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ABSTRACT

U l t r a s t r u c t u r a l ,  h is to c h e m lc a l  and b io ch e m ic a l c h a ra c ­

t e r i s t i c s  o f c e l l  s u r f a c e  s t r u c tu r e s  were compared In  c o r t i -  

c o ld - s e n s l t lv e  (CS) and - r e s i s t a n t  (Cxi) mouse lymphomas.

H is to c h em lc a l te c h n iq u e s  a p p lie d  to  e le c t r o n  m ic ro s ­

copy Inv o lv ed  th e  use  o f th e  e le c t r o n - a b s o r b in g ,  c a t io n i c  

dyes A lc la n  b lu e  8GX and ru th en iu m  red  and th e  m e ta l s a l t ,  

lan thanum  n i t r a t e .  The s t u d i e s  were c a r r i e d  ou t on lympho­

sarcom a P1798-CS and -Cxi. A lc la n  b lu e  b in d in g  was a l s o  t e s ­

te d  on 6C3HED-CS and -CR lymphoma c e l l s .  E xam ination  by 

e le c t r o n  m icroscopy  r e v e a le d  A lc la n  b lu e  com plexes on c e l l  

s u r f a c e s  o f CS P1798 and 6C3HED c e l l s .  R e a c tio n  p ro d u c t 

c o u ld  be observed  a s  an  e le c t r o n -d e n s e  c o a t  o f v a r i a b le  t h i c k ­

n e ss  on th e  o u te r  l e a f l e t  o f th e  c e l l  membrane, I n d ic a t in g  

th e  p re se n c e  of a n io n ic  s i t e s .  A sm a ll number o f c e l l s  In  

th e  CS p o p u la tio n  o f b o th  tum ors la c k ed  c o a t  m a te r i a l .

C e lls  from  CR P1798 and 6C3HED tum ors showed no or few s c a t ­

t e r e d  e le c tro n -o p a q u e  dye d e p o s i t s  on t h e i r  s u r f a c e s ,  w ith  

th e  e x c e p tio n  of a  sm a ll number o f  c e l l s  t h a t  had a  c o n t in u ­

ous c e l l  c o a t .  R uthenium  re d  and lan thanum  n i t r a t e  b in d in g  

was e s s e n t i a l l y  n e g a t iv e  on b o th  P1798-CS and -CR c e l l  s u r ­

f a c e s ;  r e a c t io n  p ro d u c t when p r e s e n t  was b a re ly  d l s c e r n a b le .

In  th e  I n t a c t  tum or t i s s u e  a s  w e ll  a s  In  c e l l  su sp e n ­

s io n s ,  P1798-CR c e l l s  w ere f r e q u e n t ly  o bserved  to  a d h e re  t o  

each  o th e r  by c y to p la sm ic  b r id g e s  or j u n c t lo n - l lk e  com plexes, 

w hereas CS c e l l s  g e n e r a l ly  showed a lo o s e r  a rran g em en t w ith
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few er c o n ta c t  s i t e s .

I n t a c t  c e l l s ,  exam ined by sc a n n in g  e l e c t r o n  m ic ro s ­

copy , showed smooth and m o d e ra te ly  v i l l o u s  s tir  f a c e s  In  b o th  

CS and CR c e l l  p r e p a r a t io n s .  A pprox im ate ly  o f CR c e l l s  

r e v e a le d  a  p rom inen t s in g le  p r o t r u s io n ,  r e s u l t i n g  In  a  p e a r -  

or mushroom sh a p e . R e la t iv e ly  few (11$) o f  such I r r e g u l a r  

p a t t e r n s  were seen  In  P1798-CS c e l l  p r e p a r a t io n s .

C e ll  membrane g ly c o p e p tld e s  o f P1798-CS and-CR were 

s tu d ie d  by d i f f e r e n t i a l  l a b e l in g  In  v iv o  w ith  L - fu c o s e - ^ C  

and -^H. S e p a ra t io n  o f p ro n a s e -d lg e s te d  g ly c o p e p tld e s  by 

g e l  f i l t r a t i o n  on B io -G el P-10 showed m arked ly  In c re a s e d  

am ounts o f h ig h  m o le c u la r  w e ig h t and red u c ed  am ounts o f low 

m o le c u la r  w e ig h t f r a c t i o n s  in  P1798-CR a s  compared to  -CS. 

Removal o f  g ly c o p e p tid e -b o u n d  s i a l i c  a c id  (SA) by n e u ra m in i­

d a se  r e s u l t e d  In  an  o v e r a l l  s h i f t  o f  b o th  CS and CR membrane 

g ly c o p e p tld e s  to  a  low er m o le c u la r  w e ig h t. D i f f e r e n t i a l l y  

la b e le d  f r a c t i o n s  showed a l t e r e d  r a t i o s  and a  g r e a t e r  u n i ­

fo rm ity  o f  m ajo r peak f r a c t i o n s .  In  v iv o  s t e r o i d  t r e a tm e n t  

(6  h o u rs )  p roduced  an  a d d i t i o n a l  low m o le c u la r  w e ig h t peak  

In  th e  e l u t i o n  p r o f i l e  o f  d e s i a l y l a t e d  g ly c o p e p tld e s .  A 7 

ho u r In  v iv o  exp o su re  to  g lu c o c o r t i c o id s  r e s u l t e d  in  a 

g r e a t e r  d e n s i ty  o f  b o th  P1798-CS and -CR i s o l a t e d  plasm a 

m em branes. The ch ro m a to g rap h ic  p a t t e r n  o f g ly c o p e p tld e s  d e ­

r i v e d  from  th e s e  membranes showed a  g e n e ra l  s h i f t  t o  a h ig h e r  

m o le c u la r  w e ig h t f o r  b o th  CS and CR sam p les . In c u b a tio n  

w ith  n e u ra m in id a se  produced  a  new low  m o le c u la r  w e ig h t peak 

( n o t  se en  in  u n t r e a te d  p r e p a r a t i o n s ) ,  s im i la r  to  t h a t  se e n
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6 h o u rs  a f t e r  s t e r o i d  a p p l i c a t i o n  b u t more p ro m in e n t.

These r e s u l t s  i n d ic a t e  t h a t  exposed c e l l  s u r f a c e s  of 

P1798-CS and -CR d i f f e r  in  c h a rg e  b u t  show t h a t  c e l l  mem­

b ra n e -d e r iv e d  g ly c o p e p tld e s  o f b o th  tum ors c o n ta in  n e g a t iv e ­

ly  ch arg ed  SA r e s i d u e s .  The d i f f e r e n c e  in  CS and CR L -fu c o s e -  

c o n ta ln in g  s la lo g ly c o p e p t id e s  s u g g e s ts  t h a t  th e  ab sen ce  of 

a n io n ic  s i t e s  on CR c e l l  s u r f a c e s  i s  r e l a t e d  t o  s t r u c t u r a l  

p r o p e r t i e s  o f CR c a r r i e r  g ly c o p r o te in s .  The d e s c r ib e d  ob­

s e r v a t io n s  f u r t h e r  im ply  t h a t  th e  outcome o f s t e r o i d - i n ­

duced a l t e r a t i o n s  ( c e l l  d e a th  or s u r v iv a l )  i s  in f lu e n c e d  by 

c e l l  membrane c h a r a c t e r i s t i c s  in v o lv in g  c a rb o h y d ra te  com­

p o n e n ts .

0
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INTRODUCTION

O b je c tiv e  and  Approach o f  S tudy

The pu rp o se  o f t h i s  I n v e s t ig a t io n  was to  e lu c id a t e  th e  

r o l e  o f th e  p lasm a membrane in  th e  c y t o l y t i c  p ro c e s s  i n ­

duced by g lu c o c o r t ic o id  horm ones in  lym phoid tu m o rs .

Two th y m u s-d e riv ed  lymphomas, known a s  P1798 and 6C3HED, 

were s e le c te d  f o r  an  u l t r a s t r u c t u r a l  s tu d y  o f th e  c e l l  s u r f a c e .  

Lymphosarcoma P1798 was a l s o  used  fo r  a  b io c h e m ic a l a n a l y s i s  

o f plasm a m em brane-derived  g ly c o p e p tld e s .  T h is  tum or i s  th e  

o b je c t  o f  s tu d y  in  s e v e r a l  l a b o r a t o r i e s ,  and s u b c e l lu la r  

changes r e l a t e d  t o  th e  s te ro id -m e d ia te d  l y t i c  p ro c e s s  a r e  

p a r t i a l l y  known. 6C3HED i s  n o t  r o u t in e ly  u sed  a s  an  e x p e r i ­

m en ta l m odel in  th e  a n a ly s i s  o f c o r t i c o s t e r o i d  a c t i o n .

B oth P1798 and 6C3HED a r e  a v a i l a b l e  a s  c o r t i c o l d - s e n s l -  

t l v e  (CS) and - r e s i s t a n t  {CR) tum ors th u s  p ro v id in g  a n  id e a l  

system  f o r  c o r r e l a t i n g  b io c h e m ic a l changes r e s u l t i n g  from  

g lu c o c o r t ic o id  a c t i o n .

The c e l l  s u r f a c e  was in v e s t ig a te d  by h is to c h e m ic a l  

e le c t r o n  m ic ro sc o p ic  te c h n iq u e s  w hich p e rm it a  v i s u a l  d e te c ­

t i o n  o f exposed  s i t e s  on th e  c e l l  membrane. Such s i t e s  i n ­

v o lv e  th e  c a rb o h y d ra te  p o r t io n  o f th e  c e l l  c o a t  w hich i s  

known to  be o f d iv e r s e  n a tu r e  ( S p i r o ,  1970; W in z le r , 1970;

H apin and  B u rg e r, 197**-) and may p la y  an  im p o rta n t r o l e  in  

b io lo g ic a l  f u n c t io n .

The b io c h e m ic a l s t u d i e s  in v o lv e d  a l im i te d  a n a l y s i s  o f 

i s o l a t e d  plasm a membranes and  th e  s e p a r a t io n  o f  c e l l  membrane-
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d e r iv e d ,  in  v iv o  L - fu c o s e - la b e le d  g ly c o p e p tld e s  by column 

ch rom atog raphy .

Known Mechanisms o f  A c tio n  o f  G lu c o c o r t ic o id s  and H i s t o r i c a l  
Background

G lu c o c o r t ic o id s  and t h e i r  a n a lo g u e s  a r e  known f o r  t h e i r  

c y t o l y t i c  a c t io n  in  c e r t a i n  lym phoid t i s s u e s .  T h is  e f f e c t  

c o n s t i t u t e s  th e  b a s i s  f o r  th e  u se  o f  th e s e  hormones a s  t h e r a ­

p e u t ic  a g e n ts  In  m a lig n a n c ie s  in v o lv in g  th e  lym phoid sy s tem .

The c y to to x ic  e f f e c t i v e n e s s  o f c o r t i c o s t e r o i d s  I s  d i ­

r e c t l y  r e l a t e d  to  t h e i r  c h em ica l s t r u c t u r e s .  The Im portance  

o f  th e  1 1 ^ -h y d ro x y l g roup  in  c o r t i s o l  h a s  been  d e m o n s tra te d  

by th e  f a i l u r e  o f  i t s  11 -deoxy  an a lo g u e  ( c o r te x o lo n e ) to  

show g lu c o c o r t i c o id  a c t i v i t y  ( H a r r i s ,  1 9 7 0 ), a lth o u g h  s p e c i ­

f i c  b in d in g  to  r e c e p to r  p r o t e in s  i s  n o t  Im p aired  (K a is e r  e t  

a l ,  1 9 7 2 ). The p re s e n c e  o f a do u b le  bond in  th e  1 :2  po ­

s i t i o n  and th e  a d d i t i o n  o f  h a lo g e n s , such  a s  f l u o r i d e ,  in  

s p e c i f i c  p o s i t io n s  on th e  c y c lo p e n ta n o -p e rh y d ro -p h e n a n th re n e  

n u c le u s  o f  s t e r o i d  horm ones can  in c re a s e  th e  l e t h a l  a c t io n  

up to  1 0 0 - fo ld .  I t  i s  f o r  t h i s  r e a s o n  t h a t  s y n th e t i c  a n a ­

lo g u e s  ( s e e  d ia g ra m ), such  a s  

p re d n is o lo n e  (d o u b le  bond b e ­

tw een o a rb o n s 1 and 2 ) ,  9 -< £ - 

f lu o ro p re d n is o lo n e  (9 -F P ) (1 -  

2 d o u b le  bond and f l u o r id e  on

carb o n  9) and o th e r s  a r e  p r e ­

f e r r e d  th e r a p e u t i c  d ru g s .

The f l r s t  e v id e n c e  o f a

9 - X - f lu o r o p r e d n is o lo n e s te r o id - in d u c e d  c y to to x ic  a c -
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t l o n  In  lym phoid tum ors was g iv e n  by H eilm an and K e n d a ll In  

1944. T h e ir  s tu d ie s  showed t h a t  lymphomas In  m ice r e g r e s s  

a lm o s t c o m p le te ly  a f t e r  th e  a d m in is t r a t io n  o f p h a rm a c o lo g ic a l 

d o se s  o f c o r t i c o s te r o n e .  In  1945. D ougherty  and W hite d e s ­

c r ib e d  s te ro id -m e d ia te d  m o rp h o lo g ic a l changes in  lym phoid 

t i s s u e s .  S u b c e l lu la r  m o le c u la r  e v e n ts  le a d in g  to  c e l l  d e a th  

have been  s tu d ie d  f o r  th e  l a s t  two d e c a d e s , how ever, th e  

e x a c t  sequence  o f  b io c h e m ic a l r e a c t io n s  i s  s t i l l  im p re c is e ­

l y  known.

M e ta b o lic  changes t h a t  occu r in  P1798-CS and o th e r  r e ­

sp o n s iv e  lym phoid  t i s s u e s  a s  a r e s u l t  o f  g lu c o c o r t ic o id  a c ­

t i o n  in v o lv e  a  d e c re a s e  in  th e  o x id a t io n  o f  f r e e ^ f a t t y  a c id s  

(T u rn e l l  e t  a l ,  1973); i n h i b i t i o n  o f t r a n s p o r t  o f e s s e n t i a l  

n u t r i e n t s  such  a s  g lu c o s e  (M o rlta  and Munck, 1964; Munck, 

1968; Rosen e t  a l ,  1970a, 1 9 7 2 ), amino a c id s  (R osen e t  a l ,

1 9 7 2 ), and  n u c le o s id e s  (S te v e n s  e t  a l ,  1 9 7 3 ); i n h i b i t i o n  of 

p re c u r s o r  in c o r p o r a t io n  i n to  n u c le ic  a c id s  and p r o t e in  (Ro­

sen  e t  a l ,  1970b, 1972; M o rita  and Munck, 1964; Makman e t  a l ,  

1971; S te v e n s  e t  a l ,  1971) and an  in c re a s e  in  r lb o n u c le a s e  

a c t i v i t y  (A m bellan and  H o lla n d e r , 1966 ) .  T hese a l t e r a t i o n s  

a r e  p reced ed  by th e  fo rm a tio n  o f  s p e c i f i c  hormone r e c e p to r  

com plexes and by one o r more s te p s  in v o lv in g  m acrom oleoular 

s y n th e s i s  (B a x te r  e t  a l ,  1972; Munck, 1 9 7 1 ). A w ork ing  hypo­

t h e s i s  f o r  th e  sequence  o f e v e n ts  le a d in g  t o  c e l l  d e a th  was 

p ro p o sed  by Munck (1971) and  in c lu d e s  th e  fo l lo w in g  s t e p s :  

G lu c o c o r t ic o id s  form  a  com plex w ith  s p e c l f i o  c y to p la sm ic  r e ­

c e p to r s .  The s t a b l e  hormone r e c e p to r  com plex i s  th e n  t r a n s -
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lo c a te d  I n to  th e  n u c le u s  by a  t e m p e r a tu r e - s e n s i t iv e  s t e p  and 

th e n  a t t a c h e s  t o  s p e c i f i c  chrom osom al s i t e s .  P resum ably  th e  

s y n th e s is  o f  a  p r o te in  I s  Induced  w hich In v o lv e s  a n  I r r e v e r ­

s i b l e ,  t e m p e r a tu r e - s e n s i t iv e ,  a c tln o m y c ln  0 - ,  o y c lo h e x im id e - 

and p u ro m y o ln -s e n s lt lv e  s t e p .  T h is  a n a b o l ic  p ro c e s s  i s  f o l ­

lowed by I n h i b i t i o n  o f g lu c o se  u p ta k e  r e s u l t i n g  In  d e c re a se d  

a v a i l a b i l i t y  o f  ATP w hich I s  r e q u i r e d  f o r  th e  s y n th e s i s  o f 

m acrom oleoule8 such  a s  DNA, RNA and p r o t e in .  Thus th e  la c k  

o f t h i s  h ig h  e n e rg y  oompound th e n  In d u ces c a t a b o l i c  e v e n ts  

le a d in g  to  c e l l  l y s i s .

In  P1798-CS ly m p h o cy tes , g lu c o se  d e p r iv a t io n  In  th e  

p resen o e  o f c o r t i s o l  In  v i t r o  has been  r e p o r te d  to  r e s u l t  In  

marked s u p p re s s io n  o f n u c le o t id e  and amino a c id  In c o r p o ra t io n  

(R osen e t  a l ,  1 9 7 2 ). T hese r e s u l t s  were c h a lle n g e d  by S t e ­

v en s e t  a l  (1 9 7 ^ )t who found no c o r r e l a t i o n  betw een n u c le o ­

s id e  u p tak e  and In c o rp o r a t io n  by P1798-CS c e l l s  ( In  v i t r o ) 

and g lu c o se  t r a n s p o r t .  S tu d ie s  by o th e r  a u th o r s  a l s o  I n d i ­

c a te  t h a t  th e  need f o r  g lu c o se  a s  a  key f a c t o r  In  th e  c a t a ­

b o l ic  a c t io n  o f c o r t i c o s t e r o i d s  In  lymphoma c e l l s  (G ab o u re l 

and Aronow, 1962) and thym ocy tes (Drews and Wagner, 1970; Mak- 

man e t  a l ,  1967 ) I s  q u e s t io n a b le .

The f i r s t  s te p  In  p h y s io lo g ic a l  e f f e c t s  o f g l u c o c o r t i ­

c o id s  I s  b e lie v e d  to  be b in d in g  o f  th e  hormone to  s p e c i f i c  

c y to p la sm ic  r e c e p to r  p r o t e in s  (G eh rln g  e t  a l ,  1 9 7 2 ). Munck 

and B rin ck -Jo h n so n  (1968) r e p o r te d  t h a t  In  th e  r a t  thym us, 

t h i s  s p e c i f i c  b in d in g  I s  d ep en d en t on th e  p re se n c e  o f  e i t h e r  

oxygen and ATP o r g lu c o s e  and ATP; how ever, fo r  c o r t i s o l  to
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e l i c i t  I t s  p h y s io lo g ic a l  e f f e c t ,  oxygen, g lu c o s e , and ATP 

m ust be p r e s e n t .  S tu d ie s  w ith  i n h i b i t o r s  o f  r e c e p to r  b in d ­

in g  in d ic a te  t h a t  r e c e p to r  p r o te in s  a r e  a b s e n t  from  th e  c e l l  

s u r f a c e  (R ousseau  and Tom kins, 1 9 7 2 ), b u t  t h i s  does n o t  p r e ­

c lu d e  a s s o c i a t io n  w ith  th e  c y to p la sm ic  s id e  o f th e  c e l l  mem­

b ra n e . The d e t a i l e d  b io c h e m ic a l e v e n ts  beyond g lu c o c o r t ic o id  

r e c e p to r  b in d in g  a re  o b sc u re . A n t i b i o t i c - s e n s i t i v e  s y n th e t i c  

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

l a t i o n  o f RNA p la y  a  r o l e  in  th e  c a t a b o l i c  p ro c e s s  t h a t  f o l ­

low s th e s e  e v e n ts .

S te ro id - in d u c e d  lo s s  o f n u c le a r  s t r u c tu r e  in  r a t  thymo­

c y te s  r e q u i r e s  b o th  r e s p i r a t i o n  and e x t r a c e l l u l a r  in o rg a n ic  

p h o sp h a te  and in v o lv e s  th e  fo rm a tio n  o f a  n u c le a r  phosphop ro - 

t e l n  (W h itf ie ld  e t  a l ,  1968 ) .  C o r t ic o ld  re s p o n s iv e n e s s  o f 

lym phoid c e l l s  i s  n o t r e l a t e d  to  th e  c e l l  g e n e ra t io n  c y c le .  

The c y to to x ic  e f f e c t s  o f  g lu c o c o r t i c o id s  may become e v id e n t  

e i t h e r  b e fo re  o r  a f t e r  th e  c e l l  l o s e s  i t s  c a p a c i ty  t o  d iv id e  

( H a r r i s ,  1 9 7 0 ). S tu d ie s  by S to ry  and M elnykovych (1973b) 

have shown t h a t  p re d n is o lo n e  d e c re a s e s  th e  r a t e  o f c e l l  d i ­

v i s i o n  in  mouse lymphoma c e l l s  and s u g g e s t  t h a t  exp o su re  to  

th e  8 t e r o l d  m ust occur d u r in g  th e  c e l l  c y c le  p re c e d in g  th e  

one d u r in g  w hich th e  in c r e a s e  in  g e n e ra t io n  tim e  becomes ob­

v io u s .  In  c o n t r a s t  t o  p h a rm a c o lo g ic a l d o s e s , low c o n c e n tra ­

t i o n s  o f c o r t i s o l  ( 10“8 M) do n o t induce  c e l l  l y s i s  b u t  s t i ­

m u la te  p r o l i f e r a t i o n  o f thym ooytes m a in ta in e d  in  v i t r o  (W hit­

f i e l d  e t  a l ,  1970 ) .

T here  i s  no  d i r e c t  e v id e n ce  t h a t  th e  p rim ary  s i t e  of
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a c t io n  o f g lu c o c o r t i c o id s  I s  th e  c e l l  membrane. The r a p id  

d i s t r i b u t i o n  o f s t e r o id s  th ro u g h o u t t a r g e t  c e l l s  does n o t  

su g g e s t  a  m em brane-ac tive  m echanism  (Munck, 1 9 7 1 ). However, 

s te ro ld - ln d u o e d  f u n c t io n a l  changes In  re s p o n s iv e  lym phoid 

c e l l s ,  such  a s  im p a ired  u p ta k e  o f  c e r t a i n  n u t r i e n t s ,  s u g g e s t  

t h a t  s t r u c t u r a l  a l t e r a t i o n s  o f c e l l  membrane com ponents do 

o c c u r . E v idence  f o r  suoh m o d if ic a t io n s  was g iv e n  by S to ry  

e t  a l  ( 1 9 7 3 a .b ) who r e p o r te d  an  e a r l y  r e d u c t io n  o f c h o lin e  

In c o r p o r a t io n  I n to  th e  l l p l d  c e l l  f r a c t i o n  and p h o s p h o lip id s  

o f  th e  c e l l  membrane o f c u l tu r e d  L5178Y mouse lymphoma c e l l s .  

D e l l '  Oreo and M elnycovych ( 1 9 7 0 a ,b ) r e p o r te d  s im i la r  In  v i ­

t r o  e f f e c t s  o f  p re d n is o lo n e  In  human em bryonic H enle c e l l s  

and  HeLa S3 c e l l s  u s in g  32p„p h o sp h o rlc  a c id  a s  l a b e l .  Sup­

p r e s s io n  o f  32p Up ta k e  was e v id e n t  a s  e a r l y  a s  10 m in u tes  a f ­

t e r  a d d i t i o n  o f  th e  s t e r o i d  and p reced ed  a l l  o th e r  a l t e r a ­

t i o n s  b ro u g h t a b o u t by th e  horm one. Both 32p and c h o lin e  

a r e  c o n s t i t u e n t s  o f th e  p h o sp h o lip id  f r a c t i o n  w hich makes up 

a p p ro x im a te ly  5<# o f  th e  l l p l d  c o n te n t  o f  c e l l  membranes 

(Bosman e t  a l ,  1969 ) .  A change In  th e  p h o s p h o l lp ld /p r o te ln  

r a t i o  c o u ld  be r e f l e c t e d  In  p ro found  changes In  c e l l  m etabo­

l i s m .  I t  h a s  been  shown t h a t  by m o d ify ing  th e  l l p l d  compo­

s i t i o n  o f  th e  c e l l  membrane I t  I s  p o s s ib le  t o  a l t e r  membrane 

s t r u c t u r e  a s  w e l l  a s  membrane p e rm e a b i l i ty  (W lllm er, 1961 ) .  

T u r n e l l  e t  a l  (1973) found t h a t  c o r t i s o l  I n c re a s e s  th e  f r e e  

f a t t y  a c id  p o o l In  thym ocy tes and In  P1798-CS c e l l s  In  v i t r o . 

Based on t h e i r  o b s e rv a t io n  t h a t  s u b s t i t u t i o n  o f c o r t i s o l  by 

f r e e  f a t t y  a c id s  In  th e  In c u b a tio n  medium had th e  same e f f e c t
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a s  th e  s t e r o i d ,  th e y  p roposed  t h a t  th e  a c c u m u la tio n  o f f r e e  

f a t t y  a d d s  le a d s  t o  n u c le a r  damage fo llo w e d  by c e l l  l y s i s .

In  hepatom a c e l l s ,  g lu c o c o r t ic o id s  have been  shown to  

a l t e r  e l e c t r o p h o r e t i c ,  a n t ig e n ic  and a d h e s iv e  p r o p e r t i e s  o f 

th e  c e l l  s u r f a c e  (B a lla rd  and Tom kins, 1 9 7 0 ). The In d u c tio n  

o f  th e s e  changes r e q u i r e d  s y n th e t i c  s t e p s  s e n s i t i v e  to  a c t l -  

nom ycln D, c y c lo h e x lm ld e , pH and te m p e ra tu re , su g g e s tin g  

t h a t  de  novo p r o t e in  s y n th e s is  I s  In v o lv ed  In  s te ro ld - m e d l-  

a te d  membrane changes t h a t  In v o lv e  th e  o l ig o s a c c h a r id e  c h a in s  

o f  s u r f a c e  g ly c o p e p tld e s .

C e l l  S u r fa c e  G ly c o p e p tld e s  and t h e i r  Role In  C e ll  M etabolism

E v idence  I s  a c c u m u la tin g  t h a t  th e  c a rb o h y d ra te  p o r t io n  

o f  c e l l  membrane g ly c o p ro te in s  I s  a s s o c ia t e d  w ith  a  v a r i e ty  

o f  b i o l o g i c a l  phenom ena. D i f f e r e n t  c e l l s  have a  u n iq u e  g ly ­

c o p ro te in  c o m p o s itio n  w hich co u ld  e x p la in  a  number o f  d iv e r s e  

p h y s io lo g ic a l  e v e n ts .  T h is  s u b je c t  h a s  been  rev iew ed  In  d e ­

t a i l  by S p iro  (1 9 7 0 ) , W inzler (1 9 7 0 ) , Kraem er (1 9 7 1 ) , and 

Hughes (1 9 7 3 ) . and  o n ly  In fo rm a tio n  p e r t i n e n t  to  t h i s  s tu d y  

i s  d i s c u s s e d .

In  g ly c o p r o te in s ,  one o r s e v e r a l  o l ig o s a c c h a r id e  c h a in s  

a r e  c o v a le n t ly  l in k e d  to  th e  p o ly p e p t id e .  Carbon 1 o f th e  

re d u c in g  te r m in a l  su g a r may be l in k e d  t o :  ( a )  th e  am ide group  

o f  a s p a r a g in e ,  (b )  th e  hy d ro x y l g roups o f s e r i n e ,  th r e o n in e ,  

h y d ro x y - ly s ln e  o r h y d ro x y -p ro lln e  r e s i d u e s ,  o r ( c )  t o  s u l f u r  

In  c y s te in e  r e s i d u e s .  N -a ce ty lg lu o o sa m ln e  was found  t o  a l ­

ways be l in k e d  t o  a s p a r a g in e .  An exam ple I s  th e  c a rb o h y d ra te  

c h a in  found  on a  myeloma Im m unoglobulin  heavy  c h a in  seen  in
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There Is  s tro n g  evidence th a t  most of th e  carbohydrates 

of the  c e l l  membrane a re  exposed on the  e x te rn a l su rfa ce  and 

can be removed as  g lycopep tldes hyv pfrQ.teo ly tlo . enzymes (J a -  

v a ld  and W inzler, 197^; W lnzler, 1 9 7 0 ). The o lig o sacch arid e  

chains a re  made up of a lim ite d  number of sugars inc lud ing  

D -g a lac to se , D-mannose, D -glucose ( r a r e ly ) ,  N -ace ty lg lu co sa- 

mlne, N -ace ty lgalac tosam lne, L-fucose and s i a l i c  a c id . Both 

fucose and s i a l i c  a c id  a re  te rm in a l sugars and a re  u su a lly  

lin k ed  to  g a lac to se  re s id u e s  ( s i a l i c  a c id  may a ls o  be linked  

to  N -acety lgalactosam lne and fucose to  N -aoetylgluoosam lne) 

(Hughes, 1 9 7 3 ). There Is  some evidence th a t ,  a t  l e a s t  In th e  

l i v e r ,  s i a ly l  and fu co sy l t r a n s fe ra s e s  compete a t  random fo r  

the  same g a lac to se  te rm in a ls  (Hudgln and S chach ter, 1 9 7 1 ).

The a c tiv a te d  forms o f th ese  sugars th a t  a re  recognized  by
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s p e c i f i c  t r a n s f e r a s e s  a r e  GDP-fucose (B e k e s l and W in z le r( 

1967) and C M P -sia llc  a c id  ( P r i c e r  and A sh w ell, 1 9 7 1 ). The 

g ly c o s y l t r a n s f e r a s e s  t h a t  c a ta ly s e  th e  a ssem b ly  o f g ly c o p ro ­

t e i n  a s s o c ia te d  o l ig o s a c c h a r id e s  have been  found In  th e  endo­

p la sm ic  r e t ic u lu m  and in  th e  G o lg i complex (S c h a c h te r  e t  a l ,  

1970; H ughes, 1 9 7 3 ). The sequence  o f  su g a r  r e s id u e s  In  th e  

c a rb o h y d ra te  c h a in  a p p a r e n t ly  i s  d e te rm in e d  by th e  s p e c i f i c i ­

t i e s  o f  th e  d i f f e r e n t  enzymes f o r  th e  su g a r n u c le o t id e  (GDP, 

CMP and UDP) and th e  a c c e p to r  ( S p i r o ,  1 9 7 0 ).

Of I n t e r e s t  In  t h i s  I n v e s t ig a t io n  a r e  th e  s i a l i c  a c id s  

w hich make up a  g roup  o f  n e u ra m in ic  a c id s  t h a t  d i f f e r  in  

t h e i r  s id e  g ro u p s (G o t ts c h a lk ,  1 960b ). The 9 carb o n  b ack ­

bone o f  s i a l i c  a c id  I s  d e r iv e d  from  p y ru v ic  a c id  and manno- 

sam in e , and th e  known n e u ra m in ic  a c id s  o f an im a l c e l l s  a re  

N -a cy l and N -a c y l-0 -a c y l  d e r i v a t i v e s .  The s t r u c t u r e  o f 

N -a c e ty ln e u ra m ln ic  a c i d ,  w hich i s  f r e q u e n t ly  found  in  an im a l 

c e l l  m em branes, i s  shown below . P resum ably  m ost o f  th e

C*0

C00H
s i a l i c  a c id  i s  a t ta c h e d  t o  p ro ­

t e i n  r a t h e r  th a n  t o  l l p l d  (Weed 

and Heed, 1966 ) .  The c lo s e ly
CH2

sp a c e d , n e g a t iv e ly  ch arg ed  c a r ­

bo x y l g ro u p s  o f  t h i s  su g a r  a r e
HCOH

CH--C -N H-CH

N - a c e ty l -
n e u ra m in lc
a c id

HOCH

HCOH

HCOH

b e l ie v e d  to  g iv e  r i g i d i t y  t o  th e  

c e l l  membrane th ro u g h  m u tu a l 

e l e c t r o s t a t i c  r e p u l s io n  (G o tt ­

s c h a lk ,  1 9 6 0 a ). The b io lo g ic a l
CHgOH

f u n c t io n  o f th e  v a r io u s  s i a l i c
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a c id s  and  o th e r  s u r f a c e  su g a r  com ponents, w hich may e x i s t  in  

many d i f f e r e n t  co m b in a tio n s  and p e rm u ta t io n s , seem co m p le te ­

l y  o b sc u re . N euram inic  a c id  p la y s  a  r o l e  in  th e  homing o f 

ly m p h o cy tes . The rem oval o f  t h i s  su g a r  by n e u ra m in id a se  r e ­

s u l t s  in  tem p o ra ry  m ig ra t io n  o f th o r a c ic  d u c t  lym phocy tes to  

th e  l i v e r  r a t h e r  th a n  t o  th e  s p le e n  and lym phnodes (G esner 

and W oodruff, 1969 ) .  L -fu c o se  and N -a c e ty l-D -g a la o to sa m in e  

a r e  a l s o  In v o lv ed  in  p ro p e r  homing o f  th e  c e l l s  (G esner and 

G in sb e rg , 1 9 6 4 ). S u rfa c e  s i a l i c  a c id s  have been  shown to  

prom ote im p la n ta t io n  o f th e  ovum (G aslc  and G a s lc , 1 9 7 0 ), and 

s i a l i c  a c i d - r i c h  c h o r io n ic  g o n a d o tro p h in s , p roduced  by t r o -  

p h o b la s ts ,  prom ote l u t e a l  f u n c t io n .  N euram in idase  t r e a tm e n t  

o f  tum or c e l l s  a p p a r e n t ly  r e s u l t s  in  a l t e r a t i o n s  o f  tum or 

h i s to c o m p a t ib i l i t y  a n t ig e n s ,  th e re b y  re d u c in g  t r a n s p l a n t a b i l i -  

t y  (S a n fo rd , 1967; Cormack, 19 7 0 ). G a la c to se  i s  in v o lv e d  in  

I n t e r c e l l u l a r  a d h e s iv e  s p e c i f i c i t y  w hich e n a b le s  l i k e  c e l l s  

to  re c o g n iz e  each  o th e r  (R oth  e t  a l ,  1971)* Cox and G esner 

(1968) d e m o n s tra te d  t h a t  c e r t a i n  n a t u r a l l y  o c c u r r in g  s u g a r s ,  

such a s  L -fu c o se  and  D -m annose, c an  p ro fo u n d ly  a l t e r  c e l l  

grow th  and m e tab o lism . T hese e f f e c t s  ap p ea re d  to  v a ry  w ith  

d i f f e r e n t  c e l l  l i n e s  and c o u ld  be s e l e c t i v e l y  a l t e r e d ,  d e ­

p en d in g  on th e  ty p e  o f su g a r  added to  th e  medium. These ob­

s e r v a t io n s  r a i s e  th e  p o s s i b i l i t y  t h a t  o th e r  a g e n t s ,  such  a s  

g lu c o c o r t lo o ld  horm ones, w hich a f f e c t  c e l l  f u n c t io n  and m eta­

b o lism , may do so  by r e a r r a n g in g  th e  m ic ro s t ru o tu re  o f  s u r ­

fa c e  g ly c o p e p tld e s .  E x am in a tio n  o f  t h i s  p o s s i b i l i t y  was th e  

aim  o f  t h i s  i n v e s t i g a t i o n .
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MATERIALS AND METHODS

A nim als and Tumors

CS and CR c e l l  l i n e s  o f  lym phosarcom a P1798 and 6C3HED, 

c a r r i e d  in  fem ale  B a lb /c  (NIH Mammalian G e n e tic s  and Anim al 

P ro d u c tio n  S e c t io n ,  Drug R e se a rc h  and  D evelopm ent, N a tio n a l 

C ancer I n s t i t u t e ,  B e th e sd a , Md.) and  C3H m ice (C3H/He j ,  The 

Ja c k so n  L a b o ra to ry , Bar H a rb o r, M ain e), r e s p e c t iv e ly ,  were 

u sed  in  t h i s  s tu d y . Both tum ors w ere m a in ta in e d  by su b cu ­

tan e o u s  t r a n s p l a n t a t i o n  o f  sm a ll t i s s u e  p ie c e s  ( c a .  1 cmm) 

in to  th e  r i g h t  f l a n k  a s  d e s c r ib e d  by S te v e n s  e t  a l  (1 9 7 1 ).

CS and CR tum ors w ere t e s t e d  in  v iv o  f o r  c o r t l c o l d  s e n ­

s i t i v i t y  w ith  p h a rm a c o lo g ic a l d o se s  (25  mg/kg) o f  9 -F P . C r i ­

t e r i a  f o r  c o r t l c o l d  s e n s i t i v i t y  w ere sh r in k a g e  o f  tum or mass 

in  CS s t r a i n s  and c o n tin u e d  tum or grow th  in  CR s t r a i n s  ( S t e ­

v en s  e t  a l ,  1 9 7 ^ ).

The P1798-CR and th e  s e m i r e s l s t a n t  -CR1 and  -CR2 s t r a i n s  

were i n i t i a l l y  p roduced  from  th e  CS s t r a i n  by c h ro n ic  s t e r o i d  

t r e a tm e n t  a s  d e s c r ib e d  by McCain Lampkln and P o t t e r  (1 9 5 8 ) .

A P1798-CS s t r a i n  ( r e f e r r e d  to  a s  P1798-AR) t h a t  had been  

made a s p a ra g in a s e  r e s i s t a n t  (by  f r e q u e n t ,  i n c r e a s in g ly  l a r g e r  

d o se s  o f  E .C o ll  a s p a ra g in a s e  th ro u g h  s e v e r a l  t r a n s p l a n t  g e ­

n e r a t io n s )  had become CR f o r  unknown r e a s o n s .

RT.ECTRON MICROSCOPY

P re p a r a t io n  o f  P1798 Lymphosarcoma f o r  M o rp h o lo g ica l S tudy  
a f t e r  S te r o id  T rea tm en t

T um or-bearing  (P1798-CS and -CR) m ice w ere i n je c t e d  l . p .  

w ith  9-PP (25  m g /k g ). C o n tro l  a n im a ls  r e c e iv e d  i n j e c t i o n s  o f
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s t e r o i d  v e h ic le .  A t i n t e r v a l s  o f 3 , 6 , 7 . 8 , 12 and 18 

h o u rs  a f t e r  t r e a tm e n t .  2 a n im a ls  each  o f  t r e a t e d  and c o n tr o l  

g ro u p s w ere s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n .  W ith th e  a id  

o f  2 sm a ll  s p a t u l a s ,  c e l l s  w ere te a s e d  o u t o f  tum or s l i c e s  

i n to  c o ld  f i x a t i v e ,  a  m ix tu re  o f 2 .5 #  g lu ta r a ld e h y d e , 2% p a ra ­

fo rm ald eh y d e , 1% osm lc a c i d ,  and s a tu r a t e d  le a d  c i t r a t e  ( 1 .5 :

1 .5 :2 :1 )  (S lm io n escu  e t  a l ,  1972) in  0 .1  M sodium  c a c o d y la te ,  

pH 7«**« The re m a in in g  t i s s u e  was rem oved by f i l t e r i n g  th e  

c e l l  su s p e n s io n  th ro u g h  l a y e r s  o f  s u r g i c a l  g a u z e . JO m i­

n u te s  a f t e r  f i x a t i o n  a t  C, th e  c e l l  p e l l e t  was o v e r la id  

w ith  2% aqueous u ra n y l  a c e t a t e  f o r  20 m in u te s  a t  room tem ­

p e r a t u r e ,  fo llo w e d  by d e h y d ra t io n  in  a  g rad ed  s e r i e s  o f e th a ­

n o l ,  c le a r e d  in  p ro p y le n e  o x id e  and  embedded in  Epon 812 a s  

d e s c r ib e d  by L u f t  (1 9 6 1 ) .

T h ick  s e c t io n s  ( 0 .5  M-) were p re p a re d  w ith  g l a s s  k n iv e s  

and s u b s e q u e n tly  s t a in e d  w ith  A zure B (0 .0 2 #  in  1# sodium  

b o r a te )  on a  h o tp la t e  a t  60° C. The m orphology o f c e l l s  was 

exam ined by e l e c t r o n  m ic ro sco p y  (o n  t h i n  s e c t io n s )  and th e  

p e rc e n ta g e  o f  damaged c e l l s  ( c e l l s  show ing p y k n o s is  and v i s i b ­

l e  f o c a l  damage) i n  a  f i e l d  o f  1000 c e l l s  was d e te rm in e d  by 

l i g h t  m ic ro sco p y  (on  t h i c k  s e c t i o n s ) .

R e a c tio n  w ith  A lc ia n  B lu e . Ruthenium  Red and Lanthanum  N i t r a t e

C e l l s  (P1798-CS and -CR and 6C3HED-CS and -CR) o f a t  

l e a s t  2 d i f f e r e n t  tum or t r a n s p l a n t  g e n e ra t io n s  w ere te a s e d  

o u t o f  th e  t i s s u e  in  H an k 's  b a la n c e d  s a l t  s o l u t io n  (H ank 'sB S S ), 

pH 7 . a t  room te m p e ra tu re . A f te r  g e n t le  c e n t r i f u g a t i o n  

(150  x g ) f o r  5 m in u te s , p o r t io n s  o f  th e  c e l l  p e l l e t  w ere p ro ­

c e s s e d  f o r  h ig h  r e s o l u t i o n  h is to c h e m is t r y  o f  th e  c e l l  s u r f a o e .
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A ll  f i x a t i v e s  were b u f fe re d  w ith  0 ,1  H sodium  o a c o d y la te  and 

th e  pH v a r ie d  w ith  th e  p ro c e d u re . The c e l l s  w ere suspended  

in :

( a )  2% g lu ta ra ld e h y d e  (pH 6 .5 )  c o n ta in in g  1% A lc la n  b lu e  8GX 

( A l l ie d  C hem ical C o rp ., M o rris to w n , N .J . )  and  f ix e d  f o r  

1 hour a t  room te m p e ra tu re . The m a te r i a l  was p o s t f lx e d  

in  \% OsOjt (pH 7 .2 )  f o r  1 hour a t  0 °  C (Behnke and Z e la n -  

d e r ,  1970 ) .

(b )  2% g lu ta ra ld e h y d e  (pH 7 * 2 ), f ix e d  f o r  1 hour a t  room 

te m p e ra tu re  and p o s t f ix e d  in  \% OsO4, (pH 7 .2 )  f o r  1 hour 

a t  0 °  C. B oth f i x a t i v e s  c o n ta in e d  50 mg% ru th e n iu m  re d  

(K & K, I n c . ,  P la ln v ie w , N .Y .) (Dermer e t  a l ,  197*0.

( c )  2.5%  g lu ta ra ld e h y d e  (pH 6 .9 )  c o n ta in in g  1% lan thanum  n i ­

t r a t e ,  f ix e d  a t  0 °  C f o r  1 ho u r and p o s t f ix e d  in  \% OsOjj. 

(pH 6 . 9 ) ,  a l s o  c o n ta in in g  1% lan thanum  n i t r a t e ,  f o r  1 

h our a t  th e  same te m p e ra tu re  (O v e rto n , 1969 ) .

P ro c e d u re s  (b )  and ( c )  w ere u sed  f o r  P1798-CS and -CR 

o n ly . C o n tro l c e l l s  were p ro c e sse d  in  th e  ab sen c e  o f A lc la n  

b lu e ,  ru th en iu m  r e d  and lan thanum  n i t r a t e ,  r e s p e c t iv e ly .

A f te r  r i n s i n g  in  0 .1  M o a c o d y la te  b u f f e r ,  a l l  sam ples ( e x ­

p e r im e n ta l  and c o n t r o l s )  w ere d e h y d ra te d  and  embedded a s  d e ­

s c r ib e d  b e fo r e .

P lx a t lo n  in  th e  p re se n c e  o f  A lo la n  b lu e  was a l s o  p e r ­

form ed on P1798-CS and -CR c e l l s  3 , 6 , 8 , and 15 h o u rs  a f t e r  

t r e a tm e n t  ( in  v iv o ) w ith  9-FP (25  mg/kg body w e ig h t) .

P lx a t lo n  o f S o l id  P1798 and 6C3MED Tumors

S m all p ie c e s  o f tum or t i s s u e  (P1798-CS and  -CR and
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6C3HED-CS and -CH), w ith  a  d ia m e te r  o f  a p p ro x im a te ly  0 .5  mm, 

were f ix e d  In  2 .5 ^  g lu ta ra ld e h y d e  In  M l l lo n lg 's  p hospha te  

b u f f e r  (pH 7 .2 )  and p o s t f lx e d  In  1% OsOi} ( I n  th e  same b u f f e r )  

f o r  30 m in u tes  each  a t  room te m p e ra tu re  (H yat and G la q u ln ta ,  

1 9 7 0 ). To enhanoe membrane c o n t r a s t ,  th e  f ix e d  t i s s u e  was 

s t a in e d  en  b lo c  w ith  1% aqueous u ra n y l  a c e t a t e  fo r  20 m in u te s . 

To p re v e n t  th e  fo rm a tio n  o f a  p r e c i p i t a t e  (u ra n y l  a c e ta t e  

r e a c t s  w ith  p h o s p h a te ) , th e  m a te r i a l  was b r i e f l y  r i n s e d  w ith  

d i s t i l l e d  w a te r  b e fo re  s t a i n i n g .  A f te r  d e h y d ra tio n  In  a 

s e r i e s  o f g raded  a c e to n e  (2 5 # . 75%* 95%* and 100%), th e  t i s ­

sue was embedded In  £pon 812 ( L u f t ,  1 9 6 1 ).

Thin se c tio n s  of a l l  samples fo r  e le c tro n  microscopy 

were o u t e i th e r  on an Mt-2 Porter-Blum  or an LKB u ltra m lc ro -  

tome and s ta in e d  w ith  u ran y l a c e ta te  and lead  c i t r a t e  (Ve­

nable and C oggeshall, 1965). E lec tro n  micrographs were taken  

w ith .a  P h i l l ip s  300 e le c tro n  microscope a t  80 kV.

P r e p a r a t io n  o f  P1798-CS and -Cft C e l ls  f o r  S cann ing  E le c t r o n  
M icroscopy

Two d i f f e r e n t  t r a n s p l a n t  g e n e ra t io n s  each  o f P1798-CS 

and -CH were p ro o e sse d  a s  fo l lo w s :  The tum or o e l l s  were r e ­

moved from  th e  t i s s u e  In  H an k 's  BBS a s  d e s c r ib e d  b e fo re  (e a c h  

sam ple c o n s is te d  o f  p o o led  c e l l s  from  3 tu m o rs ) . A f te r  3 

w ashes ( I n  H ank 's  BSS), a  m onolayer o f  c e l l s  was p re p a re d  

by a s p l r a t l o n - f l l t r a t l o n  o f " F lo t r o n lo "  s i l v e r  membranes 

( P lo t r o n ic  I n c . ,  S p r in g  H ouse, P e n n sy lv a n ia )  a s  d e s c r ib e d  by 

de H arven e t  a l  (1 9 7 3 ) . The h y d ra te d  m onolayers w ere Imme­

d i a t e l y  f ix e d  f o r  a t  l e a s t  ^8 h o u rs  ( a t  C) w ith  1% g l u t a r ­

a ld e h y d e  (pH 7 .3 ,  320 mOsm.) .  A f te r  two r i n s e s  In  b u f fe r
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and d e h y d ra t io n  In  a  g rad ed  s e r i e s  o f  e th a n o l ,  th e  sam ples 

were p re p a re d  f o r  " c r i t i c a l  p o in t"  d ry in g  ( P o l l l a c k  e t  a l ,

1 9 7 3 ). T h is  In v o lv ed  f u r t h e r  d e h y d ra t io n  by a  g rad ed  s e r i e s  

o f  amyl a c e t a t e / a b s o lu t e  e th a n o l  and th e n  a b s o lu te  amyl a c e ­

t a t e .  The specim ens w ere d r i e d  In  a  D enton c r i t i c a l  p o in t  

a p p a ra tu s  (Model DCP-1) u s in g  C02 g as a t  a  p r e s s u re  o f 

a p p ro x im a te ly  1500 p s l .  The d r i e d  sam ples w ere c o a te d  w ith  

a  t h i n  l a y e r  o f  ca rb o n  and g o ld  on a  r o t a r y  s ta g e  (D enton  Va­

cuum A p p a ra tu s , DV-502) a t  an  a n g le  o f  1 5 ° . S can n in g  e l e c ­

t r o n  m ic ro g rap h s  w ere ta k e n  w ith  a  Cambridge S4 sc a n n in g  

e l e c t r o n  m ic ro sco p e  a t  20 kV.

C oun ting  o f  I r r e g u l a r  C e l ls

The p e rc e n ta g e  o f  I r r e g u la r ly - s h a p e d  c e l l s  ( p e a r -  o r 

mushroom sh a p e ) In  P1798 and 6C3HED c e l l  p o p u la t io n s  was d e ­

te rm in e d  by l i g h t  m icro scopy  In  a  hem ocy tom eter.

Removal o f  Dead C e l ls  and  Red B lood C e l l s  by C e n tr i f u g a t io n  on 
H y p a a u e -P lc o ll

H y p a q u e -F lo o ll was p re p a re d  by m ix ing  10 p a r t s  o f  33 .9$  

Hypaque (W ln th rop  L a b o r a to r ie s ,  New Y ork, N .Y .) and 24 p a r t s  

o f  11$ P i c o l l  (p o ly s u c ro s e ;  Pharm aola P in e  C h em ica ls , P ls o a -  

taw ay , N .J . )  w ith  a  f i n a l  d e n s i ty  o f  1 .082  a t  23° C.

P1798-CS and  -CR c e l l  s u s p e n s io n s  (10& c e l l s  In  1 ml o f  

H ank 's  BSS, pH 7*4) w ere la y e re d  on 2 ml o f  th e  above Hypaque- 

F l c o l l  m ix tu re  and c e n t r i f u g e d  a t  1000 x g f o r  5 m in u te s . The 

c e l l  l a y e r  a t  th e  H y p a q u e -P lc o ll/H a n k 's  BSS ln te r f a o e  was a s ­

p i r a t e d  w ith  a  P a s te u r  p i p e t t e  and  washed In  10 ml o f  H an k 's  

BSS. Dead c e l l s  and  r e d  b lo o d  c e l l s  oou ld  be o o l le c te d  a t  

th e  bo ttom  o f  th e  H y p a q u e -P ic o ll l a y e r .  The washed v ia b le
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c e l l s  (4s  judged  by try p a n  b lu e  e x c lu s io n )  were u sed  f o r  

f i x a t i o n  in  th e  p re se n c e  o f  A lc la n  b lu e  by th e  p ro ce d u re  a l ­

re a d y  d e s c r ib e d .

ISOLATION OF PLASMA MEMBRANES 

A nim al8 , c a r ry in g  tum ors o f 1 t o  2 gm in  s i z e ,  were 

s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n .  Tumors were rem oved, 

f r e e d  o f s u r f a c e  f a t  and n e c r o t i c  t i s s u e  and th e n  p ro c e sse d  

f o r  th e  i s o l a t i o n  o f  plasm a membranes u n der i c e - c o ld  c o n d i­

t i o n s .  The t i s s u e  was m inced in  H ank 's  BSS, pH 7 .4 ,  and f i l ­

t e r e d  th ro u g h  4 l a y e r s  o f s u r g i c a l  g au ze . A packed c e l l  p e l ­

l e t  was o b ta in e d  by c e n t r i f u g a t i o n  o f th e  c e l l  su s p e n s io n  a t  

150 x g f o r  5 m in u te s . For th e  rem oval o f re d  b lood  c e l l s ,  

th e  p e l l e t  was re su sp e n d ed  in  a  m ix tu re  o f  1 volume o f H ank 's  

BSS and 1 volume o f 0 .85$  ammonium c h lo r id e ,  pH 7 A  (pH was 

a d ju s te d  w ith  1 M T r i s ) .  The su sp e n s io n  was a g a in  c e n t r i ­

fuged  f o r  5 m in u te s  ( a t  150 x g) and th e  packed c e l l  volume 

r e c o rd e d .  The s u p e r n a ta n t ,  which c o n ta in e d  hem oglobin  and re d  

b lo o d  c e l l  g h o s ts ,  was rem oved, and th e  re m a in in g  tum or c e l l s  

w ere p ro c e s s e d  f o r  th e  i s o l a t i o n  o f c e l l  membranes a s  d e ­

s c r ib e d  by Ray (1970) w ith  some m o d if ic a t io n s .  The packed 

c e l l  volume was re su sp e n d e d  in  2 volum es o f  h y p o to n ic  b u f f e r  

(1  mM NaHCO^ and 2 mM CaClg. pH 7 .5 )*  C e l l s  w ere a llo w e d  to  

s w e ll  f o r  10 m in u te s  and th e n  hom ogenized in  a  Dounce homoge- 

n l z e r  ( p e s t l e  B) by 20 to  30 g e n t le  d o w n s tro k e s . B reakage 

( a t  l e a s t  95$ ) o f c e l l s  was m o n ito red  by phase m ic ro sco p y .

The hom ogenate was d i lu t e d  1 0 0 - fo ld  th e  i n i t i a l  c e l l  volume 

w ith  h y p o to n ic  b u f f e r  and l e f t  s ta n d in g  f o r  10 m in u te s . For
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su b seq u e n t s t e p s ,  th e  fo l lo w in g  flo w  s h e e t  was u se d :

Homogenate 
( I n  250 ml p l a s t i c  b o t t l e s )

( 1 ) HS4 r o t o r
2 ,6 0 0  rpm (1 ,3 0 0  x g ) ,  4 °  C 
Speed was red u ced  to  0 a s  soon 
a s  th e  p ro p er g f o r c e  had been  
re a c h e d

S u p e rn a ta n t S u p e rn a ta n t

P e l l e t  ( n u c le i )
H esuspended In  20 volum es 
o f b u f f e r

same a s  s t e p  
( 1 )

( 2 ) HS4 r o t o r
5 ,0 0 0  rpm (4 ,8 0 0  z g) 
30 m in u te s  a t  4 °  C

P e l l e t  ( n u c le i )  
d is c a rd e d

S u p e rn a ta n t
d is c a rd e d

 1
P e l l e t
H esuspended In  an  I n i t i a l  sm a ll 
volume o f  h y p o to n ic  b u f f e r  and 
th e n  d i lu t e d  50 - f o ld  th e  I n i t i a l  
c e l l  volume w ith  th e  same b u f f e r

(3 ) HS4 r o t o r
5 ,0 00  rpm
15 m in u te s  a t  4 °  C

P e l l e t  
R esuspended  25 - f o ld  th e  
I n i t i a l  c e l l  volume In  
h y p o to n ic  b u f f e r

same a s  s te p
(3 )

S u p e rn a ta n t
d is c a rd e d

f
S u p e rn a ta n t
d is c a rd e d

P e l l e t
(c ru d e  membrane f r a c t i o n )
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The c ru d e  membrane p e l l e t  was re su sp e n d e d  In  a  sm a ll  

volume o f h y p o to n ic  b u f f e r  and hom ogenized In  a  7 ml Dounce 

hom ogenlzer ( p e s t l e  A) by 1 to  2 g e n t le  d o w n stro k es to  b re a k  

up sm a ll  c lum ps. The su s p e n s io n  was d i l u t e d  w ith  60$ s u c ro se  

t o  a  f i n a l  c o n c e n tr a t io n  o f  48$ s u c ro s e .  P o r t io n s  o f 7 .5  ml 

o f th e  membrane su sp e n s io n  w ere p la c e d  In  Beckman c e l lu l o s e  

n i t r a t e  tu b e s  ( l n d ia m e te r  X 3 1 /2 " )  and c a r e f u l l y  o v e r la id  

w ith  7 ml o f  45$ , 12 ml o f 41$ and  8 ml o f 37^ s u c ro s e .  A l l  

su c ro se  s o lu t io n s  were made up ln  5 mM T r i s  c o n ta in in g  5 mM 

CaClg (pH 7 .4 ) .  The tu b e s  were c e n t r i f u g e d  f o r  2 h o u rs  a t  

2 5 ,0 0 0  rpm in  an  SW27 r o t o r  a t  4 °  C. Membrane f r a c t i o n s  

a p p ea re d  a t  th e  i n t e r f a c e s  betw een  37$ and 41$ ( L I ) ,  4 l$  and 

45$ (L2) a s  w e ll  a s  betw een 45$ and 48$ su c ro se  (L3) In  form  

o f  a  w h ite , com pact s h e e t .  The membrane l a y e r s  were rem oved 

w ith  a  P a s te u r  p i p e t t e ,  washed f r e e  o f  su c ro se  by r e p e a te d  

su s p e n s io n  and c e n t r i f u g a t i o n  ln  50 ml o f . 85$ sodium  c h lo ­

r i d e .  Each membrane f r a c t i o n  was t e s t e d  f o r  enzyme a c t i v i t y  

and th e  m orphology exam ined by e le c t r o n  m ic ro sco p y . The 

sam ples were f ix e d  w ith  1$ OsOjj, ( in  0 .1  M sodium  o a c o d y la te ,  

pH 7 .3 )  f o r  30 m in u te s  a t  0° C, d e h y d ra te d  in  e th a n o l  and  em­

bedded a s  d e s c r ib e d  b e fo r e .

CHEMICAL ASSAYS 

For p r o t e in  d e te r m in a t io n s ,  th e  sam ples (w hole c e l l s ,  

hom ogenates and membrane f r a c t i o n s )  w ere h y d ro ly z e d  w ith  1 N 

NaOH a t  60° C f o r  2 h o u rs  o r over n i g h t .  P r o te in  was th e n  

a s sa y e d  by th e  m ethod o f Lowry e t  a l  (1951) u s in g  b o v in e  s e ­

rum a lb u m in  a s  th e  s ta n d a r d .  T h is  m ethod i s  b a sed  on th e  f o r -
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m atIon  of a red u ced  p h o sp h o m o ly b d a te -p h o sp h o tu n g s ta te  com­

p le x  w hich I s  m easured a s  a  b lu e  chrom ophore a t  700 m/-*-.

The re d u c in g  a g e n ts  a r e  t y r o s in e ,  t ry p to p h a n , and c y s te in e  

r e s id u e s  o f p r o t e in ,  and th u s  th e  i n t e n s i t y  of th e  c o lo r  d e ­

v e lo p e d  ( ln  30 m in u tes  a t  room te m p e ra tu re )  depends on th e  

p ro p o r t io n  o f  th e s e  amino a c id s  p r e s e n t .

S u c c in a te  dehydrogenase  was a ssa y ed  a s  d e s c r ib e d  by 

H eld (1 9 7 2 ). The a s s a y  m ix tu re  ( c o n ta in in g  1 2 5 /Umoles so ­

dium p h o sp h a te , 6 2 .5  mg 2 - p - lo d o p h e n y l-3 -p -n i t ro p h e n y l-5 -  

p h e n y lte t r a z o l iu m c h lo r id e  (IN T ), 75 nm oles sodium s u c c in a te ,  

and 50Mg  p r o t e in ,  pH 7 .4 ,  in  a  t o t a l  volume o f 1 ml) was 

in c u b a te d  f o r  15 m in u te s  a t  37° C in  a  g y ra to ry  sh a k e r . The 

r e a c t i o n  was s to p p ed  w ith  co ld  10$ t r i c h l o r o a c e t i c  a c id  ( TCA) 

and th e  chromogen (red u ced  te t r a z o l lu m )  e x t r a c te d  w ith  4 ml 

e th y l  a c e t a t e .  A b so rp tio n  was re a d  a t  420 m/U, and th e  con­

c e n t r a t i o n  o f red u ced  INT was c a lc u la te d  from  th e  e x t in c t io n  

c o e f f i c i e n t  o f fo rm azan  (red u c ed  INT).

G lu c o se -6 -p h o sp h a ta se  was a ssa y e d  in  1 ml o f 0 .1  M 

sodium  a c e t a t e  c o n ta in in g  5 ^ m ° le s  g lu c o s e -6 -p h o sp h a te  ( s o ­

dium s a l t ) ,  and 100 to  2 0 0 yug p r o te in  a t  pH 6 .1  (hay,  1970 ). 

The m ix tu re  was in c u b a te d  a t  37° C in  a  g y ra to r y  sh a k e r .

A f te r  30 m in u te s , th e  r e a c t io n  was s to p p ed  w ith  1 ml of c o ld  

6% TCA. The in o rg a n ic  p h o sp h a te  r e le a s e d  was d e te rm in e d  by 

th e  method o f Chen e t  a l  (1956) w hich In v o lv e s  th e  r e d u c t io n  

o f a  phosphom olybdate complex by a s c o rb ic  a c id .  The r e ­

s u l t i n g  b lu e  chrom ophore was d e v e lo p ed  in  a w a te rb a th  a t  

^ 5 °  C f o r  20 m in u te s . The method i s  s e n s i t i v e  to  nano mole
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am ounts o f In o rg a n ic  p h o sp h a te , and r e a d in g s  a t  820 m/u. a r e  

p r o p o r t io n a l  to  p h o sp h a te  c o n c e n tr a t io n s  t o  an  o p t i c a l  d e n s i ­

t y  o f  a t  l e a s t  1 . 8 .

Mg2+- a c t lv a t e d  ATPase was a ssa y e d  a t  pH 7*5 u s in g  ATP 

a s  s u b s t r a t e  (d a y , 19 7 0 ). The In c u b a tio n  m ix tu re  c o n s is te d  

o f  10 /im oles MgClg, 10 to  20 /*g p r o te in  and  10 ^ m o le s  ATP 

ln  a  t o t a l  volume o f  1 m l. A f te r  In c u b a tio n  f o r  30 m in u tes  

a t  37°  C, th e  r e a c t i o n  was s to p p e d  by a d d in g  1 ml o f c o ld  6% 

TCA. In o rg a n ic  p h o sp h a te  r e l e a s e d  was d e te rm in e d  a s  d e s c r ib e d  

above f o r  g lu c o s e - 6 -p h o sp h a ta se  w ith  th e  e x c e p tio n  t h a t  c o lo r  

was d ev e lo p ed  a t  room te m p e ra tu re  ( f o r  10  m in u te s )  to  keep 

th e  a b s o r p t io n  o f ATP b la n k s  low .

F -n l t ro p h e n y l  p h o sp h a ta se  was a ssa y e d  a t  pH 9*0 ln  a  

t o t a l  volume o f  1 ml c o n ta in in g  100 /(.moles T r l s ,  2 .5  /nmoles 

MgCl2 , 1 Atfnole p -n l tro p h e n y l  p h o sp h a te , 0 .1% T r i to n  X-100 

and 100 to  150 pig p r o te in  (R ay, 1 9 7 0 ). The m ix tu re  was In ­

c u b a te d  f o r  30 m in u te s  a t  37° C ln  a  g y ra to ry  s h a k e r .  S in ce  

p r o t e in  was n o t  rem oved, s e p a r a te  sam ple b la n k s  w ith o u t sub ­

s t r a t e  w ere ru n  and  r e a d in g s  a t  ^20 m M c o rre c te d  f o r  b la n k s . 

F -n l t r o p h e n o l ,  w hich has a  y e llo w  c o lo r  ln  a lk a l i n e  s o lu t io n ,  

was u sed  a s  th e  s ta n d a rd .

S i a l i c  a c id  was d e te rm in e d  by th e  m ethod o f J o u rd la n  

(1 9 7 1 ) , u s in g  N -a c e ty ln e u ra m ln lc  a c id  a s  s ta n d a r d .  C o n tra ry  

t o  th e  m ost w id e ly  used  p e r l o d a t e - t h l o b a r b l t u r l c  a c id  method 

(W arren , 1 9 5 9 ), t h i s  p ro ce d u re  do es n o t  r e q u i r e  a c id  h y d ro ly ­

s i s  o f  s i a l i c  a c id  g ly c o s id e s  and i s  n o t  a f f e c t e d  by l i p i d s ,  

am ino a c i d s ,  o r s u g a r s .  S i a l i c  a c id s  c o n ta in e d  ln  300 to
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500 Mg o f sam ple p r o t e i n  ln  a  volume o f 0 .5  ml w ere r e a c te d  

w ith  0 .1  ml o f 0 .0 4  M p e r io d ic  a c id  a t  0° C f o r  30 m in u te s . 

The o x id iz e d , g l y c o s ld l c a l ly  bound and f r e e  s i a l i c  a c id s  were 

th e n  h e a te d  ( f o r  15 m in u te s  a t  100° C) w ith  1 .2 5  ml o f S ven - 

nerholm  r e s o r c l n o l  r e a g e n t .  A f te r  c o o lin g ,  th e  brown chrom o­

phore was e x t r a c te d  w ith  1 .2 5  ml o f lso a m y la lc o h o l and a b ­

so rb a n c e s  d e te rm in e d  a t  630 m/*..

SEPARATION OF CELL MEMBRANE GLYCOPEPTIDES BY COLUMN CHROMA­
TOGRAPHY

L a b e lin g  and T rea tm en t w ith  9-FP

F r a c t io n a t io n  o f p lasm a membrane g ly c o p e p tld e s  was p e r ­

form ed on 9 - F P - t r e a te d  and u n t r e a te d  lym phosarcom a P1798-CS 

and -CR. Groups o f  10 to  12 each  o f  CS and CR tum or b e a r ­

in g  a n im a ls  w ere s e l e c te d  f o r  d i f f e r e n t i a l  l a b e l i n g  ln  v iv o  

w ith  L - fu c o s e - lifC and -3 h . Each an im al o f a n  e x p e r im e n ta l  

g roup  was I n je c te d  l n t r a p e r l t o n e a l l y  w ith  e i t h e r  1 2 .5 yuCl 

o f  L - fu c o s e - l- l^ C  o r 25 /uCl o f  L - f u c o s e - ( l ,5 ,6 , - 3 H ) .  The 

I s o to p e s  w ere su spended  ln  0 .5  ml o f  0 . 85$ sodium  c h lo r id e .  

L -fu c o se - l^ C  (5 6 .2  mC1/mmole) and L -fucose-3H  (3 .7 3  Cl/m m ole) 

were o b ta in e d  from  New E ngland  N u c lea r (B o sto n , M a ss .) .

Four h o u rs  a f t e r  l a b e l i n g ,  th e  a n im a ls  w ere s a c r i f i c e d ,  

th e  tum ors ( r a n g in g  from  1 - 1 .5  8 in  s i z e )  rem oved and o e l l  

membranes I s o l a t e d  a s  d e s c r ib e d  ab o v e . F or l a b e l in g  s t u d i e s  

6 and 7 h o u rs  a f t e r  s t e r o i d  t r e a tm e n t ,  a n im a ls  r e c e iv e d  

i n t r a p e r l t o n e a l  I n j e c t i o n s  o f  9-FP (25  mg/kg bodyw elgh t) 2 

and 3 h o u rs , r e s p e c t i v e l y ,  b e fo re  th e  a p p l i c a t io n  o f  r a d i o ­

a c t iv e  fu c o s e .
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P re p a r a t io n  o f  L abeled  Plasm a Membranes f o r  G el F i l t r a t i o n  

A p p ro p r ia te  p o r t io n s  o f  d i f f e r e n t i a l l y  la b e le d  P1798- 

CS and -CR c e l l  membranes (p o o led  L I and L2 f r a c t i o n s )  were 

s o l u b i l i z e d  ln  1 ml o f \% d o d e cy l sodium  s u l f a t e  (SDS) a t  

60° C f o r  <*5 m in u te s  t o  1 h o u r . The s o lu b i l i z e d  membrane 

p r o t e in s  were d i lu t e d  t o  a  t o t a l  volume o f 15*5 ml w ith  0 .2  M 

p h o sp h a te  b u f f e r ,  pH 7 .8 ,  c o n ta in in g  1 .5  mM CaCl2 and  10 mg 

p ro n a se  (K A K, I n c . ,  P la ln v le w , N .Y .) and  f u r t h e r  p ro c e sse d  

by th e  m ethod o f  van  Beek e t  a l  (1 9 7 3 ) . D ig e s t io n  was c a r ­

r i e d  o u t f o r  5 day s a t  37° C on a  g y r a to ry  s h a k e r .  B a c t e r i a l  

g row th  was p re v e n te d  by th e  a d d i t i o n  o f a few d ro p s  o f  t o l u ­

e n e . F re sh  p ro n ase  (10  mg) was added  a t  2<* hour I n t e r v a l s .

A t th e  end o f th e  In c u b a tio n  p e r io d ,  th e  d e n a tu re d  enzyme was 

rem oved by c e n t r i f u g a t i o n  a t  <*8,000 z  g f o r  20 m in u te s . The 

c l e a r  s u p e rn a ta n t  was d la ly z e d  f o r  2<t h o u rs  ln  c e l l u l o s e  t u ­

b in g  a t  6°  C a g a in s t  1 l i t e r  o f  0 .1  K NaCl and  f o r  an  a d ­

d i t i o n a l  2<* h o u r8 a g a in s t  1 l i t e r  o f  t w l c e - d l s t l l l e d  w a te r .

The n o n -d la ly z a b le  m a te r i a l  was ly o p h l l l z e d  and th e n  d is s o lv e d  

ln  10 ml o f  0 .0 5  M sodium  a c e t a t e  b u f f e r ,  pH 5 .5 ,  c o n ta in in g  

6 .8  mM C a C ^ . The m ix tu re  was d iv id e d  In to  2 e q u a l p o r t io n s .  

To one o f  th e  sa m p le s , 50 u n i t s  o f  V ib r io  c h o le ra e  n e u ra m in i­

d a se  (G e n e ra l B lo c h e m lo a ls , C h ag rin  P a l l s ,  O hio) w ere ad d ed ; 

th e  o th e r  p o r t io n  s e rv e d  a s  th e  c o n t r o l .  B oth sam ples were 

In c u b a te d  f o r  2 h o u rs  a t  37° C on a  g y ra to ry  s h a k e r .  The 

p r e p a r a t io n s  w ere th e n  ly o p h l l l z e d  and s to r e d  a t  -2 0 °  C u n t i l  

f r a c t i o n a t i o n  by ch rom atog raphy .
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Gel F i l t r a t i o n  

The ly o p h l l l z e d  m a te r i a l  was d is s o lv e d  ln  1 ml e lu e n t  

b u f f e r  ( 0 .1  M T r l s - a c e t a t e ,  pH 9* c o n ta in in g  0 .1 ^  SDS, 0 .0 l£  

EDTA, and  0 .1 $  m e rc a p to e th a n o l) . B lue d e z t r a n  2000 (Pharm a­

c ia  F in e  C hem ica ls , P ls c a ta w a y , N .J . )  and pheno l re d  were 

added  to  s e rv e  a s  h ig h  and low m o le c u la r  w e ig h t m a rk e rs , r e ­

s p e c t iv e ly .  The sam ples w ere f r a c t i o n a t e d  on B io -G el P -10 , 

200-400 mesh (B io-R ad L a b o r a to r ie s ,  Richmond, C a l i f o r n i a ) .

The column m easured 100 x 11 mm, and  th e  sam ples were e lu te d  

ln  0 .8  ml f r a c t i o n s  a t  a  r a t e  o f 3 ml pe r h o u r . and  ^ C  

r a d i o a c t i v i t y  was co u n ted  ln  A quaso l (New E ngland N u c le a r , 

B o sto n , M ass.) w ith  e i t h e r  a  P ackard  T r l-C a rb  Model 3380 or 

an  In te r te c h n iq u e  SL-30 l i q u i d  s c i n t i l l a t i o n  s p e c tro m e te r .

A l l  f r a c t i o n a t i o n  e x p e rim e n ts  w ere r e p e a te d  w ith  r e v e r s e d  

i s o to p e  l a b e l in g .

T e s t in g  f o r  P u r i ty  o f  R a d io is o to p e s  

The p u r i t y  o f f u c o s e - ^ C  and -^H was con firm ed  by t h i n  

l a y e r  ch rom atography  on 20 x 5 cm c e l lu l o s e  p l a t e s  ( J .T .

B aker C hem ical C o ., P h l l l lp s b u r g ,  N .J . )  w hich were d ev e lo p ed  

ln  n -p ro p a n o l-H g O -e th y la o e ta te  ( 7 :2 :1 )  and  ln  b u ta n o l - e th a n o l-  

H20 ( 1 0 :1 :2 ) .  The p o s i t io n  o f th e  I s o to p e s  was d e te rm in e d  

w ith  a  P ackard  rad ioch rom atog ram  sc a n n e r  (m odel 7201) and  

com pared w ith  th e  R f o f n o n - r a d io a c t iv e  fu c o s e .
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RESULTS

aem o tio n  o f  P1798 and 6C3HED C e l l s  w ith  A lc la n  B lue

E x am in a tio n  o f A lc la n  b l u e - t r e a t e d  P1798 lymphoma c e l l s  

by e l e c t r o n  m lcrosoopy  showed e le c t r o n - d e n s e  a g g re g a te s ,  r e ­

f e r r e d  to  a s  c e l l  c o a t ,  on s tir  f a c e s  o f  th e  l a r g e  m a jo r i ty  o f 

c e l l s  from  th e  CS tum or. Dye com plexes co u ld  be o bserved  

w ith o u t  c o u n te r8 t a l n l n g  o f s e c t io n e d  m a te r i a l  w ith  heavy  me­

t a l s ;  how ever, th e  d e n s i ty  o f c e l l  c o a ts  was much augm ented 

by c o n t r a s t in g  s e c t io n s  w ith  u ra n y l  a c e t a t e  and  le a d  c i t r a t e .  

The th ic k n e s s  and  c o n t in u i ty  o f c o a t  m a te r i a l  a lo n g  th e  c e l l  

s u r f a c e  was v a r i a b le  a s  shown ln  f i g u r e s  1 t o  3 . In  a l l  

f i e l d s  exam ined, o n ly  a  r e l a t i v e l y  sm a ll  number o f  c e l l s  

la c k e d  e le c tro n -o p a q u e  A lc la n  b lu e  com plexes. By c o n t r a s t ,  

c e l l s  from  th e  CR tum or showed a c o n s p lc lo u s  ab sen c e  o f  ( f i g .  

1+) o r o n ly  r a r e ,  s c a t t e r e d  d e p o s i t s  o f  c o a t  m a te r i a l  on 

t h e i r  s u r f a c e s .  A few c e l l s  w i th in  a  CR p o p u la t io n  showed 

a  d e f i n i t e  p o s i t iv e  s u r f a c e  r e a c t i o n  w ith  th e  d y e . In  con­

t r o l  p r e p a r a t io n s ,  no e le c t r o n - d e n s e  m a te r i a l  was ob se rv ed  

on th e  e x te r n a l  l e a f l e t  o f th e  c e l l  membrane.

In  th e  l i g h t  o f  th e s e  o b s e r v a t io n s ,  I t  was o f I n t e r e s t  

t o  I n v e s t ig a te  CR and CS c e l l  l i n e s  o f  a n o th e r  lym phoid t u ­

mor t h a t  would answ er th e  q u e s t io n  o f  w h e th er th e  d e s c r ib e d  

s u r f a c e  c h a rg e  d i f f e r e n c e s  ln  CS and CR P1798 a r e  p e c u l ia r  

t o  a  p a r t i c u l a r  lymphoma or a r e  a  more g e n e ra l  phenomenon. 

6C3HED-AS and -AR tum or l i n e s ,  w hich a r e  c a r r i e d  ln  C3H mice 

( a s  com pared to  P1798, c a r r i e d  ln  B a lb /c  m ic e ) , p roved  to  be 

CS and CR, r e s p e c t iv e ly .  E x am in a tio n  o f  A lc la n  b lu e - t r e a te d
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P ig s .  1 -  P1798-CS/CR c e l l s  f ix e d  in  th e  p re se n c e
o f A lc ia n  b lu e  8GX.

F ig .  1 . P1798-CS c e l l s .  C e l l  s u r f a c e s  show a  c o n t in u ­
ous d en se  c o a t .  X 25*000.

P ig .  2 . P1798-CS c e l l .  The I r r e g u l a r  c e l l  s u r f a c e
shows d e n s e ly  paoked , fu z z y  c o a t  m a te r i a l .
X 2 5 , 000 .

P ig .  3 . P1798-CS c e l l .  The e le c tro n -o p a q u e  c e l l  s u r ­
fa c e  d e p o s i t s  show a  d is c o n t in u o u s ,  p a tc h y  d i s t r i ­
b u t io n .  X 25*000.

P ig .  **. P1798-CR c e l l s .  C e l l  s u r f a c e s  la c k  e l e c t r o n -
d en se  c o a t .  S e v e ra l  c e l l - t o - o e l l  c o n ta c t  s i t e s  
can  be se e n  ( a r r o w s ) .  X 25*000.
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6C3HED-CS and -CR c e l l s  r e v e a le d  t h a t  th e  p a t t e r n  o f dye 

b in d in g  was s im i la r  t o  t h a t  d e s c r ib e d  f o r  P1798 c e l l  p re p a ­

r a t i o n s .  F ig u re s  5 and 6 d e m o n s tra te  c e l l  c o a ts  o f CS c e l l s  

re s e m b lin g  th o se  o b se rv ed  on P1798-CS c e l l  s u r f a c e s  ( f i g s .  1 

t o  3 ) .  F ig u re  7 shows th e  plasm a membranes o f 2 a d h e r in g  CR 

c e l l s  t h a t  la c k  e le c t r o n - d e n s e  m a te r i a l  on t h e i r  s u r f a c e s .  

S im ila r  t o  P1798 s t r a i n s .  6C3HED-CS and -CR c e l l  p o p u la t io n s  

were n o t  c o m p le te ly  homogeneous w ith  r e s p e c t  t o  th e  p re se n c e  

o r ab sen ce  o f  a  c e l l  c o a t .

To s t r e n g th e n  th e s e  o b s e r v a t io n s ,  2 a d d i t i o n a l  P1798- 

Cfl c e l l  l i n e s  (P1798-CR1 and -CR2) w ere p roduced  from  th e  CS 

s t r a i n  by c h ro n ic  s t e r o i d  t r e a tm e n t .  The r e s u l t i n g  seml-CR 

s t r a i n s  showed t h a t  In d u c tio n  o f  c o r t i c o s t e r o i d  r e s i s t a n c e  

I s  a s s o c ia t e d  w ith  a  l o s s  o f  s u r f a c e  c o a t  m a te r i a l .  A no ther 

P1798-CS s t r a i n ,  made r e s i s t a n t  t o  a s p a r a g in a s e ,  was found 

to  have become CR. No e x p la n a t io n  can  be g iv e n  f o r  t h i s  

ch an g e , b u t  th e  new CR l i n e  (P1798-AR) la c k e d  a  c e l l  c o a t .  

A lthough  P1798-CR1, -CR2, and -AR f a l l  t o  r e g r e s s  a f t e r  

t r e a tm e n t  w ith  9-FP (25  mg/Kg bodyw elgh t, a  d o se  t h a t  I s  

m ax im ally  e f f e c t i v e  In  th e  p a re n t  s t r a i n ) ,  th e y  do n o t  con­

t in u e  to  grow . T h is  s e m ir e s i s ta n c e  t o  o o r t l c o ld s  may be r e ­

f l e c t e d  In  d i f f e r e n c e s  In  r e l a t i v e  r a t i o s  o f  u n c o a ted  and 

o o a te d  c e l l s  betw een CR and seml-CR c e l l  l i n e s .  However, a  

q u a n t i t a t i v e  e v a lu a t io n  o f  l a r g e  num bers o f  m ic ro g rap h s  o f  

e ach  s t r a i n  would be n e c e s s a ry  t o  t e s t  t h i s  p o s s i b i l i t y .

C e ll  A dhesion  In  CS and CR Tumors

In  s o l i d  tum ors o f  P1798-CR, c e l l s  were f r e q u e n t ly  ob -
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P ig s .

P ig .

P ig .

P ig .

5 - 7 *  6C3HED-CS/CH c e l l s  f ix e d  in  th e  p re se n c e  
o f A lc ia n  b lu e  8GX.

5. 6C3HED-CS c e l l .  The c e l l  s u r f a c e  i s  I r r e g u l a r  
and shows a  more o r l e s s  c o n tin u o u s  d e n s e ly -  
s t a in e d  c o a t .  X 25•000 .

6 . 6C3HED-CS c e l l .  E le c t ro n - d e n s e ,  f la k y  ma­
t e r i a l  c o v e rs  th e  c e l l  s u r f a c e .  X 25*000.

7 . 6C3HED-CR c e l l s .  C e ll  membranes show a  b ro ad  
c e l l - t o - c e l l  c o n ta c t  s i t e  ( a r ro w s ) .  A lc ia n  b lu e^  
a g g re g a te s  a p p e a r  t o  be a b s e n t  from  th e  c e l l  s u r ­
f a c e s .  X 25*000.





-  30 -

s e rv e d  to  show c e l l - t o - c e l l  c o n ta c t  s i t e s  ( f i g s .  8 and 9 ) .  

J u n c t lo n - l l k e  com plexes w ere a l s o  se e n  betw een CR c e l l s  t h a t  

had been  rem oved from  tum or s i l o e s  by g e n t le  t e a s in g  w ith  

sm a ll  s p a t u la s .  T h is  can  be se e n  In  th e  A le la n  b lu e - t r e a te d  

c e l l s  o f f i g u r e  4 ( a r ro w s ) .  P1798-CS s o l i d  tum ors g e n e r a l ly  

showed a lo o s e r  a rran g em en t o f  c e l l s  w ith  few c o n ta c t  s i t e s  

( f i g .  1 0 ) .  E le c t r o n - lu c id  c e l l s ,  a s  se e n  In  f i g u r e  10 , were 

more f r e q u e n t ly  e n c o u n te re d  In  P1798-CS th a n  In  tu m o rs .

The c a p a c i ty  f o r  c e l l  a d h e s io n  was a l s o  o b se rv ed  In  

c e l l  p o p u la t io n s  (p re p a re d  f o r  h is to c h e m is t r y  w ith  A lc la n  

b lu e )  o f th e  6C3HED-CR tum or ( f i g s .  7 and  1 1 ) . In  c e l l  s u s ­

p e n s io n s  o f b o th  ty p e s  o f CS lymphoma (P1798 and  6C3HED), a d ­

h e r in g  c e l l s  were r a r e l y  o b se rv e d . An a t te m p t  was made to  

exam ine d i f f e r e n c e s  In  c e l l  a d h e s io n  In  CS and CR 6C3HED s o ­

l i d  tu m o rs , b u t  e x te n s iv e  n e c r o s i s  In  a l l  p ro c e ss e d  m a te r i a l s  

made an  a c c u ra te  e v a lu a t io n  Im p o s s ib le . D if f e re n c e s  In  f i rm ­

n e s s  betw een 6C3HED-CS and -CR tu m o rs , a s  o b se rv ed  In  P1798-CS 

and -CR lymphomas, w ere n o t  o b v io u s , p e rh a p s  due to  th e  p re ­

se n ce  o f  an  e x te n s iv e  n e tw o rk  o f m uscle  f i b e r s  (o b se rv e d  by 

e le c t r o n  m ic ro scopy ) In  b o th  tu m o rs .

T h ree -D im en sio n a l and S u rfa c e  M orphology o f P1798-CS and CR 
C e l l s

In  g e n e r a l ,  c e l l s  o f  b o th  P1798-CS and -CR tum ors 

showed sm ooth and m o d e ra te ly  v i l l o u s  s u r f a c e s  ( f i g s .  12 and 

1 3 ) ,  c o rre sp o n d in g  to  a  p a t t e r n  t h a t  h a s  been d e s c r ib e d  f o r  

human thym ocy tes ( T - c e l l s )  ( P o l l l a c k  e t  a l ,  1973)* In  th e  CR 

p r e p a r a t io n ,  a  s i g n i f i c a n t  number o f  c e l l s ,  w hich  am ounted t o  

when co u n ted  by l i g h t  m lo ro so o p y , was o b se rv ed  to  show a
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P ig .  8 . P1798-CH s o l i d  tum or. S e v e ra l  c e l l s  a re
a t t a c h e d  to  each  o th e r  by sm a ll  c o n ta c t  s i t e s  
betw een  c y to p la s m ic  p r o t r u s io n s .  X 6 ,0 0 0 .

P ig .  9 . P1798-CH s o l i d  tum or. Two c e l l s  a r e  a t t a c h e d
to  each  o th e r  by c e l l - t o - c e l l  c o n ta c t  s i t e s .
X 1 9 ,5 0 0 .

P ig .  10 . P1798-CS s o l id  tum or. E le c tro n -d e n s e  and
e l e c t r o n - l u c i d  c e l l s  la c k in g  c o n ta c t  s i t e s .
X 6 ,0 0 0 .

P ig .  11 . 6C3HED-CH c e l l s  ( f ix e d  In  th e  p re se n c e  o f
A lo la n  b l u e ) .  C e ll  membranes o f  2 c e l l s  a d ­
h e re  t o  each  o th e r  by s h o r t  c e l l - t o - c e l l  con ­
t a c t  s i t e s  ( a r ro w s ) .  X 1 3 ,4 0 0 .
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s in g le  p ro m in en t b le b , r e s u l t i n g  In  a  p e a r -  o r mushroom 

shape ( f i g .  1 3 ) .  Such I r r e g u l a r  sh a p es  w ere a l s o  ob se rv ed  

In  s e c t io n e d  m a te r ia l  ( f i g s .  14 and 1 5 ) .  and s in c e  th e y  co u ld  

be c o u n te d  In  u n f ix e d  c e l l  su s p e n s io n s  (by  l i g h t  m ic ro sc o p y ), 

th e  p o s s i b i l i t y  o f  an a r t i f a c t  due t o  f i x a t i o n  I s  u n l ik e ly .  

S im ila r  c e l l  sh a p es  were o b se rv ed  In  6C3HED lymphoma c e l l  

su s p e n s io n s  by l i g h t  m ic ro sco p y ; how ever, th e  r e l a t i v e  num­

b e rs  o f th e s e  I r r e g u la r  c e l l s  In  CR (16$) and CS ( 6$ ) c e l l  

p o p u la t io n s  w ere low er th a n  In  th e  P1798 lym phosarcom a.

B in d in g  o f  Ruthenium  Red and Lanthanum  N i t r a t e  t o  C e ll  S u r­
f a c e s  o f  Lymphosarcoma P1^98

In  g e n e r a l ,  f i x a t i o n  o f b o th  P1798-CS and -CR c e l l s  In  

th e  p re se n c e  o f  ru th en iu m  re d  r e s u l t e d  In  s p a r s e ly  d i s t r i b u ­

te d  e le o t r  on-opaque d e p o s i t s  on th e  c e l l  s u r f a c e .  R e la t iv e ly  

few o e l l s  showed a  s l i g h t l y  th ic k e r  c o a t  ( f i g s .  16 and 1 7 ) ,  

com parab le  to  t h a t  p roduced  by A lc la n  b lu e  on s u r f a c e s  o f CS 

c e l l s .

B in d in g  o f  lan thanum  n i t r a t e  t o  c e l l  membrane compo­

n e n ts  o f  b o th  P1798-CS and -CR c e l l s  was found  to  be I n s ig ­

n i f i c a n t .  As se e n  In  f i g u r e s  18 and 19 , e le c t r o n - d e n s e  c o a t  

m a te r i a l  I s  b a r e ly  v i s i b l e .

E f f e c t  o f  H y p aq u e-F lo o ll on A lc la n  B lu e -S ta in e d  S u rfa c e  C oat 
o f  P1798 C e lls

C e n tr i f u g a t io n  on a  H y p a q u e -P ic o ll o u s h ln , fo llo w ed  

by f i x a t i o n  In  th e  p re se n c e  o f A lc la n  b lu e ,  r e s u l t e d  In  a  

lo o s e n in g  o f s t a in e d  and  u n sta in e d  membrane m a te r i a l  from  

CS c e l l  s u r f a c e s  ( f i g s .  20 and 2 1 ) .  The re m a in in g  c e l l  mem­

b ran e  e i t h e r  la c k e d  o r showed few dye com plexes. I n  c o n t r a s t .
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F ig . 12 . S cann ing  e l e c t r o n  m icrog raph  o f P1798-CS c e l l  
p r e p a r a t io n .  C e l ls  o f  v a r i a b le  d ia m e te r  show 
smooth o r m o d e ra te ly  v i l l o u s  s u r f a c e s .  X 3 .3 0 0 .

F ig .  13. S can n in g  e l e c t r o n  m icrog raph  o f P I798-CR c e l l  
p r e p a r a t io n .  C e l ls  w ith  a  s u r f a c e  te x tu r e  r e ­
sem b ling  t h a t  in  f i g .  12. S e v e ra l  c e l l s  show a 
p e a r -  o r mushroom shape (a r ro w ) . X 3 .3 0 0 .

F ig . 14. S e c t io n  of p e a r -sh a p e d , A lc la n  b l u e - t r e a te d  
P1798-CR c e l l  w ith  a n  e c c e n t r ic  n u c le u s . The 
c y to p la sm ic  p r o t r u s io n  shows membranous v e s i c l e s  
a t  th e  c e l l  s u r f a c e  (a r ro w ) . X 1 0 ,2 0 0 .

F ig . 15. S e c t io n  o f  m ushroom -shaped, A lc la n  b l u e - t r e a te d  
P1798-CR c e l l  w ith  membranous m a te r i a l  on th e  s u r ­
fa c e  o f th e  p r o t r u d in g  c y to p la sm ic  b le b  (a r ro w ) .
x  6 , 3 0 0 .
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F ig .  16 . P1798-CS c e l l s  s t a in e d  w ith  ru th en iu m  re d .
C e ll  s u r f a c e s  show an  e le c t r o n -d e n s e  c o a t .
X 2 5 , 000 .

F ig . 17 . R uthenium  r e d - s ta in e d  P1798-CR c e l l .  C e ll
s u r f a c e  shows a t h in ,  e le c t ro n -d e n s e  c o a t .  X 2 5 ,0 0 0 .

F ig . 18. Lanthanum n i t r a t e - s t a i n e d  P1798-CS c e l l .  C e ll  
s u r f a c e  shows b a re ly  v i s i b l e  e le c t ro n - d e n s e  depo­
s i t s .  X 2 5 , 000 .

F ig .  19 . Lanthanum n i t r a t e - s t a i n e d  P1798-CR c e l l .  As 
in  f i g .  18 , th e  c e l l  s u r f a c e  shows b a r e ly  v i s i b l e  
c o a t  m a te r i a l .  X 2 5 ,0 0 0 .
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th e  d e tach m en t o f  membranous m a te r i a l  from  th e  s u r f a c e  o f  CR 

c e l l s  exposed  a t h in  e le c t r o n - d e n s e  l a y e r  on th e  c e l l  mem­

b ra n e . T h is  can  be se en  In  f ig u r e  22 w hich shows a  m agni­

f i e d  a re a  o f  th e  p e a r-sh a p e d  c e l l  in  f ig u r e  2 3 .

R e a c tio n  w ith  A lo la n  B lue o f  P1798 C e l ls  a f t e r  9-FP T rea tm en t 
In  Vivo

A v i s i b l e  c e l l  c o a t ,  r e s u l t i n g  from  A le la n  b lu e  b in d ­

in g ,  was o b se rv ed  on CS c e l l  membranes up to  6 h o u rs  a f t e r  

9-FP t r e a tm e n t  ( f i g .  2 4 ) . The m o rp h o lo g ic a l a p p e a ra n c e  o f 

dye com plexes on c e l l  s u r f a c e s  was n o t  s i g n i f i c a n t l y  

d i f f e r e n t  from  t h a t  d e s c r ib e d  p r e v io u s ly  in  u n t r e a te d  c e l l  

p r e p a r a t io n s  ( f i g s . l  t o  3 ) .  8 and  15 h o u rs  a f t e r  t r e a t ­

m en t, h a rd ly  any  r e a c t i o n  w ith  A lc ia n  b lu e  c o u ld  be o b se rv ed  

( f i g .  2 5 ) .  S t e r o i d - t r e a t e d  CR c e l l s  (3 ,  6 , 8 , and 15 h o u rs  

a f t e r  9-FP a p p l i c a t io n )  e s s e n t i a l l y  d id  n o t  d i f f e r  from  un­

t r e a t e d  c o n t r o l  c e l l s  ( f i g .  4 ) in  t h e i r  c a p a c i ty  t o  b in d  th e  

d y e .

M o rp h o lo g ica l Changes in  P1798 Lymphosarcoma F o llo w in g  9-FP 
T rea tm en t In  V ivo

No s i g n i f i c a n t  m o rp h o lo g ic a l changes c o u ld  be d e te c te d  

in  P1798-CR c e l l s  a t  any  tim e  a f t e r  s t e r o id  t r e a tm e n t .  Due 

t o  l o c a l i z e d  n e c r o t i c  p ro c e s s e s ,  a  g e n e ra l  phenomenon in  t u ­

mor t i s s u e s ,  a  r e l a t i v e l y  sm a ll number o f  c e l l s ,  show ing 

v a r io u s  d e g re e s  o f  dam age, was o b se rv ed  in  u n t r e a te d  tum or 

c e l l  p r e p a r a t io n s .

P1798-CS and -CR c e l l  p o p u la t io n s  were exam ined a t  0 , 3, 

6 , 8 ,1 2 ,  and 18 h o u rs  a f t e r  s t e r o i d  t r e a tm e n t .  In  CS c e l l  

s e c t i o n s ,  o n ly  a  c e r t a i n  p e rc e n ta g e  o f c e l l s ,  t h a t  in c re a s e d
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F i g s .  20 -  2 3 .  Pl?98-CS/C:i c e l l s  t h a t  were  c e n t r i f u g e d  
on a c u s h i o n  o f  H y p a q u e - F i c o l l  ( t o  remove dead  
c e l l s )  and s u b s e q u e n t l y  f i x e d  i n  t h e  p r e s e n c e  o f  
A l c i a n  b lu e  8GX.

F i g .  2 0 ,  2 1 .  P1798-CS c e l l s .  S t a i n e d  and u n s t a i n e d
membrane m a t e r i a l  a p p ea r s  t o  l o o s e n  from t h e  c e l l  
s u r f a c e .  X 2 5 , 7 0 0 .

F i g .  2 2 .  P 1 7 9 8-C:i c e l l .  Kembrane m a t e r i a l ,  m o s t l y  un­
s t a i n e d ,  i s  l o o s e n i n g  form th e  s u r f a c e .  The r e ­
m a in in g  c e l l  membrane shows a t h i n ,  e l e c t r o n -  
d e n s e  c o a t .  X 1 ^ , 0 0 0 .

F i g .  2 3 . Low m a g n i f i c a t i o n  o f  f i g .  22 sh o w in g  th e  
w h o l e ,  mushroom-shaped c e l l .  X 5 , 8 0 0 .
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F i g .  2 k .  A l c i a n  b l u e - s t a i n e d  P1798-CS c e l l  6 hou rs  
a f t e r  t r e a t m e n t  ( in  v i v o ) w i t h  9 -F P .  The c e l l  
s u r f a c e  shows a f l a k y ,  c o n t i n u o u s  c o a t .
X 2 5 , 7 0 0 .

F i g .  2 5 .  A l c i a n  b l u e - s t a i n e d  P1798-Cb c e l l  8 hou rs  
a f t e r  t r e a t m e n t  ( i n  v i v o ) w i t h  9-FP.  The c e l l  
s u r f a c e  l a c k s  c o a t  m a t e r i a l .  X 2 5 , 0 0 0 .
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w ith  tim e  a f t e r  9 -FP a p p l i c a t i o n  was se e n  to  be in  v a r io u s  

s ta g e s  o f l y s i s  a t  a l l  tim e  i n t e r v a l s  exam ined. The c h a ra c ­

t e r  o f th e s e  changes d id  n o t  d i f f e r  from  th o se  n o rm a lly  ob­

se rv e d  in  a  sm a ll number o f  c e l l s  t h a t  have been  f r e e d  from  

tum or t i s s u e  by g e n t le  t e a s i n g .  These o b s e rv a t io n s ,  in  a d d i ­

t i o n  to  th e  asy n ch ro n y  o f re s p o n s e  t o  c o r t i c o s t e r o i d  a c t i o n ,  

made i t  d i f f i c u l t  t o  e s t a b l i s h  c r i t e r i a  fo r  9 -P P - s p e c i f lc  

c e l l  damage a s  w e ll  a s  f o r  th e  sequence  o f d e g ra d a t lv e  e v e n ts .

Phenomena t h a t  w ere o b se rv ed  in  d y in g  c e l l s  o f un ­

t r e a t e d  and t r e a t e d  tum ors In c lu d e d : a  d e c re a s e  in  s i z e  o f 

th e  n u c le o lu s ;  d i s s o c i a t i o n  o f  po lysom al com plexes and endo­

p la sm ic  r e t i c u lu m - a s s o c ia te d  r ib o so m e s ; s h r in k in g  o f  G o lg l 

v e s i c l e s ;  ap p ea ra n c e  o f ly so so m a l b o d ie s  and a u to p h a g ic  v e ­

s i c l e s  in  v a r io u s  s ta g e s  o f d i g e s t i o n .  C e l ls  in  more a d ­

vanced s ta g e s  o f  d e g e n e ra t iv e  changes showed a  breakdown o f 

n u c le a r ,  c y to p la sm ic  and  p lasm a mem branes; a  d e c re a s e  in  e u -  

c h ro m a tln -h e te ro c h ro m a tln  r a t i o ,  fo llo w e d  by com plete  con­

d e n s a t io n  o f n u c le a r  and  c y to p la sm ic  re m n a n ts , r e s u l t i n g  in  

p y k n o s ls . To a s s e s s  th e  d e g re e  o f damage a t  d i f f e r e n t  tim e 

i n t e r v a l s  a f t e r  s t e r o i d  t r e a tm e n t ,  o n ly  p y k n o tlc  c e l l s  and 

c e l l s  show ing v i s i b l e  ( a t  a  m a g n if ic a t io n  o f  1000 X) c y to ­

p la sm ic  damage w ere c o u n te d  by l i g h t  m ic ro sco p y . A ffe c te d  

c e l l s ,  such  a s  se e n  in  f i g u r e s  26 and 2 7 , c o u ld  e a s i l y  be 

re c o g n iz e d  in  0 .5  t o  1 m ic ro n - th ic k ,  A zure B - s ta in e d  s e c t i o n s .

C h a rt 1 shows t h a t  in  s e o t lo n s  o f  CH c e l l s ,  th e  num­

b e r  o f d y in g  c e l l s  rem ained  more or l e s s  s t a b l e  a f t e r  v a r i ­

ous tim e s  o f t r e a tm e n t .  In  CS c e l l  p r e p a r a t io n s ,  an  l n s i g n i -
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f l e a n t  in c r e a s e  In  th e  p e rc e n ta g e  o f damaged c e l l s  o c c u rre d  

up to  6 h o u rs  o f  s t e r o id  a c t i o n .  Betw een 6 and 8 h o u rs  

a f t e r  t r e a tm e n t ,  th e  number o f a f f e c t e d  c e l l s  In c re a s e d  from  

l l t o 4 5 jC .  A f te r  t h i s  t im e , th e  e f f e c t iv e n e s s  o f th e  s t e r o i d  

ta p e re d  o f f .  By 18 h o u rs  fo l lo w in g  9-FP a p p l i c a t i o n ,  th e  

number o f  damaged c e l l s  had in c re a s e d  to  on ly  5%%,



•  ^5 *

F i r .  2 6 .  P1798-GS c e l l s  12 h o u rs  a f t e r  t r e a t m e n t  ( I n
v i v o ) w i t h  9-FP ( A l c i a n  b l u e - s t a i n e d ) .  3 pyk -
n o t l c  c e l l s  (a r r o w s )  w i t h  condensed ch ro m a t in  ma­
t e r i a l  a r e  s e e n  In th e  a r e a .  No c o a t  m a t e r i a l  I s  
p r e s e n t  on t h e  c e l l  s u r f a c e s .  A 1 1 , 5 0 0 .

F i g .  2 7 .  P1798-Cb c e l l  6 hou rs  a f t e r  ( In v i v o ) t r e a t ­
ment w i t h  9-FP ( A l c i a n  b l u e - s t a i n e d ) .  The c y t o ­
plasm shows a l a r g e  l y s o s o m a l  body (L) and f o c a l  
damage In t h e  c y t o p la s m  ( a r r o w s ) .  A l c i a n  b lu e  
a g g r e g a t e s  a r e  s e e n  on t h e  c e l l  s u r f a c e .
A 1 6 , 3 0 0 .
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Chart 1,

P1798-CS and -C.t tumors w ere  t r e a t e d  In v i v o  w i t h  
9-FP.  The number o f  damaged c e l l s  ( I n c l u d i n g  c e l l s  
show ing  p y k n o s l s  or v i s i b l e  f o c a l  damage) a t  d i f f e r e n t  
t i m e s  a f t e r  s t e r o i d  t r e a t m e n t  i s  r e p o r t e d  a s  p e r c e n t  o f  
t o t a l  number o f  c e l l s  ( 1 0 0 0 )  c o u n t e d  by l i g h t  m i c r o s ­
c op y .
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I s o l a t i o n  o f  Plasm a Membranes from  Lymphosarcoma P1798 

C o n s id e ra b le  tim e was n e c e s s a ry  to  d e v e lo p  s u i t a b l e  

c o n d i t io n s  f o r  th e  I s o l a t i o n  o f  a r e l a t i v e l y  pu re  plasm a mem* 

b ra n e  f r a c t i o n  from  lym phosarcom a P1798. V a rio u s  m ethods. 

In v o lv in g  f l o t a t i o n  o f membrane f r a c t i o n s  th ro u g h  a  s u c ro se  

s t e p  g r a d ie n t  (Boone e t  a l ,  1969 ) ,  s e p a r a t io n  by charge  In  

a  tw o-phase  polym er sy stem  (B ru n e t te  and T i l l ,  1971s H ouran l 

e t  a l ,  1 9 7 3 ). and f i l t r a t i o n  th ro u g h  g la s s  beads (W arley and 

Cook, 1973) proved t o  be u n s u c c e s s fu l  f o r  t h i s  sy stem . As 

ob se rv ed  by l i g h t -  and  e l e c t r o n  m ic ro sco p y , P1798-CS and-CR 

c e l l  su sp e n s io n s  c o n ta in  l a r g e  num bers o f f r e e  n u c le i  w hich  

p re s e n te d  a  problem  d u r in g  h o m o g en iza tio n . In  th e  ab sen ce  

o f ca lc iu m  Io n s In  th e  h y p o to n ic  medium, b reak ag e  o f n u c le a r  

membranes cau sed  th e  fo rm a tio n  o f a n  I n t r a c t a b l e  n u c le o p ro -  

t e l n  g e l .  F i n a l l y ,  th e  I s o l a t i o n  p ro c e d u re  d e s c r ib e d  by Ray 

(1970) f o r  r a t  l i v e r  plasm a m em branes, In v o lv in g  hom ogeni­

z a t io n  In  th e  p re se n c e  o f 0 .5  mM C a C ^ , ex trem e d i l u t i o n  o f 

th e  hom ogenate, c e n t r i f u g a t i o n  of th e  c ru d e  membrane f r a c t i o n ,  

and  p u r i f i c a t i o n  by f l o t a t i o n  th ro u g h  a  su c ro se  s te p  g r a d i e n t ,  

was m o d ified  c o n s id e ra b ly  f o r  P1798 to  g iv e  s a t i s f a c t o r y  r e ­

s u l t s .  The c a lc iu m  Io n  c o n c e n tr a t io n  o f th e  h y p o to n ic  me­

dium had to  be In c re a s e d  to  2 mM t o  p re v e n t  le a k a g e  o f DNA 

from  n u c le i .  A c o n c e n tr a t io n  o f 1 mM was s a t i s f a c t o r y  b u t  

caused  th e  rem oval o f  th e  o u te r  n u c le a r  membrane. Only In  

th e  p re se n c e  o f th e  h ig h e r  c a lc iu m  c o n c e n tr a t io n ,  d id  n u c le i  

r e t a i n  a  d o u b le  membrane. B efo re  p r e c i p i t a t i o n  o f th e  c ru d e  

membrane f r a c t i o n  from  th e  d i l u t e d  hom ogenate, th e  I n t a c t
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n u c le i  w ere rem oved by a v e ry  b r i e f  I n i t i a l  c e n t r i f u g a t i o n  

(a  s t e p  n o t  In c lu d e d  in  th e  flay p ro c e d u re ) .  C e n tr i f u g a l  

sp e e d s  used  by flay t o  sed im en t th e  membrane g h o s t f r a c t i o n ,  

had  to  be In c re a s e d  f o r  P1798 to  p re v e n t  l o s s  o f m ost plasm a 

membranes w ith  th e  s u p e r n a ta n t .

As s t a t e d  by H in ton  (1 9 7 2 ) , in  a d d i t i o n  to  s t a b i l i z i n g  

m em branes, th e  p re se n c e  o f c a lc iu m  io n s  in  th e  h o m o g en iza tio n  

medium p re v e n ts  an  o v e r la p  o f  m ito c h o n d r ia l  and plasm a mem­

b ran e  b a n d s , and  th e  in c lu s io n  o f magnesium io n s  t o  th e  s u ­

c ro s e  g r a d ie n t  ( a s  in  t h i s  p ro c e d u re )  I n c r e a s e s  th e  d i f f e r ­

ence  i n  d e n s i ty  betw een  plasm a m em brane-derived  and e n d o p la s ­

m ic r e t ic u lu m - d e r iv e d  v e s i c l e s .  A f te r  f l o t a t i o n  th ro u g h  th e  

su c ro s e  s te p  g r a d i e n t ,  r e l a t i v e l y  pu re  p lasm a membrane 

s h e e t s  were o b ta in e d  from  l a y e r s  a p p e a r in g  a t  th e  I n t e r f a c e s  

be tw een  37$ and 41$ (L I)  and betw een  41$ and 45$ s u c ro se  (L 2 ). 

F ig u re s  28 and 29 a r e  e l e c t r o n  m ic ro g rap h s  o f  LI m a t e r i a l .

No m ito c h o n d ria  o r o th e r  c y to p la sm ic  c o n ta m in a n ts  a r e  v i s i b l e .  

The i n s e t  o f f i g u r e  29 shows th e  t r i l a m i n a r  s t r u c tu r e  t h a t  

i s  t y p i c a l  o f p lasm a m em branes. F ig u re s  30 and 31 show 

s e c t io n s  o f L2 m em branes. A lthough  a  few rib o so m es a r e  p r e ­

s e n t  ( a r ro w s ) ,  no m ito c h o n d ria  can  be s e e n , and th e  membrane 

s h e e t s  show th e  u n i t  membrane s t r u c t u r e  ( i n s e t  o f f i g .  31)*

A t h i n ,  f l u f f y  s h e e t  o f  m a t e r i a l ,  c o n ta in in g  m o s tly  membranes 

o f  th e  endop lasm ic  r e t ic u lu m , a d h e r in g  r ib o so m es and  v i r u s  

p a r t i c l e s  ( th e  l a t t e r  a r e  known to  be p r e s e n t  in  P1798 -  T u r-  

n e l l  e t  a l ,  1973) was found  betw een  th e  45$ and 48$ su c ro se  

l a y e r s .  M ito ch o n d ria  were p r e s e n t  o n ly  in  th e  p e l l e t .
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F ig s .  28 , 29 . I s o l a te d  plasm a membranes o f LI f r a c t i o n  
(3?%/4l% su c ro se  i n t e r f a c e  l a y e r ) .  No m ito ch o n ­
d r i a  o r o th e r  c o n ta m in a tin g  m a te r ia l  a r e  v i s i b l e .  
F ig . 28 . X 4 1 ,0 0 0 ; f i g .  29. X 8 0 ,0 0 0 . The i n ­
s e t  o f f i g .  29 shows th e  t r i l a m in a r  s t r u c tu r e  t h a t  
i s  c h a r a c t e r i s t i c  o f c e l l  m embranes. X 190 ,000 .

F ig s .  30, 31. I s o l a t e d  plasm a membranes o f L2 f r a c t i o n  
(41^ /45$  su c ro se  i n t e r f a c e  l a y e r ) .  No m ito ch o n ­
d r i a  b u t a  few rib o so m es can be seen  (a r ro w s ) .  
F ig s .  30 and 31. X 5 1 .3 0 0 . I n s e t  of f i g .  31 shows 
th e  t r i l a m i n a r  s t r u c t u r e  o f th e  c e l l  membbrane.
X 9 3 .0 0 0 .
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In  a d d i t i o n  to  m orphology, m arker enzymes were u sed  

a s  c r i t e r i a  f o r  membrane p u r i ty .  H e s u lts  o f enzyme a c t i v i t y  

a r e  g iv e n  In  t a b l e  1 .

5 ' - n u c le o t id a s e  and Na*- and K+- a c t iv a t e d ,  Mg2+- d e -  

p en d en t ATPase a r e  g e n e r a l ly  a c c e p te d  m arker enzymes o f th e  

p lasm a membrane f o r  m ost system s (H in to n , 1 9 7 2 ). In  t h i s  i n ­

v e s t i g a t i o n ,  re c o v e ry  o f  th e s e  enzymes in  b o th  L I and L2 

l a y e r 8 (CS and CR) was to o  low to  be a c c u r a te ly  m easu red . 

P -n i t ro p h e n y l  p h o sp h a ta se  (a n o th e r  plasm a membrane m arker) 

a l s o  showed low , b u t m easu rab le  a c t i v i t y  in  a l l  L I and L2 

f r a c t i o n s .  The o n ly  enzyme (o f  th o se  t e s t e d )  t h a t  ap p ea red  

t o  be m ost c o n c e n tra te d  in  c e l l  membranes o f b o th  P1798-CS 

and -CR a s  compared to  th e  hom ogenate was M g ^ - a c t iv a te d  

ATPase. The a c t i v i t y  o f  t h i s  enzyme in  CS membranes was 

h ig h e r  in  th e  L2 a s  compared to  th e  LI f r a c t i o n .  No s i g n i ­

f i c a n t  d i f f e r e n c e  in  a c t i v i t y  was found  in  CR LI and L2 l a y ­

e r s .  The m ito c h o n d r ia l  enzyme, s u c c in a te  d eh y d ro g en ase , 

a p p e a re d  t o  be a b s e n t ,  and g lu c o s e -6 -p h o sp h a ta se  (a  m arker 

enzyme o f  th e  end o p lasm ic  re t ic u lu m )  showed low a c t i v i t y  in  

a l l  L I and L2 sa m p le s . As compared to  r e p o r t s  by o th e r  

a u th o r s  (v an  B l l t t e r s w i j k  e t  a l ,  1973? A lla n  and Crumpton, 

1970; and H in to n , 1 9 7 2 ), g lu c o s e -6 -p h o sp h a ta se  a c t i v i t i e s  

w ere w i th in  th e  a c c e p ta b le  ra n g e .

As d e m o n s tra te d  in  t a b l e  2 , t o t a l  r e c o v e r i e s  o f c e l l  

membrane p r o t e in  (L I and L2) ran g ed  from  a p p ro x im a te ly  3 to  

5% o f s t a r t i n g  p r o t e in .  L2 f r a c t i o n s  showed a  c o m p a ra tiv e ly  

low  re c o v e ry  ( l e s s  th a n  1# o f p r o te in  p r e s e n t  in  th e



Table 1

S p e c if ic  A c t i v i t i e s  o f S e le c te d  Enzymes In  Homogenates and 
Plasm a Membrane F r a c t io n s  o f Lymphosarcoma P1798

P re p a r a t io n Mg2+-d ep e n d en t %* p -n i tro p h e n y l %*
ATPase p h o sp h a tase

Hom ogenate-CS 2 .3 6  i  .63  (3 ) 0.12  + .03  (5 )
Homogenate-CR 4 .0 7  ± .39  (3 ) 0 .18  ± .04 (5 )
CS -L I 1 0 .6 7  ± .53  (3 ) 7 .4 0 .24  ± .06  (5 ) 5 .7
CR -L I 1 9 .17  t  .18  ( 3 ) 7 .8 0 .19  ± .03  (5 ) 3 .^
CS-L2 2 3 .10  ± .52  (3 ) 0 .9 1 .3 8  ± .35  (5 ) 1 .2
CR -L2 1 8 .13  ± A 7  (3 ) 1 .6 1 .30  ± .27  (5 ) 1 .5

P re p a r a t io n G lu c o se -6 - %* S u c c in a te %*
p h o sp h a ta se dehyd rogenase

Homogenate-CS 0 .2 8  t  .05  (3 ) 0 .6 8  t  .17  ( 5 )
Homogenate-CR O.36  ± .04  (3 ) 0 .64  ± .09  (5 )
CS-L1 0 .4 1  ± .0 7  (3 ) 3 .6 0 (5 ) 0
CR-L1 0 .5 0  ± .19  (3 ) 4 .0 0 (5 ) 0
CS-L2 0 .3 4  ± .14  ( 3 ) 1 .0 0 (5 ) 0
CR-L2 0 .5 0  * .1 5  (3 ) 1 .5 0 (5 ) 0

*The % d i s t r i b u t i o n  o f th e  p lasm a membrane enzymes p re s e n t  
In  th e  hom ogenate (1 0 0 $ ).
A ll  enzyme a c t i v i t i e s  a r e  e x p re ss e d  in  ykmoles o f p ro d u c t 
produced/m g p r o t e in /h o u r .
R e s u l ts  a r e  g iv e n  a s  means ± S .E . The num bers In  p a r e n th e s is  
r e f e r  to  th e  number o f e x p e r im e n ts .
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hom ogenate) .

The c o n c e n tr a t io n  o f  s i a l i c  a c id  In  a l l  c e l l  membrane 

f r a c t i o n s  was found to  be q u i te  v a r i a b le  In  b o th  P1798-CS and 

-CR. However, a v e ra g e  v a lu e s  o f 6 d e te rm in a t io n s  were low er 

f o r  CR hom ogenates, LI and L2 f r a c t i o n s  th a n  f o r  th e  same 

CS p r e p a r a t io n s  ( t a b l e  3 ) .  L2 f r a c t i o n s  o f b o th  CS and CR 

tum ors c o n ta in e d  c o m p a ra tiv e ly  low am ounts o f s i a l i c  a c id .

T ab le  2

% R ecovery  o f  Plasm a Membrane P r o te in  
P r o te in  c o n te n t  o f hom ogenate = 100 %

CS -  L I 4 .0 1  * 0 .79  (6 )*  
CB -  LI 3 .7 3  t  0 .42  (6 )

CS -  L2 0 .56  1 0 .2 8  (6 ) 
CR -  L2 0 .7 1  * 0 .38  (6 )

* Number o f d e te rm in a t io n s .  
R e s u l ts  a r e  g iv e n  a s  means t  S .E

T ab le  3

nM oles S i a l i c  A cid p e r mg P r o te in

Homogenate -  CS 
Homogenate -  CR
CS -  LI 
CR -  LI 
CS -  L2 
CR -  L2

1 9 .2  1 1 .7  (6 )*
1 7 .2  ± 3 .3  (6 ) 
4 6 .7  t  7 .5  (6 )
3 6 .3  t  1 .0  (6 )
1 9 .4  t  5 .2  (4 )
1 3 .4  t  6 .2  (4 )

* Number o f  d e te rm in a t io n s  
R e s u l ts  a r e  g iv e n  a s  means + s . E .
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G ly c o p e p tld e s  o f P1798-CS and -CR C e ll  Membranes b e fo re  and 
a f t e r  T rea tm en t w ith  9 -F P

The fo llo w in g  e x p e rim e n t was I n i t i a l l y  d e s ig n e d  to  s e ­

p a r a te  ( In  v i t r o  f u c o s e - la b e le d )  c e l l  s u r f a c e  g ly c o p e p tld e s  

d e r iv e d  from  t r y p s l n a t e s  o f  b o th  P1798-CS and -CR c e l l s ;  how­

e v e r ,  t h i s  ap p ro ach  was abandoned f o r  th e  fo l lo w in g  r e a s o n s :  

P1798-CS and -CH lymphoma c e l l s ,  t h a t  a r e  removed from  t i s s u e  

s l i c e s  by g e n t le  t e a s in g  o r m in c in g , c o n ta in  a  c o n s id e ra b le  

number o f  f r e e  n u c le i  and dead  c e l l s .  T ry p s in  was found  to  

d i g e s t  n o n -v ia b le  c e l l s  a s  w e ll  a s  f r e e  n u c le i  w i th in  a  r e ­

l a t i v e l y  s h o r t  t im e , r e s u l t i n g  in  c o n ta m in a tio n  o f  c e l l  s u r ­

fa c e  t r y p s l n a t e s  w ith  u n d e s i r a b le  c e l l  c o n s t i t u e n t s .  An 

a tte m p t was made to  o b ta in  a  p o p u la t io n  o f v ia b le  c e l l s  (a s  

Judged by t ry p a n  b lu e  e x c lu s io n )  by c e n t r i f u g a t io n  o f  tumor 

c e l l s  on a  c u sh io n  o f  H y p a q u e -F ic o ll. As d e s c r ib e d  e a r l i e r ,  

t h i s  p ro ce d u re  rem oved c e l l  membrane m a te r ia l  from  b o th  CS 

and CR c e l l s .  In  a d d i t i o n  to  th e s e  o b s e rv a t io n s  by e l e c t r o n  

m ic ro sco p y , p r e l im in a ry  in c u b a tio n  s tu d ie s  w ith  th e s e  c e l l s  

in  Hank’ s BSS r e s u l t e d  in  th e  r e l e a s e  o f c o n s id e ra b le  am ounts 

o f  p r o te in  a s  w e ll  a s  s i a l i c  a c id  I n to  th e  medium. These 

phenomena w ere n o t o b se rv ed  when CS and CR c e l l s  w ere In c u ­

b a te d  under s im i la r  c o n d i t io n s  w ith o u t p r io r  c e n t r i f u g a t i o n  

on H y p a q u e -F lc o ll. P o s s ib ly  membrane ch an g es , in v o lv in g  th e  

a c t i v a t i o n  o f  s p e c i f i c  enzym es, a r e  Induced by H y p a q u e -F lc o ll. 

To a v o id  a r t i f a c t s ,  th e  fo l lo w in g  in v e s t ig a t io n  was c a r r i e d  

o u t on I s o la te d  c e l l  membranes o f  lym phosarcom a P1798-CS 

and -CR.

In  v iv o  s t e r o i d - t r e a t e d  and  - u n t r e a te d  d i f f e r e n t i a l l y
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la b e le d  P1798-CS and -CR tum ors w ere p ro c e sse d  f o r  th e  I s o l a ­

t i o n  o f  c e l l  m em branes, a s  d e s c r ib e d  In  d e t a i l  In  " M a te r ia ls  

and M ethods."  P oo led  LI and  L2 (p lasm a membrane) f r a c t i o n s  

o f  CS and CR p r e p a r a t io n s  w ere com bined, s o lu b i l i z e d  w ith  SDS 

and d ig e s te d  e x te n s iv e ly  w ith  p ro n a s e . The r e s u l t i n g  o l ig o ­

s a c c h a r id e  c h a in s  o f  g ly c o p r o te in s ,  w hich co u ld  be assum ed 

to  be a t t a c h e d  to  o n ly  a  few am ino a c i d s ,  were s e p a ra te d  In to  

2 e q u a l p o r t io n s .  One o f th e s e  f r a c t i o n s  was In c u b a te d  w ith  

n e u ra m in id a se  and th e  o th e r  s e rv e d  a s  th e  c o n t r o l .  S u b se­

q u e n t ly  th e  2 sam ples (n e u r a m ln ld a s e - t r e a te d  and u n t r e a te d )  

w ere e lu te d  s e p a r a t e ly  from  a  colum n o f B io -G el P-10 (a n  a g a ­

r o s e  g e l ) .  G el ch rom atography  s e p a r a te s  m o le c u le s  p r im a r i ly  

a c c o rd in g  to  d i f f e r e n c e s  In  m o le c u la r  d im en sio n s  and I s  t h e r e ­

f o r e  a  u s e f u l  te c h n iq u e  f o r  s e p a r a t in g  complex m ix tu re s  o f 

g ly c o p e p t ld e s .  The e x c lu s io n  l i m i t  o f B io -G el P -10 I s  1 0 ,000  

(m o le c u la r  w e ig h t) .  M olecu les o f  t h i s  s i z e  and l a r g e r  do n o t  

p e n e t r a t e  th e  p o re s  o f  t h i s  g e l  m a tr ix  and a r e  e lu te d  w ith  

th e  v o id  volum e.

R a d io a c t iv i ty  In c o rp o ra te d  In to  th e  c e l l  membrane f r a c ­

t i o n  w i th in  ^ h o u rs  a f t e r  I n j e c t i o n  o f  L - fu c o s e - ^ C  and  -^H 

was found to  be s u f f i c i e n t  f o r  t h i s  s tu d y . In  an  In  v iv o  

sy s te m , r a t i o s  o f am ounts o f  r a d i o a c t i v i t y  and number o f 

c e l l s  c a n n o t be c o n t r o l le d ,  and s p e c i f i c  a c t i v i t i e s  (dpm/mg 

p r o t e i n ) ,  w hich v a r ie d  c o n s id e ra b ly  from  ex p e rim e n t to  e x ­

p e r im e n t a r e  t h e r e f o r e  o f no v a lu e  f o r  t h i s  s tu d y .

A p p ro x im ate ly  1 3 .5  t o  15% o f  b o th  ^ C -a n d  -^H -labeled 

m a te r i a l  was l o s t  d u r in g  d i a l y s i s  a f t e r  p ro n ase  d i g e s t i o n .
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R ecovery  o f r a d i o a c t i v i t y  from  th e  column was h ig h  and 

ra n g e d  from  90 to  a lm o s t 100# f o r  a l l  sam ples e lu t e d .

C h a rt 2-A shows th e  e lu t i o n  p r o f i l e  o f d i f f e r e n t i a l l y  

la b e le d  P1798-CS and -CR sam ples t h a t  had n o t  been  exposed  

to  In  v iv o  s t e r o i d  t r e a tm e n t .  Both tum or p r e p a r a t io n s  

c o n ta in e d  e a r l y  e l u t i n g ,  h ig h  m o le c u la r  w e ig h t f r a c t i o n s  

w hich a c c o u n te d  f o r  18 to  20# o f t o t a l  r a d i o a c t i v i t y  In  CR 

a s  compared to  o n ly  7 to  9% In  CS sa m p le s . F r a c t io n s  of 

s m a lle r  m o le c u la r  s i z e ,  m aking up th e  m ajor p o r t io n  o f 

f u c o s e - c o n ta ln ln g  g ly c o p e p tld e s ,  were p r e s e n t  In  low er 

am ounts in  CR r e l a t i v e  to  CS p r e p a r a t io n s .  A t h i r d  low 

m o le c u la r  w e ig h t peak i s  b a re ly  d ls c e r n a b le  in  b o th  CS and 

CR e l u t i o n  p r o f i l e s .

Removal o f g ly c o p e p tld e -b o u n d  s i a l i c  a c id  by V ib r io  

c h o le ra e  n e u ra m in id a se  r e s u l t e d  In  an  o v e r a l l  s h i f t  o f  b o th  

CS- and  -C R -d erlv ed  f r a c t i o n s  to  an  a p p a r e n t ly  low er m ole­

c u la r  w e ig h t ( c h a r t  2 -B ). D i f f e r e n t i a l l y  la b e le d  g ly c o -  

p e p t id e s  showed a l t e r e d  r a t i o s  t h a t  w ere In c re a s e d  or d e ­

c re a s e d  In  p a r t i c u l a r  f r a c t i o n s  o f e i t h e r  tum or. T h is  was 

r e f l e c t e d  in  d i f f e r e n c e s  In  th e  d e g re e  o f s h i f t  o f CS and CR 

d e s l a l y l a t e d  f r a c t i o n s ,  i n d ic a t in g  a g r e a t e r  s i a l i c  a c id  

d e n s i ty  In  e a r l y  e lu t i n g  and m ost m ajor peak CR a s  compared 

to  CS g ly c o p e p tld e s .  M ajor peak  f r a c t i o n s  w ere red u c ed  in  

number and showed a  g r e a t e r  u n ifo rm ity  in  m o le c u la r  s i z e  a s  

th o s e  se en  In  c h a r t  2-A . The sm a ll  t h i r d  peak  betw een f r a c ­

t i o n s  44 and 55 ( c h a r t  2-A) had d is a p p e a re d . E lu t io n  

p a t t e r n s  s im i la r  t o  th o se  d e s c r ib e d  w ere re p ro d u c e d  in  2
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Chart  2 .

E l u t i o n  p r o f i l e s  o f  L - f u c o s e - c o n t a i n i n g  g l y c o -  
p e p t i d e s  o f  S D S - s o l u b i l i z e d  and p r o n a s e - d l g e s t e d  c e l l  
membranes from d i f f e r e n t i a l l y  l a b e l e d  P1798-CS and - C a , 
f o l l o w i n g  f i l t r a t i o n  th ro u g h  B i o - G e l  P -1 0  b e f o r e  (A) 
and a f t e r  t r e a t m e n t  w i t h  n e u r a m in id a s e  ( B) .

The r a d i o a c t i v i t y  o f  t h e  f r a c t i o n s  i s  r e p o r t e d  
a s  p e r c e n t a g e  o f  t o t a l  r a d i o a c t i v i t y  e l u t e d  from th e  
column.  B.D .  = b lu e  d e x t r a n .
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a d d i t i o n a l  e x p e r im e n ts .

No s i g n i f i c a n t  change in  g ly c o p e p tid e  f r a c t i o n s  was 

o b se rv ed  6 h o u rs  a f t e r  s t e r o id  t r e a tm e n t  ( c h a r t  3-A) w ith  th e  

e x c e p tio n  t h a t  in c u b a tio n  w ith  n e u ra m in id a se  p roduced  a  new 

low m o le c u la r  w e ig h t peak ( c h a r t  3-B) w hich i s  b a r e ly  v i s i b l e  

in  c h a r t  3-A . R ev ersed  Iso to p e  l a b e l i n g  showed e s s e n t i a l l y  

th e  same p a t t e r n .

The same ex p e rim e n t 7 h o u rs  a f t e r  9-FP t r e a tm e n t  

showed a  s h i f t  t o  th e  l e f t  in  th e  e l u t i o n  p r o f i l e ,  a p p a re n t­

l y  due to  a n  In c re a s e  in  m o le cu la r w e ig h t or s i z e  ( c h a r t  4 -A ). 

M ajor peak f r a c t i o n s  were red u ced  in  number ( a s  compared to  

u n t r e a te d  s a m p le s ) , th e re b y  p ro d u c in g  a  n a rro w e r , h ig h e r  p eak . 

N euram in idase  t r e a tm e n t  Induced th e  a p p ea ra n c e  o f  a n  a d d i t i o ­

n a l  low m o le c u la r  w e ig h t peak s im i la r  t o  b u t more p ro m in en t 

th a n  t h a t  found  6 h o u rs  a f t e r  exposu re  t o  9-FP ( c h a r t  3 -B ). 

C o n tra ry  t o  a l l  o th e r  g ly c o p e p tid e  p r e p a r a t io n s  so  f a r  d e ­

s c r ib e d ,  th e  rem oval o f  s i a l i c  a c id  from  t h i s  sam ple (7  h o u rs  

a f t e r  9-PP t r e a tm e n t  in  v iv o ) d id  n o t  s i g n i f i c a n t l y  change 

th e  f r a c t i o n a l  d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  i n  m ost m ajor 

f r a c t i o n  p eak s ( c h a r t  ^ -B ) . R eversed  Is o to p e  l a b e l i n g  e s s e n ­

t i a l l y  p roduced  th e  same changes d e s c r ib e d  above ( c h a r t  5 -A ); 

how ever, th e  d i s t r i b u t i o n  o f th e  2 low m o le c u la r  w e ig h t f r a c ­

t i o n s  in  th e  n e u ra m in id a s e - t r e a te d  sam ple r e v e a le d  a  somewhat 

d i f f e r e n t  p a t t e r n  ( c h a r t  5 -B ). M ajor peak  g ly o o p e p tld e s  a p ­

p e a re d  to  c o n t r ib u te  l e s s  t o  th e  t o t a l  r a d i o a c t i v i t y  th a n  d id  

th o se  p roduced  by th e  rem oval o f s i a l i c  a c id  m o ie t ie s  ( r e ­

v e rs e d  in  th e  p r e v io u s ly  d e s c r ib e d  sa m p le ) . D i f f e r e n c e s  in
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Chart  3.

E l u t i o n  p r o f i l e s  o f  L - f u c o s e - c o n t a l n i n g  g l y c o ­
p e p t l d e s  o f  S D S - s o l u b l l l z e d  and p ron ase  d i g e s t e d  c e l l  
membranes from d i f f e r e n t i a l l y  l a b e l e d  P1798-CG and -Cfl 
6 h o u rs  a f t e r  t r e a t m e n t  In v i v o  w i t h  9 -F P.  bamples  
were f i l t e r e d  th ro u g h  B i o - G e l  P - 1 0  b e f o r e  (A) and a f t e r  
t r e a t m e n t  w i t h  n e u r a m in id a s e  ( B) .

The r a d i o a c t i v i t y  o f  t h e  f r a c t i o n s  i s  r e p o r t e d  
a s  p e r c e n t a g e  o f  t o t a l  r a d i o a c t i v i t y  e l u t e d  from th e  
co lum n.  B.D. = b l u e  d e x t r a n .
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Chart  4 .

E l u t i o n  p r o f i l e s  o f  L - f u c o s e - c o n t a i n i n g  g l y c o -  
p e p t i d e s  o f  S D S - s o l u b i l i z e d  and p r o n a s e - d i g e s t e d  c e l l  
membranes from d i f f e r e n t i a l l y  l a b e l e d  P1798-CS and -Cfi 
7 h o u rs  a f t e r  i n  v i v o  t r e a t m e n t  w i t h  9 -F P.  Sam ples  
were f i l t e r e d  throu gh  B i o - G e l  P -10  b e f o r e  (A) and a f t e r  
t r e a t m e n t  w i t h  n e u r a m in id a s e  ( B) .

The r a d i o a c t i v i t y  o f  t h e  f r a c t i o n s  i s  r e p o r t e d  
a s  p e r c e n t a g e  o f  t o t a l  r a d i o a c t i v i t y  e l u t e d  from th e  
column. B .D . = b l u e  d e x t r a n .
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Chart 5.

B l u t i o n  p r o f i l e s  o f  L - f u c o s e - c o n t a i n i n g  g l y c o -  
p e p t l d e s  o f  S D S - s o l u b i l i z e d  and p r o n a s e - d i g e s t e d  
c e l l  membranes from d i f f e r e n t i a l l y  l a b e l e d  P1798-CS  
and —Cii 7 h o u rs  a f t e r  t r e a t m e n t  i n  v i v o  w i t h  9-FP.  
Sam ples  were f i l t e r e d  th ro u g h  B i o - G e l  P -1 0  b e f o r e  
( a ) and a f t e r  t r e a t m e n t  w i t h  n e u r a m in id a s e  ( B) .

The r a d i o a c t i v i t y  o f  t h e  f r a c t i o n s  i s  r e p o r t e d  
a s  p e r c e n t a g e  o f  t o t a l  r a d i o a c t i v i t y  e l u t e d  from th e  
column.  B .B .  = b l u e  d e x t r a n .
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s l a l l o  a c id  d e n s i ty  In  a l l  t r e a t e d  CS and GR sam ples (6  and 

7 h o u rs )  were l e s s  p ronounced th a n  In  u n t r e a te d  c o n t r o l s .  

T h is  I s  I n d ic a te d  by th e  p o s i t io n  o f d e s l a l y l a t e d  g ly c o p e p - 

t l d e s  In  c h a r t s  3 , and 5-B r e l a t i v e  to  th o se  In  3 , 4 and 

5—A.

P1798-CS and -CR plasm a m em branes, w hich were I s o la te d  

7 h o u rs  a f t e r  ex p o su re  In  v iv o  t o  9-FP f o r  th e  pu rp o se  o f 

ch ro m ato g rap h lo  s tu d i e s  on p ro n a s e -d lg e s te d  L - fu c o s e - la b e le d  

g ly c o p e p tid e s ,  showed a  changed b and in g  p a t t e r n  o f b o th  CS 

and CR sam ples In  th e  su c ro se  g r a d i e n t .  As compared t o  un­

t r e a t e d  c o n t r o l s ,  a  s i g n i f i c a n t  p o r t io n  o f L I f r a c t i o n s  

(a p p ro x im a te ly  50# ) .  u s u a l ly  found  a t  th e  I n te r f a c e

r e g io n ,  had s h i f t e d  t o  th e  su c ro se  I n t e r f a c e .
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DISCUSSION

U l t r a s t r u c t u r a l ,  h is to c h e m ic a l  and b io c h e m ic a l d i f ­

f e r e n c e s  in v o lv in g  th e  c e l l  membrane e x i s t  be tw een  lympho­

sarcom a P1798-CS and -CR. H is to c h e m ic a l s t u d i e s  a l s o  gave 

e v id e n c e  f o r  s u r f a c e  membrane d i f f e r e n c e s  betw een  lymphoma 

6C3HED-CS and -CR. B oth P1798 and 6C3HED tum ors e x h ib i te d  

a c i d i c  g ro u p s  on s u r f a c e s  o f CS c e l l s  when f ix e d  In  th e  p r e ­

sen ce  o f  th e  c a t i o n i c  dye A lc la n  b lu e .  The a b sen c e  o f  such 

a n io n ic  s i t e s  on th e  exposed  s u r f a c e  o f th e  m a jo r i ty  o f CR 

c e l l s  in  b o th  lymphomas s u g g e s ts  t h a t  e x te r n a l  n e g a t iv e ly  

ch a rg ed  m o le c u le s  In f lu e n c e  c o r t l c o s te r o id - ln d u c e d  c y t o l y s l s .  

B oth P1798 and 6C3HED i n i t i a l l y  a ro s e  in  th e  thymus (Me C ain  

Lampkln and  P o t t e r ,  1958; G ardner e t  a l ,  1 9 ^ ) ,  and t h e i r  

T - c e l l  o r i g in  has been  co n firm ed  lm m u n o lo g lc a lly  by th e  d e ­

t e c t i o n  o f  t h e t a  a n t ig e n s  (S hevack  e t  a l ,  1972; B lanco  and 

N ussenzw eig , 1971)* More th a n  90% o f  norm al thym ocy tes have 

been  r e p o r te d  t o  be c o r t i c o l d - s e n s i t l v e  (N o rd lin g  e t  a l ,

1972; W ioland e t  a l ,  1972) and  w ere found to  have c e l l  c o a ts  

o f  v a r i a b le  th lo k n e s s  (Bona and  A n te u n is , 1973) s im i la r  to  

th o s e  o b se rv ed  In  t h i s  I n v e s t ig a t io n  on s u r f a c e s  o f  CS lym­

phoma c e l l s .  V a r ia t io n s  In  lym phoid  c e l l  c o a t  th ic k n e s s  

c o r r e l a t e  w ith  d i f f e r e n c e s  In  e le c t r o p h o r e t i c  m o b i l i ty  ( Z e l l -  

l e r  e t  a l ,  1972; W ioland e t  a l ,  1972; N o rd lin g  e t  a l .  1972) 

and a p p e a r  to  have f u n c t io n a l  s i g n i f i c a n c e .

As shown In  t h i s  s tu d y , th e  re s p o n se  t o  s t e r o i d  t r e a t ­

m ent I s  a sy n c h ro n o u s . The number o f  c e l l s  a f f e c t e d  In c re a s e s
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w ith  tim e a f t e r  ex p o su re  t o  g lu c o c o r t i c o id  horm ones, and  a l l  

s t a g e s  o f th e  d e g ra d a t lv e  p ro c e s s  can  be o b se rv ed  in  th e  d y ­

in g  c e l l  p o p u la t io n .  The re s p o n s iv e n e s s  o f CS c e l l s  t o  c o r t i ­

c o s te r o id s  a p p e a rs  to  be random and n o t  c y c l e - s t a g e - s p e c i f i c  

( H a r r i s ,  1 9 7 0 ). P e rh ap s  v a r i a t i o n s  in  n e g a t iv e  ch arg e  concen ­

t r a t i o n  and  d i s t r i b u t i o n  can  be d i r e c t l y  r e l a t e d  to  th e  e f ­

f e c t iv e n e s s  and speed  o f  th e  c y t o l y t i c  p ro c e s s  In  in d iv id u a l  

c e l l s .

In  th e  thym us, a  sm a ll p o p u la t io n  o f m ed u lla ry  T - c e l l s  

(th y m o c y te s )  i s  known to  be c o r t i c o l d - r e s i s t a n t  ( I s h i d a t e  

and M e tc a lf ,  1 9 6 3 ) .  However, no in fo rm a tio n  on th e  p re se n c e  

o r ab sen ce  of an  a c id ic  c e l l  c o a t  ( a s  d e te rm in e d  by A le la n  

b l u e - s p e c i f i o  b in d in g )  c o u ld  be found in  th e  l i t e r a t u r e .

The c o r r e l a t i o n  betw een c o r t i c o l d  s e n s i t i v i t y  o f  thym ocytes 

and A lc la n  b lu e  s t a in i n g  rem a in s  t o  be d e te rm in e d .

A l l  CS s t r a i n s  t e s t e d  show a lm o s t com plete  sh r in k a g e  

o f  tum or mass fo l lo w in g  t r e a tm e n t  w ith  p h a rm a c o lo g ic a l d o se s  

o f g lu c o c o r t i c o id s .  I f  c o r t i c o l d  r e s i s t a n c e  i s  r e l a t e d  to  a  

l a c k  of n e g a t iv e  s u r f a c e  c h a rg e , th e  s u r v iv a l  o f  th e  sm a ll 

number o f  c e l l s  la c k in g  a c e l l  c o a t  w ith in  a  CS p o p u la t io n  

c o u ld  be r e s p o n s ib le  f o r  th e  u l t im a te  i n e f f e c t iv e n e s s  o f  s t e ­

r o i d  t r e a tm e n t .  T h is  p o s s i b i l i t y  i s  su p p o r te d  by th e  o b s e r ­

v a t io n  t h a t  CR tum ors (P1798-CR1 and -CR2), d e r iv e d  from  th e  

e s t a b l i s h e d  CS l i n e ,  c o n s is te d  m ain ly  o f c e l l s  la c k in g  c o a t  

m a t e r i a l .  The p re se n c e  o f a  sm a ll number o f  c o a te d  c e l l s  in  

th e  semi-CR (P1798-CR1, -CR2 and -AR) tum ors c o u ld  th e n  

a c c o u n t f o r  th e  In com ple te  c o r t i c o l d  r e s i s t a n c e  o f th e s e
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c e l l  l i n e s .

The mechanism r e s p o n s ib le  f o r  s te r o id - in d u c e d  c o r t i c o l d  

r e s i s t a n c e  a s  a  s t a b l e ,  h e r i t a b l e  t r a i t  I s  unknown. S ib le y  

and Tomkins ( 1 9 7 4 a ,b ) su g g e s te d  a m u ta t io n a l  o r ig in  f o r  I n ­

s e n s i t i v i t y  to  a d re n a l  horm ones, a l th o u g h  no such  e v id e n ce  

h as  been  e s t a b l i s h e d .  CR lym phoid c e l l s  a r e  p r e s e n t  In  a  

norm al a n im a l ( I s h l d a t e  and M e tc a lf ,  1963) an d , a s  su g g e s te d  

by K a ise r  e t  a l  (1 9 7 4 ), lym phosarcom a P1798 may a l s o  c o n s i s t  

o f  a m ixed (CS and CR) c e l l  p o p u la t io n .  The p o s s i b i l i t y  t h a t  

a  sm a ll number o f CR c e l l s  I s  p r e s e n t  In  a  CS tumor o f f e r s  

a n  a l t e r n a t i v e  e x p la n a t io n  f o r  th e  p ro c e s s  In v o lv ed  In  th e  

t r a n s i t i o n  from  s t e r o i d  s e n s i t i v i t y  t o  s t e r o i d  r e s i s t a n c e .

The c y to to x ic  a c t io n  o f g lu c o c o r t i c o id s  may e n a b le  s u rv iv in g  

CR c e l l s  to  grow u n h in d e re d  by a  l a r g e r  p o p u la t io n  o f CS 

c e l l s .  I n  u n t r e a te d  CS tu m o rs , a t t r a c t i o n  o f o p p o s i te  c h a r ­

g es  betw een  CS and CR c e l l s  co u ld  be a  r e s t r a i n i n g  f a c t o r  

f o r  g row th  o f CR c e l l s  In  a  p re d o m in a n tly  CS p o p u la t io n , and 

th e  r e v e r s e  s i t u a t i o n  m ig h t e x i s t  f o r  CS c e l l s  In  a p r e v a le n t  

CR p o p u la t io n .  I t  has n o t  been  e s t a b l i s h e d  w hether CR c e l l  

s u r f a c e s  a r e  e l e c t r i c a l l y  n e u t r a l  o r c a r r y  a  p o s i t iv e  c h a rg e . 

I f  c a t io n i c  s i t e s  a r e  p r e s e n t ,  th e  r e s u l t i n g  a t t r a c t i v e  f o r ­

c e s  betw een  CR and CS c e l l s  ( I n  a  h e te ro g e n e o u s  tum or) m ight 

re d u c e  th e  In v a s iv e  c a p a c i ty  t y p lo a l  o f  m a lig n a n t c e l l s ,  r e ­

s u l t i n g  In  a  r e g io n a l  I n h i b i t i o n  o f m i to s i s ,  e s p e c i a l l y  o f 

m in o r i ty  p o p u la t io n s  (CS or CR).  The d e s c r ib e d  s i t u a t i o n  I s  

m ere ly  a  p o s s i b i l i t y  and n o t  f a c t .

The c e l l - t o - c e l l  c o n ta c t  s i t e s  betw een  CR c e l l s  may
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be r e l a t e d  t o  th e  d e f ic ie n c y  in  n e g a t iv e  s u r f a c e  c h a rg e . 

N e u t r a l i z a t i o n  o f  a n io n ic  s i t e s  on c e l l  s u r f a c e s  by p o ly m eric  

c a t io n s  h a s  been  shown t o  induce  m em brane-to-m em brane i n t e r ­

a c t io n s  l e a d in g  to  c e l l  f u s io n ,  l o s s  o f membrane r i g i d i t y ,  

and In c re a s e  in  membrane p e rm e a b i l i ty  (Q u in to n  and P h l l p o t t ,  

1973; V o l le t  and  R o th , 197*0. S in c e  CR thym ocy tes a r e  lmmuno- 

l o g l c a l l y  d i f f e r e n t  from  CS thym ocy tes (G lelchm an e t  a l ,

197*0, th e  c o n ta c t  s i t e s  betw een CR P1798 and 6C3HED c e l l s  

may be o f f u n c t io n a l  s i g n i f i c a n c e .  For exam ple, e l e c t r o t o n ic  

c o u p lin g , i . e . ,  th e  flo w  o f io n s  betw een  c e l l s ,  w hich may be 

a  means o f  s ig n a l  exchange th ro u g h  low r e s i s t a n c e  c e i l - t o -  

c e l l  j u n c t io n s ,  h as been  r e p o r te d  in  lym phocy tes (H u lse r  and 

P e t e r s ,  1 9 7 2 ). One m ig h t assum e t h a t  a  la c k  or d e f ic ie n c y  o f 

n e g a t iv e  s u r f a c e  ch arg e  on CR c e l l s  o f  P1798 and 6C3H£D t u ­

m ors i s  a s s o c i a t e d  w ith  a  d e c re a se d  transm em brane p o t e n t i a l  

w hich a f f e c t s  membrane r e s i s t a n c e  and  io n ic  p e rm e a b i l i ty .  

M e ta b o lic  v a r i a t i o n s  o f  t h i s  k in d  in  d i f f e r e n t  ty p e s  o f lym­

p h o c y te s  would n e c e s s i t a t e  d i f f e r e n c e s  in  c e l l  membrane com­

p o n e n ts  t h a t  m igh t be e x p e c te d  to  In f lu e n c e  th e  re s p o n s e  to  

c o r t i c o s t e r o l d s .

W eiss ( 1965 ) r e p o r te d  t h a t  t r e a tm e n t  o f  Sarcom a 37 and 

E h r l lc h  m urine  a s c i t e s  tum or c e l l s  w ith  n e u ra m in id a se  Induces 

d e f o r m a b l l l ty  o f s u r f a c e  membranes and e n a b le s  c e l l s  t o  form  

a  low  r a d iu s  o f c u rv a tu r e .  The p re v a le n c e  o f  I r r e g u l a r  c e l l  

sh a p es  in  CR c e l l  l i n e s  may th u s  be due to  th e  a b sen c e  o f 

s t a b i l i z i n g  a n io n ic  s i t e s  w hich , a s  su g g e s te d  by Q u in to n  and 

P h i l p o t t  (1 9 7 3 ) , m a in ta in  th e  s t r u c t u r a l  i n t e g r i t y  o f  th e
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c e l l  membrane. The la c k  o f  n e g a t iv e ly  ch arg ed  g roups on CR 

c e l l  s u r f a c e s  do es n o t  Im ply t h e i r  ab sen ce  In  th e  c e l l  mem­

b ra n e . A n io n ic  m o le c u le s  c o u ld  be lo c a te d  a t  d e ep e r s i t e s  

due to  c o n fo rm a tio n a l p r o p e r t i e s  o f c a r r i e r  g ly c o p r o te in s .

The d e te c t io n  o f a c i d i c  g roups ( a s  d e m o n s tra te d  by A le la n  

b lu e  b in d in g )  exposed  a f t e r  c e n t r i f u g a t i o n  o f  CR c e l l  s u s ­

p e n s io n s  on a  c u sh io n  o f H y p a q u e -F lc o ll s u p p o r ts  t h i s  p o s s i ­

b i l i t y .  An e x p la n a t io n  f o r  th e  lo o se n in g  o f  membrane m a te r i ­

a l  from  b o th  CS and CR c e l l s  by t h i s  p ro ce d u re  can n o t be g i ­

ven  w ith o u t a  more th o ro u g h  I n v e s t ig a t io n  o f  t h i s  phenomenon.

W hereas F l c o l l  I s  a n  I n e r t ,  n o n to x lc  p o ly su c ro se  (Yu 

e t  a l ,  1 9 7 3 )t Hypaque I s  a  h ig h ly  c h a rg e d , a ro m a tic  compound 

a s  shown In  th e  d iag ram  below . The compound i s  known a s  an

( d e s c r ip t io n  p am p h le t, Wln- 

th ro p  L a b o r a to r ie s ,  New York, N .Y .) . The ex p o su re  o f c e l l  

su s p e n s io n s  to  a  r e l a t i v e l y  h ig h  c o n c e n tr a t io n  o f t h i s  chem i­

c a l  co u ld  th e n  e x p la in  th e  o b se rv ed  e f f e c t s  on th e  c e l l  mem­

b ra n e  (d en u d in g  o f s u r f a c e  membranes and r e l e a s e  o f p r o t e in  

and s i a l i c  a c id  In to  th e  In c u b a tio n  m edium ). The H ypaque-F l­

c o l l  d e n s i ty  g r a d ie n t  method (Boyum, 1968 ) I s  r o u t in e ly  u sed  

In  r e s e a r c h  l a b o r a t o r i e s  t o  s e p a r a te  d i f f e r e n t  c e l l  ty p e s  

found  In  p e r ip h e r a l  b lo o d . The a c c id e n ta l  d ls o o v e ry  by t h i s  

a u th o r  t h a t  t h i s  p ro ce d u re  may Induce membrane changes p o in ts

COO" X -ray  c o n t r a s t  medium and can

INHCOCHCHoCONH r e a c t io n s  In  p a t i e n t s ,  In

o c c a s io n a l ly  cau se  a d v e rse

I e lu d in g  t r a n s i e n t  p r o t e i n u r i a
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t o  th e  need  f o r  c a u t io n  In  th e  I n t e r p r e t a t i o n  o f  e x p e r im e n ta l  

r e s u l t s  w henever c e l l s  have been  exposed  t o  such  t r e a tm e n t .

F or t h i s  s tu d y , th e  a r t i f i c i a l l y  Induced  rem oval o f c e l l  s u r ­

fa c e  m a te r i a l  o f f e r e d  a n  e x p la n a t io n  f o r  th e  d is c re p a n c y  b e ­

tw een  th e  p re se n c e  o f s i a l i c  a c id  m o ie t ie s  In  b o th  CS and CH 

(P 1798 ) c e l l  membranes ( a s  d e te rm in e d  b io c h e m ic a lly )  and th e  

ab sen c e  o f  n e g a t iv e  s u r f a c e  ch arg e  In  CR c e l l  p o p u la t io n s .

S i a l i c  a c id  p ro b a b ly  c o n t r ib u te s  m ost o f th e  a n io n ic  

s i t e s  on CS (P1798 and 6C3HED) c e l l  s u r f a c e s  J u s t  a s  I t  does 

In  leu k em ic  lym phocy tes (Cook and Ja c o b so n , 1968; A n te u n ls , 

197*0. E nzym atic  rem oval o f s i a l i c  a c id  was a tte m p te d  by In ­

c u b a tin g  P1798-CS and -CR c e l l s  in  th e  p re se n c e  o f n e u ra m in i­

d a s e ;  how ever, I n s i g n i f i c a n t  am ounts o f t h i s  am lnosugar were 

r e l e a s e d  I n to  th e  medium. The optimum pH f o r  t h i s  enzyme I s

6 .5  (R osenberg  and  E in s te in ,  1 9 7 2 ), b u t  th e  c e l l s  su rv iv e d  

o n ly  a t  pH 7 .0 .  A p p a re n tly  a  c o n s id e ra b le  am ount o f  s i a l i c  

a c id  e sc a p e s  rem oval by n e u ra m in id a se  from  many c e l l s ,  s in c e  

c e r t a i n  s i a lo s p h ln g o l lp ld s  and 4 -o -N -d ia c e ty ln e u ra m ln lc  a c id  

In  g ly c o p r o te in s  a r e  r e s i s t a n t  to  c o n v e n t io n a l ly  u se d  s l a l l -  

d a s e s  (W ln z le r , 1 9 7 0 ). T here  i s  e v id e n c e  t h a t  RNA may c o n t r i ­

b u te  to  th e  n e t  s u r f a c e  n e g a t iv i t y  In  n o rm al, r a p i d l y  p r o l i ­

f e r a t i n g  mouse lym phocy tes (B e n n e tt  e t  a l ,  1969 ) ;  how ever. I t  

h a s  been  shown t h a t  in  lym phoid c e l l  p o p u la t io n s .  In c lu d in g  

th y m o c y te s . Io n iz e d  c a rb o x y l g ro u p s o f s i a l i c  a c id  c o n t r ib u te  

a  much g r e a t e r  p e rc e n ta g e  o f p e r ip h e r a l  a n io n ic  s i t e s  th a n  

d o es  RNA (Mayhew and W eiss, 1 9 6 8 ).

In  a d d i t i o n  to  A le la n  b lu e  8GX, 2 o th e r  e le c t r o n a b -
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so rb in g  s t a i n s ,  ru th e n iu m  r e d  and th e  m e ta l s a l t  lan thanum  

n i t r a t e  were used  to  r e v e a l  s u r f a c e  l a y e r s  o f P1798-CS and 

-CR c e l l s  by e le c t r o n  m ic ro sco p y . A ll  o f  th e s e  c h e m ic a ls  

r e a c t  w ith  p o ly s a c c h a r id e - c o n ta in in g  s t r u c t u r e s ,  c o l l e c t i v e ­

ly  known a s  th e  "g ly c o c a ly x "  (B e n n e tt ,  1963 ) ,  on th e  e x te r n a l  

s u r f a c e  o f  c e l l s ,  b u t th e y  show d i f f e r e n t  a f f i n i t i e s .

A le la n  b lu e  i s  a  copper p h th a lo c y a n in  com plex w ith  up 

to  4 p o s i t i v e l y  c h a rg ed  lso th io u ro n iu m  g roups t h a t  presum ab­

l y  b in d  in d i s c r im in a te ly  to  n e g a t iv e ly  ch arg ed  g ro u p s ( in c lu ­

d in g  s ia lo m u c ln s )  by 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 c o t t ,  1972; 

S c o t t  e t  a l ,  1 9 6 4 ), th u s  fo rm ing  I n s o lu b le ,  o s m lo p h il lc  com­

p le x e s  (Behnke and Z e la n d e r , 1 9 7 0 ). The p re se n c e  o f  a  copper 

atom  in  th e  A lc la n  b lu e  m o lecu le  makes t h i s  dye s u i t a b l e  a s  

an  e le c t r o n - a b s o r b in g  s t a i n .

Ruthenium  r e d ,  a  sm a ll p o ly v a le n t  c a t io n  (p ro p o sed

a p p a r e n t ly  s t a i n s  l i p i d s ,  c o n n e c tiv e  t i s s u e  com ponents (su c h  

a s  h y a lu ro n ic  a c id  and c h o n d ro i t ln  s u l f a t e ) ,  some am ino a c id s  

and RNA ( L u f t ,  1 9 7 1 a .6 ; M artin ez-P a lo m o , 1970) when u sed  in  

th e  p re se n c e  o f osm ic a c id .  As r e p o r te d  by Howell (1 9 7 4 ) , a  

h ig h  d e n s i ty  o f  n e g a t iv e  c h a rg e s  a p p e a rs  n e c e s s a ry  f o r  m or­

p h o lo g ic a l ly  v i s i b l e  ru th e n iu m  re d  b in d in g . G e n e ra lly  th e

plasm a membrane s t a i n s  p o o r ly  (L u f t ,  19716), p o s s ib ly  b ecau se  

th e  dye d o es  n o t  complex w ith  s i a l i c  a c id  ( L u f t ,  1971a; Mor­

gan , 1968; Dermer e t  a l ,  1 9 7 4 ). Morgan (1968) r e p o r te d  b in d ­

in g  o f t h i s  ch em ica l t o  h y a lu r n ld a s e - s u s c e p t ib le  s u r f a c e  ma­

t e r i a l  o f sarcom a c e l l s .  S a n te r  e t  a l  (1 9 7 3 ). who s u c c e s s -

s t r u c t u r a l  fo rm u la
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f u l l y  r e a c te d  s u r f a c e  c o a ts  o f d i f f e r e n t  c la s s e s  o f m urine 

lym phocy tes ( in c lu d in g  th y m o cy tes) w ith  ru th en iu m  r e d ,  r e ­

p o r te d  t h a t  t r y p s i n  or n e u ra m in id a se  removed th e  c o a t .  A l­

though  t r y p s i n  m igh t be e x p e c te d  to  have such  an  e f f e c t ,  th e  

p re v e n t io n  o f  ru th en iu m  re d  b in d in g  by n e u ra m in id a se  i s  in  

c o n t r a d ic t io n  to  th e  r e s u l t s  o f e x te n s iv e  s tu d i e s  by L u f t 

(1971a) and r e p o r t s  by o th e r  a u th o r s  (M organ, 1968; Dermer 

e t  a l ,  197*0. S a n te r  e t  a l  u se d  a  c ru d e  enzyme p r e p a r a t io n  

and In c lu d e d  f e t a l  c a l f  serum  (known to  c o n ta in  g ly c o p ro ­

t e i n s )  in  th e  d y e -c o n ta in in g  f i x a t i v e .  P erhaps c o n ta m in a tin g  

enzymes rem oved ru th en iu m  r e d - b in d in g  m o le cu le s  ( i n  a d d i t io n  

to  s i a l i c  a c id )  w hich m igh t have been  ( a t  l e a s t  in  p a r t )  s e -  

rum -derilved  com ponents a d h e r in g  to  th e  s u r f a c e s  o f  c e l l s .

T h is  i n v e s t i g a t i o n  showed v e ry  l i t t l e  ru th en iu m  re d  

b in d in g  to  s u r f a c e s  o f e i t h e r  P I798-CS o r -CR c e l l s .  Only a  

sm a ll  number o f  c e l l s  had a  v i s i b l e  c o a t  ( f i g s .  16 and 17) 

com parab le  t o  t h a t  o b ta in e d  w ith  A lc la n  b lu e .  Thus i t  can 

be assum ed t h a t  t h i s  dye r e a c t s  w ith  com ponents d i f f e r e n t  from  

th o s e  b in d in g  to  A lc ia n  b lu e .  RNA, w hich p resum ably  com­

p le x e s  w ith  ru th en iu m  r e d ,  a p p a r e n t ly  do es n o t  c o n t r ib u te  s i g ­

n i f i c a n t l y  t o  th e  n e g a t iv e  s u r f a c e  c h a rg e  o f P1798 c e l l s .

L a n th a n u m  n i t r a t e - p o s i t i v e  s u r f a c e  l a y e r s  h a v e  b e e n  r e ­

p o r t e d  t o  b e  s u s c e p t i b l e  t o  p h o s p h o l l p a s e  b u t  r e s i s t a n t  t o  

p r o t e o l y t i c  e n z y m e s ,  EDTA, D N a se , a n d  s e v e r a l  m u c o l y t i c  e n ­

zy m es  ( L e s s e p s ,  1 9 6 7 ). B o th  P1798-CS a n d  -CR c e l l s  show ed  

l i t t l e  i f  a n y  l a n t h a n u m - p o s i t i v e  m a t e r i a l  o n  t h e i r  s u r f a c e s  

( s i m i l a r  t o  m o s t  r u t h e n i u m  r e d - s t a i n e d  c e l l s  o f  t h e s e  t u m o r s ) .
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T h e s e  r e s u l t s  a r e  I n  a g r e e m e n t  w i t h  t h o s e  o f  B ona a n d  A n te u -  

n l s  ( 1 9 7 3 )  w ho r e p o r t e d  l a n t h a n u m - n e g a t i v e  c e l l  c o a t s  I n  t h e  

m a j o r i t y  o f  m ouse  t h y m o c y t e s .  T h e y  o b s e r v e d  t h a t  a f t e r  s l -  

a l i d a s e  a n d  s u l f a t a s e  t r e a t m e n t ,  a l l  c e l l s  w e re  s t a l n a b l e  

w i t h  l a n th a n u m .  I n  c o n t r a s t  t o  th y m o c y te s ,  m ouse  b o n e  m a rro w  

ly m p h o c y te s  ( B - c e l l s )  a p p a r e n t l y  h a d  a  t h i c k  c o a t  t h a t  w as 

s u s c e p t l b e  t o  £ - g l u c o s i d a s e  o r  p r o n a s e  t r e a t m e n t .  T h e s e  

r e s u l t s  s u g g e s t  t h a t  l a n th a n u m  b i n d s  t o  c e r t a i n  n e u t r a l  s u g a r  

c o m p o n e n ts  a t  t h e  c e l l  s u r f a c e .

Bona and A n te u n ls  (1973) a l s o  r e a c te d  mouse bone m ar­

row  c e l l s  ( B - c e l l s )  and thym ocy tes ( T - c e l l s )  w ith  phosp h o tu n g - 

s t i c  a c id  a t  low pH w hich p roduced  a  p o s i t iv e  s u r f a c e  r e a c ­

t i o n  in  T - c e l l s  and a  n e g a t iv e  r e a c t i o n  in  B - c e l l s  ( a s  ob­

se rv e d  by e le c t r o n  m ic ro sc o p y ) . P h o sp h o tu n g s tlc  a c id  a t  low 

pH bound s p e c i f i c a l l y  to  s l a lo g ly c o p r o te ln s  a s  Rambourg 

(1968) had r e p o r te d  e a r l i e r .  The p h o sp h o tu n g s tlc  a c id -n e g a -  

t l v e .  Im m ature B - c e l l s .  lo c a te d  w i th in  th e  bone marrow i t ­

s e l f ,  a r e  r e s i s t a n t  to  h ig h  d o se s  o f h y d ro c o r t is o n e  (L ev ine  

and C lam an .1970). P1798 c e l l s  t h a t  do n o t  b in d  A lc ia n  b lu e

a r e  a l s o  c o r t i c o l d - r e s l s t a n t .  T h is  dye i s  known to  s t a i n  

s l a lo g ly c o p r o t e ln s ,  a l th o u g h  n o t  s p e c i f i c a l l y  ( S c o t t  e t  a l ,  

1 9 6 4 ). Assum ing t h a t  s i a l i c  a c id  a c c o u n ts  f o r  m ost o f th e  

s u r f a c e  n e g a t iv i t y  in  P1798-CS c e l l s  (and  p o s s ib ly  6C3HED 

c e l l s ) ,  th e  r e s u l t s  o f  t h i s  s tu d y  a r e  in  ag reem en t w ith  th o s e  

o f  Bona and  A n te u n ls  (1 9 7 3 ) . T h is  s t r e n g th e n s  th e  p o s s i b i l i ­

t y  t h a t  s u r f a c e  e l e c t r o n e g a t i v i t y  i s  a  c o n t r ib u t in g  f a c to r  

f o r  c o r t i c o l d  s e n s i t i v i t y .
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T h e  I n a c c e s s i b i l i t y  o f  a n i o n i c  s i t e s  ( A l o l a n  b l u e  p o s i ­

t i v e )  w i t h i n  t h e  c e l l  m em brane  o f  CR c e l l s  m ay b e  a  d e c i s i v e  

f a c t o r  i n  t h e  f a i l u r e  o f  t h e s e  c e l l s  t o  r e s p o n d  t o  t h e  l e ­

t h a l  a c t i o n  o f  c o r t i c o s t e r o i d s .  C r y p t i c  s i t e s  a r e  know n t o  

i n f l u e n c e  c e l l u l a r  r e g u l a t o r y  m e c h a n is m s .  S u r f a c e  m e m b ran es  

o f  n e o p l a s t i c  c e l l s ,  f o r  e x a m p le ,  d i f f e r  f ro m  n o r m a l  c e l l s  i n  

t h a t  t h e y  c a n  b in d  c e r t a i n  m l t o g e n l c  a g e n t s  s u c h  a s  c o n c a n a -  

v a l i n  A a n d  w h e a t  g e rm  a g g l u t i n i n .  T h e  c a r b o h y d r a t e  com po­

n e n t s  i n v o l v e d  i n  t h i s  b i n d i n g  a r e  o C - m e th y l - D - g lu c o p y r a n o s id e  

a n d  N - a c e t y l - g l u c o 8 a m l n e ,  r e s p e c t i v e l y .  T h e s e  s u g a r s  a r e  e x ­

p o s e d  i n  n o n t r a n s f o r m e d  c e l l s  o n l y  d u r i n g  m i t o s i s  ( C l i c k  a n d  

B u c k , 1973; F ox  e t  a l ,  1971; B u r g e r ,  1969; S h o h a n  a n d  S a c h s ,  

197*0. T r e a tm e n t  o f  n o r m a l  n o n m l t o t l c  c e l l s  w i t h  t r y p s i n  

c a n  u n m a sk  t h e s e  h i d d e n  s i t e s  a n d  t e m p o r a r i l y  I n d u c e  n e o p l a ­

s t i c  b e h a v i o r  s u c h  a s  l o s s  o f  c o n t a c t  i n h i b i t i o n  ( P o s t e ,  1972; 

I n b a r  a n d  S a c h s ,  1969; B u r g e r ,  1 9 7 3 ). T h e s e  o b s e r v a t i o n s  i l ­

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

p l a y s  a n  I m p o r t a n t  r o l e  i n  c e l l  f u n c t i o n .

T he  r e l a t i v e l y  e a s y  d e n u d i n g  o f  b o t h  CS a n d  CR (P1798) 

c e l l  s u r f a c e s  b y  t h e  H y p a q u e - F l c o l l  p r o c e d u r e  i m p l i e s  t h a t  

c e l l  c o a t  c o m p o n e n ts  ( w h ic h  p r e s u m a b ly  d i f f e r  i n  CR a n d  CS 

c e l l s )  a r e  l o o s e l y  a t t a c h e d  t o  t h e  r e s t  o f  t h e  c e l l  m e m b ra n e , 

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

b i l i t y  h a s  b e e n  p r e s e n t e d  b y  s e v e r a l  i n v e s t i g a t o r s .  C o d in g ­

t o n  e t  a l  (1970), C u lp  a n d  B la c k  (1 9 7 2 ) , C u lp  (197*0 , a n d  

T e r r y  (197*0 w e re  a b l e  t o  re m o v e  s u r f a c e  p r o t e i n s  f r o m  c a n ­

c e r  c e l l s  w i t h  s p e c i f i c  c h e l a t i n g  a g e n t s  s u c h  a s  EDTA a n d
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EGTA. S tu d ie s  by Humphreys ( 1967 ) i n d ic a te  t h a t  r e l e a s e d  

s u r f a c e  g ly c o p r o te in s  may p la y  a  r o l e  a s  s p e c i f i c  c e l l  1 1 - 

g an d s, s in c e  r e a g g r e g a t io n  o f d i s s o c i a t e d  hom ologous c e l l s  

was a c c e le r a te d  in  t h e i r  p re s e n c e . E xposure o f  P I798-CS and 

-CR c e l l s  t o  m ild  c h e l a to r s  in  an  in  v i t r o  sy stem  co u ld  g iv e  

f u r t h e r  c lu e s  to  th e  r o l e  o f  s u r f a c e  e l e c t r o n e g a t i v i t y  in  

s te r o id - in d u c e d  c e l l  l y s i s .

D i s s i m i l a r i t i e s  in  s u r fa c e -e x p o s e d  s i t e s  on CS and CK 

lymphoma c e l l s ,  d e te c te d  by e l e c t r o n  m ic ro sco p y , were su b ­

s t a n t i a t e d  by d e m o n s tra te d  b io c h e m ic a l d i f f e r e n c e s  o f i s o ­

l a t e d  P1798-CS and -CR c e l l  membranes and c e l l  m em brane-de­

r iv e d  L - fu c o s e - la b e le d  s la lo g ly c o p e p t id e s .

The re c o v e re d  c e l l  p r o t e in  in  th e  plasm a membrane 

sam ples o f  b o th  CS and CR tum ors (a p p ro x im a te ly  3-5# o f t o ­

t a l  c e l l  p r o te in )  c o rre sp o n d s  t o  an  am ount e x p e c te d  t o  be 

found in  t h i s  f r a c t i o n  (de  Duve, 1 9 7 1 ). The d e n s i t i e s  o f 

L I and L2 p r e p a r a t io n s ,  w hich d i f f e r e d  s l i g h t l y  in  CS and 

CR sa m p le s , s u g g e s t  t h a t  r a t i o s  o f  p r o t e in  t o  l i p i d  a r e  

h ig h e r  i n  CR c e l l  membranes a s  com pared to  th o s e  o f CS c e l l s .  

The mean s i a l i c  a c id  c o n te n t  b ased  on membrane p r o te in  was 

low er in  CR th a n  in  CS sa m p le s , a lth o u g h  am ounts p r e s e n t  in  

in d iv id u a l  sam ples showed c o n s id e ra b le  v a r i a t i o n .  C l ic k  e t  

a l  (1970) r e p o r te d  s im i la r  v a r i a t i o n s  in  s i a l i c  a c id  c o n te n t  

o f  mouse f i b r o b l a s t  membranes and su g g e s te d  t h a t  such  d i f ­

f e r e n c e s  may be r e l a t e d  t o  g row th  r a t e  o r changes in  p r o te in  

c o n te n t  o f  th e  c e l l .  P e rh ap s  th e  low er a v e ra g e  s i a l i c  a c id  

c o n te n t  and  th e  g r e a t e r  d e n s i ty  o f  CR r e l a t i v e  t o  CS c e l l
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membranes r e l a t e  to  a  f a s t e r  grow th o f  P1798-CR tum ors (own 

o b s e rv a t io n s )  and a  h ig h e r  p r o t e in  c o n te n t  pe r c e l l  (CS: 5 .5 -

5 .6  mg p ro te in /1 0 ®  c e l l s ;  CR: 7.2-7.** mg p ro te ln /1 0 ®  c e l l s )  

a s  compared to  CS tu m o rs . T h is  I s  r e f l e c t e d  In  d i f f e r e n c e s  

In  e l e c t r o n  d e n s i ty  ( f i g s .  8 and 9) betw een CS and CR c e l l s .  

K in e t ic s  o f  s i a l y l  t r a n s f e r r i n g  and c le a v in g  enzymes may d i f ­

f e r  In  th e  two tu m o rs . D is s im i la r  p o s i t io n s  o f  s i a l i c  a c id  

r e s id u e s  In  CS and CR c e l l  membranes s u p p o r t su ch  a  p o s s ib i ­

l i t y .

The plasm a membrane m arker enzymes 5 ' - n u c le o t id a s e  and 

Na+ , K+- a c t iv a t e d ,  Mg2+-d ep e n d e n t ATPase d id  n o t  fo llo w  th e  

d i s t r i b u t i o n  of c e l l  membrane g h o s ts  in  e i t h e r  P1798-CS or 

-CR p r e p a r a t io n s .  S im ila r  o b s e rv a t io n s  were made by o th e r  

a u th o r s  f o r  HeLa c e l l s  (Jo h n so n  e t  a l ,  197*0 and f o r  le u k e ­

m ic mouse lym phocy tes (W arley  and Cook, 1 9 7 3 ). 5 ' - n u c l e o t i ­

d a se  a c t i v i t y  h as  been  shown to  be much low er o r u n d e te c ta b le  

In  c e l l  membranes from  human c h ro n ic  ly m p h o cy tic  leukem ia  

c e l l s  th a n  in  norm al lym phocy tes (Q u a g lla ta  e t  a l ,  197*0. 

P -n itro p h e n y lp h o s p h a ta s e  In  b o th  P1798-CS and -CR p re p a ­

r a t i o n s  showed h ig h e r  a c t i v i t y  In  th e  d e n se r  L2 a s  compared 

to  LI membrane f r a c t i o n s .  I t  I s  known t h a t  p lasm a membranes 

a r e  composed o f d i s t i n c t  a r e a s  w ith  d i f f e r e n t  enzyme a c t i v i ­

t i e s  (de  Duve, 1 9 7 1 ). V e s ic le s  o f  frag m en ted  membranes (o r  

w hole membrane g h o s ts  o f  c e l l s  d i f f e r i n g  In  d e n s i ty  and en ­

zyme a c t i v i t y )  may be e x p e c te d  to  have s e p a ra te d  o u t In  th e  

L I and L2 l a y e r s .  Mg2'4'.d e p e n d e n t ATPase a l s o  showed a  h ig h e r  

s p e c i f i c  a c t i v i t y  in  CS-L2 a s  compared to  CS-L1 f r a c t i o n s ;
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how ever. In  Cfi-Ll and -L2 sam p les, s p e c i f i c  a c t i v i t i e s  o f 

t h i s  enzyme d id  n o t  d i f f e r  s i g n i f i c a n t l y .  S in c e  LI f r a c t i o n s  

c o n ta in e d  th e  l a r g e s t  p o r t io n  o f re c o v e re d  c e l l  membranes, 

th e  h ig h e r  Mg2+-d e p e n d e n t ATPase a c t i v i t y  in  CR-L1 a s  com­

p a re d  to  CS-L1 c e l l  membranes c o u ld  be an  I n f l u e n t i a l  f a c to r  

in  c o r t i c o l d  r e s i s t a n c e .

L -fu c o se  was c h o sen  a s  a  m arker f o r  i n  v iv o  la b e l in g  

o f s u r f a c e  g ly c o p r o te in s ,  s in c e  i t  h a s  been  r e p o r te d  to  be 

th e  m ost s p e c i f i c  c e l l  membrane l a b e l  (A tk in so n  and Summers, 

1 9 7 1 ). T h is  m e th y lp e n to se  i s  In c o rp o ra te d  d i r e c t l y  in to  ma­

c ro m o le c u le s  and i s  n o t  a  p re c u rs o r  o f  o th e r  su g a rs  and 

am ino a c id s  (Kaufman an d  G in sb e rg , 1 9 6 8 ; H e rsc o v ic s , 1970 ). 

Fucose i s  a t ta c h e d  to  p refo rm ed  p o ly p e p t id e s  (H e rsc o v ic s ,

1 9 7 0 ), and a l l  fu c o se  n o t  In c o rp o ra te d  in to  g ly c o p ro te in s  i s  

e x c r e te d  th ro u g h  th e  k id n e y  (C o ffey  e t  a l ,  1 9 6 4 ). S tu d ie s  

by B e k e s l and W inzler ( 1967 ) su g g e s t t h a t  u t i l i z a t i o n  o f t h i s  

su g a r in v o lv e s  th e  fo l lo w in g  s t e p s :  fu c o s e  — » f u c o s e - l - P

—* GD P-fucose — g ly c o p r o te in .  A u to ra d io g ra p h ic  s tu d ie s  

o f  v a r io u s  c e l l  ty p e s  ( i n  th e  r a t ) ,  in c lu d in g  lym phocy tes, 

have shown t h a t  fu c o s e  l a b e l  a p p e a rs  over G o lg l v e s i c l e s ,  th e  

s u b c e l l u la r  s i t e  o f  membrane g ly c o p r o te in  and  g ly o o l ip ld  

s y n th e s i s  (Bosman e t  a l ,  1969)# w i th in  a  few  m in u tes  a f t e r  

a d m in i s t r a t io n  o f th e  I s o to p e .  From th e  G o lg i complex th e  

l a b e l  m ig ra te s  m o s tly  t o  th e  p lasm a membrane and to  ly s o -  

somes in  some c e l l s  (many ly sosom al h y d ro la s e s  a r e  g ly c o ­

p r o t e i n s )  (B e n n e tt e t  a l ,  1974; B e n n e tt  and  L eblond , 1970,

1 9 7 1 ). The p a t t e r n  o b ta in e d  w ith  r a d i o a c t i v e  D -g lucosam ine.
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a  p re c u r s o r  o f  s i a l i c  a c i d .  I s  more complex and l e s s  c l e a r  

th a n  t h a t  d e s c r ib e d  f o r  f u c o s e ,  s in c e  t h i s  su g a r I s  a l s o  

In c o rp o ra te d  I n to  N -a c e ty lg lu o o sa m ln e  and N - a c e ty lg a la o to s a -  

m lne (Buck e t  a l ,  1 9 7 0 ). Most s la lo g ly c o p e p t ld e s ,  t h a t  a r e  

o f  m ajo r I n t e r e s t  In  t h i s  s tu d y , c o n ta in  b o th  fu c o se  and s i ­

a l i c  a c id  In  v a r i a b le  am ounts (W arren e t  a l ,  1972; Katzman 

and E y la r ,  1968) a s  t e r m in a l  r e s id u e s  In  t h e i r  c a rb o h y d ra te  

s ld e c h a ln s  (H ughes, 1970; G o t ts c h a lk , 1960b; L loyd e t  a l ,  

1 9 6 8 ) . T h e re fo re , th e  g r e a t e r  s p e c i f i c i t y  o f  L -fu c o se  a s  

com pared to  D -g lucosam lne  (a  p re c u rs o r  o f s i a l i c  a c id )  makes 

t h i s  p e n to se  more s u i t a b l e  t o  f a c i l i t a t e  th e  I s o l a t i o n  and 

s e p a r a t io n  o f  c e l l  membrane s la lo g ly c o p e p t ld e s .

The c h ro m a to g ra p h ic  p a t t e r n s  o b ta in e d  In  t h i s  I n v e s t i ­

g a t io n  I n d ic a te  t h a t  f u c o s e - la b e le d  g ly c o p e p tld e s  d e r iv e d  

from  c e l l  membranes o f  P1798-CS and -CR a f t e r  e x te n s iv e  p ro ­

t e o l y t i c  d i g e s t i o n ,  d i f f e r  In  m o le cu la r  w e ig h t, s i z e  and s i ­

a l i c  a c id  d e n s i ty .  The d i f f e r e n c e s  In  th e  n e u ra m in id a s e - In ­

duced  s h i f t  In  th e  e l u t i o n  p a t t e r n s  of u n t r e a te d  CS and CR 

p r e p a r a t io n s  s u g g e s t  t h a t  m ost CR f r a c t io n s  have a  h ig h e r  

s i a l i c  a c id  c o n te n t  th a n  CS f r a c t i o n s .  T h is  I s  no I n d ic a t io n  

o f  h ig h e r  t o t a l  am ounts o f  t h i s  su g a r In  P1798-CR c e l l  mem­

b ra n e s  ( th a n  In  P1798-CS c e l l  m em branes), s in c e  o n ly  fu c o s e -  

c o n ta ln ln g  s l a lo g ly c o p e p t ld e s  a r e  a cc o u n te d  f o r .  In  a d d i t i o n ,  

n e u ra m in ic  a c id s  In  CS and  CR o l ig o s a c c h a r id e s  may d i f f e r  In  

t h e i r  s id e  g ro u p s t h a t  In c re a s e  th e  asym m etry and  s i z e  o f 

g ly c o p e p t ld e s .  Thus th e  In f lu e n c e  o f th e s e  n e g a t iv e ly -  

ch a rg e d  m o le c u le s  on th e  S to k e 's  r a d iu s  ( r a d iu s  o f  e l l i p s o i d s
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o f  r e v o lu t io n )  may v a ry  in  d e g re e  in  th e  two sa m p le s . Por 

a sym m etric  m o le c u le s , such  a s  s i a lo g ly c o p e p t id e s ,  th e  m ole­

c u la r  w e ig h t and th e  S to k e» s r a d iu s  a r e  c o d e te rm in a n ts  o f th e  

c h ro m a to g rap h ic  p r o f i l e  (T a n fo rd , 1 9 6 1 ).

The p a t t e r n  o f  d i f f e r e n t i a l l y  la b e le d  CS and CR g ly c o ­

p e p t ld e s  shown in  c h a r t  2-A i s  s t r i k i n g l y  s im i la r  t o  t h a t  

r e p o r te d  by van  Beek e t  a l  (1973) f o r  m a lig n a n t and n o n m allg - 

n a n t ly m p h o b la s ts  ( i n i t i a l l y  d e r iv e d  from  a sp o n tan eo u s 

mouse lym phosarcom a). These a u th o r s  f r a c t io n a te d  fu c o s e -  

l a b e le d  s ia lo g ly c o p e p t id e s  o b ta in e d  from  t r y p s l n a t e s  o f th e  

c u l tu r e d  ly m p h o b la s ts  by a  p ro ce d u re  i d e n t i c a l  to  t h a t  d e ­

s c r ib e d  f o r  t h i s  s tu d y . T h e ir  sam ples from  th e  m a lig n a n t 

c e l l  l i n e  showed an  e l u t i o n  p r o f i l e  re se m b lin g  t h a t  o f P1798- 

CS and g ly c o p e p tld e s  d e r iv e d  from  t h e i r  n o n tr a n s p la n ta b le  

s t r a i n  e x h ib i te d  a  p a t t e r n  c o rre sp o n d in g  to  t h a t  o b se rv ed  

f o r  P1798-CR g ly c o p e p tld e s .  No in fo rm a tio n  a s  to  c o r t i c o l d  

s e n s i t i v i t y  o f th e  two c e l l  l i n e s  was g iv e n .

I n  v iv o  s t e r o i d  t r e a tm e n t  f o r  6 h o u rs  d id  n o t  change 

th e  e lu t i o n  p r o f i l e s  o f P1798-CS and -CR g ly c o p e p tld e s  (n o te  

th e  s i m i l a r i t y  o f  c h a r t s  2-A and 3 -A ). However, th e  fo rm a­

t i o n  o f a  new low  m o le c u la r  w e ig h t peak  in  n e u ra m in id a se -  

t r e a t e d  sam ples (b o th  CS and CR) im p lie s  a  change in  s t r u c ­

tu r e  a n d /o r  c o n fo rm a tio n  o f  s ia lo g ly c o p e p t id e s .  The chrom a­

to g ra p h ic  p a t t e r n s  o b ta in e d  7 h o u rs  a f t e r  s t e r o i d  a c t io n  in  

v iv o  d i f f e r  from  th o s e  se e n  in  u n t r e a te d  P1798-CS and -CR 

sa m p le s . A l l  g ly c o p e p tld e  f r a c t i o n s  d e r iv e d  from  b o th  CS 

and CR c e l l  membranes e lu te d  f a s t e r  w hich s u g g e s ts  an  in -
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c re a s e  in  m o le c u la r  w e ig h t o r s i z e .  A new p rom inen t low 

m o le cu la r w e ig h t peak , t h a t  a p p e a re d  a f t e r  th e  rem oval o f 

s i a l i c  a c id s  by n e u ra m in id a se , s u g g e s ts  t h a t  th e s e  su g a r  r e ­

s id u e s  have In c re a s e d  In  number on c e r t a i n  e a r ly  e lu t i n g  

and m ajor peak  f r a c t i o n s .  Such changes may In v o lv e  th e  a c ­

t i v a t i o n  o f  s p e c i f i c  s l a l l d a s e s  a s  w e ll  a s  s i a l i c  a c id  t r a n s ­

f e r a s e s  and p o s s ib ly  o th e r  enzymes In v o lv ed  In  th e  m etabo lism  

o f s u r f a c e  c a rb o h y d ra te s .

The somewhat d i f f e r e n t  e l u t i o n  p a t t e r n s  of th e  two 

s t e r o i d - t r e a t e d  (7 h o u rs )  d e s l a l y l a t e d  P1798-CS and -Cn g ly -  

c o p e p tld e  p r e p a r a t io n s  c an n o t be r e a d i l y  e x p la in e d . The v a ­

r i a t i o n s  In  s i a l i c  a c id  c o n c e n tr a t io n  p e r mg p r o te in  (men­

t io n e d  e a r l i e r )  o r d i f f e r e n c e s  in  d e g re e  o f  c y to ly s l s  In  th e  

two t r a n s p l a n t  g e n e ra t io n s  u sed  c o u ld  have been  c o n t r ib u t in g  

f a c t o r s .  C o n s id e ra b le  v a r i a t i o n s  in  hormone r e c e p to r  b in d in g  

In  P1798 tum ors have been  r e p o r te d  by K a ise r  e t  a l  (197*0.

The e x te n t  o f  changes r e s u l t i n g  from  s t e r o i d  a c t io n  may th u s  

be In f lu e n c e d  by th e  m e ta b o lic  c o n d it io n  o f c e l l s .

The d e s c r ib e d  g lu c o c o r t lc o ld - ln d u c e d  a l t e r a t i o n s  o f 

b o th  P1798-CS and -CK g ly c o p e p tld e s  were r e f l e c t e d  In  a 

changed d e n s i ty  o f  th e  i s o l a t e d  p lasm a membranes t h a t  were 

used  f o r  p ro n a se  d ig e s t i o n  a f t e r  ex p o su re  In  v iv o  to  9-PP 

f o r  7 h o u rs .  The In c re a s e  In  q u a n t i t y  o f L2 membrane f r a c ­

t io n s  In  th e  su c ro se  g r a d ie n t  i n d ic a t e s  a  d e c re a s e  In  th e  

l i p i d / p r o t e l n  r a t i o  and a p p a re n t ly  a n  In c re a s e  in  m o le cu la r 

w e ig h t o f  g ly c o p r o te in s .  G lu c o c o r t lc o ld - ln d u c e d  I n h ib i t i o n  

of c h o lin e  in c o r p o r a t io n  I n to  th e  membrane p h o sp h o lip id  f r a c -
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t l o n  o f  mouse lymphoma c e l l s  h a s  been  r e p o r te d  by S to ry  e t  

a l  (1 9 7 3 ) . P re d n iso lo n e  h as a l s o  been  shown to  i n h i b i t  

c h o le s t e r o l  and  p h o s p h o lip id  m etab o lism  in  HeLa c e l l s  ( D e l l '  

Oreo and M elnykovych, 1 9 7 0 ).

A le la n  b lu e  s t a in i n g  d e m o n s tra te d  a  l o s s  o f exposed  

a n io n ic  s i t e s  from  s u r f a c e s  o f  CS c e l l s  be tw een  6 and 8 h o u rs  

a f t e r  ex p o su re  to  9-FP ( f i g s .  24 and 2 5 ) . A s im i la r  g lu o o -  

c o r t lc o id - ln d u c e d  r e d u c t io n  in  c e l l  s u r f a c e  ch arg e  was r e ­

p o r te d  by B a l la rd  and Tomkins (1 9 7 0 ) . They o b se rv ed  a  d e ­

c re a s e  in  e l e c t r o p h o r e t i c  m o b i l i ty  o f  hepatom a c e l l s  a f t e r  

ex p o su re  to  c o r t i c o s t e r o i d s .  N e ith e r  e l e c t r o p h o r e s i s  no r 

la c k  o f  A lc ia n  b lu e  b in d in g  can  d i s t i n g u i s h  betw een  th e  l o s s  

o f a n io n ic  s i t e s ,  a d d i t i o n  o f c a t io n i c  g ro u p s , or r e l o c a t i o n  

o f ch arg ed  m o le c u le s . In  t h i s  s tu d y , a  s i g n i f i c a n t  l o s s  o f 

n e g a t iv e ly  ch a rg ed  s i a l i c  a c id  r e s id u e s  i s  n o t  r e f l e c t e d  

in  th e  c h ro m a to g ra p h ic  p a t t e r n s  ( c h a r t s  4 and 5) o f t r e a t e d  

P1798-CS and  -CR p r e p a r a t i o n s .  P resum ably  ex p o su re  to  s t e ­

r o id  horm ones r e s u l t s  in  r e s h u f f l i n g  o f su g a r r e s id u e s  in  

c e l l  membrane g ly c o p e p t ld e s .  Such a l t e r a t i o n s  may a llo w  

o l ig o s a c c h a r id e  c h a in s  t o  u n fo ld  and assum e l a r g e r  m o le c u la r  

d im e n s io n s . T h is  c o u ld  th e n  e x p la in  th e  s h i f t  to  th e  l e f t  

in  th e  e l u t i o n  p r o f i l e .  I n  th e  rem o ld in g  p ro c e s s ,  s i a l i c  

a c id  m o ie t ie s  on CS c e l l  s u r f a c e s  may become I n a c c e s s ib le  to  

A lc ia n  b lu e  o r become d e io n iz e d  by b in d in g  to  o p p o s i te ly  

ch a rg ed  s i t e s  on th e  c e l l  membrane. A p p a re n tly  th e  c e l l  s u r ­

fa c e  changes r e s u l t i n g  from  s t e r o i d  a c t io n  d i f f e r  i n  P1798- 

CS and  -CR. T h is  i s  in d ic a te d  by th e  a b sen c e  o f v i s i b l e  A l-
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c la n  b lu e  b in d in g  on CR s u r f a c e  membranes b e fo re  and a f t e r  

e x p o su re  to  g lu c o c o r t i c o id s .

The s p e c i f i c i t y  o f  many b i o lo g i c a l  e v e n ts  r e s i d e s  in  

p a r t i c u l a r  c a rb o h y d ra te  u n i t s  and in  t h e i r  sequence  in  o l i ­

g o s a c c h a r id e  c h a in s  o f  p lasm a membrane g ly c o p r o te in s .  I f  th e  

la c k  o r d e f i c ie n c y  o f  a n io n ic  s i t e s  on CR c e l l  s u r f a c e s  and 

t h e i r  p re s e n c e  on CS c e l l  s u r f a c e s  i s  u n iv e r s a l ,  one c o u ld  

p o s tu l a t e  t h a t  a  f u n c t io n a l  r e l a t i o n s h i p  betw een e le c t r o n e g a ­

t i v i t y  on th e  e x te r n a l  c e l l  membrane and s te r o id -m e d ia te d  cy ­

to p la s m ic  e v e n ts  d e te rm in e s  th e  th e r a p e u t i c  e f f e c t i v e n e s s  o f 

g lu c o c o r t i c o id  horm ones. Im pairm ent o f  t r a n s p o r t  phenomena 

in  c o r t i c o l d  re s p o n s iv e  lym phoid t i s s u e s  (Rosen e t  a l ,  1970; 

S te v e n s  e t  a l ,  1973; Munck, 1 9 7 0 ), w hich h as  n o t been  ob­

se rv e d  in  CR ly m p h o cy tes , s t r o n g ly  s u g g e s ts  invo lvem en t o f 

th e  c e l l  membrane in  th e  c y to to x ic  p ro c e s s .  I t  h a s  been  

p ro p o sed  t h a t  d e f e c t iv e  c y to p la sm ic  h o rm o n e -rec e p to r  b in d ­

in g  (G eh rin g  e t  a l ,1 9 7 1 ;  Hackney e t  a l ,  1970; Rosenau e t  a l ,

1972) i s  r e l a t e d  to  s t e r o i d  r e s i s t a n c e ;  how ever, n o t  a l l  CR 

c e l l  l i n e s  show e v id e n ce  o f a l t e r e d  r e c e p to r s .  S tu d ie s  by 

Lippman and Thomson (1973) I n d ic a te  t h a t  q u a l i t a t i v e  d i f f e r ­

e n ce s  b e tw een  s p e c i f i c  c y to p la sm ic  g lu c o c o r t i c o id  r e c e p to r s  

e x i s t  w hich  can  be re c o g n iz e d  by n u c le a r  b in d in g  s i t e s .  T h is  

e v id e n c e  o f f e r s  new e x p la n a t io n s  f o r  s t e r o i d  r e s i s t a n c e  in  

some sy s tem s b u t  f a l l s  t o  do so  in  o th e r s .

T h is  s tu d y  h as d e m o n s tra te d  t h a t  s t e r o id - in d u c e d  a l ­

t e r a t i o n s  in  c e l l  s u r f a c e  g ly c o p e p t ld e s ,  c o n ta in in g  b o th  

L -fu c o se  and  s i a l i c  a c i d ,  occu r n o t  o n ly  in  P1798-CS b u t
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a l s o  In  P1798-Cli. These o b s e rv a t io n s  s u g g e s t  t h a t  th e  

m ic r o s t r u c tu r e  o f s u r f a c e  g ly c o p ro te in  o l ig o s a c c h a r id e s ,  

w hich was shown to  d i f f e r  In  th e  two tu m o rs , I s  a  c o d e te rm i­

n a n t  In  th e  f i n a l  outcome o f m e ta b o lic  e v e n ts  I n i t i a t e d  by 

g lu e  oc or t  l c  o Id  s ,
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