h e  amount of tumour a n t i g e n ,  t r e e  or  

complexed,  p r e s e n t  in th e  h o s t .

The d a t a  of C a r r e l  and I h e i l k a e s  ( C ar re l  and T h e i l k a s e s ,1973)  

i s  i n t e r e s t i n g .  Thev have been a b l e  t o  de m o n s t r a t e  melanoma- 

s p e c i f i c  a n t i g e n  in  t h e  u r i n e  of  29 out  of  12 c a s e s  of  the  

d i s e a s e ,  and in  on ly  t h r e e  p a t i e n t s  s u f f e r i n g  from o t h e r  

d i s e a s e s .  The t h r e e  f a l s e  p o s i t i v e s  o c c u r re d  in  p a t i e n t s  w i th  

tumours of  the  ne rvous  sys t em.  Th is  i s  an i n t r i g u i n g  1 fnd ing  

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

w i t h  r e f e r e n c e  t o  t h e i r  embryonic o r i g i n .  (Melanocytes  a r e  

d e r i v e d  from th e  n e u r a l  c r e s t ) .

The d i s c o v e r y  o.  CKA by Gold and Freedman (1965) has  h e l ped

t o  emphas i se  t h e  f a c t  t h a t  t h e  g ly e o c a ly x  of  tumour c e l l s  i s

s h e d d i ng  i n t o  t h e  e x t r a c e l l u l a r  f l u i d  and t h a t  some tumour c e l l

s u r f a c e  c o n s t i t u e n t s  may ap pe ar  in  the  scrum.  (he g l y e o c a l y x

/ o f . .
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of a l l  c e l l s  i s  a dynamic s t a t e  ol I lux and i s  c o n s t a n t l y  

b e i n g  s y n t h e s i s e d  and shed.  Th i s  i s  t r u e  o f  ma l ig n an t  as 

w e l l  as  n o n - m a l i . n a n t  c e l l s ,  such c e l l  s u r f a c e  a n t i g e n i c  

components when in a  s o l u b l e  form,  ap pe a r  to  r e t a i n  t h e i r  

a n t i g e n i c  s p e c i f i c i t y  hut  lose  t h e i r  immunogvnii c a p a c i t y .  

They can i n t e r a c t  w i t h  and i n h i b i t  a n t i b o d y  o r  c y t o t o x i c  

c e l l s  b i t  a r e  not  c a p a b l e  f  i n d u c in g  an immune r e s p o n s e .  

With i n c r e a s i n g  tumour s i z e ,  the  q u a n t i t y  of  a n t i g e n  shed 

must i n c r e a s e  and l i n d  i t s  way i n t o  th  c i r c u l a t i o n  in  

e v e r - i n c r e a s i n g  t i t  r e s . At f i r s t  t h i s  m a t e r i a l  w i l l  be 

r a p i d l y  complexed w i t h  c i r c u l a t i n g  a n t i b o d i e s  which w i l l  be 

i r  ex c es s  but  a t  some s t a g e  i t  i s  c o n c e i v a b l e  t h a t  a n t i g e n i c  

ex c e s s  w i l l  occur  w i t h  co nc o m i t an t  b lo c k in g  a c t i v i t y .  Such 

c i r c u l a t i n g  b lo c k in g  f a c t o r s  co u l d  be i n c r i m i n a t e d  in  the  

deve lopment  o l  tu m o ur . a t  d i s t a n t  s i t e s ,  i n  f a c t ,  C u r r i e ,  

and h i s  co-w. rket  s . h a v v  shown in  r a t s  w i th  s p o n t a n e o u s l y  

m e t a s t a t i c  s a rc o m as , t h a t  the  a p p e a r an c e  o f  m e t a s t a t i c  

d e p o s i t s  i s  con com i tan t  w i th  t h e  d i s a p p e a r a n c e  o f  a n t ib o d y  in 

c i r c u l a t i o n  and the  a p p e a r a n c e  o f  such b lo c k in g  a c t i v i t y  

( C u r r i e  and Basham, 197?; C u r r i e  and Cage , 197 1).

SERUM DERIVED IMMUNOSUPRKSS1VI. SUB-STANCl.S

The p r es e n ce  of  n a t u r a l l y - o c c u r r i n g  immunosuppress ive

s u b s t a n c e s  in  s t rum has  long been known (Kemr in,1959) .

Kamrin showed t h a t  a l p h a - g l o b u l i n s  in  Cohn F r a c t i o n  IV 

were Capable  o f  p r o lo n g in g  s k i n  g r a f t s  in r a t s .  (Mowbray 

(1962)  was a b l e  to  co n f i r m  and e x t e n d  t h e s e  r e s u l t s .  He 

s e p a r a t e d  bovine a l p h a - g l o b u l i n  f r a c t i o n s  on ion exchange 

chromatography  o b t a i n i n g  a f r a c t i o n  t h a t  c o u l d  p ro long
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s k i n  g r a f t s  and p r ev e n t  a n t i b o d y  p r o d u c t i o n ,  I t  app ea red  

t o  a c t  in  t h e  in d u c t i v e  phas i  ol a n t i b o d y  s y n t h e s i s  (Mowbray, 

1962) .  L a t e r  th e y  showed t h a t  t in a c t i v e  f r a c t i o n s  c o n t a in e d  

r i b o n u c l e a s e  a c t i v i t y  and p u r i f i e d  r i b o n u c l e a s e  was ca p a b l e  o f  

e x e r t i n g  I hi: .  Immunosupprt . . s ive  e f f e c t  (Mowbray and Sc ho l a n d , 

19«t6. Mowbray, 1967; Mi l ton  and M o l n a y ,  1969).  O the r  a u t h o r s  

had 1 :.o shown a l p h a -  Lobul ins  w i th  immunosuppress ive  a c t i v i t y  

t o  be p r e s e n t  in normal b lood  (Manni k and Schmid,  1967) and 

showed t h a t  t h e i r  f r a c t i o n  from human b lood cou l d  p r o long  

sk in - . 1 1 l e ' i  if t i n  r a b b i t s .  I t  co u l d  p r e v e n t  PHA- induced 

lymphocyte t r a n s f o r m a t i o n  and a l s o  t r a n s f o r m a t i o n  induced by 

s p e c i f i c  a n t i g e n s  (Cooperband c t  a l . ,  1968).

Yet o t h e r  a u t h o r s  ( P h i l l i p s  e t  a l . 1975) i n v e s t i g a t e d  the  

Immunosuppress ive e f f e c t s  o f  a l p h a - g l o b u l i n s  and found t h a t  

th e y  p r ed o m in an t ly  i n h i b i t e d  DNA s y n t h e s i s  and p r o l i f e r a t i o n  

o f  lymp ho cy te s . An t igen r e c o g n i t i o n  was no t  b lo cked  nor  the  

r e l e a s e  o f  macrophage m i g r a t i o n  i n h i b i t i o n  f a c t o r  from 

s e n s i t i z e d  ce l  I s .

Mil to n  (1971) has  r eviewed  t h e  l i t e r a '  u r e  and has compared 

F r a c t i o n  C (FrC) d e s c r i b e d  by Mowbray (1962)  w i th  immuno- 

r e g u l a t o r y  a l p h a - g l o b u l i n  (IRA) d e s c r i b e d  by Mannick and Schmid 

(19 67) .  The compar i son i s  shown in Tab le  1.

The c u r r e n t  s l a t e  of the  l i t e r a t u r e  on scrum de r iv e d  

immunosuppressive I a c t o r n  has  been rev iewed  by M i l l e r  

( M i l l e r , 1976) and by Cooperband c t  a 1■, (1976) .  On the  b a s i s  

o f  th e  a v a i l a b l e  d a l i  i t  seems t h a t  the  s u b s t a n c e  r e s p o n s i b l e  

f o r  Immunosuppress ive a c t i v i t y  in serum i s  an a l p h a g l o b u l i n  

which i s  no t  c y t o t o x i c , does not  c o n t a i n  c o r t i s o l  and i s  h e a t

/ s t a b l e . . ,
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s t a b l e .  I t  may be a s s o c i a t e d  w i t h  i l p h a ^ - m a c t o g l o b u l i n  

but  l acks  p r o t v a s e  and r i b o n u c l e a s e  a c t i v i t y .  I t  appe a r s  

to  ac t  ac r o s s  .1 sp i t  i u s  b a r r i e r  and uay a c t  c i t h e r  by 

s u p p r c s s  i n • 1 hi' I uni t .  11 i«»n oI  mc. i se i i^ . i  1 KNA o r  b y  i n h i b i t i n g  

r e c e p t o r s  on the  lymphocyte s u r f a c e .

The p o s s i b i l i t y  t h a t  s* rum b 1 >cking f a c t o r s  a r c  r e l a t e d  t o 

membrane components such  as  HI A a n t i g e n s  o r  b lo od  group 

ant  inc us  must be 1 i n s i d e  r e d .
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TABLE 1.

SOME t'KOPI HI IKS OF Kr 0 AND IRA

S1MIURITIF.S

Alpha g l o b u l i n s  p r e s e n t  in  normal  serum w i t h  a s i m i l a r  method of 
p r e p a r a t  i o n .

Immunosuppre s i v c  when a d m i n i s t e r e d  to  mice be f o r e  
immunisa t ion  w i th  SRBC

I n h i b i t o r y  t o  lymphocyte p r o l i f e r a t i o n  in v i t r o

DIFFERENCES

Fr C

RNasc a c t i v i t y

E l u t e d  from DEAE w i th
0 . 5M a c e t a t e  pH)

No e f f e c t  on MIF p ro d u c t io n

No e f f e c t  on g -  
r u s e t t e  fo rm at ion

IRA

No RNase a c t i v i t y

E lu te d  from DEAE w i th
0.2M a c e t a t e  pH 5

I n h i b i t s  MlF p r o d u c t i o n

I n h i b i t  6  k_ 
r . ' s c t t e  f o rm a t io n
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D i f f i c u l t i e s  in  o b t a i n i n g  blood g rou p  s u b s t a n c e s  f rom red  

c e l l s  prompted a s e a r c h  f o r  them in  o t h e r  p l a c e .  (Kabac ,1956) .  

Morgan found t h a t  o v a r i a n  c y s t  f l u i d  was a p a r t i c u l a r l y  r i c h  

. » u , c e  o f  A ,B ,„  and Lewis b lood  g roup  s u b s t a n c e .  (Grubb and 

Morgan,  1949).  S u b s t an c es  o f  s p e c i f i c i t i e s  c l o s e l y  r e l a t e d  to  

A.B.H a r e  w id e l y  d i s t r i b u t e d  in n a t u r e  and a r e  found in  many 

m ic ro -o rg an i s ms  and p l a n t s  ( S p r i n g e r ,  1958) .  The A.B.H and 

Lewi,  s u b s t a n c e ,  a ,  t hey  . ( c u r  ^  t i s s u e  f ' u l d s  and s e c r e t i o n s  

a r e  ve ry  s i m i l a r  and th e  same p r oc e d ur e  can be used f o r  the  

i s o l a t i o n  of  blood g roup  s u b s t a n c e s  f rom any o f  t h e s e  s o u r c e s .  

Extremes in  pH a r e  u n d e s i r a b l e .  The method which has  found 

most g e n e r a ,  a p p l i c a t i o n  i s  e x t r a c t i o n  o f  th e  f r e e z e - d r i e d  

t i s s u e  f l u i d  o r  s e c r e t i o n  w i t h  co ld  95% pheno l .  A phenol -  

i n s o l u b l e  r e s i d u e  i s  o b t a i n e d  which p o s s e s s e s  most o f  the  

a c t i v i t y  o f  t h e  o r i g i n a l  s t a r t i n g  m a t e r i a , .  F u r t h e r  p u r i f i c a t i o n  

methods can be a p p l i e d  to  t h e  p h e n o l - i n s o l u b l e  r e s i d u e  such as  

e t h a n o l  f r a c t i o n a t i o n ,  ammonium s u l p h a t e  f r a c t i o n a t i o n ,  column 

chromatography  on DEAE c e l l u l o s e ,  e x t r a c t i o n  o f  p o l ya c r y la m id e  

8 e l  e l e c t r o p h o r e s i s  and d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n .

The A.B.H s u b s t a n c e s  p u r i f i e d  from s e c r e t i o n s  a r e  g l y c o p r o t e i n s  

c o n s i s t i n g  o. a p p r o x i m u d y  8 0 % c a r b o h y d r a t e  and 207. amino 

a c i d s .  They a r e  h e t e r o d i . p e r s e  in  s i zc w i t h  an av e ra g e  MW 

°t  JOO.OOOd but the  mo le cu le s  o f  d i f f ,  r e n t  s i z e s  have 

s i m i l a r  s e r o l o g i c a l  p r o p e r t i e s .  Tin o l i g o s a c c h a r i d e  

c ha in s  a r e  a t t a c h e d  to  the  p o l y p e p t i d ,  b v  means of  a l k a l i - l a b i l e  

0 - g l y c o s i d i c  bonds t o  s e r i n e  o r  t h r e o n i n e .  The su ga r  though 

to  be inv o lv ed  in  th e  l i n k a g e  i s  N - a c c t y f - g a l a c t o . a m i n e  

(F ig .  1) .

/ T h e . .
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The su g ar s  found In b lood g roup  s u b s t a n c e s  a r e  found 

in  Tab le  2.  The am in o - ac i d  c im pos i t i ons  o f  v a r i o u s  

b lood  group g l y c o p r o t e i n s  a r c  s i m i l a i  to  each  o t h e r  and 

a pp e ar  to  he u n r e l a t e d  to  blood g roup s p e c i f i c i t y  of  

A,B,  H a l th o u g h  some i n d i c a t i o n  e x i s t s  t h a t  t h i s  i s  no t  

t r u e  f o r  MN b lood groups (L i ssowska  and Kordowicz ,1976)

The A, B, H and Lewis a n t i g e n s  poaseann common b a s i c  

s t r u c t u r e  and I he blood ;T'up s p e c i f i c i t y  r e s i d e s  in th e  

sequence and l in k a g e  of  s u g a r s  a t  t h e  t e  m a l  n o n - re d u c in g  

ends O' o l i g o s a c c h a r i d e  c h a i n s .  There a r e  two ty pe s  o f  

c h a i n s :  ( a )  Type 1 in  which g a l a c t o s e  i s  l i n k e d  Beta 1-3 

t o  N-Acetyl  g lucosamine  ( F i g 2 ) ,  (b)  Type I t  c h a i n s  in  which 

t h e  l i n k a ge  i s  b e t a  1-4 ( F i g  3 ) .  ( W a tk in s . 1972;1974) .



ANALYTICAL FIGURES t MM.i 1M- NS OF HUMAN Bi.OOD-GROb’P SPECIFIC SL’BSTANCKS I SOLA TCP FROM OVARI, CYST

FLUIDS

(.roup No. of  
spe c imens

N i t r o ge n

%

Fucosc

7.

Hexosamine

%

Reduc ing 
S uga rs

S i a l i c  
ac id

7.

A 4 4 . 7 - 5 . 3 1 7 . 0 - 1 9 . 5 2 7 . 8 - 3 6 . 3 5 1 . 0 - 5 7 . 0 1 . 3 - 2 . 9

B 4 4 . 5 - 5 . 1 1 6 . 2 - 2 0 . 8 2 3 . 9 - 2 7 . 6 5 0 . 0 - 6 0 . 1 1 . 9 - 5 . ]

AB 2 4 . 7 - 5 . 3 1 7 . 3 - 1 7 . 9 2 5 . 9 - 2 8 . 9 5 1 . 2 - 5 2 . 4 1 - 1 .7

H 4 4 . 7 - 5 . 9 1 6 . 7 - 2 1 . 6 2 3 . 0 - 2 6 . 0 4 5 . 0 - 5 7 . 2 1 . 5 - 4 . 3

Lefl 4 4 . 5 - 5 . 2 8 . 6 - 1 3  1 2 6 . 5 - 3 0 . 6 5 0 . 0 - 5 6 . 2 3 . 0 - 1 8 . 0

I n a c t i v e 1 5 . 4 1 . 6 28 49

f W a t k l n s , 1972)
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(iKNI.KAl. S i KICTURE OF THE ANTIGENIC DETERMINANTS OF 

lil.OOD GROUP SUBSTANCE.
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FIGURE 2 

T Y I ’ i:  ! C H A I N S
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FIGURK 5

TYPE I I CHAINS
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1 , 1 ( 1  Jjll'- CHEMISTRY OF THl. M.N and T BLOOD GROUP ANTICKNS

In 1958 i t  wav iiown t h a t  t r e a t m e n t  o f  r ed  c e l l s  wi th  

ne u r a m in id a se  d e s t r o y e d  the  M and N a c t i v i t y  o f  th e  c e l l  

( S p r i n g e r  and A n s v l 1, 1958) .  The i s o l a t e d  s u b s t a n c e  behaveJ  

in  a s i m i l a r  way when t r e a t e d  w i th  n eu r a m in id a se  thus  s i a l i c  

a c i d  was shown t > be o f  impor tance  in t h i s  a n t i g e n i c  d e t e r m in a n t  

I t  i s  of  i n t e r e s t  t h a t  a l t h o u g h  removal  o f  s i a l i c  a c i d  d e s t r o y s  

the  r e a c t i v i t y  o f  the  M, N a n t i g e n s  towards  human and r a b b i t  

a n t i s e r a ,  i t  does not  d e s t r o y  th e  r e a c t i v i t y  towards  th e  a n t i - N  

l e c t i n  of  Vic iu firarainea (L i s so w  ka and Kordowicz ,1976).  The 

r e a c t i v i t y  towards  Vic l a  Grarninea l e c t i n  ap p e a r s  to  r e s i d e  in  

t h e  g a l a c t o s e  moe i ty  ( S p r i n g e r  e t  a l . , 1 966) .  The s t r u c t u r e s  

which a r e  tho ugh t  to  be im po r ta n t  in  th e  a n t i g e n i c  d e t e r m i n a n t s  

of  t h i s  g roup a r e  shown in  F ig  4.

Recent  r e s e a r c h  i n d i c a t e s  t h a t  the  s p o t i i i c i t y  o f  the  M and N 

a n t i g e n s  may be a r e s u l t  o f  more complex i n t e r a c t i o n s  between 

the  c a r b o h y d r a t e  p o r t i o n  of  the  mo lecu le  and th e  amino-group 

of  l y s i n e  on t h e  p o l y p e p t i d e  p o r t i o n  (Li s sowska  and Kordowicz,  

1976) .  Acco rd in g  to  th e s e  a u t h o r s  M and N a c t i v i t i e s  a r e  

c o n f i n e d  to  the  major  g l y c o p r o t e i n  of human e r y t h r o c y t e  

membranes , and a r e  thought  to  be t r a n s p o r t e d  by h igh  and low 

d e n s i t y  l i p o p r o t e i n s  from where they  a r e  a c q u i r e d  by the  

e r y t h i o c y t e .  Th is  i s  ve ry  s i m i l a r  to  th e  J  a n t i g e n  o f  c a t t l e  

(St  one,  1966) and the  R a n t i g e n s  of  she ep  (Rasmussen,1962) .

Ihe I a c t  t h a t  A B M  and N a n t i g e n s  can bv e x t r a c t e d  from red  

c e l l  blood g h o s t s  in  the  aqueous phase u s i n g  th "  bu t ano l  

ext  t a c t i o n  pr.u , dot , of  Kiddy as n o d i f i  I by Riga e t  a I . ,  ( 1 9 b / ) ,  

p r o v id e s  s u b s t a n t i a l  ev id enc e  o f  t h e i r  g l y c o p r o t e i n  n a t u r e .

/change ;
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1. 10 TUI: CHEMISTRY OF THI M.N and T BLOOD GROUP ANTIGENS

In  1958 i t  was shown t h a t  t r e a t m e n t  of  r ed  c e l l s  w i th  

neu r a m in id a se  d e s t r o y e d  the  M and N a c t i v i t y  of the  c e l l  

( S p r i n g e r  and A n s e l l ,  1958) .  The i s o l a t e d  s u b s t a n c e  behaved 

i n  a s i m i l a r  way when t r e a t e d  w i t h  n e u r a m in id a s e  thus  s i a l i c  

a c i d  was shown to  be o f  impor tance  in t h i s  a n t i g e n i c  d e t e r m i n a n t .

I t  i s  o f  i n t e r e s t  t h a t  a l th o u g h  removal  o f  s i a l i c  a c i d  d e s t r o y s  

t h e  r e a c t i v i t y  of  t h e  M, N a n t i g e n s  towards  human and r a b b i t  

a n t i s e r a ,  i t  docs no t  d e s t r o y  t h e  r e a c t i v i t y  towards  t h e  a n t i - N  

l e c t i n  of Vic la  Craminc.a ( L i s  o v  i-a and Kordowicz ,1976).  The 

r e a c t i v i t y  towards  V ic i a  Graminea l e c t i n  ap p e a r s  to  r e s i d e  in  

t h e  g a l a c t o s e  moe i ty  ( Spr ing  r e t  a l . , 1966) .  The s t r u c t u r e s  

which . . r e tho ugh t  t o  be i m p o r ta n t  in the  a n t i g e n i c  d e t e r m i n a n t s  

o f  t h i s  g roup a r e  shown in F ig  4.

Recent  r e s e a r c h  i n d i c a t e s  t h a t  the  s p e c i f i c i t y  o f  th e  M and N 

a n t i g e n s  may be a r e s u l t  o f  more complex i n t e r a c t i o n s  between 

t h e  c a r b o h y d r a t e  p o r t i o n  of  t h e  molecu le  and th e  amino-group 

of  l y s i n e  on the  p o l y p e p t i d e  p o r t i o n  (L i s sowsk a  and Kordowicz,  

1976).  Accord ing to  t h e s e  a u t h o r s  M and N a c t i v i t i e s  a r e  

c o n f i n e d  t o  the  major  g l y c o p r o t e i n  of  human e r y t h r o c y t e  

membranes,  and a r e  th ou g h t  to  be t r a n s p o r t e d  by h igh and low 

d e n s i t y  l i p o p r o t e i n s  from where they  a r e  a c q u i r e d  by the  

e r y t h r o c y t e . Thi s  i s  ve ry  s i m i l a r  to  th e  J  a n t i g e n  of  c a t t l e  

(S to n e ,  1966) and th e  R a n t i g e n s  i f  sheep (Rasmussen,1962).

The f a c t  t h a t  A B M  and N a n t i g e n s  can be e x t r a c t e d  from red 

c e l l  blood g hos t s  in th e  aqueous phase u s i n g  th e  b u t a no l

ex i t  a c t i o n  pf it:vdurv oI Muddy as  ti ulil 1 id  by llega ej u l . * ( l  ) ,

p r o v i d e s  s u b s t a n t i a l  ev id enc e  o f  t h e i r  g l y c o p r o t e i n  n a t u r e .

/ t  hangr*s.
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CHANCES IN HI,OOP C ROI 'P  ANTICKNIS A S S O C IA T E D  W I T H NA1. 1 (.NANCY

Chnnj^ i in blond Krou|i s u b a L a n c e s , a s s o c i a t e d  wi th  t h e  

m a l i g n a n t  change have been known t o r  a long  t i m e . The Tja 

a n t i g e n i c  d e t e r m i n a n t  was f i r s t  d e s c r i b e d  in a s s o c i a t i o n  wi th  

a  g a s t r i c  ca rc inoma  (Levine  e t  a l . ,  1951) .  L a t e r  work by 

Marcus co nf i r me d  th e  e a r l i e r  work by Levine ct a I . ,  namely 

th a t  ma l ig n a n t  c e l l s  of  a g a s t r i c  ade no-ca rc inoma  may ex pr e ss  

s e r o l o g i c a l l y  a c t i v e  r e d  c e l l  a n t i g e n i c  marke r s  d i f f e r e n t  from 

th os e  I n h e r i t e d  by the  hos t  (Marcus , 1971; Na ik i  and Marcus ,1979) .  

This  r e f e r s  to  th e  f i r s t  ca se  o f  T ja  produced by a 6 6  

year  o l d  woman o f  genotype pp ( S a n g e r ,195 - ) .  Only t h i s  group 

of  a n t i b o d i e s  was ab s or be d  s p e c i f i c a l l y  by t h e  d r i e d  tumour 

t i s s u e  made a v a i l a b l e  f o r  s t u d y .  S i m i l a r  examples  o f  b lood 

group a n t i g e n  changes  were r e p o r t e d  by o t h e r s  (Hakoroori et a l . ,  

1967; Hakk inen , 1970) .  Hakomori  and Andrews s p e c u l a t e  t h a t  

in  ma l ignancy t h e r e  i s  a b e r r a n t  and inc om ple te  s y n t h e s i s  

of  A, B ,11 d e t e r m i n a n t s  (Hakomori and Andrews , 1970).

Hakkinen found b lood g roup A a c t i v i t y  In g a s t r i c  ca nc e r  c e l l s  

of  p a t i e n t s  o f  . r o u p s  0 and L. In a d d i t i o n  to  the  A 1 H and 

T ja a n t i g e n s ,  a n o t h e r  g roup ,  t h e  M and N a n t i g e n s  have r e c e n t l y  

been shown to  be i n t i m a t e l y  inv o lv e d  w i th  n e o p l a s i a .  S p r i n g e r  

e t  a 1. ,  l a v e  d e m on s t r a t e d  the  p r e s e n c e  ol t h e  M N p r e c u r s o r  T 

a n t i g e n  in  m i l i , n a n c i e s  oi b r ea s t  t i s s u e .  The T a n t i g e n  

was shown not  t "  be p r e s e n t  in normal  b r e a s t  t i s s u e .  F u r t h e r ­

more , t h e y  showed t h e  a n t i  1' a n t i b o d y  L i t r e s  were d im in i sh ed  

in  th e  s e r a  o f  c a n c e r  p a t i e n t s  ( S p r i n g e r  e t  >1. ,  1975 a , b , 1976).  

These a u t h o r s  were a l s o  a b l e  to  show the  p r e c u r s o r  o f  t h e  T 

a n t i g e n  v i a .  t i n  Tn a n t i g e n ,  in ma l ig na n t  t i s s u e .  The T

/ a n t i g e n . .
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a n t i g e n  i s  known as  the  Thomsen F r i e d e n r e i c h  a n t i g e n  

( F r i e d e n r e i c h ,1 930 ) .  I he a s s o c i a t i o n  between mal ignancy  

and b lood g roup s u b s t a n c e s  has  been g iv e n  f u r t h e r  su p po r t  

by th e  f i n d i n g  ol hi hu g roup A a c t i v i t y  on ca rc in o e m br yo n ic  

a n t i g e n  (Gold and ' . o ld ,  1973; Simmons and P e r I m a n n , 1973).  

R e c e n t l y  a paper  l i n k i n g  b lood group c a r b o h y d r a t e  c h a in s  w i t h  

bo th  o n t o g e n e s i s  md o.ici g e n e s i s  has ap pe a r ed  (Matanabe and 

Hakomori ,  1976).  hese a u t h o r s  su g g e s t  t h a t  i g e n e t i c  or  

e p i g e n e t i c  programme f o r  s y n t h e s i s i n g  b lood  g roup d e t e r m i n a n t s  

and t h e i r  c a r r i e r  c a r b o h y d r a t e  c h a in s  de ve lop s  s t e p  by s t e p  

d u r in g  the  p r o c e s s  o f  m t o g e n e s i s  and t h a t  th e  programme of  

s y n t h e s i s  i s  b lo ck ed  or  m o d i f i e d  in  t h e  p r o ce ss  o f  o n c o g e n e s i s .  

Th i s  co nc ep t  i s  s u pp o r te d  by the  f i n d i n g  of l o j s  of  blood group 

s p e c i f i c i t y  in  a number o f  tu  aur t y p e , (Kay and Wa l la ce ,  1961; 

Davidson e t  a l . ,  1966, 1969) .

Also  b locked s y n t h e s i s  ol  A and II d e t e r m i n a n t s  in  human 

e p i t h e l i a l  and endodermai  tumours  have been d e s c r i b e d  based 

on immunochemical grounds ( P r e m i e r g a s t  et a l . ,  1968; Davidson 

e t  a l . ,  1969) and even e n z y m a t i c a l l y  ( S t e l i n e r  e t  a l . , 1 9 7 3 ) .  

Chanp. s in  Lewis b lood g rou p  hapten and ac cu m ul a t io n  of  Lewis 

l i k e  a n t i g e n s  in  some adenocarc inomas  have been d e s c r i b e d  

(Yang and Hak om or i , 1971).

Immunohi s t o lo g ic a l  s t u d i e s  have shown t h a t  blood group 

d e t e r m i n a n t s  ap p e a r  and d i s a p p e a r  in a c e r t a i n  o r d e r  d u r in g  

deve lopment  (Szulman ,1960) .  The H d e t e r m i n a n t  was shown to  

be a marker  o f  c e l l u l a r  d l l ! e n t i a t i o n  (Fann and Kuhns, 1972'1.

Also changes  in  1,1 a n t i g e n s  have been a s s o c i a t e d  wi th  

m a l ig n a n t  chang.  ( F e i z i  e t _ a l . , 1975, 1976).

/ T h e . .



Tho p i c t u r e  o f  tumour a s s o c i a t e d  a n t i g e n s  b e i n g  b lood g roup 

p r e c u r s o r s  i s  n o t  q u i t e  so s i m p le .  High l e v e l s  of  A B U 

and  Lea s u b s t a n c e s  have been r e p o r t e d  i n  c a s e s  o f  mucus 

s e c r e t i n g  o r  g a s t r i c  ca r c in om as  (Barbe r  and Duns fo rd . lV  >');

Saeed and F i n e , 1968).  The l o s s  o f  s u p p r e s s i o n  o f  r ed  c e l l  

A, a n t i g e n  has  been ob se rv e d  in  a number of  p a t i e n t s  w i t h  

leukemia ( S t r a t t o n  e t  a l . , 1958) .  There i s  a l s o  a r e p o r t  of  

l o s s  of  B a c t i v i t y  in  p a t i e n t s  w i t h  l eukemia  ( R i c h a r d s , 196.’ ) 

and a d e c r e a s e  in  th e  s t r e n g t h  o f  the  I a n t i g e n  on r e d  c e l l s  

in  leukemia (Race and S a n g e r ,1 975 ) .

EMilRYONIC AwrrnPNS ASSOC I ATI.D WITH MALIGNANCY

F o e t a l  s u b s t a n c e s  d e s i g n a t e d  a n t i g e n s  ( s i n c e  the y  a r e  d e t e c t e d  

immuno log ic a l l y )  a r e  f r e q u e n t l y  r e - e x p r e s s e d  in n e o p l a s t i c  

t i s s u e .  Be s id es  CF.A, many o t h e r  o n c o f o e t a l  a n t i g e n s  have been 

d e s c r i b e d  i n c l u d i n g  a l p h a  f o e t o p r o t e i n  ( A b e le v , 1968).  

s u l p h o g l y c o p r o t e i n  (Hakkinen and V i i K a r i ,1 9 6 9) ,  a l ph a^  H 

f e r r o p r o t e i n  (Buf fo  e t  a l . , 1 9 7 0 ) ,  ganm.a foe,  . p r o t e i n  

(Edvnak e l  a t . , 1 97 2) ,  l eukemia a s s o c i a t e d  a n t i g e n  (IAA) ( H a r r i s  

e t _ a l . , 1971) and t h e  Regan isoenzyme (Na thanson and F i s c h m m ,1971 

Al though  i t  was o r i g i n a l l y  th ou g h t  t h a t  t h e s e  s u b s t a n c e s  were 

s p e c i f i c  marker s  f o r  th e  ma l ig na n t  s t a t e ,  t h i s  was l a t e r  

shown not  t o  be the  c a s e .  They a r e  now known t o  be p r e s e n t  

in  normal  t i s s u e  in  sm a l l  amounts .  I t  would seem t h a t  they  

a r e  i n c r e a s e d  in  many c o n d i t i o n s  in  which c e l l  p r o l i f e r a t i o n  

o c c u r s .  Evidence  f o r  t h i s  be i n g  p r o v id e d  by i n c r e a s e d  l e v e l s  

o f  a lph a  f o e t o p r o t e i n  in  p a t i e n t s  w i t h  n o d u la r  r e g e n e r a t i o n  

of  the  l i v e r  (Thomson e t  a l . , 1 96 9) .  A l so  a l p h a  f o e t o p r o t e i n  

i n c r e a s e s  in  r a t s  a f t e r  l i v e r  i n j u r y  w i t h  ca rbon  t e t r a c h l o r i d e  

( J e r r y  e t  a l . , 1 9 7 6 ) .

/ C a r c i n o . . . •
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1 . 12 . 1  Care iiio-Kml r y o n lc  Ant inert (CEA)

I t  has a l r e a d y  been seen l h a t  n e o - a n t i g e n s  e x i s t  

on tunu ar  c e l l s  and t h a t  sh ed d in g  o£ th e se  a n t i g e n s  

in s o l u b l e  form may i n t e r f e r e  w i th  th e  immune 

r e s p o n s e  and so a i d  the  tumour c e l l  in  i t s  avo idan ce  

o f  d e s t r u c t i o n  by the  immune sys tem of  t h e  h o s t .

Carc ino-embryon ic  a n t i g e n  i s  an example of  a 

g l y c o p r o t e i n  component of  t he  tumour c e l l  periphery  

which i s  died Irom th e  tumour c e l l  s u r f a c e  in  g r e a t e r  

amounts than from th e  normal  c e l l  surfa ce  (Gold, 

e t  a I . ,  1968 ,1970) .  Th is  shed m a t e r i a l  f i nd s  i t s  

way i n t o  the  c i r c u l a t i o n  and can be measured there  

by a v a r i e t y  of  me thods .

CEA was f i r s t  d s c r i b e d  by Gold and Freedman (1965) .

The s u b j e c t  has  been r e c e n t l y  r ev iewed by Collgan  

e t  i l . ,  (1975)  and Mar t in  e t  a l . ,  (1976) .  Gold 

and Freedman p r ep a re d  a n t i s e r a  in  rab b i t s  ag a in s t  

e x t r a c t s  ol c o l o n i c  c a n c e r . These a n t i s e r a  were 

ad sorbed  w i t h  an ex c es s  o f  normal  c o l o n i c  t i s s u e  

o b t a i n e d  from th e  same p a t i e n t .  By double d i f f u s i o n  

in agai  11 was de m o ns t r a t e d  th a t  human ndenocarcinomata  

a r i s i n g  from e n d o d e r m a l l y - u e r l v e d  d i g e s t i v e  system 

e p i t h e l i u m  c o n t a i n e d  a common tumour a s s o c i a t e d  

a n t i g e n ,  fhey were a b l e  to  show t h a t  t h i s  a n t i g e n  

was p r e s e n t  in normal  embryonic gut  l i v e r  and 

p anc rea s  d u r in g  t in f i r s t  two t r i m e s t e r s  of  

g e s t a t i o n .  I t  has  been c l a s s i f i e d  as  a prote in  

polyi  iicch ir i de  complex (Gol d , I 967 ; Gold e t  a 1. , 1968 ,

/Krupey. . . .
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Krupuy e t  d l . ,  ’ 967 , 11 68 ) .  AC f i r s t  I t s  

p r e s e n c e  in  t h e  a d u l t  was though t  t o  be s p e c i f i c  

I n d i c a t o r  f o r  th e  p r es e nc e  o f  c o l o n i c  ca rc inoma  

(Thomson et  a 1 . , 1 9 6 9 ) .  However , i t  has  now been 

shown t h a t  CEA i s  e l e v a t e d  in  many ben ign  c o n d i t i o n s  

(Khoo e t  a 1. ,  1973; Kupchlck and Zamcheck,1972;

Lo Cert . ,  et a I . ,  197 l a , b ;  L u r i e  e t a t  ,1974;  Munjal 

e t  a l . ,  1974; Zamcheck e t  a 1 . ,1 9 7 2 )  and a l s o  in 

non-endoderma 1 1 y d e r i v e d  tumours (Denk e t  a l . ,

1972; I. > Ger fo e t  a l . , 1 97 1 a , b ) .

Of i n t e r e s t  i s  th e  t i n d i n g  th a t  e l e v a t e d  CEA l e v e l s  

a r e  found in  30% o f  d i s e a s e s  a s s o c i a t e d  wi th  

r e g e n e r a t i o n  or  in f l a m m at io n  (Laurence e t  a l . ,

1972).  Some of  i t s  p r o p e r t i e s  may be summarised 

as  f o l l o w s ;  i t  has  a MW of 200 OOOd and a 

se d i m e n t a t i o n  c o n s t a n t  of  7 - 8 S ; i t  i s  a  g l y c o p r o t e i n  

c o n t a i n i n g  30-60% c a r b o h y d r a t e ;  i t  i s  s o l u b l e  

in p e r c h l o r i c  a c i d  up to  c o n c e n t r a t i o n s  o f  IM 

and i s  a l s o  s o l u b l e  in 50% ammonium s u l p h a t e  and 

i t  moves is a  b e t a  g l o b u l i n  on Im m un o e le c t r o p h or e s i s .  

That CEA i s  p roduced  by tumours i s  s u p p o r te d  by 

s e v e r a l  l i n e s  of  ev i d e n c e :  The p r e s e n c e  o f  CEA in

d i g e s t i v e  tumours which have been m a in ta in ed  in  

o rgan c u l t u r e ; th e  p r es e n ce  "I CEA in  human c o l o n i c  

tumours s e r i a l l y  p ro pag a t ed  in  h a m s t e r s ; s e c r e t i o n  

of  CEA by some permanent  c o l o n i c  tumour c e i l  l i n e s ;  

and in  v i t r o  b i o s y n t h e s i s  of  '.A as measured  by 

m i c r o i n c o r p o r a t i o n  of  r a d i o - a c t i v e  g lucosamine

/C i l i lvnberg.  . .



(Ooldenber>; et  a l . , 1972;  Lalng c t  a l , , 1972 ;

Pel  pe r  et. a l . , 1973) ■

Rece i i l ly  bio id .'.roup A a c t i v i t y  has  been d e s c r i b e d  

a s s o c i a t e d  w i t h  Ci!A (Cold and G o ld , 1973).  These 

two author: ,  found t h a t  t h e  m a j o r i t y  o f  human s e r a  

whit h con. l i n e d  a n t i - A - a n t I b o d l e s , were c a p a b l e  

oi b in d in g  to  p u r i f i e d  CEA. I'hey showed t h a t  the  

a n t i b o d y  concern ed  was iu d o m in an t l y  U;M.

The c a r b o h y d r a t e  a t t a c h e d  to  CEA has  been 

s t r u c t u r a l l y  d e t e rm in ed  and i s  i d e n t i c a l  w i th  

t h e  molecu le  which c a r r i e s  th e  human blood groups  

( F i g  5) (Simmons and Per Imann ,1 97 3 ) .  Al though 

CEA were q u a l i t a t i v e l y  i n d i s t i n g u i s h a b l e  from 

b lood  r up s u b s t a n c e s , they  were q u i t e  d i s t i n c t  

in  two im p o r ta n t  a s p e c t s : The c a r b o h y d r a t e  in  blood 

g roup  s u b s t a n c e  ac co u n t s  f o r  some 80% of t h e  molecu le  

whereas  in  CEA < i_ on ly  ac co u n t s  f o r  some 50% and 

g e n e r a l l y  the  f u cos e  c o n t e n t  of  t h e  tumour a n t i g e n s  

was lower than  in b lood  g roup s u b s t a n c e .

Simmons and PerImann have ohown (Simmons and Per Imann,

1973) t h a t  CEA from c n t o d e r m a l ly  d e r i v e d  

adenocarc inomas  a r e  Inco mp le te  b lood  group s u b s t a n c e s  

o f  t h e  ABO sys tem.  I he d e f i c i e n t  a n t i g e n s  have a 

t u m o u r - s p e c i f i c  a c t i v i t y  due t o  unmasking o f  

s t r u c t u r a l  se qu ences  t h a t  a r e  c r y ; t i c  in  t h e  normal 

s i t u a t i o n ,  Th is  s u g g e s t i o n  i s  i n t e r e s t i n g  in  

the  l i g h t  of  f i n d i n g s  th a t  t h e r e  i s  lo s s  o f  b lood 

g roup  s p e c i f i c  i c y  in  a number o f  tumour ty p e s  

(Kay c t  a 1 . 1 1961; Davidson e t  a 1 . ,1 9 6 6  and 1969;

/ F e i z l . . . .
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I ' e i z i  vi . i j . , 1 9 7 5 ) .  There  ap; a r s  to  be more 

v a r i a b i l i t y  in  the  c a r b o h y d r a t e  composi1Ion o f  

CKA depending  on the  p a r t i c u l a r  tumour from which

the  m a t e r i a l  in I s o l a t e d  ( C o l i * u ej a l . ,  197b) .

I t  has  been ig/v: t ed th a t  th e  h e t e r o g e n e i t y  may, 

in  l a d  he r e l a t e d  to  v a r i a t i o n s  in s i a l i c  a c i d

c o n t e n t  (C o l ig a n  d  a}., 1973) liowever,  o t h e r

c a r b o h y d r a t e  d i t  f e r e n c e s  do e x i s t  (C d l i ga n  d _ a _ l . , 

1975).

CKA evokes a weak Immune respon se  in  the  human host  

and r e p e a te d  a t t e m p t s  Io demon t r a t e  c e l l  med ia ted  

mi,a i i t o  CKA in human h o s t s  have met w i th  • a t  l u r e .  

—  ' l a  i n  g IgM a n t i b o d i e s  to  CKA in low t i t  r e  may

„w L e ; t e d .

General i - ,  CKA i s  x t r a c t e d  from t i s s u e  by p e r c h l o r i c  

a c i d  t r e a t m e n t . CKA ha been hown to  r e s i d e  in the  

c e l l  membrane g ly c o c a ly x  of  Ine co l o n  c e l l s  (K:upey 

e l  a l . , 1 9 6 7 , 19 6 8 ;  Hansen " t  c l . ,  1971a; 

lluubvn * 1971b ; ho Get to  ' t  a l . ,  197 lu ;

l.o Ger fo  et .i l_ , 1971b; I. a in;, et  11 ,1977) .  However 

t h e r e  has  been a t  l e a s t  one s u g g e s t i o n  that  CK\ i s  

not  a membrane component but  r a t h e r  a s e c r e t o r y  

p r od u c t  (Denk e t  a l . , 1 9 7 ? )

CKA i s  found in normal  i n d i v i d u a l s  u  t c o n c e n t r a t i o n  

ol 2 .5  ng/ml I t  ha been shown to  be e l e v a t e d  

in carcinoma '  of the  ga t r o - i n t e a t i n a l  t r a c t  

(Mart  in ej e l  , 1976) I t  war, o r i g i n a l  ly hoped th a t  

CKA was ca nc e r  s p e c i f i c  hut  su b s e q u e n t l y  i t  ha been

/ shown. .



shown t h a t  serum CKA i e l e v a t e d  in m a l i g n a n t  

c o n d i t i o n  o t h e r  than g a s t r o - I n t e s t i n a l  m a l i g n a n c i e s  

and a l s o  in  many ben ign  c o n d i t i o n  (Laurence  e t  a l . ,

* 1 ‘ 1 E le v a t e d  serum CKA has  a l s o  been r e p o r t e d  

in lu av y  ■ moker- (Ktev- .,s and MacKay, 1973).

Nonna 1 serum CKA lex e l s  occur  in  60-80% of  Oukes-  

A co lon ca rc inoma and 45% of  Duke and low CKA 

l e v e l ,  have been r e p o r t e d  f o r  p o o r l y  d i f f e r e n t i a t e d  

tumour'  (M ar t in  e t  a l , . 1976) .  I t  was o r i g i n a l l y  

hoped t h a t  CKA would p r o v id e  an a c c u r a t e  a ;  l o s l i c  

t o o l  f o r  c a n c e r .  However i t s  non- pec i t ..

e l e v a t i o n s  and v a r i a b i l i t y  have reduced  l i s  v a l u e

in th i 1 r e s p e c t .  T1 ha ^ , however,  t ound t. ne use 

in fo l l o w in g  up p a t .  e n t w h o  have ,.ad d e f i n i t i v e  

t r ea tmer ic .

Alpha Foot opr o t e i n  fAFP)

Aid may be c o n s id e r e d  an a n t i g e n  on ly  in  a: f a r  as 

i t  i s  d e t e c t e d  b> i t s  pec H i t  e a c t l o n  wi th  an 

an t ib o d y .  I t  i s  however , not  a component of  the  

c i l l  s u r f a c e .  AFP i : not  n or m al ly  d e t e c t a b l e  in 

the  serum of a d u l t  I t  i s  a normal c o n s t i t u e n t  

o * l o e t a l  t r i  (t i t l i n  and Boent.an,  I9(i7).  The

l e v e l s  a r c  low a t  b i r t h  and f a l l  r a p i d l y

s u b s e q u e n t l y .

S i t u a t i o n s  in  which AFP l i v e  been found in the  

se rc n  oi a d u l t  a r e  embryonal tumours o f  ova ry  and 

te s t i  A b e l e v , 1968; Hoir k t-i a l , 1968; L inder  

and Widholm, 1968; Masopust  e t  a t . ,  1968) .  Ra ised  

I tw e l s  ot  A/P ai a l  > wi l l  documented in  p r imary
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h e p a t o c e l l u l a r  c a n c e r  o f  the  l i v e r  ( T a t a r  tn <v , l % b  >.

Th i s  r e f l e c t s  on the  f i n d i n g  o f  G i t l l n  and Boesman 

( I 9 b 7 ) t h a t  embryonic l i v e r  and y o lk  sack  a r e  lie 

on ly  t i s s u e s  c a p a b l e  o f  s y n t h e s i s i n g  A1P.

In DAB- induced tupa tom as  in  r a t s , two peaks  of 

Al'P p r o d u c t i o n  a r e  se en .  The f i r s t  c o - I n c  id e s  w i th  

the  h e p a t o t o x i c  e f f e c t  of  the  DAB and the  second 

wi th  th e  app ea ran ce  o f  the  hepa toma .

The pet  v en ta g e  oi p a t i e n t s  w i th  hepatoma who showed 

e l e v a t e d  l evel  of  AM' v a r i e d  from ' « /  in  some s e r i t  

to  877 In o t h e r s  fKew, 1974) .

I t  has been shown in e x p e r im e n t a l  anima l s  t h a t  

f a c t o r s  o t h e r  than the  p r e s e n c e  of  a tumour can 

r e s u l t  in i n c r e a s e d  AIT s y n t h e s i s  such as  l aparo tomy 

and t u r p e n t i n e  i n j e c t i o n s  ( A b e l c  ,1968;  S a r c l o n e , 1967; 

lit . n i s l a w s k i -B i r en cw a  jg  e t  a 1 . , 1 9f) 7 ) .

AFP e l e v a t i o n s  in  the  serum a r e  found a l s o  in  a c u t e  

v i r a l  h e p a t i t i s  (Kcw e t  a l . , 1 9 7 3 ) .  S e r i a l  samples 

o b t a i n e d  from t h e s e  p a t i e n t s  w i t h  v i r a l  h e p a t i t i s  

show t h a t  the  l e v e l s  of AFP a r e  r e l a t e d  to  th e  s e v e r i t y  

of  th e  h e p a t o c e l l u l a r  n e c r o s i s  as  r e f l e c t e d  by 

serum gtuL.un.it , - p y r u v a te  t r a n s a m in a s e  (M.M > lev.  I s .  

the peak  AFP l e v e l s  o c c u r re d  in  the r e g e n e r a t i v e  ph« . 

5- lb days  a f t e r  peak SCPT l e v e l s .

1 . 1 2 .3  Other  Kmhrvonlc A nt ig e ns  As s o c i a t e d  w l . n  Mal ignancy 

In r e c e n t  y e a r s  s e v e r a l  systems d e m o n s t r a t i n g  

a n t i g e n i c  r e v e r s i o n  in human c a n c e r s  have  been 

d e m o n s t r a t e d .  T he se ,  ho wever , in  compar i son w i th  

AFP and < FA a r e  ot r e l a t i v e l y  minor  importance

/ I n . • • »

*



In t h i s  the  . i s , 1 huve n o t  c o n s i d e r e d  human 

c h o r i o n i c  g o n a d o t ro p i n  (UCC) as an a n t i g e n .

I t  seems l i k e l y  t h a t  as  the  s u b j e c t  expands and 

p r o g r e s s e s ,  more of  t h e s e  a n t i g e n s  wi l  1 be 

d e m o n s t r a t e !  and used t o g e t h e r  d i a g n o s t i e a l l y  and 

so w i l l  be a more p ow er f u l  c l i n i c a l  t o o l  than 

they .ir«- at  p r e s e n t . I he o t h e r  a n t i g e n s  which 

have been a s s o c i a t e d  w i t h  ca nce r  w i l l  be d i s c u s s e d  

now fo r  the  ake of  c o m pl e t en e ss .

Regan isoenzyme ( P l a c e n t a l  A l k a l i n e P h o sp h a t a se .

I t  has been hown t h a t  in  some 1 Z of  p a t i e n t s  wi th  

v a r i o u s  forms of m a l i g n a n t  d i s e a s e s  an a l k a l i n e  

p ho sp h a ta se  can  be d em ons t r a t e d  i n  the  s e r a ,  which 

1 i n d i s t i n g u i s h a b l e  Irom the  p l a c e n t a l  form of the 

same enzyme. 1'hii i s  known as the  Regan isoenzyme 

a f t e r  a p a t i e n t  in  whom i t  was f i r s t  demo ns t ra t ed  

(Na thanson  and F i s c h m a n , 1971).

F o e t a l  S u l p h o g l v c o p r o t e l n  A n t i g e n  (FSA)

A f o e t a l  type  of s u l p h o g l y c o p r o t e i n  has been 

de m ons t r a t e d  in the  g a s t r i c  j u i c e  o f  about  90% of 

p a t i e n t s  w i th  g a s t r i c  ca rc i no ma s .  i t  may a l s o  be 

found in 10 of  b en i gn  g a s t r i c  d i s o r d e r s .  T h i s  

g l y c o p r o t e i n  shows some Immunological  c r o ss  

r e a c t i v i t y  w i . h  CEA (Hhkkinen and V i l k a r 1 , 1 9 b 9 ) . 

Alpha , H l e r r o p r o : e l n

T h i s  f e r r i t i n - I l k  p r o t e i n  of h e p a t i c  o r i g i n  i s  

no r ma l l y  p r e s e n t  in  human f o e t a l  o rgans  and serum.  

Tt d i s a p p e a r s ,  however ,  p o s t - n a t a l  Iy and is  n it  

d e t e c t  a . l e  in  c h i l d r e n  over  the  age o f  2 y e a r s .
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I L r e a p p e a r s  in  ap p r o x im a te ly  80? o t  c h i l d r e n  

w i t h  t e ra to m a s  and a v a r i e t y  ol" o th e r  ma l ignan t  

d i s e a s e s  in c l u d i n g  those  in v o l v i n g  che k id ne y ,  

c e n t r a l  nervous sys tem,  l i v e r  and l y m p h o r e t l c u l a r  

sys tem ( But I e e t  t t l . , 1 9 7 0 ) .  Approx imate ly  107. o£ 

c h i l d r e n  w i th  n u n - m a l ig n a n t  d i s e a s e  a l s o  show 

e l e v a t e d  l e v e l  of  t h i s  p r o t e i n .

1 . 1 2 . 7  C.iimna F o e t o p r o t e l n

T h i s  p r o t e i n  i s  found in  t h e  serum and t i s s u e s  of 

th e  normal  human f o e t u s .  I t s  l e v e l  i s  e l e v a t e d  

in th e  serum of  ap p r o x im a te ly  107. of  p a t i e n t s  w i th  

s o l i d  tumour* or  leukemia and i s  de m o n s t ra b le  in  

t i s s u e  samples iron, 75% of human tumours tumours 

bo th  benign and m a l i g n a n t  CEdynak e t  a l . ,197?)■ 

T h i s  a n t i g e n  show, no s p e c i e s  s p e c i f i c i t y  and i s  

found In  s e r a  from human, bo v in e ,  p o r c i n e  and 

c a n in e  f o e t u s e s .

1 .12.8 l . euknn l .1 a s s ,H i , t e d  a i U I g en sJ h A A )

In p a t i e n t s  w i t h  leukemia  an a n t i g e n  i s  found in 

abou t  307 ol c a s e s .  T h i s  a n t i g e n  i s  a l s o  p r e s e n t  

in  embryonic t i s . u e s  and s e r a  ( H a r r i s  o t j i l . , 1 9 7 1 )  

T h i s  leukemia a s s o c i a t e d  a n t i g e n  has  been 

de m on s t r a t e d  to  be a tumour c e l l  s u r f a c e  component 

and i s  a l s o  found in th e  #e ra  of p a t i e n t s  w i th  

Ho d g k in ' s  d i s e a s e .

1. 13 MHTASTA!'.

The two most im p or ta n t  c r i t e r i a  Of tumours which e v e n t u a l l y  

de t e r m in e  t h e i r  b e n i g n i t y  or  ma l ig n a nc y ,  a r e  th e  a b i l i t y  

to  invade1 and nuiiasL- i s e .

/Mvta f i t a s I s  . .
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M e t a s t a s i s  can be r e g a rd e d  as a s e r i e s  ol  s e p a r a t e  i n t e r l o c k i n g  

e v e n t s  which b e g i n  w i t h  l o c a l  inva ion by the  p r i ma ry  tumour ,  

and cu l m in a te  in  the e s t a b l i s h m e n t  o£ p r o g r e s s i v e l y  growing 

se con da ry  tumours a t  d i  cant  s i t e s .  The n a t u r a l  h i s t o r y  ol

m e t a s t a s i s  may he shown as  i o l l w s .

1. I n i t i a l  development  and growth of  p r im ary  tumour

I n v a s io n  ol a d j a c e n t  t i s s u e s  and d i r e c t  sp rea d  i n t o

c o n t ig u o u s  body c a v i t i e s

3.  P e n e t r a t i o n  ol lymp ha t i c s  or  b lood  v e s s e l s  nea r  

or  w i t h i n  p r ima ry  tumoar

4.  D i s se m in a t i o n  ol  tumour c e l l s  in  lym ph a t i c  and

Mood  c i r c u l a t i o n s

5.  Lymphatic sp rea d  -  r e g i o n a l  lymph nodes ,  then to  more

d i s t a n  nodes

6 . Haematogenous sp r ea d :  a r r e s t  of  c i r c u l a t i n g  tumour c e l l s :  

p e n e t r a t i o n  of v a s c u l a r  w a l l s ;  e n t r y  i n t o  i n t e r s t i t i a l  

compartment  of d i s t a n t  t i s s u e

7.  I n i t i a l  u r v i v a l  o f  d i s s e m i n a t e d  tumour c e l l s  in

t i s s u e  space s

8 . A c q u i s i t i o n  of  f i b r o v a s c u l a r  s t roma

9.  P r o g r e s s i v e  growth

10. Macroscop ic  m v t a s t ..

( C a r t e r , 197b)

Some idea  as to  the  m e t a s t a t i c  p o t e n t i a l  of a tumour can 

be  g a i t  f r o m  i t s  h i s t o l o g i c a l  p a t t e r n .  G e n e r a l l y  

u n d i f f e r e n t i a t e d  tumours a r e  much more a g g r e s s i v e  than wel l

d i f f e r e n t i a t e d  ones .  However,  t h e  b i o l o g i c a l  mechanisms

u n d e r l y i n g  m e t a s t a s i s  have n o t  been w e l l  d e f i n e d .

/ I n v a s io n
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1 . 1 3 .1  Inv.i.sjon

Invas ion  may occur in two phases of  the d i se a se :  

inva-. ion of  normal t i s  sue adjacent  to the primary 

tumour ( in c lu d in g  blood v e s s e l s  and lymphatics  

and in va s io n  of  an organ f o l l o w in g  sys tem ic  dissem­

i n a t i o n .  It .ins been .uga.ested that tumour c e l l s  

ire m o t i l e  in v iv o  (Will  i s  , 19(>7) .  Also ev idence  

for t h i s  has been provided by Wood and h i s  co­

workers (Wood et  a l . , 1%7) by s tudying  the  migrat ion  

of  tumour c e l l s  in the rabb i t  ear chambers and 

a l s o  by Ea . ty (Ea.,ty and fcasty , 1963) . The 

invas ion  was shown to be due to f ac t ors  o ther  than 

simple mechanical  pressure w i t h i n  the tumour.

N ic o l so n  et  a I , (  1976a,b)  have shown us ing an 

in v iv o  assay that  purely mechanica l f a c t o r s  such 

as p ressure  w i t h i n  the growing tumour as suggested  

by Eaves (1975)  could not e x p la in  the in v a s i v e  

p r o p e r t i e s  of  a melanoma c e l l  l i n e .  The system 

used by the se  authors was chick  mesonephros in 

c u l t u r e .  Using t h i s  they were ab le  to shoe hat 

norm ; 1 embryonic c e l l s  were a l s o  able to invade 

the mesonephros 11 though t h e ir  a b i l i t y  to i n f i l t r a t e  

was lower th.ui that of tumour c e l l s  and in addi t ion  

no c e l l  d e s t r u c t i o n  was observed in the area of 

in va s i on .  There are a number oi f a c t o r s  which may 

be invo lved  in the a b i l i t y  of  cancer c e l l s  to invade  

and metasta.si . se.  One of  which appears to be 

reduced adhes iveness  of tumour c e l l s .

/ C e l l . .
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C e l l  Adhesion

Oni? of  the  most  im po r t an t  a s p e c t s  of 

d i f f e r e n t i a t i o n  I s  the  a b i l i t y  of d i f f e r e n t i a t e d  

i:ul l  j t o  form t i s s u e s  which a r e  f u n c t i o n a l l y  and 

hi  l u l o g i v a l l y  d i s t i n c t i v e .  The t b i l i t y  to  farm 

a s o l i d  t i s - u e  c l e a r l y  depends  on iha  a b i l i t y  

0 1  the c o n s t i t u e n t  c e l l s  to  adhe re  to  each o th e r  

in a s p e c i f i c  way. The r o l e  of  the  c e l l  nenibrane 

in  t . i  ad he s io n  i s  i m p o r t a n t .  In embryonic 

deve lopment  the  making and b r e a k i n g  of  c o n t a c t s  

between c e l l s ,  and between c e l l s  and n c n - c t - l l u l a r  

s u r f a c e s , ap pe a r s  to  be a fundamental  p a r t  oi the  

mechanism by which a s imple  a r r a y  o f  c e l l s  g iv e s  r i s e  

to  more complex s t r u c t u r e s

C e l l  i n t e r a c t i o n  can be seen p o s s i b l y  in « cont inuum

which encompasses the  f o l l o w i n g  p r o c e s s e s . As

t h e  two c e l l s  approa ch  ach o t h e r  they  f a l l  under

th e  in f lu e n ce  of  each o t h e r s  e l e c t r o s t a t i c  f i e l d .

I hey w i l l  In ul) | i ' i d  to  e i t h e r  mutual  a t t r a c t i v e

f o r c e s  or  r e p u l s i v e  f o rc e s  depend ing  upon the  n a t u r e

of th e  c e l l  s u r f a c e s  and t h e ' r  e l e c t r i c a l  p r o p e r t i e s .

The p o s s i b l e  a t t r a c t i v e  and r e p u l s i v e  f o r c e s  In the

a d h e s i o n s  of c e l l s  hav been l i s t e d .  These  may be

a r r an g e d  as f o l l o w s ,  in r o u g h ly  d es ce nd in g  o r d e r  of

s p e c i f i c i t y  and s t r e n g t h ;  co v a l e n t  bond ing f o rc e s

between s u r f a c e s ;  hydrogen bond ing ;  i o n i c  l i n k s

e . g (Nil ( . . . . iX)C and COO . . . Ca . . .  0(X.);

cha rge  f l u c t u a t i o n  fo rc es  due to  the i o n i z a t i o n

and d o - i o n i z a t i o n  o t  i n d i v i d u a l  groups which a r e

/ a t , .



a t  i pH a t  which  they a r c  p a r t i a l l y  I o n i z e d .

These  f l u c t u a t i o n s  ^e t  un an a t t r a c t i v e  f o r c e  

i n  a ne rby s u r f a c e .  F orc es  due to  cha rged  

mosa ics  on e i t h e r  s u r f a c e  a r r a n g e d  so t h a t  a r e a s  

of  o p p o s i t e  c h a r g e  f ace  each o t h e r ;  e l e c t r o s t a t i c  

i n t e r a c t i o n s  between l i k e  ch a r g es  of  d i f f e r i n g  

s u r f a c e  p o t e n t i a l  and van  der  W a a l ' s  f o r c e s .

A f u r t h e r  r e q u i r e m e n t  t o r  the i n t e r a c t i o n  of  

c e l l s  as an enmeshing o f  s u r f a c e  macromolecules  

on opposed c e l l s  such i n t e r a c t i o n  would depend 

on an approach  t o  l e s s  than 0 . 5nm of the  ■’ c e l l  

s u r f a c e s . T h i s  could  be ac h ie v ed  by the  p r o t r u s i o n  

of  iomt m o le c u l a r  s p e c i e s  a d i s t a n c e  of S-lOnm from 

the  l i p i d  s u r f a c e .  Depending on the  n a t u r e  o f  the 

I n t e r a c t i n g  m o l e c u l e s ,  t h e  - o n t a c t  cou l d  be a h ig h l y  

s p e c i f i c  one I . e .  t h e  i n t e r a c t i o n  could  e a s i l y  

c o n s t i t u t e  a d h e s iv e  r e c o g n i t i o n  by a mechanism 

of  m o le c u l a r  co m pl em en ta r i ty  (Roth e t  a l . , 1971)■

The n a t u r e  of  the  i n t e r a c t i n g  m o le cu le s  i s  s t i l l  the 

c e n t r e  o f  c o n t r o v e r s y  and some s u g g e s t i o n s  have been 

made t h a t  g l y c o s y l t r a n s f e r a s e s  a r e  invo lved

(Roseman,  1970; Roth e t  a l  ,1971 ).

THE ROLF. OF CF.U. S H R I  ACf CARBOHYDRATES IN ADHESION AND 

CELL SURFACE KECOt.N IT ION PHENOMENA

I t  i s  known t h a t  t i s s u e ,  from v a r i o u s  an i ma l s  i t  d i s s o c i a t e d  

i n t o  s i n g l e  c e l l  suspcn ions  r e - a g g r e g a t e  under  a p p r o p r i a t e  

condi t ion. . .  In to  s t r u c t u r e s  s t r o n g l y  r e m i n i s c e n t  of  the  

o r i g i n a l  t i s s u e  ( S t e i n b e r g .  1 9 7 0 .  I t  was f i r s t  no te d  in



ma r i ne  sponges and was shown t h a t  th e  i n f o r m a t i o n  

n e c e s s a r y  f o r  the  r e - o r d e r i n g  of s i n g l e  c e l l  s u sp e n s i o n s  

i n t o  t h e i r  c h a r a c t e r !  t i c  a r c h i t e c t u r a l  p a t t e r n s ,  i s  

c a r r i e d  by the  i n d i v i d u a l  c e l l s  th em se lv es  (Humphreys,1 975 ) .  

I t  was seen in warm-blooded v e r t e b r a t e s  t h a t  c e l l s  from a 

g iv en  t i s s u e  would o n e t i n e s  a g g r e g a t e  w i th  c e l l s  I ron  the  

same t i s s u .  Of a co m p le t e l y  d i f f e r e n t  s p e c i e s  to  form 

a c h i m e r ic  t i s s u e .  On the  o t h e r  hand c e l l s  of  a g iven 

h i s t o l o g i c a l  l i  sue type would n o t  a g g r e g a t e  w i t h  those  

of  a d i f f e r e n t  t i s s u e  typ e .

These  e x p e r im e n t a l  app ro ac hes  have been c a l l e d  i n t o  q u e s t i o n  

by some a u t h o r s  however who q u e s t i o n  th i  r e l e v a n c e  t h a t  

they  bea r  to  r e a l  m or pho gen e t i c  p r o c e s s e s  in v i v o .  S i n g l e  

c e l l  sus p e ns io ns  can be o b t a i n e d  trom t i s s u e s  by s e v e r a l  

me thods i n c l u d i n g  mi ld  p r o t e o l y s i s  and t r e a t m e n t  w i t h  EDTA

( S t e i n b e r g  c t  ’ I . , * 9 7 3 ) .  C e l l s  which have been d i s s o c i a t e d

by c h e l a t i n g  a g e n t s  a r e  ab l ,  to  r e a g g r e g a t e  i m n e d i a t e l y  in  

p h y s i o l o g i c a l  s o l u t i o n s  which c o n t a i n  d i v a l e n t  c a t i o n s .

T h i s  i s  in c o n t r a s t  t o  c e l l s  which have been d i s s o c i a t e d  

u s in g  p r o t e o l y s i s . Them c e l l s  r e q u i r e  a r e s t i n g  p e r io d  

b e f o r e  they w i l l  r e a g g r e g a t e  ( S t e i n b e r g  c t  n l . , 1 9 7 3 ) .

I t  seems t h a t  c e l l  s u r f a c e  g l y c o p e p t i d e s / p e p t i d e s  a rc  

removed by th e  p r o t e o l y t i c  a c t i o n  and a r e  r e p l e n i s h e d  on ly  

s lowly  by m e t a b o l i c  e v e n t s  w i t h i n  th e  c e l l  

H i g h e s ,1972) .  I t  w o ld  appe a r  t h a t  th e s e  components a re  

e s s e n t i a l  l o r  aggreg Lion to  o c c u r ; t in m o le cu le s  c o n t a i n i n g  

i n f o r m a t i o n  f o r  as sembly of  t i s s u e s  must  be c a r r i e d  by the 

i n d i v i d u a l  c e l l s  and must  hi oxpre scd a t  the  c e l l  s u r f a c e .



The m o le c u l a r  s p e c i e s  inv o lv e d  In the  a g g r e g a t i o n  

phenomenon have been I s o l a t e d  and p a r t i a l l y  c h a r a c t e r i s e d  

from a v a r i e t y  o f  s p e c i e s  In c lu d i n g  c h i c k  embryos 

(Balsamo and L i U e n ,  1974a ;b ; 1975) ,  mouse t e ra to m a s  

(Oppenheinter m l lltiitphr< vs ,  1971; Oppenhel iner ,  1975) ,  and 

s l im e  mould- (Ro en e t  a 1 . ,  1973) .

Desp i t t  the v a r i o u  e x p e r i m e n t a l  ap pr oa ch es  i t  ap p e a r s  t h a t  

complex p o l y s a c c h a r i d e s  a r e  invo lve d  in a l l  t h e  systems so 

l a r  i n v e s t i g a t e d . Oppenhe inn r  e l  a L. , (  1969) was ab le  to  show 

t h a t  t e ra t om a  c e l l  growing as i n g l e  c e l l  s u s - o n s i o n s  w i l l  

form ag g r e g a te  in  a medium c o n t a i n i n g  g l u t a m i n e , g lucosamine 

o r  mannosamine,  thu implying  th e  invo lvement  of  

hexosamines  in  t h e  a g g r e g a t i o n  p r o c e s s .  Oppenheimer  and 

h i s  c o l l e a g u e s  have ex tend ed  t h e i r  s t u d i e s  to  o t h e r  c e l l  

t yp es  and h ivt found s i m i l a r  r eq u i r em en t  fo r  a g g r e g a t i o n .  

Humphreys working w i th  sponge showed t h a t  an a g g r e g a t i o n  

e n h a n c i ng  f a c t o r  d i s s o l v e d  in  tin upt m a t  an t  when the t i s s u e  

oi s e v e r a l  s p e c i e s  o l  spongi w e n  d i s s o c i a t e d  in  co ld  

magnes ium-f ree  sea w a te r  (Humphreys,1963;  Henkar t  c t  a 1 . ,  

1973) .  Unless  t h i s  f a c t o r  was added to  the  sea w a te r  the  

c e l l s  agg re ga t i  d lowly o r  n o t  a t  a l l .  As to  the  peci  

s p e c i f 4 c i t y  ol th e  f a c t o r ,  i t  was i n t e r e s t i n g  t o  no te  t h a t  

i t  hewed the  san e  s p e c i f i c i t y  as the normal  a g g r e g a t i o n  

o l  t h e  s p e c i e s  from which i t  w.i ■ i s o l a t e d  (Humphreys,  1970) .  

Tha t  i s ,  i f  the c e l l s  of two s p e c i e s  o l  sponge ag g r e g a t e d  

s e p a r a t e l y  from i mixed s u s p e n s i o n , t h e n  the  a g g r e g a t i o n  

enh an c i ng  i a c t o r  from each of  the  e two p e c l e s  d i d  not  

a f f e c t  the  c e l l s  of the o t h e r . I t  h ow ev e r , t he  c e l l s  of

/ t h e . .



47.

Che two s p e c i e s  tended to  igg reg . i r e  t o g e t h e r  from a mixed 

su s p e n s io n  then th e  f a c t o r  from one s p e c i e s  would promote 

soim a g g r e g a t i o n  o f  the  c e l l s  o f  the o t h e r  s p e c i e s .

Humphrey . has  succeeded In p u r i f y i n g  and p a r t i a l l y  

c h a r a c t e r i s i n g  the a g g r e g a t i o n  enhancement  f a c t o r  from 

the  sponge Mic roc iona  p . i r thena (H en kar t  e t  a l . ,1973 and 

Cauldwel l  e t  a I . ,  1973).  I t  was shown to  be a l a r g e  

n e g a t i v e l y  cha rged  p r o t e o g l y c a n  o f  MW_i_ 20 x lOf’d . I t  

p roved  to  oe compri sed  o f  >0 '; p r o t e i n  and 50% c a r b o h y d r a t e .

11 t r e a t e d  w i th  EDI A the  complex d i s s o c i a t e d  i n t o  s u b - u n i t s  

o f  MW_t_ 2 0 0 ,0 0 0 d . The s u b - u n i t s  a l s o  c o n t a i n e d  about 50% 

c a r b o h y d r a t e .

The m o l e c u l a r  n a t u r e  of  the r e c e p t o r  s i t e  on t h e  c e l l  

membrane i s  under e x t e n s i v e  i n v e s t i g a t i o n .  I f  t h e  c e l l s  

of  Mic roc iona  n r u l i  f e r a  a r e  t r e a t e u  wi th  hypo ton ic  

s a l i n e ,  a  f a c t o r  t r* l eased  which i n h i b i t ■ the a c t i v i t y  

o f  the  a g g r e g a t i o n  enhan c in g  f a c t o r  (Weivbaum and 

b u r g e r ,1 973) .  The i n h i b i t o r  d id  no t  ap pe a r  t > be s p e c i e s -  

s p e c i f i c .  F u r t h e r  r e s e a r c h  as  to  the n a t u r e  of  t h e s e  c e l l  

s u r f a c e  r e c e p t o r s  w i l l  be d i s c u s s e d  l a t e r .

The a c t i v i t y  of  the  a g g r e g a t i o n  enh anc ing  f a c t o r  i s  s e n s i t i v e  

to  most  p r o t e a s e s  (Ga s ic  and C a l u n i i  , 1966) .  I t  i s  a l s o  

s e n s i t i v e  to  h e a t  ( 56°C fo r  5 m i n u t e s ) , and low Ca'"' c o n c e n t r a t i  

These r e s u l t s  i n d i c a t e  an im po r t an t  r o l e  p lay ed  by the  p r o t e i n  

p o r t i o n  o t  the  a g g r e g a t i o n  enh a n c i n g  f a c t o r  bu t  do n o t  r u l e  ou t  

any a c t i v i t y  by the  c a r b o h y d r a t e  p o r t i o n . Some e v i d e n c e  of  

c n r b o h y d ia t i  Involvement  I p r o v i de d  by th e  o b s e r v a t i o n  t h a t  

g I neuron 11 .ic id  p a r t i . ' I l y  i n h i b i t s  M i c r o ,  t n n.i p ro l  1 I e r a  

f a c t o r  a c t i v i t y  n  th e  c e l l s  a r e  i n c u b a te d  w i th  i t  p r i o r  to
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t h e  a d d i t i o n  of  the ts;i t ion enhanc ing  f a c t o r

( Tur ne r  and Burger  ,1973)  Thif- s u g g e s t s  t h a t  g l u c u r o n i c  

a c i d  p la y s  an imp or ta n t  rol-: in  the  a c t i v e  s i t e  of  th e  f a c t o r .  

Recen t  advance in  our knowledge of the  d i s t r i b u t i o n  of  complex 

c a r b o h y d r a t e  in mammaltan c e l l  membranes p a r t i c u l a r l y  i t s  

p r e s e n c e  on ly  on the o u t e r  s u r f a c e  of  the  membrane ( B e n e d e t t i  

and E n e e l o t , 1 i \ J ,  1 % 8 ; Rambourg and L e b l o n d , 1967) s u g g e s t s  a 

s p v e i l i c  r o l e  p layed  by t h e s e  mo le cu le s  in r e c o g n i t i o n  

phenomena. The ca rbohyd i  a l e  in  mammalian c e l l  membranes may 

be of  two ty pe s :  g ly c o l  ip  id and g l y c o p r o t e i n .  The g l y c o l i p i d s  

of  mm t Hi' 1 membranes a r e  d e r i v a t i v e s  of the  base s p h l n g o s i n e . 

The bas e  i s  s u b s t i t u t e d  through  an amide group w i th  a f a t t y  a c i d .  

The c a r b o h y d r a t e  i s  l i n k e d  v i a  .. g l y c o s i d i c  l i n k a g  to  the  

hydroxyl  g r oup .  The l u l l y  s u b s t i t u t e d  s t r u c t u r e  t h e r e f o r e  

c o n t a i n s  s e p a r a t e  r e g i o n s  o f  h i g h l y  hydrophobic  or  h y d r o p h i l i c  

n a t u r e .  The hydrophob ic  p o r t i o n  s e r v e s  to  i n s e r t  t he  s t r u c t u r e  

i n t o  the  membrane. Some we l l  known a n t i g e n s  a r e  c a r r i c l  on 

t h i s  g l y c o s p h i n g o - I i p i d  v i z .  Korsmann a n t i g e n  and the  

d e t e r m i n a n t s  o f  the  ABO b lood  g r o u p s .

The g l y c o p r o t e i n s  of mammalian c e l l  membranes a r e  an 

i n t e r e s t i n g  group ol m o l e c u l e . Much work has  been done on 

the  ma jor  g l y c o p r o t e i n  o f  the  r ed  b lood c e l l  membrane 

g l y c o p h o r i n ,  which s e r v e s  as a p r o t o t y p e  for  o t h e r  membrane 

g l y c o p r o t e i n s .

Cl.VCUI'tlOK IN

Gl yco pho r i n  has been e x t e n s i v e l y  : t uu red  for  many y e a r s . I t

has been i s o l a t e d  from r e d  b lood c e l l  membranes (Mora weie k l ,1964;

Orel  rath and Reynold*,  1974) .

Unreso lved  c o n t r o v e r s y  e x i s t s  an to  t h e  m ol e cu l a r

/ w e i g h t . .



weigh t  uL g l y c o p h o r i u .  ihe m o l e c u l a r  we igh t

f o r  th e  monomeric m o l e c u U  - a s  de t e rm ine d  by s e d i m e n t a t i o n

a n a l y s t *  and d i l f u s i o n  t o  be 3 1 ,000d .

However , i n d e p e n d e n t  mv.surement s  a l s o  u s i n g  s e d i m e n t a t i o n  

e q u i l i b r i u m  gave a m o l e c u l a r  we ig h t  o£ , 0 0 1 ) d

( Z v i l i e h o v s k i  , t  a 1 ■ ,1971) .  Molecu la r  w e ig h t  d e t e r m i n a t i o n  

of  g l y c o p h o r i n  I, u s u a l l y  c om p l i c a t e d  by th e  tendency o f  the 

m o le cu le  to  p o ly me r i se  and form a g g r e g a t e s  w i t h  m o le c u l a r  

w e ig h t s  from 0 . 3 - 1  * 10* (Bes ko rov a i ny  e j u l l - . U h h ,  Morawieck l .

1904; S p r i n g e r , 1967) .  E s t i m a t i o n  of  the  m o le c u l a r  w e ig h t  

of  g l y c o p h o r i n  from i t s  . t r o p h o r e t i c  m o b i l i t y  on SOS- 

c o n t a i n i n g  p o l y a c r y l a m i - g e l s  has  g iven c o n s i s t e n t l y  h i g h e r  

valuem of abou t  50,000  d ( S e g r e s t , l 9 7 l ) .  However,  t h i s  r e s u l t  

must  bv t r e a t e d  w i t h  r e s ,  r v a M o n s  in  view ol the  kno- 

ancmftlous beh av iou r  of  g l y c o p r o t e i n s  on SOS-PACK ( B r e t s c h e r ,

1971; S o g r e s t  e t  a l . , 1 9 7 1 ) .  G e n e r a l l y  a m o le c u l a r  w e ig h t  

ot  31,000 i s  acc e p te d  fo r  g l y c o p h o r i n .

Tne complete  am in o - ac id  sequence of  human e r y t h r o c y t e  

g l yc o p ho r i n  i s  known (Tomita and M a r c h e s ! , 1975) .  I t  i s  

composed o f  131 amine a c i d s  and ap p r o x im at e ly  16 o l i g o s a c c h a r i d e  

c h a i n s .  Of th e se  , 5  a r e  l l n k r i  t o  s e r l n e / t h r e o n l n e  r e s i d u e s  v i a  

an O - g l y c o s i d i c  bond and one mo complex u n . l  is . u t . i c h i d  

to  a s p a r a g i n e .  Tu, l o c a l i z a t i o n  of the  o l i o g o s a c c h a r i d e s  

and th e  comple te  sequence a... h. en de t e rm ine d  by Edman 

• e g r a d a t i o n .  Gly cop ho r i n  a p p e a r s  to  be o r g a n i s e d  i n t o  3 

d i s t i n c t  domains on th e  b a s i s  ol the  p> * 1 1 0 1 1

c a r b o h y d r a t e  and the  p o s i t i o n s  of  hyd ro ph ob ic  and W d r o p h i l l c  

amino ac id  r e s i ' u e s .  These  domains a r c .  a g l y c c ,  a t e d

/ s e g m e n t . .



svyniunt o£ abou t  bA amino a c i d  r e s i d u e s  ,it t h e  N- te r m i n a l ; a 

hydrophobic  segment  o f  a p p r o x i m a t e l y  32 l a r g e l y  n u n - p o la r  

amino ac id s  ( W i n z l e r , 1972) md a . . e rmine  1 sequence c o n t a i n i n g  

h y d r o p h i l i c  amino a c i d s  ( W i n z l e r ,1972;  Tomt ta and M a r c h e s ! , 19, ) 

G ly co p h o r i n  has  been ext n s i v e l y  c h a r a c t e r i z e d  in  lerms o f  i t s  

membrane o r i e n t a t i o n  and a n t i g e n i c i t y  by many worker s  ( T a b l e  1) 

(Marches!  , i , 1972).  I t  i s  known to  c a r r y  the

c a r b o h y d r a t e  d e t e r m i n a n t s  1 r  tl .e M and N a n t i g e n s  

(.Marches! et i l . ,  1972, Tomi ta  m d  Ma rch es ! ,  1975;

W i n z l e r ,  1972; Marches! and Andrews, 1971; Z v i l i c h o v s k y  

e t  .il , 1971; C l ev e  e t  a l . , 1972).

G ly cop hor in  1 : a l s o  known to  have the  r e c e p t o r  s i t e  f o r  the  

i n f l u e n z a  v i r u s  and t h i s  i '  a l s o  known to  be c l o s e l y  a s s o c i a t e d  

w i t h  the  M and N d e t e r m i n a n t s  ( S p r i n g e r ,1 97 0) .  Furthe rmore  

g l y c o p h o r i n  b e a r s  the  r e c e p t o r s  s i t e s  f o r  PRA and wheat  germ 

a g g l u t i n i n  ( S p r i n g e r  et. a l . , 196b) .  The p roposed s t r u c t u r e  

t o r  the  M, N, T and a n t i g e n  a r e  as  shown in the  ( F i gu r e  4 p . 23) 

( S p r i n g e r  and D e s a i ,1974) .

CE1.I. SUKFACk AI.TFRAT I DNS AND TRANSFORMATION 

Many of  the b a s i c  fui r t i o n  o- normal  c e i l s  a r e  m a in ta in ed  

by tumour c e l l s .  I t  i s  t h e r e f o r e  no t  u n r ea so n ab le  to  su g g e s t  

t h a t  c e r t a i n  of  the  a l t e r e d  s u r f a c e  p r o p e r t i e s  of tumour c e l l s  

cou l d  r e s u l t  from v er y  - u b t l e  d e p a r t u r e s  from normal .  Such 

changes  cou ld  in vo lv e  a d d i t i o n ,  or  d e l e t  i o n s , qua 1 i t a l i v e  

changes  or a l t e r a t i o n s  it. t o p o g r a p h i c a l  d i s t r i b u t i o n  of  

normal  s u r f a c e  c miponenls.  The m a j o r i t y  of  work to  d a l  - on 

compar i sons  ot  normal  and t r an s f o r m ed  c e l l s  lias been don< on 

in  v i t r o  sys t ems .  There  a r  c o n s i d e r a b l e  problems in  the  

i n t e r p r  t a t i o n  ol uch s tud i c  . Some of t h e s e  problems may



TABLE 3.

ANALYSIS OF VARIOUS PREPARATIONS OF THE MAJOR HUMAN ERYTHROCYTE 
__________________ GLYCOPROTEIN

P r e p a r a t i o n

P r o p e r t y a b c d

L i p i d  Z 1 . 0 ND P r e s e n t 1 0 - 2 0

P r o t e i n , I 37.5 40 25 40

C a r b o h y d r a te  , ’/ 64 .8 60 75 40- 50

S20,W 2.15 ND ND ND

D x l O ^ c f V 1 0 .5 75 ND ND ND

Mi- a n t i g e n s + + + +

AB a n t i g e n s ND + + -

E x t r a c t i o n  method phenol L ib* p y r i d i n e c h l o r o l

MW 31 000 50 000 2 2  0 0 0 58 000

3b 250 

24 000
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be b r i e f l y  d i s c u s s e d

Mu ivy a spec i s  of c e l l u l a r  o r g a n i z a t i o n  a r e  s i g n i f i c a n t l y  

a l t e r e d  by growing the c e l l s  in v i t r o . The i n i t i a l  

d i s s o c i a t i o n  o f  c e l l s  by enzymic means and sub se qu en t  

p as sa g e  may p roduce long term s e l e c t i v e  e f f e c t s  which 

may r e s u l t  I rum s u b - l e t h a l  damage to  th e  c e l l  s u r f a c e .

S t u d i e s  of t r a n s f o r m a t i o n  in v i t r o  w i l l  always be open to  

q u e s t i o n  i f  s t r i c t l y  comparab le  normal  md tumour c e l l  

po pu la t io n!  a r e  no t  used.  The type o f  medium, pH, serum 

su pp leme nt ,  c e l l  d e n s i t y ,  f r e q u e n c y  o f  p as sag e  cav a l l  

e x e r t  im p o r t a n t  e f f e c t -  on the  p r o p e r t i e s  of  the  c e l l s .  

P o p u l a t i o n  geometry 1 an o t h e r  f a c t o r  which has n o t  been 

c o n s id e r e d  in th e  e x t r a p o l a t i o n  of  i_n v i t r o  r e s u l t s  to  the  

in v iv o  s i t u a t i o n .  The c u l t u r e  ol c e l l s  as mo no la yer > 

a t t a c h e d  to  s o l i d  s u r f a c e s  a l low s  t o r  growth e s s e n t i a l l y  in 

2 d ime ns i on s .  Growth in t h e  t h i r d  d imens ion be i ng  l i m i t e d .

Such c u l t u r e s  grow c o n t i n u a l l y  p r ov id ed  t h e r e  i s  s u f f i c i e n t  

a r e a  f o r  ex pa ns i on .  A more a c c u r a t e  r e p r e s e n t a t i o n  of  tumour 

c e l l  growth may be o b t a i n e d  by c u l t u r i n g  c e l l s  in  su sp e n s i o n  

in s o f t  ag a r o se  o r  m e t h y I c e l l u l o s e . In t h i s  I n s t a n c e  

p o p u l a t i o n  growth o cc ur s  in J d imensions  to  form a s p h e r o i d .  

However,  in t h i s  c a s '  t he  s i z e  of  the  sp h e ro id  i s  l i m i t e d  

by the  a b i l i t y  of  n u t r i e n t  t o  d i f f u s e  to  the  c e n t r e  of 

the  mass.  T h i s  i s  p a r t l y  r e f l e c t e d  in  tumours where 

growth exceeds  the  a b i l i t y  of  the  b lood  supply  to  keep 

up and n e c r o s i s  oc c u r s  in  th e  tumour c e n t r e .  C l e a r l y  

however b lood  supply  of  in v i v o  tumour: and th e  p r o d u c t i o n  

of tumour a n g i o g e n e s i a  f a c t o r  in vivo make c u l t u r e s  o f  tumour 

c e l l s  in su sp e n s i o n  bu t  in app ro x im at io n  to  th e  in v i vo

/ s i t u a t i o n ..



Perhaps the most v i t a l  quest ion regarding the r tlevanee  of  

in v i t r o  of transformation i s  the adequacy of c r i t e r i a  used 

to def ine  normal  and tran ;formed. By common usage transformed 

re fe r s  to a population of  c e l l s  which have arisen e i tner  

spontaneously or fol lowing exposure of the c e l l s  to tumour 

v ir u se s  or c a r c i n o g e n s , and which display  certa in  s table  

properties such as po tent i a l  for i n f i n i t e  growth in v i t r o ; 

the a b i l i t y  to grow to high d e n s i t ie s  when grown in 

.uspension cul ture;  loss  of contact in hi bi t i on ;  a l t er at io n  

in surface ant ig en ic i t y ;  chang. in l e c t i n  a g g l u t i n a b i l i t y  

and lo ss  or s impl icat ion of c e l l  surface c ly c o l i p id s  and/or 

glyc op rote in c .

Unfortunately in many s tudies  of transformation a l t e r a t i o n s  

such as those mentioned above have been used as the so le  bas is  

for assuming that the c e l l  have undergone neoplast ic  conversion.  

However, very few of the avai lable  papers have correlated  

these  events with t u n o r ig e n ic i t y . That i s  the a b i l i t y  of  

these c e l l s  to produce tumours in v ivo.

Table 4 l i s t s  c e l l  surface changes assoc iated  with v ira l  

transformation.  However the co rre lat io n  between these changes 

and tunorigenic i ty  has not been extens ive ly  i n v e s t i g a t e d .

An example of the confusion that can ar ise  trom the use of 

these  in v i t r o  growth properties  for c l a s s i f y i n g  c e l l s  as 

normal or tran formed i . provided by the BHK-21 hampster c e l l  

l i n e  and the BALB/c 3T3 c e l l , from m ic e . both c e l l  types 

have been used as normal control  c e l l s  for comparison with 

c e l l s  of the same type af ter  transformation by tumour v i ruses .

In these system ce l l  showing any of the a l t e r a t io n s  l i s t e d  in

/Table 4.
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Tabl« 4 as a r v su l t  0 1  v i ra l  in fec t ion  are referred to as 

train t ormed, whereas uninfected BltK ir 3f3 c e l l s  are referred  

to as normal. However uninfected Blif'-21 c e l l s  can cause 

tumour when transplanted in vivo (Jarret t  and Macpherson, 

1968). S imi lar ly  BAI.B/c 313 c e l l s  ate tumorigenic In 

histocompatible mice when implanted attached to g la s s  beads. 

Cel ls  derived from these tumours were capable of  producing 

l e thal  tumours on ubsequunt transplantat ion in the absence 

of beads (Boone, 1975; Boone e t  a l . ,197 6) .

No s in gle  membrane abnormality i s  a s i n gl e  invariant  

feature oi neoplas ia (Wallach,1976).  I iwever one 

concept which i s  beginning to emerge i s  that certa in  of  the 

surface a l t e r a t io n s  may r e s u l t  from topographical rearrangement 

of the e x i s t i n g  surtace components found in normal c e l l s .  

Certain transformed c h a r a c t e r is t ic s  such as loss  of LETS 

(Large External Transformation S e n s i t iv e )  prote in ,  enhanced 

Lectin agg lut ina t ion ,  a l tered a n t ig e n ic i t y  can be detected on 

normal c e l l s  during mlt os I and on normal Inivrphasv c e l l s  

af ter  br ie f  treatment with p r o t e a s , s .

A very Important observation suggests that the organisat ion  

of membrane-associated cy to sk e le ta l  e l  aments involved in 

transmembrane control  pr o c e s s e s . i s  a l tered fol lowing  

transformation (N i c o l s o n , 1976). Thi. could lead to a l t erat i on  

ir. d l s ' r i b u t , n of c e l l  surface receptors (Poste 1975;

Postc and N i c o l s o n , 1976). The f inding that many surface  

a l t era t io ns  can be induced in tumour c e l l s  by br ie f  pro teo ly s i s  

ra is e s  thi question as to whether inertia protease a c t iv i t y  

at the c e l l  surface might not , ount for the propert ies  seen 

in malignant c e l l s .
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TABLE 4 Cel l  Surface changes assoc iated  with neoplast ic  
transformation of c e l l s  cultured m v i t ro .

 _______    P r o p e r t y ____________________

6 .

7.

Changes in c e l l  behaviour influenced by c e l l  surface organizat ion

a. Decreased s e n s i t i v i t y  to contact  in hi bi t ion  of movement.

b. Decreased s e n s i t i v i t y  to densi ty-dependent growth inh ib i t i on .

c.  Loss ol "anchorage dependence" and acqu is i t i on  of  capacity

Changes in c e l l - t o - c e l l  and c e l l - t o - s u b s t r a t e  adhesiveness

Reduced c e l l - t o - c e l l  conmunication due to changes in the formation 
and orgarisat ion of gap junct ions .

Changes in the s tructural  organisat ion of  the plasma membrane,

a. Increased mobi l i ty  o, integral  membrane proteins a n '
g l y c o p r o t e i n s .

b. Reduction in membrane-associated microfi laments and/or 
other cyt oske le ta l  elements.

Changes in c e l l  surface charge

a. No cons is tent  corre lat ion  between seta  potent ia l  and 
malignancy.

Changes i. plasma membrane transport a c t i v i t i e s

a. Enhanced transport of su ga rs

b. Enhanced transport of amino ac ids .

Changes in munbrane-a.sociated enzymes

a. Reduced adcnyl cyc lase  a c t i v i t y

b. Enhanced Na -K -ATPase a c t i v i t y  and loss  of growth-
dependent changes in e r u ; i  , t i v i t y

Changes in plasma membrane l i p id  c imposition and a l t e r a t io n s  

in membrane "f lu i d i t y" .

for growth in suspension.

a. Status uncertain.

a Status uncertain.
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TABLE ■'* c o n t  InucJ  . . .

____________________________ Property______________________________ _____

a . Status  uncertain

9.  Changes in plasma membrane g l y c o l ip id s

a. Incomp1 te glyco.sy la t ion  ot g lycol  ip ids

b . Reduced a c t i v i t y  of .p e c i f ic  g ly c o l i p id  g l ycos y l -  

trans£erasee

c.  Increased r e a c t i v i t y  ot membrane g l y c o l ip id s  to 

ant i - g l y c o l i p i d  a n t i b o d i e s .

10. Changes In plasma membrane glycoproteins

u . Incomplete synches 1 of  certain g ly c o p r o te in s , e sp e c i a l l y

lack of terminal s i a l i c  acid r e s u l t in g  from reduced 

s i a ly tr a n sf e r a se  a c t i v i t y .

b . Increased production of  fucose-conta in ing s ia lo -g lyc ope pt ide s

c.  Lost, of a high molecular weight ( ca . 200,000-2 bO ,000 dal tons) 
membrane glycoprotein (LETS p r o te in ; Z protein; ga lactoprotein A 

LI prote in ) .

d. Changes in g lycopept idy1 - t r a n s f e r a s e s .

11. Changes ir membrane ucopolysaccharide

a. Increased synthes is  of hyaluronic acid

b . Increased production of su 1 fated mucopoly saccharides

12. Changes in s u s c e p t i b i l i t y  to agglut inat ion  by plant le c t in s

13. Antigenic changes.

a. Novel tumor-associated transplantat ion r e je c t i o n  antigens

b. Novel tumor-associated antigens not n eces sa r i ly  capable of  

evoking re je c t i o n .

c.  "Embryonic" or " oncofoeta1" ant igens .

d . Altered exprt sion (d e l e t i o n ,  reduction,  increase)  of 

normal c e l l - o r  t i s s u e - s p e c i f i c  a n t ig e n s .

(Poste 1977)
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Th„ „  have b , « „  s e v e r a l  r . p e r r .  M U . , 1 * .  « - «  tumour c e l l ,  

r e l e a s e  , l , n l U c . n r l ,  » r e . r . r  a . o e n t ,  o l  p r o t . a s e .  and 

, 1 , e o . l d . s e .  t han  t h e i r  n o r . . . I  e o v n t e r p a r t .  (R o h l l n  « _ ■ !  ■

1 . 7 5 ) .  In t h i s  c o n t e s t  I t  1 = I n t e r e s t i n g  to  n o t e  t h a t  n a n ,  

t r a n s f  armed c e l l .  , e l  ease  a f a c t o r  t h a t  a c t i v a t e .  

p la sminogen to  g e n e r a t e  t i e  p r o t o . . .  p l . - l n ,  < » * “ « .  ^  '

1 . 7 5 ) .  T rea tmen t  o£ normal c e l l ,  w i th  p e r i l l e d  p L « a l n  

r e a c t ,  i n  a l o s .  of a h igh  . o l . c o l a r  w e ig h t  g l y c o p r o t e i n  

( r e m i n i s c e n t  of  t h e  LET? p r o t e i n ) .  E x p . r l . t n . .  d e s ig n ed  to  

t e a t  th e  e l f . c t  „  p r o t e . . .  on t h e  c e l l  . n r f a c e  o . i n ,  p r o t e . . .  

i n h i b i t o r ,  o r .  c o . p l l e . t e d  b ,  t h e  c y t o t o x i c i t y  of  t h e . .

I n h i b i t o r s .  However soch e x p e r i m e n t ,  t end t o  su p p o r t  the

I o s t u l . t e  t h . t  aome c e l l  s u r f . e e  c h . . , . .  r e s u l t  f r o .  I n c r c . d  

p r o t e o l y t i c  a c t i v i t y  » t  the  c e l l  . u r f . e e  ( P o s t e , 1 9 7 5 ) .

Emmelot h . .  r e v i e w e d  th e  e v i d e n c e  for  . 1 1  . u r f . c .  c h a n g e ,  

i n  mal ignancy  ( E m c l o t ,1973)  and c o n s i d e r s  m a l l g n . n c ,  a .

,i problvm in v v II i  DC to  logy and sumsvsti, Llial the  

a l t e r e d  behaviour o, the tumour c e l l  - a ,  . « «

a l t e r a t i o n  a t  t h e  c o l l  p e r i p h e r y .  He s o g g e . t s  t h . t  t h e  t u mo ur  

c e l l  s u r f . e e  1 .  I n c o m p l e t e .  A r e c e n t  p . p . r  f r o m  t h e  g r o u p

,«ek e t  . 1 . , 1 9 7 5 ,  ahows a d i f f eren ce  in • f u c o . e - c o n t . ln ln g  

glycopept ldc i s o l a te d  f r o .  v l r . U y  tr.n. formed f l b r o b U . t . .

U  . . .  .hewn t h a t  th e  d f , f e n c e  w. s  c .u .e d  by the increased  

n l n l l c  a c i d  c o n t e n t  o f  th e  g l y c o p e p t l d c . P r e v l o u .  work a ls o  

i m p l i c a t e s  , 1 . 1 1 c a c i d  In ' h e  p r o c e . s  of m a l i g n a n t  t r a n s f o r m a t i o n

(van Beck u t  a l . , 1 9 7 3 ) .

l 7  hdwrMxTASlS AND CEU.

involve, the sequLntl.l relee.e  ol celim ' ""i H"

pr im ary  tumour,  t h e i r  d , a . c , n a t i o n  t o  d i s t a n t  . « . •  - " 1
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ar r e s t ,  .urvival and p r o l i f e r a t i o n  at these new lo cat io ns .

I t  appear * that three a s p e d  of c e l l u l a r  function may be 

important in the.-, processes;  M ot i l i ty  and Adhesiveness,  

and production of ly t ic  substances which may modify surrounding 

t i s s u e .

I . 1 7 . I M o t i l i t y  and Adh es i ven es s

It  has long been held that i n f i l t r a t i o n  and 

metastas i s  are process,  involving s in g le  c e l l s .  

However it  seems more l i k e l y  that m u l t i - c e l l u l a r  

cords of tumour c e l l s  may be involved in invasion  

and that th is  may be mediated by movement of 

c e l l s  at  the edges of the sheet in a fashion  

analogous to epiboly in the early embryo (Trinkhause,  

1V76). The exact mechanisms whereby c e l l s  or 

m u lt ic e l l u la r  aggregates detach from the primary 

tumour are not wel l  defined here has been a 

general . c i , ptance of tin suggest ion that cancer 

c e l l s  are Less adhesive than their normal counter­

parts ,  probably stemming from Goman1s work 

(Coman,1944). However h is  experiments suffered  

trom a number of l i m it a t io n s ,  e . g .  the c e l l s  

were pulled apart with small hooks in a traumatic 

fashion.  Trauma was not rate control led  and very 

few c e l l  types were Invest igated .  There appears 

to b, a def ic iency  in the number of gap junctions  

in malignant t i s s u e s  but th i s  i s  by no means a 

general f inding (Weinstein c t  a l . ,197';).
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l . y t l c  Knzymi ^

S e v e r a l  s t u d i e s  h a v e  shown t h a t  t h e  f l u i d  

s u r r o u n d i n g  s o l i d  t u m o u r s  c o n t a i n s  e n z y m e s  

which m o d i f y  c e l l  s u r f a c e  p r o p e r t i e s  a nd  

l a c i l i t a t l n g  c e l l  s e p a r a t i o n  a n d  i n v a s i o n .  One 

g r o u p  of e n z y m e s  w h i c h  may b e  i n v o l v e d  i s  t h e  

l y s o s o m a l  h y d r o l a s e s  T h e s e  h a v e  b e e n  shown to  

p r o m o t e  c e l l  d e t a c h m e n t  i n  v i t r o  a n d  t o  p r o m o t e  

m e t a s l a s e s  i n  v i v o  ( W e i s s  a n d  P o s t e . 1 9 7 5 ) .  P r o t e a s e  

a n d  c o l l a g e n a s e  a c t i v i t i e s  h a v e  b e e n  i n v e s t i g a t e d  

( S t r a u c h , 1972) .  D e s p i t e  t h e  i n t e r e s t  o f  such work,  

i t  h a s  p r o v e d  d i f f i c u l t  co g e n e r a l i s e . O b s e r v a t i o n s  

o f  t u m o u r  c e l l  i n v a s i o n  h a v e  r e v e a l e d  a b r o a d  

p a t t e r n  o f  b e h a v i o u r  r a n g i n g  f r o m  c o m p l e t e  l ack  o f  

l y t i c  a c t i v i t y  ( C a r r  e t  a l . , 197b) t o  m a s s i v e  

d e s t r u c t i o n  o f  h o s t  t i s s u e  ( W i l l i s ,  1967).

The r e s u l t  on p l a s m i n o g e n  a c t i v a t o r  p r o d u c t i o n  

a r e  a l s o  d i f f i c u l t  t o  g e n e r a l i s e .  S t u d i e s  on 

p l a s m i n o g e n - a c t i v a t o r  p r o d u c t i o n  b y  v a r i o u s  

m a l i g n a n t  c e l l  l i n e s  o f  h i g h  a n d  low m e t a s t a t i c  

p o t e n t i a l  h a v e  f a i l e d  t o  r e v e a l  a n y  g e n e r a l  

c o r r e l a t i o n  b e t w e e n  p l a s m i n o g e n  a c t i v a t o r  l e v e l  

a n d  m e t a s t a t i c  p o t e n t i a l  ( P o s t e , 1 9 7 7 ) .

A l s o  t u m o r i g e n l c  c l o n e s  o f  human f i b r o s a r c o m a  c e l l s  

h a v e  b e e n  d e s c r i b e d  with low l e v e l s  o f  p l a s m i n o g e n  

a c t i v a t o r  ( J o n e s , et a l . , 1976) , w h e r e a s  n o n -  

tumorigenit diploid l u n g  a nd  k l d n i y  c e l l s  may 

produce h "gh leve ls  oi plasminogen act ivator  

( A s t r u p , 1975; Barlow e t a l . ,  I 9 7 5 ) .

/ T h e . .
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Tht  p ape r  by J o n e s , eL .1 1 . . ( 1 976) was i n t e r e s t i n g  in  

t h a t  the  f a c t o r  which c o r r e l a t e d  b e s t  w i th  

t u m o r i g e n i e i t y  was the  a b i l i t y  to  grow in  s o f t  a g a r .

With r e g a r d  to  the  e f f e c t  of  p r o t e o l y t i c  enzymes on 

s u r t a c c  s t r u c t u r e s  they  showed t h a t  t r e a t m e n t  ol 

normal  f i b r o b l a s t s  w i t h  p r o t e o l y t i c  enzymes r e s u l t e d  

in  c l e a v a g e  oi l a r g e  s u r f a c e  p r o t e i n  (MW 250 ,000d)  

t h e r e  was no c o r r e l a t i o n  w i t h  f i b r i n o l y t i c  a c t i v i t i e s  

and the  lo ss  of  t h i s  l a r g e  p r o t e i n .  They conclude  

t h a t  i t  seems u n l i k e l y  t h a t  f i b r i n o l y t i c  a c t i v i t y  

i ■- r e s p o n s i b l e  fo r  i t s  removal  or  d e g r a d a t i o n .

Once m e t a s t i s i z l n "  tumour c e l l s  have  ga in ed  e n t r y  

i n t o  the  c i r c u l a t i o n  t h e i r  f a t e  w i l l  depend on 

. u r fac« p r o p e r t i e s  such as c ha r ge  a n d / o r  f o r e i g n e s s .

Tlu c e l l  s u r f a c e  p r o p e r t i e s  w i l l  i n f l u e n c e  the  

i n t e r a c t i o n  of the tumour c e l l  embol i  w i t h  the  h o s t  

i imune sys tem and w i t h  the  v a s c u l a r  endo the l ium 

and may assume c o n s i d e r a b l e  impor tance  in  d e t e r m in in g  

bo th  th e  e x t e n t  and l o c a t i o n  of  the  m e t a s t a t i c  

f o c i .  I t  would appe ar  t h a t  the  f i n d i n g  o f  c i r c u l a t i n g  

tumour c e l l s  does n o t  n e c e s s a r i l y  c o r r e l a t e  wi th  

the  development  of  ro e ta s t a s e s  ( S a l s b u r y ,1 975 ) .  I t  

seems as  though the  c e l l s  must  f i r s t  a t t a c h  to  the  

v a s c u l a r  endo th e l i um and s u b s e q u e n t l y  l e a v e  the  

v e s s e l  and move i n t o  the  t i s s u e .  The f a c t o r s  which 

i n f l u e n c e  the  i n t e r a c t i o n  between t h e s e  c i r c u l a t i n g  

tumour c e l l s  and t lu v a s c u l a r  endo th e l i um a r e  no t  

wel l  u n d e r s t o o d .  I t  ap p e a r s  however t h a t  the  

a r r e s t  ol tumour embol i  in  c a p i l l a r y  beds  i s  in

/ some. . .



sonic w ly r e l a t e d  to  or  a s s o c i a t e d  w i t h  th rombo j i ene a i s .

ALPHA-ACID GI.YCOPRtm: IN

A I |ilvi u' id y,I yi u|ii " i , In (ornsimiuvnlU) i s  n g l o b u l i n  which 

i-. i s o l a t e d  from ) aman plasma and has  a number o f  d i s t i n g u i s h i n g  

c h a r a c t e r ! :  1 i< , » o .  ' c a r b o h y d r a t e  and s i a l i c  ac id  . ' i n t e n t ;  

p e r i p h e r a l  mic ruh e i  r n ' cn e i t  y , v e r y  low i s o e l e c t r i c  p o i n t ;  

h ig h  s o l u b i l i t y  in wat t  • end a d eg r e e  of homology wi th  

th e  immun >g1u h u l i n s  (Sch mid , 197 5) .

I t  may be p r e p a re d  from run by a  v a r i e t y  o f  methods which 

in c lu d e  bu lk  p r e c i p i t a t i o n  o t  t h e  m a j o r i t y  o f  serum p r o t e i n s  

w i t h  perc i l o r i c  ic id l e a v i n g  orosomucoid in s o l u t i o n  ( o t h e r  

a c i d s  may be u s e d , e . g .  sulpho:  1 i cy 1 i c  a c i d  and

t r i c h l o r a c e t i c  a c i d ) ;  ammonium u l p h u t e  may be used to  

d e p r o t c i n . ' e the serum a t  low pH, l e a v in g  orosomucoid in  

s o l u t i o n  and DKAl c e l l u l o s e  ion cxchain ■ chromatography 

may be used to  p r e p a r e  the  p r o t e i n  in  pure t a. (Schmid 

197'); J e a n l o z , 1972).  I t  i s  p r e s e n t  in Coh. F r a c t i o n  V 

( J e a i u o z .1 97 2) .  The chemical  co m p o s i t i o n  o f  a I p h a - a c i d  

g l y c o p r o t e i n  i s  shown in  Tab le  5 and in Tab le  6 .

A numbir  oi i n t e r e s t i n g  o b s e r v a t i o n s  emerge from a s tudy  

of  the  l i t e r a t u r e .  P o s s i b l e  f u n c t i o n s  of  t h i s  p r o t e i n  

a r e  u-: known. I t  i s  ha rd  to  a c c e p t  t h a t  a p r o t e i n  of t h i s  

co m pl ex i t y  which i e v o l u t i o n a l l y  co ns e rv ed  shou ld  have no 

f u n c t i o n . Al so  a l l  i n v e s t i g a t i o n s  of the  s t r u c t u r e  of a l pha -  

a c i d  g l y c o p r o t e i n  have been pe rfo rmed  on pooled  m a t e r i a l .  

Conseq uen t ly  s u b t l e  i n d i v i d u a l  v a r i a t i o n 1, may bi obsc ured  

(Schmid,1 975 ) .

A n a ly s i s  o f  the  c a r b o h y d r a t e  moc i ty  on th e  mole cu l e  r e v e a l s  

t h< f o l l o w in g  suga r s  to  he p r e s e n t !  U-mannose, D - g a l a c t o s e ,

/ L - f u c o s e . .



L - t ' u c o s e , I' y,lucusiimiiiu and - i a t i c  a c i d .  The

q u a n t i t a t i v v  . inaly i 0 1  t h e  ugar s  p r e s e n t  i s  shown in

T ab l e  7 .

A t e n t a t i v e  s t r u c t u r e  fo r  a l p h a - a c i d  g l y c o p r o t e i n  has  been put  

luvward by Schmid ( 1 9 7 ) ) .  Kig b.  T h i s  s t r u c t u r e  i s  

e s s e n t i a l l y  s i m i l a r  in  many r e s p e c t s  t o  th e  c a r b o h y d r a t e  

s t r u c t u r e  p roposed  fo r  toe  ma jo r  g l y c o p r o t e i n  o f  th e  r ed  

c e l l  m em br me . Set  F ig  7 . Ano the r  s i m i l a r i t y  between 

o ros  ucoid  and the  ma jor  g l y c o p r o t e i n  of  the  rod c e l l  membrane 

1 :. t h a t  in b o th ,  the  c a r b o h y d r a t e  m o i e t i e s  a r e  a t t a c h e d  

to  the  N - t e r m in a l  end o f  the  molecule  ( Schmid,1 97 5) .  Of 

c o n s i d e r a b l e  i n t e r e s t  1  th< f a c t  t h a t  a l p h a - a c i d  g l y c o p r o t e i n  

show, p e r i p h e r a l  m i c r o h e t e r o g e n c i t y  1 Schmid ,1975) .  These  

f e a t u r e s  of the  molecu le  v i z .  sugar  c o n t e n t  m i c r o h i 1 o g e n e i t y  

and l o c a l i z a t i o n  o f  the  c a r b o h y d r a t e  to  the  N- to rmina end 

prompted a tody of  t h i s  mo le cu le  and i t  r e l a t i o n s h i p  to 

known s u r f a c e  a n t i g e n i c  components such as b lood group
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STRUCIVIU 01 .:ARIUiHYl)RAll. ON Al.PHA ACID ■ I,YGOPROTEIN

NANA
I

Gal

NANA

I
Gal

GlcN Ac Glc

« i
Ma n

i

NAc
i

GlcNAc

GlcNAc

U
Asp

NANA

Ga I
i

GlcNAc

2

Man
f

Man

(Wugh, et_ i l . ,  1909; Schmid,  1975)
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F I G U R E  7

TENTATIVE STRUCTURE OF A GLYCOPEFT'IUK KEI.KASEI)

CELT MEMBRANE GLYCOl’ROTEIN

Fuc NANA

G al
1

G a l
1

♦
G lc N A c

X
t

Glc NAc

i
3 MANNOSE

I
GlcNAc

I
Asparagine

FROM RED

Gal

I
GlcN Ac

(W in z te r ,  1972 I



TABLE 5

CHEMICAL COMPOSITION OF ACID, GLYCOPROTEIN OF HUMAN PLASMA

P i o p e r t i e s Values

N i t r o g e n , % 10.7

P r o t e i n  mo ie ty ,X 55

T ermina l  amino a c i d s  
Amino t e r m i n a l

P y r r o l i d o n e - c a r b o x y l i c  a c i d  
( 1  mole /mole)

Carboxy l  t e r m i n a l S e r i n e  (1 mole /mole )

C a rb o h y d r a te  m c i e t y ,  '/. 45

S i a l i c  ac id 1 1  - 1 2

N e u t r a l  h exo se s 13 -  17

Hexosamine 1 2  -  15

Fucose 0 . 7  - 1 .5

Adapted from Schmid (1975)



TABLE 6 .

PHYSICAL PROl'KHTIKS 01' AI.HIA-AC 11) lil.YCOl'KOI K IN OF HUMAN 1'I.ASMA

P h y s ic a l  P r o p e r t i e s Values

I s o e l e c t r i c  p o i n t  :

P hos ph a te  b u t t e r  ( 1 = 0 . ’ ) pH 2 .7

o l e c t r o f o c u s i n g 1 . 8 2

E l e c t r o p h o r e t i c  m o b i l i t y  

p h o s p h a te  b u t t e r  ( 1  0 . 1 ),  

a t  . 1 2 .4 +0.  72x10 'em' ,V * , sec *

a t  pH 7.0 -0 .6 7 x 1 0  ’em ,V 1 , sec 1

a c e t a t e  b u f f e r  ( 1 *0 . 1 ) ,  

a t  pH 9 .5 - 3 . 8  x 10 Jcm‘ ,V \ s e c  *

Mo le cu la r  w e i g h t  :

by s e d i m e n t a t i o n 4 / 1 0 0  d

by s e d i m e n t a t i o n - d i t f u s i o n 40000 d

by s e d i m e n t a t  i o n - v i s c o s i t y 41600 d

by l i g h t - s c a t t e r i n g 43000 d

by dodecy l  s u l p h a t e  po lya c r y la m id e 40000 d

g e l  e l e c t r o p h o r e s i s 40000 d

C o e f f i c i e n t  o f  f r i c t i o n ,  f / f o 1.78

V i s c o s i t y  i n c r e m e n t , V 1 0 . 2

O p t i c a l  r o t a t i o n ,  ( a ) ^  : 

a t  pH 3,4 - 5 3 . 1 °

a t  pH 5 ,d - 2 8 . 8 °

a t  pH 9 ,4 - 2 1 . 1 °

A b s o r p t i o n  v a l u e ,  1 | 

a t  278 nm 8.91
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TABLE 7.

CARBOHYDRATE COMPONENTS OK ALPHA-AC i D C.LYCOPROTE IN TSOLATED FROM IHTIAN P1.ASMA

Methods of p r e p a r a t i o n  2-Acc:tamido-2-  D-Mannose D -G a la c to s e  T o t a l  L-Fucose N -A c e t y ln eu r -
deoxy-D -g lu cos e  hexoses  amlnic a c i d

( ) ____________ n > ____________ m ______________ i l l _________ i l l ____________ m

Heavy m e t a 1 - e t h a n o l

Ammonium s u l p h a t e - g e l  
e l e c t r o p h o r e s i s

D E A E - c e l l u l o s e - i o n -  
exchange r e s i n

Heavy m e t o 1 - e t h a n o l  
h e a t - i o n - e x c h a n g e  r e s i n

15.2 

1 2 , 4 - 1 4 , 3

1 2 . 2  

15,3

4 . 8 6 . 5 14.2 0 , 9 - 1 . 1 10.8

4 , 7 - 5 , 6  9 , 4 - 1 1 , 2 1 3 , 6 - 1 6 , 8  0 , 7 - 1 . 1  1 1 , 0 -1 4 , 7

14,4 1. 12,6

6 , 5 6 ,7 13,2 0 ,7 10,9

P e r c h l o r i c  a c l d - g e l  
e l e c t r o p h o r e s i s

H ea vy -m eta l  e t h a n o l

13,9

13,2

4 , 9

5 .5

9 , 8

7 ,6

14,7 0 , 7

13,1 0 ,7

1 2 , 1

10,9

o
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1 . 19  SOME EFFECTS OF STAl.TC AC ID ON THE PROPERTIES OF NORMAL 

AND TllMOUR CKI.I-S.

C e l l u l a r  mechanisms which c o n t r o l  growth and deve lopment  

do n o t  o p e r a t e  a< e f l e c t i v e l y  in  t r a n s f o r m e d  c e l l s  as in 

normal  c e l l s .  Kmmvlot (1973)  suggest  t h a t  t h i s  i s  due to  

changes  in  s u r f a c e  c h e m i s t r y .  One such change i s  in  s i a l i c  

a c i d - c o n t a i n i n g  mo le cu le s  (van  Beck e t  a l . , 1 9 7 3 , 19 7 3 . .

Changes in  i n l i c  i c i d  c o n t a i n i n g  m o le cu le s  a t  t h e  c e l l  

s u r f a c e  can l e ad  to  many changes  which may be a s s o c i a t e d  w i th  

ma l ign an cy .  One such change i s  in th e  t r a n s p l a n t a b l l i t y  

o f  a mouse mammary ca rcinoma  c e l l  l i n e  which has been s t u d i e d  

by Cod ington  and h i s  co -w or ke r s  ( C o d i n g t o n , 1975) .  T h i s

l i n e  shows a lo s s  of  s t r a i n  s p e c i f i c i t y  and could  grow in  bo th

a l l o g e n e i c  and xenogene ic  a n i m a l s ,  i . e .  i t  was a b l e  to  g.-ow 

a c r o s s  bo th  s t r a i n  and s p e c i e s  h i s t o c o m p a t i b i l i t y  b a r r i e r s .  

They su g g e s t  t h a t  the  a l l o t r a n s p l a n t a b i l i t y  of  t h i s  IA3-Ha

mammary c e l l  l i n e  may be th e  r e s u l t  ol masking ol  the

h i s t o c o m p a t i b i l i t y  a n t i g e n s  by a g l y c o p r o t e i n  which they 

c a l l e d  e p i g l y c a n i n .

Sa nf ord  has shown (1 9 b7) t h a t  r emoval  o f  s i a l i c  a c i d  from the  

s u r f a c e s  of  t h e  TA3-ha c e l l s  w i th  neu ra m in id a se  r educed  the  

t r a n s p l a n t a b i l i t y  of t h i s  c e l l  i n  an a l l o g e n e i c  mouse s t r a i n .  

The mechanism of a c t i o n  of  n eu r a m in id a se  in  p r od u c i ng  reduced  

t r a n s p l a n t a b l l i t y  i s  not  we i t  u n d e r s t o o d , bo th  an enhanced 

c e l l  me d ia ted  immune r e s p o n s e , and th e  c y t o t o x i c  e i f e c t  ol an 

IgM an t ibo dy  have been s u g g e s t e d .  In t h i s  r e s p e c t  i t  i s  

i n t e r e s t i n g  to  n o te  t h a t  bo th  the Thomsen F r i e d e n r e i c h  

e f f e c t  and the reduced t r a n s p l a n t a b l l i t y  r e q u i r e  the 

unmasking of  a b e t a - D - g a l a c t o p y r a n o s y l  r e s i d u e .

/ T h e . . .
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Thv e f £ c c t  o£ removing c h a r g e ,  thus  a l l o w i n g  e a s i e r  

app roach  of  lymphocytes  cannot  bo I g n o re d .  However,  removal  

of  sur I  o re  ch a r ge  1 • n o t  the  whole s t o r y . In some 

s y s t e m s , removal o f  the  c e l l  s u r f a c e  s i a l i c  a c i d  has  no 

e f f e c t  on th e  a d s o r p t i o n  o f  a n t i s e r a  to  s u r f a c e  

h i s t o c o m p n t a b i l l t y  a n t i g e n s .

One problem which c o m p l i c a te s  Lin i s s u e  in such

e xp e r im en t s  i s  the  r a p i d  r e g e n e r a t i o n  of  c e l l  s u r f a c e

s i a l i c  a c i d  (Hughes e t  a l . , 1 9 7 2 ) .  S u g g e s t i o n s  t h a t
/Nceetue

removal  of  s i a l i c  a c i d  may iam i g nns th e  d e t o r m a b i l i t y  

of  c e l l s ,  enhanc ing  t h e i r  s u s c e p t i b i l i t y  to  p h a g o c y t o s i s , 

have been made ( W e is s ,1 965 ) .  C u r r i e  and Bagshawe ( 1 9 6 7 ) ,  

r e p o r t e d  t h a t  removal  of  s i a l i c  a c i d  from mouse 

t r o p h o b la s t r .  r e s u l t e d  in  exposure  o f  a n t i g e n s  which were 

p r e v i o u s l y  masked.  However , Simmons e t  a l . , (1971) .  

were u n ab l e  to  co nf i r m t h i s  f i n d i n g .  Neuraminic ac id  

p la y s  a r o l e  in  the  homing o f  lymphocytes ( G e s t n e r  and 

f. i n s b u r g ,  I 964; Woodruff  and C,i Ivor  , 1 969) .

S i a l i c  a c i d  i s  a l s o  im p or ta n t  if t he  c e l l  s u r f a c e  i s  

a component o f  thv r e c e p t o r s  for  l e c t i n s , v i r u s e s , ho rmones , 

a n t i b o d l e s ( a n d  a l s o  c i r c u l a t i n g  des  i a l a  t ed  g l y c o p r o t e i n s )

( J e a n l o g  and Cod ing ton ,  1976).

ALPHA-AC I If GI,YC01V.0Ti:iN AND ITS 

EFFECT ON COAGULATION 

The ex a c t  f u n c t i o n  of a l p h a - a c i d  g l y c o p r o t e i n  I s  obsc ure  

N i l s s o n  and Yam.ishina (1958)  showed t h a t  a l pha  a c id  

g l y c o p r o t e i n  i n f l u e n c e d  the  b lood i l o t t i n g  mechanism. fhey 

found t h a t  the  a d d i t i o n  o f  a l p h a - a c i d  g l y c o p r o t e i n  to  normal



plasma r e s u l t e d  in a p r o . t i . m  I t h e  c o a g u l a t i o n  t ime.

A s l o t i o n  ot 1% a l p h a - a c i d  g l y c o p r o t e i n  in  imi d az o l e  b u f f e r  

showed no thrombin or  p r o t h ro m bin  a c t i v i t i e s .  I t  d id  not  d e l a y  

th e  c l o t t i n g  o f  f i b r i n o g e n  by th rombin  and showed no p iasmin  

or  p la sm in o g e n- a c t iv . i t  r a c t i v i t y .  They c l a im  t h a t  a l p h a -  

a c i d  g l y c o p r o t e i n  i n h i b i t e d  plasma th r o m b o p l a s t i n  and they 

sug ge s t  tha t  t h e  a n t i - c o a g u l a n t  e f f e c t  of  a a l p h a - a c i d  

g l y c o p r o t e i n  cou ld  be a t t r i b u t e d  t o  an i n h i b i t i o n  of  the 

t r a n s f o r m a t i o n  if p ro th rom bin  to  th rombin  by t h r o m b o p l a s t i n  

in a c o m p e t i t i v e  manner . The r e s u l t  i s  s u r p r i s i n g  in  view 

■’I the  t a c t  t h a t  c o n d i t i o n s  in which a l p h a - a c i d  g l y c o p r o t e i n  

i s  e l e v a t e d , a r e  a s s o c i a t e d  wi th  i n t r a v a s c u l a r  c l o t t i n g  

d i s o r d e r s .

Of p o s s i b l y  r e l a t e d  i n t e r e s t  i s  the  f i n d i n g  by Niewiarowski  

®.L-jLL■ i (1975) t h a t  a l p h a - a c i d  g l y c o p r o t e i n  can r e v e r s e  the  

e f f e c t s  of  the  d rug"Per  a n t  i n "  ( d ip y r i d a m o l e )  on p l a t e l e t  

a g g r e g a t i o n .  I t  i s  a l s o  known t h a t  p l a t e l e t s  c a r r y  s i g n i f i c a n t  

amounts of  a l p h a - a c i d  g l y c o p r o t e i n  l i g h t l y  hound to  t h e i r  

illviiibt .met  (Schmid , I 97 ) ) .  Mu eoevci  p l a t e l e t s  can ad he re  to  

c o l l a g e n  .which a d h e s io n  can a l s o  be i n h i b i t e d  by d i p y r id a m o le .  T 

i n h i b i t i o n  can a l s o  be r e v e r s e d  by a l p h a - a c i d  g l y c o p r o t e i n .

S1A..TC AC 11) AND PLAII I.Kl AGORKGATION

The a d h e s i o n  of  p l a t e l e t s  t o  each o t h e r  i s  an e s s e n t i a l  s t e p  

in  th e  f o rm a t io n  of a h e m o s ta t i c  p l u g . Many m a t e r i a l s  cause 

"Kgregat  ion of  p l a t e l e t s  such  as thrombin  , c o l l a g e n ,  f a t t y  

a c i d s ,  immune co m p le x e s , 5 - hy d ro x y t r y p t a m in e  m d  a d r e n a l i n e .

Most of  th e s e  compounds ap pe ar  to  e x e r t  t h e i r  e f f e c t  through  

the  me d ia t i o n  of  ATP r ADP ( J e a n l o z  and C o d i n g t o n , 1976).

The t r e a tm e n t  oi p l a t e l e t s  w i t h  neu ra m in id a se  r e s u l t s  in t h e i r

/ s p o n t a n e o u s .



spon ta neo us  n/,Kr v g a t i o n  when they a r e  r e s u sp e n d ed  in 

c it. r a t  ed plat.  ,,ia I n c u b a t i o n  of  washed human p l a t e l e t s  

• i t h  c y t i d i n e  N -a c c iy ln e u ra m in ic  a c i d  monophosphate in the  

p res en t  v of ; i a 1 y 1 t r a n s f t  f a s t  i n c r e a s e d  th e  number of  s i a l i c  

a c i d  r e s i d u e s  a t  tin s u r t a c e  of  the p l a t e l e t  and  r e s u l t e d  in 

an in e r t * . d a> r e g a l  ion  w i th  5- hydroxy t r y p l a m i n e . However, 

t h e  same t r e a tm e n t  l ad  t o  a d e c r e a s e  in ADP-mediated 

a g g r e g a t i o n .  i n j e c t i o n  if neu ra m in id a se  i n t o  mice r e s u l t e d  

in  a marked t h r  mbocytopcnia  < Jeunloz and C o d i n g t o n ,1976) .

I t  would thus  ap pe a r  t h a t  s t a l i c  a c i d  - c o n t a i n i n g  mo lecu les  

a r e  an i n t e g r a l  component of  the  p l a t e l e t  s u r f a c e  and th e se  

p la y  an Impor tan t  r i l e  in th e  i n t e r a c t i o n  of  t h e  p l a t e l e t  

w i t h  i t s  e n v i ro n m e n t .

THE RKLATIONSIII P BKiVI.KN HKTAS 1’AS IS AND COACHI.ATION 

Many o b s e r v a t i o n s  of  bo th  human and animal  tumours su g g e s t  t h a t  

th e  a r r e s t  ot tumour embol i  in c a p i l l a r y  beds i s  in  some way 

a s s o c i a t e d  w i th  the  c i g u l a t i o n  p r o ce ss  (Donat i «i u j . , 1 9 / 7 ;  

P o s t e  ,1977 ; l l i l g a r d  ,1973;  Hi 1 ya rd  and Thornes  , 1976) .

Small  clumps o f  tumour c e l l s  g e n e r a l l y  6 -10 a t t a c h  to  the  

V a sc u la r  en do t he l iu m.  I hey a r e  then su r ro u n de d  by f i b r i n ,  

p l a t e l e t s  and po l ym or ph o- nuc le a r  lymphocytes.  Subs equ en t ly  

l o c a l  d e f e c t s  in  I he e nd o t h e l i u m  form and th e  tumour c e l l s  

pas s  out  ol th e  v e s s e l  and I . rm new c e n t r e s  o f  growth.

The s i t e  ol adher enc e  o f  th e  tumour c e l l s  to  t h e  end o the l ium  

i s  de t e rm ine d  by i n t e r a c t i o n s  between th e  tumour c e l l  s u r f a c e  

and the  v a s c u l a r  e n d o t h e l i a l  s u r f a c e . This  in t u r n  seems to  

be in f lu e n c e d  by m i c r o - c o a g u l a t i o n  around  the tumour c e l l s .  I t  

i s  wel l  known t h a t  mt i - c o a g u i . i n t s  may d e c r e a s e  m e t a s t a s i s  

(H i I ga rd  and T h o r n e s , 1976; C a r t e r ,  1976 a and b) . However some
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c a u t i o n  must be e x e r c i s e d  in  i n t e r p r e t i n g  th e s e  r e s u l t s .  

U su a l ly  l a rg e  doses  o f  a n t i c o a g u l a n t s  have been g iv e n  over  

long p e r i o d s  o f  t i m e .  Also tumour c e l l s  were u s u a l l y  g ive n  

d i r e c t l y  in t  t h e  hi >..<! s t r e a m .  Also c o n s i d e r a t i o n  must 

be g iv en  to  the  e f f e c t s  of h i g h l y  cha rged  mo lecu les  such 

as  h e p a r i n  on iht  tumour c e l l  s u r f a c e  as  we l l  as  i t s  

e f f e c t  on c o a g u l a t i o n .

SKKDM PROTEIN ABNORMAI,ITIES IN PATTI-NTS WITH CANCER 

The serum of  p a t i e n t s  wi th  d i f f e r e n t  ty p e s  of m a l ig n a nc ie s  

i s  o f t e n  c h a r a c t e r i z e d  by an i n c r e a s e  in  t h e  n l p h a - g l o b u l i n  

serum component and changes  in  th e  c a r b o h y d r a t e  c o n t e n t  

of  scrum g l y c o p r o t e i n s  (Pe termann and Hogness , 1948; Alm' iuist  

and Laus in g ,  19 .7 ;  Rosat .  and Ravd in ,  1 % 8 ;  A bl in  e t  a l . .

[97j)- S i m i l a r  changes  have a l s o  been r e p o r t e d  in th e  serum 

p r o t e i n s  of  anima l s  w i t h  t r a n s p l a n t e d  o r  n a t u r a l l y  o c c u r r i n g  

tumours (Schwenke and Kujawa,1967;  H a d j i - A z i m i ,1969;  Ove 

e t  a l . , 1974) .

R e c e n t l y  DMA-binding p r o t e i n s  were  found in t h e  se rum of 

p a t i e n t s  wi th  v a r i o u s  neoplasms (Brehm ■ t a 1. .1975;  Hoch 

et__al_. , 1975) .  These p r o t e i n s  m ig r a te d  in th e  a l ph a  and beta  

r e g i o n s . There were two major  p r o t e i n  components  of  MW

94,000  and 126 ,0 00d . These a u t h o r s  a s c r i b e  a sc av e ng er -  

i u n c t i o n  f o r  t h e s e  p r o t e i n s  (Brehm e t  I . 1 975) .  o t h e r  

p r o t e i n s  which undergo changes  in  ma l ig na n t  < n d i t  i ons  a r e  

the  a c u t e - p h a s e  p r o t e i n s  ( F i s c h e r  and C i l l , 1973) .  These 

c o n s i s t  oI an e l e c t r o p h o r e t i c a l l y  he t e r og en e ou s  group of  

p r o t e i n s  which m ig r a te  between th e  albumin and gamma-globul in 

f r a c t i o n s .  They a r e  f u n c t i o n a l l y  d i v e r s e  and c o n s i s t  of  a

/ p r o te a  e . .
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c a u l  ion must be e x e r c i s e d  in i n t e r p r e t i n g  t h e s e  r e s u l t s .  

U s u a l ly  l.iry.o di<s< o f  a n t i c o a g u l a n t s  have been g ive n  over  

long  p e r i o d s  of  t im e .  Also  iumour c e l l s  were u s u a l l y  g iv e n  

d i r e c t  ly iul th e  Mood s i r  com Also c o n s i d e r a t i o n  must  

be g iven to  th e  e f f e c t s  of h i g h l y  ch a r ged  mo le cu l es  such 

as  h e p a r in  on the  tumour c e l l  s u r f a c e  as  we l l  a s  i t s  

e f f e c t  on c o a g u l a t i o n .

1.23 skkiiM m m : in aiinukm, \ i. ; t i k s  in patiknts  wi th cancer

The serum ot p a t i e n t s  w i th  d i f f e r e n t  ty pe s  o f  m a l i g n a n c i e s  

i s  o f t e n  c h a r a c t e r i z e d  by an i n c r e a s e  in  t h e  a l p h a - g l o b u l i n  

se rum component and changes  in  th e  c a r b o h y d r a t e  c o n t e n t  

of serum g l y c o p r o t e i n  (Pe t . emann  and Hogness , 194(3; Almquis t  

and l a u s i n  , 19)7;  Rosato and R a v d in , 1968; A bl in  e t  a l . ,  

1973) .  S i m i l a r  changes have a l s o  been r e p o r t e d  in  the  serum 

p r o t e i n s  of  an i ma l s  wi th  t r a n s p l a n t e d  or  n a t u r a l l y  o c c u r r i n g  

tumours (Schwenke and Kujaws ,1967; H a d j l - A z i m i ,1969; Ove 

e t  a 1 . , 1974) .

R e c e n t l y  DMA-binding p r o t e i n s  were found in t h e  serum of 

p a t i e n t s  w i t h  v a r io u s  neoplasms (Brehm el a l . , 1 9 7 5 ;  Hoch 

e t  a l ■ ,1975)  ■ These p r o t e i n s  m i g r a t e d  in th e  a lph a  and be ta  

r e g i o n s .  There  were two major  p r o t e i n  components of  MW

9 4, 00 0  and 1 2 6 ,0 00d . These a u t h o r s  a s c r i b e  a scavenger  

f u n c t i o n  f o r  t h e s e  p r o t e i n s  (Brehm e t  a l . , 1 9 7 5 ) .  o th e r  

p r o t e i n s  which undergo changes  in  ma l ig na n t  c o n d i t i o n s  a r e  

t h e  a c u t e - p h a s e  p r o t e i n s  ( F i s c h e r  and G i l l , 1975) .  These 

c o n s i s t  of an e l e c t r o p h o r e t i c a l l y  h e t e r  gencous  group of  

p r o t e i n s  which m ig r a te  between t h e  albumin and gamma-globu1 in 

f r a c t i o n s .  fhey n e  f u n d  J n i l  i d l v . r s t  and c o n s i s t  of  a

/  protea .se
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prut  vast '  i n h i b i t o r  ( a lp h a -a n t  i t r y p a i n ) ;  c a r r i e t s  f o r  

hemoglobin and copper  ( h a p t o g l o b i n  and c e r u l o p l a s m i n ) ;  a 

c o a g u l a t i o n  component ( f i b r i n o g e n )  and p r o t e i n s  wi th  

und ef in e d  f u n c t i o n s  such as G - r e a c t i v e  p r o t e i n  and a l p h a -

0 i d g l y c o p r o t e i n  A l i s t  of  Lite a c u t e  phase p r o t e i n s  and 

some o f  t h e i r  p r o p e r t i e s  i s  shown in Tab l e  8 .

1 he mechanism of the  e l e v a t i o n  o f  p r o t e i n s  d u r in g  the  a c u t e  

phase r.  punse is  in c o n s i d e r a b l e  doubt and a t  l e a s t  one 

s u g g e s t i o n  i s  t h a t  they a r e  r e l e a s e d  l o c a l l y  from a f f e c t e d  

t i s s u e  has been put fo rward  (Bole and Leu tz  1967).  These 

a u t h o r s  showed t h a t  e x t r a h e p a t i c  t i s s u e s  were a b l e  to  

i n c o r p o r a t e  l a b e l e d  N -a ce ty l  g lucosamine  i n t o  a c i d - s o l u b l e  

g l y c o p r o t e i n s  found in serum.  However the  g e n e r a l  s u g g e s t i o n  

i s  t h a t  t h e s e  p r o t e i n s  a r e  p roduced in th e  l i v e r  a l o ne

(Winzler  , 196i> ; S a r c l o n e , 1967) . Such an ex p e r im e n t a l  model 

which r e l i e s  upon t o t a l  hepa tecI  my of r a t s  i s  in my 

o p in io n  q u e s t i o n a b l e  11  would appe ar  Lh.it such a mass ive  

o p e r a t i v e  p rocedure  would r e s u l t  i n  e x p e r im e n t a l  da ta  

which would be ex t re m e l y  d i f f i c u l t  t o  e v a l u a t e  and would not  

exc lude  t ’ e e x t r a h e p a t i c  ■ r i g i n  of  scrum g l y c o p r o t e i n s .  A 

t o t a l l y  he p a te c t o m iz e d  animal  i s  in  e f f e c t  moribund and the  

au lhoi  p r e f e r s  t o  t r e a t  such a model w i t h  ext reme  c a u t i o n .  

Other  violence f u r  e x i r a h e p a t i c  o r i g i n  oi  scromucold may be 

found in th e  l i t e r a t u r e .  Some a u t h o r s  have found h ig h e r  

seromucoid l e v e l s  in t h e  venous e f f l u e n t  of  l a r g e  t r a n s p l a n t e d  

f ib ro s a r c o m a s  than  1n t n e  a r t e r i a l  su pp ly  to  the  tumour 

v t ins e t  a 1 . , 1974 . 1 he re  i s  a l s o  ev id enc e  t h a t  tumour

c e l l s  which have a t h i n  ,’ lyc c a ly x  a re  more a g g r e s s i v e  than  

those wi th  i t h i c k e r  g l y c o r a l y x .  One i n t e r p r e t a t i o n  o f  t i l l s

/ I s .  .
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TABLE 8

CWAKACTERISTICS OF ACl’Tt-FHASE PRtlTLIK:.

Protein

C- e a c t l v e  
p r o t e i n

o^ -A ci d

g l y c o p r o t e i n

M o l e c u l a r  
Weigh t  S

13 5 , 0 0 0-
140 ,000

7 .5

4 4 , 1 0 0  3.1

E l e c t r o ­
p h o r e t i c
M o b i l i t y

Pepv.
Conteti

(%)

o ^-Globulin

Q^-Globul in

100

62

0-
-v a te

j c n t e n t
(%)

4 1 . 4

Serum
C o nt en t
Range
(mg/
1 0 0 ml)

B i o l o g i c a l
F u n c t io n

55-120

O p s o n i n ; a c u t e -  
phas e  r e a c t a n t

I n a c t i v a t i o n  o f  
p r o g e s t e r o n e ;  
a c u t e - p h a s e  
r e a c t a n t

a - A n t i t r y p s i n 4 5 , 0 00  3 . 4  a , - G l o b u l i n  8 6  1 2 . 4 180 105 P r o t e a s e  
i n h i b i t o r  o f  
t r y p s i n  and 
ch ym ot r yp s in ;  
a c u t e - p h a s e  
r e a c t a n t

C e r u l o p l a s m i n

H a p t o g l o b i n  1-1 
H a p t o g l o b i n  2-1 
h a p t o g l o b i n  2 - 2

F i b r i n o g e n

16 0 , 00 0  7 .1  a . - G l o b u l i n  89

8 5 , 0 0 0  4 . 4  o - G l o b u l i n  81
4 . 3 - 6 . 5  

7 . 5

341 ,000  7 .6  p , - G l o b u l i n  97

8 . 0

19 . 3

2 . 5

10-40 C o pp e r - b in d i ng
o x id a s e  a c t i v i t y ;
a c u t e - p h a s e
r e a c t a n t

85-213 Hemogl ob in -b in d­
i n g  p e r o x i d a s e ;  
a c u t e - p h a s e  
r e a c t a n t

200-450 Co a g u la b le  
p r o t e i n ;  
a c u t e - p h a s e  
r e a c t a n t



■

75

i s  t h a t  the  g l y c o c a l y x  i s  be in g  c o n t i n u a l l y  shed .  In t h i s  

r e s p e c t  i t  i s  I n t e r e s t i n g  to  no te  t h a t  h ig h  se romuccid  

l e v e l s  re found in mure advanced m e t a e t a s i s e d  tumours 

(Kim e t  a 1 . . 1975).

1.24 SKKOMUCOID AND TUI: 1MMUNK RhSPONSE

I t  has been s u g g e s te d  t h a t  se romucoid may p la y  a r o l e  in  

p r e v e n t i n g  an immune r esp on se  a g a i n s t  f e t a l  a n t i g e n s  ( C u r r i e  

and Bagshawe ,190V; Good 1975) .  I t  i s  a l s o  o f  i n t e r e s t  

t o  n o te  t h a t  a l p h a - a c i d  g l y c o p r o t e i n  can a c t  on the  s u r f a c e  

o f  E s c h e r i c h i a  c l i  and S ta ph y lo c o cc us  au r e us  in  such a 

way as  to  p r eve n t  p h a g o c y t o s i s  of  t h e s e  o rgan i sms  by human 

n e u t r o p h i l s  (van Oss e t  a l . , 1974)

SUMMARY OF "HE INTRODUCTION AND THE AUTHOR'S INTERPRETATION 

OF THE LITERATURE.

I t  would seem t h a t  membrane a l t e r a t i o n s  a r e  an im po r t an t  

p a r t  of  the  n e o p l a s t i c  t r a n s f o r m a t i o n .  At l e a s t  one of  

t h e s e  changes  r e l a t e s  to  th e  l o s s  of  g l y c o p r o t e i n  m a t e r i a l  

from th e  c e l l  s u r f a c e .  These g l y c o p r o t e i n s  may f i n d  - .heir  

way i n t o  the  c i r c u l a t i o n  and may i n t e r f e r e  w i t h  a h os t  Immune 

res p o ns e  which i s  d i r e c t e d  a g a i n s t  n e o - a n t i g e n s  on th e  tumour 

c e i l .  Some of the  shed m a t e r i a l  may he composed oi  s u r f a c e  

a n t i g e n s  nor mal ly  c o n f i n e d  t o  th e  plasma membrane of  the  c e l l .  

Th i s  would i n c l u d e  HLA and blood g roup a n t i g e n s .  Changes 

in c o a g u l a t i o n  p r o f i l e  which a r e  a s s o c i a t e d  w i th  ma l ignancy 

miy in  p a r t  r e l a t e  t o  the  change in  c i r c u l a t i n g  g l y c o p r o t e i n s .  

T ie  work of Baldwin and Robins (1976) and Vaage, (1973;1974)  

I n d i c a t e  an im por tan t  r o l e  f o r  tumour a n t i g e n s  in th e  b l o c k i n g  

of  immunity d i r e c t e d  a g a i n s t  tumour c e l l s .  The a n t i g e n i c

/ma te r  i a l . . .
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m a t e r i a l  in  Ba ldwin ' s  s tu d y  had a MW 0 £ between  30,000 and 

5 0 , OOfkl. Or .mucoid has been known to  be e l e v a t e d  in  

the  serum of  ca n c e r  p a t i e n t s  f o r  some t ime .  I t  i s  an 

a l p h a - g l o b u l i n  and has been though t  t o  be e n t i r e l y  

s y n t h e s ,  ;vd in the  l i v e r .  However,  i t  i s  in  some r e s p e c t s  

s i m i l a r  to  g l y c o p h o r i n .  t h e  major  g l y c o p r o t e i n  of  the 

r ed  blond c e l l  membrane, in s i z e ,  d i s t r i b u t i o n  and n a t u r e  

of  t h e  ca r b o h y d r a te  a t t a c h e d  t o  i t .  " t  i s  a l s o  s i m i l a r  

in t h a t  i t  t e nds  to  po lymer ize  and has . b in d in g  s i t e  fo r  

the  i n f l u e n z a  v i r u s  as shown by i t s  a b i l i t y  t o  i n h i b i t  

i n f l u e n z a  v i r u s  h a e m a g g l u t i n a t i o n .

I« i s  thus  p o s s i b l e  t h a t  se romucoid  may in  f a c t  c o n t a i n  

c e l l  membrane components  and t h a t  i t s  e l e v a t i o n  in  the 

serum in  ac u te  c m d i t  ions  may r e s u l t  a t  l e a s t  in  p a r t ,  from 

t i s s u e  n e c r o s i s  or  shedd ing  (a s  in  th e  c a s e  o f  CEA). I t  i s  of  

i n t e r e s t  to  n o t e  t h a t  a l t h o u g h  the  p e r i p h e r a l  sequences  of  the  

i a r h , ihydr . i tv c h a i n s  on orosomucoid a p p e a r  to  be s i m i l a r  to  th o s e  

blood g roup  s u b s t a n c e ,  some d i f f e r e n c e s  a r c  a p p a r e n t  such as 

a t t a c h m e n t  of  th e  c a r b o h y d r a t e  t o  the  p o l y p e p t i d e ,  the  

amounts o f  the  d i f f e r e n t  s u g a r s  p r e s e n t , and t h e  t o t a l  

p e r c e n t a g e  o f  c a r b o h y d r a t e  in  the  m o le cu le .  Carbo hy dra te  

c o n t a i n i n g  mole cu l es  a r e  o f  impor tance  in  c e l l - c e l l  I n t e r a c t i o n s

and t i s s u e  f o rm a t io n  and may be impo r t an t  in a l lo w in g

hormones to  i n t e r a c t  w i th  the  c e l l .  Humphreys (1 97 5) ,  has 

shown t h a t  the  mol ec u l es  which promote sponge a g g r e g a t i o n  

a r c  a l s o  l y c o p r o t e i n s  w i th  a h igh p e r c e n ta g e  of  

c a r b o h y d r a t e .

1 • 2 6  THE AIM OK T H I f  S i T D Y

The atm of  t h i s  s t u d y  was to  examine th e  s e r a  of  p a t i e n t s

/ w i t h . . .
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w i t h  L,nicer  anJ  ,1 pcc i rum ol  o t h e r  d i s e a s e s  and c o n d i t i o n s .  

To f u r t h e r  c h a r a c t e r i s e  any changes  and to  i n v e s t i g a t e  

th e  p o s s i b l e  e f f e c t s  of  such c h a n g e s .

To t h i s  end p o ly a c r y la m id e  ge l  e l e c t r o p h o r e s i s  was 

per formed on t h e  serum of  p a t i e n t s  w i th  c a n c e r  and non- 

nr 1igna n t  c o n d i t i o n s . These  were compared w i t h  s e r a  from 

normal c o n t r o l s . Tv bands were shown t o  be e l e v a t e d  in

V ’1'  ' us ' i s e a s e s .  One of  th e s e  p r o t e i n  bands was 

I s o l a t e d  and i d e n t i f i e d  as  orosomucoid ( a l p h a - a c i d

g l y c o p r o t e i n ) .  The use  of  the  two bands a s  a d i a g n o s t i c

t o o l  was e v a l u a t e d  and the  e f f e c t  of  orosomucoid on the

immune system and the  o a g u l a t i o n  ca sc ade  was i n v e s t i g a t e d .

The s i m i l a r i t y  between orosomuco id  and g l yc o p ho r i n

prompted a s e a r c h  f o r  blood group a n t i g e n s  in the  orosomucoid

p r e p a r a t i o n s .

/ 2 . .
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CHAPTER 2

2. MATERIALS AND METHODS

2.1 FOI.YACRYLAMIUE CEL ELECTROPHORESIS (PACE)

2 . 1 . 1  Pur  11 l e a l i o n  of  Sodium dodecyl  s u l p h a t e  (SDS)

SDS (5g)  was added to  100ml o£ 95% e t h a n o l .

The s o l u t i o n  was warmed t o  60 C in  a w a t e r b a t h  

w i t h  c o n s t a n t  s t i r r i n g  t o  d i s s o l v e ,  c o o l e d  to  20 C 

and vacuum t i l l e r e d  th ro ug h  Whatman* No.42 f i l t e r  

pape r .  The f i l t r a t e  was r e t a i n e d  and c o o l e d  to  

5°C. Thi s  was f i l t e r e d  and I In p r e c i p i t a t e  was 

r e t a i n e d ,  d r i e d  to  c o n s t a n t  weight  and s t o r e d .

The y i e l d  was between 15-20%.

2 . 1 . 2  P r e p a r a t i o n  of  Working S o l u t i o n s

1. S tock 0.06M sodium pho sph a t e  b u f f e r ,

pH 7 . 2 ,  c o n t a i n i n g  0.2% (w/v) SDS.

2. Monomer s o l u t i o n
AeryI amide m 20 J
B i s - a c r y l a m i d e  0 . 5 )
S to ck  b u f f e r  t o  100 ml

3. Ammonium p e r s u l p h a t e  s o l u t i o n  0.4% (w/v)

4.  TEMED

2 . 1 . 3  C a s t i n g  the  Ce ls

The gel  was c a s t  u s i n g  th e  f o l l o w i n g  m i x t u r e s :

W ( . . .  7 . 5 ml

S tock b u f f e r  ........................ 3 ml

TEMED ............ 1 0

Stock  monomer ..................... 7 ml

Ammonium p e r s u l p h a t e  . . . . . .  2 .5 ml

Giving  a f i n a l  ac r y la m ld e  c o n c e n t r a t i o n  of  7%.
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The g e l s  were c a s t  in  r u n n in g  t u b e s  (0 .5  x 7.5cm) 

which were marked a t  one end to  a l lo w  

r e p r o d u c i b i l i t y  o f  gel  l e n g t h .  T h i s  m ix tu re  was 

t r a n s f e r r e d  t t h e  r u n n in g  tu b e s  and c a r e t u l 1 y 

o v e r l a y e d  w i t h  s t o c k  b u f f e r  u s i n g  a Hamil ton 

s y r i n g e .  G e l l i n g  Lime was 20-40 m i n u t e s .

2 . 1 . 4  Sp l i t t i n g  S o l u t i o n

A s p l i t t i n g  s o l u t i o n  was p r e p a r e d  c o n t a i n i n g  

r,M u r e a , 17. CDS and 17. m c r c a p t o e t h e n o l .

2 . 1 . 5  Load ing  t h e  C e l s

Between 4 and 10 pg of  p r o t e i n  was loaded  on to

th e  ge l  in  a volume no t  ex c e e d in g  1 0  pi .

2 . 1 . 6  Running  t h e  C e l s

T h e  g e l s were run at 5 ma per  tu b e  for  

60 mins .  Bromophenol b l ue  was used as a marke r.  

E l e c t r o p h o r e s i s  was s t op p e d  when the  dye reached  

1  cra from the  end of t h e  g e l .  Time t a ken  was 1 hour .

2 , 1 . 7  S t a i n i n g

Gels  were removed from th e  r u n n in g  tubes  and 

f i x e d  in  107. ( w / v ) t r i c  > a c e t i c  a c i d  f o r  1 hour .  

They were r i n s e d  in  r u n n in g  t a p  w a te r  and p laced  

in s t a i n i n g  s o l u t i o n  o v e r n i g h t .  The s t a i n i n g  

s o l u t i o n  found to  be most co n v e n ie n t  was Coomasste 

b r i l l i a n t  b lue p r e p a r e d  as  f o l l o w s :

Coomass t e  b l u e

A c e t i c  a c i d  

Methanol  

Water  to

/ D e s t a i n i n g . . .

0 . 1 gm

70 ml

400 ml

1 0 0 0 ml
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D c s l a i n t n a

Gels were d e s t a i n v d  and s t o r e d  in 7 7. a c e t i c  

a c i d  f o r  48 h our s .

Photography of t he Gels

All  ge 1 s were photographed  u s i n g  a Canon 1 11< 

j jniu camera w i t h  a s t a n d a r d  macro lens  and 

o range I i l l c r .  Kxposure Lime o f  1 /60 sec and 

l ens  open ing  o£ £16 were found t o  g ive s a t i s f a c t o r y  

n e g a t i v e s .  Panatomic X (KodakR) f i l m  was used.

A l i g h t  box was used as  a s o u r c e  of 

i l l u m i n a t i o n  w i t h  the  g e l s  p la ce d  d i r e c t l y  

on to  th e  l i g h t  box a l o n g s i d e  a p l a s t i c  l e ng th  

s c a l e .

P er i od ic  Acid S c h l i f  PAS) S ta in in g  of the 

Gels for Dete c t i o n  ol Glycopro t e i n s .

PAS s t a i n i n g  was pe rformed by a modit i c a t i o n  

of  t h e  nethod of  Fa i r ban ks  e t  a l . , (1 9 7 1 ) .  Many 

ol th e  s t e p s  used in t h i s  method were found to  

be iv. n e c e s s a r y  and c o n s e q u e n t l y  a s h o r t ,  r p r oce du re  

Wei3  d e v i s e d  us fo l lows?

1. Gel s  were f i x e d  in  t h e  same way as  fo r  

Coomassie b lue s t a i n i n g .

2.  They were then  p la ce d  in  0.57 (w/v) p e r i o d i c

a c i d  f o r  1  hour .

I. The g e l s  were then washed e x h a u s t i v e l y  in  407. 

m e th an o l ,  7 7 . a c e t i c  a c i d  in  w a te r  u n t i l  

t h e  wash ings  no lon ge r  gave a p r e c i p i t a t e  

w i t h  s i  Ivor  n i t r a t e .

4 .  The washed g e l s  were th e n  p la ce d  in S c h i t f s

/ r ea ge n t



81.

reayenL f o r  1 h o u r .

Rod bands ap pe are d  w i t h i n  10 mi n u te s .

P r e p a r a t i o n  o t  So h i  i f  Reagent  

1 Rm Bas ic  Fuchs in was d i s s o l v e d  in  200 nn 

of  b o i l i n g  d i s t i l l e d  w a t e r .  Th i s  was coo led  

to  50°C and to  i t  was added 20 ml o f  0 . 1M HCl.

The m ix t u re  was then  f u r t h e r  c o o l ed  to  25 C 

and 1 gram of Sodurn M e t a b i s u l p h i t e  was added.

A f t e r  mixing  i t  was l e f t  i n  th e  da rk  f o r  20 hou rs .  

Charc.oai was added and I lie s o l u t  ion was 

t i l l e r e d  to  g ive  a c o l o u r l e s s  s o l u t i o n  which may 

be s t o r e d  a t  4 C in  t h e  d a r k . 

p o l ya c r y la m id e  Pel E l e c t r o p h o r e s i s  of  Serum 

Serum was c o l l e c t e d  from f r e s h l y  c l o t t e d  blood 

and 0.1 ml d i l u t e d  w i t h  s p l i t t i n g  s o l u t i o n  ( 2 . 0  ml) .  

A f i o r  mixing 10 p i  was l a y e r e d  on to  th e  g e l .

Loaoi  , of  more than 1 0  pi r e s u l t e d  in  a d e c r e a s e d  

r e s o l u t i o n .

Ou.mt ii 1 1 ion j f t he  Bands a f t e r  S t a i n i n g  

fh • amount of  p r o t e i n  i n  each band was e s t i m a t e d  

by measur ing  peak d im en s io ns  o f  t h e  band and 

r e l a t i n g  t h e s e  to  known c o n c e n t r a t i o n s  ot bovine 

serum a lbumin run under  I d e n t i c a l  c o n d i t i o n s .

M.il i i u 1 a r  W e  i nh t  F.st i m il  ton u s in g  PAGE 

The molecula r  w e i g h t s  ot the v a r i o u s  bands on 

PACK were e s t i m a t e d  from a compar i son  of t h e i r  

m i g r a t i o n  d i s t a n c e  on PAGE w i t h  t h a t  of  p r o t e i n s  

of known MW a c c o r d i n g  t o  th e  method of  Weber 

a„d Osborn (1969) .  The s t a n d a r d  p r o t e i n s  used

/ w e r e . . .
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were bov ine  a lbumin i yg a lbumin and cytochrome C.

The m i g r a t i o n  d i s t a n c e  from th e  o r i g i n  was 

p l o t t e d  a g a i n s t  Log MW, see  K ig . 8 .

2 . 2 IMMllNOKI.KCrROPHOKKS IS

Immun oe lec t r oph ore s i s  was per fo rmed  a c c o r d i n g  t o  t h e  method 

i>J Arquembourg e l  U . , ( 1 9 7 0 ) .  B r i e f l y  th e  method i s  as  f o l l o w s :

2 . 2 . 1  S tock  B u t l e r

The f o l l o w i n g  b a r b i t u r a t e  b u f f e r ,  pH 8 .3  

was p r e p a re d  and s t o r e d  a t  4°C w i t h  sodium 

a z id e  a s  a p r e s e r v a t i v e .

1 .4  g

Sodium d m i t h y l b a r b i t u r a t e  5 . 0  g

Sodium c h l o r i d e  1 . 0  g

Water to  1000 ml

2 . 2 . 2

2 . 2 . 3

D i e t h y l b a r b i t u r i c  a c i d  
iE

P r e p a r a t i o n  o f the  E l e c t r o p h o r e s i s  Gel 

Agarose o f  h igh p u r i t y  was used to  p r e p a r e  

the  g e l s .  A 1% a g a r o s e  s o l u t i o n  in  s t o c k  

b u f f e r  was made up and a u t o c l a v e d  for  15 minu tes  

t o  e n s u re  complete  s o l u b i l i s a t i o n  o f  the  a g a r o s e .  

The a g a r o s e  s o l u t i o n  was poured on to  mic roscope 

s l i d e s  ( 2 .5  x 7 .5 cm) in  a h o l d e r  which ens ured  

Co n s ta n t  ge l  t h i c k n e s s  on th e  s l i d e .  The 

p ro ce du re  was c a r r i e d  out  on a l e v e l l i n g  t a b l e . 

C u t t i n g  tl le we l l  and t rough

The w e l l s  and t r o u g h  were cu t  u s in g  a t e m p la te  

made to  s t a n d a r d  d im e n s i o ns .  The wel l  c u t t e r  

had a b e v e l l e d  in n e r  c u t t i n g  s u r f a c e  and was 

a t t a c h e d  to  a vacuum pump. The t r ough  was cut

/ w i t h . .



FIGURE 8

MOLECULAR Ui’ IGUT DETERMINATION OF A BAND AND B



wi t h a s c a l p e l  b l a d e .

2 . 2 . 4  E l e c t r o p h o r e s i s

The g e l s  were e l e c t r o p h o r e s i s e d  a t  25 ma per  

s l i d e  u n t i l  t he  bromophenol  b lu e  marker  r e a ch ed  

a s a t i s i a c t o r y  p o s i t i o n .

2 . 2 . 5  A d d i t io n  of  a n t i s e r a

The a n t i s e r a  were added t o  the  t r o u g h  u s in g  a 

t u b e r c u l i n  s y r i n . o  and t h e  gel  were l e f t  o v e r n ig h t  

t o  a l lo w  the  p r e c i p i t i n  l i n e s  to  dev e lop .

2 . 2 . 6  Vi s u a l i s a t i o n  and Pho tography o f  the  Gels

Examinat ion  and pho tography  o f  t h e  immuno- 

p r e c i p i t i n  p a t t e r n s  was c a r r i e d  o u t  under  

d a r k - f i e  Id i l l u m i n a t i o n .

RADIAL 1MM1IN0U1FF III SION

R a d ia l  immunodi f fusion was per formed u s i n g  t h e  same b u f f e r  

and ag a r o se  c o n c e n t r a t i o n  as  t h a t  used f o r  I m mu no e l ec t r oph ore s i s  

( s e e  2 . 2 . 1  and 2 . 2 . 2  a b o v e ) . The m ix t u re  t o  be s t u d i e d  

and the  a n t i s e r a  were added to  p r e c u t  w e l l s  ( 2 . 5  mm 

d ia m e t e r  x 3 mm a p a r t )  in  a g a r o s e  in  a p e t r i  d i s h .  The 

p a t t e r n  was a l lowed  to  d ev e lo p  o v e r n i g h t  and was 

pho togr aphed  as  above ( 2 . 2 . 6 ) .

SERUM PROTEIN FRACTIOUS

2 . 4 . 1  K l s t l o i  F r a c t i o n s

These were p r e p a r e d  a c c o r d i n g  t o  K i s t l e r  and Nitschmann 

( 19 6 2 ) ,  and were a g i f t  from P r o f e s s o r  Pe te r  Brain  of  

the  N a ta l  Blood T r a n s f u s i o n  S e r v i c e .

2 . 4 . 2  Carc ino-embryon ic  a n t i g e n

K.td l o la b e  I l ed  CEA was o b t a i n e d  th r oug h  the

/ g e n e r o s i t y .
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g e n e r o s i t y  of Roche E t h i c a l  Company.

.3 A lp h a - a c id  g l y c o p r o t e i n

Serum and g l y c o p r o t e i n  p r e p a r a t i o n s  were p r ep a re d  

from plasma by a m o d i f i c a t i o n  of Winz 1 o r  s  

o r i g i n a l  method.  (Winzler  e t _ a l . , 1 948) .  Blood 

was o b t a i n e d  from p a t i e n t s  and normal 

v o l u n t e e r s  a f t e r  in formed c o n s e n t .  Samples 

fo r  serum were a l lowed  t o  c l o t  and the  serum 

o b t a i n e d  by c e n t r i f u g a t i o n  o f  the  c l o t t e d  

specimen .  Blood f o r  plasma e x t r a c t i o n  cas  

c o l l e c t e d  i n t o  c i t r a t e  ph ospha te  d e x t r o s e  (CPD).

Each d o n a t io n  c o n s i s t e d  o f  4 5 0 - 500ml o f  blood 

c o l l e c t e d  i n t o  70 ml of  CPU. Plasma was 

o b t a i n e d  from t h e  whole b lood w i t h i n  72 hours  of  

c o l l e c t i o n .  To e i t h e r  serum or plasma an equal  

volume of 1 . 4 M - p e r c h l o r i c  a c i d  was added.  Al l  

e x t r a c t i o n  p r o ce d u re s  were pe rformed a t  40 C.

The p e r c h l o r i c  ac id / s e t u m /  pi asm.) m ix t u r e  was 

a l low ed  to  s t a n d  f o r  5  mi nu t es  and the  p r e c i p i t a t e d  

p r o t e i n s  removed by c e n t r i f u g a t i o n .  The c l e a r  

s u p e r n a t a n t  was d i a l y z e d  a g a i n s t  ru n n in g  t a p  w a te r  

f o r  24 h o u r s , r educ ed  in volume by 

e v a p o r a t i o n  in  a d i a l y s i s  tube  and the n  d ia ly z e d  

a g a i n s t  d i s t i l l e d  w a te r  f o r  4 ho ur s .  I t  was then  

1 y o p h i l i z e d  and s t o r e d  in  • " a led ampules  u n t i l  

u sed .  Thi s  was r e f e r r e d  t o  as  the  c r u d e  

g l y c o p r o t e i n  p r e p a r a t i o n .  F u r t h e r  p u r i f i c a t i o n  

was ac h i e ve d  u s i n g  phadex chromatography .

/ 2 .5 . . .
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Optimal  c o n c e n t r a t i o n s  of  a n t i s e r a  we.e p r e p a r e d  as

f o l l o w s :

I t  a n t i - P  r e a c t s  to  a d i l u t i o n  of  1:64 ( e . g .  u n d i l u t e d  

•H-h , 1:2 H-H-, 1 :4  +-»++, 1:8 H-H-, 1:16 +-H , 1:32 -H,

1:64  +,  1:128 0)  then 1:4 was s e l e c t e d  as  t h e  optimum 

c o n c e n t r a t i o n  of  the  s p e c i f i c  a n t i b o d y  f o r  th e  

h a e m a g g lu t i n a c io n  i n h i b i t i o n  t e s t s . To t h i s  optimum 

s a l i n e  d i l u t i o n  of m l i - P ,  was added an e q u a l  volume 

o f  s a l i n e  ( c o n t r o l )  o r  se romucoid  r e c o n s t i t u t e d  lit 

s a l i n e  ( t o  .i s t a n d a r d  c o n c e n t r a t i o n ) .  The a d d i t i o n  of 

s a l i n e  shou ld  r e s u l t  i n  no los s  o'  a g g l u t i n a t i n g  

a b i l i t y  o f  the  a n t i s e r u m .  I f ,  however,  t h e  r e a c t i o n  

s t r e n g t h  was lowered by the  add! of  t h e  se romucoid

e x t r a c t  th e n  some I n h i b i t i o n  of a n t ib o d y  a c t i v i t y  

has  t aken p l a c e .  The i n h i b i t i o n  o f  a c t i v i t y  i s  

r ec o rd e d  as  f o l l o w s :  t-t-H- r e p r e s e n t i n g  no i n h i b i t i o n ,  -h-+, 

n , i  - a s  p a r t i a l  or  comple te  i M b i t  I o n . Ihus for  

any one sample of  se romucoid  which f o r  example ,  does no t  

lower t l  ' a c t i v i t y  o f  th e  optimum c o n c e n t r a t i o n  of 

a n t i s e r u m ,  the  p a t t e r n  would l e a d  H-H- ( 4 ) ,  t-H-t (4)

-H h- ( 4 ) ,  or  4 4 4 4  i . e .  s c o r e  « 16. I f ,  however ,  t h  

seromucoid sample when r e c o n s t i t u t e d  had some i n h i b i t o r y  

a c t . i x . t y ,  t he  p a t t e r n  in  t h e  four  d i l u t i o n s  t e s t e d  may be 

r e p r e s e n t e d  as  f o l l o w s :  - , t ,  H , H-t or  -  1 2 3,  meanii.g 

t h a t  t h e r e  was a c t i v i t y  in  the  e x t r a c t  u n d i l u t e d ,  d i l u t e d  

1 : 2 , 1:4 and 1 :8 .  Th is  would r e p r e s e n t  a s c o r e  o f  6 .

The i n h i b i t o r y  a c t i v i t y  i s  e x p r e ss e d  as t h e  maximum sc o re
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possible(4+4+4+A 16)minus t h e  s c o r e  a c t u a l l y  o b t a i n e d .

Thus f o r  our  second example t h e  i n h i b i t o r y  a c t i v i t y  would 

be 10, . e . ( 1 6 - 6 1 0 )  r e f e r r e d  to  as  ' h e  c u m ul a t iv e

i n h i b i t i o n  s c o r e .

Where groups of i n d i v i d u a l s  were s t u d i e d  t h e  c um u la t i v e  

i n h i b i t i o n  s c o r e s  wore summed and a mean i n h i b i t i o n  

a c t i v i t y  was c a l c u l a t e d . T ab le  9 d e t a i l s  th e  r e a c t i o n s  

o f  the  v a r i o u s  a n t i s i r a  s e l e c t e d  f o r  t h i s  s tu d y .

During the  p r e l i m i n a r y  c o u r s e  of  t h e  i n v e s t i g a t i o n  i t  

was found t h a t  th e  i n h i b i t o r y  a c t i v i t y  o f  v a r i o u s  

b lood group d e t e r m i n a n t s  p a r t i c u l a r l y  th e  T f a c t o r ,  

o f t e n  sp o n ta n e o u s l y  d i s a p p e a r e d  from th e  se romucoid 

p r e p a r a t i o n s .  To av id  t h i s  lo s s  o f  a c t i v i t y ,  which 

i s  i n i l u e r c e d  by th e  p r es e n ce  of  b e t a - g a l a c t o s i d a s e  in the  

seromucoid (Kl in e  and I s s i t t ,  1976) ph en y l -b e ta - D -  

t h i o g a l a c t o s i d e  (10 mg/100 ml o^ serum e x t r a c t )  was 

added to  th e  e x t r a c t  a f t e r  d i a l y s i s  and b e f o r e  f r e e z e -  

d r y i n g  the  p r o d u c t s .

COLUMN CHROMATOORA l‘HY OF THE EXTRACTS 

Column chromatography was per formed t o  a t tempt  

to  f r a c t i o n a t e  th e  p r e p a r a t i o n  f u r t h e r  and a l s o  to  e s t i m a t e  

the  m o le cu la r  we ig h t  u s in g  a n o t h e r  method as  t h e  PAGE 

method i s  u n r e l i a b l e  f o r  g l y c o p r o t e i n s  ( S e g r e s t  " t  a l . , 1 97 1 )

2 . 6 .1  Seph olox (1200 (,e) e x c l u s i o n  chromatography

Sephadex G200 w i t h  a f r a c t i o n a t i o n  range of  lOOOd 

- 800 ,000  d was u se d .  A column of  d imensions  

50 cm x 5 cm was us ed .  The e l u t i n g  b u f f e r  was

0.  IM-Tris  HC1, pH 8 . 0  w i t h  1 . 0  M-NaCl. 10 m'. 

a l i q u o t s  were c o l l e c t e d  and th e  p r o t e i n  con ten t

/ m o n i t o r e d .
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moni to rud  by measur ing

2 •6 • 2 M o l e c u l a r  w e i g h t  e s t i m a t i o n  o i  t h e  P r o t e i n  

P r e p a r a t i o n

Hie m o le c u l a r  w e ig h t  of  tk :  p r o t e i n  was e s t i m a t e d

by measu r ing  i t s  e l u t i o n  volume o f f  a c a l i b r a t e d

g e l  f i l t r a t i o n  column.  The p a r t i t i o n  c o e f f i c i e n t

becween thc  8 * 1  phase and the  l i q u i d

phase was de t e rmined  f o r  f e r r i t i n ,  c a t a l a s e ,

a l d o l a s e , bovine albumin  and chymotryps inogen

Kav  WaS c a l c u l a t e d  a c c o r d i n g  t o  the  f o l l o w i n g  

f o r m u l a :

Kav = Ve " V°

Vt -  Vo

Vt  = T o t a l  bed volume = 981 ml

Vu * Void volume ( de te rm in ed  by b lue

d e x t r a n )  = 306 ml

vc “ e l u t i o n  volume of th e  p r o t e i n  under

c o n s i d e r a t i o n  and a p l o t  of  K
a V

a g a i n s t  log  M  was c o n s t r u c t e d .

(See F ig.  9 ) .

I.YMPHOCYTi: ail.TIIKK AND HIM S I I MTUTI ON 

When lymphocytes  a r e  t r e a t e d  w i t h  v a r i o u s  l e c t i n s ,  t he y  

a r e  s t i m u l a t e d  t o  undergo d i v i s i o n .  Th i s  r e sp on se  

i s  u s u a l l y  accompanied by m o r ph o lo g ic a l  change to  a b l a s t  

c e l l .  The de gr ee  of  lymphocyte s t i m u l a t i o n  may be 

a s sa y e d  by de te ru t iu in . ;  t he  p e r c e n ta g e  o f  b l a s t  c e l l s  in 

a  c u l t u r e  or  by me asur ing  the  u p ta k e  of  a r a d i o a c t i v e  

DNA p r e c u r s o r ,  in t h i s  ca se  t r i t  i a t e d  thymid ine

/ (O p p en h e im
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mo ni t o re d  by measur ing  A ^ .

2 - 6 - 2  M>lecul, ir  we igh t  e s t i m . i t i o n  o£ the  P r o t e i n  

P r e p a r a t i o n

The m ol e cu l a r  we ig h t  of the  p r o t e i n  was e s t i m a t e d  

by measur ing  i t s  e l u t i o n  volume o f !  a c a l i b r a t e d  

g e l  f i l t r a t i o n  column.  The p a r t i t i o n  c o e f f i c i e n t  

( K ^ )  between t h e  g e l  phase and th e  l i q u i d  

phase was d e t e r m in e d  f o r  f e r r i t i n ,  c a t a l a s e ,  

a l d o l a s e ,  bovine albumin and chymotryps inogen

Kav  WUS c a l c u l a t e d  ac c o r d in g  to  th e  fo l l o w in g  

f o r m u l a :

* , v  ■ V- - V»

V - V t  o

Vt  = T o t a l  bed volume = 981 ml

VG Void volume (d e t e rm in ed  by b lue

d e x t r a n )  = 306 ml

Ve e f e lu t ion  volume of  the  p r o t e i n  under

c o n s i d e r a t i o n  and a p lo t  o f  K
aV

a g a i n s t  log W was c o n s t r u c t e d .

(See F ig .  9 ) .

I.YMPIKXIYTT CUl.TUKIl AND PHA STIMULATION 

When lymphocytes a r e  t r e a t e d  w i th  v a r i o u s  l e c t i n s ,  t hey  

a r e  s t i m u l a t e d  t o  undergo d i v i s i o n .  Th is  r e s p o n se  

i s  u s u a l l y  accompanied by m or pho log ic a l  change to  a b l a s t  

c e l l .  The d e g r e e  of lymphocyte s t i m u l a t i o n  may be 

a s s a y e d  by d e t e r m i n i n g  th e  p e r c e n t a g e  of  b l a s t  c e l l s  in 

a c u l t u r e  or by measur ing the  up ta ke  of  a r a d i o a c t i v e  

DNA p r e c u r s o r ,  i n  f i l s  c a s e  t r i t i a t e d  thymid ine

/ (Oppenheim



90.

FIGURE 9

ESTIMATION OK MOLECULAR WEIGHT OF A BAND BY COI.UMN 

CHROMATOGRAPHY (WHOLE SERUM ELUTION PATTERN SHOWN liEI.OW)
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p p u n l x  i m , i g b 8 ) .

7 . 1 I s o l d l l o r i  o t  t’c r  i p h t r  j 1 B l o o d  l .yi . iphocy t e s  

P e r i p h e r a l  b l o o d  l y m p h o c y t e s  w e r e  i s o l a t e d  

by  i l o t a t i o n  o f  d u f i b r i n a t e d  b l o o d  on  

F i c o l  1 - H y p a q u e  ( 1 0  p a r t s  33  .97- l l y p a q u e  

and 7 4  p a r t s  97 F i c o l l , S g  1 . 0 7 7 ) .  Two m l o f  

d e f i b r i n a t e d  b l o o d  w e r e  g e n t l y  l a y e r e d  o n t o  3 ml  

o f  F i c o l  1 - H y p a q u e  i n  a c e n t r i f u g e  t u b e  ( 1 4  x  96 inn). 

T h i s  w a s  c e n t r i f u g e d  a t  4 0 0  g ^ .  f o r  3 0  m i n . 

L y m p h o c y t e s  w e r e  h a r v e s t e d  w i t h  a p a s t e u r  p i p e t t e  

and w a s h e d  t w i c e  i n  H a nk s  B a l a n c e d  S a l t  S o l u t i o n  

(1IBSS )Ab y  i w a s h  i n  K a g l e s  m i n i m a l  e s s e n t i a l  

med ium (MKMl ( B o y u m , i 9 6 8 ) .

. 7 . 2  S t i m u l a t i o n  o l  l . yn i phoc yte . s

L y m p h o c y t e s  w e r e  i s o l a t e d  a nd  w a s h e d  a s  d e s c r i b e d  

a b o v e  (7 7 . 1 ) .  h e  w a s h e d  l y m p h o c y t e s  w e r e  c o u n t e d  

and a d j u s t e d  t o  g i v e  a f i n a l  c o n c e n t r a t i o n  o f  

2 x 1 0 '  c e l l c / m !  i n  MKM c o n t a i n i n g  20% a u t o l o g o u s  

s e r u m . The c e l l s  w e r e  c u l t u r e d  i n  m i c r o t i t r e

p l a t e s . Ka ch  w e l l  c o n t a i n e d  7 x  10"' c e l l s , 100 p i

o f  MkM c o n t a i n i n g  a l p h a - a c i d  g l y c o p r o t e i n  a t  t h e  

d e s i r e d  c o n c e n t r a t i o n .  T h r  o p t i m u m  c o n c e n t t a t l o n  

o f  PHA w a s  d e t e r m i n e d  p r i o r  t o  t h e  e x p e r i m e n t  and  

wa s a d d e d  in  10  p i  o f  MKM t o  t h e  c u l t u r e s .

. 3 De t e r m i n a t i o n  of  Opt imum P h y t o h a e m a g g l u t i n i n  (PHA)

C o n c e n t r a t i o n .

L y m p h o c y t e s  w e r e  c u l t u r e d  a s  d e s c r i b e d  a b o v e  ( 2 . 7 . 2 )  

and d i l l e r e n t  a m o u n t s  o f  PHA w e r e  u s e d  t o  s t i m u l a t e  

t h e m .  A p l o t  o f  t h y m i d i n e  u p t a k e  v s  PHA c o n c e n t r a t i o n
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was cons t r u e  t e d . See F i g . 11.

M, . i s u n  im n t  oi i l ie  l l i t e c t  o f  A l p h a - a c i d  

G l y c o p r o t e i n  on B l a s t  T r a n s t o r m a t l o n ■

In o r d e r  to  t e s t  t he  e f f e c t  o i  the  a l p h a - a  

g l y c o p r o t e i n  e x t r a c t  on the b l a s t  t r a n s f o r m a t i o n ,  

the  p u r i f i e d  e x t e n s i v e l y  d i a l y z e d  p r o t e i n  vas 

added t o  a f i n a l  c o n c e n t r a t i o n  o f  2 .5  mg/ml.  (T h i s  

v a l u e  was chosen because i t  r e p r e s e n t e d  a s i m i l a r  

c o n c e n t r a t i o n  to  t h a t  found In the  b lood  oi  

p a t i e n t s  wi th  advanced tu m o u rs ) .  In a d d i t i o n  

a l p h a - a c i d  g l y c o p r o t e i n  se romucoid  was added In 

I n c r e a s i n g  c o n c e n t r a t i o n s  to  c u l t u r e s  of  

lymphocytes  and th e  p e r c e n t a g e  t r a n s f o r m a t i o n  was 

measured In o r d e r  to  see i f  t h e r e  was a dose 

dep e nd en t  e f f e c t . The t e s t s  were run  in 

t j u l n t l p l i c a t e .

Moii-sut emcnt of Ilia t T r a n s f o r m a t i o n  

B l a s t  t r a n s f o r m a t i o n  w.v measured  by add ing  10 (il 

o i  t r i t a t e d  thymid ine (160 H c i / m l )  to  each w e l l  

on th e  second day of  c u l t u r e .  The c e l l s  were 

h a r v e s t e d  on t h e  t h i r d  day o n to  g l a s s  f i b r e  t i l t e r  

d i s c * *  and coun t ed  in a s c i n t i l l a t i o n  c o u n t e r .

R e s u l t s  wen  e x p r e s s e d  as a p e r c e n t a g e  of  the  c o n t r o l  

of  th e  same lymphocytes  w i t h o u t  a l p h a - a c i d  

g l y c o p t o t e l n .

C o n t r o l s

Two c o n t r o l s  were in c l ud ed  w i t h  each e x p e r i m e n t .

(1 )  C e l l s  Irom the same d o n o r , c u l t u r e d  under

i d e n t i c a l  c o n d i t i o n s  w i t h o u t  added a l p h a -

/ a c i d .

»



I—jilkiiM likBiA   ,,,,,.,^1,1,.mum m, ,

92.

war. c o n s t r u c t e d .  Sec* F ig .  11.

M e a s u r e m e n t  o i  l lie k l t e c l  o i  A l p h a - a c i d  

G l y c o p r o t e i n  nn B l a s t  T r a n s  f o r m a t  I o n .

In o r d e r  to  t e s t  t in e f f e c t  of  th e  a l p h a - a c i d  

g l y c o p r o t e i n  e x t r a c t  on the  b l a s t  t r a n s f o r m a t i o n ,  

th e  p u r i f i e d  e x t e n s i v e l y  d i a l y z e d  p r o t e i n  was 

added to  a f i n a l  c o n c e n t r a t i o n  of  2 . 5  rag/ml. (Th i s  

v a l u e  was chosen becaus e  i t  r e p r e s e n t e d  a s i m i l a r  

c o n c e n t r a t i o n  to  t h a t  lound in th e  blood ot 

p a t i e n t s  w i t h  advanced t u m o u r s ) . In a d d i t i o n  

a l p h a - a c i d  g l y c o p r o t e i n  eeromuco id  was added in  

i n c r e a s i n g  c o n c e n t r a t i o n s  to  c u l t u r e s  of 

lymphocytes  and the  p e r c e n t a g e  t r a n s f o r m a t i o n  was 

measured  in o r d e r  t o  see i f  t h e r e  was a dose 

dependen t  e f f e c t .  The t e s t s  were run  in 

q u i n t i p l i c a t e  .

M.Msurcnient ot  Bl a s t  T ra n s f o r m a t i o n  

B l a s t  t r a n s f o r m a t i o n  wa measured by adding 10 pi  

of t r i t a t e d  thymid ine  (160 p d / m l )  to  each w e l l  

on th e  .econd day of  c u l t u r e .  The c e l l  were 

h a r v e s t e d  on th e  t h i r d  day on to  g l a s s  f i b r e  f i l t e r  

d i s c * 5  and coun ted  in  a s c i n t i l l a t i o n  c o u n t e r .

R e s u l t s  were e x p r e s s e d  as a p e r c e n t a g e  of  th e  c o n t r o l  

o f  t h e  same lymphocytes w i t h o u t  a l p h a - a c i d  

g l y c o p r o t e i n .

C o n t r o l s

Two c o n t r o l s  were I nc l ud ed  w i t h  each e x p e r i m e n t .

(1 )  C e l l s  from the  same d o n o r , c u l t u r e d  under 

i d e n t i c a l  c o n d i t i o n s  w i t h o u t  added a l p h a -
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a c i d  g l y c o p r o t e i n .  I'liese were t a k en  as 1007.

and a l l  r e s u l t s  were e x p r e s s e d  in t erms  of  t h e s e

c e l ' s .  In  t h i s  way i t  was hoped t o  minimise  the

I n h e r e n t  v a i l a b i l i t y  of  th e  me th od . (2)  C e l l s

were c u l t u r e d  f r . m  th e  same donOr under  i d e n t i c a l

c o n d i t i o n s  w i t h o u t  PHA. Th is  wai, done in  o r d e r

to  measure sp o n t an eou s  b l a s t  t r a n s f o r m a t i o n .

MhASURKMKNT OF BETA.,-MIcmXILOBUUN IN THE PREPARATION

B e t a , - m i c r  g l o b u l i n  was measured u s i n g  a radioimmuno a s s a y

in  k i t  form (Pharmacia D i a g n o s t i c s ) . The p r i n c i p l e  o f  the

method i s  as f o l l o w s : A n t i - b i t a  m i c r o g l o b u l i n  a n t i b o d i e s  a r e

bound to  p a r t i c l e s  of  sephadex .  The c o n c e n t r n t i o n  of be ta

m i l r o g l o b u l i n  in an unknown sample i s  e v a l u a t e d  by i t s  c a p a c i t y

to  compete w i t h  a f i x ed  amount of  l a b e l l e d  b e t a ^ - m l c r o g l o b u l i n

f o r  the  b i n d i n g  s i t e s  o f  the  a n t i - b e t  a , - m i c r o g l o b u l i n .  The

c m p e t l t i v e  c a p a c i t y  i s  the n  compared w i th  t h a t  c f  s t a n d a r d

beta. ,  m ic r o g l o b u l i n  p r e p a r a t i o n s  of  a known c o n c e n t r a t i o n .

When p r e p a r i n g  the  t e s t ,  samples  were f i r s t  mixed wi th  b e t a

125m i c r o g l o b u l i n  l a b e l l e d  w i t h  I • A n t i - b e t a - m i c r o g l o b u l i n  

complexed t o  sephadex was then added and th e  samples  were 

in c u b a te d  f o r  3 hr a t  r om t e m p e r a t u r e  wi> h c o n s t a n t  a g i t a t i o n . 

The bound and unbound b e c a ^ - m i c r o g l o b u l i n  were s e p a r a t e d  by 

c e n t r i f u g a t i o n .  Unbound b e t a , - m i c r ' g l o b u l i n  in the  s u p e r n a t a n t  

was removed and the  r a d i o a c t i v i t y  bound t o  th e  aedimen ted  

sephadex  p a r t i c l e s  measured  In a gamma s c i n t i l l a t i o n  c o u n t e r .

The r a d i o a c t i v i t y  t a k en  up v a r i e s  i n v e r s e l y  w i t h  th e  q u a n t i t y  

of un la be l  l e d  b e t a ,  m i c r o g l o b u l i n  p r e s e n t .

G l y c o p r o t e i n  samples  f o r  b e t a ,- m i c r o g l o b u l i n  e x t r a c t i o n  were

passed  th r oug h  sephadex o200 columns p r i o r  t o  measurements  

t o  e l i m i n a t e  any  1ree  b e t a  ,- m i c r o g l o b u l i n .

/ 2 . 9 . . .
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2 . 9  MtlASUKEMEN'f OF 111STOCOMt'Al'IRIL1 TV ANTIGKNS IN THE 

CLYCtiPROTEIN I'^KI’ARATK'N-.

A n t i g e n i c  a c t i v i t y  was measured in  t h e  p r e p a r a t i o n s  by t h e i r  

a b i l i t y  to  i n h i b i t  t h e  complement -dependent  l y s i s  of  \ : r -  

1 abe t  l ed t a r g e t  c e l l s  med ia ted  by a p o l y s p e c i i i c  c y t o t o x i c  

a l l o a n t i s e r u m  (HSS). T a r ge t  c e l l s  were o b t a i n e d  from donors 

by F ico l1 -Hypaque  f l o t a t i o n  as  d e s c r i b e d  p r e v i o u s l y .  They 

were l a b e l l e d  wi th  a s o l u t i o n  o f  sodium chromate  ( 1 *C r ) 

in  0 .15  M-NaCl (Rad iochemica l  C e n t r e , Amersham). L a b e l l i n g  

was per formed in  507. a u t o lo g o u s  serum cu i n g  a c e l l  c o n c e n t r a t i o n  

o f  lO^ /ml . To each ml o f  c e l l  su s p e n s io n  was added lOOpCi 

of sodium chromate  i n  a t o t a l  volume o f  0 . 1  ml o f  0 . 1 5  m-NaCl.

The m ix t u re  was i n c u b a te d  f o r  45 minu tes  a t  37°C. A f t e r  t h i s  

t ime the  c e l l s  were washed f i v e  t imes w i t h  0 . 1 5  M-NaCl and 

resu spe nd ed  in  the  i n c u b a t i o n  medium.

The a s s a y  was pe rformed in  t r i p l i c a t e .  PSS (25 p i )  was used 

a t  a d i l u t i o n  s u f f i c i e n t  to  ca u se  70-957. t a r g e t  c e l l  l y s i s .  The 

a n t ib o d y  was i n c u b a te d  w i t h  an equa l  volume o f  the  a n t i g e n  

p r e p a r a t i o n  f o r  90 mi nu tes  a t  37°C. C o n t r o l s  in  which an equa l  

volume o f  0 .15  M-NaCl was used  were a l s o  ru n .  The c o n c e n t r a t i o n  

ol C r - l a b e l  l ed  lymphocytes  was a d j u s t e d  to  5 x 10(>/ml and

25 p 1 of  the  c e l l  su s p e n s io n  was added t o  25 p i  o f  a n t i g e n -  

a n t ib o d y  m i x t u r e / a n t i b o d y - s a l i n e  m i x t u r e .  Rabb i t  serum ( 2 r p i )  

was added as  a s o u r ce  o f  complement . The com bin a t ion  was 

i n c u b a te d  f o r  60 minu tes  a t  3 7 "c. The r e a c t i o n  was s to pped  

by the  a d d i t i o n  o f  2 ml co ld  0 . 1 5  M-NaCl. The c e l l s  were 

removed by c e n t r i f u g a t i o n  (1500 g x 10 min) and t h e  r a d i o ­

a c t i v i t y  which had been r e l e a s e d  i n t o  1 ml of  s u p e r n a t a n t  

was co un t ed  in  a P.v ka rd  Autogamov. S p e c t r o m e t e r . A complement 

c o n t r o l  was a l s o  in c lu d ed  u s i n g  23 pi  o f  th e  p a t i e n t ' s  own

/ s e r u m . . .



se rum in  p l a c e  of PSS. T o ta l  r e l e a s e  was e s t a b l i s h e d  

u s i n g  25 p i  of  a n t i - l y m p h o c y t e  g l o b u l i n  in  p l a c e  of  th e  PSS. 

A n t i g e n ic  a c t i v i t y  was e x p r e s s e d  as th e  p e r c e n a g  

I n h i b i t  fan of  c y t o t o x i c  it c a l c u l a t e d  as  f o l l o w s :

(CPM PSS t- a n t i g e n )  - (CPM c ' c o n t r o l ) 
7, i n h i b i t i o n  * 100 - _________________ ________________________

CPM PSS -t s a l i n e )  -  (CPM c ' c o n t r o l )

CPM * counus per  minute 

C '  c o n t r o l  ■ complement c o n t r o l .

MEASUREMKNT OF PARTIAL THROMBOPLASTIN TIME 

T his  t e s t  i s  a development  of  the  r e c a l c i f i c a t i o n  t ime in  

which v a r i a b l e  p l a t e l e t  a c t i v i t y  i s  e l i m i n a t e d  by the  

a d d i t i o n  to  th e  plasma of  a c o n s t a n t  amount of  p l a t e l e t  

s u b s t i t u t e  b e f o r e  r e c s l c i f i c a t i o n . I t  measures  th e  same 

f a c t o r s  as whole b lood c l o t t i n g  t ime w i th  the  ex c e p t io n  

of p l a t e l e t  a c t i v i t y .  However,  i t  s u f f e r s  from the  

d i s a d v a n t a g e  ot the  e f f e c t s  of  v a r i a b l e  g l a s s  s u r f a c e  c o n t a c t  

T a g l a s s  tu be  a r e  added Lite f o l l o w i n g .  The r e a c t i o n  i s  

per formed a t  37 C.

C i t r a t e d  Plasma u , 1 ml

t a l i n e  ( c o n t r o l )  0 .1 ml

or se ro mui a id  r e c o n s t i t u t e d  in  s a l i n e  0.1 ml

"Thrombofax" 0 . I ml

a f t e r  e x a c t l y  1 minu t es

0 . 2M-CeCl, 0.1 ml

and the  t ime t a ken  from t h e  a d d i t i o n  of  CaCl^ t i l l  c l o t

fo rm a t io n  i s  no t ed .
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The  sa me  p l a s m a  s a m p l e  w a s  u s e d  l o r  t h e  w h o l e  e x p e r i m e n t  

t -< e l i m i n a t e  t h e  c h a n c e s  o l  v a r i a b i l i t y  f r o m  s a m p l e  t o  

s a m p l e .  T e s t s  w e r e  r u n  e i t h e r  i n  t r i p l i c a t e  nr  q u a d r u p l i c a t e .  

Means  a n d  SI) w e r e  c a l c u l a t e d  f o r  e a c h .

2.11 HLASURKMKNT UK Till: I'KaiTlKUMiliN INDEX

T h i s  w a s  p e r f o r m e d  a s  f o l l o w s . :  C l t r a t e d  p l a s m a  ( 0 . 1  m l )

a n d  b r a i n  e x t r a c t  ( 0 . 1  m l )  w e r e  m i x e d  i n  a Rinse t u b e  a n d  a l l o w e d

t o  e q u i l i b r a t e  a t  J 7 ° C  i n  a w a t e r  h a t h .  To  t h i s  w a s  a d d e d

0 . 2  Ml CaCl . ,  ( 0 . 1  m l )  an d  t h e  t i m e  m e a s u r e d  u n t i l  a f i r m

c l o t  a p p e a r e d .

2 . 12 STATISTICAL I-VALUATION OF DATA

2 . 1 2 . 1  M» a . o i n  n u n t  o f  P r o t e i n  Bands  on PAGE

The p r o t e i n  c o n c e n t r a t i o n s  o f  t h e  t wo  l o w  m o l e c u l a r  

w e i g h t  p r o t e i n  b a n d s  d e m o n s t r a t e d  on PAGE wa s  

m e a s u r e d  i n  p a t i e n t s  w i t h  c a n c e r  , p a t i m t s  w i t h  

n o n - i  . a l i g n a u t  d i s e a s e ,  t r a n s p l a n t  p a t i e n t s  a n d  a g e  

a n d  s e x  m a t c h e d  n o r ma l  c o n t r o l s .  The  g r o u p s  w e r e  

c o m p a r e d  u s i n g  an  a n a l y s i s  o f  v a r i a n c e .  The l e v e l s  

o f  t h e  p r o t e i n s  d i d  n o t  f a l l  i n t o  a n o r m a l  

d i s t r i b u t i o n  a nd  h ad  t o  be  l o g a r i t h m i c a l l y  

t r a n s f o r m e d  b e f o r e  t h e  t e s t  c o u l d  be  a p p l i e d  t o  

t  h e m .

2 . 1 2 . 2  The  El I n e t 1 t ' a  G l y o  . o t e i n  on P H A - i n d u c e d  

II1 a s t  T r an . - I  o r m a t  i o n  .

The  d e g r e e  o f  i n h i b i t i o n  o f  t h e  g l y c o p r o t e i n  

o n PHA- i n d u c e d  b l a s t o g e n e s i s  w a s  m e a s u r e d  u s i n g  

p r e p a r a t i o n s  f r o m  p a t i e n t s  w i t h  H o d g k i n s  l y m p h o m a ,

/ t r a u m a . .

■ ■
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s

t r a u m a  p a t i e n t s  a nd  n o r m a l  a g e  a n d  s e x  m a t c h e d  

c o n t r o l s . T h e  r e s  ' s  w e r e  e v a l u a t e d  u s i n g  a 

K r u s k a l  W a l l i s  n o n  p a r a m e t r i c  t e s t  a nd  a F i s c h e r  

e x a c t  t e s t . A l l  s t a t i s t i c a l  c a l c u l a t i o n s  w e r e  

p e r f o r m e d  on an IBM c o m p u t e r  t e r m i n a l .

PATTrlNT MATERIAL

A l l  p a t i e n t s  w e r e  ' i n .  t h e  t e a c h i n g  h o s p i t a l

c o m p l e x .  B l o o d  was  o b t a i n e d  by  v e n i p u n c t u r e

a l t e r  i n f o r m e d  c o n s e n t  a n d  v . p r o c e s s e d  w i t h i n

2 4  h o u r s  o f  w i t h d r a w a l .  I . c o m p o s i t i o n  o f  our

s a m p l e  m a t e  i a l  i s  sh own  i n  T a b l e  1 0 .

TABLE 10

No. Ag SD

Norn a 1 1 , 1 45 15

N o n - m a l i g n a n t 8 0 33 12

C a n c e r 112 5 0 12

T r a n s p l a n t 77 « •

/ 3 . . .
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C HA P I E R  3

3. RESULTS

3 . 1  P O L YA C R Y t ^ M l DE  GEL E L E C T R O P H O R ES I S  ( P A G E )

3 . 1 . 1  PALI. "I S<.r.i trom Normal C o n t r o l s  and P a t i e n t s

w i l h i ilu c r  Coiiiii.irfd wil.li Sura i rom Rt'iial 

A H o u m t i  R e c i p i e n t s .

Si-ru WLto sep i i r a tud by PAGE as  d e s c r i b e d  in  t h i s  

t h e s i s . F ig u re  12 shows a t y p i c a l  e l e c t r o p h o r e t i c  

p a t t e r n  o i  serum t rom a normal i n d i v i d u a l ,  a ca nce r  

p a t i e n t  and a t r a n s p l a n t  r e c i p i e n t .  I t  w i l l  be 

seen  t h a t  t h e r e  a r e  two e x t r a  bands in  th e  t r a n s p l a n t  

p a t i e n t  and ca nce r  p a t i e n ^  ( g e l s  1 & 3 a r rowed)  

which a r e  lower or  a b s e n t  in t h e  normal c o n t r o l  

(gel  2 ) .  The heavy band a t  t h e  bot tom ot  

gel  .! Is ha moglobln trom a hnemolyzed s a m p l e .

The upper  band was c a l l e d  A-band and th e  lower  

B - b an d .

3 . 1  • 2 An E v a l u a t i o n  o l  t h e  Levels  o t  t h e  Iwo Hands in

D i f f e r e n t  D i s e a s e s .

For t h i s  e v a l u a t i o n  7 3 p a t i e n t s  were b led and the

s e r a  were coded and e v a l u a t e d  on PAGE w i t h o u t
II #

knowledge o t  the d i a g n o s i s .  T ab le s  & and 1 show 

d e t a i l s  o f  the  p a t i e n t s  s e l e c t e d  and the  numbers 

of  t h e s e  p a t i e n t s  who showed i n c r e a s e d  l e v e l s  of 

t h e s e  two b a n d s . I n c r e a s e d  l e v e l s  were t a k en  as 

the  mean f o r  our c o n t r o l s  p lu s  two s t a n d a r d  

d e v i a t i o n s .  O f t h e  38 p a t i e n t s  wi th  ca nce r  

29 showed i n c r e a s e d  l e v e l s  of  th e  tw > p r o t e i n s  

(76%)w h i l s t  of  t h e  35 non-m al ig nan t  c o n t r o l s , 12 

showed e l e v a t i o n s  (34%).

I
I



r i G i : R E  12

THE ELECTROPHORETIC PATTERN OK SERUM OK PAGE

1. Serum irom t r a n s p l a n t  p a t i e n t .

2.  Serum from normal c o n t r o l .

3.  Serum from p a t i e n t  w i th  c a n c e r
/ T a b l e  1 1 .
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I A BIT.  1 1

PRKSKNCi: OF TWO PROTEIN SPECIES IN THE SERUM OF PATIENTS 
WITH KNOWN MALIGNANT DISEASES.

Tumour Type No. ul c a s e s No. o f  c a s e s
showing e l e v a t i o n
ol the  two p r o t e i n s

Melanoma 6 6

Rena l  ca rc inoma 1 1

P r o s t a t i c  ca rcinoma 6 2

Bladder  ca rc inoma 7 5

( i reinotna B rea s t 10 7

Carcinoma Rectum 3 3

Carcinoma Stomach 1 1

Lymphocytic lymphoma 2 2

Teratoma t e s t  i s 1 1

M u l t i p l e  myeloma 1 1

38 29 (767.)

/T a b le  12.
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TABLE 12

p at i en t :, with non-MALIGNANT DISEASE STUDIED

D is e as e No. o f  c a s e s No. of  c a s e s  
showing e l e v a t i o n  
of  the  two p r o t e i n s

Ben inn I’m. ,  t ,il i. 
Hyper t rophy 6 3

Renal C a lc u lu s  D is e a se 2

Pyo neph ros i s 1

U r . a e r i t i s  c y s t i c a 1 1

Renal a r t e r y  s t e n o s i s 2

Primary b i l i a r y  c i r r h o s i s 1

P e r i p h e r a l  v a s c u l a r  d i s e a s e 4

U l c e r a t i v e  c o l i t i s 2

C h o l a n g i t i s 1

Major trauma 2 2

O b s t r u c t i v e  j a u n d i c e 1

Eso n io ph i  I it i ys t  i t  i s 1

U r e t h r a l  s t r i c t u r e 1 1

C e l l u l i t i s 2 2

Empyema 3 3

M u l t in o d u la r  g o i t r e 1

P e l l a g r a 4

35 12 (34%)

/ T a b l e .



103.

Tab le  13 and F ig ur e  13 show the  l e v e l s  of  the  

two p r o t e i n s  In th e  v a r i o u s  g roups  s t u d i e d .

TABLE 13

THE LEVELS 01 CUE TWO PROTEINS IN HIE SERUM OF PATIENTS 
WITH CANCEt ANU VARIOUS OTHER CONDITIONS.

No. of  
c a s e s

A-band SE 
mg p r o t e i n /
100 ml

B- band 
mg p r o t e i n /  

100 ml

SE

Normal 81 73 3 .8 15 1.4

Var ious  d i s e a s e s
(non-ma1i g n a n t ) 35 76 5 . 9 19 1.5

Ma1ignant 38 160 15 .0 54 10 9

T r a n s p l a n t 79 124 11.6 32 2 . 6

I t  may be seen  from t h e s e  r e s u l t s  and F i g .13 

t h a t  w h i l s t  t he  p r o t e i n s  a r e  e l e v a t e d  in  767. o f  our  

sample o f  p a t i e n t s  w i t h  c a n c e r ,  t he y  a r e  a l s o  

e l e v a t e d  in  347. o f  p a t i e n t s  w i t h  non-mal ig n a n t  

c o n d i t i o n s  i n c l u d i n g  p a t i e n t s  who have r e c e i v e d  

a t r a n s p l a n t e d  k idney .  The s c a t t e r g r a m s  

inc lud ed  in  F i g .13 i n d i c a t e  the  range of  v a l ue s  

t o  be exp e c t ed  f o r  t h e s e  tw> p r o t e i n s  in the  

v a r i o u s  g r o u p s . The l e v e l s  o f  t h e  2 p r o t e i n s  

in  our normals  were compared w i t h  tho se  in  the  

ca nce r  p a t i e n t s  and p a t i e n t s  w i th  non-maI ignant  

d i s e a s e s  u s i n g  an a n a l y s i s  of  v a r i a n c e .  The v a l u es  

in ca nce r  p a t i e n t s  were found t o  be s i g n i f i c a n t l y

/ e l e v a t e d .
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LEVELS OF A BAND AND H KAN I) IN VARIOUS CONDITIONS
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e l e v a t e d  f o r  bo th  p r o t e i n s  when compared to  the  

cher  2 groups  (P < 0 . 0 5 ) .  The l e v e l s  in  the  

non- mal ign an t  c o n d i t i o n s  were not  s i g n i f i c a n t l y  

e l e v a t e d  above normal  (P < 0 . 0 5 ) .

3 . 1 . 3  An E v a l u a i i o n  of  t h e  Leve l s  of  lh; Two Bands

in Renal T r a n s p l a n t  R e c i p i e n t s .

I t  was no ted t h a t  t r a n s p l a n t  r e c i p i e n t s  showed 

e l e v a t e d  l e v e l s  of the  2 p r o t e i n s  ( F i g . 12) .  I f  

t he  p a t i e n t s  were d i v i d e d  i n t o  th o se  w i t h  good 

g r a f t  f u n c t i o n  ( serum c r e a t i n i n e  l e s s  tha n  

2mg/100ml and no chemical  e v i d en c e  o f  r e j e c t i o n )  

and t h o s e  wi th  poor  g r a f t  f u n c t i o n  (serum 

c r e a t i n i n e  g r e a t e r  than 4mg/l00ml) i t  was noted 

t h a t  t h e  s m a l l e r  of  the  2 p r o t e i n s  i . e .  B-band 

was s i g n i f i c a n t l y  e l e v a t e d  in  p a t i e n t s  w i t h  poor 

g r a f t  f u n c t i o n  (P < .0 00 1) .  Th is  e l e v a t i o n  in 

B-band was d e m on s t r a t e d  in 10 of  12 n a t i e n t s  w i t h  

poor g r a f t  f u n c t i o n  (83%). The A-band d i d  not  

appe a r  to  be s i g n i f i c a n t l y  r a i s e d  in  t h e  r e j e c t o r s .

TABLE 14

THE LEVELS OF THE 
NON-REJECTORS

TWO PROTEINS IN THE SERUM OF RE1ECT0RS AND

n A-band 
mg p r o t e i n /  

lOu ml

SE B- band 
mg p r o t e i n /  

100 ml

SE

N o n - r e j e c t  >rs 65 117 7 .3 29 3.9

R e j e c t o r s 12 152 15.6 59 7 .8

/ S e e .
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Sec Appendix 4 .  The P re se n c e  of  Two P r o t e i n

F ra c t  ions in t h e  Si rum of Renal  A l l o g r a f t  P a t i e n t s .  
se t  jtf

1.4 Molecu la r  Weigh t E s t i m a t i o n s  of the  Two Bands

Us ing PAGE.

i t  i s  a p p a r e n t  from the  PAUE p a t t e r n  t h a t  th e  

p r o t e i n s  a r e  s m a l l e r  tha n  human a lbumin ( 6 9 . COO d ) .

A c a l i b r a t i o n  cu rv e  was se t  up u s i n g  p r o t e i n s  of 

known m ol e c u l a r  we igh t  ( see  Methods 2 . 6 . 2 )  and 

th e  m o le c u l a r  w e i gh t s  of  A-band and b -band were 

e s t i m a t e d  f rom t h e i r  m i g r a t i o n  d i s t a n c e s  compared 

to  th o s e  of  th e  3 p . o t e i n s  of  known MW used f o r  

c a l i b r a t i o n  p u r p o se s .

The e s t i m a t i o n  t h a t  was o b t a i n e d  f o r  A-band 

was 4 0 ,0 0 0 - 5 0 , 0 0 0  da l  to ns  and f o r  B-band 1 8 , GOO- 

22 000 d a l  t o n s .

Some c a u t i o n  shou ld  he e x e r c i s e d  in  a c c e p t i n g  

t h e s e  m o le c u l a r  w e i gh t s  as p e r i  d i e  a c i d  S c h i t f  

s t a i n i n g  showed A-band t o  he a g l y c o p r o t e i n  and 

the  anomalous m i g r a t i o n  of g l y c o p t o t e i n s  on 

PAGE i s  we l l  known.

3 . 1 . 5  F u r t h e r  i d e n t i f i c a t i o n  of A-band

In  o r d e r  to  o b t a i n  f u r t h e r  ev i d en c e  on the  

i d e n t i t y  of  A-bend,  a s e a r c h  was made f o r  t h i s  

band in  the  v a r i o u s  f r a c t i o n s  of  plasma p r o t e i n s  

o b t a i n e d  by t h e  K i s t V . r  f r a c t i o n a t i o n  method which i s  

a m o d i f i c a t i o n  of  t h e  Cohn f r a c t i o n a t i o n  p roce dure  

( K i s t l e r  and Nl t sc hma nn ,1962) .  These f r a c t i o n s  

were a ge n e ro us  g i l t  f rom P r o f e s s o r  P e t e r  Brain

/ o f . . .
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of  ihu Nata l  I n s t i t u t e  o f  Immunology.

I t  may be seen from F i g u r e  14 t h a t  A-band 

i s  found in f r a c t i o n  V, w i t h  a much s m a l l e r  amount 

in  f r a c t i o n  IV and n o th in g  in  f r a c t i o n s  I to  I I I .

3 . 1 . 6  Column Chromatography of  Whole Serum

Whole serum was f r a c t i o n a t e d  u s in g  Sephadex 

G200 and the  f r a c t i o n o  co m p r i s i n g  each  peak were 

c o l l e c t e d ,  c o n c e n t r a t e d  and s e p a r a t e d  by 

e l e c t r o p h o r e s i s .  F ig ur e  15 shows the  e l e c t r o p h o r e t i c  

p a t t e r n  of  each  peak.  I t  can he seen  t h a t  A-band 

and B-band were found p r e d o m i n a n t l y  in  th e  f i r s t  

peak t h a t  i s  they  appe ar  t o  be o f  l a r g e  m o le cu la r  

we igh t  i f  not  d i s s o c i a t e d  by SOS d e t e r g e n t .

•j , 1 . 7 Comparison of A- hand w i t h  CEA

A sample of  r a d i o - l a b e l l e d  CEA was o b ta in e d  from 

Roche P h a r m a c e u t i c a l s  and was run on PAGE. I he gel 

was the n  s l i c e d  i n t o  35 s l i c e s  o'  abou t  1.8 mm and 

each s l i c e  was co u n t ed ,  The sample d i d  not  

m ig r a te  i n t o  th e  gel  s i g n i f i c a n t l y  and a l l  t h e  

r a d i o - a c t i v i t y  was l o c a t e d  in th e  f i r s t  t h r e e  

s l i c e s  th u s  c o n f i r m in g  t h a t  th e  p r o t e i n  under  

c o n s i d e r a t i o n  ( i . e .  A-band) was no t  CEA. Thi s  

we had su r mi se d  trom tn e  d i f f e r e n c e s  in mo le cu la r

w e i g h t .

/ f i g u r e  15.
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FIGURE IS

FRACTIONATION OF SKRUM ON SFPHADEX G200 ELECTROPHORETIC PATTERN 

OF EACH PEAK.

A - Whole Serum 
U - Peak I 
C -  Peak II  
D - Peak I I I
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Comparison ol  ft-b au d  w i t h  Be ta .̂-Micr  'Klobui  in .

125A sample of p u r i f i e d  I m i c r o g l o b u l i n  was 

o b t a i n e d  from Pharmac ia  D ia gn o s t i  a I n c .  Th is  

compound was s e p a r a t e d  by PACK e l e c t r o p h o r e s i s  and 

the  ge l  was s l i c e d  and c o u n t ed  as in 3 . 1 . 7 .  above 

The r e s u l t s  a r e  shown in  F i g . 16 E e t a ^ - m l c r o g l o b u l i n  

m ig r a te d  in f r o n t  of  B-band and the  r a d i o - a c t i v i t y  

wo:; lo c a te d  in th e  t e r m i n a l  5 mm of t h e  g e l . B- band 

ran  a t  the  44mm mack and ap pe are d  t h e r e f o r e  t o  be 

o f  h ig h e r  m o le c u l a r  wei, , l i t  t han  b e t a 2 * 

m i c r o g l o b u l i n  fMWli,900 dal  t o n s ) .

Comparison o f  Seromucoid and A-band

I t  i s  known t h a t  th e  a c u t e  phase p r o t e i n s  a r e  

e l e v a t e d  in ma l ign an cy .  To i n v e s t i g a t e  the  

p o s s i b i l i t y  t h a t  A-band might  be one o f  th e  ac u te  

phase p r o t e i n s  a sample of  a l p h a - a c i d  g l y c o p r o t e i n  

was p repa red  by a m o d i f i c a t i o n  o f  W in z l e r s  method 

( S u c t i o n  2 . 4 . 3 )  and was s e p a r a t e d  on PAGE. The 

r e s u l t  i s  shown in  F igu re  17. I t  can he seen  

t h a t  the  s u p e r n a t a n t  a f t e r  p e r c h l o r i c  ac id  

p r e c i p i t a t i o n  o f  t h e  o t h e r  p r o t e i n s . c o n t a i n e d  a 

s i n g l e  band on PAC< which m ig r a te d  in a p o s i t i o n  

co r r e s p o n d i n g  t o  A-ban d .

Ininiini.i. Icct  p h o r e s i s  of P e r c h l o r i c  Acid - S o lu b le  

P r o t e i n  I rum Serum.

The p e r c h l o r i c  a c i d  s o l u b l e  p r o t e i n / p r o t e i n s  in

serum were c o n c e n t r a t e d  by d r - l y s i s  and were

an a ly se d  by I m m u n o e l e c t r o p h o r e s i s . The p r e c i p i t i n

l i n e s  o b t a i n e d  w i t h  r a b b i t  an t i se ru r n  t o  human serum
/ i s . . .
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FIGURE 16

1 2 5
FACE OF I-BET/_  -MICRUGLOBULIN

*

S l i c e  No. cpm

2 30

4 36

6 18

8 17

10 63

12 13

14 10

16 23

18 12

20 12

22 15

24 13

26 16

28 26

30 21

32 459

34 990

36 351

38 30

/ F i g u r e  17.
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FIGURE I /

PAGE OF SEKOMUCOID PREPARED BY PERCHLORIC ACID TRKATMKM ()|- SERUM
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i s  shown in F ig ur e  18 a . b .  A s i n g l e  s t r o n g  l i n e  

in  the  a l p h a j  r e g io n  was n o t e d . Var ious  

mo no sp e c i f i c  a n t i s e r a  were used and F ig u re  18b 

shows the  immuno e lec t rop ho re t  ic p a t t e r n  o b t a i n e d  

w i t h  a n t i - a l p h a f a c i d  g l y c o p r o t e i n .

3 . 1 .1 1  D is c u s s io n

An exa mi na t io n  of serum from p a t i e n t s  wi th  

c a n c e r  showed the  p r es e n ce  of  2 bands in 

c o n s i d e r a b l y  h ig h e r  amounts than in the  c o n t r o l s .

These  bands were named A-band and B-band - u s p e c t i v e l y .

S e ra  from 80 normal c o n t r o l s  were e v a l u a t e d  in 

o r d e r  to  dv t e rm im  normal  v a l u e s  f o r  th e s e  2 p r o t e i n s .

A-band was round to  have a normal  c o n c e n t r a t i o n  of  

73 mg/lOOnl of  serum and B-band was shown t o  be 

p r e s e n t  a t  a c o n c e n t r a t i o n  o f  15 mg/lOOml. Using 

t h i s  in f  r m a t i o n , abnormal  v a l u e s  were d e f i n e d  as  any 

v a l u e  which was g r e a t e r  th a n  the  mean p lus  two 

s t a n d a r d  d e v i a t i o n s . Thus any va lu e  f o r  A-band 

g r e a t e r  than 107 mg/100 ml was c o n s i d e r e d  abnormal 

and any value  l a r g e i  tha n  27 mg/100 ml was 

c o n s i d e r e d  abnormal  f o r  B-ban d .

The d i a g n o s t i c  value of  t h e s e  p r o t e i n s  was e v a l u a t e d

by q u a n t i t a t i v e  PAGE e l e c t r o p h o r e s i s .  Se ra  o f  75 p a t i e n t s  

were used in  a b l i n d  s t u d y .  Of th e  38 p a t i e n t s  w i th  c a n c e r ,  

29 (76/.) showed e l e v a t e d  l e v e l s  o f  bo th  p r o t e i n s  w h i l s t  o f  

the  35 p a t i e n t s  w i th  nou -m al ig n an t  d i s o r d e r s  m l y  

12 (347.) showed e l e v a t i o n s .  The two p o p u l a t i o n s  

were shown t o  have s t a t i s t i c a l l y  s i g n i f i c a n t

/ d i f f e r e n c e s .
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TREATMENT OF SERUM

■

1 and 4 . . .  P e r c h l o r i c  Ac i d - S o l u b l e  P r o t e i n  from Scrum
2 .......................  A n t i  W h o l e  Human Serum
3 and 6  . .  W h o l e  S er um
5 ................. Anti  a l p h a - a c i d  g l y c o p r o t e i n



d i f f e r e n c e s  In the  l e v e l s  of  bo th  p r o t e i n s  a t  a 

c o n f id e n c e  l i m i t  of  5-'.

I t  became a p p a r e n t  from t h i s  i n v e s t i g a t i o n  t h a t  the 

p r o ' e i n s  were e l e v a t e d  in c o n d i t i o n s  o th e r  than  

ma l ign ancy  i n c l u d i n g  t r a u m a , i n f e c t i o n  and 

in f l a mm at ion .  S c a t t c r g r a m  d iagrams  of  the  v a l u e s  

bowed t h a t  w h i l s t  t in mean v a l u e s  f o r  the  2 

p o p u l a t i o n s  were s i g n i l i c a n l l y  d i f f e r e n t  t h e r e  

was c o n s i d e r a b l e  o v e r l a p . T h i s  would tend to  

d im i n i s h  the  v a l u e  of  the  p r o t e i n s  f o r  d i a g n o s i s  

of c a n c e r .  However , many of  the  :ion-mal ig n a n t  

. o n d i t i o n s  in which the p r o t e i n s  a r e  e l e v a t e d  

Jo  no t  p r e s e n t  a d i a g n o s t i c  p r o b ’ em and the 

l e v e l s  of th e s e  2 p r o t e i n s  ma- be of  some use  in  

ca nc e r  d i a g n o s i s . They may l u r t h e r m o r e  be o f  use 

in  s i t u a t i o n s  in  which the  d i a g n o s i s  of  ca nce r  

has  p r e v i o u s l y  been e s t a b l i s h e d  and d e f i n i t i v e  

t r ea em e n t  has  a l r e a d y  been g iv e n ,  a s  an e v a l u a t o r  

of  r e o c c u r r e n c e  o f  the  d i s e a s e .  Used to g e t h e r  

w i t h  o t h e r  b io c h em i ca l  i n v e s t i g a t i o n s ,  th e s e  p r o t e i n s  

may be of  some v a l u e .

R e c i p i e n t s  of k id ne y  a l l o g r a f t s  may in  some r e s p e c t s  be 

l i k e n e d  to  p a t i e n t  w i t h  ca n ce r  in  t h a t  in bo th

case . ,  i t  would appe ar  t h a t  t h e r e  i s  an exposure

of  the  p a t i e n t  tu  " f o r e i g n "  a n t i g e n s  under

c o n d i t i o n  ol p ro lon ged  irnnunosuppres i o n . I t

became a p p a r e n t  d u r i n g  t h l  s tudy  t h a t  bo th

A-band and B-band were e I t  ■ I in  t r a n s p l a n t

/ p a t i e n t s . .
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f r a c d o n a t i o n  p r o c e s s  ot  p l a sma .  A-band 

app ea red  to  r e s i d e  in  a h igh m o le c u l a r  w e ig h t  

peak a l t e r  Sephadex G200 s e p a r a t i o n .  Th is  might

bl t a k ’ 11 u> s -‘«8 es t  t h a t  A-band was c a p a b l e  o t  

a KgregaLing w i t h  i t s e l f  or  t h a t  i t  was a component 

ol  a l a r g e r  mol«,-.ule. B-band was a l s o  shown 

to  r e s i d e  in the  h i g h  m o le c u l a r  w e ig h t  f r a c t i o n s .

1 hi s i g n ! l i c e n c e  ol t h i s  i s  a t  p r e s e n t  u n c l e a r .

I h i s  migh t  alsi . . i d i c a t e  a g g r e g a b i l i t y  o r  that B-band 

i s  a component ot  a l u r 3e r  m o le c u l e .  Both bands 

’ uCt;J 1,1 the  m o l e c u l a r  w e ig h t  range of 158,000- 

. ' 40 ,000d.  A-band was shown not to be CEA and 

B-band was shown n o t  to  be b e t a  ,-microglobulin, 

f u r t h e r m o r e  t h e i r  m o l e c u l a r  w e i g h t s  suggested 

t h a t  they were d i f f e r e n t  from the  proteins 

d e s c r i b e d  by Hoch e l  a l .

The m o l e c u l a r  weigh t  of  A-band,  coup led  w i th  

i t s  p r e s e n c e  in a c u t e  c o n d i t i o n s  such as t rauma 

and s e p s i s ,  as we l l  as  th e  f a c t  t h a t  i t  was a 

g l y c o p r o t e i n  and i t s  p r e s e n c e  in f r a c t i o n  V 

su g g e s t e d  t h a t  t h i s  migh t  be a l p h a - a c i d  

g l y c o p r o t e i n  ( oror  orouco id ) . To compare the  

p r o t e i n s * a l p h a  a c id  g l y c o p r o t e i n  was p r epa red  

from serum by a m o d i f i c a t i o n  of  W i n z l e r s  method 

•md e l e c t r o p h o r e s e d  on PAGE. The r e s u l t  as  shown was a 

‘ i n g l e  band which m ig r a te d  in a p o s i t i o n  

c o r r e s p o n d i n g  t o  A-band.  T h i s  p r e p a r a t i o n  of 

a l p h a - a c i d  g l y c o p r o t e i n  from plasma was termed

/ s  romucoid. . . .
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I'eroniucol.l and wa l u r t h e r  e v a l u a t e d  us in g  

Im m u n o e le c t r o p h o re s i s .  A s i n g l e  p r e c i p i t i n  

l i n e  could  be d e m o n s t r a t e d  on Im mu no e l ec t r o ph o res i s  

a g a i n s t  a p o l y - s p e c i f i c  serum. Th is  cou l d  be 

shown to  be a l p h a - a c i d  g l y c o p r o t e i n  us i n g  a mono- 

s p e c i t  i c  a n t i - a l p h a - a c i d  g l y c o p r o t e i n  ( B e h r i n g ) .

Ihus A-band could  be shown to  be a l p h a - a c i d  

g l y c o p r o t e i n .  I t  was no t  p o s s i b l e  t o  d em o n s t r a t e  

any p r o t e i n  o t h e r  tha n  a l p h a - a c i d  g l y c o p r o t e i n  

in  the  p r e p a r a t i o n s  u s i n g  PACK and 

I m m u n o e l e c t r o p h o r e s i s .

3,2 S ywUX ICAl, STUD IKS UN Al.PHA-ACIU Cl.YCOPRQTKIN 

PREPARED FROM PATIENTS AND CONTROLS

3*2.1 Amount of  G ly c o p r o t e i n  Recovered From

Serum and P lasma .

As a p r e l i m i n a r y  to  i n v e s t i g a t i n g  the  s e ro lo g y  

of  the a l p h a - a c i d  g l y c o p r o t e i n  p r e p a r a t i o n s ,  the  

amounts r e c o v e r e d  from serum and plasma were 

measured .  T ab l e  1 5  d e t a i l s  the  amounts of  a l p h a -  

a c i d  g l y c o p r o t e i n  o b t a i n e d  from 100ml of  serum 

and 100 m' of  plasma o b t a i n e d  from a p p a r e n t l y  

h e a l t h y  b lood do nors .  Serum was p r epa red  from 

th e  c l o t t e d  specimen w i t h i n  24 hours  of  c o l l e c t i o n .  

Plasma was p r ep a re d  from b lood d o n a t i o n s  of  450- 

500ml of  b lood  c o l l e c t e d  in 70ml o f  c i t r a t e

/ p h o s p h a t e . . .
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ph os ph a te  d e x t r o s e  (CPU). The plasma was p r e p a r e d  

w i t h i n  7.' hours  o f  c o l l e c t i o n .  Plasma was a l s o  

p r c p a i e d  by us in g  h e p a r i n  as  an a n t i c o a g u l a n t  and 

serum was p r e p a re d  by d e f i b r i n a t i o n  o f  whole blood 

u s in g  g l a s s  b ea ds .  I t  can be seen t h a t  more 

p r o t . i n  can be o b t a i n e d  troro serum than from plasma 

i r r e s p e c t i v e  of  the  method used to  p r e p a r e  the  

plasma o r  serum . ' T f i Q t t .  I S ' ■

TABU 15

T O T  OF AI.PljÂ  ACl1)~7^,YCdP[u r?rT:7~ KK7;uVKKh:17T^<oir~IoOml~ 

01 s m i M  AM; PI-ASMA FROM IIKAI.THV BLOOD pnmRR

A B C  D

No. of  s u b j e c t s  50 4 "

Amount of  a l p h a - a c i d  
(>l y c o p r o t e l n  r ec ove red

43 .5  42 . 7  22 .3  33
Range

31-59 33-43 14.32 26-42

A ................................... Serum from c l o t t e d  blood

B...................................  St-,rum from d e f i b r i n a t e d  blood

............................  * lusma u s i n g  CPD as  a n t i c o a g u l a n t

I)" '  ........................ Plasma us in g  h e p a r i n  a s  a n t i c o a g u l a n t .

/ 3 . 2 .2
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3 . 2 . 3

Al^ha-Acld O l y c o p r o t f l n  PreL»araL ions  from Serum 

i a i . l i aanui o f  Hfcalchy Don ors .

T!le l n h i b i t o r y  a c t i v i t y  01  t he  a l p h a - a c i d  

g l y c o p r o t e i n  p r e p a r a t i o n ,  from serum and plasma 

were measured in  102 do n o rs .  The cu m u la t iv e  

end mean i n h i b i t i o n  s c o r e s  a r e  s h , , n  in  T ab le  16.

I t  may be seen  t h a t  a l th o u g h  more p r o t e i n  could  

be o b ta in e d  from serum than  from plasma 

(4Jmg/ /' a g a i n s t  22 and 3 3  m g / % ) ^ o % ' ' "  

i n h i b i t o r y  a c t i v i t y  was no te d  in  the  plasma 

e x t r a c t s  (Mean i n h i b i t i o n  s c o r e  o f  37 .6  a g a i n s t

28.2  o f  se rum) .  A l l  the  i n h i b i t i o n  sc o re s  in 

Plasma were i n c r e a s e d  w i t h  t h e  e x c e p t i o n  of T 

which was d ec r ea s ed  by 20%. No P . T j a ,  I o r  1 

a n t i g e n s  could  be d e t e c t e d  in  serum w h i l s t  t h e s e  

were r e a d i l y  d e t e c t e d  in  p la sma .

Measurement  of  I n h i b i t o r y  A c t i v i t y  «n 

Prep a r a t i o n s  from j l o n o r s  o f  D i f f e r i n g  ,

The p r e s e n c e  o f  o lood g roup  a n t i g e n ,  in  s o l u b l e  form 

in  s e c r e t i o n s  h a .  been shown to  depend on the  

s e c r e t o r  s t a t u s  o f  th e  i n d i v i d u a l  f o r  the  major  

b lood groups  A, B,H and Lewis .  V  was thus  

dec ided to  i n v e s t i g a t e  the  i n h i b i t o r y  a c t i v i t y  

in  the  a l p h a - a c i d  g l y c o p r o t e i n  p r e p a r a t i o n s  and 

to  r e l a t e  t h i s  to  th e  s e c r e t o r  s t a t u s  o f  the  

i n d i v i d u a l  from whom th e  p r o t e i n  was o b t a i n e d .

/Tab It
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CUMUUTIVt: AND MKAM INHIBITION SCOR-S FOR VAI 10US BLOOD GROUP

ANT ICRN’5 IN PR KPARAT IONS PROM SERUM AND PLASM,\

A B H Le3 LebL P1 TJa* I 1 T M N Tota 1

Serum 71 43 1.T 89 79 0 0 0 0 942 10 51 1412 Cuiiula t l v e  I n h i b i t i o n
■covet

n = 50 ( 1 . 4 ) 0 . 9 2.5 1.8 1.6 0 0 0 0 18.8 0 .2 1 28.2 Mean i n h i b i t o r y  
a c t i v i t y

Plasma 81 64 229 180 134 53 19 164 3b 776 83 88 1927 Cum ula t iv e  i n h i b i t i o n
s c o r e s

n -  52 1.6 1.6 4 .4 3.5 2 .6 1 0 .4 3.2 0 .7 14.9 1.6 1.7 37.6 Mean i n h i b i t o r y  
a c t i v i t y



Tab le  17 del i! the r e s u l t s  of  t h i s  I n v e s t i g a t i o n .

Four group; were i n v e s t i g a t e d  and deno t ed  S L fo r  

s e c r e t o r s  of  A, B, H and l.ewi s u b s t a n c e s ,  -L fo r  

,», r n t o r s  ot Lewi su bs '  anc, on ly  , S-  f o r  

s e c r e t o r  : ot A B and II . u bs tance  . only and — fo r  

non-see  r o t o r s .

f t  was no te d  t h a t  the  e x - t a c t s  trom S L s u b j e c t s

c o n t a i n e d  A B 11 and Lewis a c t i v i t y  as w e l l  as

M N and T a c t i v i t y ;  those  from L - c o n t a i n  ad Lewis

a c t i v i t y  and T and N a c t i v i t y ;  S - c o n t a i n e d  A and

11 a c t i v i t y  a we l l  as  M N and T;  w h i l s t  - -  e x t r a c t s

c o n t a i n e d  only T a c t i v i l y ,  a l th o u g h  in  t h e  l a t t e r

case  c o n c l u s i o n s  drawn from on ly  1 s u b j e c t  shou ld  be

s u b j e c t  to  c a u t i o u s  i n t e r p r e t a t i o n .

I n h i b i t  ary Act!  ,'i t y  of  1’r  jpa r a t l o n s  from I’a t i e n t : .

w i th  V ar i ou s  D i s e a s e s  Compared wi th  Normal C o n t r o l s .

In view of  the  e l e v a t e d  l e v e l s  of a l p h a - a c i d

g l y c o p r o t e i n  a s s o c i a t e d  w i th  m a n y . d i s e a s e s , i n h i b i t o r y

a c t i v i t y  was measured  in p r e p a r a t i o n s  from serum of

p a t i e n t s  wi th  a spec t rum of  d i s e a s e s .  Ihe r e s u l t s

a r e  d e t a i l e d  in  T a b l e  18 . The s a l i e n t  f e a t u r e s  of

t h l  I n v e s t i g a t i o n  c o n c e r n  t h e  P j ,  T j a ,  I ,  i  and 1

a n t i g e n s .  The f i r s t  four  of  th e se  a n t i g e n s  were 

'

I dec ree s ,  I. I . T j a ,  I and i  were n o t  d e t e c t a b l e  

in  the  p r e p a r e ' t o n s  from t h e  c o n t r o l s .  The i n c r e a s e  

was most  marked in p a t i e n t s  w i t h  advanced cance r  of  

th e  breast, l ymp hoc y t i c  lymphoma and Hodgkins lymphoma.

/ T j a . . . .
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TABLE 17

CUMULATIVE I N H I B I T O R Y  A C T I V I T Y  <U :.l i-.MUUCOlI) SUBSTANCES 

lJKKI'AKEI> I kUM THIS SEKA UK HEALTHY SC 11,1 ECTS

SL(3Q)Sub j o e t ■■ - i . (9)Sub j e c t s  S - ( I O) S ub jec t s  - - ( l ) S u b l e c t
*  *

A 37 ( 1 . 2 ) 0 43 ( 4 . 3 ) 0

B 43 ( 1 . 4 ) 0 0 0

H 74 ( 2 . 4 ) 0 44 ( 4 . 4 ) 0

Lea 43 ( 1 . 4 ) 46
•*

( 5 . 1 ) 0 0

Lcbl 34 ( 1 . 8 ) 25 ( 2 . 7 ) 0 0

P1 0 - 0 0 0

T ja 0 ■ U 0 0

I 0 - 0 0 0

i 0 0 0 0

T 518 ( 1 7 . 2 ) 195 ( 2 1 . 6 ) 196 ( 1 9 .6 ) 33

M 8 ( 0 . 2 ) 0 2 ( 0 . 2 ) 0

N 34 ( 1 . 1 ) 2 t O . 2) 15 ( 1 . 5 ) 0

SI. d en o t es s u b j e c t s who s e c r e t e AH, BH, H and Lewis sub s ian

-L d en o t es  s u b j e c t s  who s e c r e t e  on ly  Lewis s u b s t a n c e s  

S- d e n o t e s  s u b j e c t s  who s e c r e t e  on ly  AH, BH, H s u b s t an ce s  

— de n o t e s  s u b j e c t s  who do n o t  s e c r e t e  any s u b s t a n c e s .

* F ig u r e s  In p a r e n t h e s e s  d en o te  mean I n h i b i t o r y  s c o r e .
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TABLE 18

nLYCOPRCTrriN PKEPARATIONS TESTED FOB INHIBITOKY ACTIVITY AGAINST ANTIBODIES DIRECTED 

AGA1NST BLOOD GROUP ANTIGENS.

MEAN CUMULATIVE INHIBITION SCORES FOR ANTI-

No.
T e s t e d A B H Le8 Leb l P1

Tja 1 1 T

C o n t r o l s 50 1.42 0 .86 2 .54 1.78 1.58 0 0 0 0 18.8

P a t i e n t s  w i t h  t r a u m a , 
s e p s i s  a n d  o t h e r  
i l l n e s s e s

45 0 . 6 3 0 .57 0 . 2 4 0 . 73 1.31 0 .22 0 0 . 86 0 .40 0 . 2

P a t i e n t s  w i t h  ca  
b r e a s t ,  l y m p .  
l y m p h . H o d g k i n ' s  
l ymphoma

41 1 .73 0 .29 0 .82 1.95 1.82 3.75 2.82 3 .29 2.41 1 .5

P a t i e n t s  w i t h  
o t h e r  v a r i e t i e s  
o f  c a n c e r

33 1 . 60 0 .63 0 0 . 4 8 0 .87 0.75 0 .39 0 0.39 0 . 1 1
2

4
.
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Tja a c t i v i t y  was Jt i c t i al  .mly in p a t i e n t s  wi th  

m a l i g n a n t  c o n d i t i o n s  and in none o£ the  95 c o n t r o l s .

The number o f  i n d i v i d u a l s  g i v i n g  a p o s i t i v e  r e s u l t  

a g a i n s t  a p a r t i c u l a r  a n t i b o d y  was r e c o rd e d  and i s  

shown in Tab le  18 . The v a r i o u s  g roups  were compared 

u s i n g  a F i s c h e r  ex a c t  o r  n o n - p a r a m e t r i c  a n a l y s i s .

The number o f  i n d i v i d u a l s  w i t h  c a n c e r  who had blood 

group a n t i g e n s  in t h e i r  g l y c o p r o t e i n  e x t r a c t s  were 

s i g n i f i c a n t l y  h i g h e r  f o r  t h e  1> lowing a n t i g e n s
1*

Pj , l ' | a ,  I ,  i  and T (P v a l u e s  i < 0 . 0 5 ) .  Tab le  M .  

S i g n i f i c a n t l y  fewer  p a t i e n t s  w i t h  ca nc e r  showed T 

a c t i v i t y  in  t in e x t r a c t s  ( P < 0 . 0 5 ) .  Table  19.

3 .2 .5  The E f f e c t  of  St ' rage  on th e  Blood Group A c t i v i t y  

ol the  C l y c o p r o t e i n  P r e p a r a t i o n s .

During th e  i n v e s t i g a t i o n s  i t  was n o t i c e d  t h a t  th e  

i n h i b i t o r y  a c t i v i t y  of  th e  v a r i o u s  b lood group 

d e t e r m i n a n t ,  p a r t i c u l a r l y  the  T a c t i v i t y ,  s p o n ta n e o u s l y  

d i s a p p e a r e d  from t h e  p r e p a r a t i o n s  Tab le  20 shows th e  

lo s s  o f  a c t i v i t y .  The a n t i g e n i c  d e t e r m i n a n t  o f  the  

T a n t i g e n  i s  known to  be g a l a c t o s e  and i t  was 

t ho ugh t  t h a t  t h e  lo s s  o£ a c t i v i t y  cou ld  be due to  

b e t a  g a l a c t o i l d a s e  a c t i v i t y  in th e  p r e p a r a t i o n s .  

A cc o rd i n g ly  Phenyl  iw-m-4)-thioga 1 a c t o s i d e  (an 

i n h i b i t o r  o f  b e t a  g a l a c t o s i d a s e ) was added t o  the  

e x t r a c t s  a t  a c o n c e n t r a t i o n  of  . tug/ 50ml a f t e r  d i a l y s i s .  

( K l in e  and I s s l t t , 1976) .  T a b l e 21 shows th e  

e f f e c t  of  t h i s  i n h i b i t o r  on th e  lo ss  of  a c t i v i t y .



TABLE 19

STATISTICAL EVAH'ATIPN "T SI.E f)l OGICAI. BEI'ERMINATTONS ON C.LYCOPROTEIN PREPARATIONS FROM PATIENTS 

WITH MALIGNANT CONDITION''' NON MALIGNANT CONDITIONS AND CONTROLS.

MALIGNANT CONDITIONS WERE GROUPED INTO A SINGLE GROUP AND COMPARED WIi ’i NON-MALIGNAM' C()_Nj)IJ .ION’S 

NORMAL CONTROLS AS A SINGLE GROT P .

BLOOD GROUP PATIENT GROUP

Hodgkins Ca rauma Normal S i g n l f .

A 8/41 8/33 5 / 4 ' 11/50 P “ .44

B 2/31 4 /33 4 /45 8 /5 0 P -  .38

H 6/41 0/33 3/45 26/50 P » .03

Lea 13/41 3/33 5/43 16/50 P -  .04

Leb 12/41 5/33 11/45 17/50 P -  .03

P, 24 /41 4/33 2/45 0 /5 0 P » .03
1

Tja 21/41 3/33 0 /45 0 /5 0

CMOnCu

I 21 /41 2/33 6/45 0 /5 0 P -  .03

1 18/41 3/33 3/45 0 /5 0 P = .02



TABLK 2 0

STOKAOE E F F E C T  ON L O S S  OF KNOWN DKTCR.MINAM'S

S e l e c t e d  ABU and Lewis 

i s i t i v e  Blood Donors

MEAN CUMULATIVE INHIBITION Cv FOR ANTI-

A B

Day 1

H Lea Lebl T A

D

B

ay 1C 

H

( -20

a
Le

°C S t o r  

,,ebl

age )

T

Serum A lo ha -A c i d  
G l y c o p r o t e i n

15 s u b j e c t s

1.7 2 .6 3 . 3 1 .6 2 .2 17.4 0 . 5 0 . 8 0 . 9 0 .4 0 . 6 0 . 4

A c t i v i t y  Reduced by F a c t o r  
o f  8 .5

r iasma A lp h a- A c i d  
G l y c o p r o t e i n

12 s u b j e c t s

4 . 4 3 .0 9 .2 5 . 0 6 . 0 28 .5 2 .1 1.3 4 .2 2 .2 3.1 2 .6

A c t i v i t y  Reduced by F a c t o r  
o f  3 .6



TABLE 21
-  -.ip EFFECT Of PUF.NY!, I^ITA-n TTITflCATACTOS IDE ON THE ENZYMIC DESTRUCTION OF T ACTIVITY

r/o/o (?cca.£i Fo*. T  fierir-y

SERUM NORMAL DONORS

CONTROL

A d d i t i  n of 
Pheny l - .  Bel ' -D  
T h l o g a l a c t o s L d e "  
Befor e

A cid  Extract ,  i on

Day 1

A d d i t i o n  of  
Phen> ' - . B e t a - D  
T h i o g a l a c t o s I d c  
A f t e r

Ac id  E x t r a c t i o n

17

29

25

10

24

35

36 

23

Day 3

5°C
storage

Day 6

°C
storage

15

27

24

10

26

35

38

25

15

24

20

9

Day 10

5°C
storage

10
18

10

7

20

32

34

20

25

34

36

24

Day 12 

24 h r  a 

a t  37°C

0

0

0

0

21

30

32

21

Day 14 

72 h r s  

a t  37°C

22

32

30

19

Day 120 
-  20°C 

s torage

0

0

0

0

24

35

37

26

15

26

22

12

21

28

25

15

10 mgs P h c n y l - B e t a - D - T h l o g a l a c t o s i d e  f o r  e v e r y  50 ml of Plasma or Serum E x tra c t .

rooo

*  w
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. (> D i s c u s s i o n

Measurement o£ the  amount oi p r o t e i n  o b t a i n e d  from 

p e r c h l o r i c  a c i d  e x t r a c t i o n  i n d i c a t e d  t h a t  more 

m a t e r i a l  co u l d  be o b t a i n e d  from serum than  from p lasma .  

It was a l s o  a p p a r e n t  t h a t  th e  m a t e r i a l  o b t a i n e d  from 

plasma wu ; c o n s i d e r a b l y  l e s s  pure tha n  t h a t  o b t a i n e d  

from serum (ace l a t e r ) .  The l a r g e r  amount of  o t e i n  

o b t a i n e d  from scrum cou ld  n o t  be e x p l a i n e d  in  t erms  of 

the. d i l u t i n g  e f f e c t  of  t in  CPD i n  t h e  p lasma .  The 

same r e s u l t s  cou l d  be o b t a i n e d  i r r e s p e c t i v e  of  the  

method us e d  to  p r e p a r e  the  plasma and serum.  

S e r o l o g i c a l  s t u d i e s  on p r e p a r a t i o n s  from plasma and 

s e r a  showed t h-u a wide ran ge  o f  b lood  g roup a n t i g e n i c  

d e t e r m i n a n t s  were p r e s e n t , i n c l u d i n g  A,B,I I ,he ,be 

P j . T j a ,  I , i , r , M  and N. A compar i son  o f  the  amounts 

of  t h e s e  a n t i g e n s  p r e s e n t  in serum and plasma showed 

t h a t  d e s p i t e  the  g r e a t e r  amount o f  p r o t e i n  o b t a i n e d  

from se rum,  more a n t i g e n i c  a c t i v i t y  co u l d  be d e t e c t e d  

in  p la s m a , lot  i l l  t he  a n t i g e n i c  d e t e r m i n a n t s  w i t h  

the  e x c e p t i o n  o f  th e  T a n t i g e n ,  f u r t h e r m o r e  i t  was 

n o t  p o s s i b l e  to  d e t e c t  1^ ,  TJa ,  1 or  i  a n t i g e n s  in 

p r e p a r a t i o n s  from scrum a l t h o u g h  t h e s e  cou l d  be 

r e a d i l y  d e t e c t e d  in  t h e  p r e p a r a t i o n s  from plasma.  

These r e s u l t s  a r e  o f  i n t e r e s t  in  t h a t  the  

F a n t i g e n  systems  i n c l u d i n g  T)a  a p p e a r s  to  hi 

a membrane bound sy s t em  and th e  s o l u b l e  form of the  

P blood g roup s u b s t a n c e s  have been found on ly  in  

h y d a t i d  c y s t  f l u i d ,  worm e x t r a c t s ,  l i v e r  f l u k e s

/a n d .



.tnd i i ,h r o t  ( Camer.-n and S tave  l y ,  I9!>7; Prokop 

and S c h l v s I n v  , 1963; Race and S a n g e r , 1 9 7 3 ) .  

Fur t he rm ore  no c o n v i n c in g  eaxc has  been made f o r  the  

p r e s e n c e  of th e  I a n t i g e n  in  serum (Race and 

S a n g e r ,  1973) a l th o u g h  the  i  a n t i g e n  has been 

demons.i r a t e d  in a s o l u b l e  form (Cooper and Brown,

1971) .  S i m i l a r l y  it has  been th ou gh t  tha t  th e  M and 

N b lood -roup a c t i v i t i e s  a r e  membrane bound 

(Li ssowska and Kordowtcz,  1976),  and S p r in g e r  e t  a 1. ,

(19,’6 ) ,  have shown t h e s e  a n t i g e n s  on normal 

b r e a s t  t i s s u e .  We have r e p o r t e d  t h e  p r es e nc e  of  

th e  M,N and T a n t i g e n s  in  s o l u b l e  form a f t e r  

a c i d  c . t r a c t  i on a i a (Klatzow and Vos, I97t i ) .

The s t u d i e s  on the  c o r r e l a t i o n  o i  s e c r e t o r  s t a t u s  

w i th  th e  a n t i g e n s  p r e s e n t  in  th e  e x t r a c t e d  m a t e r i a l  

i n d i c a t e d  t h a t  f o r  th e  A , 15, H and Lewis systems  the  

a n t i g e n i c  a c t i v i t y  p r e s e n t  in the  e x t r a c t  was d e te rmine d  

by the  s e n e t o r  s t a t u s  o f  t h r donor .  Th is  d i d  no t  

a pp e a r  to  he so fo r  t h e  M,N and T a n t i g e n s , t h e s e  

b e i ng  found in  the  s e r a  whatever  the  s e c r e t o r  s t a t u s .

For t h i s  s tu d y  on ly  serum e x t r a c t s  were used and as 

n o  I ,  1, r or  T ja  a c t i v i t y  was d em o ns t r ab le  in  a c i d  

e x t r a c t s  o f  normal se rum,  no c o n c l u s i o n s  can he drawn 

r e g a r d i n g  th e  s e c r e t o r  s t a t u s .

Many a u t h o r s  have shown changes  in  b lood group 

a n t i g e n s  a sso i  f a t e d  w i th  ma l ignancy  ( S e c t i o n  1,11 

pi  go 2 9 ) .  1'he suv, c a t i o n  has  been made t h a t  t h e r e  

i s  an ac cu m ul a t io n  of  b lond g roup  a n t i g e n  p r e c u r s o r s  on 

ca n c e r  c e l l s  ( S p r i n g e r  t t  a l . , 19,3 a , b ;  1976; Hakomorl
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and Andrews , 1970; Davidson eL a 1. , 19ti9,

P ren de rg as t  c t  a l . , 1963) .  However i t  would 

ippt-ar that  b locked  s y n t h e s i s  of b lood group a n t i g e n s  

i s  no t  the  ca .i in a l l  t umours .  High l e v e l s  of  A,

B, II and Lewis s u b s t a n c e s  have been r e p o r t e d  in 

a s t i  i e i r e in o m a s  ( Barber  and D u n s lo r d , 19j 9,

Saved and F i n e , 1 96 3 ) .  This s t u d y  s u g g e s t s  

th a t  many of t h e s e  a n t i g e n s  may be shed from 

the  s u r f  tee of  b lood  c e l l s  in  a v a r i e t y  of 

s i t u a t i o n s  i n c l u d i n g  s t o r a g e  ( h i g h e r  l e v e l s  of  

a n t i g e n s  in  plasma tha n  in serum) and v a r i o u s  

p a t h o l o g i c a l  s t a t e s .  W h i l s t  t h e  h ig he r  l e v e l s  

o f  a n t i g e n s  in plasma compared w i t h  serum a r e  

s u g g e s t i v e  of  s h e d d in g ,  the y  a r e  by no means 

c o n c l u s i v e  and o t h e r  p o s s i b i l i t i e s  such as  r e l e a s e  

of  s e r o l o g i c a l l y  i n a c t i v e  m a t e r i a l  d u r i n g  c o a g u l a t i o n ,  

c o p i e v i p t a l i o n  of a n t i g e n ,  w i t h  f i b r i n , a d s o r p t i o n  

to  f i b r i n  or  to  a l t e r e d  membranes in  the  c l o t ,  

canno t  be ex c l u d ed .  F u r t h e r  ev id en c e  f o r  shedd ing  

may be o b ta in e d  from f a b l e  13 in  which t h e  l e v e l s  

o f  P,  T j a ,  1 and i  a r e  h i g h e r  in  p a t i e n t s  w i t h  cance l  

tha n  in  t h e  c o n t r o l s  o r  p a t i e n t s  w i t h  no n-mal ignan t  

c o n d i t i o n s .  Th i s  i s  most  marked in  p a t i e n t s  w i th  

ca rc inoma  of th e  b r e a c t ,  l ymphocyt ic  lymphoma and 

Hodgkins lymphoma. The . b s e n t c  of  I in  th e  s e r a  

Oi p a t i e n t s  w i th  o t h e r  v a r i e t i e s  of  ca n ce r  i s  d i f f i c u l t  

t o  e x p l a i n  . Of s p e c i a l  i n t e r e s t  i s  th e  p res en ce  o f  Tja 

a c t i v i t y  on ly  in our  g roup  of p a t i e n t s  w i th  

m a l i g n a n t  d i s e a s e .  T j a  w a s  p r e s e n t  in  2 4 / 7 4

/ ( 3 2 7 . )



(327.) pat  l e n t  s w i t h  ca nc e r  and

i n  21/41 (51%) of  p a t i e n t s  w i t h  Hodgkins d i s e a s e .

The d i a g n o s t i c  s i g n i f i c a n c e  of  t h i s  f i n d i n g  w i l l  

need to  be r e - e v a l u a t e d  u s i n g  a l a r g e r  p a t i e n t  sample .

W hi l s t  t h e  I.' a n t i g e n  was t h e  s t r o n g e s t  r e a c t a n t  in  a l l  

t h e  p r e p a r a t i o n s  f rom normal  plasma and serum,  i t s  

. . c t i v i t y  was marked ly  r edu ce d  in  a l l  t h e  p a t i e n t  

g r o u p s .  There a r c  a number of  p o s s i b l e  e x p l a n a t i o n s  

f o r  t h i s  o b s e r v a t i o n .  I t  may be

cau sed  by i n s u f f i c i e n t  i n h i b i t i o n  of  b e t a  g a l a r t o s i d a s e .

Th i s  i s  u n l i k e l y  a s  the  samples  were p r e p a r e d  a t  

random and (he i n h i b i t o r  was added t o  each  sample in  

a s i m i l a r  manner . Anothe r  p o s s i b i l i t y  i s  t h a t  the  

T a n t i g e n  i s  p r e s e n t  in  lower q u a n t i t i e s  in  the  serum 

of  p a t i e n t s  and f i n a l l y  b e t a  g a l a c t o s i d a s e  may be 

e l e v a t e d  in  the serum of p a t i e n t s  w i t h  v a r io u s  

d i s o r d e r s .

CHKOHATQCRAl'llY

3 . 3 . 1  Column chromatography of  th e  g l y c o p r o t e i n  p r e p a r a t i o n s  

P r e p a r a t i o n s  were made from plasma (ACI) and h e p a r i n )  

and from serum and were s e p a r a t e d  by g e l  f i l t r a t i o n  on

Scphadex columns as  d e s c r i b e d .  The load a p p l i e d  t o  

each column was 150 mg of  d r i e d  p r e p a r a t i o n  in  3 ml of  s a l i n e .  

The e l u t i o n  p a t t e r n s  of  g l y c o p r o t e i n  p r e p a r a t i o n s  from serum 

and plasma s e p a r a t e d  on Scphadex 0200 a r e  shown in  F ig u re s  

1 9 , 2 0 , 2 1 ,  and 22.  Molecu la r  w e i gh t s  were c a l c u l a t e d  from 

the  e l u t i o n  volume and by r e f e r e n c e  to  s t a n d a r d

/ p r o t e i n s . . .
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FICURK 19

CHROMATOGRAPHY 0 1 TI.KCIII.OK H: ACID t'.XTRACTS OF SCRUM ON 

SEPHADEX C 2 0 0 .
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FIGURE 20

CUR0MAT0CKAP',Y OF PERCHLORIC ACID EXTRACTS OF SER_UM_OH 

SEPHADEX G200
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FIGURE 21

r.OMIHN CHROMATtXiKAPUY OF P ERCHLO R IC  A C ID  EXTRACT OF 

HEFARINISKO P1ASMA ON SEPHADKX 0200

280
05

8060402 0

F r a c t i o n  N u m b e r



136.

FICTIRK 22

COLUMN CHRCRVroCRAPHY OF PFRCHI.ORIC ACID l.'XTRACT OF ACD 
PLASMA ON SEP1IADEX 0200.
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p r o t e i n s  s e p a r a t e d  under  i d e n t . c a l  c o n d i t i o n s .

I t  can be seen  from F ig u re  19 t h a t  the  p r e p a r a t i o n  

from serum g iv e s  a s i n g l e  peak on column 

chromatography  w i th  maximum a b s o r p t i o n  a t  f r a c t i o n  

60.  I t  h a .  a m o le cu la r  weigh t  o f  5 5 ,000d by 

t h i s  t e c h n iq u e  which a g r e e s  w i t h  t h e  va l ue  o f  40 ,0 00-  

5 0 , OOOd p r e v i o u s l y  d e t e r m in e d  on PACE. In some 

p r e p a r a t i o n s  a peak of  h i g h e r  m o l e c u l a r  weigh t  was 

n o t e d , hav ing an a p p a r e n t  m ol e cu la r  weigh t  of 

182 , O O O d . O ' i g u r e  20 ) .  T h i s  i s  a p p r o x im a te ly  t h r e e  t imes 

m ol e cu l a r  we igh t  o f  the  s m a l l e r  peak.  F igu re  21 

shows the  e l u t i o n  p a t t e r n  ol h e p a r i n !  ed plasma 

e x t r a c t s .  A s i n g l e  peak i s  a p p a r e n t  wi th  

a b s o r p t i o n  maximum a t  f r a c t i o n  0 and an 

e s t i m a t e d  m o le c u l a r  w e ig h t  of 8 1 , OOOd. This  

ap p e a r s  to  be 1 .5 t imes th e  m o le c u l a r  weigh t  

o f  th e  p r e p a r a t i o n s  from serum.  F igu re  22 shows 

th e  e l u t i o n  p r o f i l e  from c i t r a t e d  p la sm a . W hi l s t  

t h i s  ap pe a r s  t o  be l e s s  pure th a n  th e  p r e p a r a t i o n  

from h e p a r i n i z e d  p la s m a , i t  s t i l l  c o n t a i n s  a ma jor  

peak wi th  an e s t i m a t e d  m o le c u l a r  we igh t  of 

8 1 , OOOd. The ma jor  component in  a l l  t n c se  

p r e p a r a t i o n s  was ag a in  shown t o  be a l p h a - a c i d  

g l y c o p r o t e i n ,  a l t h o u g h  c i t r a t e d  plasma could  be 

shown t o  have o t h e r  m a t e r i a l  p r e s e n t  a s  w e l l .

(See below T ab l e  23 ) .  T a b l e  22 d e t a i l s  the  

a p p a r e n t  m ol e cu la r  weigh t s  f o r  t h e  ma jor  c o m p o n e n t s  

o f  each p r e p a r a t i o n .

In a d d i i i o n  the  a e c r e t o r  s t a t u s  oi the  i n u i v i d u a I s



138.

from whom th e  p r e p a r a t i o n s  were made, was 

i n v e s t i g a t e d .  The e l u t i o n  p r o f i l e  d id  no t  

depend on the  s e c r e t  or  s t a t u s .  The e l u t  ion 

p r o f i l e  was a l s o  found t o  be u n r e l a t e d  t o  the

b lood  group of  the  d o n o r .

In the  c a s e  o f  serum which showed an a d d i t i o n a l  

peak,  F ig u re  20 bo th  peaks  were r e t a i n e d ,  

c o n c e n t r a t e d  and examined on inununo-d i f fus ion .

The r e s u l t s  a r e  shown in  F igu re  ■' 1 •

TABU 22

Molecular Weight of  P ro te in s  F.xtracted  

by P er ch lo r ic  Acid from Serum and Plasma.

Source o f  E xtract  Molecular weight of  major
   peak.______________

Serum 55 ,000

Plasma ( c i t r a t e d )  81 ,000

Plasma ( h e p a r i n i a e d )  81 ,00 0

Both peaks gave s i n g l e  p r e c i p i t i n  l i n e s  w i th  

r a b b i t  a n t i  serum a g a i n s t  human serum and 

w i th  a n t i  s t rum a g a i n s t  a l p h a - a c i d  

g l y c o p r o t e i n .  I t  would th u s  ap pe a r  t h a t  p e a k  ' a' 

in  F igu re  20 i f  a t r i m e r  of th e  s p e c ie s  

in peak" b". ' ' h i e  23 shows the  r e a c t i v i t y  of  the

p r e p a r a t i o n s  1rom serum and c i t r a t e d  plasma 

a g a i n s t  a panel  of  a n t i b o d i e s .  From t h i s  i t  can 

be seen t h a t  the  serum p r e p a r a t i o n  c o n t a i n s  a l p h a -

/ a c i d . . .



FIGURK 23

CENTRE WELL, ANTI ALPHA 
ACID GLYCOPROTEIN 
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T ABU J j

RABBIT ANT1SERUM VO HUMAN

1. whole serum

2. e l  hum In

3.  prviilbumlii

4 .  a l p h a - a c i d  g l y c o p r o t e i n

5. c e r u l o p l a s m i n

6 .  h a p t o g lo b in

7. aIpha-HS g ly c o p r o l i  in

9.  r e t i n o l - b t h v i n g  p r o u I n

10. a l p h t i - l i p o p r o t t  in

11. a l p h a - m a c r o g lo b u l i n

12. a l p h a - a n t i  t r y p s i n

13. C .R.P .

14. sperm

15. C j - i n a c t i v a t o r  

l b .  Oj t| cuniponenl

17. C  ̂ S component

18. 0^ component

19. f i b r i n o g e n

20.  i n t e r  a I p h a - t r y p s i n  i n h i b i t o r

21.  IgA

22.  IgD

23.  IgE

24.  IgG

25.  TgM

26 . G .C. g l o b u l i n  

27.  p la sminov n

Plasma

+

+

Serum
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. i L -  i d  g l y c o p r o t e i n  and no m e asu rab le  o t h e r  

co n t am i n an t s  w h i l s t  t he  plasma p r e p a r a t i o n s  

c o n t a i n  a l t u m i n ,  p r e - a l b u m i n ,  a l p h a - a c i d  

g l y c o p r o t e i n ,  a l p h a - H - S ,  g l y c o p r o t e i n  and a lph a  

a n t i - t r y p s i n .

3. D i s c u s s io n

Column chromatography  of  t h e  g l y c o p r o t e i n  

p r e p a r a t i o n s  was pe r fo rmed f o r  two r e a s o n s ,  f i r s t l y  

to  de t e r m in e  whe th e r  o r  no t  t h e  p r e p a r a t i o n  

co u ld  be f r a c t i o n a t e d  any f u r t h e r ,  i . e .  as  an 

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

se co nd ly  to  e v a l u a t e  the  m o l e c u l a r  we igh t  o f  the  

p r o t e i n  u s in g  a d i f f e r e n t  t e c h n i q u e .  The. 

e l u t i o n  p r o f i l e  of  the  g l y c o p r o t e i n  p r e p a r a t i o n  

from serum i n d i c a t e d  a s i n g l e  l a r g e  peak w i th  an 

e s t i m a t e d  m o le c u l a r  w e ig h t  of  5' j ,00()d.  Th is  i s  

in good agreement  wi th  th e  m o le c u l a r  w e ig h t  of

4 0 , 0 00  - 50,000d on PAGE. In some samples  

of  p r e p a r a t i o n s  from serum a sm al l  amount of  

l a r g e r  m a t e r i a l  was p r e s e n t  hav in g  an a p p a r e n t  

m o le c u l a r  weigh t  o f  182,OOOd. The m a t e r i a l  

c o n s t i t u t i n g  t h i s  peak was i s o l a t e d  and shown to  

b« a l p h a - a c i d  g l y c o p r o t e i n .  I t  ap p e a r s  t h e r e f o r e  

t h a t  t h e  mo lecu le  may e x i s t  in an  a g g r e g a te d  form 

p o s s i b l y  a t r i m e r . F r a c t i o n a t i o n  of  whole serum 

shows a l p h a - a c i d  g l y c o p r o t e i n  t o  e l u t e  in  the 

m o le c u l a r  weigh t  r ange  15 8 ,0 00 -2 4 0 , OOOd. These 

r e s u l t s  i n d i c a t e  t h a t  the  p r o t e i n  i s  p r e s e n t  in 

serum l a r g e l y  in  the  a g g r e g a t e d  form and t h a t

/ p e r c h l o r i c .  . .



JUiiillii

141.

a t  U1 g lycDi i r o te in  and no m e asu rab le  o t h e r  

c o n t a m i n a n t s  w h i l s t  t h e  plasma p r e p a r a t i o n s  

c o n t a i n  a l b u mi n ,  p r e - a l b u m i n , a l p h a - a c i d  

g l y c o p r o t e i n , a l ph a - H -S ,  g l y c o p r o t e i n  and a l p h a  

a n t  i - t r y p s i n .

3 . 3 . 2  D i s c a s s l o n

Column chromatography of  th e  g l y c o p r o t e i n  

p r e p a r a t i o n s  was per i t mod f o r  two r e a s o n s . F i r s t l y  

t o  de t e r m in e  w he the r  or  n o t  th e  p r e p a r a t i o n  

co u l d  be f r a c t i o n a t e d  any  f u r t h e r , i . e .  a s  an 

i n d i c a t i o n  o f  the  p u r i t y  o f  ihe  p r e p a r a t i o n s  and 

s e c o n d ly  t o  e v a l u a t e  th e  m o le c u l a r  we igh t  o f  the  

p r o t e i n  u s i n g  a d i f f e r e n t  t e c h n i q u e .  The 

e l u t i o n  p r o f i l e  of  ' h e  g l y c o p r o t e i n  p r e p a r a t i o n  

from serum i n d i c a t e d  a s i n g l e  l a r g e  peak w i t h  an 

e s t i m a t e d  m o le c u l a r  w e ig h t  of  5 5 ,000d .  Thi s  i s  

in good agreement  wi th  t h e  m o le c u l a r  we igh t  of

4 0 , 0 0 0  -  50,G00d on PAGE. In some samples 

o f  p r e p a r a t i o n s  from serum a sma l l  amount of  

l a r g e r  m a t e r i a l  was p r e s e n t  hav i ng  an a p p a r e n t  

m o le c u l a r  we ig h t  o f  182,000d.  The m a t e r i a l  

c o n s t i t u t i n g  t h i s  peak was i s o l a t e d  and shown t o  

In a l p h a - a i  id  g l y c o p r o t e i n .  I t  ap pe a r s  t h e n  lo r e  

t h a t  the  mo lecu le  may e x i s t  in  an a g g r e g a te d  form 

p o s s i b l y  a t r i m e r . F r a c t i o n a t i o n  of  whole serum 

shows a l p h a - a c i d  g l y c o p r o t e i n  to  e l u t e  in  the  

mo le c u l a r  weight r ange  15 8 , 00 0-240 ,0008 .  These 

r e s u l t s  i n d i c a t e  t h a t  the  p r o t e i n  i s  p r e s e n t  in  

serum l a r g e l y  in  the  a g g r e g a t e d  form and t h a t

/ p e r c h l o r i c . . . .
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p e r c h l o r i c  a c i d  t r e a t m e n t  may s p l i t  t he

a g g r e g . i t i i n t o  i t s  monomeric components

Also  t r e a t m e n t  o t  th e  a g g r e g a t e  w i t h

u r e a  SDS and m v r c a p to e t h a n o l  w i l l

r t  e l l  in a breakdown ot  the  a g g r e g a t e  i n t o  i t :

motiemeric componen ts . An e xa m in a t i on  of  the  component .

' I I In i i i. I i i mi .i ruin by iimnuttodif Lu ion 

r e v e a l s  tha t  i t  c o n s i s t s  of  a s i n g l e  p r o t e i n  

namely a l p h a - a c i d  g l y c o p r o t e i n  (which i s  in  

ag reeme nt  w i t h  p r e v i o u s  r e s u l t s ) .

An ex a m in a t i o n  of  th e  e l u t i o n  p r o f i l e  of  t h e  

p e r c h l o r i c  a c i d  e x t r a c t  from plasma r e v e a l s  some 

s i n g i f L e a n t  d i f f e r e n c e s .  Plasma p r epa red  u s in g  

h e p a r i n  a s  an a n t i c o a g u l a n t  showed a , i n g l e  peak 

w i t h  an a p p a r e n t  m o l e c u l a r  we igh t  of  6 1 ,000d 

t h a t  i s  1.5 t imes  a s  l a r g e  as  th e  p r e p a r a t i o n  

i "  t v  rum. fhe e l u t i o n  p r o f i l e  o f  th e  p r e p a r a t i o n  

from c i t r a t e d  plasma showed many small  peaks and a l s o  

a ma jor  peak o f  m ol e c u l a r  we ig h t  8 1 , OOOd.

1xamiua t ion  oi t h e  com] n e n t s  of  the  p r e p a r a t i o n  

from c i t r a t e d  plasma r e v e a l e d  Ch. p r ese nce  o f  a l b u m i n , 

p r e - a l b u m i n ,  a l p h a - a n t i  t r y p s i n ,  t h e  e l u t i o n  p r o f i l e  

Of t h e  e x t r a c t s  was found to  be independen t  of  

s e c r e t o r  s t a t u s  or  b lood  g roup of th e  donor .

The d i f f e r e n c e  m  s i z t  between the  p r e p a r a t i o n s  

f r  >m serum (55  OOOd) and plasma (81 OOOd) i s  as  yet  

u n e x p l a in e d .  One p o s s i b l e  e x p l a n a t i o n  i s  t h a t  the  

p r o t e i n  may be involved in c o a g u l a t i o n  and undergoes 

c l e a v a g e  by p r o t e a  •• s d u r i n g  the  c o a g u l a t i o n  c a sc ad e .  The

/ d i f f e r e n t . .



d i f f e r e n t  amounts o b t a i n a b l e  from serum and 

plasma s u g g e s t  t h a t  th e  p r o t e i n  may be a l t e r e d  

d u r in g  c o a g u l a t i o n .  The c o n t a m i n a n t s  in 

e x t r a c t s  from t i t r a t e d  plasma may be as  the  r e s u l t  

of changes  in t h e  p r e c i p i t a t i o n  p r o p e r t i e s  o f  the  

v a r io u s  c o n t a m i n a n t s  in  the  p r e s e n c e  of  

Ail) a n t i c o a g u l a n t .  The d i l l t  r e n t e : 

no te d  between  the  p r e p a r a t i o n s  f rom plasma and 

serum prompted a s t u d y  on the  p o s s i b l e  e f f e c t s  

01 t h e s e  p r o t e i n s  on th e  c o a g u l a t i o n  c a sc ad e .
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3 .4  THE t i m : i  OK ALPHA- A( ID t I.YCOl'HOI KIN UN COACHIUTIO_N

1.4.1 i Ik M l , ,  i ,,l M l  I, I A, ill ( I YLi ' l 'nm in »ll 

P ro th ro mbin  inde x  (PI )

II,, , i t w i  <il ulil in 11 i'll i und i :Iy c o p r o i v  in ' o

plasma on the  PI I bown in  T a b l e  34.

TAISI.K 24

3 . 4 . 2

•ni. n -MTl  Ol ALPHA ACID CI.YCOPitOl r ., ON THE P . I .

t ( s e c s ) Mean (SD)

C o n t r o l  * 0 . 1  ml 
s a l i n e 17.3 17.1 17 .8 - 17.4 ( 0 . 3 6 )

Alpha Acid 
G l y c o p r o t e i n  
42 mg/ml 17.8 17 .8  19 .0- 17.8 ( 0 .1 2 )

Tht f c l l e c t  Of Alp ha-Ac id  P r o t e i n  on the  P a r t i a l

Th ro m b o p la s t i n  t ime (PIT)

T a b l e s  25 and 26 show th e  r e s u l t s of the  a d d i t i o n

of d i f f e r e n t  amounth of  a l p h a - a c i d  g l y c o p r o t e i n
0  /> M irW paf  Hft'c-T

l o  n I a  ilia , o n  I In P I I .
AAA

F i g u r e s  24 ,25 and 26 show g r a p h i c a l l y  the  e f f e c t  

o f  increi ,  i ng  c o n c e n t r a t i o n s  of  a l p h a - a c i d  

g l y c o p r o t e i n  on t he  PTT. I t  i s  a p p a r e n t  t h a t  an 

i n c r e a s e  in th e  c o n c e n t r a t i o n  of  a l p h a - a c i d  

g l y c o p r o t e i n  r e s u l t 1 in  a marked s h o r t e n i n g  ol 

the  PI I . Thi  i so fo r  bo th  , i.stoa and serum 

e x t r a c t s .  At higher cone,  r a t i o n s  the  e x t r a c t  

has  the r e v e r  e e f t  ' and r e s u l t s  in an 

in creased  Pi I Figuro 2b shows the  e f f e c t  of 

adding a prep aration  which has been s t o r e d  to r
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TABLE 25

THE EFFECT OF STORED EXTRACT ON THE PTT

1 ifli (sec*')
Amount of  E x t r a c t  mu/ml 1 2 3 4 Mean SO

Plasma a l o n e 10.0 2 9 . 0 29 . 0 30 .0 29 .5 ( 0 .5 8 )

C o n t r o l  Plasma t 0.1 ml 
s a l i n e

11.0 11 .0 32 .0 - 32.6 ( 0 .5 8)

106 m^/ml 70 .0 8 2 . 0 6 3 . 0 - 71 .6 ( 9 .6 1)

94 mg/ml 6 1 . 0 61 .5 64 - 62.83 ( 1 .2 6)

60 mg/ml 6 4 . 0 >0.0 50 .0 54.6 ( 8 .0 )

55 mg/ml 48 . 5 51 .0 44 . 5 - 4 8 . 0 ( 3 .2 8)

42 .5  mg/ml 66 .5 6 6 . 0 52 .0 62 .5 61.75 ( 6 .7 4)

20 mg/ml >1.4 51 .0 >2.4 - 52.11 ( 1 .0 3 )

lALl.E 26

THE EFFECT OF FRESH EXTRACT ON THE PTT
/ / * £  [ s e a  )

Amount of  E x t r a c t  mj, ml I 2 3 4 Mean SD

Plasma a l o n e 10.0 2 9 . 0 29 .0 30 .0 29.5 ( 0 .5 8)

Plasma < 0 .1  ml E a l ln c 32.8 33 .0 33.5 33.5 33 .2 ( 0 .3 6)

Plasma t Scrum Extrac t

100 mg/ml 157 155 - 156 ( 1 .4 1)

80 mg/ml 16.0 31.5 27.0 12.17 ( 4 .6 5)

60 mg/m t 2 3 . 0 22 .1 2 j .O - 23.41 ( 1 .4 0)

40 mg/ml 0 0 0 0 0

20 mg/ml 0 0 0 0 0
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FIGURE 74.

THE KTFKCT UK SKKOMIH Oil) ON THE PTT 

( FRESH EXTRACT FROM SERUM)
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FIGURE 25

THE E F F E C T  m  ‘ KKOMUGOID ON THE PTT 

t FRESH EXTRACT FROM PI.ASMA)

E a c h  p o i n t  i s  t h e  mean o f  4  d e t e r m i n a t i o n . ' . .
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THE E F F E C T  OK SEKOM bC OlD ON THE I’TT

(SEKOHUCOH) 1*Hr.I’AKKU i KOM SERUM AND STORED FOR S I X  MON.T .S ) 

Each p o i n t  i s  t he  mean o f  4  d e t e r m i n a t i o n s .
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t months t r e e z i  ilrli.'d in s t d l t ' d  am p u le s .

I t  i s  a p p a r e n t  t h a t  the  i l l t y  of  the  

e x t r a c t  to  st iort i .n t h e  FIT i s  a b s e n t  a l tho ugh  

i t  was s t i l l  able to  p r o l o n g  the  F IT .  F i g u r e  27 

• how the i I li t i ol . ilphii-.ii id g l v e n p r o t e i n  

on the  a n t i - c o a g u l a n t  h e p a r i n .  I t  w i l l  be seen  

th a t  a l p h a - a c i d  g l y c o p r o t e i n  e x t r a c t  a t  t he  

c o n c e n t r a t i o n  wh1 eh s h o r t e n s  the  FIT i ab le  to  

r e v e r s e  the  e f f e c t  o f  h e p a r i n  on t h e  c o a g u l a t i o n .

D i s c u s s i o n

The o cc u r re n c e  of  m u l t i p l e  venous thrombosi  i s  a 

w e l l  r e c o g n i s e d  c o m p l i c a t i o n  of  c a n c e r s  ( F i ne o  

e t  a 1 . , 1974 ; W i l l i  1967) .  The reaso n  fo r  the

I n c r cm vd inc idence  of th r om bo s i s  i  n o t  w^ l l  known. 

Pir .eo e l  a l . , (1974)  have su g g e s t e d  t h a t  the  p r o d u c t i o n  

o f  mucus by the  tumour may r e s u l t  i n  h y p e r c o a g u l a b i l i t y  

ol the b l o o d . They were a b l e  to  show t h a t  the  

p r o t e i n -  of  mucus which were s o l u b l e  in  5% 

t r i c h l o r o a c e t i c  a c i d  were ca pa b l e  o f  ext r t i n g  a s t r o n g  

p r o c o a g u l a n t  e f f e c t .  The a c t i v e  m a t e r i a l  had a h igh 

ca r b o h y d r a te  to  p r o t e i n  r a t i o ,  e x h i b i t e d  a h igh 

degre e  of s t a b i l i t y  and d i d  not  appe a r  to  c o n t a i n  

any p h o s p h o l i p i d  m a t e r i a l . The p a r t i a l

th r o m b o p l a s t i n  t ime (FIT)  o f  p la smas d e f i c i e n t  in f a c t o r s  

XI , IX ,V 1 II ,V 11 and X was c o r r e c t e d  by a d d i t i o n  

of  the  mucus e x t r a c t .  They s u g ge s t ed  t h a t  mucus 

e n t e r i n g  the  c i r c u l a t i o n  was ab le  t o  a c t i v a t e  

c o a g u l a t i o n  and t h i s  mi./ e x p l a i n  the  f r equency
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FIGURE 27

THE EFFECT OF AI.F11A ACID Hl.VCOPRO'l'EIN ON HEPARIN
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0 1  c o a g u l a t i o n  d i s o r d e r s  In pal  Cents w i t h  ca rc i no ma s .  Alpha 

a c i d  l y c o p r o t e i n  i s  p r e s e n t  In v a r i o u s  body s e c r e t i o n s  

i n c lu d i n :  lung mucus and ray  wel l  be p r e s e n t  in  t h e i r

p r e p a r a t i o n s .  I t  i s  a l s o  s i g n  i t  l e a n t  t h a t  c o n d i t i o n s  

in which a l p h a  a c i d  g l y c o p r o t e i n  i s  e l e v a t e d  a r e  

a s s o c i a t e d  w i t h  a h ig h  i n c i d e n c e  ot" th r om bo s i s  (Trauma 

S e p s i s  S urg e ry  and C a n c e r ) . ( Myburgh J . A .  P e r s o n a l  Conanun.) • 

Dur ing  the  c ou r se  of  t h i s  s t u d y  d i f f e r e n c e s  between a l ph a  

■ K . d  g l y c o p r o t e i n  p r e p a r a t i o n *  To m serum and 

plasma s u g g e s t e d  t h a t  t h e  p r o t e i n  may be in  some 

way a s s o c i a t e d  wi th  c o a g u l a t i o n .  Othe r  a u t h o r s  

have no te d  t o u t  a l p h a  a c i d  g l y c o p r o t e i n  may 

i n f l u e n c e  c o a g u l a t i o n  ( N i l  on and Yamash i n a , 1958).

These a u t h o r s  found t h a t  a l p h a  a c i d  g l y c o p r o t e i n  

p ro longed  the  c l o t t i n g  t ime o f  p la sm a . This i s  

somewhat s u r p r i s i n g  in view of  t h e  h igh  inc id en c e

from t i n  o b s e r v a t i o n  th a t  normal human p l a t e l e t s  

c a r r y  a . i g n i t i c a n t  amount of  a lph a  a c i d  g l y c o p r o t e i n  

t i g h t l y  bound to  t h e i r  membrane. (Schmid,  1975) 

and a r e  known to  adhere  to c o l l a g e n ,  t h i s  adherence  

can be i n h i b i t e d  by t h e  d rug P e r a a n t i n  

( d i p y r i d a m o l e ) . The a d d i t i o n  of  a l p h * j  a c i d  

g l y c o p r o t e i n  to  the  l a t t e r  sys tem r e s t o r e s  the  

adhesive c a p a c i t y  o f  th e  p l a t e l e t s  to  c o l l a g e n

(Schmid,  1975).

o t  t h r o n t b o - i  mhol ic p h e n o m e n a  i n  ca nc e r  p a t i e n t s .  

F u r t h e r  e v i de n c e  t h a t  a l p h a  a c i d  g l y c o p r o t e i n

may be inv o lv ed  in  the  c o a g u l a t i o n  p r o ce ss  comes

/ T h i s . . .



Tor .ip.I iii .il ii i n h ib i t i .  t he  fiponUincous 

c lumping ot p l a t e l e t s  m d  t h i s  i n h i b i t i o n  too  can 

be r e v e r s e d  by the  a d d i t i o n  o f  a l p h a  a c i d  g ly c op v o tc  

( i mmons e l  a 1. , 1%'i and N ie w la r o v sk i  e t  a l . , 1975) .

The r o l e  o f  p l a t e l e t s  in  m e t a s t a s i s  i s  

not  c l e a r  but i t  ap pe a r s  that,  low p l a t e l e t  

l e v e l s  a r e  a s s o c i a t e d  w i t h  a lower  

in c id e n c e  o f  m e t a s t a s i s  tha n  h i g h e r  p l a t e l e t  

l e v e l s .  The r e l a t i o n s h i p  between m e t a s t a s i s  and 

c o a g u l a t i o n  has been d i s c u s s e d  e l se w h e re  in  t h i s  

t h e s i s  ( 1 . 2 2 ) .

I he r e s u l t s  which have been o b t a i n e d  in  t h i s  s t u d y  

i n d n . i t e  t h a t  a d d i t i o n  of a l p h a  a c i d  g l y c o p r o t e i n  

• lasma may r e s u l t  in  a s h o r t e n i n g  of  the  PTT

s a s h i f t  towards  h y p e r c o a g u l a b i l i t y .  The 

p; has no e f f e c t  on th e  e x t r i n s i c  pathway

ired by p r o th rom bin  inde x)  > and a p p e a r 1 

c t  the  I n t r i n s i c  pathway on ly  • Al so  a l p h a -  

a v i d  g l y c o p r o t e i n  i s  t b i t  t o  n e u t r a l i s e  the  a n t i ­

c o a g u l a n t  a c t i v i t y  o f  h e p a r i n .  The p r o - c o a g u l a n t  

a c t i v i t y  a p p e a r s  to  d i s a p p e a r  on s t o r a g e .  The 

exac t  mechanism whereby a l p h a  g l y c o p r o t e i n  e x e r t s  

th e s e  e l f  v e t s  i s  not  c l e a r .  11 may a c t  d i r e c t l y  on 

t h e  c o a g u l a t i o n  c a s c a d e , o r  v i a  , ; t s .
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IHK l.l'l'HC 1' OK A I , P U \  ACID I’.t.YCOl'KOTIi:IN ON I.VMPHOCYTE FUNCTION 

The e f f e c t  o f  a 1 ph.i a c i d  g l y c o p r o t e i n  on th e  a b i l i t y  of  

Lymphocyte# to  undergo  PHA - Induced b l a s t  t r a n s f o r m a t i o n  i s  

shown in  F ig u re  28.  It may be seen  t h a t  w i t h  i n c r e a s i n g  

c o n c e n t r a t i o n  of  a l p h a  a c i d  g l y c o p r o t e i n  t h e r e  i s  a d e c r e a s e  

in th e  a b i l i t y  of t h e  lymphocytes  to  undergo  t r a n s f o r m a t i o n .  

Th i s  a f f e c t  was a p p a r e n t  in  bo th  the  g r o s s  u p ta ke  o f  

thymid ine  a c i d  a l s o  on the  s t i m u l a t i o n  index  which was 

d e f i n e d  a s :

S t i m u l a t i o n  index ~ CPM of  PHA - s t i m u l a t e d  c e l l s  
CPM of  u n s t i m u l a t e d  c e l l s

The e f f e c t  was no te d  w i th  a l l  of  the  p r e p a r a t i o n s  t o  some

d e g r e e , however t h i s  e f f e c t  was most marked in a l p h a  a c id

g l y c o p r o t e i n  p r e p a r a t i o n s  f rom p a t i e n t s  w i th  tumours.

F ig u re  29 shows th e  e f f e c t  ' a l p h a  a c i d  g l y c o p r o t e i n

p r e p a r a t i o n s  f .om v a r i o u s  i n d i v i d u a l s , on the  PHA induced

b l a s t  t r a n s f o r m a t i o n  of  lymphocy tes . 11 can be seen  t h a t

9 of  14 p r e p a r a t i o n s  11 om p a t i e n t s  w i t h  Hodgkins lymphoma,

d e p r e s s e d  blast transformation by greater than 807. ( a r b i t r a r i l y

chosen v a l u e ) . Of p r e p a r a t i o n s  from trauma p a t i e n t s  on ly

2 of 14 d e p r e s s e d  t r a n s f o r m a t i o n  by 807. and o f  normal

i n d i v i d u a l s  now d e p r e s s e d  I he t r a n s f o r m a t i o n  by 80%. These

r e s u l t s  we t ' e v a l u a t e d  s t a t i s t i c a l l y  u s i n g  a Kruskal  W a l l i s

non p a r a m e t r i c  a n a l y s i s  and were hown to  be s t a t i s t i c a l l y

. s i g n i f i c a n t  (P < . 0 4 ) .  rhe - roup m- in l ot the  Hodgkins

lymphoma p a t i e n t s  was shown t o  bi s i g n i f i c a n t l y  h i g h e r  than

the  means o f  the  o t h e r  2 g r oups  (P<  . 0 5 ) .
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FIGURE 28

THE ICl l'KCI- OF INCREASING SKROMUCOID CONCENl'Ri\ 1'ION.. ON H1.AST TRANSFORMATION

u o u s u i - ) | s u e J i  t s e iq  ^
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FIGURE 29
THE INHIBIT TO!-' O F  P I LA- I NU I D  B U S T  TRANSFORMATI ON BY s|.!:n '<',ro  ID FROM P A T I E N T S  WITH ' A K I O l ' S  C 0 N D I 1 1 0 N S ,
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l ) i . S f l l:.H i o n

The i b i l i t y  of aIph.i  a c id  g l y c o p r o t e i n  t o  i n h i b i t  

PHA induced  b l a s t  t r a n s f o r m a t i o n  i s  of  i n t e r e s t  in  

t h a t  d e p r e s s e d  lymphocyte f u n c t i o n  and d e p r e s s e d  

ii miunity a r t  f e a t u r e s  ,«f advanced m a l i g n a n t  d i s e a s e .

The mechanism . /hereby t lp h i  a c i d  g l y c o p r o t e i n  e x e r t s  

t hi fI vet i s  not  a s  yet c l e a r .  I t  may bind  to  the  

lyriphocyti  sui l ice and p revent  the  approa ch  of  the  

l e c t i n  >r i t  may b ind  w i th  t h e  l e c t i n .  O the r  au t r ior s  

have su g g e s te d  an immuno-regu1 a t o r y  f u n c t i o n  f o r  

i a l " ; l y c o p r o t e i u  I (Apt Cel and P e t e r s , 19/0;  Codington 

1973).  i he b i n d i n g  of a h i g h l y  charged  molecu le  

such IS a l pha  a c i d  - l y c o p r o l . i n  t o  a lymphocyte might  

in t .  r l \  i '  w i th  i t s  approach to  a I <r t c e l l  e i t h e r  

s t e r i c a 1ly  or  c o u l o m b i c a l l y .  Removal of  such 

p r o t e i n  would be e x p e c t ed  to  r e s u l t  in  an i n c r e a s e d  

immu’u  r c s p  inse .  I lii:, has  been no ted w i t h  neu ra m in id a se  

t r e a t e d  c e l l  ( S linvion s and R i o s ,  1971) and lymphocytes  

( H a n , 1975).  Tin p res en t  oI a n t i g e n i c  m a t e r i a l  in the  - 

p r e p a r a t i o n  i- o f  in t e r es t :  i n  view of  the  p o s s i b i l i t y  of  

s p e c i f i c  b l oc k in g  a|  lymphocyte r e c e p t o r  s i t e s  by 

such m a t e r i a l . I t  a p p e a r s  t h a t  a l ph a  a c i d  g l y c o p r o t e i n  

i s  a b l e  t o  i n t e r f e r e  wi th  macrophage f u n c t i o n  as wel l  

(van Os , e l  a l .  , 197' .) .  Th er e  a r e  many 

sub s t an ce -  in  the  c i r c u l  l i o n  which can 

i n t e r f e r e  wi th  lymphocyte f u n c t i o n  and t h e i r  e l e v a t i o n  

may p o s s i b l y  exp I i n  the  d e p r e s s e d  immunity seen  in 

p a t i e n t s  w i th  c a n c e r .  The r o l e  of  a l p h a  a c i d  

g l y c o p r o l t i n  in  lymphocyte f u n c t i o n  needs  t o  be

/ e v a l u a t e d . .
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ihe a b i l i t y  of a l p h a  a c i d  g ly c o p r o te in  t o  in h i b i t  

PH/\ induced  b i a s !  t r a n i  forma Lion i s  of  i n t e r e s t  in  

t h a t  d e p r e s s e d  lymphocyte fu n ct io n  and dwpressed  

immunity ar .  f e a t u r e s  of advanced malignant d i s e a s e .

The mechanism whereby a l p h a  a c i d  g l y c o p r o t e i n  e x e r t s  

t h l  II eel i s  not as yet c l e a r .  I t  may bind  to  the  

lymphocyte s u r f a c e  and p r e v e n t  the  appro ach  o f  t h e  

l e c t i n  or i t  may b ind  w i th  t in l e c t i n .  O ther  a u t h o r s  

have u y g c s te d  an immu no- reg u la to ry  f u n c t i o n  t o r  

i a l o g l y c o p r o t e i n s  (Apt t e l  and P e t e r s ,  1970; Cod ing ton  

197'-) . The b i n d i n g  of a h i g h l y  ch a rg ed  molecule  

such as  a l pha  a c i d  g l y c o p r o t e i n  to  a lymphocyte might 

i n t e r  la. i - w i th  i t s  ipproach to  a t a r g e t  c e l l  e i t h e r  

s t e r i c a l l y  or  c o u l o m b i c a l l y .  Removal of  such 

p r o t e i n  would be ex pe c t ed  to  r e s u l t  in  an i n c r e a s e d  

immune r e s p o n s e . I b i s  has been no te d  w i t h  neuram in Idas,  

t r e a t e d  c e l l s  (Simmons and R i o s , 1971) and lymphocytes 

( H a n , 1975) .  The p r esen t  < ol a n t i g e n i c  m a t e r i a l  in the  - 

p r e p a r a t i o n s  i o f  i n t e r e s t  in view of  the p o s s i b i l i t y  ol 

spec i f it b lo c k in g  ol lymphocyte r e c e p t o r  s i t e s  by 

such m a t e r i a l . I t  ap p e a r s  th a t  a l p h a  a c i d  g l y c o p r o t e i n  

is a b l e  t ■ I n t e r f e r e  wi t  macrophage f u n c t i o n  as  wel l  

(van Oss e t  a 1.  , 1974) .  Th er e  a r e  many 

su b s t a n c e  in  th e  c i r c u l a t i o n  which can 

i n t e r f e r e  w i t h  lymphocyte f u n c t i o n  and t h e i r  e l e v a t i o n  

may po s i b l y  e x p l a i n  the  d e p r e s s e d  immunity seen  in 

p a t i e n t s  wi th  c a n c e r .  The r o l e  o f  a l p h a  a c i d  

g l y c o p r o t e i n  in  lymphocyte f u n c t i o n  needs  t o  be

/ e v a l u a t e d . .



e v a l u a t e d  u s i n g  Cor exampli  mixed lymphocyte c u l t u r e  

an , xper imv.xtal  mode l .  U  would a l s o  be more 

mean ingf u l  t o  i n v e s t i g a t e  t h e  e f f e c t  of  t h i s  p r o t e i n  

in v ivo  on I urn ur  g ro w th ,  lymphocyte f u n c t i o n  and 

t h e  c o a g u l a t i o n  c a s c a d e .
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J . b . I Mea s u r e m e n t  o f  b e t a ., m l c r o g ! o b u  1 In

f i , u r .  10 shows the  c a l i b r a t i o n  cu rve  used f o r  the  

d e t e r m i n a t i o n  of b e t a , microt  Iobu1 i n .  P o i n t s  X,Y 

and Z den i a  i t i n  b e t a  , mivt og lohu l  in a c t i v i t y  ol 

j  p r e p a r a t i o n s  of a l p h a  a c i d  g l y c o p r o t e i n ,  ranging  

from 3-10  pg /ml .  Vhe samples  used f o r  t h i s  had 

been p a s s e d  t h ro ug h  a Sephadex G200 column and 

i In h igh  m o le c u l a r  we ig h t  f r a c t i o n s  on ly  were 

r e t a i n e d .  Th is  would i n d i c a t e  t h a t  th e  be' 

m i c r o g l o b u l i n  p r e s e n t  in  the  e x t r a c t  was bound 

as i h i gh  m o le c u l a r  we igh t  complex p o s s i b l y  HLA 

a n t i g e n s .

3 . b ,2 Measurement of HLA a c t i v i t y

T a b i c  '7 s h o w s  the  s t  . e ,  t h  o f  t h e  p o l y s p e c i f i c  a n t i

s e r u m  u s e d  i n  t h i s  w o r k . 11 I .

T a b U  8 d e t a i l s  t h e  n  s u i t s  o l  t h e  n h l b i t i o n  o f  

p o l y s p e c i f i e  a n t i  H1A Using  a l p h a  a c i d  g l y c o p r o t e i n  

p r e p a r a t i o n s  f r o m  two p a t i e n t s .  T a r g e t  c e l l s  w e r e  

O b t a i n e d  f r o m  t h e  i n d i v i d u a l  f r o m  whom t h e  e x t r a c t  

h a d  b e e n  p r e p a r e d .

/ T a b l e  2 7 .
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TABLK 27

1 I 5 i POLYSPECIFTC ANTI I1A SERUM

D i l u t i o n Mean of  CPM \ R e l ea se

1 4974 98

1/2 10081 100

1/4 9363 90

1/8 9043 85

1/1" 9266 88

1/32 6069 44

Complement Te.“ C 2879

T. t a l  Re le ase 10063

Tit  re. clluri 1 .IS 1/12

TABLE 28

% ’ 1Cr r e l e a s e

Sample I Sample 11

PSS i 10 |i ant i ten 38 51

PSS t 26 pi  ant  ;en 34 64

t-SS t J  p i  an t  i p  i 34 64

PSS + lOOpl a n t i g e n 27 73

PSS t 200pJ a n t i g e n 31 62

PSS 27 67

a l p h a  cUi g l y c o p r o t e i n  was r e i  o a t l t u t i d  in  s a l i n e  to  

a c o n c e n t r a t i o n  of  10 ty /n . l .
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ll  can he se en  tha t  a l p h a  a c i d  g l y c o p r o t e i n  

showed no i n h i b i t o r y  a c t i v i t y  a g a i n s t  HSS.

$ . 6 .3  I ' s c u sa io n

the demonst r i t  i m >i b lood group a n t i g e n s  prompted 

i s. a rc  It i  or . t hu r  c e l l  s u r f a c e  a n t i g e n s ,  i . e .

HIA. I t  was p o s s i b l e  t o  d e m o n s t r a t e  th e  presence 

ol bet .I . mil 1 obu 1 in in the  r c h l o r t c  a c id  

, i r.t t of serum.  The e x t r a c t  was p as sed  through 

,i Sephadex i ; 2 0 0  column p r i o r  t o  th e  d e t e r m i n a t i o n s .

Be t a 2 m i c r o g l o b u l i n  a c t i v i t y  was loc • in a h igh  

mo le cu la r  weight  f r a  l i o n  which e l u t  ! n  the 

m o le cu la r  weigh t  r ange 4 0000 -  SOOOOd. Thus the  

• u i c  was a p p a r e n t l y  p a r t  of  .. r g e r  complex 

pt 1 sumably 111. . However nv..,erons i n h i b i t i o n  

t e s t s  f a i l e d  1 ■ d e m o n s t r a t e  any HIA an tigen  a c t i v i t y .  Th i s  

1 , not  s u r p r i s i n i n  view of the low pH used to  

i s o l a t e  the  p r o t e i n .

RAJ) IA I. IM M U M O D im iS lO N  O f  M R i l  ' 0  OVARIAN CYST 

B1.0(Hi C R O I 'r  SHBST/iNCl:

Ra dia l  immunodi f fusion was pe rfo rmed  on h i g h l y  p u r i f i e d  

b lood  group subs t am . d e r i v e d  Ir.nn o v a r i a n  c y s t  f l u i d  (a 

g i f  from Dr. W W a t k i n s ) .  I’l g u r a  31 shows the  p a t t e r n  

o b t a i n e d  aga in- . t  a n t i  a 1 pha -a t  i d ' g l y c o p r o t e i n . I t  can be 

seen  t h a t  1 s i r o n  p r e c i p i t i n  l i n e  i s  formed.

3 7.1 Disc uss ion

A n a l y s i s  of pure b lood g roup s u b s t a n c e  which was 

e s s e n t i a l l y  f r e e  of  o t h e r  c o n t a m i n a t i n g  p r o t e i n s  

(Walkin '  1972) showed a s t r o n g  p r e c i p i t i n  r e a c t i o n

/ w i t h . . .
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wiil i  i n t i  alpha a c i d  g l y c o p r o t e i n .  Th i s  p ro v id es  

Curi.her ev i denc .  I o r  t h e  r e l a t i o n s h i p  between s o l u b l e  

blood group a n t i g e n s  and a l p h a  a c i d  g l y c o p r o t e i n .
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FIGURE 31

REACTIVITY OF PUR 1FILT) Bt.OOP GROUP GLYCOPROTEIN AGAINfT 

ANTI ACIO GLYCOPROTEIN

o

° -  y



163.

4 .  CONCLUSIONS

A paper  r e p o r t i n g  serum l i p o p r o t e i n  a p o p r o t e i n s  a s  major  p r o t e i n  

c o n s t i t u t u e n t s  o f  th e  r ed c o l l  membran- has a r o u s e d  c o n s i d e r a b l e  

i n t e r e s t  (Langdon , 1974).  Ill c o n c l u s i o n s  were s u b s e q u e n t l y  

shown I i bt c roneuus  (Creen ,  j j . - « 1973; Carey e t  a l ■ , 1 9 / 5 ) .

Thus t h i s  q u e s t i o n  remains an open o n e . Th is  t h e s i s  i s  co nc e rn ed  

w i t h  i d e n t i f y i n g  p o s s i b l e  membrane components in  human serum 

and s t u d y i n g  th e  e f f e c t  . o f  such components on t h e  immune sys t em 

and c o a g u l a t i o n  c a s c a d e .

The f i n d i n g  of  b lood  group a n t i g e n i c i t y  in  g l y c o p r o t e i n  

p r e p a r a t i o n s  from serum i s  s u g g e s t i v e  e v i de n c e  o f  t h e i r  membrane 

o r i g i n .  Of i n i c r ,  i i s  t h e  f i n d i n g  o f  P, I ,  i , T and Tja  a n t i g e n s  

in  t h e  serin,i if p a t i e n t s  w i t h  c a n c e r .  I have been u n ab le  t o  f . n d  

r e p o r t s  in  th e  l i t e r a t u r e  o f  I ,  T ja  and f a n t i g e n s  p r e s e n t  in  a 

s o l u b l e  form in serum but  th e  1 a n t i g e n  has been r e p o r t e d  in  human 

mi l k  and s a l i v a  (Marsh e t  a l . ,  1970).  The p r es e n ce  of T ja  may 

w e l l  be a c l i n i c a l l y  us. fu l  mark, r o f  ma l ignancy  and i t s  u s e f u l n e s s  

in  t h i s  r e s p e c t  needs  to  be f u l l y  e v a l u a t e d ,  f rom t h i s  work i t  

a p p e a r s  t h a t  otos .mmcoid o r  a l ph a  a c i d  g l y c o p r o t e i n  ap p e a r s  to  be 

a f a m i ly  ol mol ecu 1 v ■ ii imi lur  m ol e c u l a r  weight  but d i l  l u t i n g  in 

th e  c a r b o h y d r a t e  s u p e r s t r u c t u r e  as ev i de nc ed  by t h e  d i f f e r e n t  b lood 

g roup  a n t i g e n s  p r e s e n t  in th e  prepur  . c io n s ,  fht p o s s i b i l i t y  tha t  

l i p i d  p r ese n t  as  a con t am in an t  in  t h e s e  p r e p a r a t i o n s  canno t  be 

o v e r lo o k e d ,  a s  i t  has been s ug g e s t ed  t h a t  P and P^ a n t i g e n s  a r e  

g l y c o l i p l d  (Naiki  & Marcus , 1974) .  L ip id  cou ld  n o t  be d e t e c t e d  

in  t h i s  s tudy  but  t h i s  q u e s t i o n  r e q u i r e s  to  be f u r t h e r  e v a l u a t e d  

u s i n g  e x h a u s t i v e  or  n lc  s o l v e n t  e x t r a c t i o n s .  I he c o n t r i b u t i o n  

of  t h e  l i v e r  to  t h e  s y n t h e s i s  of t h e s e  g l y c o p r o t e i n s  canno t  be 

ex c lu d e d  but i t  seems pr ib le  t h a t  a t  l e a s t  pa r t  of the  r i s e
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i n  a 1 pha-j>Lobu 1 in s  i s  due t o  c o n t r i b u t i o n  from so u r ce s  o t h e r  

than  th e  l i v e :  p o s s i b l y  by she dd ing  from tumour c e l l s  o r  turnout 

c e l l  deb t  i ■ from c i t h e r  n e c r o s i s  or  immune d e s t r u c t i o n  oi the  

tumour c e l l s . The s. mol ec u l es  would be ve ry  s i m i l a r  to  CI'.A.

However , d e s p i t e  t h i s , ou r  p r e p a r a t i o n s  

which were e l e c  t r o p h o r i  l  i c a l l y  homogenous on P A i . i .  and 

imm unoe lcc t rophores i  , were ah e to  i n h i b i t  b lood group a n t i s e r a ,  

t h e  p o s s i b i l i t y  t h a t  gly< opr ' t o i n s  shed from tumour c e l l s  migh t  

in.  r f e r e  w i t h  lymphocyti f u n c t i o n  i s  of c l i n i c a l  im por tance .  

A c c o r d i n g ly  the  o b s e r v a t i o n  t h a t  a l p h a  a c i d  g l y c o p r o t e i n  

p r e p a r a t i o n s  can p re v e n t  PHA-induced lymphocyte b l a s t o g e n e s i s  i s  

of  i n t e r e s t ,  t he  au th or  i s  aware t h a t  the  c o n c l u s i o n s  drawn from 

PHA-induced b l a s t o g e n e s i s  have o n l y  s l i g h t  b e a r i n g  on t h e  in  v i v o 

s i t u a t i o n  in  man. In t h i s  r e sp e c t  i t  i s  no te wor thy  t h a t  

c o n d i t i o n s  which a n  a s s o c i a t e d  wi th  e l e v a t e d  l e v e l s  o f  a l p h a  ac id  

g l y c o p r v l v l  I . ire |1: . a s s o c i a t e d  wi t h  a d e p r e s s e d  immunity.

(Const a n t i a n  e t  a l . ,  1977).

E l e v a te d  l e v e l s  of  A band and 11 band a r e  of c l i n i c a l  r e l e v a n c e  

bo th  in  tumour d i a g n o s i s  and in e a r l y  d e t e c t i o n  of  r e j e c t i o n  in  

a l l o g r a f t  r e c i p i e n t s .

A1 a a c i d  g l y c o p r o t e i n  i s  known t o  be a s s o c i a t e d  wi th  the  p l a t e l e t  

membrane (Schmid,  1 9 / 0 .  T h is  f a c t ,  t o g e t h e r  wi th  the  d l l t e r e n c e s  

between our  p r o t e i n  p r e p a r a t i o n s  from scrum and th o se  f rom plasma 

and t h e  h igh  i n c i d e n t ,  i f  d i s s e m i n a t e d  i n t r a v u s c u l a r  c o a g u l a t i o n  

in  p a t i e n t s  w i th  c a n c e r , s u g g e s t  t h a t  a l p h a  a d d  g l y c o p r o t e i n  might

/ p a r t i c i p a t e , . .



p a r t i c i p a t e  in  c o a g u l a t i o n  in some way. The d e m o n s t r a t i o n  t h a t  

e l e v a t e d  a l p h a  a c i d  ; l y c o p r o l i i n s  shot  t e n  the  PIT i s  of impor tance  

in  t h i s  r e s p e c t  as i t  would be a t  l e a s t  a p a r t i a l  e x p l a n a t i o n  

of  t c I n c id e n c e  o f  thrombo-embo 1 ic-pl ienomena in  ca nce r  p a t i e n t s .

I t  i s  ' town t h a t  c o n d i t i o n s  n  which a l p h a  a c i d  g l y c o p r o t e i n  

i s  e ' e v a t e d  a r e  a s s o c i a t e d  w i th  i n t r a v a s c u l a r  c o a g u l a t i o n  d i s o r d e r s .  

The mechanism whereby t h e s e  g l y c o p r o t e i n s  e x e r t  t h e s e  e f f e c t s  a re  

no t  a s  ye t  c l e a r .  Charge may p la y  a r o l e  of  a n t i g e n i c  c o m p e t i t i o n  

f o r  th e  lymphocyte r e c e p t o r s  or  « co m b in a t io n  of  bo th .  ( V o o r t l n g ,  

Hawking,  and Mi c h ae l ,  19 77) .  The i; v ivo  e f f e c t s  oi e l e v a t e d  

l e v e l s  of  t h i s  p r o t e i n  r e q u i r e  s tu d y .
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hig h  m um I h g tm  liiHuiv i.iiv (JM v . m i ln . v ,, j i i m ) ' .  rvUuvcU hv im pnivvU  iv th iiK jin s  
«n MfiisiriKlKiii u l .1 sWhUarU 4 (. t in  .m v n u v in m ix  una>h*mi»Mf« unU ftxtigm iitM i til (he 
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vxiv nx iv v  ilih m ilk ijtlv l’H ^ l r**m p iv tu -n s  m lliikviiuiix  ih(iivi«*iis iv |x ii l iv e  IiIimhI x.m iplm g
•iml |>ioi«'ii' st  .....   >?.. U-. uviv ihv hum iiii|hhi.mii p«Vi!ix|kixmg i.uiHx l<n (.nlurv m
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I ' resv iisi l isd ioii  io tr a i isp lania lkni  "  en  » • m a | . i « a u  * . I  m  v l i f a u t l  n r n  rev v is ib le
early •teutv rejvt ion o l  rena l nilogtnfix 11 m n o la l  t idem  , ol  pi'VsVnsHl/UlhMi m a \  
d i sa p p e a r  with l ime a n d  many pan  '• ih di  , m l ' i  nilihotl ie* do  * ell a He* 
i i a n sp la n la li o n  * I he  inieiplax heiw v* »el'  o a n d  hui i io ia l  im m um ix  l o m p l n a i e s  the 
p t i l n r e  e*en  Iurlhvi I h o  is a <ud\ 1 <4 p a ii eu K  pn lged  to K  at  high risk lo* g ia l t
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11 â Au. IMhhrf ini himir- 1

H U H



74

S o m e  V« Ihvxv h u v v  h v v n  ' . t u r n a  u# hv  v l o u i v i l  mi I V . I ll i ru i t sv U iH  |MUvniN I h v s v  i m i m J v  
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O n ly  Itt, o f the MV dev. loped a povinve I M l hefore tranvplaiiianon. M l loll 1* .  o f  the 
hahiHinv im m iim ved w iih  /)  S/. d eve lop ed  annhiolicv h efm e iranvphm ialvm  n o .
ttmvivicnilv m ihc l> S p  ♦ I v i-roup H and I vpedfK iliev w e i f  analvsed 01 on ly l i v e . 11 I he 
annuals (I I Sp  t  I V i In all live a tiiv ily  was sirong agam si B md I cell p ieparano'
I ton /a t. .o n  Sifnnlit'anl enh an tvinen i o f  hnhoon over alloy rail u i.iv a l was ich ieved  hv 
a tiiv e  tmm untvaiioii w n h non spleen .e l ls  . r httnt ntirrow  (I i.itiion v rwh in la like 
deicr ninamiv I h - t  * a  a 1 e v id cm e  o f superior e lfi u  v o f  Iheve bone n w n ow  f n t l u  n . 
ovei spleen t . Us and no r n ien te  lhai enh o n e m en l in Ihis m odel was ih e properly solely  
o f  a ' iht d ies w ih la like s -v. ifitiu es

H t H K t  V  KN
1 M sh u i h 1 \  a n d h n it  I A I ransplan'alion I'O.’ M . .'7
2 ( la i lla id . X I N m il.l  \  M y h u if  ,v am i h 11/ 1  S  I p  J  Su rr  l»H>. M  76

A STli)\ f)h SKRl M fil Y( OPROIK.INS IN M\l II.NAM Y AND 
THE IR POSSIBLE. INI I I > N< I ON I HE IMMUNE 

MNOM OE III! DOS I
I )  )  k l . i l / o w  .im l I .  A  M v h u r g h  M N l I n iw r s t i v i  i> for Ht u a n h  in  

( )r ^ a n  Trunxpkm iM ii pax*! ■ m  . r Su r^t t v, V n iv c r a tv  of ihv  W i i h u u  r \ra n J

l l  in w e ll k n o w n  lh a i  % erun’ glyx«n <>n n . a re  vlcv,«ic<i m  > i l ig n a n i  \ 1 I Id sC -ire  th e  
a c u t e  p h a s e  re a c ta m  a n d  a r c  th o u g h t  to  hv  s y n th e s is e d  in  th e  l iv e r  a s  a  g c n c .a l  r e a c t io n  i< 
n o n  NfH. d ie  iiin u Iis  s u c h  a s  t r a u m a  in f e c t io n  a n d  a u t i> - im m u n e  d i s e a s e  H o w e v e r ,  r e te n t  
i n f o r m a t io n  c a s ts  s o m e  d o u b t  o n  th e  s t a t e m e n t  th a t  iK  l iv e r  is  th e  s o le  s o u r c e  o f  t h e  a c u te  

p h a s e  r e a c ta n ts
In  th f -  s iu d v . a i c id  g ly c o p r o te in  h a s  b e e n  tn v e  l ig a te d  in  o r d e r  to  s h e d  s o m e  l .g h t  o n  its 

o n g m  a n d  f u n c t io n  P r e v io u s  w o r k e rs  h a v e  s h o w n  th a t  th e r e  is a  f a c to r  in  h o s t  h h io d  s e r u m  
which c o r r e la te d  w ith  a b n o r m a l  e le v a t io n  o f  s e r u m  b o u n d  i a ln  a c id  Ax «. a d d  
g ly c o p r o te in  is  a  m a jo r  c o n t r d  ut< r to  t h e  s e r u m  h o u n d  via Ik  a c id  w e  h a v e  in v e s t ig a te d  its 
effect o n  th e  PM A M ast t r a n s f o r m a t io n  o i  h u m a n  h  m p h o c  y te

M u u n a l s  a n d  M t ih a d *  X P c rc h lo fK  ic id  1.4M) w.i u s e d  n> s o lu b il is e  g ly c o p r o te in s  
f r o m  s e r u m  ( b o th  n o r m a l  a n d  A b n o r m a l)  P e rv h lo n c  a c u t  p r e c ip i ta t e s  in *st p r o te in s ,  
le a v in g  m a in ly  g ly v o p ro te m s  t e s p e c ia lly  n  a c id  g ly c o p r o te in )  in  s o lu t io n  I h i-  p e r c h  lo r n  
a n d  CAtract a f te r  ev  te n s iv e  d ia ly s is  a n d  c o n e  c u t  r a t  io n  w .is  a d d e d  to  ly m p h o c y te s  in 
m e i r a v in g  c o n c e n t r a t i o n s  I h e  re s  p u n  e  o f  ' h e r  ly m p h o c y te s  in  PM A w .is  th e n  rn c a s u rv d  
h v  t n t ia l e d  t h y m id in e  u p ta k e  ( I  v m p h  y te s  w e re  p r e p a r e d  o n  a  P iv o l l - H y p a q u v  
g r a d ie n t )  R P e rc h lo r ic  a c id  w a s  u s e d  to  s o lu b il i  e g ly c o p r o t e in s  f r o m  a  v a r ie ty  " f  n o t  m a t 
a n d  n c o p la s tK  t is s u e s  T h e s e  e x tra c ts  w e r e  c o m p a r e d  u s in g  p o ly v ry la m id c  g e l e le c t r o  
p h o re s is  f !ie g e ls  w e re  s ta n  d  I t p r o t e in  w ith  C o o n i  is s ie  l l iu c  a n d  f*»r g ly c o p r o te in s  

u s in g  p e r io d ic  a c id  S i h i f f  s ta in  P A S )
R e s u l t*  I h e  t a b l e  s h o w s  th e  e f f e c t s  o f  in .  re a v in g  c o n c e n t r a t i o n s  o f  t h e  p c r th ln r K  a c i  I 

extract o f  s e r u m  o n  PM A b ia s ' *> is

'\rntj tinL*** ■ I "W< Auwyfr I M ’*■' ' $<gh'*hv W?
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Protein com cn lru lion  
l»g/ ml

I uptm m cm  Nt» i 
! x p enn ien i N o  2 
I tpcrm ien t N o  3

I t . m he seen  that PHA Maxi ir.m 'iorm atitm  k  m hihilcU tn *1 ^ extfavt 
I k e  figu iv  shm x th v  ih tferv im  b e tw e e n  i u  p e r c h lo n v  .< id  c x n a v i  o f norm al kalnev  

.mil hyperneplirom«« Sirtkwi: Ui(f«renvex v.«i be s e e n  D iffe n m  on P i s  xiainm g van 
a lso he seen

V n m n k  n  *n InJn  v f fo r  P H  I b lu \i, g . w u  t

0 1 10 SO loo 1 ooo 2 500

70 52 41 42 30 to
Ml 32 21 34 17 31 5
60 4o 21 20 3 35

C
■■I

MM 1C 20 30 40 50 601
W e have cxira<teti an.I ^ I w o p M te i . i  f r o m  « .s m  other t h a n  l iv e r  and *< have ex tlu d cd

th e  |» ss ih ility  that rht is m vrvk vo tan nation by turn wtlhm  th v  tis ue pave
W e co n  l u d r  i h e r d  o r e  t l .u  tv t.l . < i-- n \  j  t o m  -it o f  si \  e ta  I norm al t issm

invludm g kidney and sp leen  I ii > u H -v v llu ia r h i  a n o n  ts  spevulated to U  the te l l  
m em h i.tn - It seem s as h o i i j  h th is  p  aetn i t  so m e  v lfcct in depressing the im m une
system  in patients with earner

HI H Kl M rS
1 Shell., re t al P n *  S>* ! \ r  /■„./ M J  HM l(i V#"1'
2 W a ik in s e ie l  In i  /  < t w e r  14:799 IV t

SVTl Rl OK C ()l OM( UOl M)S IN I HK RABBIT -  
AN Y XPKRIMF NTAI, S I I l>V

J l  H obbs It Anpori. D epurtm vn t o t Su rg erv ,
S a u i l i  n n .  r \ H \  M iuIh u I S i h o o l

I he in flu en ce o f different sir . m aterials >n tohm K  healnn  h is been widely 
d ocu m en ted  I his study was undertaken m an am  mpt to e x a m in e  the breaktnp sircnglh of 
in "sed c o lo n k  w ounds with four currently ava ilab le  suture m aterials in the sam e anim al
and to correlate these results w ith  I i t. I n al ch an ges in t h e «o lo n u  w II

I our full Ihkknes* trar:>scrsr im i d rounds 2  ̂im in length and 1 < cm  apart were 
m a d e  in series along the length I the isteridm p colon s o f each  o f  |v  adult r. ts 1 he 
w o u n d s  were sutured sith ehr.mik* - tigul. p ylgl.u t.n V |n (solspiopyleM v and oik N u k  
anim als were sacrificed at five * Vicr w on idm g and two groups of five m tu  ils cm.  h at 
14 and 21 days after wounding  

Breaking strength of the suture line was hum>uied h> d eterm in ing thv h ieaking strain 
follow ing a constant rate o f increase in ten sion  across the suture hn Set lions from  the
same w ounds were taken l r htstoi .eical evalu ation  

Silk w as f o u n d  to  result in a signific.inily si . tiger wound w h en  tested five day alter 
stitu <* N o  diff.'rence w a s  ap p aicu t when »t m p ir i o n  was m ade at 14 da vs after operation  
21 ilav> a f te r  operation, w ounds sutured with absorbable m aterial •.eernrd to he w e a k e r  
that those in which non absorb.,hh sutures had been used N o  d efin ite  com rtation »ould  
Ik* dcm  nstrated between the h ie a k in g  strength o f the suture line and the degree of acute 
iiiflam matoiN or fibrous t i s s u e  react* i1 provoked  by the suture material.

>n##4 1/.K #*/.•!#" < 'i \ i I ./ Ii • ■ Stf N. "•*?
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Srtniulu.ift indu\t for t'HA b/uuô t m‘\t\
P rotein  concentration  
b g /m l 0 1 10 M> 100 1 000 2 500

item  N o  i 70 52 41 42 30 to
1 x per m ien t N o W» 32 21 34 17 u 5
1 xpenm cnt N o  < 4u 15 21 20 3 \ 35

l i . in he hecii that INI A N asi ir4'ui«iimalii>n ts m h ib iia l h> ih is tx tr u ii  
1 he flgurv show iIn J ilfc iv iK t lu tw vvn the pvixhlvfik i-id  CMfiUi of norm al kidnev  

and hypcrncphrom .i S u lk in g  difference^ can  In- >een O iflcrcn ci'. o n  HAS siam ing van 
aIxo h e  seen

MM 10 20 30 40 50 60
\k  c  h a v e  e x i r a t  le d  . u n i  g lv v o p r o i t  f r o m  n  u» o il ie r  l h a n  liv e r a n d  w v h a v e  e x t lu d c d  

I h r  p o x x io d ity  lhal th is  is m e re ly  t o n  Ia n  n a t io n  h> s c tu n i  w i th in  t h e  li> ne p a v e
W e von. h ide there I ore lh a l  avnJ |i t \ tu | m te m  i< .• vom p o -m t •*! x e .e r a l  n o r m a l  iixmk 

including kidney and spleen I h • nh-vcllul.ii location is pcvulaied u* he ihe ce ll 
m em brane It xecrnx a \  h o u g h  th i s  p m i c i n  niav h a v e  so m e  e f f e c t  m  d c p re x x in g  th e  im m une  
sysiem  in p;n ien i\ with cam  er

Mi H Ml \< i s
I S . etlar el al /Vo> Si* /  \ / r / - /  HH lo  l^^s
)  W a t k i n s  e l  al I n i  I  < , o i  . '  1 4 : 7 9 9  l ‘> 4

Si l l Ri OF <OLOMi MOUNDS IN I MF RAHBST -  
AN F:\PFRIMF.NTAL SI I'DV

J (  K o h h s  H A n g o r n  i h  fh ir tr tt .  w  •>/ \ u n n  n ,

\  ill lit I Mil- r u n  W lllll ill S i hi Mil

I h e  in fluence v l d iffere d xu v m aterials on colon ic h t.ili i has been widely  
d o c u m e n te d  I h is  study was undertaker n an etlem pt to e%amit e  th i  N e  ik mg strength of 
in c is e d  c o io n u  wound with four current I v available sir e m aterials in the sam e anim al 
a n d  to  c o r r e l a te  ih txc results w h I i s io h  / i  a l  changes m the co lo n ie  xi dl

f o u r  full th ic k n e s s  transverse in vrcd  w ou n d  2 " cm  in iciif*ih .«id  1 s vm ap.irt w e i r  
m a d e  in s e r ie s  along die length I the istend in g  co lon s o f each o f IV adult rabbits ! he 
w o u n d s  w e re  sutured vith chr uuiv » ngui pxiylglacim 4 |u  t>'lxpropylene and sdk N m c  
anim als w ere sacrificed at fiv ’ s al cr w ou nd mg and tw o groups of live  anim als t .u  h at 
14 a n d  21 d a y s  a f te r  w ounding  

B re a k in g  s t r e n g th  of the suture lin t w as m easured bv dvteim in m  the breaking strain 
fo l lo w in g  a constant rate o f  increase in ten sion  across the suture line S ections from  the 
s a m e  w o u n d s  w e re  taken f t l.tslologtcal e s  luation 

S ilk  w a s  fou n d  to result in a si, uifk m ily stronger w ou nd w hen tested five lay after 
su lu ie  N o  difference w as apparent w hen com p arison  was m ade at 14 davs .ilier operation  
21 d a y s  a f te r  operation w ou nds sutured with absorbable m aterial seem ed to fve weaker  
lhai those in  w h ic h  norv absorbuM* m u r e s  had been used N o  definite correlation oulV 
tie dem onstrated betw een the N eakm g strength o f  th« suture line and the degree o f acute  
i n f la m m a to r y  or fibrous tissue reaction provoked  by ihe suture m aterial
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HUWAf. .it RUN1' IN VAHU US nLNU N ^Nil 
MM TENANT CONDITION:,

n .  , .  Kl  ATZf  ,  a nd  G .  VOS,  MYBURGH, J . A .  and  S H I T ,  J . A .

We h i n v e  t i q a t ,  I t h r  p e r c t . . o r i c  a c i d  -  s o l u b l e  

p r o t e i n s  o f  human s . rum (s r n m u : o i d  f r a c t i o n )  and have  

found i t  t o  c o n t a i n  a : i  „ v a r i -  . y  o f  b l o o d  g r o u p  a n t i g e n s

and a l s o  p ^ n i c r n g l  b u l  n .

I h o  b l o o d  g r o u p  "  t i  -;  r e p ,  , a n t e d  i n ^ t h i s  f r a c t i o n  

a r e  A, B,  H, I ,  a ,  T, \  ' . N, T,  U  ' and L« .

In our  s t u d y  o f  >0 n,  m L c o n t r o l s ,  45 p a t i e n t s  ' wi t h  

trau m a,  s e p s i s  and o t h v r  co,  u i t  m  k n . a n  t o  e l e v a t e  th e  

a c u t e  pheno r e a c t a n t s  a n d  74 , , t i n n ,  w i t h  v a r i o u s  m a l i g n a n t  
c o n d i t i o n s ,  we f o u n d  q u . u t l t u ' i  q a a l i t r t i v e  d i f f e r e n c e s

b e t w e e n  th e  s e r o mu  .oi  I f  ’?» , U i c n l  w i t h  c a n c e r  
( p a r t i c u l a r l y  b n  •  ̂ ' q k i T  1 mtd o.  , and l y m p h o c y l i c
lymphoma) and t h o  [ a t i . , w i t h  n o n - u a l i g n a n t  c o n d i t i o n s .

In p a r t i c u l a r  v.-e f o u n d  e l e v a t i o n  o f  T j “ . 1 >nd i .  In 
g e n e r a l  t h e  t o t a l  e x t e n t  f t h e  - . e r o mu c o i d  was  i n c r e a s e d  

i n  p a t i e n t ,  w i t h  m a l i j '  u t  r o n d i t i o n  .

P Tjd I i T

C o n t r o l i  (5 0 ) 0 0 0 0 I B . 8

N o n - M a l i g n a n t  (4 5) 0 0 . 0 6 0 . 4 0 0 . 2

H o d g k i n ' s  Lymph.  
Lymph. + Ca. Br e a  
( 41)

3 . 7  j ? . P 2 3 . 2 9 .’ . 41 1 . 5

Other m a l i g n a n t  
c o n d i t i o n s  ( 3 3 , 0 . 7 b 0 . 3 ' ) 0 0 . 3 9 0 . 1

The se ro m u- .o i - l  f r r  p a t i e n t s  w i t h  H o d g k i n ' s  l y mpho m  

w e re  f o u n d  t o  s t r o n g l ,  i n h i b i t  m i t o g e n - i n d u c e d  l y m p h o c y t e
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Serological Studies of Seromucoids from Normal Subjects and 
Vatients with Malignant and Non-Maligr«anl Diseases

D a v i d  J  K l a t z o w  a n i l  G e r a r d  H .  V u s

D e p a r tm en t  o f  S u rgery. U n iv e r s ity  o f  the W itn n te n r a n d . M e d ia l  S c h o o l,  J o h a n n esb u rg , and  

N a ta l In stitu te  o f  Im m u n o lo g y , D u rb an

X h s i r a d .  D uring  investigations of scrum  from  patien ts w ith carc in o m a, elevated levels o f 
,w o  p ro ., ms were observed The larger (M W ~44.(X X » was identified as (a-ae id  g lycoprotein 
T he sm aller M W ~ 2 0 ,0 0 0 )  has not yet been identified, f  u rther investigation  of a-acid-gly- 
co p ro tem -co n ta im n g  serom ucoid  show ed that m any red b lood cell an d  tissue an tigens were 
p resen t, fo r exam ple. I. i. H„ Tja (P  f P ‘ P->. H . A. B, Le*. Le"‘. M and  N. n d k re n e e s  in 
an tigen  co n ten t betw een norm al serum  an d  serum  from  carc inom a patien ts could  ^  dem on­
stra ted  quan tita tive ly  and qualitatively . Serom ucoid  p rep ara tio n s fro m  p atien ts w ith H odkm  s 
lym phom a inhib ited  phy tohaem agglu tin in -induced  lym phocyte tran sfo rm a tio n  m ore often 

lh an  serom ucoid  p rep ara tio n s from  norm al subjects

In tro d u c tio n

T h e  se ra  of pa tien ts with d ifferen t types 
of m alignancies o ften  have  increased  scrum  
,,-g lobu lin  levels and  changes in the c a rb o ­
h y d ra te  co n ten t of scrum  g lycopro teins [ I , 
2 , 2 4 .2 7 |  Sim ilar changes have been  re ­
p o rted  in the se rum  p ro te in s of an im als with 
tra n sp la n te d  o r n a tu ra lly  occurring  tum ours 

112. 1 4 ,2 3 .3 0 ] .
O ne of us (D . J K .) has also  rep o rted  

elevation  o f tw o p ro te in  frac tions in the 
sc ia  o f 7 b %  of pa tien ts w ith d ifferen t kinds 
o f m alignancies. T h ese  p ro te in s w ere found  
to  have m olecu lar w eights of 44,IX)U and  
2 0 ,0 0 0  d a lto n s. respectively. T he larger o f

the tw o  w as identified  as „-ac id  g lycoprotein  

(o ro so m u co id ) [4, 17. 2‘>].
R ecen t repo rts  an d  reviews have p ro­

posed that the ,,-g lobu lins m ay have im ­
m unosuppressive p ro p erties  |b , 7, 15. IV, 20, 
22]. T he m ost p ro m in e n t band  in all the 
se rum -inh ib ito ry  frac tio n s was a  g lycopro­
tein w hich m igra ted  w ith o r  slightlv behind 
the a lbum in  on  e lec tro p h o re sis  [35], Stud 
ies by O i x h i n o  [21] have  suggested that 
the active p rincip le  of im m unoregu la to ry  
„ g lobulin  is not the ,,-e.lohulin itself but a 
p o lypep tide  with a  m olecu lar w eight ol 
h .ix ia  K.OOO daltons. H e p roposed  th a t m ore 
than  one  serum  p ro te in  m ay function  as a 

ca rr ie r  fo r this po lypep tide .



K la u o w  V o i

O th e r  au th o rs  have repo rted  th a t the 
se ro m u co id  frac tio n s of hum an plasm a may 
p lay  an active ro le  in the p reven tion  o f im ­
m u n e  responses to  fetal an tigens |X. •H  
A s w ell, the m a jo r  com p o n en t o f sc rom u- 
c o id . an ,i-acid  g lycopro tein  (29). can  act 
o n  the  surfaces of E s c h e r i c h i a  c o l i  and  
S t r e p t o c o c c u s  a u r e u s  and preven t p h agocy­
tosis of these o rgan ism s by h um an  n e u tro ­
ph ils  (34). O th e r  investigators suggest a 
re la tio n sh ip  betw een  the m etasta tic  p o ten ­
tia l of a tu m o u r and the th ickness o f the 
glycocalyx su rro u n d in g  the tu m o u r cells 
116). M etastasizing  tum ours m ay shed their 
g lycopro te in  co a t in to  th e ir  su rround ings 
a n d  thereby  in te rfe re  w ith the im m une re­
sponse  d irec ted  against them .

W e have stud ied  the b lood  g roup  an ti­
gens p resent in serom uco id  and  its ability 
to  in terfere  w ith im m une processes, using 
p tc p a ra l. is  fro m  plasm a an d  sera o f n o r­
m al subjects a n d  sera  from  patien ts w ith a 

v arie ty  of diseases.

M ateria ls an d  M ethods

P o ly a c ry la m id e  ge l e le c tro p h o r es is  w a s d o n e  

n  d escrib ed  in a  p rev io u s paper |4 |
Im m u n o e le c tr o p h o r e s is  w a s d o n e  by th e  m cth -  

ik . o f  t r q u t tn b o u r n  e t  a t. (3 | A n tisera  b o th  

m e n o sp e c if ic  an d  p o ly sp e c ilic . w ere  k indly d onu t  
e d  >y H u ech st P h a rm a ceu tica ls  th rou gh  the g o o d  

o r f i:e *  o f  M r H . H ester.
S e r o m u co id  e x tra c ts  from  seru m  and p lasm a  

w e r e  prepared  b y  a m o d if ica t io n  o f  the o r ig in a l  

m eth o d  o f  W i n d e r  e t  « /. |4 0 |  B lo o d  w a s o b ta in ed  

fro m  patien ts a n d  n orm al v o lu n tee r s  a fter  in ­
fo rm e d  c o n se n t. T h e  b lo o d  sa m p les  for scrum  

w ere  a llo w ed  to  c lo t  and the scru m  w as o b ta in ed  
by cen tr ifu g a tio n  T h is  w as sto red  at -2(1 I  until 
u sed  I never m o re  than  24 h i ,  in m o st c a ses , s e n t  
m u c o id  w as p rep a red  im m ed ia te ly  from  the set urn 

F o r  p lasm a e x tr a c t io n , 45(1 50(1 m l o f  b h x id  w as  

c o lle c te d  in to  70  m l o f  c itrate  p h o sp h a te  d ex tro se

P la sm a  w as o b ta in ed  from  th e  w h o le  b lo o d  w ith in  

72 h o f  c o lle c t io n .
Vo eith er scru m  or p la sm a , an  eq u a l v o lu m e  , f 

1.4 M  p e rch lo r ic  a c id  w a s a d d ed  A h  ex tra c tio n  

p ro ced u res  w ere  ca rried  o u t at 4  C  T h e  p erch lo -  
IIC a n d  xcru m -p la sm a  m ix tu re  w a s  a llo w ed  to  

stan d  for S m in  a n d  th en  th e  p rec ip ita ted  p ro tein s  
w ere  r e m o v e d  b y  c e n tr ifu g a tio n . T h e  c lea r  su p ern a ­

tant w as d ia ly z e d  a ga in st ru n n in g  tap  w ater for  
24 h, red u ced  in v o lu m e  a n d  th en  d ia ly z e d  again st  
d is tilled  w a ter  fo r  4  h. F o llo w in g  th is, it w as lyop h -  

ih /c d  and s to r e d  in  sca led  a m p u les  u n til used

H iie tn t tg n lu lin a tio n  I n h ib i t io n  / »  S e r o m u c o ld s  

O p tim a l c o n c e n tr a t io n s  o f  a n tisera  w ere pre 

pared as in the fo llo w in g  e x a m p le
if  a n u  P , rea cted  to  a d ilu t io n  o f  1 64  (u n d ilu t­

ed  r . f ,  I 2 1 4  •♦ ♦ ♦ , 1 8  tH -r . I 16 »»♦,
I 32 . . .  I 64  ♦. 1:12* O ) th en  1 4  w as selected as 
th e  o p tim u m  c o n c e n tr a t io n  o f  th e  sp c c .f ic  a n ti­
b o d y  for the h a c m a g g lu t in a tio n  in h ib it io n  test 
To th is o p t im u m  sa lin e  d ilu t io n  o f  a n ti-P , w as  
ad d ed  an eq u a l v o lu m e  o f  sa lin e  (co n tr o l)  or xero 
m u co id  reco n stitu te d  in sa lin e  ( to  a  stan d a rd  co n  

c c n tia t io n  o f  It) m g m l. fro m  w h ich  1:2. 1:4 and  
I K d ilu t io n s  w ere  a lso  prep ared  and  tested ) Any 
dec -case in th e  rea ctio n  stren gth  w o u ld  ind icate 
in h ib it io n  o f  a n tib o d y  a c tiv ity . Results w ere re 

co rd ed  as 1 4 ) fo r  n o  in h ib itio n . (3 ), (2 ), (I I  fo r  par 

tia l and fo r  c o m p le te  in h ib itio n .
F o r  a  sa m p le  w h ich  d id  n o t inh ib it the a n ti­

seru m , th e  p attern  w o u ld  be >*•>* (4 ), ++++ <4 I. 
, , , ,  (4 ), . . . .  14) or 4444 . i r  rea ctio n  sco re  16 
If the sa m p le  h ad  so m e  in h ib ito ry  activ ity , the 
p a lle t  , m ig h t he - ,  », ++. . . .  o r  -  1 2 3. for  the  

extract u n d ilu ted  and d ilu te ,'  1 .2, 1:4 and 1:8. 
giv ing a rcac ion  sc o re  o f  6  T h e  in h ib ito ry  a ctiv ity  

is ex p ressed  as the m a x im u m  rea ctio n  score  pos-  
sib le  1 4 , 4  , 4 , 4  16 , m in u s th e  se m e  o h ' l in e d .
I bus for o u r  se co n d  e x a m p le  th e  in h ib itory  a c tiv ­
ity w o u ld  be 16 6  10 referred  to  a s  the cu m u la -

tivc  in h ib itio n  score
F o r  th e  g ro u p s o f  in d iv id u a ls  stu d ied , th e  cu m u  

la tiv e  in h ib itio n  sc o re s  w ere su m m e d  and a m ean  

in h ib itio n  a c tiv ity  w a s  th en  c a lc u la ted
D u rin g  p re lim in a ry  in v e stig a tio n  ii w as fo u n d  

that the in h ib ito r y  a c tiv ity  o f  va r io u s b lo o d  grou p  
d eterm in a n ts , p ar ticu la r ly  'h e  T  an tigen , o ften  
d isa p p ea red  sp o n ta n e o u s ly  fro m  the sero m u co id  

p rep aration s T o  av o id  th is  lo ss  o f  activ ity , w h ich
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is due to  th e  p resen ce  o f  /f-g e lu c n is id a sc  in th e  

sero m u v o id  |1 S |.  p h * H y lb eta -f» -th in g a la c lo sid e  (1 0  

m g IIX) m l o f  seru m  ex tra ct I w a s  ad d ed  to  th e  e x ­
tra cts  after d ia l> s is  and b e fo r e  t r e e /e  dry in g

S cp h a d ex  ch ro m a to g ra p h y  w a s p erfo rm ed  u s ­
in g  S ip h * d r s  ( ,  21X1 and 0.1 m  T r is -H t l b u ffer  

pH  * 2 w ith  N a t  I a d d ed  to  a co n c e n tr a tio n  o f  
I M  i - m l  f ta c t io n s  w e te  c o lle c te d  C o lu m n  d i­

m en sio n s  w ere  50  » 2.5 cm
b o r  s tu d ies  o f  p h y to h a e m a g g lu tim n  (P H A )-  

s lim u la le d  ly m p h o cy te s , 25  n il sa m p le s  o f  b lo o d  

fro m  la b o r a to r y  p erso n n el w ere  p laced  in sterile 
c o n ta in e r s  w ith  g lass b ea d s and d efih r in a tcd  by 

g e n tle  ro ta tio n  for IS m m
l y m p h o c y te s  w ere p repared  o n  a T ico ll H ypu- 

q u e  g ra d ien t a n d  w ash ed  th ree  t im es with H an k s  

b a la n c e d  sa lt so lu tio n  I hey w ere  then m a d e up  to  

a fin a l c o n c e n tr a t io n  o f  2 - l ib  m l in I a g lc's  m i u- 
m al e ssen tia l m ed iu m  i M F .M i c o n ta in in g  the sero- 

m u id ex tra c t in a c o n c e n tr a t io n  o f  2 5 m g, m l 
I he c e l l :  w ere cu ltu red  in m icrotilrc  pi; I ts  

b a  h w e ll co n ta in e d  2 » 1n '  e lls . IIX) id  o f  M l M 
tco n ta m in g  scro m u co i 0  » l  o f  PH  A T h e

o p tim u m  c o n c e n tr a lin  i f w as d eterm in ed  
prior to  th e  e x p er im e

b'or th e  sero m u cn id  I- 
th e  test w a s  run in  qui lu i 

B last tra n sfo rm a tio n  >
III o l o f  t i i t a i e d  thy m b ’ 
w e ll o n  th e  2nd  day  

th en  h a rv ested  o n to  p 
P ack ard  sc in t illa tio n  c m

C o n tr o l cu ltu r e s  that i- c e lls  from  the sam e  

d o n o r  c u ltu red  w ith ou t se ro m u c n id  ex lr .n  i ,  w ere  

in c lu d ed  w ith  ea ch  ex p er im en t
T h e  iso to p e  uptake o f  e a c h  cu ltu re  w a s ex 

p ressed  as a p ercen ta g e  o f  th e  co n tro l

R esult*

f'igurc I s h o w s  the e lu tio n  profile o f the 
perch lo ric  acid  ex tract o f serum  from  S c­
phadex  G -200 . There w as no  h igh-m olec- 
u ler-w eigh t com p o n en t in the m ixture. T h is  
ex trac t was also  analyzed by im m unoelcctro - 
phorcsis w hich  confirm ed  that ihs m ajor 
co m p o n en t w as «-acid  g lycopro te in  (fig 2)

A sm all am o u n t o f o th e r  pro tein  was d em ­
o n stra ted  by po lyacry lam ide  gel e le c tro ­
phoresis (fig. 3).

T ab le I. The a m o u n ts  o f  scrom u coid  recovered  
from  I0U m l seru m  an d  100 ml plasm a o f  healthy  

b lo o d  d m o rs

Scrum  P lasm a

N u m b er o f  subjects 50 60

M ean w eieh l o f  scrom t c o iJ ,  m g 43 .5  2 2 .3

R an ge, m g 31 54 14 32

u n  e a c h  pa cm ,

•■red by ad d in g  

i m l) to  ea ch  

i he Cel1' w ere  

id  co u n ted  in a

In co n tro l sub jec ts, less scrom ucoid  was 
iso lated  from  p lasm a than  from  serum  
(t ib le I). T h is v a ria tio n  was no t m erely  due 
to  the d ilu en t effect o f  the an ticoagu lan t. 
W hen assessing the  num ber o f d ifferen t 
b lood  g ro u p  d e te rm in a n ts  in the m ucoids, 
m ore activity  was fo u n d  in the p lasm a ex ­
trac ts  (m ean  inh ib ito ry  activity 37 .6 ) than  
in the e ru m  ex trac ts  (m an  inh ib ito ry  ac ­
tivity 2K..4 tab le  II), The m ucoics ob ta in ed  
from  ser» lacked inh ib ito ry  activity for the 
I' . P , + Pk and  th e  li b lood g roup  sys­
tem s. w hile the p lasm a m ucoid ex trac ts  
w ere found  to  possess these determ inan ts. 
This m ay ind icate  th a t the P ; P, r P k and 
li d e te rm in an ts  found  in the plasm a m ucoid  

x tracts w ere derived  from  the m em branes 
of red cells, w hite te l ls  or p latelets du ring  
sto rage. A B H  and  l ew is b lood g ro u p  su b ­
stances w ere not found  in the m ucoid  cx- 
Irats o f sera frt and  Lew is n o n ­
sec reto rs (tab le  li  presence of these
b lood  g ro u p  activ ities m ust therefo re , be 
regu lated  by their se c re to r  status. T  sub ­
stance activity w hich is not norm ally  ex ­
posed in secre tions o r  body fluids, w as found

w
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TahU
u .  e m u l a t i v e  h a e m .g t fu lln .l lo n  . o r e ,  for serum, an d  plasm a from  hea l.h y  d o n o r ,

Le* Lehl H, Ija  ! i M N

7 | 43  127 89 79 0  0

I 42  0 .8 6  2 .34  1.78 1.58 0  0

8 0 0  10 51

16.0  0 2  I

S eru m , n *  50
C u m u la tiv e  inh ib itory  sto r e s  

M ea n  in h ib itory  activ ity

P lasm a, n 52 5j  W 164 36  77 6  83 88
t Utnulalive in h ib itor) scorn* , „  )7  j  l5  0 69  14.9 1.6 I 69
M ean  in h ib itory  activ ity  I 56 ' ____________________________________

T ja '  P v P , + P"

Table HI. C u m u lative  in h ib itory  a ctiv ity  «  I A , and m ean in h ib itory  s c o r e s ,M I S ' o f  sero m u co id  s u b s ia n c e ,  

p rep ared  from  the s tr u m  o f  healthy subjects

S n - 10
SI n - 3 4 )

C IS M IS C IA M IS

A 37 1.2 0

H 43 1.4 0

H 74 2.4 0

Le* 43 1.4 46 5.1

Le*' 45 1.8 15 2.7

P, 0 - 0 -

D a 0 - 0

I 0 - 0

0 - 0 -

T
M

48 0
8

16
0 2

144

0

16

N 34 1.1 I 0 .2

C IA m i ::

43
•

44

0
0
0
0
0
0

160

2
15

4.3

4 .4

16
02
1.5

0
0
7
0
0
0
0
0
0

16

0
0

sta n ce* ; S  *  subjev 
n *  num ber o f  subject*

in sc rum  ex trac ts from  all sub jects investi- 
gutcd  and  in the highest co n cen tra tio n  of 
all the b lood  g ro u p  d e te rm in an ts  in all the 

no rm al sub jects stud ied .
T ab le  IV records the  cum u la tiv e  agg lu­

tin a tio n  inh ib ition  scores ob ta in ed  for v a ri­
o u s  b lood  g roup  d e te rm in an ts  in the sero- 
m uco ids from  se ra  o f pa tien ts w ith various

m alignancies and  v .th c r  illnesses to g e th er 
w ith  the  con tro ls. T here  was m arked  red u c ­
tion  in T  substance  for all pa tien ts investi­
gated . S im ilar resu lts w ere reco rd ed  fo r H , 
and  to a lesser degree for A  an d  B an tigens 
in som e groups of p a tien ts  O n  the o thei 
h a n d , increased  P „  P v P, r P k and  li a c ­
tiv ities w ere observed  in the se rom u co id s of
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Table IV . Scrom u co id  e s tr a t is  from  scrum  tested  for their in h ib itory  ily  a g tm s i a n tib o d ies  to  ct ho-  
hydrate  an tigen s

Subjects N u m b ei M ean cu m u lu iiv e  in h ib ition  scores fo r  i.iti-

A H II I e* I P, T ja  I i

< n n lro ls

T raum a, sep sis  and  
oth er illn esses

50

45

T

16

Hre.ist cancer, lym ph ocytic  
lym p h om a H o d g k in 's  

lym p h om a 41

O ’her i a n c iie s  o f  cancer 33

I 42  (1.116 2.54 I 7* 1.58 0  0  0  0

0 h 8  0 .5 7  0 .2 4  0  73 111 0  22  0  0 .8 6  0 .4 0  0 .2

l -  i 0 .2 9  0  82 I 515 I 82 3 75 2 .82  3 .29  2.41 1.5

I 6 0  0 .o 3  0  0  48  0  87 0  75 0 .3 9  0  0  39  0.1

paiicnts p articu la rly  th o se  with H o d g k in 's  
lym phom a, b reast can ce r  and lym phocytic  
lym phom a.

Figure 4 show s the effi t it add ing  the 
sc rom uco id  ex trac t from  pa  I ten is with H o d g ­
k in ’s lym phom a to  norm al lym phocytes s tim ­
u la ted  w ith P H A . In 6 0 %  P M  5) ot the 
cases, b last tran sfo rm atio n  w a s  depressed  
by m ore th a n  70'Jr in the  presence of the 
ex trac t O n ly  2 /16  ex trac ts  from  norm al 
con tro ls (1 2 .5 'J r )  show ed m ore than  7 0 Vi 

inh ib ition  o f lym phocyte transfo rm atio n  
(fig. 5). T h e  effect of th e  scrom ucoid  e x ­
trac t on  b las t transfo rm atio n  was found to  
be d o se-dependen t (fig 6).

D iscussion

T his investigation  has show n that u -g lob- 
u lin -con ta in ing  scrom ucoid  frac tions of h u ­
m an scrum  have a v au c ty  of b lood g ro u p  
antigen activ ities. T he A B H  and  Lew is 
antigens a p p e a r to com e from  ihv secre to ry  
o rgans and  not from  the m em branes o f  b lood  
cells, as th ey  w ere absen t from  the m ucoid  
ex trac ts  of non  secrc to r sub jects

H ow ever, m uco ids ex trac ted  from  p lasm a 
m ay co n ta in  a co m b in a tio n  o f b lood  g roup  
d e te rm in an ts  derived  from  ihe secre to ry  o r ­
gans w ith o thers fro m  W ood cells. O u r re ­
sult suggest that m em brane derived  frag ­
m ents of b lood g roup  antigens (A B H , L e­
wis. M N, P i P, i P k and  li) m ay be rc- 
leased  from  ap p a ren tly  intact cells when 
b lood  is co llec ted  an d  sto red  in c itra te -p h o s- 
p h a le -d ex tro se  so lu tion . H ow ever, o th e r  rea ­
sons foi the  d ifferences betw een scrum  and  
p lasm a c a n n o t he excluded , such as release 
o f  se ro logically  inactive u-acid g lycoprotein  
from  cells during  clo tting , co -p rec ip ita tio n  
o f an tigens with fib rin , their ad so rp tio n  to  
fibrin  o  ad so rp tio n  to  altered  m em branes 
in the clo t.

I he find ing  o f ca rb o h y d ra te -co n ta in in g  
an tigen ic  d e te rm in an ts  in the m ucoids is not 
su rprising  in view of the sim ilarities in c a r ­
bohydrate  stru c tu res found on u-ac id  glyco­
pro te in s and  on b lood  g roup  substances 
[28, 361

\M H , I ewis. P . P, i t,k and  li d e te r­
m inan ts are  dem o n strab le  on cell su rfaces 
of m any tissues besides red b lood cells [2 6 |. 
D ifferences exist, how ever, in the d is tn b u -
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lion  o f these d e te rm in an ts  in th e  see ie to ry  
o rg an s, ALIM, L ew is and  li d e te rm in an ts  
are  d e tec tab le  in sa liva w hereas I’ • I ', + Pk 
is prim arily  a m em b ran e-b o u n d  b lood  g roup  
system  T h e  solub le  form  of P b lood  g roup  
substances has so  far been fo u n d  only in 
hydatid  cyst fluid, w orm  ex trac ts , liver 
llukex an d  fish roe |5 . 2 5 | T h e  presence 
o f I* * P, r P k activ ity  in m uco ids cou ld  
he due to  m  v i l r o  shedding fo llow ing the 
co llec tion  an d  sto rage  of the b lood  in a n ti­
co ag u lan ts  o r  to  the i n  v i v o  shedd ing  o f  the 
factors.

O u r stud ies suggest that the 0 1  v i v o  sh e d ­
d ing  of P t  P, r P k and li de te rm in an ts  
m ay lake  p lace  in a variety  o f pa tho log ica l 
cond itio n s, such as lym phatic lym phom as, 
H o d g k in 's  d isease and  breast cance r. In 
co n tra s t to  the increase  of P , P , • P k and 
li d e te rm in an ts  m patien ts w ith these ill­
nesses, th e re  w as a significant decrease  in T  
substance  activ ity . T he associa tion  betw een 
changes in b lood  g ro u p  antigens an d  hum an 
can ce rs  has been stressed  by o th e r  investi­
ga to rs 110. 33, 37]

T he ability o f the serom ucoid  ex trac t to  
p reven t PI I A -induced  blast tran sfo rm atio n  
is in terestin g  in view of the e levation  ol 
se ro m u co id  in can ce r patients an d  the im ­
m unolog ica l anergy  so  o ften  associa ted  with 
the d isease  |9 | .  W e suggest th a t this m ay 
in fluence tu m o u r cell d ev e 'o p m en t by c o a l­
ing lym phocytes: because o f the  charged  si­
alic acids p resen t this may p reven t their ap­
p roach ing  tu m o u r cells. O th er au th o rs  have 
no ted  the requ irem en t for sialu acid  in im 
m unosupprcssio r. by m ouse sia la icd  <i-feto­
p ro te in  | .38, 4 1 1.

Im p airm en t o f  the  im m une response  by 
sialic acid  con ta in in g  m olecules a ttach ed  to 
the  cell su rface  o f bo th  tum our cell and  im ­
m unolog ical e ffec to r cell could  exp la in  the

K la lz im  V o

effect of neu ram in id ase  o n  v arious im m uno­
logical tests o f  lym phocy te  activ ity  in vitro 
113, 32. 39|.

S i m m o n s  a n d  I ’e r t m u n  [3 1 J have no ted  
b lo o d  g roup  ac tiv ity  associa ted  with ( L A  
In o u r p rep a ra tio n s  we d id  no t a p p ea r to  
have  CL A a- a co m p o n en t.

I u rther w oik  is being u n d e rtak en  a t p res­
ent to  de te rm in e  w h e th er the serom ucoid  
com po n en ts  are  p a rt ol the tu m o u r cell m cm - 
b iunc . A lso the m ode of in terference  of 
serom uco id  w ith P IIA  blast tran sfo rm atio n  
is being investigated .
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seru m  g ly co p ro te in s  m ca n cer. S cand  I. e lin  
L a b  Inv i V 179 1 « V ( t» $ 7 |

t  A iq u e m b o u r g , P  ( S n lv a g g io , J. I . in d  U sk  
ers. I N  A p u n ie r  o f  in in u m o e lec lr o p h o r e s is  

(K a r g e t, lla sc l 1 9 7 m

■I Moth.i I It , K la l/o s s  I)  I , a n d  M yb u rgh , I A 

I he p ie se n .r  o f  tw o  p ro tein  fr a c tio n s  in the 

seru m  o f  renal a l lo g r a ft  p a tien ts  T ra n sp la n t#  
l i o n  1 2  75  7 8  (1 9 7 6 ) .

5 C a m en  ( i  I and  S ta se le y  J M B lood
g r o u p  P su b sta n ce  in h y d a tid  cy st f lu id s  Na  

lu re , L on d  /7V  '4 7 - 1 4 *  119.171
6  f  o n s l a n l i  in  M  H M c n / o i u n .  I O  N im b c r g .

K H S c h m id ,  k  a n d  M a n m c k ,  J  A  A s s o -
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c i a l i o n  o f  a  c i i c u l a l i n g  im m u n o a u p p r e < M x c  

p u l y p c p l t d c  w i lh  o p e r a t i v e  a n d  e v x id e n lu l

t r a u m a  A n n  \ u i a  f * 1 7 3  7V f 1U 77I

7  (  o o p c r t w n d  S  K . N i m b c r g .  K S c h m i d ,  K

a n d  M a r m n k  J A  H u m o r a l  i m m u m w u p p r c - .  

s iv e  f a c t o r s  I r a n a p l a m n  H ro v  ' 2 2S - 2 4 .

(1 9 7 0 1

K t u r t i e ,  < i V  a n d  l l a g s h a w c ,  k  l> I h e  m a s k

in g  o f  a n t i g e n s  o n  t r o p h o b l a s t  a n d  c n c e r  c e l l s

I a n c c l  it  7 1*  7 l ( H I 9 f , 7 i

9  C l la s g o w , A II  N i m b e i g .  k  B M c n / i  n n

J . O ,  S a p o t o s c h e U ,  I ,  C o o p e r b a n d .  s k  

S c h m i d ,  k  a n d  M a n n i c k ,  I A  A s s o u a n  m  

o f  a n e r g y  w i th  a n  i m m u i i u s u p p i c - s i v ,  p e p t i d e  

f t  a c t i o n  in  t h e  s c r u m  o f  p a t i e n t s  w i t h  c a n c e l  

N e v , t i n g l .  J M e d  . '9 /  1 2 0 7  U h 7  ( V -7 4 |

III G o l d  k ;  k m  p e c ,  J ,  a n d  X n s a r i ,  I I  P  s i i i o n  

o l  th e  c a r c m o e m b r y o n i c  a n t i g e n  o f  t h e  h u m a n  

d ig e s t  iv i s y s t e m  in  t h e  u l t r a s t r u c t u r e  o f  t u m o u r  

c e l l  s , i i f a c e  I n a t n .  < a n c e i  In s i  • / '  2 1 9  2 2 3

(197(11

11 ( ,0 0 ,1 .  \k  M a t e r n a l  s e r u m  s i a l o m u u n s  d u r i n g  

p r e g n a n c y  a n d  p o s t p a r t u m  in  p a t i e n t s  w i th  

p r e c ,  i a m p s i a  Hi J O b s t c l  G y n a e c  A.' (Ht 

9 1 0  ( 1 9  7 )

12 H a d j i  A z im i .  I E l e c t r o p h o r e t i c  s tu d y  o f  ,,e  

s e r u m  p r o t e i n s  o f  n o r m a l  a n d  l y m p h o id  t u m o u r  

b e a r i n g  s c n o p u s  N a t u r e .  I o n d  2 .’ /  2 0 4 - 2 0 5  

(1 9 0 9 1 .

1 3  H a n ,  I S p e c i f ic  e f f e c t  o f  n e u r a m i n id a s e  o n  

b l a s t o g e n i c  r e s p o n s e  o f  s e n s i t i z e d  ly m p h o c y te "  

I m m u n o l o g y  2<3 28.7 2 8 6  1 19731

14 H o c h .  S  O . ,  l  o n g m i r e ,  k  I . a n d  H o c h .  I X

I  n t q u e  O N A  b i n d i n g  p r o t e i r .  in  t h e  s c r u m  o f  

p a t i e n t s  w i t h  v a r io u s  n e o p l a s m s  N a t u r e .  I o n d  

2 3 J  3 0 0 - 5 0 2 ( 1 9 7 3 1

1 3 K a m r i n ,  II H S u c c e s s f u l  s k in  h o m o g r a f l s  in  

m a t u r e  n o n  l i t t e r m a l e  r a t s  t r e a t e d  w i th  f r a c  

t m n s  c o n t a i n i n g  „  g lo b u l in s  P r o t  S o c  e x p  

B io l  M e d  f t* .  3 8  01  ( 1 9 3 9 )

10  K im ,  U  B a u n . 'e r ,  A .; (  o r u i h e r s .  (  m l 

B ie l e t ,  k  I m m u n o l o g ic a l  e s c a p e  m a c h a n t s m s  

in  s p o n t a n e o u s l y  m e l a s t a s i s i r g  m a m m a r y  t u ­

m o u r s  P r o s  n a t n  A c a d  S c i I  S A  72  101 2  

1(110 ( I 9 ' 5 )

17 K l a t z o w .  I) I . N a l h a n s o n .  S  I)  B o th a .  )  k  

a n d  M y b u r g h .  I A I h e  u s e  if  p o l y a c r y l a m i d e  

g e l  e l e c t r o p h o r e s i s  in  t h e  e v a l u a t i o n  o f  s e r u m  

p r o t e i n s  in  p a t i e n t s  w i th  m a l i g n a n t  d i  .e a s e  s  

A f t  J S u tg  H  9 |  9 z  (1 9 7 0 )

18 k u n e . XX I and  Issilt, ( II I substance  in
body fluids 2 uh  A nnu M eet. A m  Ass B lood
Hunks, can  E iancixcu  1970

19 M iller. I S erum -derived  im m unosuppressive  
substances I ra n sp la n la lio n  2 /  1 7 9 - . ‘7  1 1970).

211 M ilton . I I) S crum  , g lo b u lin s  w ith im m u n o ­
suppressive ac tiv ity  Im m uno logy  21) 205-210  
(1971).

2 1  O cchino , I t  G lasgow , A H C oo p erb an d . 
s k M iu n i i i  I A . and  s . hm id. k :  Iso la ­
tion  ol an  im m unosupp ressive  peptide frac 
lion  from  h u m an  plasm a I Im m un 111). 085 
(197.7)

’2 O vad i i II H an n a . N .  ai d  N clken. I )  T he 
effec t o f  n o rm a l im m unosuppressive  p ro te in  
, N IP i o n  tu m o u r grow th  in mice b u r  1. ( an 
c e r / /  4 1 7  417 (1-73)

23 O ve, P (  o c tree . M I . O h cn red e r, M , and
Short. I . I oss o f  a serum  p ro te in  from  h e p a ­
tom a hea ring  an im als  O nco logy  29 1.3-21
(1974)

24 P v ie im an n  M I and  Hi ness. K K E lec tro  
pho rc lic  S tu d ie s  o f  the p la sm a m u c in s  o f  pa 
tien ls w ilh n i,- , trs tic  ,I,seas- (  a m e r  I I (81 
|()3 ( |9 4 8 i

25 P rokop . O  und  Schlc D  fib e r das Vor-
kom m en von  P ,-B lu  irw ip e n su h s la n / od er 
cm cr P j likc S uhstanz  b - i / "b rfeirr rerre rlr ir  
Acta hio l M ed G erm  I 181 Il9h5)

2b Race. K k an d  Sanger, k Blood g roups in 
m an : b th  ed  (B lackw ell O x fo rd  1973)

. 7 R osato , I I and  k av d m . k  G  Serum  p ro le in  
b o u n d  litxosi-s in pa tien ts  w ith  b reast cancer 
(  ancei Res 28 )4 45 (1 9 6 8 ).

28 Sato. I V o si.aw a  /  M asubuch i. M and 
Y am aiiehi I S tru c tu ie  o f  the ca rb o h y d ra te  
m oeity  o f  a lp h a  acid g ly cop ro te in  o f hum an  
p lasm a ( a (b o l,y d  Res. 3 1*7 398 (19b7)

29 Schm id, k  A lpha ac id  g lycop ro te in , in Put 
nam . T h e  p la sm a  p ro te in s, vol I, pp 1*7 22* 
I A cadem ic P ress l .ondon 1975)

7,1 Schw enke, k  13 and  K u ,aw a  M E le c tro ­
phoretic  nl investiga tions o f  serum  and so luble 
liver p ro te in s  from  no rm a l ra ts  and  ra ts  w ith 
tra n sp lan ted  I n iiou is /  k reb s fo rsc h  70 M  

7 7 ( |9 h 7 l
3| S im m on- U  A k and P c tlm an  P ( arc mo- 

em bryonic -inligcn and hliMaf g roup  substances 
( It,cer Res < < 71 3- 722 1 197 3,

32 S im m ons. R I and  Rios. A Im m uno therapy
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e la tion  o f  a c i is u la t irg  im m unm uppresa ive  
p-.ilvpvpiiUc w ith o pera liv i and  acc id en ta l 
tra u m a  Ann S in g  /ft.t 73 -79  (19771

7 < tx ip crb an d  s  R N im b crg . R v h m id ,  K 
and  M anm vk. I A H u m o ra l im m uno-upprv" 
ivc I ac to rs  I ran sp lan tn  P roc  S 22*i 242 

(I97r.l
h ( u n i t ,  Ci X and  llagshaw c, K I) The m a sk ­

ing o f an tigens  on trn p h o b la s t and  cancer ce lls
la n c e t  n 70* 710(1967).

9 ( ila sg o w , A H N im bcrg , R H M en to ian
I O  . Sapovoschetz, I ; < o o p erh an d . S I
Schm id. Is and  M ann ck I A A ssociation
o f anergy  w ith  an  im m unm upp iessiv i pep tide  
frac tio n  in the scrum  if pa tien ts  w ith  cance l 
N e»  Engl I M ed 29/ 1263 1267 1 11' 741

It) ( io ld . P k iu p e y . I .  and  A naan  H l-ositlon  
o f  the ca tc in o e m b ry o m c an tig en  o f  the h u m an  
d igestive system  in the u ll ra s ttu c lu rc  i f tu m o u r 
ce ll su rface  ) natn C an c er Inst 4 '  219 225

(1970)
11 (m u d . XX M ate rnal scrum  sia lom ucins du rin g  

p regnancy  an d  p o s tp artu m  in patien ts  w ith  
p reec lam p sia  Hi I O bate i ( iy n a e c  X2 90 ) 
9 1 6 (1 9 7 5 ,

12 H ad ji-A zim i, I E lec tro p h o re tic  study o l o  
serum  p ro te in s  o f  norm al a n d  lym phoid  tu m o u r 
bea iin g  senopus N a tu ic  I o n d  22/ 264 nX 
(1969).

1.3 H an , T . Specific effec t o f  neuram in idase on 
h lastogem c response o f  scn s iti /cd  lym phocy tes 
Im m unology  2/( 2H1 2 K 6 ( |9 7 S i.

1 4  I loch , S ( )  . l.ongm ire . H I and  Much. I X 

U nique l)N A  b ind ing  p ro te in  in the sc ru m  o f 
p a tien ts  w ith sa iio u s  neop lasm s N atu re . I ond . 
2.V X60- 562 (1975,

1 5 K am rin . H H Successful skin ho m o g ra fts  in 
m a tu re  non  litte rm ate  ra ts  trea ted  w ith  frac  
lions co n ta in in g  n g lobu lin s , Pm c Soc exp 
Biol M cJ. KM) 5* 61 (1959)

16 K m , U H aum lcr. A . (  a rru th e rs . ( and  
B ielat. k Im m uno log ica l escape  m achan ism s 
in sp on taneously  m etaslasising  m am m ary  tu 
m oors  P roc  natn  A cad Xci USA 72 1012 
11116 11975,

17 k la t /o w , I)  I . N a thanson . s  | )  Botha. I R 
and  M yhu igh . I A I he use o f p o lyacry lam ide  
gel e lec tro p h o resis  in the eva lua tion  o f serum  
p ro te ins in p a tie n t, w ith m a lignan t d isease X 
A fr I S ing  14 91 92 11976,

18 M i n e ,  XV F-. a n d  I s s i t l .  < H  I s u b s t a n c e  in  

b o d y  f l u i d s  2 ' l h  A n n u  M e e t  A m  A s s  B lo o d  

B a n k s  s a n  E r a n c i  c o  1 9 7 b

19 X l i l le r .  I S c r u m - d e r i v e d  i m m u o o s u p p r e s s i v e  

s u b s t a n c e s  T r a n s p l a n t a t i o n  2 /  1 7 9  18 7  |1 9 7 6 ,

2(1 M i l t o n ,  I I )  S e r u m  ■ g l o b u l i n s  w i th  i m m u n o ­

s u p p r e s s i v e  a c t iv i ty  I m m u n o l o g y  2 0  2 0 5 - 2 1 0

( 1 9 7 1 )
21 O c c h i n o .  1 (  ( i l a s g o w .  A  H  (  o o p e r h a n d .  

s  R M a n n i c k  I X , a n d  S c h m id ,  k  I s o l a ­

t i o n  o l  a n  I m m u n o s u p p r e s s i v e  p e p t i d e  f r a c ­

t i o n  f r o m  h u m a n  p l a s m a  I I m im in  U 0 .  6 8 5

1 1 9 7 3 ).

2 2  O v a d i a .  I I  . H a n n a .  N  , a n d  N e lk e n .  D  T h e  

e f f e c t  of n o r m a l  i m m u n o s u p p r e s s i v e  p r o t e i n  

( N I P )  o n  t u m o u r  g i o w l h  in  m ic e  b u r .  1 C a n ­

c e r  / /  4 1 3  4 1 7 ( 1 9 7 5 )

I O v c .  P .  l o c l / e e ,  XI I O b e m a d e r .  M . a n d  

S h o r t ,  I I o s s  o f  a  s c r u m  p r o t e i n  f r o m  h e p a  

t o m a  b e a r i n g  a n n u a l s  O n c o lo g y  2 9 . 13-21

( 1 9 7 4 ) .
24  p e i c r m a n n .  M  I a n d  lb  n e s s ,  k  R  E l e c t r o ­

p h o r e t i c  s t u d i e s  of t h e  p l a s m a  p r o t e i n s  o f  p a  

t i e n i s  w i t h  n e o p l a s t i c  d i s e a s e  C a n c e r  /  1(8)

1 0 3 ( |9 4 h i

75 P r o k o p .  (> l in d  'c h l e s i n g c r ,  D  f i b e r  d a s  V o r -  

k o m m e n  v o n  P ^ B I u t - O r u p p e n s u b s l a n /  o d e r  

e i n e r  P ,  h k e - S u b s t a n /  b e i  l,u m b rU u s  lerrrstris. 
A c ta  h u l l  M e d  d e r m  7 5  1 8 0  181 (1 9 6 5 )

2 b  R a c e .  R  R a n d  S a n g e r ,  R B lo o d  g r o u p s  in  

m a n :  6 t h  e d  ( B la c k w e l l  O x f o r d  1 9 7 5 ,

7 R o s a l o .  I I a n d  R a v d i n ,  R < . S e r u m  p r o t e i n  

b o u n d  h e x o s e s  in  p a t i e n t s  w i th  h i e a s t  c a n c e r  

C a n c e r  R e s  2 8  4 4  4 5  ( I 9 6 8 i

28  S a t o .  I Y o s i / u w a .  /  M a s u b u c h l ,  M  a n d  

Y n m a u c h i  I S l r u c l u r e  o f  t h e  c a r b o h y d r a t e  

m o e i ty  o f  a l p h a  a c d  g l y c o p r o t e i n  o f  h m  ia n  

p l a s m a .  C a r b o h y d  R e s  5 187  3 9 6  (1 9 6 7 1

2 9  S c h m i d ,  k  A l p h a  a c i d  g l y c o p r o t e i n ;  in  P u t  

n a m .  T h e  p l a s m a  p r o t e i n s ,  v o l  I. p p  18 2 2 8  

( A c a d e m i c  P r e s s  I o n d o n  1 9 7 5 ,

30 S c h w c n k c .  k  I )  a n d  k u t a w a ,  M  E l e c t r o  

p h o r e t i c a l  i n v e s t i g a t i o n s  o f  s c r u m  a n d  s o l u b le  

l iv e r  p r o t e i n s  f r o m  n o r m a l  l a l s  a n d  r a t s  w i th  

I r a n - p l a n t e d  t n i in u r x  /  k r c h s f o r s c h  7f) n 4  

7 3  ( 1 9 6 7 )
31 S im m o n s .  O A R  a n d  P e r l m a n  P ( a r c i n o -  

e m b r y o n i c  a n t i g e n  a n d  h h u x l  g r o u p  substances. 
I a n c c r  R e  .U  3 1 3  >22 ( 1 9 7 3 ,

32  S im m o n s  R I a n d  R io s  A  I m m u n o t h e r a p y
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o f  c a n te r  lm in u m » p < c if it  r e fec tio n  o f  lu n m u rs  

in n e ip ic n l t  o f  n e u ia m in id a tt  trea ted  tu m ou r  
t e l l s  H ( < i S t ic n te  Z74 'u l  (1*711

3.1 S p rin ger , ( .  I D e sa i. I* K . and  S ca n lo n , 
I I IIIimhI g i-iu p  M N  prvtu rsn rs as h u m an  

b reast c a r c in o m a  a sso c ia ted  a n tig e n s  and  na 
lu r a llv  occu rrin g  h u m a n  c y to lo x im  again st  
th em  (  a n t t i  47. |n u  I7n I‘171).

14 V an  O ss. < I , O illrm in , < I . H ronson. I' M 
an d  B order. I k  P hagocy tosis  inh ib iting  p rop  
c itie s  o f  hum an  scrum  a lpha  ac id  g lycopro tein . 
Im m u n o l ( n m inun  121 I 2 8 i l 't7 4 i  

i s  V iKJrtmg H aw king M and  M ichael, I l i  Iso 
la iio n  and c h a re c te r i/a n o n  o f  im m u n o reg u la  
lory factor*  fro m  n o rm a l hum an  scrum  I 
Im m v n  Z /s  505 5 I1 U V  ,

II, W agh. P V B ornstcm  I ,  and  W i r / l i i  k  I 
1 he s tiu c lu re  o f  a g ly to p e p u d r  from  hum an  
o ro so m u co id  1 h io l . th e m  244 n5M i«ns IIdnUi 

.17 W a lan ah e  K and  H ak u m o ri. S S ta tus of 
b lo o d  g roup  c a th o h y d ra te  cha in s  in  ontogenesis  
an d  on to g en esis  I exp M ed Z44 f'44  1,51

( l>>7M.
.18 W atk ins, f and A n d e r .o n , I I Inh ib ition  of 

lym phob lastic  response to  ca n ce r ce lls h> plus-

P ig . I. M inion  p ro file  o i sero m u co id  on  he- 
p h a d c s  0-2(10 ch ro m a to g rap h y  shaded  a te a  rep 
resen ts  the void vo lum e us d eterm ined  by d ex tran  
b lue .

F ig . 2. Im m un o elec tro p h o res is  
a S erom uco id  from  n o rm a l serum  
vcisu s  an ti w hole serum  T rough  
c o n ta in s  anti w hole serum . I ppcr 
w ell c o n ta in s  serom uco id  I xtwer 
well con ta in s  w hole scrum  h Sc 
ro m u co id  l io m  n o rm a l serum  
versus an ti ac id  g ly c rp r , tein 
T ro u g h  con ta in s  au li „  ac id  g lyco 
p io te in  U pper w ell co n ta in s  sc 
ro m u co id  lo w e r  w ell con tains 
w hole serum

F ig . .1. P o ly ac ry lam id e  gel e lec tro p h o resis  of 
se ro m u co id  p rep are d  fro m  n o rm a l serum  com  
sarcd  w ith  w hole se ru m  on le ft-hand  side

m a s ia log lycop ro te in s  P roc  Am. Ass C ancer

Kes l< 110(1072).
V) W atk ins, I . L ira ). B N . V ndcrson, I I Bar-

a ll, O  I N cb ril. I K . W ulcis, M F . and
C o n n ery , < k  N eu ram in id ase -m ed ia ted  au g ­
m e n ta tio n  o f ,n vf/ro  im m une response  o f  p a ­
tien ts  w ith so lid  tu m o u rs  Inl I C an c e r 14 
7 W  807 IIV74). 

ill W m /le r . K I D ev „ r, A. W M ehl, I W  . and
Sm yth I M s tud ies  o n  the m u eo p ro te in s  o f
h u m an  p lasm a d e te rm in a tio n  and iso la tion . I 

In, Invest 77 MW 616(14481 
41 Z im m erm an , I I Vorxrting H aw king M . and  

M ichael, I C, Im m unosupp ress ion  by m ouse 
•delated alpha (o e lo p ro te in  N a iu ie , L ond  265 

.154 356(1977).
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I) I k la l /o w ,
D ep artm en t o f Surgery ,
U niversity  o f  the  W ilw a te n ra n d ,
M edical School,
lo h a n n e  bu rg  2(811 (‘sou th  A frica)
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Induced  b last tra n sfo rm a tio n  Re 
su its a le  m eans o f  5 tests w ith 
e a ,h  p te p .u a lio n

I  Ig. 6. F f f r  I o f  increasing  
am o u n ts  o f se ro m u co id  on the 
PH A blast n a n s fo rm a lio n  o f n o r­
m al lym phocy tes F ach  poin t rep 
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su its S erom uco id  w a s prepa ed 
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H o d g k in 's  lym phom a



A
c

v
O

o



100 -1100

Stimulation .nd**

Pi-Ol^m conceitr»von, r'g/ml

lOu 4

SO '

• "••viv.................
eo too 120



HI

i
! *t> 'M ISMTM
i , i |v tr i | ' Itf.'l.hx VhrW ,«iv 4 W.lk,.  < ..

Vol 22 1
phnf < </ in < ’ s '

I Ht I'Uh ^H NC'K Ot- lAVO I’HO I K!N KKAi T t H N S  IN 1 U K  S K H l  \1  <>t HKN.a I- 
a u .o g k a f t  P A  I I E M  S

■ Eievatvd level* of several pnitem  epevi. hm t 
tieen denm nstrated  in sera t>l patient with 
m alignant Him aw  i t  6). T hese m, hide , in  mo 
•inhrvntiic antigen ( I t , o  lelopnitem  (II it, 
mil n i.lnhuliii id) and o  gK o |irnteins -li. alt of 
which arc found in norm al t it lire hum an 
serum  hut in low concentrations

Recent Iv, Hue I i t  al i H de , nhed a umii a 
D NA -lunding pr -tein in (he serum  ot p a 'ien t 
with various m alignant neoplasm s, whul hn a 
m olecular weight ot aii.udt) d a ltm e  and t- ai -o 
found in cord blond V i (paper in press! I a \ , 
recently reported significantly '  used copci n ra 
t ions of two lurtlier protein ft a c t  tons in "K >! 
sera of a random  series of p a tien ts  with mat ,

nar.t neoplasm s t hese pm tem  fractim  > ave 
csviinated molecular weights of 4r«.lwMi mil 
2tl.iwsl ilultoi r e s p e c t i v e o  and have not lieen 
dem onstra ted  in < rd Wood

\ \ , re |s> r hi."i sim ilar studies of sera from 
our patient*  undergoing ci .11 I renal trtins^ 
p lan ta tion . S. ra were obtain from . < 
patients :  weeks to *4 m onths altei (r u -1 an 
ration and from Mi norm ,I iiin tm l subnet*  
\r„,ly • of sera were doni hi using sodium 
dod, \ 1 s u l i d i a t .  I S D S I  polvatrylam ide gel 
elet trophore is 11*At, hi Aliuuots of It I ml of
,erum w ire d ilu ted  with 2  ml of solution .....
t a m in g  m vt u r e a  I , , d 0 1 m  d o d e c y l  s u l p h a t e ,  

a n d  I t h i  l e t h a n o l  D i l u t e d  , r u m  ( I d  m i l  w a s
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t h e n  u d d e d  t n  | m»Ix , u r . i m i t l c  «'l 7  *«' 

v u n l t i t m n K  I S | ) S .  « i t l  i u ! iv >  u t  . r t m  l o r  I h r  

a t  .1 c u rre n t  ot 5 mn i u h e  Hromophi , il h luv 
wa» t w d  a t r  n k ng d>• A t th e  vom ple tum  o f 

t h e  run  th e  ki*U were  p la v td  in ■ Mihitmn 
co n ta in in g  lit tr ich loroace t i i  n id tor 1 h r  and

t h e n  s t a i n e d  l o r  1 ' h r  i n  i s o l u t i o n  <»1 0  1 

C o o m u s h i i  b l u e  m  f ) '-  a c e t i c  a v i d  a n d  10 

m e t h a n o l  D v  i m n i n g  w a s  c a r r i e d  o u t  f o r  *8 h r  

i n  a  - h i t  i o n  o f  n  o t i v  a c i d  a n d  1 m e t  h a  

n o l  ( i d s  w e r e  s c a n n e d  o n  a  V i t u t r o n  a e n s i t o m  

e t e r .

Ku. 1 OuIvhi rvhm  ide «In  tn  p h o o s is  p a i t ' f - i»t • ra irmn i tra n sp la n t pai ni </> a  riornml control <2l, 
a n d  a patien t w ith a  m alignant In nr ( h The A a n d  H ban  i a r c  a rn m i'd  I he dark  h an d  at the Im tlum  o | th e  
cen tre  ycl , • is haemogl<-hin
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Im i u Ix d t l l i r  m g n i l n a n l l y  in  I h e  i w n  g n  "I"  1

l i n l i l i
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SI IS PA(«K ii|iei unens <>l sera Inmi a nnrmn 
,„n ir.il. a  (lalient with a renal ir.i, iili.n: aim 
a Iiatienl with < nialigiiam in i|)l a,m H.n " I  
n m ien ira tio n s  h.r ihv upper lA hmvi .n I ihe
I n w e r l H  h a n d :  I ir i.iv in  i n u i i i i n s  I I I .  i | i p a i n n  in  

ih i  S l l S  1‘AtiK s p t - m i i n s  in th  :h i i r a n -  

p la m  i M l i .n l  a n d  t h .  p a l ie n l  w ith  i .a l v n a n t  

disease.
Kigure 2 shows the mean peak heights p us 

S K M  iihtamed oi densitum eiru  reading- "I 
SDS PAGE specim ens in p transplant p i 
tien ls and normal controls Mean peak hei hts 
of Imth A and  B hands are s.gm h. m tk  1 igher 
in tl.e post transplant p a tien t.- 'I  ' '* 11 

Ihe  post transplant patien ts wi n snl licided 
into two groups iKig u (ifoui I t ' ■ " r,'n 
tors"! con.i t- ol i.f. pa tien t- with sal rail 
lu n d io n  (serum  creatinine 2 m ; I'* ml u 1 
no clinical evidence ol active rejei In  v I .vi. .
i "reie.t rs"l consists of 12 patients .1 ol whom
had lost their gratis I nun   and I pa
limit* with poor and slowlv deter, rath  gral. 
lunction I s c r u m  creatin ine « n.g ml ' " 
mean |s a k  height, ol l«>lh A and II h ml- in

HKIH .'tiM M l M< A im  so
g r e a t e r  i n  g r o u p  2  t h a n  in  g r o u p  1 I h e  it  H e r  

e r n e s  a r e  n o t  s i g n i l n  a n t  l o r  I h i  A  h a n d  h u i  a r e  

h i g h h  - I .  u i l i c a n t  f u r  t h e  H  h a n d  ( I '  O .O o O l)

I h e  u p p e r  l i m i t  f o r  t h e  H  h a n d  i n  c o n t r o l s  

i s  i I m e a n  I S I )  , A  r i s e  a h .  w h o  h r  t h e

B  h a n d  w a s  d e m o n s t r a t e d  i n  g r o u t  2  C ’ r e j e i  

l l i r -  i i n  i o u t  o l  1 1 p a t i e n t s  ( 8  t A s i m i l a r  

r i s e  l i t  t h e  B  I K id  w a s  s e e n  i n  t i  o l  u  ' p a u c n t s  

, ' , i n  g r o u p  I  < " n o n  r e j e c t o r s " l  I h e  s i g n i f i

n o  o l  i h i s  l i i i d i i . S  is  a t  p r e s e n t  u n c l e ,  r  . -  

t h .  i d e n l i t v  a n d  o n g m  o f  t h e s e  t w o  p r o t e i n  

I r a .  t i o n s
i ,S .  i l n l i l s  o f  l i l t s ,  t w o  p i . u e i n s  h e  u g  

p r o d u c t  o l  t h .  i e l l  m e m b r a n e  g l v c i  r o l e m -  i -  

h i g h l y  i K c u l a l i v i  I h e  t e n d e n c y  o f  t h e  m w  

m o l e c u l a r  w e i g h t  p r o t e i n  i B  h a n d )  I .  h -  in  

t r e a - e d  m  i h e  " n  i c c t i n g  ' g r o u p  o f  p a t i e n t s  m a y  

h a v e  i m m u n o l o g i c a l  a n d  d i a g n o s i a  s i g n i l i c a n c e  

o r  m a x  h e  t h e  r e s u l t  o f  n o n s p , . i f i c  c e l l  d a m a g e  

I s o l a t i o n ,  i d e m  if ic  a t  i o n  a n d  i m m u n o l o g i c a l  

s i g n i f i t a n c e  o f  t h e s e  p r o t e i n  f r a c t i o n s  w i l l  h e  

l i tv e  h i 4 ; .i t  v d
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