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SUMMARY

The p r im ary  aim o f  t h i s  r e s e a r c h  was t o  examine the  a b i l i t y  

o f  lymphoid c e l l s  to  form permeable  i n t e r c e l l u l a r  communicating 

j u n c t i o n s  (gap j u n c t i o n s ) .

E s t a b l i s h e d  t e c h n iq u e s ,  based on the  d e t e c t i o n  o f  i n t e r c e l l u l a r  

exchange o f  r a d i o ! a b e l l e d  n u c l e o t i d e s ,  were used to  an a ly se  the  

j u n c t i o n  fo rm at ion  between the  ad h e re n t  lymphoid tumour c e l l  l i n e  

RAJI and o t h e r  c e l l  l i n e s  o f  known j u n c t i o n  forming a b i l i t y .  R e s u l t s  

show t h a t  t h e r e  i s  no d e t e c t a b l e  j u n c t i o n  fo rm at ion  between RAJI 

c e l l s ,  o r  between RAJI c e l l s  and any of  the  o t h e r  c e l l  t ype s  

e l a b o r a t e l y  t e s t e d .

P e r ip h e ra l  blood lymphocytes (PBL) were examined,  t o  r e s o lv e  

the  c o n f l i c t  in  th e  l i t e r a t u r e  as to  th e  a b i l i t y  o f  PBL to  form

communicating j u n c t i o n s .  This  r e q u i r e d  th e  development o f  m od i f ied  

p rocedu res  to  an a ly se  m e t a b o l i t e  t r a n s f e r  from n o n -a d h e re n t  c e l l s .  

The r e s u l t s  show no d e t e c t a b l e  j u n c t i o n  fo rm at ion  between PBL and

a range o f  ju n c t io n - fo rm i n g  c e l l  l i n e s  and the  a d h e r e n t  lymphoid 

l i n e  RAJI. Phy tohaemagglu t in in  (PHA) t r e a t e d  PBL a l s o  show no 

d e t e c t a b l e  j u n c t i o n  fo rm at ion  between the  same range o f  c e l l s ,  which 

i s  in c o n f l i c t  with  r e p o r t e d  e l e c t r o p h y s i o l o g i c a l  f i n d i n g s .

Attempts  were made to  improve the  s e n s i t i v i t y  o f  the  a s s a y  system 

used f o r  j u n c t i o n  f o rm a t io n ,  by f i x a t i o n  o f  the  ac id  s o l u b l e  component 

of  the  in c o rp o ra t e d  r a d i o l a b e l l e d  m a t e r i a l .  R e ten t ion  o f  th e  l a b e l  

i s  i n c r e a s e d ,  but  the  i n c r e a s e  was no t  s u f f i c i e n t  t o  s i g n i f i c a n t l y  

improve the  a s s a y .

The a n a l y s i s  was extended  to  immature lymphocytes o f  t h e  thymus,  

and p o p u la t io n  o f  thymocytes was i d e n t i f i e d  which was a b l e  t o  form

j u n c t i o n s  with  murine f i b r o b l a s t s ,  Swiss 3T3 and a BALB/c 3T3 and



th e  hypoxanth ine  guan ine phosphor ibosy l  t r a n s f e r a s e  m utan t  (HGPRT") 

s u b l i n e  o f  BHK/C13 baby ham pster  kidney f i b r o b l a s t  l i n e  TG2.

F u r th e r  a n a l y s i s  d em o n s t r a te s  t h a t  t h e  s i z e  o f  t h i s  p o p u l a t i o n  

v a r i e s  with  the  age o f  th e  mouse. I sopycn ic  c e n t r i f u g a t i o n  shows 

t h a t  t h i s  p o p u l a t i o n  i s  p r o p o r t i o n a t e l y  h ig h e r  in  low d e n s i t y  

f r a c t i o n s .

Peanut  a g g l u t i n i n  (PNA) f r a c t i o n a t i o n  shows t h a t  t h e  thymocytes  

which can form j u n c t i o n s  can a l s o  be a g g l u t i n a t e d  w i th  PNA.

Thymocytes were f r a c t i o n a t e d  us ing  a range  o f  monoclonal 

a n t i b o d i e s  s p e c i f i c  f o r  a range o f  lymphocyte s u r f a c e  a n t i g e n s  u s in g  

complement m edia ted  c y t o t o x i c i t y  (CMC) and f l u o r e s c e n c e  a c t i v a t e d  

c e l l  s o r t i n g  (FACS).

These exper im en t s  show t h a t  the  thymocytes  which can form 

ju n c t i o n s  l a c k  e x p r e s s io n  o f  Lyt-2 and la  a n t i g e n s ,  but  e x p r e s s  Lyt -  

1 m o lecu le s .  However, t h e r e  i s  v a r i a b i l i t y  in  t h e  e x p r e s s i o n  of  

Thy-1 and H-2K a n t i g e n s  and the  f r e q u e n c y  o f  thym ocytes  t h a t  can 

form j u n c t i o n s  i s  o f  th e  o r d e r  of  5x10"^ and 10“ 5 c e l l s .

The i m p l i c a t i o n s  o f  th e  immature s u r f a c e  a n t i g e n  e x p r e s s i o n  

and th e  a b i l i t y  t o  form j u n c t i o n s  a re  d i s c u s s e d  and t h e  p o s i t i o n  

of  thymocytes  which can form j u n c t i o n s  in  i n t r a t h y m i c  lymphocyte 

d i f f e r e n t i a t i o n  and development a re  e x p l o re d .



CHAPTER 1 

INTRODUCTION



'Sehen i s t  e in e  schwere K unst’ 

('To see is a difficult art')

Schleiden  c l 800



1:1 I n t e r c e l  1u l a r  Communication

Complex mul t i c e l l u l a r  organisms have evolved by v a r i e d  c e l l u l a r  

d i f f e r e n t i a t i o n  i n t o  many forms.  Such d i f f e r e n t i a t i o n  has led  to  

a d i v i s i o n  o f  l a b o u r  between component c e l l s  and has produced organisms 

which, a t  a c e l l  f u n c t i o n a l  l e v e l ,  a re  phenotyp ic  m osa ics .  Organism 

f u n c t i o n  depends on p h e n o t y p i c a l l y  d i f f e r e n t  c e l l s  a c t i n g  in c o n c e r t  

and such c o - o r d i n a t i o n  in t u rn  depends on i n t e r c e l l u l a r  communication 

w i th in  and between c e l l  phenotypes .

As e v o l u t io n  has p r o g r e s s e d ,  methods o f  i n t e r c e l  1 ul a r  

communication must have co -evo lved .  Those methods o f  which we now 

know, can be d iv id e d  i n t o  two types  depending whether th e y  u t i l i s e  

an e x t r a c e l l u l a r  s i g n a l l i n g  pathway o r  an i n t r a c e l l u l a r  pathway.  

Communication by the  e x t r a c e l l u l a r  pathway i s  c h a r a c t e r i s e d  by s igna l  

subs tances  which a re  s e c r e t e d  a c ro s s  o r  i n s e r t e d  i n t o  the  o u t e r  s u r f a c e  

of  the  cy top lasm ic  membrane o f  one c e l l  and the  b ind ing  o f  s igna l  

subs tance  to  a r e c e p t o r  on o r  in the  t a r g e t  c e l l .  The b ind ing  of  

the  s igna l  molecule p roduces  a pheno typ ic  m o d i f i c a t i o n  in the  t a r g e t  

c e l l .  The i n i t i a t i n g  and t a r g e t  c e l l s  may be a d j a c e n t ,  as  in 

n e u ro t r a n sm is s io n  a t  the  chemical synapse ,  o r  w ide ly  s e p a r a t e d ,  as  

in  hormonal con t ro l  o f  sexual  development.  I n t e r a c t i o n s  o f  membrane 

bound s igna l  and r e c e p t o r  molecu le s  a re  e x e m p l i f i e d  by 

membrane/membrane i n t e r a c t i o n s  o f  lymphoid c e l l s  and d e n d r i t i c  o r  

a n t ig e n  p r e s e n t i n g  c e l l s  in  the  g e n e r a t i o n  o f  immune r e s p o n s e s .

The o t h e r  pathway o f  i n t e r c e l l u l a r  communication a l low s  

c y t o s o l / c y t o s o l  i n t e r a c t i o n s  via s p e c i a l i s e d  transmembrane ch an n e ls  

known as gap j u n c t i o n s .

1 :2 Cytoplasmic Coupling

Shor t  range i n t e r c y t o p l a s m i c  coup l ing  was f i r s t  observed  by 

Furshpan and P o t t e r  (1959) when examining e l e c t r i c a l  p o t e n t i a l s  in



c r a y f i s h  neurones .  A c u r r e n t  p u l s e  in t roduced  i n t o  one c e l l  passed  

in to  the con t iguous  a d j a c e n t  c e l l .  From the  s h o r t  t r a n s m is s i o n  time 

of  the c u r r e n t  p u l s e  and the  low e l e c t r i c a l  r e s i s t a n c e ,  10^ t imes  

lower than normal cy top lasm ic  membranes, they  proposed t h a t  t h e r e  

e x i s t e d  some s o r t  o f  cy top lasm ic  c o n t i n u i t y  between c e l l s  t h a t  were 

e l e c t r i c a l l y  coupled .  I n i t i a l l y  i t  was thought  t h a t  th e se  low 

r e s i s t a n c e  pathways were r e s t r i c t e d  to  c e r t a i n  e x c i t a b l e  c e l l s .  

However, Loewenstein and Kanno (1964) and Furshpan and P o t t e r  (1968) 

d i scove re d  t h a t  e x a c t l y  s i m i l a r  communication occur red  between s a l i v a r y  

gland c e l l s  o f  D r o s o p h i l a , as  well as between c e l l s  in embryos and 

in t i s s u e  c u l t u r e .  Fur thermore ,  when low m o lecu la r  weight  f l u o r e s c e n t  

dyes ,  to  which the  cy top lasm ic  membrane was r e l a t i v e l y  impermeable,  

were i n j e c t e d  i n t o  s i n g l e  s a l i v a r y  gland c e l l s ,  the  dye passed  i n t o  

con t iguous  c e l l s .

P r i o r  to  the  d i s c o v e r y  of  the  low r e s i s t a n c e  pathways ,  i t  was

observed by Robertson (1963) t h a t  con t iguous  c e l l s  in t h i n - s e c t i o n  

e l e c t r o n  microscopy posse ssed  int ramembraneous s t r u c t u r e s  where the  

a d j a c e n t  membranes were s e p a r a t e d  by only  a 2-4nm gap.  These 

s t r u c t u r e s ,  which were termed gap j u n c t i o n s ,  have been f u r t h e r

c h a r a c t e r i s e d ,  by o t h e r  groups n o ta b ly  Revel and Karnovsky (1967)

and Benede tt i  and Emmlot (1968) by e l e c t r o n  microscopy  and e x t e n s i v e

c o r r e l a t i v e  ev idence  i n d i c a t e s  t h a t  t h e se  s t r u c t u r e s  a r e  the  source  

of  cy top lasm ic  c o n t i n u i t y  in coupled c e l l s  (Loewenste in ,  1979; Finbow, 

1982).

Independen t ly ,  an a c c id e n t a l  o b s e r v a t i o n  by Subak-Sharpe,  Burk 

and P i t t s  in 1966, p rov ided  a n o t h e r  method o f  d e t e c t i n g  and q u a n t i f y i n g  

gap ju n c t io n  mediated c e l l  c o u p l in g .  They observed t h a t  c e r t a i n  

mutant animal c e l l s  growing in c u l t u r e  l o s t  t h e i r  mutan t  phenotype 

when grown in c o n t a c t  wi th wild type c e l l s .  The i n i t i a l  expe r im en t s



were performed with a c e l l  l i n e  in which the h y p o x an th in e : guanine 

phosphor ibosyl  t r a n s f e r a s e  (HGPRT) enzyme was d e f e c t i v e  r e s u l t i n g  

in  an i n a b i l i t y  to  i n c o r p o r a t e  [ 3H]-hypoxanth ine i n t o  n u c l e i c  a c i d .  

However, when the  c e l l  l i n e ,  in the  p resence  o f  [ ^ H ] -h y p o x an th in e , 

was c o - c u l t u r e d  with wild type c e l l s  (HGPRT+ ) l a b e l l e d  m a te r i a l  was 

found in the  n u c l e i c  ac id  of  mutant  c e l l s  in c o n t a c t  with  wild type 

c e l l s .  This  phenomenon was c a l l e d  m e tab o l i c  c o - o p e r a t i o n  (MEC) and 

was more g r a p h i c a l l y  demonst ra ted  in a s e r i e s  o f  exper iments  us ing 

HGPRT" c e l l s  and Thymidine Kinase ( TK“ ) c e l l s  in  the  p re sence  of  

am inop te r in  which i n h i b i t s  the  de novo s y n t h e s i s  o f  p u r in e  n u c l e o t i d e s  

and dTMP. With a m in o p te r in ,  even in  the  p re sence  o f  exogenous 

hypoxanth ine  and thym id ine ,  n e i t h e r  the  HGPRT" nor  the  TK~ c e l l  s can 

grow, but  in mixed c u l t u r e s  the  HGPRT" c e l l s  s y n t h e s i s  dTMP and TK" 

c e l l s  produce p u r in e  n u c l e o t i d e s  f o r  both c e l l  t y p e s .  The c u l t u r e s  

su rv iv e  on ly  i f  they  a re  c o n f l u e n t ,  i f  both c e l l  types  a re  capab le  

of  communication by gap j u n c t i o n  f o rm a t io n ,  and i f  s u f f i c i e n t  of  

each phenotype i s  p r e s e n t  ( P i t t s ,  1972).

With the  mutant  c e l l  t e c h n iq u e ,  and an e x t e n s i o n  o f  t h i s  method 

us ing c e l l s  p r e l a b e l l e d  with  [ ^ H ] - u r id i n e  ( P i t t s  and Simms, 1977) 

i t  has been p o s s i b l e  to  a s s e s s  the  cy top lasm ic  coup l ing  p o t e n t i a l  

o f  many c e l l  t y p e s .  P r e l a b e l l e d  c e l l s  (donors )  which,  a f t e r  washing,  

c o n ta in  [ ^ H ] -u r id i n e  n u c l e o t i d e s  and [^H]-RNA, can be added to  

u n l a b e l l e d  c e l l s  ( r e c i p i e n t s )  and a f t e r  c o - c u l t u r e ,  p ro c e s s e d  f o r  

a u to ra d ia g ra p h y .  By coun t ing  the  number o f  s i l v e r  g r a i n s  over  

r e c i p i e n t s  in c o n t a c t  with  l a b e l l e d  donors and over  c e l l s  no t  in 

c o n t a c t  with  donors ,  a measure of  j u n c t i o n a l  communication can be 

e s t i m a t e d .

From th e se  i n i t i a l  o b s e r v a t i o n s  t h r e e  b a s ic  methods have evolved  

f o r  the  d e t e c t i o n  and q u a n t i t a t i o n  of  cy top lasm ic  c o u p l in g ,



e l e c t r o p h y s i o l o g y ,  dye t r a n s f e r  and r a d i o - l a b e l l e d  m e t a b o l i t e  exchange.  

Each te chn ique  has i t s  own s t r e n g t h s  and weaknesses both in p r a c t i c a l  

l i m i t a t i o n s  and s e n s i t i v i t y .  I n s e r t i o n  of  m i c r o e l e c t r o d e s  i n t o  c e l l s ,  

inducing  c u r r e n t  p u l s e s  and the  m on i to r ing  of  p o t e n t i a l  d i f f e r e n c e s  

in o t h e r  impaled c e l l s  has the advantage of  g r e a t  s e n s i t i v i t y  and 

q u a n t i t a t i v e  acc u racy  in d e f in i n g  cy top lasm ic  coup l ing  between c e l l s .  

However, the  t e chn ique  r e q u i r e s  high t e c h n ic a l  s k i l l ,  s o p h i s t i c a t e d  

ap p a ra tu s  and complex a n a l y s i s  i f  performed on t i s s u e s  o r  l a r g e  c e l l  

s h e e t s ,  where i f  the  c u r r e n t  p u l s e  i s  i n j e c t e d  i n t o  a c e l l  d i s t a n t  

from the  r e co rd in g  o r  m on i to r ing  e l e c t r o d e ,  the  p u l s e  w i l l  sp read  

r a d i a l l y  th rough the  coupled c e l l s  and the  s igna l  w i l l  be a t t e n u a t e d .

As f l u o r e s c e n t  dye i n j e c t i o n ,  u s u a l l y  by i o n t o p h o r e s i s ,  u t i l i s e s  

the  same a p p a r a t u s ,  i t  a l s o  r e q u i r e s  high t e c h n ic a l  s k i l l  to  impale 

the  c e l l  and the  p ro g r e s s  o f  the  dye can on ly  be moni to red  by 

f lu o r e s c e n c e  mic roscopy.  The q u a n i t i t y  of  f l u o r e s c e n c e  t r a n s f e r r e d  

can be q u a n i t i f i e d  us ing  p h o t o d e t e c t o r s  and t r a n s f e r  r a t e s  can be 

e s t i m a t e d .  However, dye t r a n s f e r  d i f f e r s  from e l e c t r o p h y s i o l o g y  

in the  f a c t  t h a t  the  i n j e c t e d  dye i s  ' f o r e i g n '  whereas the  a l t e r a t i o n s  

induced e l e c t r o p h y s i o l  og ica l  l y  a r e  c l o s e r  to  normal 

e l e c t r o - p h y s i o l  og ica l  and biochemical  c o n d i t i o n s .  However, both 

t h e se  t e c h n iq u e s  have c o n t r i b u t e d  enormously to  the  u n d e r s t a n d in g  

o f  cy top lasm ic  coup l ing  both in  s t u d i e s  on r a t e s  o f  fo rm a t io n  and 

t r a n s f e r  and in e s t i m a t i n g  the  m o lecu la r  weight  l i m i t s  o f  m olecu le s  

which can be t r a n s f e r r e d  and thus  the  s i z e  r e s t r i c t i o n s  o f  th e  

j u n c t io n a l  channe ls  themselves  (See S ec t ion  1 :3 ) .

The o t h e r  method o f  d e t e c t i n g  and q u a n t i t a t i n g  cy to p la s m ic  

coupl ing  i s  l a b e l l e d  m e t a b o l i t e  exchange.  This  method has the  

advantage  t h a t  the  l a b e l l e d  s u b s tan ces  a re  normal c e l l  components,  

but  i t  i s  dependent  on the  m e tab o l i c  s t a t e  o f  the  c e l l s  i n v o lv e d .
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I t  i s  a q u a n t i t a t i v e ,  r e p r o d u c i b l e  and simple te chn ique  but  i s  l i m i t e d  

by the  l e n g th  o f  t ime r e q u i r e d  f o r  the  a u t o r a d io g r a p h i c  p r o c e s s .  

From the  measurements of  r a d i o a c t i v i t y  in d i f f e r e n t  c e l l  f r a c t i o n s

(ac id  s o lu b le  and a c id  i n s o l u b l e )  t o t a l  i n c o r p o r a t i o n , i n t e r c e l  1u l a r  

pool s i z e s ,  mean c e l l u l a r  i n c o r p o r a t i o n  and the  d i s t r i b u t i o n s  of  

c e l l u l a r  i n c o r p o r a t i o n  can be q u a n i t i f i e d  and assess the  a b i l i t y  of  

a p a r t i c u l a r  c e l l  type to  a c t  as  a donor o r  r e c i p i e n t .  The p r i n c i p l e s  

o f  both u r id i n e  n u c l e o t id e  t r a n s f e r  and m e tab o l i c  co o p e ra t io n  a re

shown in Figure 1. From t h i s  diagram i t  i s  e v i d e n t  t h a t  the  m e ta b o l i c

s t a t e  o f  the  c e l l  p a i r  invo lved  in j u n c t i o n  fo rm at ion  i s  an im p o r tan t

f a c t o r  in the  d e t e c t i o n  o f  j u n c t i o n  fo rm at ion  by n u c l e o t i d e  exchange.  

Only in c e l l  p a i r s  where the  donor i s  m e t a b o l i c a l l y  a c t i v e  and the

r e c i p i e n t  c e l l  i s  m e t a b o l i c a l l y  i n a c t i v e  would an u n d e re s t im a te  of  

m e ta b o l i t e  exchange r e s u l t .  However, t h i s  s i t u a t i o n  can be

e x p e r i m e n t a l l y  overcome by us ing  each c e l l  type as donor and r e c i p i e n t  

in  combination with  c h a r a c t e r i s e d  c e l l  types  (eg c e l l s  of  e s t a b l i s h e d  

l i n e s ) .

Using th e se  d i f f e r e n t  t e c h n iq u e s  cy top lasm ic  coup l ing  has been 

demonst ra ted  between c e l l s  from j e l l y f i s h  and through a l l  metazoon

animals  to  a r th ro p o d s  and man. Very few types  of  animal c e l l s  do

not  form gap ju n c t i o n s  and th e s e  a r e  r e s t r i c t e d  to  s k e l e t a l  musc le ,

some nerve c e l l s  and c i r c u l a t i n g  blood c e l l s .

1:3 Morphology and S t r u c t u r e  of  Gap J u n c t i o n s

In t h i n - s e c t i o n  t r a n s m is s i o n  e l e c t r o n  microscopy,  gap j u n c t i o n s

appear as reg ions  of  c lo se  a p p o s i t i o n  between a d j a c e n t  c e l l s  where 

the  t o t a l  width o f  both the  b i - l a y e r s  and the  reduced i n t e r c e l l u l a r

space i s  approx im ate ly  17nm. Between the  apposed b i - l a y e r s  t h e r e

i s  a 2-4nm 'gap '  i n t o  which transmembranous p a r t i c l e s  p r o j e c t  and



F igure  2
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meet (Revel and Karnovsky, 1967).  When s e c t i o n s  a re  made a f t e r  

i n f i l t r a t i o n  with  lanthanum hydroxide the gap i s  d e l i n e a t e d  more 

c l e a r l y  and the  apposed a r e a s  reveal  a p e n t i l a m i n a r  s t r u c t u r e .  Uranyl 

a c e t a t e ,  on the  o t h e r  hand,  r e v e a l s  a s e p t i l a m i n a r  s t r u c t u r e  due 

to  the  s t a i n i n g  o f  the  b i - l a y e r s .  In ob l ique  em fa c e  t h i n  s e c t i o n  

e l e c t r o n  microscopy,  a r e a s  f i l l e d  with hexagonal a r r a y s  o f  what appea rs  

to  be a n n u l i , with c e n t r e  to  c e n t r e  spac ing  o f  9nm, in a p la ne  p a r a l l e l  

to  the  membrane s u r f a c e  can o c c a s i o n a l l y  be seen .  These annu l i  have 

an e x t e rn a l  d ia m e te r  o f  8nm (Revel and Karnovsky,  1967).

In f r e e z e  f r a c t u r e  e l e c t r o n  microscopy,  the  a r e a s  o f  membrane 

a p p o s i t i o n  appea r  as p laques  of  p a r t i c l e s .  On f r a c t u r e ,  the  p lane  

o f  c leavage  p a s s e s  between the  b i - l a y e r  l e a f l e t s  r e v e a l i n g  hexagonal 

a r r a y s  o f  p r o f u s io n s  on the  p ro to p la s m ic  face  ( in  v e r t e b r a t e  t i s s u e s )  

and co r respond ing  p a t t e r n s  of  i n d e n t a t i o n s  on the  endoplasmic  fa c e  

(McNutt and W eins te in ,  1970). The p a r t i c l e s  o r  ' connexons '  (Goodenough 

and G i l u l a ,  1974) a re  8nm in d ia m e te r  with  a c e n t r a l  d e p r e s s io n  of  

2nm o c c a s i o n a l l y  seen.

A s t r u c t u r e  has been proposed by c o r r e l a t i n g  e l e c t r o n  microscopy 

and X-ray d i f f r a c t i o n ,  (Casper  e t  al , 1977; Makowski e t  al , 1977) 

ob ta in ed  from p e l l e t s  o f  i s o l a t e d  j u n c t i o n a l  p l a q u e s ,  showing long 

range o r d e r ,  but  s h o r t  range d i s o r d e r .  E l e c t ro n  d i f f r a c t i o n  a n a l y s i s  

a l s o  shows a r e g u l a r  hexagonal pack ing ,  s i x - f o l d  symmetry and a c e n t r a l  

pore (Unwin and Zampighi , 1980). A r e p r e s e n t a t i o n  o f  the  s t r u c t u r e  

i s  shown in F igure  2.

The c o n s t i t u e n t  p r o t e i n  of  gap ju n c t i o n a l  p laques  can be i s o l a t e d

from plasma membrane p r e p a r a t i o n s  o f  t i s s u e  where the  c e l l s  a r e  known
$

to  be c y t o p l a s m i c a l l y  coupled.  I n i t i a l  exper im en ts  with  j u n c t i o n a l  

p laques  showed equal amounts o f  p r o t e i n  and p h o s p h o l ip id  w i th  the  

p h o s p h o l  i p i d  coMpoaetvt  being s i m i l a r  to  t h a t  o f  the  n o n - j u n c t i o n a l



plasma membrane and the  p r o t e i n  c o n s t i t u e n t  to have no d e t e c t a b l e  

ca rbohydra te  (Culvenor  and Evans,  1977).  The e x t r a c t i o n  procedure  

from crude  plasma membrane can be moni tored by e l e c t r o n  microscopy 

us ing  the  c h a r a c t e r i s t i c  morphology o f  the  j u n c t io n a l  p l a q u e s .  However, 

t h e r e  has been c o n s id e r a b le  deba te  conce rn ing  the  m o le c u la r  weigh t  

o f  the  j u n c t io n a l  p r o t e i n  (Finbow e t  a l , 1983).

I n i t i a l l y ,  plasma membrane p r e p a r a t i o n s  from h e a r t  o r  l i v e r  

were used because t h e s e  t i s s u e s  g ive  u n u s u a l ly  high y i e l d s  o f  plasma 

membranes and th e s e  were t r e a t e d  with  p r o t e a s e s  p r i o r  to  membrane

e x t r a c t i o n  wi th d e t e r g e n t .  These p r e p a r a t i o n s  c o n ta in e d  one o r  two 

p r o t e i n  components with  a m o le c u la r  weight  o f  10 ,000-12 ,000  and 

con ta ined  m o rp h o lo g ic a l ly  pure j u n c t i o n a l  p laques  (Goodenough and 

S to ck e n iu s ,  1972; Goodenough and G i l u l a ,  1974; Goodenough, 1976). 

However, more r e c e n t  s t u d i e s  us ing  d e n a tu r in g  a g e n t s  r a t h e r  than  

p r o t e a s e s  to  remove con tam inan ts  have y i e ld e d  a m o le c u la r  weight

of  26 ,000-28 ,000 (Herzberg and G i l u l a ,  1979; Henderson e t  a l , 1979; 

Finbow e t  a l , 1980).

More r e c e n t  work has dem onst ra ted  t h a t  the  j u n c t i o n a l  s u b u n i t

has a m o lecu la r  weigh t  o f  16,000 us ing  a ' method which w i l l  e x t r a c t

j u n c t io n a l  p r o t e i n  no t  on ly  from animal t i s s u e ,  but  from t i s s u e  c u l t u r e  

c e l l  grown _i_n v i t r o . This  method u t i l i z e s  an i n i t i a l  d e t e r g e n t  

( T r i t o n )  e x t r a c t i o n  s tep  and l i k e  e a r l i e r  methods depends s u b s e q u e n t l y  

on the  a b i l i t y  o f  j u n c t i o n a l  p la ques  to  r e s i s t  d e n a t u r i n g  a g e n t s  

(6M u re a ,  s a r k o s y l ) and p r o t e a s e s  (T ryps in )  (Finbow e t  a l , 1983).

1:4 P e r m e a b i l i t y  o f  J u n c t io n a l  Channels

The p resence  o f  gap j u n c t i o n s  between c e l l s  has been c o r r e l a t e d  

(G i lu l a  e t  a l , 1972) with  the  exchange o f  ions  ( e l e c t r i c a l  c o u p l in g )  

and small molecu les  (dye c o u p l in g )  and m e t a b o l i t e  t r a n s f e r .  Ion



t r a n s f e r  i s  b e l iev ed  to  be r e s p o n s i b l e  f o r  the changes in p o t e n t i a l  

d i f f e r e n c e  in con t iguous  c e l l s  a f t e r  c u r r e n t  p u l s e  i n j e c t i o n  (Furschpan 

and P o t t e r ,  1959; Loewenstein and Kanno, 1964; Sher idan  e t  al , 1978),  

the  a c q u i s i t i o n  o f  synchronous b e a t in g  in c u l t u r e d  myocard ial  c e l l s  

(Griepp and B e r n f i e l d ,  1978) and the  s u rv iva l  of  ouabain s e n s i t i v e  

p r im ate  c e l l s  when c o - c u l t u r e d  with  r e s i s t a n t  roden t  c e l l s  in the  

p resence  o f  the  Na+/K+ATPase i n h i b i t o r  o u a b a i n ( P i t t s  and Shaw,1981).

A v a r i e t y  o f  f l u o r e s c e n t  dyes have been used to  prove the  

m o lecu la r  weight  e x c l u s i o n  l i m i t  o f  j u n c t i o n a l  t r a n s f e r  (Loewens te in 

and Kanno, 1964; Johnson and S he r id an ,  1971) with  Chicago sky blue 

(Mr 993) being the  h ig h e s t  m o le c u la r  weight  t h a t  has passed  i n t o  

coupled c e l l s  a f t e r  m i c r o - i n j e c t i o n  ( P o t t e r  e t  a l , 1966).

N uc leo t ide  t r a n s f e r  has been demonst ra ted  (Cox e t  a l , 197£;

P i t t s  , 1971) but  no t  the  t r a n s f e r  o f  p r o t e i n s ,  RNA o r  DNA ( P i t t s

and Simms, 1977). In s i m i l a r  exper im en ts  Finbow and P i t t s  (1981) 

dem onst rated  t h a t  s u g a r s ,  sugar  p h o s p h a te s ,  c h o l in e  p h o s p h a t e s ,  CDP- 

c h o l i n e ,  p r o l i n e  o r  i t s  p r e c u r s o r s ,  lower  g lu tamated  forms o f  

t e t r a h y d r o f o l a t e ,  but  not  t e t r a g l u t a m a t e d  t e t r a h y d r o f o l a t e  (Mr 960) 

o r  p h o sp h o l ip id s  were exchanged between coupled c e l l s .

In exper iments  us ing  mouse myocardial  c e l l s  and r a t  g r a n u lo s a  

c e l l s ,  the  t r a n s f e r  o f  c y c l i c  AMP (cAMP) was dem ons t ra ted .  Myocardial 

c e l l s  and g ranu losa  c e l l s  r e a c t  to  ca tacho lam ines  and f o l l i c l e  

s t i m u l a t i n g  hormone (FSH) r e s p e c t i v e l y  by p roduc ing  cAMP

i n t r a c e l  1 u l a r l y ,  which a c t s  as  a second messenger r e s u l t i n g  in  an

i n c re a s e  in myocardial  c e l l  b e a t in g  r a t e  and the  p ro d u c t i o n  o f  

plasminogen a c t i v a t o r  in the  g ranu lo sa  c e l l s .  N e i t h e r  c e l l  i s

s e n s i t i v e  to  the  wrong hormone, but  when grown t o g e t h e r  in  c o n f l u e n t

c u l t u r e  e i t h e r  FSH o r  n o ra d re n a l in e  w i l l  e l i c i t  both p h en o ty p ic



a l t e r a t i o n s  in a l l  coupled c e l l s ,  presumably by the  t r a n s f e r  of  the  

second messenger ,  cAMP, th rough  gap ju n c t i o n  channe ls  (Lawrence e t  

a l ,  1978).

The s i z e  l i m i t  o f  molecu le s  which can pass  through gap j u n c t i o n  

channe ls  has been e s t i m a t e d  a t  about  Mr 1,000 f o r  mammals ( P i t t s

and Simms, 1977; Flagg-Newton e t  a l , 1979; Finbow and P i t t s ,  1981) 

and Mr 1,500 f o r  a r th ro p o d s  (Simpson e t  al , 1977).  Mr i s  quoted

as i t  i s  a conven ien t  but  incomple te  i n d i c a t i o n  o f  m o lecu la r  s i z e .

The hydra ted  d ia m e te r  o f  t r a n s f e r r e d  molecu le s  would be a b e t t e r

i n d i c a t o r  as  to  the  s i z e  r e s t r i c t i o n s  o f  j u n c t i o n a l  c h an n e l ,  bu t  

in genera l  th e s e  dimens ions a r e  no t  known.

1:5 The Function o f  Gap J u n c t io n  Mediated I n t e r c e l l u l a r  Communication 

At the 2 and 4 c e l l  s t a g e s  o f  the  e a r l y  mouse embryo t h e r e  i s  

no gap ju n c t i o n  media ted coup l ing  (Goodall and Johnson,  1982) but  

from the  8 c e l l  s t a t e  e l e c t r i c a l  and dye coup l ing  a r e  observed  between 

a l l  c e l l s  (Lo and G i l u l a ,  1979a).  However, e a r l y  r e p o r t s  l e d  to  

confus ion  as e l e c t r i c a l  coup l ing  and dye t r a n s f e r  in th e  e a r l y  c l eavage  

s t a g e s  was observed .  The problems which gave r i s e  to  t h i s  con fus ion  

was t h a t  l a r g e  a r e a s  o f  c e l l - c e l l  c o n t a c t  may give r i s e  to  s p u r io u s  

e l e c t r i c a l  coupl ing  and r e s i d u a l  cy top lasm ic  b r i d g e s ,  which a r e  

sometimes hard to  d e t e c t  m o rp h o l o g ic a l ly ,  g ive  r i s e  to  ion and dye 

t r a n s f e r  which may i n c o r r e c t l y  be a t t r i b u t e d  to  gap j u n c t i o n  media ted  

i n t e r c e l l u l a r  communication.  Using h o r s e r a d i s h  p e ro x id a s e  to  d e t e c t  

r e s id u a l  cy top lasmic  b r i d g e s ,  el e c t r o p h y s i o l o g y ,  dye i n j e c t i o n  and 

e l e c t r o n  m ic roscopy ,^ on  the  e a r l y  mouse embryo,  j u n c t i o n s  a re  f i r s t  

observed in the  e a r l y  compaction 8 c e l l  s t a g e  embryo ( D u l c i b e l l a  

e t  a l , 1975; Magnuson e t  a l , 1978; Lo and G i l u l a ,  1979a).  E l e c t r i c a l  

and dye coup l ing ,  which a re  on ly  seen in s i s t e r  b la s to m eres  in the



e a r l i e r  embryo, i s  accompanied by enzyme t r a n s f e r  i n d i c a t i n g  the  

p resence  o f  cy top lasm ic  b r id g e s .  At compaction,  i n j e c t e d  dye pa s s e s  

i n t o  a l l  8 c e l l s  but  enzyme t r a n s f e r  i s  on ly  seen to  a s i n g l e  s i s t e r  

b la s tomere  i n d i c a t i n g  the  p re sence  o f  r e s id u a l  cy top la sm ic  b r i d g e s .  

Throughout compaction and b l a s t o c y s t  development j u n c t i o n a l  

communication i s  r e t a i n e d ,  and dye i n j e c t e d  in t o  the  p r e - i m p l a n t a t i o n  

b l a s t o c y s t  t r o p h o b l a s t  c e l l  sp reads  th roughout  the  e n t i r e  embryo 

in c lu d in g  the  in n e r  c e l l  mass (Lo and G i l u l a ,  1979a).

In the  p o s t - i m p l a n t a t i o n  embryo, dye i n j e c t e d  i n t o  a t r o p h o b l a s t  

c e l l  sp reads  th roughou t  the  t r o p h o b l a s t  c e l l s  but  no t  to  a d j a c e n t  

i n n e r  c e l l  mass c e l l s  and v ice  v e r s a .  Ion ic  coup l ing  however, i s  

main ta ined  between t r o p h o b l a s t  and the  i n n e r  c e l l  mass,  which p ro b a b ly  

r e f l e c t s  the  i n c re a s e d  s e n s i t i v i t y  o f  e l e c t r o p h y s i o l o g y  ove r  dye 

t r a n s f e r  r a t h e r  than  i n d i c a t i n g  d i f f e r e n t i a l  p e r m e a b i l i t y .  F u r th e r  

r e s t r i c t i o n  o f  dye t r a n s f e r  i s  observed  in i n n e r  c e l l  mass c e l l s  

o f  more developed embryos, s u g g e s t in g  t h a t  f u r t h e r  com par tm en ta t ion ,  

p robab ly  o f  t h i s  incomple te  k ind,  i s  o c c u r r i n g  (Lo and G i l u l a ,  1979b).

The p resence  o f  e l e c t r i c a l  coup l ing  in the  absence o f  dye t r a n s f e r  

i s  seen between i n s e c t  c u t i c l e  e p i th e l i u m  a t  segmental  b o u n d a r ie s .  

Each segment o f  c u t i c l e  e p i th e l i u m  i s  thought to  be a s e p a r a t e  

developmental  compartment and m o rp h o lo g ic a l ly  i d e n t i f i a b l e  gap 

ju n c t i o n s  a re  observed between c e l l s  in i n d iv id u a l  segments and between 

a d j a c e n t  segments.  However, dye i n j e c t e d  i n t o  an e p i t h e l i a l  c e l l  

o f  a segment w i l l  pass  to a l l  o t h e r  c e l l s  in th e  segment bu t  no t  

a c ro s s  the  segmental boundary,  a l though  the  segments a r e  e l e c t r i c a l l y  

coupled.  This  o b s e r v a t i o n  i s  aga in  p ro b ab ly  due t o  th e  d i f f e r e n c e s  

in the  s e n s i t i v i t y  o f  the  two methods o f  measur ing j u n c t i o n  media ted  

coup l ing ,  but  whe ther  t h i s  d i f f e r e n c e  in j u n c t i o n a l  t r a n s f e r  has 

any s i g n i f i c a n c e ,  in development remains to  be dem onst ra ted  (Warner



and Lawrence, 1973).  However, the appearance o f  j u n c t i o n a l  coupl ing  

in the mouse embryo, a t  the  8 c e l l  s t a g e ,  p rece d es  the  16-32 c e l l  

s t a g e ,  when d e t e rm in a t io n  i s  b e l i e v e d  to  f i r s t  occur  (Gardner and 

Rossan t ,  1976).

Using embryonal carcinoma (EC) c e l l s ,  which a re  now though t  

o f  as  embryonic c e l l s  showing m a l ig n an t  p r o p e r t i e s  due to  abnormal 

microenvi ronment (Graham, 1977) and c e l l s  from e a r l y  mouse embryos,  

i t  was found t h a t  m e tab o l i c  c o - o p e r a t i o n  occur red  between EC c e l l s  

and c e l l s  from the  morula ,  the  in n e r  c e l l  mass o f  th e  b l a s t o c y s t ,  

endoderm, mesoderm and ectoderm of  th e  e i g h th  day egg c y l i n d e r ,  but  

no t  the  trophec toderm o r  i t s  d e r i v a t i v e s  (Gaunt and Papioannou,  1979). 

As EC c e l l s  a re  c l o s e l y  r e l a t e d  to  the  in n e r  c e l l  mass and embryonic 

ectodermal c e l l s  (Graham, 1977) t h i s  adds weight  to  the  o b s e r v a t i o n s  

o f  Lo and G i lu l a  (1979b) t h a t  t h e s e  c e l l s  become m e t a b o l i c a l l y  

uncoupled,  while  r e t a i n i n g  e l e c t r i c a l  c o u p l in g ,  from the  t rophec toderm  

dur ing  normal embryonic development.

Embryonic in d u c t io n  has been fo l lowed v i t r o  by p r e l a b e l l i n g

induc ing  t i s s u e s  wi th ^H -ur id ine  and fo l lo w in g  the  movement o f  l a b e l l e d

m a t e r i a l ,  by e l e c t r o n  microscope a u t o ra d io g ra p h y  to  the  induced t i s s u e

in toad g a s t r u l a e .  The e a r l i e s t  i n c o r p o r a t i o n  in the  induced t i s s u e

was seen in the  n u c leu s ,  p a r t i c u l a r l y  the  n u c l e o l i .  This  was i n i t i a l l y

i n t e r p r e t e d  as showing RNA t r a n s f e r  o r  n u c l e o t id e  t r a n s f e r  (Kelley,

1968). However, subsequent  work has dem onst ra ted  t h i s  t r a n s f e r  of

labe l  from mesenchyme to  e p i th e l i u m  to  be j u n c t i o n  media ted  n u c l e o t i d e

t r a n s f e r  (G ra inger  and Wessel s ,  1974).  In e x p l a n t s  o f  mouse embryonic

t i s s u e  i t  has been shown t h a t  the  in d u c t io n  p ro c e s s  l e a d i n g  to  mouse
*

kidney tu b u le  fo rmat ion  can be c o r r e l a t e d  with  c l o s e  approaches  and 

c e l l  c o n t a c t  between the  c e l l s  o f  the  i n t e r a c t i n g  t i s s u e  (W ar t io v a r ra



e t  al , 1972). Another ,  i f  somewhat t a n g e n t i a l ,  o b s e r v a t i o n  t h a t

i m p l i c a t e s  the r o l e  o f  j u n c t i o n a l  communication in development has 

been t h a t  r e t i n o i c  a c id  a t  lCT^M has been shown to  u n c o u p le  j u n c t i o n a l  

communication measured by t r i t i a t e d  n u c l e o t id e  t r a n s f e r  (;

P i t t s  e t  al , m a n u sc r ip t  in p r e p a r a t i o n ) .  R e t in o i c  ac id  

a l s o  causes  EC c e l l  d i f f e r e n t i a t i o n  ( J e t t e n  and J e t t e n ,  1979),  

e p i t h e l i a l  c e l l  d i f f e r e n t i a t i o n  (L otan ,  1980),  r e d u p l i c a t i o n  in a x o l o t l  

l imb r e g e n e ra t i o n  (Maden, 1982) and r e p l a c e s  the zone o f  p o l a r i z i n g  

a c t i v i t y  (ZPA) in exper im en ts  on ch ick  l imb development (T ic k le  e t  

a l , 1982). Whether o r  no t  r e t i n o i c  a c id  a l t e r i n g  gap j u n c t i o n  mediated 

i n t e r c e l l u l a r  communication in v i t r o  can be r e l a t e d  to  t h e se  phenomena 

o r  f o r  t h a t  m a t t e r ,  the  r o l e  o f  gap j u n c t i o n s  in the  development 

o f  the  organism, both remain to  be proved .

The r o l e  of  gap j u n c t i o n s  in  e x c i t a b l e  t i s s u e  i s  much more c l e a r l y  

unders tood .  There has been c o n s id e r a b l e  work on e l e c t r o t o n i c  synapses  

between neu rones ,  where speed o f  response  i s  im p o r ta n t .  Furshpan 

and P o t t e r  (1959) d i s co v e re d  t h a t  p r e -  and p o s t - s y n a p t i c  f i b r e s  o f  

the  g i a n t  motor synapses  o f  the  c r a y f i s h  a re  coupled  i o n i c a l l y  and 

t h a t  the  j u n c t i o n s  a c ted  as r e c t i f i e r s  a l low ing  t r a n s m i s s i o n  o n ly  

in one d i r e c t i o n .  An advan tage ,  in t i s s u e s  l i k e  h e a r t  o r  smooth 

muscle,  o f  t r a n s m is s i o n  o f  a c t i o n  p o t e n t i a l s  from c e l l  t o  c e l l ,  v ia  

gap j u n c t i o n s ,  i s  t h a t  the  wave o f  d e p o l a r i s a t i o n  can pass  th rough  

ju n c t io n a l  channe ls  i n t o  a l l  su r round ing  coupled  c e l l s  and thus  spread  

r a d i a l l y  from the  source  o f  the  i n i t i a t i o n .  This r e s u l t s  in the  

a c q u i s i t i o n  o f  synchronous b e a t in g  in  myocardial  c e l l s  in  v i t r o  (Griepp 

and B e r n f i e l d ,  1978). Fur thermore ,  v n  vivo s t u d i e s  have a l s o  shown 

t h a t  the  a t r i o v e n t r i c u l a r  node shows s u b s t a n t i a l l y  reduced a r e a s  

o f  gap j u n c t i o n s ,  which i s  c o n s i s t a n t  with  t h i s  s t r u c t u r e  i n t r o d u c i n g



a de lay  in the t r a n s m is s i o n  o f  the c o n t r a c t i o n  s igna l  between the 

a t r ium and v e n t r i c l e  (P o l l a c k ,  1976).

Ret ina l  c e l l s  a re  thought to  use gap j u n c t io n a l  communication 

as a means of  r e g u l a t i n g  v isua l  a c u i t y  in response to  l e v e l s  of  

i l l u m i n a t i o n .  I t  has been proposed t h a t  the  r e t i n a l  c e l l s ,  by means 

of  t h e i r  j u n c t i o n s ,  d i s p e r s e  e l e c t r i c a l  'background n o i s e '  to  

su r rounding  c e l l s  and thus  d i s s i p a t e  unwanted s i g n a l s  be fo re  

t r a n s m is s i o n  to the  v isua l  c o r t e x .  .

The on ly  r e p o r te d  in c id en ce  o f  the  i n d u c t io n  o f  gap j u n c t i o n s  

i s  in an e x c i t a b l e  t i s s u e ,  the  myometrium o f  the  p r e - n a t a l  u t e r u s .  

The myometrium o f  the  normal,  p reg n an t  and p o s t  partum u t e r u s  has 

the  small ju n c t io n a l  p laques  commonly found between smooth muscle 

c e l l s .  However, p r i o r  to  p a r t u r i t i o n ,  the  myometrial j u n c t i o n a l  p laque  

s i z e  and number o f  p laques  p e r  c e l l  i n c r e a s e s  almost  2 0 0 - fo ld  ( G a r f i e l d  

e t  a l , 1977; 1978). I t  has been sugges ted  t h a t  gap j u n c t i o n  fo rm a t io n  

on t h i s  s c a l e  could  f u n c t i o n  to  c o - o r d i n a t e  and f a c i l i t a t e  u t e r i n e  

c o n t r a c t i o n s  a t  b i r t h .

In the  a d u l t ,  in a d d i t i o n  to  the  coup l ing  o f  e x c i t a b l e  c e l l s ,  

gap ju n c t i o n  fo rm at ion  may g ive  r i s e  to  synchronous germ c e l l  

development in the  t e s t i s  by coup l ing  o f  the  s e r t o l i  c e l l s  o f  the  

sem in i fe rous  tu b u le s  (G i lu l a  e t  a l , 1976). J u n c t io n a l  communication 

between oocy tes  and g ranu lo sa  c e l l s  may p la y  a r o l e  in the  m e ta b o l i c  

suppor t  o f  the  d e v e l o p i n g  oocyte  (Moor e t  a l , 1980) and may be

nece ssa ry  f o r  the  maintenance  o f  mei o t i c  a r r e s t  d u r ing  the  development 

of  the  oocy te  (Anderson and A l b e r t i n i ,  1976).  Moor e t  al (1980) 

d is covered  t h a t  in  the  oocyte /cumulus  c e l l  complex, th e  oocy te  could  

i n c o rp o r a t e  [ ^ H j - u r i d i n e  and [ ^ H j - c h o l in e  as well as  th e  cumulus 

c e l l s  on t h e i r  own, but  oocy tes  d i s a g g r e g a te d  from the  complex could  

not  in c o rp o r a t e  t h e se  l a b e l l e d  s u b s t a n c e s ,  a l though  th e y  could



in c o rp o r a t e  l a b e l l e d  amino a c i d s .  In r e g e n e ra t in g  l i v e r ,  a f t e r  p a r t i a l  

hepatectomy, a t  the  time of  maximum m i t o s i s ,  h ep a to cy te s  show a g r e a t  

r educ t ion  in the  s i z e  and number o f  gap ju n c t io n a l  p laques  (Yancey 

e t  a l , 1979).

A few d e f i c i e n c i e s  of  gap j u n c t i o n s  have been d e s c r i b e d ;  in 

man, h e r e d i t a r y  mucoepithe!  i a l  d y s p l a s i a ,  an autosomal dominant t r a i t ,  

produces d e f i c i e n c i e s  in  k e r a t i n i z a t i o n  and c e l l  adhes ion  o f  the  

e p i t h e l i a  o f  a l l  mucosal o r i f i c e s ,  i s  though t  to  be due to  a reduced 

a b i l i t y  to  form desmosomes, hemidesmosomes and gap j u n c t i o n s  (Witkop e t  aJ ,  

1978; 1979).  Mice with  a r e c e s s i v e  muta t ion  a t  the  T / t  complex l o c u s ,  

homozygous f o r  the  t^  a l l e l e  a re  h i s t o l o g i c a l l y  abnormal a t  9 days 

g e s t a t i o n ,  with an e n la rg ed  p r i m i t i v e  s t r e a k  and a d e f i c i e n c y  o f  

mesoderm. The mutant  mesoderm e x h i b i t s  very small and s p a r s e  gap 

ju n c t io n a l  p l a q u e s ,  while  p o s s e s s in g  in c re a s e d  amounts o f  c e l l  

a p p o s i t i o n  in comparison to  normal mesoderm and the  embryo d i e s  in 

u te ro  (Spiegelman,  1976). Other m u ta t io n s  such as S p lo tch  and 

amputated in mice show d e f e c t s  in neural  tube c l o s u r e  and s k e l e t a l  

a b n o r m a l i t i e s  r e s p e c t i v e l y .  The n e u r o e p i t h e l i a l  c e l l s  o f  Spl o tch  

homozygous mice c o n t a in  i n c re a s e d  numbers o f  gap j u n c t i o n a l  v e s i c l e s ,  

thought to  be s t r u c t u r e s  formed du r ing  gap j u n c t i o n  d e g r a d a t i o n ,  

p r i o r  to  the  development o f  v i s i b l e  a b n o r m a l i t i e s  (Wilson and F i n t a ,

1979). The amputated homozygous mice show in c re a s e d  in c id e n c e  o f  

gap ju n c t i o n s  in the  s c le ro to m e s ,  and su b se q u e n t ly  develop s k e l e t a l  

a b n o r m a l i t i e s  and d ie  a t  term ( F l i n t  and Ede, 1978).  The r o l e  p layed  

by gap j u n c t i o n s  in t h e se  mutan ts  i s  u n c l e a r  and s p e c u l a t i v e ,  but  

the  r o l e  of  j u n c t i o n s  in organisms which a re  hemizygous f o r  some 

enzyme muta t ions  i s  more f u l l y  documented.

As most t i s s u e s  have gap j u n c t i o n s ,  exce p t  s k e l e t a l  musc le ,  

some nerve c e l l s  and c i r c u l a t i n g ,  blood c e l l s ,  i t  fo l lo w s  t h a t  any



organism which i s  hemizygous f o r  a p a r t i c u l a r  X-l inked  mutant  m e tab o l i c  

enzyme, w i l l  e x h i b i t  a m e tabo l i c  phenotype which i s  much c l o s e r  to 

the wi 1 d type phenotype than  the  mutant  phenotype i f  the  d e f i c i e n t  

m e t a b o l i t e  i s  small enough to  pass  through the  j u n c t i o n a l  channe l .  

This  phenomenon has been demonst ra ted  in hemizygous females  f o r  the  

X- l inked t r a i t  r e s p o n s i b l e  f o r  Lesch-Nyhan syndrome, a n e u ro lo g ic a l  

d i s o r d e r  a s s o c i a t e d  with  the  absence o f  HGPRT a c t i v i t y  in homozygous 

s u f f e r e r s .  In hemizygous f em a les ,  due to  random X-chromosome 

i n a c t i v a t i o n ,  t h e r e  e x i s t s  two p o p u la t i o n s  of  c e l l s ,  one HGPRT+ and 

the  o t h e r  HGPRT", but  th e  s u f f e r e r s  appea r  normal (Migeon e t  a l , 

1968).  Work p r e v i o u s l y  d e s c r ib e d  (see  S ec t ion  1 :4 )  has dem onst ra ted  

t h a t  in HGPRT+/HGPRT" mixed c u l t u r e s ,  HGPRT" c e l l s  in  c o n t a c t ,  d i r e c t l y  

o r  i n d i r e c t l y  through o t h e r  HGPRT" c e l l s ,  wi th HGPRT+ c e l l s  can 

in c o rp o r a t e  [^Hjhypoxanthine (Subak-Sharpe e t  a l , 1966; Subak-Sharpe 

e t  a l , 1969) and t h i s  was shown to  be due to  th e  exchange of

n u c l e o t i d e s , f r o m  w i ld - ty p e  to  mutant  c e l l s  (Cox e t  al , 1970; P i t t s ,

1971).  Furtherm ore ,  i t  has been dem onst ra ted  t h a t  1:1 m ix tu r e s  of  

HGPRT" and TK" mutant  c e l l s  grow in the  p re s en ce  of  HAT medium, which 

i s  t o x i c  to  both HGPRT" and TK" c e l l s  a l o n e ,  by gap j u n c t i o n a l  

communication ( P i t t s ,  1971).  Even in 1:20 m i x t u r e s ,  a f t e r  i n i t i a l  

c e l l  d e a t h ,  the  remaining c e l l s  grow to  form a s u r v iv in g  p o p u l a t i o n ,  

which i s  s e l f - s t a b i l i s i n g ,  a t  a 1:1 m ix tu re .  This s o r t  o f  t i s s u e  

phenotype (a p r o p e r t y  o f  c e l l  m ix tu re s  no t  seen in i s o l a t e d  c e l l  

t y p e s )  i s  a l s o  seen in c o - c u l t u r e s  o f  human wild type  and ro d en t  

TK" c e l l s  in the  p resence  o f  [^H ]- thymid ine  and ouabain  a t  

c o n c e n t r a t i o n s  which i n h i b i t  the  p r im a te  type Na+/K+ ATPase, but  

not  the  roden t  enzyme. I n c o r p o r a t i o n  o f  the  labe l  i s  dependen t  on 

both c e l l  types  being ab le  to  form gap j u n c t i o n s  ( P i t t s  and Shaw,

1980). The e s t a b l i s h m e n t  of  t i s s u e  phenotypes  has a l s o  been



demonst ra ted  us ing [ ^ C ] - p r o l i n e  as the labe l  in wil d type /m u tan t  

c o - c u l t u r e s  but not  in m u tan t /m u tan t  c o - c u l t u r e s ,  o r  wild type /m u tan t  

c o - c u l t u r e s  which do no t  form gap j u n c t i o n s  (Finbow and P i t t s ,  1981).  

However, a more s u b t l e  example o f  t i s s u e  phenotype development was 

demonst ra ted  when wild type and HGPRT" j u n c t io n  forming c e l l s  were 

grown in the  p resence  of  high c o n c e n t r a t i o n s  o f  exogenous hypoxanth ine .  

Under the se  c o n d i t i o n s  the  exogenous hypoxanthine s t i m u l a t e s  the  

HGPRT pathway in the  wild type  c e l l s  and as a consequence i n h i b i t s  

de novo pu r in e  n u c l e o t id e  b i o s y n t h e s i s  in both c e l l  t y p e s .  The 

in c o rp o r a t i o n  o f  [^H j-hypoxanth ine  in 1:10 m ix ture  (w ild  type to  

mutant)  was t h r e e f o l d  h ig h e r  (on a p e r  wild type c e l l  b a s i s )  than 

in wi ld type c e l l  c u l t u r e s  growing a lone  (Sher idan  e t  al , 1979).

The p robab le  reason f o r  the  i n c r e a s e  in [^H j-hypoxanth ine  i n c o r p o r a t i o n  

i s  t h a t  mutant  c e l l s  a re  t a k in g  away, by gap j u n c t i o n a l  t r a n s f e r  

and in c o rp o r a t i o n  [^H]IMP, the  p ro d u c t  o f  HGPRT a c t i o n  on hypoxan th ine ,  

s y n th e s i s e d  in the  wild type c e l l s .

From the  above j_n v i t r o  examples ,  i t  must f o l lo w  t h a t  c e l l s  

with  m e tabo l i c  d e f e c t s  may accumula te  l a r g e  amounts o f  th e  s u b s t r a t e  

o f  a d e f e c t i v e  enzyme and l a c k  the  p ro d u c t .  I f  the  s u b s t r a t e  and 

enzyme produc t  a re  small enough to  pass  th rough  gap j u n c t i o n a l  

ch an n e ls ,  and i f  the mutant  c e l l  i s  coupled to  wi ld type c e l l s ,  then  

c o n c e n t r a t i o n  g r a d i e n t s  w il l  be e s t a b l i s h e d  so the  s u b s t r a t e  w i l l  

f low from the  mutant  to  wild  type  c e l l s ,  where f u n c t i o n a l  enzyme 

wil l  a c t  as  a s ink  f o r  the  s u b s t r a t e ,  and the  p roduc t  w i l l  pa s s  down 

the  c o n c e n t r a t i o n  g r a d i e n t  from the  wild  type to  the  mutant  c e l l s  

as  the  p roduc t  i s  no t  made by the  mutan t .

Tumour c e l l s  have been shown to  l a c k  o r  have im paired  j u n c t i o n a l  

communication (Loewenste in ,  1979) and as such could be a l i e n a t e d  

o r  excluded from the  normal hom eos ta t i c  i n f l u e n c e s  o f  su r ro u n d in g



normal c e l l s .  I t  may be p o s s i b l e  t h a t  r e d u c t io n  or  l o s s  of  gap 

ju n c t io n  mediated com unica t ions  i s  causal  o r  c o n t r i b u t o r y  to the  

abnormal phenotype t h a t  tumour c e l l s  e x p r e s s .  The e x a c t  r o l e  of

ju n c t io n a l  communication in development ,  t i s s u e  in d u c t io n  and 

d i f f e r e n t i a t i o n  has y e t  not  been e l u c i d a t e d ,  but  the  l o s s  o r  r e d u c t io n  

of  gap ju n c t io n a l  communication may i n c r e a s e  the  p r o b a b i l i t y  t h a t  

an a b e r r a n t  c e l l  w i l l  become f r a n k l y  abnormal o r  n e o p l a s t i c .

Thus, j u n c t i o n a l  communications in an imals  would appea r  to  be

involved  in development ,  t i s s u e  in d u c t io n  and c e l l  and t i s s u e  

d i f f e r e n t i a t i o n ,  p ro v id in g  c o - o r d i n a t i o n ,  synchrony,  s t a b i l i t y  in 

e x c i t a b l e  t i s s u e s  and m e t a b o l i t e  exchange and c o - o p e r a t io n  in t i s s u e  

f u n c t i o n .  However, i t  i s  unknown what profound consequences

a l t e r a t i o n s  in g a p - ju n c t io n  fo rm at ion  and o r g a n i s a t i o n  may have on

the  organism in h e a l t h  and d i s e a s e .

1:6 C e l l u l a r  i n t e r a c t i o n s  in haemopoies is

In the  normal a d u l t  -one t w e n t i e t h  o f  the  t o t a l  blood c e l l  

p o p u la t io n  i s  l o s t  d a i l y ,  r e q u i r i n g  the  g e n e r a t i o n  o f  new c e l l s  to

make up f o r  those  removed. The source  o f  th e s e  new c e l l s  i s  the

bone marrow which g e n e r a t e s  f i v e  d i f f e r e n t  types  o f  c e l l s ,  lym phocytes ,  

monocytes,  g r a n u l o c y t e s ,  e r y t h r o c y t e s  and m e gakaryocy te s . The bone 

marrow c o n s i s t s  of  s tromal c e l l s  a r ranged  in t o  v a s c u l a r  n e t w o r k s  

s e t  in a framework o f  m u l t i - b r a n c h e d  r e t i c u l a r  c e l l s  w i th in  which

haemopoiesis  p r o g r e s s e s  (Weiss,  1970; Campbell ,  1 9 7 2 ;  Shak la i  and

T a v a s s o l i ,  1979).  The stromal c e l l s  p rov ide  a microenvironment in 

which haemopoie t ic  stem c e l l s  p r o l i f e r a t e  and d i f f e r e n t i a t e  ( T r e n t i n ,  

1971; T a v a s s o l i ,  1977; Ploemacher,  1978).

The importance  of  t h i s  microenvi ronment i s  dem onst ra ted  in the  

S I /S I^  mouse, which has normal haem opoie t ic  stem c e l l s  as  i t  can



r e s t o r e  normal haemopoie t ic  f u n c t i o n  to  l e t h a l l y  i r r a d i a t e d  mice 

of  the  same hap lo type  but  i s  i t s e l f  c o n g e n i t a l l y  anaemic ( R u s s e l l ,  

1970; A l tu s  e t  a l , 197J-; T avasso l i  e t  al , 1973; Shakla i  and T a v a s s o l i ,  

1978).  S im i l a r  microenvi ronmenta l  d e f e c t s  have been sugges ted  as 

the  reason f o r  the  i n a b i l i t y  to  r e s t o r e  haemopoie t ic  f u n c t i o n  in 

i d e n t i c a l  twins a f t e r  bone marrow t r a n s p l a n t a t i o n s  (Fernbach and 

T r e n t i n ,  1962).

The pr im ary  s i t e  o f  haemopoies is  has been i d e n t i f i e d  as the

e r y t h r o b l a s t i c  i s l a n d s  of  the  yo lk  sac (Sor renson ,  1961),  the  f o e t a l  

l i v e r  (Zamboni, 1965; Fudaka : - ,  1974; Chui and R u s s e l l ,  1974)

and the  sp leen  ( O r l i c  e t  a l , 1965; D j a l d e t t i  e t  al , 1972).  In the  

bone marrow, e r y t h r o i d  p r e c u r s o r s  form c lo se  a s s o c i a t i o n s  with  non- 

haemopoiet ic  c e l l  types  ( B e s s i s ,  1958) where a c e n t r a l  macrophage

l i k e  c e l l  i s  surrounded by e r y t h r o b l a s t  p r e c u r s o r s  in  v a r io u s  s t a g e s  

o f  d i f f e r e n t i a t i o n  (Marmont and Damasio, 1962).

However, a t t e m p t s  to  d e f in e  i n t e r a c t i o n s  between p l u r i p o t e n t  

stem c e l l s  and stromal e lements  by morphology has been h inde red  by 

the  f a c t  t h a t  as the  c l o s e r  the  d i f f e r e n t i a t i o n  s t a g e  approaches  

to  t h a t  o f  an immature phenotype ,  so the  morphology o f  mononuclear

c e l l s  converge (Yoffey,  1962; Cudkowitz e t  a l , 1964).  E s t im a te s

have been made o f  the  p e rce n tag e  o f  stem c e l l s  in  th e  bone marrow 

by r e c o n s t i t u t i n g  l e t h a l l y  i r r a d i a t e d  mice with  vary ing  amounts o f

bone marrow c e l l s  and coun t ing  the  number o f  haem opoie t ic  c o l o n i e s  

in the  s p leen .  However w i th in  the  stem c e l l  p o p u la t i o n  which can 

re p o p u la te  l e t h a l ! y  i r r a d i a t e d  mice ,  t h e r e  appea r  to  be d i f f e r e n c e s  

in p r o l i f e r a t i v e  c a p a c i t y .  Brain a n t ig e n  n e g a t iv e  stem c e l l s  show

a t h r e e - f o l d  g r e a t e r  c a p a c i t y  f o r  renewal than t h e i r  a n t ig e n  p o s i t i v e  

c o u n t e r p a r t s  (Monette and Stockel  , 1981).  Attempts  to  overcome t h i s  

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



sugges ted t h a t  jjn vivo r e c o n s t i t u t i o n  does not  a f f e c t  the  p o t e n t i a l  

f o r  s e l f - r e n e w a l  and t h a t  t h e r e  i s  no i n t r i n s i c  l i m i t  on stem ce l l  

c a p a c i t y  f o r  r e p e a te d  r e g e n e r a t i o n .  In vivo r e c o n s t i t u t i o n  exper iments  

have e l i c i t e d  l i t t l e  concern ing  the  i n t e r a c t i o n s  o f  stem c e l l s  and 

stromal components as the  stromal e lements  a re  r a d i o r e s i s t a n t ,  but  

. in v i t r o  a s says  have demonst ra ted  the  requ i rement  o f  s tromal c e l l s  

and the  c l o s e  i n t e r a c t i o n  n e c e s s a ry  f o r  d i f f e r e n t i a t i o n  o f  stem c e l l  

progeny (Lord,  198L). In v i t r o  c u l t u r e  o f  stem c e l l s  w i th o u t  s tromal 

e lements  produces  a very  l i m i t e d  range o f  c e l l  t y p e s ,  p r i m a r i l y  

e r y t h r o i d ,  megakaryocyte and a few g r a n u lo c y t e / m a c r o p h a g e  c o l o n i e s .  

Whereas in v i t r o  c u l t u r e  o f  bone marrow on e s t a b l i s h e d  marrow stromal 

c u l t u r e s  w i l l  produce f u l l  d i f f e r e n t i a t i o n  o f  most c e l l  ty p e s  wi th 

the  exce p t io n  o f  lymphoid c e l l s  and a l low s  the  main tenance  o f  stem 

c e l l s  themselves  (Dexte r  and L a t h j a ,  1974).  Marrow c e l l s ,  th us  

c u l t u r e d ,  have been shown to  be ab le  to  r e c o n s t i t u t e  the  lymphoid 

component as  well as  p ro v id in g  p r e c u r s o r s  f o r  a l l  o t h e r  c e l l  ty pes  

in l e t h a l ! y  i r r a d i a t e d  mice (S ch rader  and S c h ra d e r ,  1978; 

J o n es -V i l len e u v e  and P h i l l i p s ,  1980). However, on ly  r e c e n t l y  has 

a modif ied Dex ter  c u l t u r e  method been d e s c r ib e d  which w i l l  su p p o r t  

the  growth and d i f f e r e n t i a t i o n  o f  lymphocyte p r e c u r s o r s ,  s p e c i f i c a l l y  

B lymphocytes ,  which c o n s t i t u t e  the  humoral arm o f  the  immune system 

(Whit lock and W i t t e ,  1982).  In c o n t r a s t ,  t h e r e  have been no r e p o r t s  

o f  the  jjn vi t r o  c u l t i v a t i o n  o f  the  lymphoid component o f  the  c e l l -  

mediated arm o f  the  immune system,  the  T lymphocytes .

H i s to lo g i c a l  a n a l y s i s  o f  bone marrow has shown i n t e r a c t i o n s  

between lymphoid c e l l s  and stromal e lements  (Lord , 1979) and

f r e e z e  f r a c t u r e  a n a l y s i s  has dem onst ra ted  int ramembranous p a r t i c l e s  

between haemopoiet ic  and stromal e lements  s i m i l a r  to  small gap 

j u n c t io n a l  p l a q u e s ,  as  well as c l o s e  membrane a p p o s i t i o n  (Campbell ,



1980). Freeze f r a c t u r e  and t h i n  s e c t i o n  e l e c t r o n  microscopy of  in 

vi t r o  c u l t u r e s  of  can ine  bone marrow and r a t  bone marrow j_n vi vo 

have dem onst rated  gap j u n c t i o n - l i k e  s t r u c t u r e s  in monocyte/macrophage 

c o l o n ie s  but  not  in g ranu locy te /macrophage  c o l o n ie s  (Porvasn ik  and 

M acV it t ie ,  1979; T avasso l i  and S h a k l a i ,  1979).  In 1976 Levy r e p o r te d  

e l e c t r i c a l  coupl ing  between p e r i t o n e a l  macrophages (Levy^to/,1976), 

but  subsequent  work has f a i l e d  to  dem onst ra te  m e ta b o l i c  coupl ing  

(Kane and Bols,  1980).  This  d i s p a r i t y  i s  most p ro b a b ly  due to the  

g r e a t e r  s e n s i t i v i t y  o f  el e c t r o p h y s i o l o g i c a l  methods in comparison 

with  m e ta b o l i t e  exchange methods.

1:7 The Immune System

The e a r l i e s t  s e l f  r e c o g n i t i o n  system appea rs  in  P o r i f e r a  where,  

i f  the  c e l l s  o f  two sponges a re  mixed they  w i l l  s e g r e g a t e  i n t o  the  

o r i g i n a l  d i s c r e t e  e n t i t i e s ,  but  i t  i s  no t  u n t i l  the  C o e l e n t e r a t e s , 

Tuni c a t e s  and p r i m i t i v e  v e r t i b r a t e s ,  t h a t  a p r i m i t i v e  c e l l - m e d i a t e d  

immunity and a n t i g e n i c  memory a p p e a r s .  Humoral immunity,  however, 

does not  appear  u n t i l '  the  p r i m i t i v e  f i s h e s .  Every organism from 

cyclostomes  upwards, e x h i b i t  c i r c u l a t i n g  lymphocytes ,  bu t  i t  i s  not  

u n t i l  the  h a g f i s h ,  t h a t  lymphoid c e l l s  in the  g i l l  a r ch e s  form any 

lymphoid t i s s u e s .  Bony f i s h  p o s s e s s  a thymus,  bu t  a t  t h i s  p o i n t  

in e v o l u t i o n a r y  development t h e r e  seems to  be no secondary  lymphoid 

t i s s u e  o r g a n i s a t i o n .

In h ighe r  an im a ls ,  two arms o f  the  immune system have been well 

d e f i n e d ,  the  c e l l  media ted arm and the  humoral .  The c e l l  media ted  

arm i s  p h y l o g e n e t i c a l l y  o l d e r  than  the  humoral arm. The humoral 

arm c o n s i s t s  of  lymphocytes which bea r  and s e c r e t e  a n t ib o d y  m olecu le s  

in response to  a n t i g e n i c  c h a l l e n g e .  The g e n e r a t i o n  o f  th e s e  

s p e c i a l i s e d  lymphoid c e l l s  i s  b e s t  seen in AVES. In b i r d s  stem c e l l s



m igra te  from the  bone marrow to  the  Bursa of  F a b r i c i u s ,  an organ 

of  s p e c i a l i s e d  e p i th e l i u m  o f f  the  c l o a c a ,  where they  mature to  s u r f a c e  

immunoglobulin p o s i t i v e  c e l l s  (Cooper e t  a l , 1966).  On bursal

m a tu ra t i o n ,  t h e s e  bursa l  lymphocytes ,  o r  B c e l l s ,  m ig ra te  to  secondary  

lymphoid organs  and p o p u la te  the  thymus independen t  a r e a s  o f  the 

p e r ip h e ra l  lymphoid t i s s u e s  (Hemmingian and Linna,  1972).

The p ro d u c t io n  o f  an t ib o d y  producing  c e l l s  i s  dependent  on the  

bursa and the  i n t e r a c t i o n s  o f  m ig ran t  lymphoid c e l l s  with  the  stroma 

c e l l s  of  the  organ (S c h a f fn e r  e t  al , 1974).  Neonatal bursectomy,  

l e t h a l  i r r a d i a t i o n  and bone marrow r e c o n s t i t u t i o n  produces  b i r d s  

which have i n t a c t  c e l l  mediated lymphoid f u n c t i o n ,  but  which a re  

agammaglobulinaemic.  Bursal lymphocytes from a n t ig e n  primed b i rd  

a re  capable  o f  producing  secondary  an t ib o d y  re sponses  in  unprimed 

fowl r e c i p i e n t s  a f t e r  t r a n s f e r  and a n t i g e n i c  c h a l l e n g e  (Gilmour e t  

a l , 1970).

The bursal  e q u i v a l e n t  has no t  been found in mammals a l though  

many workers have a t tem p ted  to  i d e n t i f y  the  t i s s u e  in which B 

lymphocytes d i f f e r e n t i a t e  in  a s s o c i a t i o n  with  stromal e l e m e n t s .  

I t  was i n i t i a l l y  though t  t h a t  the  gu t  a s s o c i a t e d  lymphoid t i s s u e s  

(GALT) were the  mammalian bursa l  homologue (Archer e t  al , 1963;

Su the r land  e t  a l , 1964; Cooper and Lawson, 1974; Nieuwenhuis e t  a l ,

1974).  However, i t  i s  now g e n e r a l l y  acc ep ted  t h a t  f o e t a l  l i v e r  (Owen 

e t  a l , 1974; Sherwin and Rowlands, 1974; P h i l l i p s  and M elchers ,  1976) 

and su b se q u en t ly  the bone marrow, show f i r s t  s ig n s  o f  immunoglobulin 

p roduc ing c e l l s  and f u n c t i o n  as the  mammalian bursal  homologue (Abdou 

and Abdou, 1972; L a f l e u r  e t  al , 1973; Brahim and Osmond, 1973; Phil l ips  

and M i l l e r ,  1974).  As an t ib o d y  produc ing  c e l l s  l e ave  the  bone marrow 

in  a s t a t e  l i t t l e  d i f f e r e n t  from t h a t  o f  r e spons ive  c i r c u l a t i n g  B



c e l l s  in the p e r ip h e r y  i t  must be assumed t h a t  the stromal 

i n t e r a c t i o n s ,  which a l low them to become committed to the B c e l l  

l i n e a g e  and d i f f e r e n t i a t e ,  occur  in the bone marrow.

The c e l l s  o f  the  c e l l - m e d ia t e d  arm of  the immune system a l s o  

a r i s e  by d i f f e r e n t i a t i o n  from p l u r i p o t e n t  stem c e l l s  in the  bone

marrow. In the  marrow th e se  c e l l s  a re  committed to  the  c e l l - m e d i a t e d  

l i n e a g e  but  a re  u n d i f f e r e n t i a t i e d  a t  the leve l  o f  r e s p o n s iv e n e s s  

to  the  a n t i g e n i c  environment  . ,

(Z inke rnage l , 1978) wi th the  p o s s i b l e  exce p t io n  o f  a l l o s p e c i f i c  non

primed c y t o t o x i c  c e l l s  observed in the  yo lk  sac and f o e t a l  l i v e r  

( T r i g l i a  e t  a l , 1981). The committed u n r e a c t iv e  c e l l s  l e av e  the

bone marrow, pass  th rough  the  p e r i p h e r y  and a re  s e q u e s t e r e d  by th e

thymus, hence the  name T lymphocytes (Ford and Micklem, 1963; Moore 

and Owen, 1967; J o t e r e a u  e t  a l , 1980). This  i n t e r a c t i o n  between

committed c e l l s  and the  thymus i s  an a b s o l u t e  requ i re m en t  f o r  the  

d i f f e r e n t i a t i o n  of  T c e l l s  ( M i l l e r  and Osoba, 1967; Greaves and 

J anossy ,  1973; Cantor  and Weissman, 1976; Stutman,  1978).  A f e a t u r e  

o f  some lymphoid c e l l s  in the  bone marrow i s  the  p re s e n c e  o f  th e  

n u c l e a r  enzyme, te rm ina l  deoxynuc leo t idy l  t r a n s f e r a s e  (TdT; EC 

2 . 7 . 7 . 3 1 )  (Coleman e t  a l , 1974; Paz mino e t  al , 1977) a DNA po lym erase ,  

which does not  u t i l i s e  a t e m p la t e .  I t  has been proposed t h a t  i t s

p resence  p ro v id es  a means of  g e n e r a t in g  d i v e r s i t y ,  o f  immunologic 

r e p e r t o i r e  in pro thymocytes  (Bal t imore  . ., 1974) and in the

rearrangement o f  heavy and l i g h t  immunoglobulin genes in B c e l l  

p r e c u r s o r s  from germ l i n e  genes (E a r ly  e t  a l , 1980).

1:8 T Lymphocytes

To d e s c r ib e  T lymphocyte d i f f e r e n t i a t i o n  in the  thymus,  i t  i s  

nece ssa ry  to  d e s c r i b e  the  c h a r a c t e r i s t i c s  of  f u n c t i o n a l  T c e l l s  in 

the  p e r ip h e r y .  T c e l l s  by d e f i n i t i o n  r e q u i r e  f u n c t i o n a l  thymus to



e l a b o r a t e  t h e i r  a c t i v i t i e s  and f u n c t i o n s .  The f u n c t i o n a l  h e t e r o g e n e i t y  

of  T lymphocytes i s  well e s t a b l i s h e d  (For rev iew see Cantor and 

Weissman, 1976) and a n t i s e r a  a re  a v a i l a b l e  which d e f i n e  c e l l  s u r f a c e  

a n t i g e n s .  One group o f  a n t i g e n s ,  the  lymphocyte thymus a n t ig e n s  

(Lyt )  1 , 2 , 3 , 6 ,9 and 10, (Can tor  and Boyse, 1975a; Cantor  and Boyse, 

1975b; Cantor  and Boyse, 1977) which a re  c o -e x p re s s e d  on the  m a j o r i t y  

of  thymic lymphocytes ,  a r e  d i f f e r e n t i a l l y  ex p re s sed  on f u n c t i o n a l l y  

d i s t i n c t  s u b s e t s  o f  p e r i p h e r a l  T lymphocytes .  I n i t i a l l y  t h r e e  major 

s u b s e t s  o f  p e r ip h e r a l  T c e l l s  were d e s c r i b e d :  L y t l+2“ 3" ,  Lyt l +2+3+ 

and Lyt l “ 2+3+ . Subsequent  a n a l y s i s  has shown t h a t  the  Lyt 3 a n t ig e n  

i s  l o c a t e d  on the  same macromolecule as the  Lyt 2 a n t ig e n  ( L e d b e t t e r  

and Herzenberg ,  1979) and high t i t r e  monoclonal a n t i b o d i e s  have 

revea led  t h a t  a l l  T c e l l s  c a r r y  the  Lyt 1 a n t i g e n .  Two p o p u la t i o n s  

have since b e e n  d e f i n e d ,  Lyt l +2“ and Lyt l +2+, w i th  v a r i a t i o n  in 

the  amount of  Lyt 1 a n t ig e n  in the  Lyt l +2+ s u b s e t .  Functional  T 

c e l l s  d iv i d e  i n t o  f o u r  groups :  a n t ig e n  induced c y t o t o x i c  c e l l s  (Tq) 

and s u p p re s s o r  c e l l s  (TSUpp) which bear  the  Lyt l +2+ phenotype and 

h e l p e r  c e l l s  (T^) and delayed  type h y p e r s e n s i t i v i t y  (Tqjh)  c e l l s  

which bear  the.  Lyt l +2~ s u r f a c e  phenotype (Rock e t  a l , 1983).

A unique p r o p e r t y  o f  Tq and Tqjh c e l l s  i s  t h a t  the  ' f o r e i g n '  

a n t ig e n  r e c e p t o r  e x p re s s e s  s p e c i f i c i t y  f o r  d e t e rm in a n t s  encoded f o r  

by the  major h i s t o c o m p a t i b i l i t y  complex (MHC) lo c u s .  This  phenomenon 

has been c a l l e d  MHC o r  H-2 and HLA r e s t r i c t i o n  in mouse and man 

r e s p e c t i v e l y  and was f i r s t  observed in exper im en ts  examining the  

Tq k i l l i n g  o f  v i r a l l y  i n f e c t e d  t a r g e t s  by v i r u s  primed lymhocytes 

(Z in k e rn ag e l ,  1976). B r i e f l y ,  i t  was observed t h a t  Tc from v i r u s  

primed mice would on ly  k i l l e d  v i r u s  i n f e c t e d  t a r g e t s  i f  both the  

Tc and t a r g e t  shared  the same MHC h ap lo ty p e .  Primed Tc would not  

k i l l  v i r a l l y  i n f e c t e d  t a r g e t  c e l l s  which d i f f e r e d  from th e  Tc a t



the  K o r  D lo c i  of  the  MHC, but  would k i l l  i n f e c t e d  t a r g e t s  from 

d i f f e r e n t  mouse s t r a i n s  which shared  the  same K and D hap lo ty p e .  

This  phenomenon was f i r s t  d e s c r ib e d  f o r  p ro d u c ts  of  the  K and D reg ion  

of  the  mouse MHC (Zinkernagel  e t  al , 1978a; 1978b; Zinkernagel  and 

Doherty,  1979) but  examinat ion  o f  the  i n t e r a c t i o n s  o f  e f f e c t o r  c e l l s  

of  the immune response  and T^ c e l l s ,  revea led  t h a t  T^ c e l l s  p o s s e s s

r e c e p t o r s  f o r  p r o t e i n s  encoded f o r  the  I reg ion  which l i e s  between

K and D reg io n s  o f  the  MHC (Erb and Feldmann, 1975; Kappler  and 

Marrack,  1976; Lutz . , 1981). F u r th e r  examinat ion  has r e v e a le d  

t h a t  I reg ion  r e s t r i c t i o n  i s  a t  the  leve l  of  the  i n t e r a c t i o n  of  T̂ j 

c e l l  with  an a c c e s s o ry  o r  a n t ig e n  p r e s e n t i n g  c e l l ,  no t  a t  the  e f f e c t o r  

c e l l  leve l  (Vogt e t  al , 1981) and t h a t  I reg ion  r e s t r i c t i o n  a p p l i e s  

to  L y t - l +2~ Tqjh c e l l s  ( M i l l e r  e t  al , 1975).

Although Lyt l +2+ Tq p r e c u r s o r s  e x h i b i t  H-2K/D r e s t r i c t i o n ,  

they  can a l s o  g e n e ra te  s p e c i f i c  r e c e p t o r s  a g a i n s t  a l l o g e n e i c  H-2K/D,

p robab ly  H-2I and o t h e r  MHC l i n k e d  s u r f a c e  d e t e rm in a n t s  such as Qed-

1 (Bevan, 1975; Peck e t  a l , 1976; Hansen and Levy, 1978).

, , I n t e r e s t  in t h e se  r e c e p t o r s  was i n t e n s i f i e d

by r e p o r t s  t h a t  the  MHC hap lo type  o f  an e n g r a f t e d  thymus de te rmined  

the  r e a c t i v i t y  of  Tc c e l l s  and H-2 r e s t r i c t i o n  (Fink and Bevan, 1978; 

Z in k e rn ag e l ,  1978; Zinkernagel  e t  a l , 1980) to  the  hap lo type  o f  the  

e n g r a f t e d  thymus no t  the  hap lo type  o f  the  h o s t .  C o n s id e ra b l e  

c o n t ro v e r s y  has raged as to  whether  the  s u r f a c e  p r o t e i n s  t h a t  d e t e c t  

s e l f  and ' f o r e i g n '  a n t ig e n s  a re  two s e p a r a t e  r e c e p t o r s  o r  a s i n g l e  

molecule which can bind both H-2 and ' f o r e i g n '  a n t i g e n s ,  bu t  r e c e n t  

ev idence  p o i n t s  to  dual s p e c i f i c i t y  r a t h e r  than  two s e p a r a t e  r e c e p t o r s  

(Hunig and Bevan, 1980; Kappler  e t  al , 1981).

The T c e l l  r e c e p t o r ,  u n l ik e  the B c e l l  r e c e p t o r ,  the  

immunoglobulin molecu le ,  has been a very d i f f i c u l t  molecule  to  d e f i n e .



I n i t i a l  a t t em p ts  to  a n a ly se  t h i s  s u r f a c e  molecule were focused on 

cloned T c e l l  tumour l i n e s  (A l l i s o n  e t  al , 1982) and l a t e r  on hybr ids  

of  T c e l l  tumour l i n e s  and T c e l l  l i n e s  of  known a n t ig e n  a n d /o r  MHC

s p e c i f i c i t y  (Kappler  e t  al , 1981) which lacked  independen t  a n t ig e n

and MHC r e c o g n i t i o n .  Xenoantiserum r a i s e d  a g a i n s t  tumour c e l l s  

r ecognised  molecule s  with s t r u c t u r a l  h e t e r o g e n e i t y  on normal T c e l l s  

(McIntyre and A l l i s o n ,  1983) and monoclonal an t ib o d y  r a i s e d  a g a i n s t

T c e l l  hybridomas recogn ised  MHC r e s t r i c t e d  a n t ig e n  r e c e p t o r s  (Haskins 

e t  a l , 1983),  whi le  a n t i - i d i o t y p i c  a n t i b o d i e s  p r e d i c t e d  both a n t ig e n  

and Class  I I  MHC s p e c i f i c i t y  (Marrack e t  a l , 1983).

The p r o t e i n  i s o l a t e d  was b io c h e m ic a l ly  c h a r a c t e r i s e d  as a 

d i s u l p h i d e  l i n k e d  he te rod im e r  with  s u b u n i t s  of  a p ro x im a te ly  Mr 45k '

( A l l i s o n  e t  al , 1982; Meuer e t  al , 1983(a) ;  Haskins e t  al , 1983). 

Subsequent  i n v e s t i g a t i o n s  have shown the  dimer to  c o n s i s t  o f  an a 

s u b u n i t  of  Mr 49-51k'; and a ^  s u b u n i t  of  Mr 43K(Acuto e t  a l , 1983a).  

Subsequent  biochemical c h a r a c t e r i s a t i o n  by two-dimensional  p e p t i d e

mapping i d e n t i f i e d  c o n s t a n t  and v a r i a b l e  p e p t i d e s  (Kapple r  e t  al , 

1983) which show v a r i a b i l i t y  in  th e  v a r i a b l e  and c o n s t a n t  p e p t i d e s  

in a  and J3 s u b u n i t s  from T c e l l  c lones  o f  d i f f e r e n t  s p e c i f i c i t i e s  

(Acuto e t  a l , 1983b).  The p  cha in  has been p u r i f i e d  and the  NH2 - 

te rm ina l  amino ac id  sequence has been a s c e r t a i n e d  (Acuto e t  al , 1984).

A na lys is  o f  T c e l l  r e c e p t o r  p r o t e i n s  o f  IL-2 dependent  T c e l l  

c lones  with a n t i b o d i e s  d i r e c t e d  a g a i n s t  i d i o t y p i c  d e t e r m in a n t s  (Ti 

m olecu les )  and a n t i b o d i e s  d i r e c t e d  a g a i n s t  the  T c e l l  s u r f a c e  p r o t e i n  

T3, a t h r e e  s u b u n i t  m o lecu la r  complex found on p e r i p h e r a l  T c e l l s  

and thymocytes with  a mature phenotype ,  have shown an a s s o c i a t i o n  

on the  c e l l  s u r f a c e  o f  T c e l l  r e c e p t o r  (T i )  and the  Mr 20K 

u n g lyc osy la ted  and g ly c o s y l a t e d  20 and 25k T3 complex (Meuer e t  

al , 1983b).  This f i n d i n g  has been extended to  show t h a t  th e  Ti/T3



membrane complex i s  not  exp res sed  on thymocytes u n t i l  genes encoding 

the  Tip s u b - u n i t  undergo rea r rangement  (Royer e t  a l , 1984).

Genes f o r  the  p cha in  o f  the  he te rod im er  were r e c e n t l y  i s o l a t e d  

(Yanagi e t  al , 1984; Hendrick e t  al , 1984) and showed e x t e n s i v e

homology to  the  immunoglobulin c h a i n s .  Ana lys is  o f  t h e s e  genomic 

sequences  has i n d i c a t e d  t h a t  d i v e r s i t y  o f  the p chain  i s  g e n e ra te d  

to  some e x t e n t  by somat ic  r ea r rangem en t  of  germ l i n e  gene sequences

(Chien e t  al , 1984a; ' ' Gascoigne e t  al , 1984; Mal issen

e t  al , 1984) and have been l o c a l i s e d  to  chromosome 6 in  mice and 

7 in man (Cacc ia e t  a l , 1984).  L a t e r ,  S a i to  e t  al (1984b) and Chien 

e t  al (1984b) i s o l a t e d  genes which p ro b ab ly  code f o r  th e  * chain  

p r o t e i n  o f  the  he te rod im er  and a l s o  undergo rea r rangement  from t h e i r  

germ l i n e  c o n f i g u r a t i o n  as in the  p chain  genes ,  to  g e n e r a t e  d i v e r s i t y .  

An a r t i c l e  by S a i t o  e t  a l , which appeared  in the  same i s s u e  o f  Nature  

as the  Chien paper  (Chien e t  al , 1984a) ,  d e s c r ib e d  a cDNA c lone  which 

was though t  to  encode the  a cha in  p roduc t  (S a i t o  e t  al , 1984a).

Although the  genes showed s i m i l a r i t i e s  to  both Ig and J3 Ti genes

in  o r g a n i s a t i o n  and sequence ,  the y  were expressed  on ly  in T c e l l s .

They, o r  genes h ig h ly  homologous to  them, were expressed  mall  c y t o t o x i c  

T c e l l s  examined,  but  do no t  encode e i t h e r  o f  the  a  o r  genes 

p r e v i o u s l y  d e s c r ib e d  and have been c a l l e d  the  y genes .

The ar rangement of  the  gene segments of  a ,  J5 and y Ti genes

on the  chromosome i s  s i m i l a r  to  t h a t  o f  the  l i g h t  and heavy cha in  

gene segments o f  the  immunoglobulin genes ,  i . e  V ar iab le  (V) - D i v e r s i t y  

(D) - J o in in g  ( J )  - Cons tant  (C),  but  they  e x h i b i t  a r rangem ents  which 

a re  in some ways l i k e  l i g h t  cha in  segments and o t h e r s  which a re  l i k e  

heavy chain segments.  In the  £  and a l o c i  t h e r e  i s  an unknown number



of  V segments,  but only  t h r e e  V reg ion  segments have been i d e n t i f i e d  

in the  l o c i .  The J3 genes e x h i b i t  two D segments u n l ik e  K and \  

l i g h t  cha ins  in a tandem ar rangem ent D1-J -C-D2 - J -C ,  but  i t  i s  not  

known i f  a and y  l o c i  c o n ta in  D e lem en ts .

The J segments of  the  a l o c i  have not  been d e s c r ib e d  but

p r e l i m i n a r y  da ta  sugges t  t h a t  they  d i s p l a y  combinat iona l  and j u n c t i o n a l  

d i v e r s i t y  (S a i t o  e t  a l , 1984b; Chien e t  al , 1984b). The y  l o c i  appea rs  

to  e x h i b i t  t h r e e  J segments which a r e  a r ranged  in a s i m i l a r  f a s h io n  

to  the  A l i g h t  cha in  a r rangem en t ,  i . e  J 1-C1 , J2“^2» ^ 3- ^ 3 - The £

J reg ion  c o n s i s t s  o f  seven J e lements  o f  the  J f i . i  s e p a r a t e d  from

seven more J e lements  by the  e l em en t .  This  resembles  the  f i v e

J e lements  of  the  K l i g h t  chain and the  f o u r  heavy v a r i a b l e  cha in  

reg ions  o f  Ig ,  in t h a t  the  J e lem en ts  a re  grouped t o g e t h e r  b e fo re  

the  C reg ion  e lem en ts .  However, i t  a l s o  resembles the  A l i g h t  cha in

elements  where each o f  the  f o u r  J segments i s  s e p a r a t e d  by an

in t e r v e n i n g  C e lement ( Hood e t  a l , 1985).

The f i r s t  exon on the  C reg ion  genes encodes a 110 amino ac id  

domain by i t s  l e n g th  and c o n s e r v a t io n  o f  s t r u c t u r a l l y  s i g n i f i c a n t

r e s id u e s  i t  resembles  an Ig C domain. While V-J segments a l s o  resemble 

Ig domains the  coding c a p a c i t y  o f  J segments of  Ig <  and X i s  very

s i m i l a r  to  t h a t  o f  a, and y  J segments ,  bu t  the  y  J  segments a re  

more s i m i l a r  to  £ J segments than  Ig J segments.  The V and J segments 

a re  f l anked  but  heptamer and nonamer sequences which a re  i d e n t i c a l

in o r g a n i s a t i o n  and s i m i l a r  in sequence to  Ig.  All t h r e e  Ti coding

genes appea r  to  undergo j u n c t i o n a l  d i v e r s i t y  from the  germ l i n e  

c o n f i g u r a t i o n  but  the  Cy genes do not  p o s s e s s  a g r e a t  c a p a c i t y  f o r

combina tor ia l  d i v e r s i t y ,  as one o f  the  C y  segments appea rs  to  be 

d e f e c t i v e ,  un l ike  the  <* and genes .  The o t h e r  major  source  of



d i v e r s i t y  seen in Ig i s  h y p e r v a r i a b i l i t y  caused by somat ic  m uta t ion  

of  rea r ranged  V r e g io n s ,  but  has no t  been observed in the  few cases

thus  f a r  s t u d i e d .  However, t h i s  response  i s  p redom inan t ly  seen in 

IgG r a t h e r  than IgM and i s  cons ide red  to be an outcome o f  mature 

responses  but  i t  has been observed t h a t  T c e l l  hyb r id s  f r e q u e n t l y  

lo s e  the  a b i l i t y  to  respond to  expec ted  s t i m u l i ,  but  in a r e c e n t

s tudy  t y p t i c  p e p t id e  maps o f  such hybr ids  show d i f f e r e n t  p a t t e r n s  

in both a and p  cha in  gene p ro d u c t s  (Augustin and Sim, 1984).

Thus,  the  d i s c o v e ry  and i n v e s t i g a t i o n  o f  the  T c e l l  r e c e p t o r  

a t  the  genomic and p r o t e i n  le ve l  has y i e ld e d  in fo rm a t io n  as to  the  

s t r u c t u r e  and c o n s t i t u e n t  p a r t s  of  the  T c e l l  r e c e p t o r  the  problem

of  what the  r e c e p t o r  ' s e e s '  in MHC r e s t r i c t i o n  has no t  been re so l  ved 

(Zinkernagel  and Doherty,  1979; M atz inger ,  1981; Hunig and Bevan, 

1982).  The p resence  of  t h r e e  groups o f  genes found in T c e l l s  does 

not  r u l e  ou t  the  p o s s i b i l i t y  t h a t  t h r e e  types  of  h e t e r o t y p i c  r e c e p t o r  

dimers could be p roduced ,  i . e  a £ ,  a y ,  j V , nor i s  t h e r e  any in fo rm a t io n  

about  the  p o s s i b l e  fo rm at ion  of  homotypic r e c e p t o r  d im ers .  F u r t h e r

work on the  ontogeny and r e g u l a t i o n  a t  genomic,  RNA and p r o t e i n  l e v e l s  

may give i n s i g h t  i n t o  the  phenomena o f  T c e l l  r e c o g n i t i o n .

However, r e c e n t  r e p o r t s  s u gges t  t h a t  a n t i - s e l f  H-2 r e c e p t o r s  

may be exp re s sed  p r i o r  to  e n t r y  i n t o  the  thymus and hap lo ty p e

s p e c i f i c i t y  d i f f e r e n c e  in the  sp leen  in Tq c e l l s  and t h e i r  p r e c u r s o r s

(Kruisbeek  e t  a l , 1981; M orr issey  e t  al , 1982) have c om pl ica ted  the

i n i t i a l  o b s e r v a t i o n s  of  Zinkernagel  e t  a l , (1976) .  In d u c t io n  o f

Tq c e l l  f u n c t i o n  r e q u i r e s  in a d d i t i o n  to  Tq c e l l  p r e c u r s o r s ,  la 

p o s i t i v e  a n t ig e n  p r e s e n t i n g  c e l l s  ( F a r r a r  e t  al , 1980),  T^ c e l l s

(F inberg  e t  al , 1979) and a f a c t o r  which induces  Tq c e l l

d i f f e r e n t i a t i o n  (R au le t  and Bevan, 1982).



The c o r r e l a t i o n  of  Lyt s u r f a c e  phenotype with  f u n c t i o n a l  phenotype 

as r e c e n t l y  been p laced  in doubt by a r e p o r t  t h a t  Lyt 2+ c e l l s  a re  

apable  of  ' h e l p i n g '  B c e l l s  i f  t h e r e  e x i s t s  a d i f f e r e n c e  in the 

1-2K o r  D reg ion  o f  the  MHC between the  B c e l l s  and Tj-j c e l l s  (Swain 

and P a n f i l i ,  1979).  Fur thermore ,  a Lyt 2~ c e l l  l i n e  has been developed 

rthich i s  s p e c i f i c a l l y  c y t o t o x i c  f o r  p r o d u c t s  o f  the  H-2I r eg ion  

(Dennert  e t  a l , 1981; Swain e t  al , 1981).  A h y p o th e s i s  has been 

proposed t h a t  Lyt a n t ig e n s  may mark Tq c e l l s  which a r e  e i t h e r  H-2K/D 

region  or  H-2I reg ion  s p e c i f i c  to  account  f o r  the  seeming d i s p a r i t y  

between s u r f a c e  Lyt a n t ig e n  phenotype and f u n c t i o n  (Swain e t  al ,

1981).  This  hypo thes i s  c o n t r a s t s  s t r o n g l y  with  p r e s e n t e d  d a t a  t h a t  

in vi t r o  g enera ted  p r im ary  a n t i  H-2I reg ion  Tq c e l l s  bear  L y t - 2 as 

do a n t i  H-2K/D reg ion  s p e c i f i c  Tq c e l l s  ( M i l l e r  and Stutman,  1982; 

Rock e t  a l , 1983 ).

The o t h e r  ma jor su b se t  o f  mature T c e l l s  i s  the  Lyt l +2+ 

su p p re s so r  c e l l s  (Tsupp ) ,  which r e g u l a t e  the  a c t i v i t y  of  B c e l l s ,  

Tq c e l l s  and Td j h  c e l l s  (Taniguchi  e t  a l , 1976; Kontia inen  and

Feldmann, 1977; Lieu,  1981). TSUpp c e l l s  a r e  th ough t  to  produce  

a p r o d u c t ( s )  which a c t  on Lyt l +2+ c e l l s  as a m p l i f i e r s  o f  s u p p r e s s i o n  

r a t h e r  than e f f e c t o r s  (Germain and B en a c e r r a f ,  1980).  This  f a c t o r ( s )  

s e c r e t e d  from TSUpp has d i r e c t  s u p p re s s iv e  a c t i o n  on in  v i t r o  B c e l l  

an t ib o d y  p ro d u c t io n  and Tq f u n c t i o n  and produces  s p e c i f i c  a n t ib o d y  

responses  in H-2I reg ion  incom pa t ib le  recombinant  inb red  mice (L ieu ,  

1981; Yamauchi e t  a l , 1981).  Fur thermore i t  has been r e p o r t e d  t h a t  

c e l l - f r e e  t r a n s l a t i o n  p ro d u c ts  o f  p o ly  A-mRNA from an AKR 

lymphoma/splenic s u p p re s s o r  c e l l  hybr id  p roduces  an a n t ig e n  s p e c i f i c  

b i o l o g i c a l l y  a c t i v e  f a c t o r  (Weider e t  a l , 1982).

Recen tly  a s e r i e s  of  a l l o a n t i g e n s  has been d e s c r ib e d  on T^ and 

TSUpp c e l l s  which do not  bind a n t i g e n s ,  but  a re  ex p re s sed  on Lyt



l +2~ and Lyt l +2+ c e l l s  c a l l e d  Tindd and Tsud r e s p e c t i v e l y .  I n j e c t i o n  

of  a n t i  s e ra  a g a i n s t  Tsud i n t o  mice causes  supp re s s ion  of  B c e l l  

r e s p o n s e s ,  whereas i n j e c t i o n  o f  a n t i s e r a  a g a i n s t  Tindd causes  c y c l i c  

waves o f  s u p p re s s ion  and enhancement o f  B c e l l  r e s p o n s e s .  These 

a l l o a n t i g e n s  a re  encoded by genes downstream of the  immunoglobulin 

locus  on mouse chromosome 12 and a re  l i n k e d  to  the  Igh-1 genes (S pu r l l  

and Owen, 1981).  Using an a n t i - i d i o t y p i c  an t ib o d y  r a i s e d  a g a i n s t  

an a n t ibody  which binds H-2I reg ion  d e t e r m in a n t s ,  a r e c e p t o r  which

binds s e l f  la  a n t ig e n s  has been i d e n t i f i e d  and i t s  e x p r e s s io n  i s  

c o n t r o l l e d  by genes which map c l o s e  to  the  Igh-1 lo c u s  (Nagy e t  al ,

1982).

As b e t t e r  p robes  f o r  s u r f a c e  a n t ig e n s  a re  ev o lv ed ,  the

h e t e r o g e n e i t y  of  s u r f a c e  a n t ig e n  phenotypes  o f  T c e l l  s u b s e t s  and 

t h e i r  c o r r e l a t i o n  with  f u n c t i o n a l  phenotypes  may be r e s o lv e d  (Hiramatsu  

e t  a l , 1982; Hayes and H u l l e t ,  1982; Fukumoto e t  al , 1982).  Above

i s  p r e s e n te d  a s i m p l i f i e d  overv iew,  which a t t e m p t s  to  e x p l a i n  and 

e l u c i d a t e  the  complex i n t e r a c t i o n s  o f  f u n c t i o n a l  T c e l l  s u b s e t s  in 

r e l a t i o n  to  t h e i r  s u r f a c e  a n t i g e n s  as they  a re  c u r r e n t l y  u n d e r s to o d .  

However, i f  i d i o t y p i c  and a l l o t y p i c  r e g u l a t i o n  a re  a l s o  c o n s i d e r e d ,  

the  network o f  p o s s i b l e  i n t e r a c t i o n s  becomes e x ce ed in g ly  complex.

1:9 The Thymus

The thymus i s  a w hite  to  grey  g e l a t i n o u s  e n c a p s u l a t e d  b i l o b e d  

organ which l i e s  p o s t e r i o r  to  the  c l a v i c l e  and s u p e r i o r  to  th e  h e a r t .  

I t  i s  su p p l ie d  wi th blood from the  f i r s t  a rch  o f  the  a o r t a  but

p o s se s s e s  no a f f e r e n t  lym phat ic  d u c t s ,  on ly  e f f e r e n t  d u c t s  which 

d r a in  to  the  para thymic  lymph nodes on e i t h e r  s ide  o f  the  lo b e s  of  

the  organ (Weiss,  1980). The organ i s  d e r iv e d  from the  i n t e r a c t i o n  

o f  the  embryonic ectoderm and endoderm o f  the  t h i r d  pharyngea l  c l e f t



and pouch r e s p e c t i v e l y  w i thou t  i n t e r v e n i n g  mesenchyme (Chiscon and 

Golub, 1972; C ord ie r  and Heremans, 1975). The e p i t h e l i a l  and 

e n d o t h e l i a l  c e l l s ,  s e p a ra t e d  by a basement membrane, a r e  s e t  in a 

m a t r ix  o f  e x t r a c e l l u l a r  m a te r i a l  and c e l l s  o f  neural  c r e s t  o r i g i n  

de r ived  from the  pharyngeal  arch  mesenchyme (Jenkinson e t  al , 1981).

In p e r i n a t a l  and neonatal  l i f e  the  thymus i s  a c o m p a ra t iv e ly  

l a r g e  organ which d e c re a s e s  in  s i z e  a f t e r  p u b e r ty  as the  lymphoid 

c e l l  c o n t e n t  d e c r e a s e s .  As the lymphoid c o n te n t  d e c r e a s e s ,  t h e r e  

i s  concommitant i n c r e a s e  in ' a d i p o c y t e ' -1 ike c e l l s  and in adu l thood  

the  organ becomes i n v o l u t e d .  Premature i n v o l u t i o n  can be induced 

by the  i n j e c t i o n  of  c o r t i c o s t e r o i d s  (Ezine and Papiernik,  1981) and 

pregnancy causes  t r a n s i e n t  i n v o l u t i o n  (Phuc e t  al , 1981).  Only in 

c e r t a i n  immunopathologies i s  the  t r e n d  to  dec re ase  in organ s i z e  

not  seen (Lampkin and P o t t e r ,  1958^.

The thymus i s  a r c h i t e c t u r a l l y  d iv id ed  i n t o  c o r t e x  and m edu l la .  

The c o r t e x  i s  a l a y e r  m n t j  c e l l s  in  t h i c k n e s s  c h a r a c t e r i s e d  by th e  

branching  o f  a r t e r i o l e s  i n t o  c a p i l l a r i e s  a t  the  c o r t i c o - m e d u l 1a r y  

boundary.  The o u t e r  c o r t e x  c o n s i s t s  l a r g e l y  of  medium to  l a r g e  

lym phoblas ts  with  the  mid c o r t e x  and ju x ta -m e d u l1 a ry  c o r t e x  c o n t a i n i n g  

small d en s e ly  packed lymphocytes .  Throughout the  c o r t e x  the  

c a p i l l a r i e s  po s se s s  t i g h t  j u n c t i o n s  and a re  sur rounded by macrophages .  

At the  c o r t i c o - m e d u l l a r y  boundary the  c a p i l l a r i e s  form p o s t - c a p i l 1 a r y  

venu les  wi th c h a r a c t e r i s t i c  high s ided  e n d o t h e l i a l  c e l l s .  In c o n t r a s t  

the  medulla c o n t a in s  much lower  c o n c e n t r a t i o n s  o f  lym phocytes ,  l e s s  

d en s e ly  packed with  a predominance o f  small t o  medium c e l l s  (C an to r  

and Weissman, 1976).

The d i f f e r e n t i a t i o n  of  the  thymus i n t o  c o r t e x  and medulla  can 

be d e f ine d  by immunological c r i t e r i a .  The c o r t e x  c o n t a in s  a m ix tu re  

o f  c e l l s ,  f u n c t i o n a l l y  immature,  with o r  w i thou t  newly a c q u i r e d  matu re



s u r f a c e  an t ig en  phenotypes .  The medulla c o n t a in s  f u n c t i o n a l l y  mature 

c e l l s  with a mixtu re  of  immature and mature s u r f a c e  a n t ig e n  phenotypes .  

Cla rk  (1968) demonst ra ted  t h a t  m i t o t i c a l l y  a c t i v e  c o r t i c a l  c e l l s  

gave r i s e  to  the  small i n a c t i v e  lymphocytes o f  mid- and ju x t a -m e d u l1a ry  

c o r t e x  with  a p r o p o r t i o n  o f  m edu l la ry  c e l l s  undergoing m i t o s i s  (C la rk ,  

1968).

1:10 In t r a th y m ic  Lymphocyte Development

Cons iderab le  e f f o r t  has been expended on d i s c r i m i n a t i n g  

p r e c u r s o r s ,  i n t e r m e d i a t e  s t a g e s  and m atur ing  T c e l l s  in the  thymus 

by examining f u n c t i o n ,  c e l l u l a r  enzymes and s u r f a c e  a n t i g e n s  ( f o r  

rev iew,  see Cantor and Weissman, 1976). H i s t o r i c a l l y ,  i n i t i a l  

i n v e s t i g a t i o n s  r e l i e d  on te c h n iq u e s  which removed o r  a b l a t e d  thymus 

f u n c t i o n .  Thymectomy in e a r l y  neona ta l  l i f e  showed t h a t  both c e l l  

media ted re sponses  and T c e l l  dependent  B c e l l  r e sponses  were l o s t  

in l a t e r  l i f e ,  but  thymectomy a f t e r  6 weeks in mice and 6 months 

in man im pai rs  n e i t h e r  f u n c t i o n ,  a l though  a r e d u c t io n  in  T^ c e l l  

memory was observed (M e tca l f ,  1960; M i l l e r ,  1965). The o t h e r  t e c h n iq u e  

u t i l i z e d  was the  i n j e c t i o n  o f  c o r t i s o n e ,  which causes  l y s i s  o f  »  

90% of  thymic lymphocytes (Weissman, 1973).  I n i t i a l l y ,  c o r t i s o n e  

t r e a tm e n t  was though t  to  a f f e c t  o n ly  c o r t i c a l  thymocytes ,  w i th o u t  

any a p p a re n t  a l t e r a t i o n  in m e du l la ry  thymocytes ,  but  subsequen t  work 

has sugges ted  t h a t  m edu l la ry  thymocytes a re  a l s o  a f f e c t e d  by in  vivo 

c o r t i s o n e  t r e a tm e n t  ( I r l e  e t  al , 1973).  However, i t  should  be noted 

t h a t  c o r t i s o n e  s e n s i t i v i t y  o f  thymocytes v a r i e s . f r o m  s t r a i n  t o  s t r a i n  

in mice (Roe lan ts  e t  a l , 1979). The r e s id u a l  thymocytes ,  a f t e r  in 

vi vo c o r t i s o n e  t r e a t m e n t ,  e x h i b i t  some o f  the  c h a r a c t e r i s t i c s  o f  

p e r ip h e ra l  T c e l l s ;  i . e  PHA and CON-A r e s p o n s i v e n e s s ,  MLR 

re s p o n s iv e n e s s ,  a b i l i t y  to  induce G ra f t  ve r sus  Host (GVH) d i s e a s e ,



p roduc t ion  of  c y t o t o x i c  lymphocytes (CTL) on s t i m u l a t i o n ,  low Thyl+ 

s u r f a c e  a n t ig e n s  ( a g ) ,  high H-2K/D ag,  TL" ag,  and low numbers of  

Qa-2+ c e l l s .  Subsequent  exper imenta l  o b s e r v a t i o n s  have shown t h a t  

some ' im mature '  phenotype c e l l s  a re  r e s i s t a n t  to  c o r t i s o n e  w hile  

some 'm a tu re '  c e l l s  a r e  c o r t i s o n e  s e n s i t i v e  and t h a t  'm a tu re '  

thymocytes in v i t r o  a re  c o r t i s o n e  s e n s i t i v e  ( T r i g l i a  and Rothenberg ,

1981).  Recent  o b s e r v a t i o n s  on c o r t i s o n e  s e n s i t i v i t y  has given  s u p p o r t  

to  the  s u g g e s t io n  t h a t  c o r t i s o n e  r e s i s t a n c e  may be c o n f e r r e d  on 

thymocytes by a thymic humoral f a c t o r ( s )  o r  c e l l - c e l l  i n t e r a c t i o n  

in the  thymus (T r a i n in  e t  a l , 1974).

From the  o b s e r v a t i o n s  o f  a c t io n  o f  c o r t i s o n e  on thymic lymphocytes 

and m i c r o d i s s e c t i o n  o f  the  thymus i n t o  c o r t e x  and m e d u l la ,  the  t h e o ry  

evolved t h a t  prothymocytes  were s e q u e s t e r e d  to  the  o u t e r  c o r t i c a l  

r e g io n ,  underwent d i f f e r e n t i a t i o n  and as d i f f e r e n t i a t i o n  p rocee ded ,  

thymocytes m ig ra ted  to  the  medulla .  This  th e o ry  has p e r s i s t e d  u n t i l  

r e c e n t  exper iments  us ing  quai l  thymic g r a f t s  to  ch ickens  and v ice  

versa  in_ ovo , where i t  was observed t h a t  the  thymic homing p r e c u r s o r  

lymphocytes m ig ra ted  to  both the  c o r t e x  and medul la ( J o t e r e a u  and 

Le Douarin,  1982).

C e l l u l a r  enzymes in the  thymus have been s tu d i e d  in a t t e m p t s  

to  s e p a r a t e  s u b s e t s  o f  c e l l s .  Among the  enzymes s t u d i e d  have been 

DNA l i g a s e ,  TdT and s i a l y l  t r a n s f e r a s e .  In s t u d i e s  on DNA l i g a s e  

in c a l v e s ,  d i f f e r e n t  types  of  enzyme in thymocytes were obse rved :  

a l a rg e  8.2S type and a s m a l l e r  6.2S type (Soderha l l  and L in d ah l ,

1975). In more r e c e n t  s t u d i e s  in  c h i c k e n s ,  the  l a r g e  8 .2S ty pe  l i g a s e  

i s  a s s o c i a t e d  wi th l a r g e  s u r f a c e  a n t ig e n  n e g a t iv e  thym ocytes ,  whereas 

l a rg e  s u r f a c e  a n t ig e n  p o s i t i v e  c e l l s  were devoid o f  any l i g a s e  

a c t i v i t y ,  but  small a n t ig e n  p o s i t i v e  thymocytes c o n t a in  the  6.2S 

form o f  the  enzyme. The 8.2S form has been a s s o c i a t e d  with  DNA



r e p l i c a t i o n  and the 6.2S DNA l i g a s e  wi th DNA r e p a i r  (David e t  al ,

1981).  Other enzymes which have been s tu d ie d  in thymocytes in c lu d e  

TdT, adenos ine  deaminase (ADA) (EC 3 . 5 . 4 . 4 ) ,  p u r in e  n u c l e o s id e  

phosphory lase  (PNP) (EC 2 . 4 . 2 . 1 )  and 5' n u c l e o t i d a s e  (EC 3 . 1 . 3 . 5 ) .

TdT, as p r e v i o u s l y  mentioned ,  c a t a l y s e s  the  a d d i t i o n  o f  

deoxynucleos ide  t r i p h o s p h a t e s  to  the  3 ' OH end o f  DNA w i thou t  a te mpla te .

' This  enzyme i s  r e s t r i c t e d  to  the  bone marrow

and thymus and a l though  i t  has been p u r i f i e d  and b io c h e m ic a l ly  

c h a r a c t e r i s e d ,  i t s  p h y s io lo g i c a l  f u n c t i o n  i s  unknown (Modak, 1979).  

I t  has been sugges ted  t h a t  i t  f u n c t i o n s  as a somat ic  mutagen 

(B a l t im o re ,  1974) and could  c o n t r i b u t e  to  the  g e n e ra t io n  o f  d i v e r s i t y  

in  the  immunologic r e p e r t o i r e  (Boll urn, 1978).  I n i t i a l  i n t e r e s t  in 

TdT c e n t re d  on i t s  occur rence  in bone marrow and thymus,  i t s  age 

and c e l l  m a tu ra t io n  a s s o c i a t e d  d e c l i n e  (Pahwa e t  al , 1981),  i t s

p o s s i b l e  r o l e  as a marker f o r  T l i n e a g e  commitment in marrow (Pazmino 

e t  a l , 1977) and pro thymocy tes  in  the  thymus ( S i l v e r s t o n e  e t  al ,

1976).  TdT+ c e l l s  i s o l a t e d  from bone marrow have been shown to  be 

e a r l y  B c e l l s  (Whit lock  and W i t t e ,  1982) o r  null  c e l l s  (S ch rade r  

e t  a l , 1979) but  TdT has been dem ons t ra ted  in mouse and human

thymocytes .  Although in f o e t a l  and neona ta l  mice the  a c t i v i t y  o f  

the  enzyme i s  low, i t  i n c r e a s e s  to  a d u l t  l e v e l s  one week a f t e r  b i r t h .  

In a d u l t  mice,  l a r g e  p r o l i f e r a t i n g  thymocytes do s y n t h e s i s e  TdT, 

bu t  small n o n -d iv id in g  c o r t i c a l  c e l l s  devote equal o r  g r e a t e r  

p r o p o r t i o n s  o f  t o t a l  p r o t e i n  s y n t h e s i s  to  the  p r o d u c t io n  o f  TdT. 

In l a t e  f o e t a l  and neonatal  mice,  a l though  TdT p ro d u c t io n  i s  low, 

o v e rn ig h t  _ir[ v i t r o  c u l t u r e  induces  TdT p r o d u c t i o n .  Trea tment  with  

a monoclonal a n t ibody  a g a i n s t  the  i n t r a t h y m i c  and p e r i p h e r a l  T c e l l  

s u r f a c e  a n t ig e n ,  Lyt 2,  and complement l y s e s  the  p o p u la t i o n  of  

thymocytes which change from TdT“ to  TdT+ a f t e r  in v i t r o  c u l t u r e



(Rothenberg and T r i g l i a ,  1983). TdT p roduc t ion  i s  induced in PHA

s t im u la t e d  normal human p e r ip h e ra l  blood lymphocytes d u r ing  in v i t r o  

c u l t u r e ,  but  given the  bone marrow and thymus r e s t r i c t i o n  of  TdT+ , 

the i d e n t i t y  of  t h e se  TdT+ c e l l s  i s  unknown u n le s s  they  a re  c i r c u l a t i n g  

B and T c e l l  p r e c u r s o r s .

I n t e r e s t  in TdT, ADA, PNP and 5 ' NT was i n i t i a l l y  s t i m u la t e d  

by the  o b s e r v a t i o n  t h a t  i n d i v i d u a l s  homozygous f o r  ADA and PNP

m uta t ions  s u f f e r  from Severe Combined Immunodeficiency (SCID). These 

m u ta t ions  a re  very  r a r e  and give r i s e  to  c l i n i c a l  p r e s e n t a t i o n s  o f  

i n f a n t s  which f a i l  to  t h r i v e  and a re  prone to  i n f e c t i o n .  On assessm en t  

o f  immunological f u n c t i o n  they  show l i t t l e  o r  no DTH o r  PHA and CON- 

A r e s p o n s e s ,  r a r e l y  make fu n c t i o n a l  a n t ib o d y ,  e x h i b i t  reduced o r  

absen t  thymic shadow and have hypotroph ic  o r  i n v o l u t e d  thymuses on 

au topsy  ( G i b l e t t  e t  al , 1972; G i b l e t t  e t  a l , 1975; Parkman e t  al ,

1975). ADA and PNP a c t  s e q u e n t i a l l y  in  the  p u r in e  sa lv a g e  pathway,  

with ADA i r r e v e r s i b l y  c a t a l y z i n g  the  convers ion  of  adenos ine  t o  i n o s in e  

and PNP r e v e r s i b l y  c a t a l y z i n g  the  convers ion  o f  i n o s in e  o r  guanosine 

to  hypoxanth ine  and guanine r e s p e c t i v e l y .

I n h i b i t i o n  o f  ADA, by the  i n h i b i t o r  coformycin ,  i n h i b i t s  the  

p ro d u c t io n  o f  T c e l l s  from human p r e c u r s o r  lymphocytes ( B a l l e t  e t  

a l , 1976). In v i t r o  s t u d i e s  have shown t h a t  both coformycin and 

excess  2 ' -deo x y ad e n o s in e  (dAr) i n h i b i t  the  m a tu ra t io n  o f  c o r t i c a l  

thymocytes and i n h i b i t  immunocompetent m edu l la ry  thymocyte re sponses  

to  Con-A s t i m u l a t i o n  ( T h u i l l i e r  e t  al , 1981). In s t u d i e s  examining

the  d i s t r i b u t i o n  o f  ADA in r a t  and human thymuses,  i t  was found t h a t

c o r t i c a l  c e l l s  e x h i b i t e d  h ighe r  c o n c e n t r a t i o n s  o f  ADA than m e d u l l a ry  

thymocytes (Barton e t  al , 1979; Chechik e t  a l , 1981).  S i m i l a r l y ,

t h e r e  was found to  be an i n v e r s e  r e l a t i o n s h i p  between ADA and PNP 

c o n c e n t r a t i o n s  in thymocytes and p e r i p h e r a l  T c e l l s ,  w i th  c o r t i c a l



thymocytes e x h i b i t i n g  h ighe r  l e v e l s  of  ADA and lower l e v e l s  of  PNP

than m edu l la ry  c e l l s  and m edu l la ry  c e l l s  showing h ig h e r  l e v e l s  of  

ADA and lower l e v e l s  o f  PNP than p e r ip h e r a l  T c e l l s  (Barton e t  al ,

1980).

I t  has a l s o  been demonst ra ted  t h a t  deoxyguanosine (dGr) exposure 

causes  i n t r a c e l l u l a r  dGTP accumula t ion  and c e l l  dea th  in thymocytes

and the  i n h i b i t i o n  of  p e r ip h e r a l  T c e l l  growth even when PHA o r  C0N- 

A s t im u la t e d  (Cohen e t  a l , 1980; Kefford and Fox, 1982).  The t o x i c  

e f f e c t s  o f  e i t h e r  ADA i n h i b i t i o n  o r  dAr s u b s t r a t e  excess  have been 

shown to  i n h i b i t  T c e l l  growth f a c t o r  (TCGF o r  IL-2) p ro d u c t io n  in

immunocompetent T c e l l s  ( T h u i l l i e r  e t  al , 1981) and dGr has been

employed to  c l e a r  embryonic thymus rudiments  of  the  lymphoid components 

( Jenkinson e t  a l , 1982). dGr was a l s o  used to  i n h i b i t  the  p ro d u c t io n  

o f  c y t o t o x i c / s u p p r e s s o r  c e l l  p r e c u r s o r s  (Dosch e t  al , 1980) and a 

s e r i e s  of  human pro- thymocyte  l i n e s  were p r o t e c t e d  from the  t o x i c  

e f f e c t s  of  dGr by p r i o r  t r e a tm e n t  with  the  tumour promotor 

1 2 - t e t r a d e c a n o y l p h o r b o l - 1 2 - a c e t a t e  (TPA). Not on ly  d id  TPA t r e a t e d  

c e l l s  gain r e s i s t a n c e  to  dGr, but  TdT a c t i v i t y  d i s a p p e a r e d ,  ec to5 'NT 

a c t i v i t y  in c re as ed  3 - f o l d ,  and s u r f a c e  markers o f  m e du l la ry  thymocytes 

and p e r ip h e ra l  T c e l l s  were expressed  (Sacchi  e t  a l , 1983).

5 ' NT i s  an enzyme which i s  p r i m a r i l y  l o c a t e d  on the  o u t e r  s u r f a c e  

o f  the  lymphocyte cy top lasm ic  membrane and has the  f o l l o w in g  r e l a t i v e  

a c t i v i t i e s  with n u c l e o t i d e s :  CMP=UMP=AMP>IMP>GMP>dAMP>dCMP>dTMP.

The i n t r a c e l l u l a r  5 ' NT pool i s  equal to  about  10% of  th e  membrane 

bound form with the  m a j o r i t y  of  d e p h o s p h o ry la t in g  a c t i v i t y  showing 

no s p e c i f i c i t y  f o r  any s u b s t r a t e ,  su g g e s t in g  t h a t  the  m a j o r i t y  of  

t h i s  a c t i v i t y  i s  a t t r i b u t a b l e  to  cy top lasm ic  p h o s p h a t a s e ( s )  r a t h e r  

than 5 1 NT (Conklyn and S i l b e r ,  1982). The r o l e  t h a t  has been sugges ted  

f o r  5 'NT i s  to a l low  r i b o n u c l e o t i d e s  and d e o x y r ib o n u c le o t id e s  to



be conver ted  to t h e i r  co r respond ing  nu c l e o s id e s  en ab l in g  t h e i r  

t r a n s p o r t  a c ro s s  the c e l l  membrane as n u c l e o t id e s  wil l  not  e n t e r  

o r  le ave  c e l l s  u n le s s  dephosphory la ted  (Wortman e t  al , 1979). I t  

has been r e p o r te d  t h a t  thymocytes e x h i b i t  no 5 ' NT a c t i v i t y , . .

bu t  o t h e r  r e p o r t s  cla im  t h a t  p u t a t i v e  pro thymocytes  

c o n t a i n - m o d e r a t e l y  high 5 ' NT a c t i v i t y ,  whereas c o r t i c a l  thymocytes 

have low 5 'NT a c t i v i t y  and i n c re a s e d  5 'NT i s  seen in m edu l la ry  

thymocytes and p e r i p h e r a l  T c e l l s  (Barton e t  al , 1976), I t  has been 

proposed t h a t  thymocytes can be d e f ine d  by t h e i r  enzyme pheno types ,  

with l a r g e  b l a s t  c e l l s  ( p u t a t i v e  p ro th y m o cy te s ) c o n t a in in g  high l e v e l s  

o f  TdT, ADA and deoxynuc leos ide  k inase  and m ode ra te ly  high l e v e l s  

o f  PNP and 5 'NT. C o r t i c a l  thymocytes ,  on the  o t h e r  hand,  w hile  be ing 

the  predominant  c e l l  t y p e ,  c o n ta in  m ode ra te ly  high l e v e l s  o f  TdT 

and ADA but  low c o n c e n t r a t i o n s  of  PNP and 5 'NT. Medullary  thymocytes ,  

c o n s i s t i n g  o f  about  15% of  thymocytes have low l e v e l s  o f  TdT, ADA 

and k in a s e s ,  but  high l e v e l s  of  PNP and 5 'NT l i k e  p e r i p h e r a l  T c e l l s  

(Ma e t  a l , 1982; 1983).

I t  has been r e p o r t e d  t h a t  TdT a c t i v i t y  i s  i n v e r s e l y  r e l a t e d  

t o  s i a l y l  t r a n s f e r a s e  a c t i v i t y .  S ia ly l  t r a n s f e r a s e  c a t a l y z e s  the  

a d d i t i o n  of  s i a l i c  ac id  m o i e t i e s  to  the  te rminal  suga r  r e s i d u e s  o f  

c a rbohydra te  s id e  cha ins  o f  g l y c o p r o t e i n s .  Prothymocytes and . c o r t i c a l  

thymocytes have been shown to  have fewer  te rm ina l  s i a l i c  a c i d  r e s i d u e s  

( J .  P. Banga, Personal  communication) and lower s i a l y l  t r a n s f e r a s e  

a c t i v i t y  than m edu l la ry  thymocytes and p e r ip h e r a l  T c e l l s  (Despont 

e t  a l , 1975). The r e d u c t io n  o f  s i a l i c  ac id  m o i e t i e s  on some thymocyte 

g ly c o p ro t e in s  has been used to  s e p a r a t e  two p o p u l a t i o n s  employing 

peanut  a g g l u t i n i n  (PNA) which b inds  to  p-D -Galac tose  r e s i d u e s  ( R e i s n e r  

e t  a l , 1976),  which a re  blocked by te rm inal  s i a l a t i o n .  I n c r e a s i n g

c o n c e n t r a t i o n s  o f  PNA w i l l  a g g l u t i n a t e  i n c r e a s i n g  numbers o f  thymocytes



up to a maximum of  96%, but  a t  l e v e l s  c o n v e n t i o n a l l y  used,  

approx im ate ly  80-90% of  a l l  thymocytes w il l  be a g g l u t i n a t e d .  However, 

PNA binding in m id - fo e ta l  thymuses (2 weeks g e s t a t i o n )  i s  a t  about

a t h i r d  of  t h i s  l e v e l ,  but  i n c r e a s e s  to  80-90% between 1 and 4 days 

a f t e r  b i r t h  (B e r r ih  e t  al , 1981).

PNA a g g l u t i n a t i o n  of  thymic lymphocytes has been used to d e f in e  

su b se t s  of  thymocytes in c o n ju n c t io n  wi th a n t i b o d i e s  d i r e c t e d  a g a i n s t  

thymocyte s u r f a c e  a n t i g e n s .  H i s t o r i c a l l y ,  the  Thy- 1  a n t i g e n ,  was 

observed on p e r i p h e r a l  T c e l l s ,  when c e l l s  o f  one Thy-1 a l l o t y p e

were i n j e c t e d  i n t o  mice of  a d i f f e r e n t  a l l o t y p e ,  an a n t ib o d y  was 

produced which would bind to T c e l l s  o f  the  i n j e c t e d  a l l o t y p e  and

a l s o  lymphocytes in the  thymus o f  t h a t  Thy-1 a l l o t y p e .  I t  was found

t h a t  PNA+ c e l l s  bore high l e v e l s  of  the  Thy-1 a n t i g e n ,  were c o r t i s o n e  

s e n s i t i v e  and expressed  low l e v e l s  of  the  MHC loc us  p r o d u c t s  H-2K/D 

on t h e i r  s u r f a c e .  PNA" c e l l s  exp res sed  the  o p p o s i t e  pheno type ,  but  

i t  i s  no t  known i f  th e  high Thy-1, low H-2K/D PNA+ c e l l s  a re  the  

p r e c u r s o r s  o f  the  low Thy-1,  high H2K/D, PNA" c e l l s  as  has been 

sugges ted  (Weissman, 1973; Fathman e t  a l , 1975) o r  whether  th e y

r e p r e s e n t  s e p a r a t e  l a r g e l y  independen t  l i n e s  of  thymus lymphocyte 

development (Shortman and Jackson ,  1974; Hopper and Shortman^1976).

The Thy-1 a n t ig e n  appears  on Thy-1" thymus im m igra t ing  c e l l s  

w i th jn  t h r e e  hours of  t h e i r  e n t r a n c e  to  the  organ  (L e p a u l t  and 

Weissman, 1981) but  r e c e n t  work us ing  high t i t r e  monoclonal a n t i b o d i e s ,  

to  examine p o s t - i r r a d i a t i o n  thymocyte r e g e n e ra t i o n  a f t e r  bone marrow 

t r a n s p l a n t a t i o n ,  has demonst ra ted  t h a t  two d i f f e r e n t  p o p u l a t i o n s  

o f  Thyl+ c e l l s  develop s im u l ta n e o u s ly  but  grow a t  d i f f e r e n t  r a t e s .  

High Thyl+ c e l l s  and low Thy-1+ c e l l s ,  appea r  and develop 

s im u l ta n e o u s ly  wi th both p o p u la t i o n s  c o n t a in in g  high p r o p o r t i o n s  

of  l a r g e  c y c l in g  c e l l s  dur ing  e a r l y  r e g e n e r a t i o n .



According to  Kadish and Basch (1976) and Boersma e t  al (1981) ,  

prothymocytes a re  Thyl" and in the  thymus r e g e n e ra t io n  exper iments  

the low Thy-1+ p o p u la t i o n  always preceded  the  high Thy-1+ p o p u l a t i o n .  

The high Thy-1+ p o p u la t i o n  appears  on ly  a f t e r  a d e c r e a se  in the  

r e l a t i v e  number of  low Thy-1+ c e l l s .  All m ig ra t i n g  thymocytes were

l a rg e  a t  the  beg inn ing  o f  the  r e p o p u la t i o n  but  the  f i r s t  small 

lymphocytes d e t e c t e d  were of  the  high Thy-1+ c l a s s  (Boersma e t  a l ,

1982).  These o b s e r v a t i o n s  a re -  in  c o n f l i c t  with  p r e v i o u s l y  r e p o r t e d  

f i n d i n g s  which sugges ted  t h a t  the  high Thy-1+ phenotype was

c h a r a c t e r i s t i c  of  ' immature '  immunocompetent c o r t i c a l  thymocytes ,  

bu t  the  low Thy-1+ phenotype was i n d i c a t i v e  of  'm a tu re '  immunocompetent 

medu l la ry  thymocytes (Fathman e t  a l , 1975; Cantor e t  a l , 1975;

Mathieson e t  al , 197 $ ) .  However, the y  do lend s u p p o r t  to  the

o b s e rv a t i o n s  o f  Shortman and Jackson (1974) o f  independen t  development 

of  d i f f e r e n t  Thy-1+ s u b p o p u la t io n s .

At t h i s  p o i n t  a s t r o n g  c av e a t  must be in t ro d u ced  with  r e s p e c t  

to  o b s e r v a t i o n s  on s u r f a c e  a n t ig e n  phenotype,  r e c e n t  work on the

e x p res s io n  o f  the  Thy-1 a n t ig e n  us ing  monoclonal a n t i b o d i e s  has 

demonst ra ted t h a t  t h i s  a n t i g e n ,  which had h i t h e r t o  been r ega rded  

as r e s t r i c t e d  to  a small p e r c e n ta g e  of  bone marrow c e l l s ,  thymic 

lymphocytes and p e r ip h e r a l  T c e l l s  in the  haemopoie t ic  sys tem,  has 

been shown to  be p r e s e n t  on 25-30% of  a l l  bone marrow c e l l s .  I t  

was found t h a t  m u l t i p o t e n t i a l  stem c e l l s ,  p ro thym ocy tes ,  some B c e l l  

p r e c u r s o r s ,  e o s i n o p h i l s  and some immature myeloid c e l l s  a l l  bore 

the  Thy-1 a n t ig e n  and Thy-1 e x p re s s io n  could be induced by haem opoie t ic  

p r o g e n i t o r  c e l l  s t i m u l a t i n g  f a c t o r ( s )  (Schrader  e t  al , 1982; Basch

and Berman, 1982).  Not on ly  has Thy-1 e x p re s s io n  been observed  in 

c e l l s  not  of  the  T c e l l  l i n e a g e ,  i t  has been demonst ra ted  t h a t  i s o l a t e d  

Thy-1 molecule s  from thymocytes e x h i b i t  h e t e r o g e n e i t y  both w i th  r e s p e c t



t o  g l y c o s y l a t i o n  and s i a l a t i o n  (Hoess l i  e t  al , 1980; Car l sson  and

S t ig b ra n d ,  1982).  When im munoprec ip i ta ted  i o d i n a t e d  Thy-1 thymic 

a n t ig e n s  were su b je c t e d  to  SDS-PAGE t h e r e  was a marked h e t e r o g e n e i t y  

of  a p p a re n t  m o lecu la r  weight  o f  the  a n t ig e n s  p r e c i p i t a t e d ,  i n d i c a t i n g  

m o lecu la r  weight  v a r i a b i l i t y  s u g g e s t in g  v a r i a b l e  g l y c o s y l a t i o n .  

When the  same m a te r i a l  was s e p a ra t e d  by i s o e l e c t r i c  fo cu s in g  ( IEF) ,  

e i g h t  d i f f e r e n t  bands were r e v e a l e d ,  r e f l e c t i n g  v a r i a t i o n s  in s i a l i c  

ac id  c o n te n t  (C ar ls son  and S t ig b r a n d ,  1982; Car l s son  and S t ig b r a n d ,

1983).

I f  such v a r i a t i o n  can occur  in Thy-1 a n t i g e n ,  p ro b a b ly  the  most 

e x t e n s i v e l y  s tu d i e d  thymic c e l l  s u r f a c e  a n t i g e n ,  then  perhaps  t h e r e  

i s  s i m i l a r  v a r i a b i l i t y  in g l y c o s y l a t i o n  and s i a l a t i o n  o f  o t h e r  thymic 

lymphocyte membrane a n t i g e n s ,  which may a l t e r  the  b in d ing  o f  a n t i g e n i c  

e p i to p e s  by s p e c i f i c  a n t i b o d i e s .

Of the  many s u r f a c e  a n t ig e n s  p r e s e n t  on thymic lymphocytes two

a n t i g e n s ,  thymus and B c e l l  a n t ig e n  (ThB) and thymic leukaemia  a n t ig e n  

(TL) ( in  TL+ mice) a re  e x c l u s i v e l y  exp res sed  in th e  thymus.  ThB, 

a l though  on B lymphocytes ,  i s  found on c o r t i c a l  thymocytes  but  not  

on m edu l la ry  c e l l s  o r  p e r i p h e r a l  T c e l l s  (Eckhard t  and Herzenberg ,  

1980; S c o l l a y  and Weissman, 1980).  In exper im en ts  on th e  d i s t r i b u t i o n  

o f  ThB, c o r t i c a l  and s u b - c a p s u la r  c e l l s  were found,  by 

immunofluorescence ,  to  d iv i d e  i n t o  two p o p u l a t i o n s ,  b r i g h t  and dull  

and 50% o f  thymocytes were p o s i t i v e  f o r  t h i s  a n t i g e n .  I t  was found 

t h a t  in lymphoid c e l l s  m ig ra t i n g  to  the  thymus,  ThB s u r f a c e  a n t ig e n  

was low o r  a b s e n t ,  with  the  p e rce n tag e  ThB+ c e l l s ,  10% a t  4 days ,

16% a t  7 days and 50% a t  8 weeks p o s t  partum (Haaijman e t  al , 1981),

but  very  few ThB+ c e l l s  a t  4 hours a f t e r  b i r t h .  TL a n t i g e n  (Boyse 

and Old, 1969; Rothenberg and Boyse, 1979) i s  known to  be ex p re s s e d

on the  s u r f a c e  of  70-80% of  a l l  thymocytes in B6 -TL+ mice ,  s p e c i f i c a l l y



marking c o r t i c a l  c e l l s  (Konda e t  al , 1973; Rothenberg and Boyse,

1979; S co l1 ay e t  a l , 1980). When thymocytes were analysed  by i n d i r e c t  

immunofluorescence wi th monoclonal an t ib o d y  to  TL, approx im ate !y  

80% of the  c e l l s  were TL+ with  good d i s c r i m i n a t i o n  between TL+ and

TL". Most TL+ c e l l s  were small as  d e f in e d  by l i g h t  s c a t t e r ,  wi th 

78% TL+ in the  small c e l l  c l a s s  (82% t o t a l )  and 82% (0.8% t o t a l )

TL+ in the  l a r g e  c l a s s ,  bu t  g r e a t e r  h e t e r o g e n e i t y  o f  TL+ s t a i n i n g

in l a r g e  than in small c e l l s .  When c e l l s  were f r a c t i o n a t e d  with  PNA, 

TL s y n t h e s i s  of  medium and l a r g e  PNA+ c e l l s  was enhanced ,  whereas 

in  small c e l l s ,  compared with  u n f r a c t i o n a t e d  thymocy tes ,  TL s y n t h e s i s  

was reduced s h a r p l y ,  even t a k in g  i n t o  account  t h e i r  low p r o t e i n

s y n t h e s i s .  There was ev idence  o f  TL a n t ig e n  e x p re s s io n  in l a r g e  

PNA" c e l l s  and s y n t h e s i s  was a l s o  observed .  Jjn v i t r o  c u l t u r e  of

u n f r a c t i o n a t e d  thymocytes sh u ts  o f f  TL s y n t h e s i s  bu t  s y n t h e s i s  o f

TdT, H-2 and Lyt2 c o n t i n u e s .  From th e s e  exper im en ts  i t  was concluded 

t h a t  a l though  the  m a j o r i t y  o f  thymic lymphocytes bea r  TL a n t ig e n  

on t h e i r  s u r f a c e s ,  s y n t h e s i s  i s  r e s t r i c t e d  to  l a r g e  thymocyte 

p r e c u r s o r s  (Rothenberg ,  1982).  In both r e c o n s t i t u t e d  i r r a d i a t e d  

mice and j_n v i t r o  f o e t a l  thymus c u l t u r e s ,  i t  has been found t h a t  

Thy-1 a n t ig e n  e x p re s s io n  has p receded  TL s u r f a c e  e x p r e s s io n  in

immigrant thymocytes (L epau l t  and Weissman, 1981) and in f o e t a l  

thymocyte c u l t u r e s ,  Thy-1 e x p r e s s io n  occurs  2-4  days p r i o r  to  TL

s u r f a c e  e x p re s s io n  (Kamarck and G o t t l i e b ,  1977).

The e x p re s s io n  of  Cla ss  I MHC p r o d u c t s ,  H-2K and D a n t i g e n s ,  

has been examined in i n t r a - t h y m i c  lymphoid development .  Thymus homing

c e l l s  express  high l e v e l s  of  H-2K a n t i g e n s ,  in r e c o n s t i t u t i o n
*

exper im en t s ,  with app rox im a te ly  75% of  the  bone marrow d e r iv e d  c e l l s  

p o s i t i v e  a t  3-4 hours and a pp rox im a te ly  90% p o s i t i v e  24 hours a f t e r  

r e c o n s t i t u t i o n  p r i o r  to  e x p re s s io n  o f  s u r f a c e  Thy-1 (L e p a u l t  and



Weissman, 1981).  This  d a ta  i s  c o n s i s t a n t  with o b s e r v a t i o n s  of  e a r l y  

thymic stem c e l l s  jn_ s i t u  ( R i t t e r ,  1978) and thymic g r a f t i n g  (Owen 

and Raf f ,  1970). High ex p re s s io n  of  H2K a n t ig e n s  i s  m a in ta ined  in 

o u t e r  c o r t i c a l  lym phoblas ts  in neonatal  and a d u l t  thymuses and i s  

on ly  d im in ished  in the  ontogeny o f  small c o r t i c a l  lymphocytes (S c o l l a y  

e t  al , 1980a). B io s y n th e s i s  of  H-2K a n t ig e n s  in  thymocytes c o n t in u e s  

th roughou t  i n t r a - t h y m i c  development and CMC e l i m i n a t i o n  o f  Lyt 2+ 

c e l l s  ( app rox im ate ly  85% of t o t a l )  in a d u l t  mice s l i g h t l y  i n c r e a s e s  

the  amount of  H-2K a n t ig e n  s y n t h e s i s  d e t e c t e d  (Rothenberg and T r i g l i a ,  

1981). In c re a s e  in H-2K a n t ig e n  ex p re s s io n  was found to  p receed  

TL a n t ig e n  r e d u c t io n  and l o s s  by 2 days (Abbott  e t  al , 1981) with

m edu l la ry  thymocytes e x p re s s in g  low l e v e l s  of  Thy-1,  TL", in c re a s e d  

H-2K, Lyt 1 and Lyt 2 e x p re s s io n  and the  a c q u i s i t i o n  of  Qa2,3,  as  

well as r e s p o n s iv e n e s s  to  CON-A and PHA s t i m u l a t i o n  (Abbot t  e t  al ,

1981).

The Lyt a n t i g e n s ,  p r e v i o u s l y  mentioned (See S ec t io n  1 : 8 ) ,  a re  

usefu l  markers  f o r  f u n c t i o n a l l y  d e f ine d  T lymphocyte s u b s e t s  (Cantor  

and Boyse, 1975a; 1975b; 1977).  A na lys i s  of  the  d i s t r i b u t i o n  and

e p i to p e  d e n s i t y  o f  both Lyt 1 and Lyt 2 has been performed on

thymocytes .  Monoclonal an t ib o d y  to  Lyt 1 s t a i n s  80-90% of  a l l  thymic 

lymphocytes in 3-6 week mice (Mathieson e t  a l , 1979; S c o l l a y  and

Weissman, 1980),  w ith  s u b - c a p s u la r  l a r g e  thymocytes d i v i d i n g  i n t o  

Lyt 1+ and Lyt l +2+ c l a s s e s .  In neonatal  thymuses,  14% o f  a l l  

thymocytes s t a i n  b r i g h t l y  f o r  Lyt 1 a t  4 hours .  At 24 hours  t h i s

p r o p o r t i o n  has i n c re a s e d  to  32% and expanding to  42% a t  8 weeks 

(Haaijman e t  al , 1981).  In PNA" thymocytes l i t t l e  o r  no Lyt 2 a n t ig e n  

was s y n t h e s i s e d ,  whereas PNA+ c e l l s  s y n th e s i s e d  high l e v e l s  o f  Lyt 

2 a n t ig e n  c o n s i s t a n t  with m e du l la ry  and c o r t i c a l  thymocytes  

r e s p e c t i v e l y  (Rothenberg ,  1982).  In exper im en ts  by Haaijman e t  al



(1981) ,  Lyt 1+ c e l l s  were d e t e c t e d  both in c o r t e x  and m edul la ,  but  

p o p u la t i o n s  of  high Thy-1+ , high Lyt 1+ and low Thy-1+ , high Lyt

1+ were a l s o  d e t e c t e d .  The Lyt l +2 and Lyt l +2+ phenotypes  seen 

in a l l  s u b - p o p u la t io n s  of  thymocy tes ,  may be independen t  l i n e s  

th roughou t  i n t r a - t h y m i c  development ,  r e s i d i n g  in the  medulla and 

c o r t e x  r e s p e c t i v e l y  (Mathieson e t  al , 1979). This hy p o th e s i s  has

been suppor ted  by S c o l l a y  and Weissman (1980) ,  but  the  p o s s i b i l i t y  

of  a common Lyt l +2+ p r e c u r s o r  c e l l  cannot  be ru le d  o u t .

However, f o u r  p h e n o t y p i c a l l y  d i f f e r e n t  s u r f a c e  a n t ig e n  s u b s e t s  

have been d e s c r ib e d :  (1)  medium s i z e d ,  Lyt 2+ , high H-2, low Thy-

1, 5% t o t a l  thymocytes ;  (2)  medium s i z e d ,  Lyt 2“ , high H-2, low Thy- 

1, 10% t o t a l ;  (3) s m a l l ,  Lyt 2+ , low H-2, high Thy-1, 60% t o t a l ;  

(4) l a r g e ,  Lyt 2+ , low H-2, low Thy-1,  23% t o t a l .  P o p u la t io n s  (1) 

and (2)  a re  c o r t i s o n e  r e s i s t a n t ,  and a re  CTL p r e c u r s o r s  and IL-2 

p roduce rs  r e s p e c t i v e l y  (Cered ig  e t  al , 1982);  t h i s  d a ta  has been

suppor ted  by a n o t h e r  group (Draber and Kieslow, 1981).  Although 

s u b s e t s  ( 1 ) and ( 2 ) resemble m e du l la ry  thymocytes p h e n o t y p i c a l l y  

the  r e l a t i o n s h i p  to  each o t h e r  and to  the  o t h e r  s u b s e t s  i s o l a t e d  

i s  as  y e t  unknown.

As i t  has been c a l c u l a t e d  t h a t  99% of  a l l  thymocytes d ie  in

th e  thymus and the  m ig ra t i o n  r a t e  from the  thymus to  the  p e r i p h e r y  

i s  approx im ate ly  1% of  the  t o t a l  lymphoid c e l l  c o n t e n t  p e r  day (B ryan t ,  

1972; S c o l l a y  e t  a l , 1980),  i t  i s  most l i k e l y  t h a t  the  major  phenotypes  

e x p e r i m e n t a l ly  i d e n t i f i e d  mark c e l l s  d e s t i n e d  to  d i e  o r  a r e  the  

p r o g e n i t o r s  of  n o n - fu n c t io n a l  n o n -v ia b l e  c e l l s .

1:11 The Stromal Elements o f  the  Thymus

D i f f e r e n t i a t i o n  from committed p re -T  c e l l  to  mature T c e l l  i s

a complex p ro ces s  invo lv ing  lymphoid /s tromal  i n t e r a c t i o n s  and humoral



f a c t o r s .  Humoral f a c t o r ,  such as thymocyte s t i m u l a t i n g  f a c t o r  (TSF) 

(Di Sabato e t  al , 1979),  i n t e r f e r o n  (Lindahl e t  al , 1974),  thymic

serum f a c t o r  (FTS) (Bach e t  al , 1975) and tumour n e c r o s i s  f a c t o r

(TNF) (Abbott  e t  al , 1981) have been shown to a f f e c t  v a r io u s  s t a g e s  

of  i n t r a - t h y m i c  lymphoid d i f f e r e n t i a t i o n .

FTS has been shown to :  (1)  be produced by thymic e p i t h e l i u m ;

(2) induce va r io u s  T c e l l  markers  as shown by monoclonal a n t i b o d i e s  

on immature thymic lymphocytes ;  (3) induce va r io u s  T c e l l  f u n c t i o n s  

in immature thymocytes (Dardenne e t  al , 1982); (4)  be a b s e n t  in

thymectomised and 'nude '  mice (Dardenne e t  al , 1980). Bovine thymosin 

JS4, a 43 amino ac id  p e p t id e  e x t r a c t e d  from the  thymus,  has been shown 

in  vivo to  i n c r e a s e  the  amount of  TdT+ c e l l s  in the  thymus of  c o r t i s o n e  

p r e - t r e a t e d  mice by more than 50% (Low e t  al , 1981).  F r a c t io n  5 

thymosin and ^ - 1 * thymosin have been shown j j i  v i t r o  to  t r e b l e  the  

amount o f  TdT+ c e l l s  and induce the  ex p re s s io n  o f  Lyt a n t ig e n s  in 

bone marrow c e l l s  and s p l e n i c  lymphocytes .  Three d i f f e r e n t  phenotypes  

were induced ,  TdT+ , TdT+ Lyt+ , TdT" Lyt+ . In normal mice ,  t r e a t m e n t  

induced 80% more TdT+ ' Lyt+ c e l l s  from TdT" Lyt" bone marrow c e l l s  

and 80% more TdT+ c e l l s  exp res sed  Lyt a n t i g e n s .  In 'nude '  mice ,  

Lyt a n t ig e n s  were induced on TdT" c e l l s  and 80% more TdT+ c e l l s  

expressed  Lyt a n t ig e n s  a f t e r  exposure to  the  p e p t id e  (G o!dschne ider  

e t  a l , 1981).

I t  has been shown t h a t  thymic e p i t h e l i a l  c e l l s  p o s s e s s  s p e c i f i c  

high a f f i n i t y  r e c e p t o r s  f o r  o e s t r o g e n s ,  androgens  and c o r t i c o s t e r o i d s .  

Treatment of  e p i t h e l i a l  c e l l s  with th e se  d i f f e r e n t  s t e r o i d s  causes  

the  r e l e a s e  of  f a c t o r s  which have the  a b i l i t y  to  enhance o r  d e c r e a s e  

lymphoid c e l l  p r o l i f e r a t i o n  (Stimson and C r i l l y ,  1981).

Non-lymphoid c e l l s  of  the  thymus c o n ta in  a component of  

monocyte/macrophage c e l l s  from the  p e r i p h e r y  whose i n c r e a s e  i s



concommitant wi th the a c q u i s i t i o n  o f  la a n t ig e n s  by the  c e l l s  of  

the thymus (Jordan  e t  al , 1979) and i n c r e a s i n g  age (Jenkinson e t

al , 1981). Other  thymic non-lymphoid c e l l s  a r e :  (1) e n d o t h e l i a l

c e l l s  which l i n e  the  v a s c u l a t u r e  o f  the  organ ;  ( 2 ) e p i t h e l i a l  c e l l s  

a d j a c e n t  to  and s e p a r a t e d  from the  v a s c u la r  beds by a basement 

membrane; (3)  s tromal mechanocytes ( f i b r o b l a s t s )  and re t i c u lu m  c e l l s  

in the  su r round ing  mesenchymal m a t r i x .  There have been no r e p o r t s  

o f  the  f u n c t i o n  o f  thymic r e t i c u lu m  c e l l s ,  a l though  th e y  may be r e l a t e d  

to  o r  i d e n t i c a l  to  the  r e t i c u lu m  c e l l s  of  the  sp leen  and lymph nodes.  

The s u r f a c e  a n t ig e n s  o f  r e t i c u lu m  c e l l s  of  sp leen  and lymph nodes 

have been d e s c r ib e d  in the  mouse (Steinman and Nussenzweig,  1980) 

and a re  thought to  a c t  as  s t i m u l a t o r s  o r  m e d ia to r s  in p r im ary  lymphoid 

responses  (Steinman and Witmer, 1978),  syngeneic MLR (Nussenzweig 

and Steinman,  1980) and produce a s o lu b le  f a c t o r ( s )  e s s e n t i a l  f o r  

mitogen r e s p o n s iv e n e s s  o f  T lymphocytes ( K l i n k e r t  e t  al , 1980).

Reticulum c e l l s  share  common a n t i g e n s  with  many bone marrow c e l l s  

(Steinman and Nussenzweig,  1980; B e l l e r  and Unanue, 1980) and have 

been p laced  in  the  l e u c o c y te  l i n e a g e  (Nussenzweig e t  a l , 1981).

The s u r f a c e  a n t i g e n s  o f  thymic e p i t h e l i a l  c e l l s  have been 

d es c r ib e d  f o r  normal and 'nude '  mice ( Jenk inson  e t  a l , 1981).  'Nude'  

(nu+/ n u + ) mice a re  homozygous f o r  an autosomal m u ta t i o n ,  which in 

pharyngeal  d e r i v a t i v e s ,  r e s u l t s  in a s p e c i f i c  thymic d e f e c t  (H a i^  

1974). While 'nude '  mice do p o s s e s s  lymphoid stem c e l l s  and 

committed p re -T  c e l l s ,  normal i n t e r a c t i o n s  between thymic stromal 

c e l l s  and lymphoid e lements  do not  occur  (Wortis  e t  a l , 1971). As 

a consequence of  t h i s  f a i l u r e  o f  i n t e r a c t i o n ,  'nude '  mice e x h i b i t  

a c o n d i t io n  which resembles  a t a x i a  t a n g e l e c t a s i a , Nezelof  and Di 

George syndromes and SCID in man. The r e s u l t  o f  a l l  t h e s e  c o n d i t i o n s  

i s  a t o t a l  l a ck  of  T c e l l  f u n c t i o n  and a concommitant  immunodef iciency



due to  the  l a c k  of  T and B c e l l  i n t e r a c t i o n .  However, CTL have been 

induced in 'nude '  mice j_n yivo (Wagner e t  al , 1980) and j_n v i t r o

(Gil l  i s  e t  al , 1979) by the  a d d i t i o n  of  c e l l  f a c t o r s  from normal 

mice.  In c o n t r a s t ,  t h e r e  have been no r e p o r t s  o f  h e l p e r ,  s u p p re s s o r

or  T c e l l  dependent  B c e l l  response  i n d u c t i o n .  I t  has been

demonst rated  in 'nude '  mice t h a t  normal s t romal/ Iymphoid  i n t e r a c t i o n s  

and t h e i r  consequences (Chiscon and Golub, 1972) do no t  occur  (C ord ie r  

and Heremans, 1975) and t h a t  thymic c e l l s  from normal a d u l t s  with 

morphological  and u l t r a s t r u c t u r a l  c h a r a c t e r i s t i c s  of  e p i th e l i u m  bear  

both H-2K/D and H-2I reg ion  p ro d u c ts  on t h e i r  s u r f a c e  (Van Ewijk 

e t  al , 1980).  However, ' e p i t h e l o i d '  c e l l s  of  the  'nude '  mouse thymus 

bear  H-2K/D reg ion  p ro d u c t s  but  do not  e x p re s s  H-2I reg ion  p ro d u c t s  

on t h e i r  s u r f a c e  (Wekerle e t  a l , 1980; Jenkinson e t  al , 1981).

Complexes o f  s tromal and lymphoid c e l l s  were f i r s t  d e s c r ib e d

as r e t i c u l o - e p i t h e l i a l  complexes which could be i s o l a t e d  from i n t a c t  

mouse thymuses by enzyme d i g e s t i o n  (Loor,  1979). I t  was no t  u n t i l

th e se  complexes were ana lysed  s e r o l o g i c a l l y  and ul t r a - s t r u c t u r a l l y  

t h a t  the  e p i t h e l i a l  c e l l  component o f  t h e s e  s t r u c t u r e s  could  be 

d i f f e r e n t i a t e d  from ' r o s e t t i n g '  f o rm a t ions  found in thymic d i s s o c i a t i o n  

p r o t o c o l s  (Wekerle e t  al , 1980).  The ' r o s e t t i n g '  s t r u c t u r e s  may

be due to  the  i n c re a s e d  adherence  o f  thymic lymphocytes f o r  a l l  s tromal 

c e l l s ,  non-thymic and thymic ,  in comparison to  p e r i p h e r a l  lymphocytes 

(L u r iya ,  1979).

The e p i t h e l i a l / I y m p h o i d  complexes,  a l s o  known as Thymic Nurse 

Cell (TNC) complexes a re  composed o f  lymphoid c e l l s  r e s t i n g  in  s e a l e d

membrane i n v a g i n a t i o n s  of  the  e p i t h e l i a l  c e l l s  which each c o n ta in
£

up to  25 small to  medium lymphocytes .  The nurse c e l l s  e x p re s s  H- 

2K/D and H-2I r eg ion  p ro d u c ts  on t h e i r  s u r f a c e ,  but  l a c k  e x p r e s s io n  

o f  Thy-1,  Lyt 1, Lyt 2, Qa4, Qa5, s u r f a c e  immunoglobulin and do no t



bind PNA. The lymphocytes of the TNC, in the  i n v a g i n a t i o n s ,  appea r

to  be FjIi^ i n t a c t ,  metabol ic a l  1 y a c t i v e ,  d i s p l a y  high m i t o t i c  a c t i v i t y

and a re  sealed,  from the  e x t e rn a l  environment  as demonst ra ted  by the 

e x c lu s io n  o f  f e r r i t i n .  The membranes o f  the  nurse c e l l s  show t i g h t  

and gap j u n c t i o n s  with a d j a c e n t  e p i t h e l i a l  c e l l s  in f r e e z e  f r a c t u r e  

and e x h i b i t  cy top lasm ic  to n o f i l a m e n t  bundles in t h i n - s e c t i o n  e l e c t r o n  

mic roscopy,  a l l  c h a r a c t e r i s t i c  o f  e p i t h e l i a l  c e l l s .  The membranes 

l i n i n g  th e  i n v a g i n a t i o n s  show a r e a s  o f  c l o s e  c o n t a c t s  with  lymphocytes 

in  t h i n - s e c t i o n  e l e c t r o n  microscopy  and int ramembraneous p a r t i c l e s  

resembl ing  gap ju n c t i o n a l  p laques  in f r e e z e  f r a c t u r e  e l e c t r o n  

microscopy .  The e x p re s s io n  o f  H-2K/D and H-2I reg ion  p ro d u c t s  by 

both e p i t h e l i a l  c e l l s  and macrophages sugges ted  a r e l a t i o n s h i p  but

t h i s  was d ism issed  due to  l a c k  o f  t i g h t  j u n c t i o n s  and t o n o f i l a m e n t

bundles  in macrophages and the  i n a b i l i t y  o f  e p i t h e l i a l  c e l l s  to  

phagocytose  zymozan p a r t i c l e s  (Wekerle e t  a l , 1980). These TNCs

a re  found near  v a s c u l a r  e lem en ts  (Hwang e t  a l , 1974) o r  in the

su b c a p s u la r  a rea  o f  the  thymus (Born and Wekerle,  1982).

1:12 Gap J u n c t io n  Formation by P e r ip h e ra l  lymphocytes

The evidence  f o r  gap j u n c t i o n  fo rm at ion  by p e r i p h e r a l  lymphocytes 

i s  c o n t r a d i c t o r y .  I t  has been r e p o r t e d  t h a t  p e r i p h e r a l  lymphocytes 

become e l e c t r i c a l l y  coupled in the  p resence  o f  the  T c e l l  mitogen 

phytohaemaggl u t i n i n  (PHA) (Hii lser  and P e t e r s ,  1972; 01 i v i e r a - C a s t r o  

e t  a l , 1973). PHA causes  b l a s t  c e l l  t r a n s f o r m a t io n  in T c e l l s  a f t e r  

in v i t r o  c u l t u r e ,  but  on ly  a f t e r  3 days (Unanue e t  a l , 1972; Greaves 

and Janossy ,  1973). This T c e l l  mitogen i s  thought  to  f u n c t i o n  by 

i t s  a b i l i t y  to  bind sugar  m o i e t i e s  on s u r f a c e  g l y c o p r o t e i n s .  As 

the  l e c t i n  i s  t e t r a v a l e n t ,  i t  not  on ly  binds s u r f a c e  m olecu le s  in 

the  p lane  of  the  membrane, caus ing  them to  be bound t o g e t h e r  to  form



' p a t c h e s ' ,  which the lymphocyte r e d i s t r i b u t e s  i n t o  a p o l a r  ' c a p ' ,

but  a l s o ,  because of  the  t e t r a v a l e n t  n a tu re  of  the  l e c t i n ,  lymphocytes 

a g g l u t i n a t e .  The p ro c e s s  of  ' capp ing  ' and ' p a t c h i n g '  i s  though t  

to  mimic the  b ind ing  of  a n t ig e n  which s t i m u l a t e s  m i t o s i s .  However,

the  e l e c t r i c a l  coup l ing  d a t a ,  was g a the red  dur ing  the  i n i t i a l  p e r io d  

of  lymphocyte a g g l u t i n a t i o n ,  when t h e r e  i s  maximum c e l l / c e l l  membrane 

a p p o s i t i o n .  R es t ing  lymphocytes po s se s s  very low membrane p o t e n t i a l s  

of  app rox im ate ly  -lOmV which r i s e  to  app rox im ate ly  -25mV a f t e r  PHA 

a g g l u t i n a t i o n  (Hii lser  and P e t e r s ,  1972; 01 i v i e r a - C a s t r o  e t  al , 1973).

Large a r e a s  of  c e l l  / c e l l  membrane c o n t a c t  i s  known to  give r i s e  to  

spu r ious  e l e c t r i c a l  c o u p l in g ,  bu t  f r e e z e  f r a c t u r e  r e p l i c a s  of  PHA 

a g g l u t i n a t e d  lymphocyte membranes d i s p l a y  transmembranous p a r t i c l e  

a g g re g a t io n s  resembl ing  gap j u n c t io n a l  p la q u e s .  However, t h e s e  

p a r t i c l e s  appea r  on the  endoplasmic  (E) face  with  c o r re spond ing  

in d e n t a t i o n s  on the  p ro to p la s m ic  (P) face  (Kapsenberg and Leene,  

1979) and,  as  such ,  resemble f r e e z e  f r a c t u r e d  i n v e r t e b r a t e  j u n c t i o n a l  

p laques  (E p s te in  and G i l u l a ,  1977).  Such f r e e z e  f r a c t u r e  p a t t e r n s  

have never been d e s c r ib e d  in any o t h e r  v e r t e b r a t e  systems th u s  f a r  

examined.  I t  i s  u n c l e a r  whe ther  t h e s e  s t r u c t u r e s  a re  t r u e  gap 

j u n c t i o n s ,  whose f r e e z e  f r a c t u r e  morphology has been p e r tu r b e d  by 

the  a d d i t i o n  o f  PHA, o r  PHA-induced a r t e f a c t s ,  o r  mere ly  a r t e f a c t s

induced by f i x a t i o n  and s u r f a c e  r e p l i c a t i o n  (MacIntyre e t  al , 1974).  

MacIntyre (1976) r e p o r t e d  ' s e p t a t e - l i k e '  j u n c t i o n a l  complexes on 

lymphocytes jjn v i t r o  but  l i t t l e  a t t e n t i o n  has been pa id  to  t h i s  

o b s e r v a t i o n .  I t  has not  been p o s s i b l e  to  dem ons t ra te  m e ta b o l i c  

coupl ing  in PHA t r e a t e d  lymphocyte c u l t u r e s  (Cox e t  al , 1976) in

c o n t r a s t  to  the  r e p o r t s  of  e l e c t r i c a l  coup l ing  and dye t r a n s f e r .  

At tempts to dem onst ra te  m e t a b o l i t e  exchange between primed CTL and 

t a r g e t  c e l l s  have a l s o  been unsuccess fu l  (Sanderson e t  al , 1977),



as have a t t em p t s  to dem onst ra te  gap j u n c t i o n s  m o rp h o lo g ic a l 1y in 

the same system (Matter* - , 1979),  a l though  dye t r a n s f e r  has been 

r e p o r te d  in the  CTL/ ta rge t  system (Sell  in e t  al , 1971) and in PHA 

t r e a t e d  PBL (Sel l  in e t  a l , 1971).

There have been no r e p o r t s  of  e l e c t r i c a l  c o u p l in g ,  dye t r a n s f e r ,  

m e t a b o l i t e  exchange,  o r  gap j u n c t i o n  s t r u c t u r e s  in u n t r e a t e d  lymphocyte 

c u l t u r e s .  I t  may well be the  case  t h a t ,  the  j u n c t i o n s  d e t e c t e d  

e l e c t r i c a l l y  in PHA t r e a t e d  lymphocytes ,  a r e  analogous  to  the  

dem ons t ra t ion  o f  e l e c t r i c a l  coup l ing  in i n s e c t  e p i t h e l i a l  segmental 

boundar ie s  and l a t e  zygote development where e l e c t r i c a l  c o u p l in g ,  

but  not  dye t r a n s f e r  i s  d e t e c t e d  (See S ec t ion  1 :5 ) .  I t  i s  a l s o  

p o s s i b l e  t h a t  PHA induced e l e c t r i c a l  coup l ing  i s  a r t e f a c t u a l  , c r e a t e d  

by l a r g e  a r e a s  of  c e l l / c e l l  membrane a p p o s i t i o n  or  by the  i n d u c t io n  

o f  t r a n s i e n t  cy top lasm ic  b r id g es  b rought about  by the  p e r t u r b a t i o n s  

of  s u r f a c e  molecule s  and c o a le s cen ce  o f  i n d i v i d u a l  membranes because 

o f  the  PHA c r o s s l i n k i n g  and r e d i s t r i b u t i o n  o f  s u r f a c e  m o lecu le s .  

However, PHA induced coupl ing  a s i d e ,  t h e r e  have been numerous r e p o r t s  

o f  c l o s e  membrane i n t e r a c t i o n s  i n v o lv in g  lymphocytes in  the  ontogeny  

and responses  of  the  immune system.



CHAPTER 2

MATERIALS AND METHODS



'Variables won't3 constants a re n 't'

Don Osborn



2 :1  Ma_t ej- i aj_s 

2 : 1 . 1  C h e m i c a l s

Hydroxy-ethylene p i p e r a z i n e  e t h a n o - s u lp h o n ic  ac id  (HEPES) and 

di-methyl  su lphoxide  (DMSO) were o b ta in ed  from Koch-Light Ltd; Tryps in  

(Bovine Pancreas :  EC 3 . 4 . 2 1 . 4 ) ,  g lu tamine  and hepar in  from Flow Labs 

Ltd;  May-Grunwald, Giemsa and Rhodamine B s t a i n s  and Depex were 

ob ta ined  from Gurr & Co. Ltd; Amfix f i x e r  from May and Baker Ltd;  

AR10 a u t o r a d i a g r a p h i c  s t r i p p i n g  f i l m ,  PAN-F and PAN-atomicX 35mm 

photograph ic  f i l m s ,  D19 d e v e lo p e r  and Photo -F lo  were o b ta in e d  from 

Kodak Ltd;  M i l l ip o re  f i l t e r s  from M i l l i p o r e  (UK) Ltd;  g l a s s  f i b r e  

f i l t e r s  from Whatman Ltd; 13mm d ia m e te r  g l a s s  c o v e r s l i p s  from Chance 

Bros Ltd; Ficol 1-400 ,  Ficol 1- I sopaque  and Perco l l  were o b ta in ed  from 

Pharmacia Ltd; Col lagenase  Type IV (C l o s t r i d i  urn p e r f r i n q e n s : EC

3 . 4 . 2 4 . 3 )  from Worthington Biochemicals  Ltd; Hyalu ron idase  (Ovine 

t e s t e s ,  EC 3 . 2 . 1 . 3 5 )  i n j e c t i o n  grade from Fisons Ltd o r  Worth ington 

Biochemicals  Ltd; Dispase ( B. polymyxa, n e u t ra l  p r o t e a s e ,  EC 3 . 4 . 2 4 . 4 )  

was ob ta ined  from Boehr inger  Corpo ra t ion  Ltd.  F lu o re s c e in  d i - a c e t a t e  

and Ouabain were ob ta ined  from Sigma Chemicals Ltd.  H orse ra d ish  

perox idase  con juga ted  Peanut  a g g l u t i n i n  (HRP-PNA) was o b ta in e d  from 

Miles-Yeda Ltd; Di-phenyl oxazolone  (PPO) from I n t e r n a t i o n a l  Enzymes 

Ltd;  T r i ton  X-100 was ob ta ined  from Baush & Lomb Ltd.  P o ly - e t h y l e n e  

g lyco l -2000  (PEG) was ob ta ined  from Serva Ltd; P hy tohaem agg lu t in in  

was ob ta ined  from Wellcome Labs Ltd;  Agarose was o b ta in e d  from 

Calbiochem Ltd. Other  chemicals  were BDH A nala r  grade o r  e q u i v a l e n t .

2 :1 .2  Media
s

Glasgow and Dulbecco 's  modif ied  E a g l e ' s  medium were made from 

lOx conce n t ra te d  l i q u i d  s tocks  ( Flow Labs Ltd; f o r  f o r m u l a t io n  s ^ e 

c u r r e n t  Flow c a t a lo g u e .  The media were d i l u t e d  with  s t e r i l e  w a te r ,



b u f fe red  by the  a d i t i o n  of  IM sodium b ic a rb o n a te  to  give a f i n a l

c o n c e n t r a t i o n  of  80mM and supplemented with  10% Newborn Cal f  serum 

(ECi q ) o r  10% Foetal  Ca l f  serum (EFCi q ).  Sera were o b ta in ed  from 

Flow Labs Ltd o r  Gibco B io c u l t  Ltd.  Media were l e f t  o v e rn ig h t  a t

37°C to  check f o r  s t e r i l i t y .  RPMI 1640 medium was made from 

powdered medium w i thou t  b ic a rb o n a te  o r  g lu tamine  and b u f f e r e d  by

a d d i t i o n  of  1M HEPES to  a f i n a l  c o n c e n t r a t i o n  o f  20mM. lg o f  sodium 

b ic a rb o n a te  was added p e r  l i t r e  to  y i e l d  a f i n a l  c o n c e n t r a t i o n  of  

lOmM and the  pH was a d j u s t e d  to  7 .3  by a d d i t i o n  o f  1M sodium hydroxide 

p r i o r  to  f i l t e r  s t e r i l i s a t i o n  in 5 l i t r e  b a t c h e s ,  us ing  0.22pM 

M i l l i p o r e  f i l t e r s .  The medium was s to r e d  a t  4°C in  500ml a l i q u o t s  

u n t i l  i t  was r e q u i r e d ,  when i t  was supplemented with  10% Foetal  C a l f  

serum and g lu tamine 20mM f i n a l  c o n c e n t r a t i o n  and l e f t  o v e r n ig h t  a t  

37°C to  t e s t  f o r  s t e r i l i t y .  No a n t i b i o t i c s  were added u n t i l  a f t e r

s t e r i l i t y  t e s t i n g . .  All media f o r  a n t ib o d y  p rocedu res  was supplemented 

with 10% FCS which had been i n a c t i v a t e d  by i n c u b a t io n  a t  56°C f o r

30 minu tes .

2 : 1 . 3  Radiochemicals

[ 3H]-hypoxanthine (1.2Ci/mM), [ 3H ] - u r i d in e  (30Ci/mM) and [ 3H]- 

thymidine (18Ci/mM) were su p p l ie d  by Arnersham I n t e r n a t i o n a l ,  Amersham.

2 : 1 . 4  Anti s e ra

Monoclonal a n t i b o d i e s  F7D5 mouse IgM a n t i - m o u s e  Thy l .2  a s c i t e s

f l u i d  (A kind g i f t  o f  Dr. D.E. Kipp);  11 -4 .1  mouse IgG2aK an t i -m o u s e

H-2Kk a s c i t e s  f l u i d  (A kind g i f t  o f  Dr. W. C u s h ley ) ;  10 -3 .6  mouse
$

IgG2a an t i -m o u s e  IA^ a s c i t e s  f l u i d  (Kindly  dona ted  by Dr. J .  J o n e s ) ;  

53-7 .313  r a t  IgG2a a n t i -  mouse Lyt-1 c u l t u r e  s u p e r n a t a n t ;  53 -6 .72  

r a t  IgG2a a n t i -  mouse Lyt2 hybridomas were a l l  o b t a in e d  i n i t i a l l y



from the Sal k Cell D i s t r i b u t i o n  Cen t re .  Rhodamine con juga ted  a n t i  

mouse whole IgG (Lot S 003) ;  F lu o re s c e in  con jugated  a n t i -m o u s e  whole 

IgG (Lot S 090);  Rhodamine con juga ted  a n t i - r a t  whole IgG (Lot S 6 8 6 ) ;  

f l u o r e s c e i n  con juga ted  a n t i - r a t  whole IgG (Lot S 001) were o b ta in e d  

from Miles-Yeda Ltd.

2 :1 .5  Cell C u l tu re  Lines

The fo l low ing  c e l l  c u l t u r e  l i n e s  were used:  BHK21/C13 (C13),

Syr ian baby hamster  kidney f i b r o b l a s t s

and TG2, the  th io - g u a n in e  r e s i s t a n t  HGPRT“ mutant  (HGPRT , EC 2 . 4 . 2 8 )  

s u b l in e  of  C13 ( L i t t l e f i e l d ,  1966);  BRL, b u f f a lo  r a t  l i v e r  e p i t h e l i a l  

c e l l s  (Coon, 1968).  L929/A9, the  8 -azaguan ine  r e s i s t a n t  HGPRT" mutant

ce l l  l i n e  ( L i t t l e f i e l d ,  1966) d e r iv e d  from L929 (S a n f o r d ,  1948),

a C3H/An mouse embryo f i b r o b l a s t ;  HEp-2, a human l a ry n g e a l  carcinoma 

ce l l  l i n e  (Toolan,  1954); HeLa, a human c e rv i c a l  carcinoma c e l l  l i n e  

(Gey, 1952); Raji (A),  Raji (A)TG, Raji (A)BUdR, an a d h e r e n t  sub

l i n e  and the  HGPRT" and TK" (TKase, EC 2 . 7 . 1 . 2 1 )  d e r i v a t i v e s  o f  a

human B u r k i t t s  B m a x i l l a r y  lymphoma ( P u l v e r t a f t ,  1964) were g i f t s

of  P ro f .  A.R. Wil l iamson.  All o t h e r  c e l l s  were from s to c k s  held  

by the  Wellcome T issue  C u l tu re  U n i t ,  I n s t i t u t e  o f  B io c h em is t ry ,

U n i v e r s i t y  o f  Glasgow, o r  from the  Beatson I n s t i t u t e  f o r  Cancer 

Research,  Glasgow.

2 :1 .6  S a l t  S o lu t io n s  and Formol S a l in e

Balanced s a l t  s o l u t i o n  (BSS) and phosphate  b u f f e r e d  s a l i n e  (PBS) 

were fo rmula ted  as in 'Cell  and T issue  C u l t u r e '  (P au l ,  1973) and 

formol s a l i n e  c o n s i s t e d  o f  10% ( v / v ) ,  40% (w/v) Formaldehyde in 0.5%

sodium c h l o r i d e  and 1.5% sodium s u lp h a t e  s o l u t i o n .



2:2 Methods

2 :2 .1  Maintenance of  c e l l  l i n e s

All c e l l s  wi th the  exce p t io n  of  L929, L929/A9, Raji  and Swiss 

and BALB/c 3T3 c e l l s  were grown in ECiq (Glasgow m o d i f i c a t i o n )  a t

37°C in an atmosphere of  95% a i r ,  5% CO2 in g l a s s  Roux b o t t l e s  o r

75cm2 t i s s u e  c u l t u r e  f l a s k s  (Nunc L td ) .  L929, L929/A9 and 3T3 c e l l s  

were grown a t  37°C in 5% CO?, 95% a i r  in Glasgow modif ied  Eagles  

medium with  10% f o e t a l  c a l f  serum (ECFiq)- Raji and lymphoid c e l l s  

were grown in RPMI 1640 (Flow Labs Ltd) b u f fe red  with  20mM HEPES

and supplemented with  10% f o e t a l  c a l f  serum, 20mM glu tamine  and 50pM 

B-mercaptoethanol  in  a i r  a t  37°C. All c e l l s  were s u b c u l t u r e d  ev e ry  

3-4 days ,  d i l u t e d  1:10 in the  case  o f  f i b r o b l a s t s  and e p i t h e l i a l

c e l l  l i n e s ,  i n t o  f r e s h  t i s s u e  c u l t u r e  v e s s e l s  a f t e r  l i g h t  

t r y p s i n i s a t i o n  (0.25% in 20mM c i t r a t e  b u f f e r )  and p i p e t t i n g  to  produce  

s i n g l e  c e l l  su sp e n s io n s .  Raji c e l l s  d id  not  r e q u i r e  t r y p s i n i s a t i o n ,  

on ly  p i p e t t i n g .  C e l l s  were counted us ing  an ' Improved Neubauer '  

haemocytometer  o r  with  a C o u l t e r  Counte r .  V i a b i l i t y  was a s s e s s e d  

by dye e x c lu s io n  o f  1:1 0.1% Trypan Blue in PBS. V i a b i l i t y  was a l s o  

measured by s t a i n i n g  c e l l s  with a 9 :1  s o l u t i o n  o f  f l u o r e s c e i n  d i a c e t a t e  

f u r t h e r  d i l u t e d  1:50 in serum f r e e  medium from a s to ck  s o l u t i o n  (5mg/ml 

in Acetone) and in c u b a t io n  f o r  15 minu tes  a t  room t e m p e ra t u r e .  A f t e r  

in c u b a t io n  the  c e l l s  were exmamined by phase c o n t r a s t  o r  f l u o r e s c e n c e  

microscopy and counted us ing an ' Improved Neubauer '  haemocytometer .

2 :2 .2  Lymphocyte S epa ra t ion

Venous blood was c o l l e c t e d  by venepunc tu re  i n t o  h e p a r i n i s e d  

c o n t a i n e r s  (200  ll/ml) and lymphocytes were s e p a r a t e d  by a m o d i f i c a t i o n  

of  the Boyum method (Boyum, 1964). B r i e f l y ,  the  h e p a r i n i s e d  f r e s h  

blood was d i l u t e d  1:1 with BSS o r  s e rum -f ree  RPMI 1640 (SF-RPMI)



and l a y e re d  onto Ficol  1— Isopaque ( p = 1 .077g/ml“ 1 (Pharmacia Ltd) 

in the  r a t i o  of  2 p a r t s  s e d im en ta t io n  medium to  5 p a r t s  d i l u t e d  blood 

in s t e r i l e  s i  1 i c o n i s e d  50ml g l a s s  c e n t r i f u g a t i o n  tubes  (Corning Ltd) 

and c e n t r i f u g e d  a t  500g f o r  40 minu tes  a t  room te m p e ra tu r e .  A f t e r  

c e n t r i f u g a t i o n  the  c e l l  band a t  the  i n t e r f a c e  was removed and washed 

f o u r  t imes in l a r g e  volumes of  SF-RPMI to  remove p l a t e l e t s  and any 

r e s id u a l  Fi col 1 - I s o p a q u e .  The washed mononuclear  c e l l s  were 

resuspended to  the  i n i t i a l  blood volume in 20% FCS RPMI and inc u b a ted  

a t  37°C f o r  1 hour on g l a s s  o r  p l a s t i c  to remove monocyte/macrophage 

c e l l s .  The non -adhe ren t  c e l l s  were removed by shak ing  and g e n t l e  

washing with  SF-RPMI a f t e r  in c u b a t io n .  The suspens ion  was washed 

twice wi th SF-RPMI and resuspended in 10% FCS complete RPMI. The 

suspension  con ta in ed  more than  90% lymphocytes e s t i m a t e d  by 

May-Grunwald Giemsa s t a i n i n g  and the  v i a b i l i t y  was g r e a t e r  than  95% 

in a l l  p r e p a r a t i o n s .  The a d h e re n t  c e l l s  were shown to  be o f  th e  

monocyte/macrophage l i n e a g e  us ing  the  same s t a i n i n g  t e c h n iq u e .

2 :2 . 3  [^H j-U r id ine  N u c leo t id e  T r a n s f e r

F re sh ly  t r y p s i n i s e d  c o n f l u e n t  bulk c u l t u r e s  were t r a n s f e r r e d  

a t  1 x 1 0 ^  c e l l s  i n t o  50mm t i s s u e  c u l t u r e  d i s h e s  (5 m l /d i s h )  c o n t a i n i n g  

13mm s t e r i l e  c leaned  g l a s s  c o v e r s ! i p s  (Chance Bros Ltd) and in c u b a te d  

o v e rn ig h t .  Donor c u l t u r e s  were s e t  up a t  the  same t ime a t  1 x 1 0 ^  

c e l l s  in 5ml o f  EFCiq in  a 50mm t i s s u e  c u l t u r e  d i s h ,  l e f t  o v e r n i g h t  

a t  37°C and p u l s e d  the  nex t  morning f o r  3 hours w i th  lOpCi o f  [^H]- 

u r id i n e  p e r  d i s h .  At the  end o f  th e  l a b e l l i n g  p e r i o d ,  th e  l a b e l l i n g  

medium was removed and the  monolayers washed t h r e e  t im es  wi th  

u n l a b e l l e d  medium to  remove u n in c o rp o ra te d  [ ^ H ] - u r i d i n e .  The washed 

donor c e l l s  were then  t r y p s i n i s e d  and reduced to  a s i n g l e  c e l l  

suspens ion be fo re  adding to  the  u n l a b e l l e d  r e c i p i e n t s  in  th e  d i s h e s



with  the c o v e r s l i p s ,  a t  a r a t i o  of  1 donor c e l l  to  2 r e c i p i e n t s .  

The donors and r e c i p i e n t  c e l l s  were c o - c u l t u r e d  f o r  3 hours a t  37°C. 

At the end of  the  c o - c u l t u r e  p e r io d  the  c e l l s  were washed t h r e e  t imes 

with  BSS to  remove any u na t tached  donor c e l l s  and f i x e d  with two 

washes of  10% formol s a l i n e  o f  5 and 15 minutes  r e s p e c t i v e l y .  The 

c o v e r s l i p s  were then t r a n s f e r r e d  to  washing racks  and the  ac id  s o lu b le  

c e l l  m a te r ia l  was e x t r a c t e d  with  3 washes o f  excess  i c e - c o l d  5% T r i 

c h l o r o a c e t i c  a c id  (TCA) o f  15, 5 and 1 minute r e s p e c t i v e l y .  The 

c o v e r s l i p s  were then  washed with  2 changes o f  d i s t i l l e d  w a te r  and 

dehydra ted  with  one wash o f  a b s o lu t e  a l c o h o l .  A f t e r  the  c o v e r s l i p s  

had d r i e d  they  were mounted, c e l l s  uppermost ,  with  DEPEX, on g l a s s

microscope s l i d e s .  When d ry ,  the  s l i d e s  were d ipped in g e l a t i n e

chrome alum s o l u t i o n  and l e f t  to  d ry .  The dry  dipped s l i d e s  were

covered with  Kodak AR10 s t r i p p i n g  f i l m  ( S a f e l i g h t ,  Wrat ten  No. 1) 

and p laced  in a l i g h t - t i g h t  box c o n t a in in g  s i l i c a  gel to  d ry  the

s t r i p p i n g  f i l m .  A f t e r  7-10 days exposure  the  s l i d e s  were developed  

in Kodak D19 d e v e lo p e r  a t  20°C f o r  5 m in u te s ,  f i x e d  in  a 1:5 d i l u t i o n

of  Amfix w i thou t  ha rdene r  (May and Baker Ltd)  a t  20°C f o r  4 m in u te s ,

washed in tap  w a te r  f o r  2 minutes  and s t a i n e d  in a 1 :2 0  d i l u t i o n

of  Giemsa s t a i n  (Gurr  & Co. Ltd)  f o r  1 minute .  In the  case  o f

a u to ra d io g ra p h s  c o n t a in in g  lymphoid c e l l s ,  a 1:20 d i l u t i o n  o f  May-

Grunwald S ta in  was added to  the  d i l u t e d  Giemsa s t a i n  to  enhance the  

s t a i n i n g  of  the  lymphoid c e l l s .  A f t e r  d ry ing  th e  a u t o r a d i o g r a p h s ,

a n o th e r  13mm g l a s s  c o v e r s l i p  was mounted with  DEPEX on top o f  the

f i l m .  When d ry ,  the  s l i d e s  were viewed under xlOO o i l  immersion 

p lan  o b j e c t i v e  us ing  a L e i t z  Orthoplan  microscope .

2 : 2 . 4  Metabolic C o-opera t ion

C o -c u l tu r e s  o f  HGPRT" mutant  c e l l s  with w i ld - t y p e  c e l l s  in  a

1:1  r a t i o  were seeded in t i s s u e  c u l t u r e  d i s h e s  c o n t a i n i n g  g l a s s



resuspended in SF-RPMI, mixed,  washed and p e l l e t e d  by c e n t r i f u g a t i o n

a t  500g f o r  5 minu tes  d i s g a r d i n g  the s u p e r n a t a n t  each time and ta pp ing  

the tube to  d i s r u p t  the  p e l l e t .  The c e l l s  were b rought to  37°C and 

0.8ml of  50% (w/v) PEG-2000 in SF-RPMI a t  37°C was added to  the  f i n a l  

p e l l e t ;  the  mix ture  was s t i r r e d  a t  37°C f o r  1 minute then  l e f t  to

stand  f o r  1 minute .  At the  end of  t h i s  t im e ,  5ml o f  SF-RPMI a t  37°C

was added dropwise over  5 minutes  while  s t i r r i n g .  Another 5ml of  

SF-RPMI was added to  the  c e l l s  (while s t i r r i n g  c o n t i n u e d ) ,  which 

were then c e n t r i f u g e d  a t  500g f o r  10 minu tes  and washed twice  wi th  

SF-RPMI to  remove the  p o ly e th y le n e  g l y c o l .  The r e s u l t a n t  p e l l e t

was resuspended in 40ml of  complete RPMI and d i spensed  i n t o  20 w e l l s  

of  two 24-well p l a t e s  a t  1ml p e r  w e l l .  Two w e l l s  o f  each p l a t e  were 

seeded with p a r e n t a l  c e l l s  a t  5x10^ c e l l s / m l  in 1ml o f  complete medium 

and the  p l a t e s  incuba ted  a t  37°C o v e r n i g h t .  The nex t  day 1 ml o f  

L929/A9 con d i t io n ed  complete medium, c o n t a in in g  5x l0“^M ami n o p te r i n  

(A), 6x10"5m, hypoxanthine (H) and 2xlO“ ^M thymidine was added to  

each w e l l .  The w e l l s  were fed  eve ry  second day by removing 1ml o f  

medium from each well and r e p l a c i n g  i t  with  1ml o f  f r e s h  c o n d i t i o n e d  

HAT medium, f o r  4 weeks.  The w e l l s  were v i s u a l l y  checked a t  f e e d i n g  

f o r  growth,  in the  w e l l s  c o n t a in in g  p a r e n t a l  and hybr id  c e l l s .  A f t e r  

s e l e c t i o n ,  the  s u r v iv in g  c e l l s  were t r y p s i n i s e d ,  po o le d ,  s u b c u l t u r e d  

and t e s t e d  f o r  m e tabo l i c  c o o p e r a t io n ,  f ro z e n  down and s t o r e d  in l i q u i d  

n i t r o g e n  a t  the  second p assage .

2 :2 .7  Condi t ioned  Medium

Fresh s t e r i l e  complete medium (200ml) was added to  Roux b o t t l e s  

c o n ta in in g  c o n f lu e n t  L929 o r  L929/A9 c e l l s  f o r  e i g h t  hou rs .  The



medium was then removed, c e n t r i f u g e d  a t  900g f o r  15 minutes  a t  4°C, 

f i l t e r e d  through  a 0.22pM Mi 11 ipo re  f i l t e r  and s to r e d  in 50ml a l i q u o t s  

a t  4°C u n t i l  r e q u i r e d .

2 :2 . 8  D i s s o c i a t i o n  of  the  Thymus

Mice o f  va ry ing  ages 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 ,  

washed in 70% ethanol  (70:30 (v /v )  e thanol  : d i s t i l l e d  H?0) and the  

ven t ra l  sk in  removed by making two c u t s  a t  s i x t y  degrees  to  each 

o t h e r  under the  mandib le ,  to  the  end of  the  t h o r a c i c  cage ,  p e e l i n g  

back and p in n in g .  The exposed t h o r a c i c  cage was washed with  70% 

ethanol  to  remove any r e s id u a l  h a i r  and an i n c i s i o n  was made us ing  

s t e r i l e  s c i s s o r s ,  by l i f t i n g  the  c l a v i c l e  wi th s t e r i l e  f o r c e p s  and 

c u t t i n g ,  with  the  p o i n t s  o f  the s c i s s o r s  p o i n t i n g  upwards, down th e  

sternum from top to  bottom of  the  r i b  cage .  The r i b s  were fo ld e d  

back and the  under ly ing  m e s e n t e r i e s ,  which anchor  the  thymus to  th e  

r i b  cage ,  were c u t .  The organ was s e p a r a t e d  from i t s  do rsa l  

m e s e n t e r i e s ,  t a k in g  ca re  to  exc lude  the  para thymic  lymph nodes l y i n g  

on e i t h e r  s id e  of  the  organ .  The thymus was removed and held  by 

i t s  v a s c u l a t u r e  t a k in g  ca re  not  to d i s r u p t  the  c a p s u l e .  The i n t a c t  

thymuses were washed in two changes of  SF-RPMI b e fo re  be ing  minced 

in t o  1mm fragm en ts ,  u s u a l l y  two murine thymuses to  5ml o f  incomple te  

medium. The fragments  were d ig e s t e d  in a 50mm t i s s u e  c u l t u r e  d i s h  

c o n ta in in g  13mm d ia m e te r  g l a s s  c o v e r s l i p s ,  to  y i e l d  s u f f i c i e n t  a d h e r in g  

e p i t h e l i a l  c e l l s  f o r  n u c l e o t id e  t r a n s f e r  ex p e r im en t s .  The f ragm en ts  

were d ig e s t e d  us ing  1000 Uni ts  o f  Hya lu ron idase  (F isons  Ltd) and 

200 Unit s  o f  Type IV c o l l a g e n a s e  (Worthington Biochemicals  Ltd) f o r  

30 minutes  a t  37°C. The l i b e r a t e d  c e l l s  were a s p i r a t e d  from the  

r e s id u e  and d i l u t e d  in 10ml SF-RPMI. The medium was r e p l a c e d  with  

a f u r t h e r  5ml SF-RPMI c o n t a in in g  double the  enzyme c o n c e n t r a t i o n



and the d i g e s t i o n  con t inued  f o r  a f u r t h e r  20 minu tes .  The l i b e r a t e d  

c e l l s  were again  a s p i r a t e d  and d i l u t e d ,  then pooled with  the  f i r s t

d i g e s t  p r o d u c t s .  The r e s id u e  was again  suspended in 5ml SF-RPMI 

c o n ta in in g  1000U of h y a lu ro n i d a s e ,  200U of c o l l a g e n a s e  Type IV and 

7.5U of Dispase I (Boehr inge r  L td ) .  This  m ix tu re  was in cuba ted  f o r  

30 minutes  a t  37°C, with  the  r e s id u e  being p i p e t t e d  up and down twice 

dur ing  the  in c u b a t io n .  The c e l l s  l i b e r a t e d  i n t o  the  medium were 

added to  the  pooled l i b e r a t e d  c e l l s  from the  two p r e v io u s  rounds

of  d i g e s t i o n  and washed tw ice  in  SF-RPMI by c e n t r i f u g i n g  a t  500g

f o r  10 m inu tes .

2 :2 . 9  Discontinuous  D ens i ty  C e n t r i f u g a t i o n  o f  Thymus C e l l s

9ml s to ck  Pe rco l l  ( p o ly -v in y l  p y ro l id o n e  (PVP) coa ted  c o l l o i d a l  

s i l i c a ,  Pharmacia Ltd) was made i s o t o n i c  by th e  a d d i t i o n  o f  8 9 6 . 5pl 

of  Hanks (xlO) BSS, 45.5pl  o f  1M HC1 and lOOpl o f  1M HEPES pH7.3

(Ulmer and FIad,  1979).  The r e s u l t i n g  s to ck  medium has a d e n s i t y

o f  1.123g/ml and an o s m o la r i t y  o f  301 mOs M. From t h i s  s t o c k ,  

s o l u t i o n s  o f  vary ing  d e n s i t y  were made us ing  the  fo rmula :

p = ( %  s tock  P e rco l l  x 0.001186)  + 1.0041 g/ml

The d e n s i t i e s  o f  the  r e s u l t a n t  s o l u t i o n s  were checked by 

r e f r a c t i v e  index us ing  an Abbe r e f r a c t o m e t e r .  I s o t o n i c  P e rc o l l  

s o l u t i o n s  of  d e c re a s in g  d e n s i t y  were o v e r l a i d  in 4x8ml a l i q u o t s  i n t o

50ml s t e r i l e  s i  1 i c o n i s e d  g l a s s  c e n t r i f u g a t i o n  tu b e s  and 15ml o f  thymus

c e l l  suspension  c o n t a in in g  between 2-5x10^ c e l l s / m l  were c a r e f u l l y

la y e re d  on top o f  the  g r a d i e n t .  The g r a d i e n t s  were c e n t r i f u g e d  a t

600g f o r  40 minutes a t  room te m p e ra tu re .  The o v e r ly i n g  SF medium 

was a s p i r a t e d  and the r e s u l t a n t  bands o f  c e l l s  which had accumula ted  

a t  the  d e n s i t y  i n t e r f a c e s  were p i p e t t e d  i n t o  SF-RPMI and washed in

20ml o f  SF-RPMI t h r e e  t imes  to  remove r e s id u a l  P e r c o l l .



2 :2 .10  F ix a t io n  of  Acid Soluble  N uc leo t ide  Pools with  G1 u ta ra ld e h y d e  

In an a t tem p t  to  in c re a s e  the  s e n s i t i v i t y  and r e s o l u t i o n  of  

the n u c l e o t id e  t r a n s f e r  t e c h n iq u e ,  c e l l s  were l a b e l l e d  in the  same 

manner as p r e v i o u s l y  d e s c r ib e d  (See Sec t ion  2 : 2 . 3 ) ,  washed and f i x e d  

as befo re  o r  wi th vary ing  c o n c e n t r a t i o n s  (3% - 5%) of  gl u ta ra ld e h y d e  

f o r  vary ing  t imes  (5 - 20 m i n u te s ) .  The f i x e d  c e l l s  were p ro c e s s e d  

as be fo re  f o r  au to ra d io g ra p h y  o r  t r e a t e d  as be fo re  to  e x t r a c t  the  

ac id  s o lu b l e  and ac id  i n s o l u b l e  c e l l u l a r  p o o l s ,  which were then 

e s t im a ted  by l i q u i d  s c i n t i l l a t i o n  cou n t in g .

2 :2 .11  Phytohaemagglu t in in  (PHA) S t im u la t i o n  of  P e r ip h e ra l  

Blood Lymphocytes (PBL)

P e r ip h e ra l  blood lymphocytes (PBL) were s e p a r a t e d  from f r e s h l y  

drawn h e p a r i n i s e d  venous blood as p r e v i o u s l y  d e s c r ib e d  (See S e c t io n  

2 : 2 . 2 )  and s t im u la t e d  with Phytohaemagglu t in in  (PHA). PBL suspended 

in complete RPMI a t  1x10^ c e l l s /m l  were incuba ted  with  lOpg PHA/ml 

o f  lymphocyte c u l t u r e  a t  37°C in hum id i f ied  a i r  f o r  a maximum o f  

3 days .  The c e l l s  were pu lsed  f o r  3 hours with  2pCi/ml [ ^ H j - u r i d i n e  

a t  va r ious  t imes  a f t e r  the  a d d i t i o n  o f  PHA to  the  c u l t u r e s .  The 

pu lsed  c e l l s  were washed and added to  r e c i p i e n t  c e l l  c u l t u r e s  to  

a s say  f o r  j u n c t i o n  fo rm at ion  by measur ing [ ^ H ] - u r id i n e  n u c l e o t i d e  

t r a n s f e r .  The c u l t u r e s  were l e f t  f o r  3 hours a t  37°C and p ro c e s s e d  

f o r  au to ra d io g ra p h y  as d e s c r ib e d  b e fo re  (See S ec t ion  2 : 2 . 3 ) .

2 :2 .1 2  T i t r a t i o n  of  Complement f o r  Complement Mediated 

C y t o t o x i c i t y  (CMC)

Guinea p ig  serum was p repa red  from f r e s h  blood c o l l e c t e d  by 

c a rd i a c  punc tu re  under e t h e r  a n a e s t h e s i a ,  by a l lo w in g  the  blood to  

c l o t  a t  4°C f o r  4 hours .  The r e s u l t a n t  serum was ab s o rb e d ,  with



lg of  Agarose (Calbiochem Ltd) to eve ry  5ml of  serum f o r  1 hour a t  

4°C. The agarose  was removed by c e n t r i f u g a t i o n  a t  lOOOg f o r  30 minu tes  

a t  4°C. The r e s u l t a n t  absorbed  serum was d iv ided  i n t o  lOOpl a l i q u o t s  

and r a p i d l y  f rozen  in an a c e t o n e / s o l i d  carbon d io x id e  m ix ture  and 

s to r e d  in ampoules a t  -20°C u n t i l  r e q u i r e d .  A f r e s h l y  e x t r a c t e d  

s i n g l e  c e l l  suspension  o f  murine thymocytes a t  1x10? c e l l s /m l  in 

10% hea t  i n a c t i v a t e d  FCS complete RPMI was p l a t e d  in 96 well p l a t e s

in lOOpl a l i q u o t s .  Doubling d i l u t i o n s  o f  absorbed gu inea p ig  serum

were added to  the  w e l l s  in d u p l i c a t e  and the  p l a t e s  incuba ted  a t  

37°C f o r  45 minu tes .  At the  end o f  the  i n c u b a t io n  lOpl o f  d i l u t e d  

s to ck  f l u o r e s c e i n  d i a c e t a t e  ( f i n a l  c o n c e n t r a t i o n  lOpg/ml ) s o l u t i o n  

was added to  the  w e l l s  and the  c e l l s  in cuba ted  f o r  a f u r t h e r  15 minu tes  

a t  room te m p e ra tu re .  An a l i q u o t  o f  the  c e l l s  from each well was 

viewed under a x25 p lan  o b j e c t i v e  by f l u o r e s c e n c e  and v i s i b l e  l i g h t  

microscopy wi th a L e i t z  Orthop lan microscope  to  a s s e s s  v i a b i l i t y .  

For each d u p l i c a t e  200 c e l l s  were viewed and the  mean p e rc e n ta g e  

o f  non -v iab le  c e l l s  a t  each d i l u t i o n  was c a l c u l a t e d .  The h i g h e s t

c o n c e n t r a t i o n  o f  guinea p ig  serum which gave the  same p e rc e n ta g e  

v i a b i l i t y  as the  u n t r e a t e d  c o n t r o l s  was chosen as the  working guinea 

p ig  serum d i l u t i o n  f o r  CMC.

2 :2 .1 3  T i t r a t i o n  o f  A n t ib o d ie s  a g a i n s t  Cell Membrane Components.

Using,  as  b e f o r e ,  f r e s h l y  i s o l a t e d  murine thymocytes as t a r g e t s  

f o r  CMC, thymocytes were p l a t e d  i n t o  96 well p l a t e s  in lOOpl a l i q u o t s

a t  1x10? c e l l s /m l  in 10% hea t  i n a c t i v a t e d  FCS complete RPMI. Hybridoma

s u p e r n a t a n t s  c o n t a in in g  s p e c i f i c  monoclonal a n t i b o d i e s  were used 

in doubling  d i l u t i o n s  in SF-RPMI from ne a t  s u p e r n a t a n t .  Monoclonal 

a n t i b o d i e s  from a s c i t e s  f l u i d s  were d i l u t e d  1:1000 in SF-RPMI p r i o r  

to  doubling d i l u t i o n s ,  due to  the  high t i t r e  of  a n t ib o d y  in  a s c i t e s



f l u i d .  The c e l l s  were incuba ted  a t  the  a p p r o p r i a t e  d i l u t i o n s  of  

an t ibody  f o r  30 minutes  a t  room te m p e ra tu r e .  Guinea p ig  serum was 

added as a source  o f  complement a t  the  optimal c o n c e n t r a t i o n  (See 

S ec t ion  2 :2 . 1 2 )  and the  p l a t e s  were incuba ted  a t  37°C f o r  45 m inu te s .  

A f t e r  i n c u b a t i o n ,  f l u o r e s c e i n  d i a c e t a t e  was added to  g ive  a f i n a l  

c o n c e n t r a t i o n  of  lOpg/ml and the c e l l s  viewed under  phase  c o n t r a s t  

and e p i - f l u o r e s c e n c e  to  de te rmine  the  p e r c e n ta g e  of  n o n -v ia b l e  c e l l s  

compared with  c o n t r o l s .

2 :2 . 1 4  D e tec t ion  o f  G1u c o s e - 6 -Phospha te  Dehydrogenase in 

Murine/Human Somatic Cell Hybrids (EC 1 . 1 . 1 . 4 9 )

The method used was t h a t  o f  Meera Khan (Meera Khan, 1971). 

2 x10  ̂ c e l l s  o f  the  p a r e n t a l  c e l l  l i n e s  and the  somat ic  c e l l  hybr id  

were washed twice  in 20ml of  i c e - c o l d  PBS(A) by c e n t r i f u g a t i o n  a t  

500g f o r  10 m inu tes .  The washed c e l l s  were resuspended in  200pl 

o f  l y s i s  b u f f e r ,  which was 5mM phosphate  b u f f e r  pH6.4,  ImM disodium 

e th y le n e  diamine t e t r a a c e t i c  a c id  (EDTA), ImM B - m e rc a p to e th a n o l , 

0.02mM NADP and held on i c e .  The c e l l  suspens ions  were s o n ic a t e d  

a t  4°C f o r  30 seconds in  micro t e s t  tu bes  and 1ml i c e - c o l d  CC14 added 

and e m u l s i f i e d  by shaking the  capped tube .  The emuls ion was 

c e n t r i f u g e d  f o r  25 minutes  in a Beckman microfuge  (10kg) and th e  

aqueous l a y e r  was removed and s to r e d  a t  -70°C u n t i l  e l e c t r o p h o r e s i s .

C e l lu lo s e  a c e t a t e  gel ( 1 Cel 1o g e l ' Whatmans Ltd) s t o r e d  in  30% 

methanol (30% methanol : 70% d i s t i l l e d  w a te r )  was removed and b l o t t e d  

with  f i n e  g ra in  f i l t e r  pape r .  The b l o t t e d  gel was soaked f o r  10 

minu tes  in  the  running b u f f e r  which was 61.4mM T r i s ,  4mM EDTA, 13.6mM 

c i t r i c  ac id  pH7.5,  b l o t t e d  once more and washed in two more changes 

o f  the running b u f f e r .  The gel was once more b l o t t e d  and a p p l i e d  

to  a h o r i z o n ta l  e l e c t r o p h o r e s i s  tank  (Shandon Ltd) with  an in -b e tw e en -



t h e - s h o u l d e r  gap of  9cm. The c i r c u i t  was completed with f i l t e r  paper  

wicks ex tend ing  i n t o  the  running b u f f e r .  The c e l l o g e l  was e q u i l i b r a t e d  

by running a t  c o n s t a n t  amperage,  200v p o t e n t i a l  d i f f e r e n c e  f o r  10 

m inu tes .  A f t e r  e q u i l i b r a t i o n  5pl o f  the  aqueous l y s a t e  was a p p l i e d  

a t  the  ca thoda l  end of  the  g e l ,  al lowed to  adsorb  and the  c i r c u i t  

completed and the  e l e c t r o p h o r e s i s  run f o r  2% hours .  The c i r c u i t  

was broken,  the  gel removed and r o l l e d  in the  r e a c t i o n  m ix tu re  

compris ing 200pl IM T r i s ,  4mM EDTA pH8.6,  50pl 0.25M CoCl?, 50pl 

disodium gl ucose -6 -phospha te  (20mg/ml), 50pl NADP (4mg/ml),  50pl 

0.25M CoCl?, 50pl disodium g l ucose -6 -phospha te  (20mg/ml) and 50pl 

PMS (0 .4mg/ml) ,  a d s o rb e n t  f ace  down, and l e f t  to  develop f o r  30 minutes  

in a humid atmosphere a t  20°C.

2 :2 .1 5  F luorescence  A c t i v a te d  Cell S o r t i n g  (FACS)

Fresh thymocyte s u spe ns ions  a t  a c o n c e n t r a t i o n  o f  10? c e l l s /m l  

were in cuba ted  f o r  30 minutes  a t  37°C with  an excess  o f  the  a p p r o p r i a t e  

monoclonal an t ib o d y .  A f t e r  in c u b a t io n  the  c e l l s  were washed once 

in  SF-RPMI a t  4°C by c e n t r i f u g a t i o n  a t  250g f o r  10 minutes  and 

resuspended in complete RPMI c o n t a in in g  10% hea t  i n a c t i v a t e d  FCS 

to  the  o r i g i n a l  c o n c e n t r a t i o n  a t  4°C. The c e l l s  were held  on i c e  

u n t i l  FACS a n a l y s i s  was performed.  A n a ly s i s  and s o r t i n g  were per formed 

on a FACS I I  (Becton Dickinson Ltd) and the  c e l l s  i l l u m i n a t e d  with 

an argon l a s e r  (S p ec t r a l  Phys ics  L td ) .  P r i o r  to  a n a l y s i s ,  5pl of  

1:10 d i l u t i o n  o f  f l u o r e s c e i n  con juga ted  a n t i  mouse o r  r a t  whole IgG 

in  SF-RPMI was added to  the  c e l l  suspens ion  and the  suspens ion  mixed.  

The l a s e r  was tuned to  488nm g iv in g  a power o u tp u t  o f  1 w a t t  and 

a b a r r i e r  f i l t e r  of  550nm (Schot  Glass Ltd)  was p la c e d  b e fo re  the  

f l u o r e s c e n c e  d e t e c t o r .  The f low r a t e  o f  the  c e l l s  was s e t  a t  2 ,000 

even t s  p e r  second and 40,000 e v en t s  were accumula ted  f o r  a n a l y s i s .



A f te r  a n a l y s i s ,  an a r b i t r a r y  cu t  o f f  p o i n t  was chosen ,  to d iv i d e  

f l u o r e s c e n t  from n o n - f l u o r e s c e n t  c e l l s  by the d i s t r i b u t i o n  of  

f lu o r e s c e n c e  in the  ana lysed  p o p u la t i o n .  The c e l l s  were run again  

and a minimum of  100,000 c e l l s  were c o l l e c t e d  in each o f  the  channe ls  

in 1ml o f  h ea t  i n a c t i v a t e d  FCS in 15ml s i l i c o n i s e d  g l a s s  c e n t r i f u g a t i o n  

tubes  (Corning Glass L td) .  The s e p a ra t e d  c e l l s  were washed in SFRPMI 

by c e n t r i f u g a t i o n  a t  500g f o r  10 m in u te s ,  resuspended  in  complete

RPMI and used in m e tab o l i c  c o -o p e r a t i o n  exper im en ts  (See S ec t ion  

2 : 2 . 4 ) .

2 :2 .1 6  S t a t i s t i c a l  A na lys i s  o f  Data

Experimental  d a ta  were c o l l e c t e d  and p laced  in f i l e  on the  ICL

2976 mainframe computer  and s u b je c t e d  to  s t a t i s t i c a l  a n a l y s i s  in 

the  MINITAB (Ryan e t  al , 1981) s t a t i s t i c a l  package.  The major

s t a t i s t i c a l  t e s t  used was the  two sample S t u d e n t ' s  t  t e s t ,  a l th o u g h  

the  Mann-Whitney two sample rank t e s t  was used in c o n j u n c t io n  with

the  two sample t  t e s t .  The major advan tages  o f  the  two sample t  

t e s t  i s  t h a t  i t  assumes the  two p o p u l a t i o n s  a re  inde penden t  and do 

not  have equal v a r i a n c e s .  The t e s t  i s  more c o n s e r v a t i v e  than  the  

pooled t  t e s t  and i s  s l i g h t l y  l e s s  pow erfu l .

I f  m ,  >q, s i  and ni  a re  the  p o p u la t i o n  mean, th e  sample mean, 

the  sample s t an d a rd  d e v i a t i o n  and sample s i z e  f o r  sample 1 and P2 » 

X2 , S2 and n2 a r e  the  same f o r  sample 2, then the  nu ll  h y p o th e s i s

i s  mi=M2 and the  a l t e r n a t i v e  i s  mi/m2 anc* the  95% c o n f id e n ce  i n t e r v a l  

i s  c a l c u l a t e d .  As the  samples a r e  no t  assumed to  have equal  v a r i a n c e s  

the  s tan d a rd  d e v i a t i o n  o f  x | -X 2 i s  e s t i m a t e d  by

S



and the t e s t  i s  based on the s t a t i s t i c  1  =  (x}-X2 )

S

This s t a t i s t i c  has ap p ro x im a te ly  a t - d i s t r i b u t i o n  with  approximate  

degrees  o f  freedom given by

n-1 t '

and the  null  h y po the s i s  i . e  ni=P2 r e j e c t e d  f o r  | t |  > t  va lues  of  

a given (95%) p r o b a b i l i t y  with  r e s p e c t  to  the  deg ree s  o f  freedom 

in t  t a b l e s .

The two sample rank t e s t  (Mann-Whitney) t e s t s  the  d i f f e r e n c e  

between two p o p u la t io n  medians and i s  very  powerful i f  the  da ta  a re  

no t  normal ly  d i s t r i b u t e d ,  but  assumes t h a t  th e  da ta  a re  two in dependen t  

random samples with the  same shape and v a r i a n c e .  I f  the  samples 

p o p u la t i o n s  have d i f f e r e n t  shape o r  d i f f e r e n t  s t a n d a rd  d e v i a t i o n s ,  

the  two sample t  t e s t  i s  more a p p r o p r i a t e .



CHAPTER 3 

RESULTS



M reco g n itio n  o f  the f a c t  th a t when one i s  

fa ced  w ith  such a m u ltitu de  o f  d e s ira b le  ch o ices3 

no one choice seems s a t is f a c to r y  f o r  very  long 

by comparison w ith  the aggregate d e s i r a b i l i t y  

o f  a l l  the r e s t3 though compared to  any one o f  

the r e s t  o f  the o th ers  i t  would no t be 

found in f e r io r '

John Barth 1958



3:1 In t ro d u c t io n

The phenomenon of m e t a b o l i t e  exchange can be used to d e t e c t  

gap j u n c t io n a l  communication between c e l l s  in c u l t u r e .  The most 

e f f e c t i v e  t e c h n iq u e s ,  [^H ]-U r id ine  n u c l e o t id e  t r a n s f e r  and m e ta b o l i c  

co -o p e ra t i o n  (See S ec t io n s  1 :2 ,  2 :23 ,  2:24)  have been a p p l i e d  to  

c e l l s  which a t t a c h  and spread on the  s u b s t r a t e .  However, lymphocytes 

a t t a c h  p o o r ly  to  p l a s t i c  o r  g l a s s ,  e x h i b i t  l i t t l e  s p read ing  and 

as a r e s u l t  many lymphocytes a re  l o s t  a t  the  f i x a t i o n  s tag e  of  

s tanda rd  n u c l e o t id e  exchange p ro ced u re s  (See S e c t io n s  2 :2 3 ,  2 :2 4 ) .  

The c e l l s  which do remain a t t a c h e d  p r e s e n t  d i f f i c u l t i e s  o f  s i l v e r  

g r a in  count ing  on a u t o r a d io g r a p h s ,  due both to  t h e i r  high g r a in  

d e n s i t i e s  (small a r e a )  and the  g r a in s  no t  being in the  same foca l  

p lane  caused by the  p a r t i a l l y  f l a t t e n e d  shape o f  the  c e l l s  even 

a f t e r  f i x a t i o n .

3 :1 .1  U r id ine  N ucleo t ide  T r a n s f e r  between RAJI and BHK/C13 C e l l s

In the  f i r s t  i n s t a n c e ,  to  overcome the  above d i f f i c u l t i e s  an 

a d h e re n t  pre-B B u r k i t t s  lymphoma l i n e ,  RAJI, was used in  u r i d i n e  

n u c l e o t id e  t r a n s f e r  expe r im en t s ,  with c e l l s  o f  the  baby hamster  

kidney f i b r o b l a s t  l i n e  BHK/C13(C13 c e l l s ) ,  which a re  known to  form 

gap j u n c t i o n s  ( P i t t s ,  1971) to  t e s t  f o r  j u n c t io n a l  communication.  

Both . p r e l a b e l l e d ,  C13 and RAJI c e l l s  were used as donors and both 

c e l l s  were used as u n l a b e l l e d  r e c i p i e n t s .  S i l v e r  g r a i n s  were counted  

over  r e c i p i e n t  c e l l s  in  c o n t a c t  with  p r e - l a b e l ! e d  donors and i s o l a t e d  

r e c i p i e n t s .  F i f t y  c e l l s  were counted in each p o p u l a t i o n ,  th e  sample 

means were c a l c u l a t e d  and compared s t a t i s t i c a l l y  us ing  the  two sample 

S t u d e n t ' s  t  t e s t  in the s t a t i s t i c a l  package MINITAB (See S e c t io n  

2 : 2 . 1 6 ) .  The da ta  a re  shown in  Table 1.



TABLE 1: URIDINE NUCLEOTIDE TRANSFER BETWEEN RAJI AND BHK/C13 CELLS

n = 50 Mean Grain Count/Cell P > 95% Cl

Donor
C e l l s

R ec ip ien t
C e l l s

C e l l s  in 
Contact

I s o l a t e d  
C e l l s » d f t P

RAJI RAJI 6 . 3 2 (3 .3 3 ) 5 .2 4 (3 .2 7 ) 97 1.63 0.17

RAJI BHK/C13 12 .68 (5 .73 ) 12.88 97 0.502 0 . 6 1 7 (NS)

C13 RAJI 8 .4 8 (3 . 6 3 ) 7 . 8 8 (4 . 6 5 ) 92 0.72 0 . 978(NS)

C13 C13 5 8 .32 (12 .3 ) 12 .32 (4 .47 ) 52 21.6 < 0.0001

Donor c e l l s  p r e - l a b e l  led  f o r  3 hours with  2pCi/ml o f  [^Hj-UdR
were washed,  added a t  5x10^ c e l l s / p l a t e  to  5x10^ u n la b e l l e d  r e c i p i e n t  
c e l l s ,  which were e s t a b l i s h e d  on 13mm s t e r i l e  g l a s s  c o v e r s l i p s  
o v e rn ig h t  in 50mm d i s h e s  and c o - c u l t u r e d  f o r  3 hours .  At th e  end 
o f  the  c o - c u l t u r e  p e r i o d ,  the  c e l l s  were f i x e d  with formol s a l i n e ,
p rocessed  f o r  a u to ra d io g ra p h y  and the  s i l v e r  g r a in s  counted  ove r  
50 r e c i p i e n t  c e l l s  in c o n t a c t  with  donors and 50 i s o l a t e d  r e c i p i e n t s .  
Means, s tan d a rd  d e v i a t i o n s  and deg rees  o f  freedom were c a l c u l a t e d  
and th e se  va lues  s u b je c t e d  to  two sample S t u d e n t ' s  t  t e s t i n g .  Values 
of  111 l e s s  than the  t a b u l a t e d  t e s t  s t a t i s t i c  a t  the  95% p r o b a b i l i t y  
le ve l  a re  c l a s s i f i e d  as n o n - s i g n i f i c a n t  and the  nu ll  h y p o t h e s i s ,  
i e  e q u a l i t y  o f  means, i s  no t  r e j e c t e d .  Values of  111 g r e a t e r  than
the  t e s t  s t a t i s t i c  a l low  the  r e j e c t i o n  o f  the  nul l  h y p o th e s i s  and
the  p r o b a b i l i t y  o f  e r r o r  (P) i s  g iven .



From Table 1, while i t  can be seen t h a t  t h e r e  i s  a h ig h l y  

s i g n i f i c a n t  s t a t i s t i c a l  d i f f e r e n c e  between C13 r e c i p i e n t s  in c o n t a c t  

with p r e l a b e l l e d  C13 donors and i s o l a t e d  C13 r e c i p i e n t s ,  c o n s i s t a n t  

with gap j u n c t i o n  mediated t r a n s f e r .  There i s  no s t a t i s t i c a l  

d i f f e r e n c e  in means between i s o l a t e d  r e c i p i e n t s  and r e c i p i e n t s  in 

c o n t a c t  in any combination where RAJI i s  e i t h e r  donor o r  r e c i p i e n t .

In s i x  a t t e m p t s  of  t h i s  exper iment t h i s  o b s e rv a t i o n  was c o n s i s t e n t l y  

seen ,  s u g g e s t in g  t h a t  i f  RAJI c e l l s  do form j u n c t i o n s ,  d e t e c t i o n  

i s  beyond the  r e s o l u t i o n  o f  t h i s  method.  The observed  r e s u l t ,  

however, could be due to  the  l e n g th  o f  the  c o - c u l t u r e  p e r i o d ,  which 

i s  l i m i t e d  by the  h a l f - l i f e  o f  the  a c t i v i t y  in the  n u c l e o t i d e  p o o l ,  

being too  s h o r t  f o r  d e t e c t a b l e  gap j u n c t i o n  fo rm at ion  t o  o ccu r .

3 :1 .2  Metabo lic C o-opera t ion  between RAJI and BHK/C13-TG2 C e l l s

To t e s t  i f  i n c re a s e d  c o - c u l t u r e  time would a l low  th e  d e t e c t i o n  

o f  gap ju n c t i o n  fo rm at ion  by m e ta b o l i t e  exchange,  a s e r i e s  o f  

exper iments  were performed where RAJI c e l l s  were c o - c u l t u r e d  in 

a 1:1 r a t i o  with  the  HGPRT" mutant  o f  C13 (TG2 c e l l s )  o v e r n i g h t .  

The c u l t u r e s  a re  then  p u lsed  with  [^H j-hypoxanth ine  f o r  3 h o u r s ,  

washed and p rocessed  f o r  au to ra d io g ra p h y .  This  method would a l lo w  

the  e s t a b l i s h m e n t  o f  gap j u n c t i o n s  while  not  r e l y i n g  on th e  

a v a i l a b i l i t y  of  t r i t i a t e d  la be l  f o r  t r a n s f e r ,  as  the  l a b e l  i s  p r e s e n t  

and a v a i l a b l e  th roughou t  the  c o - c u l t u r e ,  r e q u i r i n g  o n ly  p r o c e s s i n g  

from [^Hj-hypoxanth ine  to  [ ^H]- IMP by th e  w i ld - t y p e  RAJI c e l l s .  

TG2 c e l l s  w il l  not  in c o rp o r a t e  s i g n i f i c a n t  amounts o f  hypoxanth ine  

due to  the  HGPRT d e f e c t .  To a s s e s s  gap j u n c t i o n  media ted  t r a n s f e r ,  f  

s i l v e r  g r a in s  over  TG2 c e l l s  in c o n t a c t  with  RAJI c e l l s  and i s o l a t e d  

TG2 c e l l s ,  a r e  counted a f t e r  a u t o ra d io g ra p h y .  D i s c r i m i n a t i o n  o f  

RAJI c e l l s  from TG2 c e l l s  i s  not  d i f f i c u l t  due to  th e  i n a b i l i t y



TABLE 2: SILVER GRAINS OVER TG2 CELLS, ISOLATED OR IN CONTACT WITH

RAJI CELLS, LABELLED WITH [3H] HYPOXANTHINE

Grain counts  
50 C e l l s Mean (SD) Mean (SD) ®df

TG2/RAJI TG2/RAJI I s o l a t e d  TG2c o - c u l t u r e  in c o n t a c t

14.44 (7 .27 )  14.12 (7 .31 )  97 0.219 0.83(NS)

TG2 and RAJI ( lx lO 5 ) c e l l s  were c o - c u l t u r e d  o v e r n i g h t  on 13mm 
g l a s s  c o v e r s l i p s  in 50mm t i s s u e  c u l t u r e  d i s h e s  a t  a 1:1 r a t i o  and 
pu lsed  f o r  3 hours with [^H]-hypoxan th ine (2pC i /m l) ,  washed and 
p rocessed  f o r  au to ra d io g ra p h y .  Grains were counted over  50 TG2 
c e l l s  in c o n t a c t  with  RAJI c e l l s  and 50 i s o l a t e d  TG2 c e l l s .  A n a ly s i s  
o f  the g r a in  count  d a t a  was by the  two sample t  t e s t .



of  the  i s o l a t e d  TG2 c e l l s  to  in c o rp o r a t e  the  t r i t i a t e d  hypoxanth ine 

dur ing  c o - c u l t u r e  and the  morphological  d i f f e r e n c e s  between RAJI 

and TG2 c e l l s .  RAJI c e l l s  a re  s m a l l e r ,  l e s s  spread on the  s u b s t r a t e ,  

e x h i b i t  e i t h e r  b i p o l a r i t y  o r  an a t tachm en t  p o i n t  and a spread  l e a d in g  

edge and i n c o rp o r a t e  l a r g e  amounts o f  hypoxanthine d u r ing  c o - c u l t u r e .  

TG2 c e l l s  do not  i n c o r p o r a t e  s i g n i f i c a n t  amounts o f  hypoxanthine 

and e x h i b i t  t y p i c a l  f i b r o b l a s t  morphology with  e x t e n s i o n  o f  numerous 

membrane p r o j e c t i o n s  a t  low c u l t u r e  c o n c e n t r a t i o n s .

From the  da ta  p r e s e n t e d  in Table 2, a r e p r e s e n t a t i v e  exper im en t  

in  a s e r i e s  of  f o u r ,  i t  can be seen t h a t  t h e r e  i s  no s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e  between the  mean s i l v e r  g r a in  count  over  

TG2 c e l l s  in c o n t a c t  with  RAJI c e l l s  in  comparison t o  i s o l a t e d  TG2 

c e l l s .  During g ra in  c o u n t in g ,  ca re  was taken  to  count  on ly  c e l l  

p a i r s  which were o b v io u s ly  d i f f e r e n t  in  morphology to  avoid  

c l a s s i f y i n g  a RAJI/RAJI p a i r  as  a RAJI/TG2 p a i r  and any p a i r  which 

was m o rpho log ica l ly  ambiguous was excluded from the  sample.  These 

d a ta  sugges t  t h a t  RAJI does no t  form j u n c t i o n s  with  TG2 c e l l s  o r  

t h a t  the  le ve l  of  j u n c t io n  fo rm at ion  i s  too  low to  be d e t e c t e d  by 

t h i s  measure o f  m e ta b o l i t e  exchange.  One consequence o f  the  s t r i n g e n t  

morphological  c r i t e r i a  i s  t h a t  l a r g e  RAJI c e l l s ,  RAJI c e l l s  in  S 

phase ,  would be excluded from the  s t a t i s t i c a l  sample.  As a r e s u l t  

m e ta b o l i t e  exchange exper iments  with TG2 c e l l s  and d e x t ra n  s u lp h a t e  

m i t o g e n i c a l l y  s t im u la t e d  RAJI c e l l s  were performed.

3 :1 . 3  Ur id ine  N uc leo t ide  T r a n s f e r  between Dextran 

Su lphate  S t im ula ted  RAJI C e l l s  and TG2 C e l l s .

To t e s t  i f  any b ia s  was in t ro d u ced  by s e l e c t i n g  RAJI/TG2 p a i r s  

in  the  p rev io u s  m e tabo l ic  c o - o p e r a t i o n  ex p e r im e n t s ,  th e  RAJI/TG2 

c o - c u l t u r e s  were repea ted  but  both RAJI and TG2 c e l l s  were used



TABLE 3: RAJI, RAJI(BLAST) AND T62 URIDINE NUCLEOTIDE

TRANSFER EXPERIMENT

Mean Grain Count over■ R ec ip ie n t  C e l l s  (SD)

Donor R ec ip ien t
C on tac t ing  Non-Contact ing 

Mean Mean Rrdf t P

TG2 TG2 35.88 (8 .28 ) 3.42  (1 .46 ) 52 26.9 <0.0001

RAJI RAJI 8 .92  (4 .29 ) 7.56  (4 .19 ) 97 1.605 O . l l (NS)

RAJI
( b l a s t )

RAJI 
( b l a s t ) 13.58 (3 .91 ) 12.7 (4 .82 ) 94 1.003 0 . 3 2 ( NS)

TG2 RAJI 4.52 (2 .58 ) 4.16  (3 .11 ) 94 0.603 0 . 53(NS)

TG2 RAJI 
( b l a s t ) 4.48 (1 .72 ) 4 .24  (2 .37 ) 89 0.58 0 . 5 6 ( NS)

RAJI 
( b l a s t ) TG2 6.7 ( 3 .2 ) 6.28  (2 .42) 91 0 .74 0 . 46(NS)

RAJI TG2 5.72 (2 .81) 5 .44  (3 .59 ) 92 0.453 0.35(NS)

1.5x10? RAJI c e l l s  a t  lxlO^/ml in 150mm p l a t e s  were exposed 
to  dex t ran  su lp h a t e  (2pg /m l) in  15ml o f  RPMI 1640 f o r  3 days to  
produce b l a s t  t r a n s f o r m a t io n .  TG2, RAJI and R A J I (b l a s t )  were c u l t u r e d  
o v e rn ig h t  a t  2x10^ c e l l s / p l a t e  on 13mm g l a s s  c o v e r s l i p s  as  r e c i p i e n t  
c e l l s .  TG2, RAJI and R A JI (b l a s t )  donor c e l l s  (1x10^ c e l l s / d i s h )  
were pu lsed  with 2pCi/ml [^H]-UdR, washed and c o - c u l t u r e d  with  th e  
u n la b e l l e d  r e c i p i e n t s .  A f t e r  c o - c u l t u r e  th e  c e l l s  were p ro c e s s e d  
f o r  a u to ra d iog raphy  and- the  g r a i n s  counted over  50 r e c i p i e n t s  in 
c o n t a c t  with donors and 50 i s o l a t e d  r e c i p i e n t s .



as n u c l e o t id e  donors by p r e l a b e l l i n g  with [ 3H ] - u r i d i n e .  To fo r m a l ly  

exclude the p o s s i b i l i t y  t h a t  RAJI c e l l s  in S phase can form j u n c t i o n s  

with TG2 c e l l s ,  l a r g e  RAJI c e l l s  in c o n t a c t  with  TG2 c e l l s  being

def ined  as m o rp h o lo g ic a l ly  ambiguous and omitted  from the  sample,  

RAJI c e l l s  were s t im u la t e d  to  d iv id e  by c u l t u r e  in the  B c e l l  m i togen ,  

Dextran Su lpha te  (P a ig e ,  1978). - Three days a f t e r

th e  a d d i t i o n  o f  d ex t ra n  s u lp h a t e  RAJI c e l l  c u l t u r e s  c o n ta in e d  g r e a t e r  

than 75% b l a s t  c e l l s  (S phase)  as a s s e s se d  by May-Grunwald Giemsa 

s t a i n i n g .  These c e l l s  and u n s t im u la ted  RAJI c e l l s  were used in  

u r i d i n e  n u c l e o t i d e  t r a n s f e r  exper iments  with  TG2 c e l l s  and the  d a t a  

a re  shown in Table 3.

From Table 3 i t  can be seen t h a t  t h e r e  i s  no s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e  between TG2 in  c o n t a c t  wi th mi togen t r e a t e d  

o r  u n t r e a t e d  RAJI c e l l s  and i s o l a t e d  TG2 c e l l s ,  s u g g e s t i n g  t h a t  

RAJI c e l l s  cannot  form j u n c t i o n s  with  TG2 c e l l s  o r  th e  s e n s i t i v i t y  

o f  n u c l e o t id e  exchange t e ch n iq u es  i s  no t  s u f f i c i e n t l y  high to  d e t e c t  

low l e v e l s  o f  j u n c t i o n a l  communication betwen RAJI and TG2 c e l l s .

This  l a c k  o f  j u n c t i o n a l  communication may be due to  s p e c i f i c i t y  

in the  c e l l  types  involved  as seen in BRL c e l l s  o r  by the  p ro d u c t i o n

of on ly  very  t r a n s i e n t  j u n c t i o n s  as seen in V79 c e l l s  ( P i t t s  e t

a l , in p r e p a r a t i o n ) .  The l a c k  o f  a p p a re n t  j u n c t i o n  media ted  

communication between RAJI/RAJI p a i r s  l o g i c a l l y  should  exc lude  the  

p o s s i b i l i t y  o f  s p e c i f i c i t y  with  r e s p e c t  to  the  p a r t i c u l a r  c e l l  type

i n t e r a c t i n g  with  RAJI c e l l s .  However, i t  may be t h a t  RAJI c e l l s

do not  form homotypic j u n c t i o n s  and cannot  form h e t e r o t y p i c  j u n c t i o n s  

with roden t  f i b r o b l a s t s .  To r e s o lv e  t h i s  q u e s t i o n  n u c l e o t i d e  t r a n s f e r  

exper iments  were performed with  r o d e n t ,  canine  and human e p i t h e l i a l

ce l l  l i n e s .



TABLE 4: URIDINE NUCLEOTIDE TRANSFER IN R AJI, CK1,

BRL AND HeLa CELLS

Grain Counts over  R e c ip ie n t  C e l l s  (50 c e l l s  mean (SD))

Donor R e c ip ien t  Contac t ing  Non-Contac t ing  ^ d f  t  P

RAJI RAJI 6 .3  (2 .15 ) 5.94  (2 .45 ) 96 0.78 0 .43  (NS)

RAJI CK1 10.33 (4 .44 ) 9 .56  (4 .78 ) 96 0.837 0 .40  (NS)

RAJI BRL 4.28 (1 .63) 3.96 ( 2 .2 ) 96 0.826 0.41 (NS)

RAJI HeLa 7.98  (3 .89) 7 .32  (3 .48 ) 96 0.894 0.37 (NS)

CK1 RAJI 1.88 (1 .51 ) 1.6 (1 .36 ) 96 0.997 0.33  (NS)

BRL RAJI 2.1 (1 .4 ) 1.66 (1 .19 ) 95 1.692 0.09  (NS)

HeLa RAJI 1.86 (1 .41 ) 1.70 (1 .43 ) 95 0.562 0.57 (NS)

CK1 CK1 39.04 (10 .4 ) 4.18  (1 .99 ) 52 23.213 < 0.0001

BRL BRL 8.76  (4 .05 ) 1.38 (1 .07 ) 55 12.45 < 0.0001

HeLa HeLa 30.58 (6 .51 ) 1.86 (1 .39 ) 53 30.515 < 0.0001

Donor c e l l s  (1x10^ cel ls /50mm d i s h  in 5ml o f  RPMI 1640) were 
pu lsed  with  [^H]-UdR (2pCi/ml)  f o r  3 hou rs ,  washed and added to  
r e c i p i e n t  c e l l s  (2xl0V50mm d i s h  c o n t a in in g  13mm c o v e r s l i p s ) .  A f t e r  
3 hours the  c o - c u l t u r e s  were f i x e d  and p rocessed  f o r  a u to ra d io g ra p h y .

S*



3 : 1 . 4  Nucleo t ide  T r a n s f e r  between RAJI C e l l s ,  MDCK1,

BRL and HeLa Cel 1 s.

Ur id ine  n u c l e o t id e  t r a n s f e r  exper iments  were per formed us ing  

RAJI and can ine  kidney e p i t h e l i a l  c e l l s  (MDCK1), b u f f a l o  r a t  l i v e r  

e p i t h e l i a l  c e l l s  (BRL) and human c e r v i c a l  e p i t h e l i a l  c e l l s  (HeLa). 

MDCK1, BRL and HeLa c e l l s ,  which a l l  form gap j u n c t i o n s  and exchange

n u c l e o t i d e s  between themselves  and with  each o t h e r ,  were t e s t e d
/

a g a i n s t  RAJI c e l l s  and the  d a t a  a re  shown in  Table 4.

From Table 4 i t  can be seen t h a t  gap j u n c t i o n  media ted  n u c l e o t i d e  

t r a n s f e r  cannot  be d e t e c t e d  between any combinat ion o f  RAJI c e l l s  

a c t i n g  as e i t h e r  donor o r  r e c i p i e n t .  In the  case o f  BRL donors  

to  BRL r e c i p i e n t s  the  reduced g r a in  count  in the  r e c i p i e n t s  in c o n t a c t  

wi th donors i s  due to  the  fo rm at ion  of  ' i s l a n d s '  o f  BRL c e l l s  in

the  r e c i p i e n t  c u l t u r e s  and the  r a p id  spread o f  the  donor l a b e l  between 

the  i n d i v i d u a l s  c e l l s  c o n s t i t u t i n g  the  ' i s l a n d ' ,  which a r e  a l l  coupled  

by gap j u n c t i o n s .  From th e s e  exper iments  i t  can be concluded  t h a t  

RAJI c e l l s  do no t  form j u n c t i o n s  with  t h i s  range o f  e p i t h e l i a l  c e l l s  

o r  t h a t  gap ju n c t i o n  fo rm at ion  i s  a l e v e l  too  low t o  be d e t e c t e d  

by t h i s  t e c h n iq u e .

3 :1 .5  M e tabo l i t e  Exchange Experiments between Human P e r ip h e r a l

Blood Lymphocytes (PBL) and RAJI-A(TG) C e l l s .

While s e l e c t i n g  somatic c e l l  hybr ids  between p e r i p h e r a l  blood

lymphocytes (PBL) and RAJI c e l l s ,  Dr G Clements observed  t h a t  PBL

a t t a c h e d  to  he te roka ryons  su rv ived  much lo n g e r  than f r e e  unbound

lymphocytes (Personal  Communication). On the  b a s i s  o f  t h i s  observed
*

phenomenon a s e r i e s  of  exper iments  were dev ised  wi th  PBL and an 

HGPRT mutant  s u b - l i n e  o f  RAJI, RAJI-A(TG). I f  the  p ro longed  s u r v iv a l  

o f  PBL in HAT s e l e c t i o n  medium with  he te ro k a ry o n s  was due to

m e ta b o l i t e  exchange by gap j u n c t i o n s ,  c o - c u l t u r e  o f  PBL w i th  RAJTA(TG)



TABLE 5 ( a ) :  [ 3H]-HYPQXANTHINE INCORPORATION OF PBL, RAJI(A)T-G

AND RAJI-A(TG)/PBL

C o -c u l tu r e s  Acid So lub le  Acid I n s o lu b le

(mean cpm (SD) x 10^)

RAJI-A(TG) 0.326 (0 .0045) 0.862 (0 .0063)

PBL 250.6  (22 .3 ) 11.7 ( 0 .6 )

RAJI-A(TG)PBL 178.2 (18 .9 ) 10.39 (0 .6 3 )

TABLE 5 ( b ) :  AUTORADIOGRAPHY OF RAJI(A)T-G AND RAJI-A(TG)/PBL

CO-CULTURES

Mean Grain Count/Cel l  (SD)

Cul t u r e C e l l s  in Contac t I s o l a t e d  C e l l s  « d f t  P

RAOI-A(TG)

RAJI-A(TG)/PBL 5.88 (2 .28 )

4.76  (1 .88 )

4.98  (2 .94  92 1.711 0 .09  (NS)

RAJI(A)TG (lx lO ^ /m l)  and PBL (1.5xlO*Vml) were c u l t u r e d  a lone
o r  a t  h a l f  c o n c e n t r a t i o n s  in 1:1 c u l t u r e  in 50mm d i s h e s  c o n t a i n i n g  
13mm g l a s s  c o v e r s l i p s  in  5ml o f  RPMI 1640 in q u a d r u p l i c a t e  and p u l s e d  
with  2pCi/ml o f  [^H j-hypoxanth ine  f o r  3 hou rs ,  washed and p r o c e s s e d  
f o r  au to ra d io g ra p h y  o r  e x t r a c t e d  to  y i e l d  ac id  s o lu b l e  and i n s o l u b l e  
f r a c t i o n s  (see  Methods).  RAJI c e l l s  with PBL bound were deemed in 
c o n t a c t .  (Blank 0.0034 ( 0 .0 0 0 7 ) . )



in the p resence  o f  [^H]-hypoxanth ine  should r e s u l t  in in c re a s e d  

s i l v e r  g r a in s  over RAJI-A(TG) in c o n t a c t  with  PBL, due to  the  up take  

and convers ion  o f  the  hypoxanthine by the  PBL and the  subsequen t  

t r a n s f e r  to  and i n c o r p o r a t i o n  by RAJI-A(TG) c e l l s .

Experiments were des igned  to  t e s t  t h i s  p o s s i b i l i t y  by 

c o - c u l t u r i n g  PBL and RAJI-A(TG), pe r fo rming  au to ra d io g ra p h y  on the  

c o v e r s l i p s  and measuring  th e  t o t a l  i n c o r p o r a t i o n  of l a b e l  i n t o  RAJI- 

A(TG)/PBL c o - c u l t u r e s  and RAJI-A(TG) and PBL c u l t u r e s .  From 

the  t o t a l  l abe l  i n c o r p o r a t i o n  i f  no la be l  i s  t r a n s f e r r e d  by j u n c t i o n s ,  

the  c o - c u l t u r e  i n c o r p o r a t i o n  should be the  sum o f  the  i n d i v id u a l  

c u l t u r e  i n c o r p o r a t i o n s ,  but  i f  j u n c t i o n s  a re  formed,  the  c o - c u l t u r e  

i n c o rp o r a t i o n  should exceed t h a t  o f  the  sum of the  i n d i v id u a l  

c u l t u r e s .  Label m e tab o l i s ed  by the  PBL would be a v a i l a b l e  f o r  

i n c o rp o r a t i o n  in the  mutant  RAJI-A(TG). As the  l a b e l  i s  p r e s e n t  

dur ing  the  e n t i r e  c o c u l t u r e  p e r io d  t h e r e  i s  no s h o r tag e  o f  s u b s t r a t e  

f o r  the  w i ld - ty p e  PBL HGPRT+ to  m e ta b o l i s e  and th us  i n c o r p o r a t i o n  

i n t o  the  c o - c u l t u r e  should  exceed the  in d iv id u a l  c u l t u r e s  

i n c o r p o r a t i o n ,  even i f  the  uptake o f  [^H j-hypoxanth ine  by th e  PBL 

i s  r a t e  l i m i t i n g ,  as  [^H]hypoxanth ine  taken  up by RAJI-A(TG), w h i le  

no t  being m e ta b o l i s e d ,  would be e q u i l i b r a t e d  wi th the  PBL and 

a v a i l a b l e  f o r  convers ion  i f  gap j u n c t i o n s  a re  formed.

. The da ta  from one such exper iment  a re  shown in Table 5 (a )

and (b) and i t  can be seen t h a t  t h e r e  i s  an i n c r e a s e  (40%) in  t h e

observed i n c o rp o r a t i o n  in th e  mixed c u l t u r e  compared with  the  expec ted  

i n c o rp o r a t i o n  from the  s e p a r a t e  c u l t u r e s .  However from th e  g r a i n

count  da ta  (Table 5b ) ,  a l though  t h e r e  i s  a s l i g h t  numerical  i n c r e a s e  

in the  number o f  g r a i n s  over  RAJI-A(TG) in the  c o - c u l t u r e  and

RAJIA(TG) c u l t u r e d  a lo n e ,  i t  i s  no t  s t a t i s t i c a l l y  s i g n i f i c a n t  even 

given the  l a rg e  sample s i z e  o f  each group.



The expec ted  i n c o rp o r a t i o n  f o r  the PBL/RAJI-A(TG) c o - c u l t u r e  

should be of the o rd e r  of  1 2 5 x 1 0 ^  and 6x10^ cpm f o r  ac id  s o lu b le

and ac id  i n s o lu b l e  r e s p e c t i v e l y .  The 40% in c re a s e  in i n c o rp o r a t i o n  

f o r  both f r a c t i o n s  i s  not  r e f l e c t e d  in an inc re a sed  g ra in  count  over  

RAJI-A(TG) as t h i s  inc re ased  o n ly  approx im ate ly  15%. The r e s id u e  

o f  the  inc re a sed  i n c o rp o r a t io n  must be due to  in c re a s ed  in c o rp o r a t i o n  

i n t o  the  PBL p o p u la t io n  in the  c o - c u l t u r e ,  and perhaps  g r e a t e r  uptake  

o f  hypoxanthine i n t o  the ac id  s o lu b l e  pool o f  the  RAJI c e l l s ,  which 

cannot  be conver ted  in t o  ac id  i n s o l u b l e  m a t e r i a l .  The o t h e r  reason

f o r  the  in c re a s e  in RAJI-A(TG) c e l l  g r a in  counts  could be due to

the  convers ion  of  the  [^H j-hypoxanth ine  i n t o  a p roduc t  which i s  no t

membrane impermeable,  but  l e ak s  o u t  o f  the  PBL and can be taken  up 

by cont iguous  RAJI-A(TG) and conver ted  to  s t a b l e  p ro d u c ts  which remain 

in the  RAJI c e l l s  a f t e r  a u t o r a d i o g r a p h i c  p ro c e s s in g .

From a l l  the  exper iments  per formed on RAJI c e l l s  no gap j u n c t i o n  

mediated t r a n s f e r  was d e t e c t e d ,  but  i t  could not  be re s o lv ed  whether 

t h i s  r e s u l t  was due to l a ck  o f  gap j u n c t io n  fo rm at ion  o r  the  l e v e l  

o f  ju n c t io n a l  fo rmat ion  was too  low to  be d e t e c t e d  by m e t a b o l i t e  

exchange.  To c o n c l u s i v e ly  answer the  q u e s t i o n  'Do RAJI c e l l s  form
f

gap j u n c t i o n s ? 1, i t  way be n e c e s s a r y  to  r e s o r t  to  more s e n s i t i v e  

e l e c t r o p h y s i o l o g i c a l  t e chn iques  d e s c r ib e d  in S ec t ion  1.

3:2  Nucleo t ide  Exchange in PBL, 3T3, TG2 and A9 Cell C o -c u l tu r e s

From the  in c o rp o r a t i o n  d a ta  in Table 5, i t  can be seen t h a t

PBL have l a rg e  poo ls  of  l a b e l l e d  m a te r i a l  in ac id  s o lu b l e  f r a c t i o n

when l a b e l l e d  with  [^H j-hypoxan th ine .  This  o b s e r v a t i o n  s u g g e s t s
*

they  would be s u i t a b l e  pu r ine  n u c l e o t i d e  donors in m e ta b o l i t e  exchange

exper imen ts  i f  they  can communicate by gap j u n c t i o n s .  From the

pub l i shed  e l e c t r o p h y s io l  ogica l  d a ta  o f  01i v e i r a - C a s t r o  and H ulse r



TABLE 6: CO-CULTURE OF PHA TREATED AND CONTROL PBL WITH TG2 AND
A9 CELLS IN THE PRESENCE OF [3H]-HYPOXANTHINE

Mean Grain Count/Cell  (SD)

C ul tu re
Cel I s  in 
Contact

I s o l a t e d
C e l l s ~df t P

PBL/TG2 1.66 (1 .14 ) 1.54 (1 .01 ) 96 0.557 0.57 (NS)

4h PHA PBL/TG2 1.92 (1 .34 ) 1.68  (1 .08 ) 98 0.998 0.32  (NS)

24h PHA PBL/TG2 1.92 (1 .24) 1.7 (1 .11 ) 96 0.933 0.35  (NS)

48h PHA PBL/TG2 2.48 (1 .54 ) 2 .3  (1 .33 ) 98 0.625 0.53  (NS)

72h PHA PBL/TG2 2.36 (1 .27 ) 2.36  (1 .21 ) 97 0.725 0.47 (NS)

* 3T3/TG2 45.7 (5 .7 ) 4 .2  (2 .2 ) 52 23.6 < 0.0001

PBL/A9 6.3  (4 .03 ) 6 .23  (3 .33 ) 94 0.027 0.97 (NS)

* P r e - l a b e l ! e d  [^H]-hypoxanth ine n u c l e o t i d e  t r a n s f e r

Fresh PBL ( lx lO^/m l)  were incuba ted  a t  37°C with  o r  w i th o u t  
PHA (2pg/m l) .  A f t e r  the  t ime i n d i c a t e d ,  th e y  were washed and added
to  TG2 (5x10^ cel ls /50mm d i s h )  on 13mm g l a s s  c o v e r s ! i p s  a t  1x10^
c e l l s / d i s h  in  5ml o f  RPMI 1640 c o n t a in in g  [^H]-hypoxanth ine  (2pC i /m l) .  
A f t e r  3 hours c o - c u l t u r e  the  c e l l s  were f i x e d  and p ro c e s s e d  f o r  
au to ra d io g rap h y .

* 3T3 c e l l s  were p r e - l a b e l ! e d  with  [^H j-hypoxanth ine  f o r  3 hours
(2pCi/ml)  p r i o r  to  c o - c u l t u r e  a t  2x10^ c e l l s / d i s h  with  TG2 c e l l s
in * the  p resence  of  [^H]hypoxanthine.  On a u t o r a d io g r a p h y  the  
p r e l a b e l l e d  3T3 c e l l s  were e a s i l y  d i s t i n g u i s h e d  by t h e i r  high s i l v e r  
g r a in  d e n s i t y .



TABLE 7: NUCLEOTIDE TRANSFER BETWEEN 3T3 AND PHA TREATED AND

CONTROL PBL

Mean Grain Count/Cell  (SD)

Cel I s  in
Donor R ec ip ie n t  Contact  I s o l a t e d  C e l l s  ^ d f  t  P

3 1 3 3T3 43.28 (13 .2 ) 4.62 (2 .4 1 ) 52 2C). 35 < 0 . 0001

PBL 3T3 2.4 (1 .40 ) 2 .24 (1 .32 ) 97 0 . 588 0 . 56 (NS)

PBL 4h PHA 3T3 2.34 (1 .39 ) 2.32 ( 1 .2 ) 95 0 . 077 0 . 94 (NS)

PBL 24h PHA 3 1 3 2.18 (1 .12 ) 2 .04 (1 .2 4 ) 96 0 . 591 0 . 56 (NS)

PBL 48 h PHA 3 1 3 2 .4 (1 .28 ) 2 .3 (1 .2 7 ) 97 0 . 393 0 . 69 (NS)

PBL 72h PHA 3 1 3 2.88 (1 .57 ) 2 .84 ( 1 .4 ) 96 0 . 134 0 . 89 (NS)

Fresh PBL ( lx lO^/m l)  were incuba ted  a t  37°C f o r  vary ing  t imes  
with PHA (2pg /m l) p r i o r  to  p r e - l a b e l l i n g  as donor c e l l s  w ith  
[^H]hypoxanthine (2pCi/ml)  and washed. 3 1 3  c e l l s  (5x10^) were 
s i m i l a r l y  l a b e l l e d  and washed. Donor c e l l s  were added to  r e c i p i e n t  
3T3 (5x10^ cel ls /50mm d i s h )  on 13mm covers!  ip s  a t  1x10^ PBL and 1x10^ 
3T3 p e r  d i s h  and c o c u l tu r e d  f o r  3 hours .  A f t e r  c o - c u l t u r e ,  th e  d i s h e s  
were f i x e d  and p roces sed  f o r  a u to ra d io g ra p h y  as p r e v i o u s l y  d e s c r i b e d .



(See Sec t ion  1 :1 9 ) ,  low r e s i s t a n c e  e l e c t r i c a l  pathways can be d e t e c t e d  

only  in phytohaemaggl u t i n i n  (PHA) t r e a t e d  PBL c u l t u r e s .  As a 

consequence,  a s e r i e s  o f  exper im en ts  were des igned  and performed 

to  u t i l i z e  the  l a r g e  i n t r a c e l l u l a r  ac id  s o lu b l e  pool o f  PBL in the  

p resence  of  o r  a f t e r  p r e l a b e l l i n g  with  [^H ]-hypoxanth ine .  PBL both 

t r e a t e d  and not  t r e a t e d  with  PHA were c o - c u l t u r e d  with  TG2 c e l l s  

in the  p resence  o f  [^H j-hypoxan th ine ,  o r  p r e - l a b e l  l e d  with  

[^H]-hypoxanthine and added to  c u l t u r e s  o f  3T3 c e l l s  a t  t imes  between 

4 and 72 hours a f t e r  a d d i t i o n  o f  PHA to  the  PBL. The MEC" c e l l  l i n e  

A9 was a l s o  used in m e tab o l i c  c o - o p e r a t i o n  exper im en ts  with  u n t r e a t e d  

PBL in the  p resence  o f  [^H ]-hypoxanth ine .  The r e s u l t s  o f  t h e se  

exper iments  a re  shown in Tables  6 and 7.

From th e se  t a b l e s  i t  can be seen t h a t  n e i t h e r  A9, TG2 nor  3T3

c e l l s  in  c o n t a c t  w ith  u n t r e a t e d  PBL have s t a t i s t i c a l l y  s i g n i f i c a n t

i n c r e a s e s  from c e l l s  not  in c o n t a c t  with  PBL. I t  i s  a l s o  shown t h a t  

TG2 and 3T3 c e l l s  in c o n t a c t  w ith  PHA t r e a t e d  PBL do not  have 

s ig n i f i c a n t ' !  d if ferences  m mean g r a i n  counts  than TG2 and 3T3 not  

in  c o n t a c t  with PHA t r e a t e d  PBL a t  a l l  t imes  d u r ing  the  PHA t r e a t m e n t .  

Nuc leo t ide  t r a n s f e r  exper iments  were a l s o  performed us ing  BALB/c3T3, 

Hep-2 and HeLa c e l l s  with PHA t r e a t e d  PBL (da ta  no t  shown), us ing  

the  method d e s c r ib e d  in Table 7. In a l l  r e p l i c a t e s  o f  t h e se  

exper iments  t h e r e  was always n u c l e o t i d e  t r a n s f e r  in the  c o n t ro l

c u l t u r e s ,  but  not  in any c u l t u r e  in v o lv in g  PBL e i t h e r  PHA t r e a t e d  

o r  u n t r e a t e d .

There i s  a number o f  p o s s i b l e  reasons  f o r  the  d i s p a r i t y  between

the  i o n i c  coupl ing  r e p o r t s  and the  m e t a b o l i t e  exchange d a t a  p r e s e n t e d :
*

(1) Gap ju n c t io n  fo rm at ion  does occur  in  lymphoid c e l l s ,  but  i t  i s  

o f  such a low le ve l  o r  f o r  such a b r i e f  p e r io d  t h a t  on ly  the  h ig h l y  

s e n s i t i v e  te chn ique  of  e l e c t r o p h y s i o l o g y  can d e t e c t  i t ;  (2)  Lymphoid



c e l l s  can form gap j u n c t i o n s ,  but  e x h i b i t  a degree of  s p e c i f i c i t y  

f o r  c e l l  types  not  seen in any c e l l  phenotype thus  f a r ;  (3) Lymphocytes 

cannot  form gap j u n c t i o n s  and the  r e p o r te d  io n i c  c oup l ing  i s  an 

a r t e f a c t  caused by c lo s e  membrane a p p o s i t i o n ;  (4) Lymphocytes do 

not  form gap j u n c t i o n s ,  bu t  c l o s e  membrane a p p o s i t i o n  causes  the  

p ro d u c t io n  of  cy top lasm ic  c o n t i n u i t y  due to  membrane c o a l e s c e n c e .  

The l a s t  reason can be d ism issed  as  cy top lasmic  b r id g e s  would a l s o  

a l low the  t r a n s f e r  o f  n u c l e o t i d e s .

There i s  c o n s id e r a b le  ev idence  t h a t  somat ic  c e l l  h y b r id s  between 

m e tabo l i c  c o -o p e r a t i o n  p o s i t i v e  (MEC+ ) c e l l s  and m e ta b o l i c  c o - o p e r a t i o n  

n eg a t iv e  (MEC“ ) c e l l s  a re  MEC+ and the  a b i l i t y  to  form gap j u n c t i o n s  

i s  dominant  in such hyb r id s  (See Hooper and S ubak-Sharpe , 1981 f o r  

rev iew) .  Smets e t  al (1980) remarked t h a t  hyb r id s  between MEC" 

L929/A9(A9) and PBL were capab le  o f  forming gap j u n c t i o n s  and t h a t  

m e tabo l i c  c o -o p e r a t i o n  and n u c l e o t i d e  exchange were d e m o n s t r ab le .  

However, no d a ta  was p r e s e n t e d  to  s u b s t a n t i a t e  t h i s  c l a im .  I t  was 

decided t h a t  hybr ids  would be c o n s t r u c t e d  between A9 and PBL.

3 :2 .1  Somatic Cell Hybrids between A9 and PBL C e l l s

I f  the  o b s e rv a t i o n  o f  Smets e t  al i s  c o r r e c t ,  the  d e f e c t  in

PBL must be d i f f e r e n t  from t h a t  o f  A9. As a r e s u l t  A9/PBL h y b r id s

were- c o n s t r u c t e d  us ing  p o l y - e t h y l e n e  glycol  f u s i o n .  Using PBL and

A9 c e l l s ,  he te rokaryons  were e a s i l y  formed,  as  a s s e s s e d  by phase -  

c o n t r a s t  microscopy on the  b a s i s  o f  d i f f e r e n c e s  in the  s i z e s  o f  the  

two n u c l e i .  However, the y  grew very  s low ly ,  but  when A9 c o n d i t i o n e d

medium was used to  suppo r t  growth in the  p resence  o f  hypoxanth ine  

ami n o p te r i n  and thymidine (HAT), the  number o f  c o l o n i e s  which s u rv iv e d  

fo u r  weeks of  s e l e c t i o n  exceeded two hundred ,  whereas the  p a r e n t a l  

c e l l s  a l l  d ied  a f t e r  10 days .  Rather  than a t t e m p t  to  c lo n e  the



TABLE 8 : URIDINE NUCLEOTIDE TRANSFER BETWEEN C13, Hep-2 AND PA

Donor R ec ip ien t

Mean Grain

Cel I s  in 
Contac t

Count/Cel l  (SD) 

I s o l a t e d  Cel 1 s «df t P

C13 C13 25.62 (9 .12 ) 2.62  (1 .66 ) 52 17.5 0.0001

C13 Hep-2 23.78 (8 .78 ) 2.08  (1 .26 ) 51 17.3 0.0001

C13 PA 26.44 (11 .9 ) 3.56  (2 .36 ) 52 13.3 0.0001

Hep-2 Hep-2 38.5  (9 .07 ) 7 .48  (2 .73  ) 57 23.16 0.0001

Hep-2 C13 44.2 (11 9) 9.02  (4 .22 ) 61 19.7 0.0001

Hep-2 PA 46.36 (17 .5 ) 7 .8  (3 .34 ) 52 15.26 0.0001

PA PA 32.1 (13 .3 ) 4.02 (2 .26 51 14.69 0.0001

PA C13 20.52 (8 .6 ) 2.22 (1 .7 ) 52 14.45 0.0001

PA Hep-2 26 .4  (11 .3 ) 3 .14  (2 .24 ) 52 14.33 0.0001

R ec ip ie n t  c e l l s  (5 x l0 8 ) were c u l t u r e d  o v e r n ig h t  in  50mm d i s h e s  
c o n ta in in g  13mm g l a s s  c o v e r s l i p s  in 5ml EFCiq* Donors were p u ls ed  
with  [ 8H]-Urid ine  (2pCi/ml)  f o r  3 hou rs ,  washed and 5x10^ c e l l s  added 
to  d i s h e s  c o n t a in in g  r e c i p i e n t s .  The c e l l s  were c o - c u l t u r e d  f o r  
3 hou rs ,  f i x e d  and p roces sed  f o r  a u to ra d io g ra p h y .  S i l v e r  g r a i n s  
were counted over  50 r e c i p i e n t s  in c o n t a c t  with donors and 50 
r e c i p i e n t s  no t  in  c o n t a c t  with  donors .  The means and s t a n d a rd  
d e v i a t i o n s  were c a l c u l a t e d  f o r  both p o p u l a t i o n s  and the  e q u a l i t y  
o f  the  sample means t e s t e d  by tw o-s ided  S t u d e n t ' s  t  t e s t .



F I G U R E  3

E l e c t r o p h o r e s i s  o f  g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  
o f  PBL/A9 s o m a t i c  c e l l  h y b r i d s .

A9 PA PBL A9 PA PBL



s u rv iv in g  c o l o n i e s ,  i t  was dec ided  t h a t  the  combined s e l e c t e d  s u rv iv o r s  

should be t e s t e d  f o r  m e t a b o l i t e  exchange with C13 and Hep-2 c e l l s .  

The c o lo n ie s  were pooled and named PA, (P from PBL, A from A9) and 

the  r e s u l t s  o f  th e se  exper iments  a r e  shown in Table 8.

From the  d a ta  p r e s e n t e d  in Table 8 i t  can be seen t h a t  the  

pooled hybr ids  can communicate by the  exchange o f  n u c l e o t i d e s  between 

donors and r e c i p i e n t s  and t h a t  t h i s  communication i s  as  good as the  

MEC+ con t ro l  c e l l s .  Three d i f f e r e n t  methods were used to  t r y  and 

demonst ra te  the  human component o f  hybr id  cel 1s :  ka ryotype a n a l y s i s ,

a n a l y s i s  o f  c e l l  s u r f a c e  e x p re s s io n  o f  human MHC p r o d u c t s  and isoenzyme 

a n a l y s i s .  No human chromosomes could  be d e t e c t e d  by karyotype  a n a l y s i s  

6 weeks a f t e r  f u s i o n . -  PBL from the  human donor were t e s t e d  f o r  t h e i r  

HLA h a p lo type ;  however, when the  hybr ids  and t h e i r  murine p a r e n t a l  

l i n e ,  A9, were t e s t e d  in  complement mediated  c y t o t o x i c i t y  (CMC) a s s a y ,  

the  r a b b i t  complement a lone  was c y t o t o x i c  to  both hybr id  and murine 

p a re n t a l  c e l l s .  As a consequence iso-enzymes of  the  p a r e n t a l  and 

hybr id  c e l l s  were examined. Glucose 6 -phospha te  dehydrogenase 

(EC: 1 . 1 .1 . 4 9 )  was chosen as i t  i s  p r e s e n t  on the  X chromosome, which 

a l s o  bears  the  HGPRT gene.  C e l l s  were p rep a red  as d e s c r ib e d  in  the  

Methods Sec t ion  and s u p e r n a t a n t s  were e l e c t r o p h o r e s e d  to  s e p a r a t e  

i s o t y p e s .  The s e p a ra t e d  enzymes were exposed t o  the  s u b s t r a t e  and 

the  gel i s  shown in  F igure  3. I t  i s  e v i d e n t  t h a t  the  hybr id  c o n t a i n s  

both human and mouse i s o t y p e s ,  but  the  hybr id  i s o ty p e  could  no t  be 

v i s u a l i s e d .  This could be due to  i n a c t i v i t y  o f  the  hybr id  enzymes,  

p r e f e r e n c e  f o r  the  human/human and mouse/mouse s u b - u n i t  assembly 

o r  the  p r e f e r e n t i a l  l o s s  of  e i t h e r  the  human gene in some h y b r id s  

and the  p r e f e r e n t i a l  l o s s  of  the  mouse gene in  o t h e r s .

As bulk c u l t u r e  f o r  c r y o - p r e s e r v a t i o n  p ro g re s s e d  i t  was a p p a re n t  

t h a t  morphological  changes were o c c u r r i n g  in  c e l l  shape in some of



TABLE 9: URIDINE m C L E O l l D E  TRANSFER BETWEEN PA(f) AND PA(a)

Donor R e c ip ie n t

Mean Grain

C e l l s  in 
Contac t

Count/Cell  (SD) 

I s o l a t e d  C e l l s *df t P

PA(f) PA(f) 29 .4  (8 .0 ) 2 .2  (1 .44 ) 52 23.68 0.0001

PA(f) PA (a) 17.417 (7 .3 ) 2.75  (2 .06 ) 54 12.351 0.0001

PA(a) PA(a) 19.34 (11 .9 ) 7 .06  (2 .98 ) 55 7.097 0.0001

PA(a) PA(f ) 15.32 (5 .28 ) 1.96 (1 .6 9 ) 58 17.04 0.0001

R e c ip ie n t  c e l l s  (5xl0^/50mm d i s h )  were c u l t u r e d  o v e r n i g h t  on 
13mm g l a s s  c o v e r s l i o s  in 5m. o f  EFCiq 37°C. Donor c e l l s  (1x10^) 
were pu lsed  wi th [3f- |]-Uridine ( lp C i /m l )  f o r  3 hou rs ,  washed and co
c u l tu r e d  with  r e c i p i e n t  c e l l s  f o r  3 hours .  A f t e r  c o - c u l t u r e ,  the  
c e l l s  were f i x e d  and p rocessed  f o r  a u to ra d io g ra p h y ,  with  s i l v e r  g r a i n s  
over  50 r e c i p i e n t s  in c o n t a c t  with  donors and 50 r e c i p i e n t s  no t  in 
c o n t a c t  wi th donors counted .  The g r a in  counts  were s u b je c t e d  to  
two s ided  s t u d e n t s '  t  t e s t  to  t e s t  f o r  e q u a l i t y  o f  means in  the  
c o n t a c t i n g  and n o n -c o n ta c t in g  p o p u l a t i o n s .



TABLE 10: URIDINE NUCLEOTIDE TRANSFER BETWEEN PA(6) ,  PA(7) ,

PA(8),  PA(9f) AND PA(9a)

Mean Grain Count/Cell  (SD)

Donor R ec ip ie n t
C e l l s  in 
Contact I s o l a t e d  Cel 1s qdf t P

PA(6) PA (6) 16.75 (4 .35) 1.65 (2 .06 ) 27 14.03 0.0001

PA (7) PA (7) 10.6 (7 .57 ) 2.15  (2 .13 ) 22 4.8 0.0001

PA(8) PA (8) 24 .6  ( 4 .1 ) 8 .1  (3 .4 ) 36 13.82 0.0001

PA( 9 f ) PA(9f) 29.6 (7 .59) 13.2 (3 .47 ) 26 8.76 0.0001

PA(9 a ) PA(9a) 22.62 (6 .12 ) 20.14 (5 .96 ) 37 1.33 0 .19  (NS)

Legend as f o r  Table 9,  excep t  n = 20



the c e l l s .  A f t e r  HAT s e l e c t i o n  the hybr id  c u l t u r e s  e x h i b i t e d

' f i b r o b l a s t i c '  morphology,  with ' s w i r l s  and w hor ls '  a t  conf luence  

in c o n t r a s t  to  the  ' m o s a i c - l i k e '  pack ing of  the  A9 p a r e n t a l  c e l l s .  

In d i l u t e  c u l t u r e ,  A9 c e l l s  were s m a l l e r ,  l e s s  s p r e a d ,  with  l i t t l e  

o r  no membrane p r o j e c t i o n s  whereas PA c e l l s  were l a r g e r ,  e x t e n s i v e  

membrane p r o j e c t i o n s  and ' a s t r o c y t e '  morphology.  Hybrid c u l t u r e s  

a t  6 weeks p o s t  f u s io n  e x h i b i t e d ,  i n i t i a l l y ,  s i n g l e  ' A9-1i k e ' c e l l s  

and l a t e r  small i s l a n d s  of  such c e l l s .  However i t  was n o t i c e d  t h a t  

t h e se  1A 9 -1 ik e ' i s l a n d s  were l e s s  s e n s i t i v e  to  the  a c t i o n  o f  t r y p s i n  

on s u b c u l t u r i n g  a l low ing  c o m p ara t iv e ly  pure p o p u la t io n s  o f  the  two 

morphological  phenotypes .  I t  was dec ided  to  t e s t  t h e s e  two types

f o r  m e ta b o l i t e  exchange in homotypic and h e t e r o t y p i c  com bina t ions .

3 :2 .2  N uc leo t ide  T r a n s f e r  between Morphological  Types o f  PA Hybrids 

The ' f i b r o b l a s t i c '  ( PA( f )) and ' A 9 -1 ik e ' (PA(a))  morphological

types  were t e s t e d  a g a i n s t  themselves  and each o t h e r ,  t o  see i f  shape 

changes a l t e r e d  t h e i r  a b i l i t y  to  communicate by gap j u n c t i o n s .  The 

da ta  from th e se  exper iments  a r e  shown in Table 9.

I t  can be seen from Table 9 t h a t  t h e se  morpholog ical  v a r i a t i o n s

do not  a f f e c t  the  a b i l i t y  of  the  c e l l s  to  communicate by gap j u n c t i o n s .  

I t  i s  r ea s o n ab le  to  assume t h a t  th e  morphology of  A9 c e l l s  i s  no t  

a pr im ary  cause o f  i t s  MEC“ c h a r a c t e r i s t i c .

3 :2 . 3  N uc leo t ide  T r a n s f e r  between PA Hybrids o f  I n c r e a s i n g  Age

At eve ry  passage  the  hyb r id s  were t e s t e d  a g a i n s t  them se lves  

to  a s s e s s  t h e i r  j u n c t io n a l  communication by m e t a b o l i t e  exchange and 

da ta  from t h i s  s e r i e s  of  exper im en ts  a re  shown in Table 10.



From Table 10 i t  can be seen t h a t  as  passage number i n c r e a s e s ,  

so the  MEC+ phenotype of  the  c e l l s  i s  l o s t .  This p robab ly  r e f l e c t s  

the  l o s s  of  human g e n e t i c  m a te r i a l  from the hybr ids  as the  p a r e n t a l  

A9 phenotype becomes more dominant  in the  o l d e r  c u l t u r e s ,  but  a l though  

the  dec rease  and l o s s  of  m e t a b o l i t e  exchange i s  c o n c u r r e n t  with  the  

appearance and i n c r e a s e  in the  PA(a) p o p u l a t i o n ,  t h e r e  s t i l l  e x i s t s  

PA(a) c e l l s  a t  the  9th  p a s s a g e ,  which could communicate as well as 

the  i n i t i a l l y  s e l e c t e d  h y b r id s .  I t  i s  well known t h a t  mouse/human 

hybr ids  spon taneous ly  lo s e  human g e n e t i c  m a te r i a l  (For review see 

R inge r tz  and Savage,  1976).  Although mouse/human hybr ids  a re  e a s i l y  

c o n s t r u c t e d ,  extended c u l t u r e ,  c lon ing  and subc lon ing  of  in d i v id u a l  

hybr ids  would, a f t e r  as  l i t t l e  as  f o u r  p a s s a g e s ,  r e s u l t  in the  

p roduc t ion  of  p redom inan t ly  roden t  p a r e n t a l  c e l l s  c o n t a in in g  l i t t l e  

o r  no g e n e t i c  m a te r i a l  from the  p a r e n t a l  human c e l l  i n c r e a s e  in  the  

r a t i o  o f  g r a in s  over  i s o l a t e d  r e c i p i e n t s  to  r e c i p i e n t s  in c o n t a c t ,  

but  a l s o  in the  t r en d  to  l a r g e r  s t a n d a rd  d e v i a t i o n s ,  which r e f l e c t s  

the  i n c r e a s e  in r e c i p i e n t s  in  c o n t a c t  w ith  g r a in  counts  o f  the  i s o l a t e d  

p o p u la t i o n .



TABLE 11: INCORPORATION OF GLUTARALDEHYDE FIXED OR UNFIXED

[3H]-HYPOXANTHINE LABELLED C13 CELLS

Mean (SD) x 10' 3 CPM

F i l t e r  Bound
Trea tment Acid So lub le  Acid I n s o lu b le  Total

b %  TCA f ix e d 70.89 (5 .03 ) 3.41 (0 .23 ) 74 .3

5' 5% Gl u ta ra ld eh y d e 50.39 ( 2 .4 ) 7.47 ( 1 . 0 2 ) 57. 86

20' b %  G lu ta ra ldehyde 40.34 (2 .44 ) 8 .23 (0 .27 ) 48. 58

Four r e p l i c a t e  p l a t e s  c o n t a in in g  2x10  ̂ C13 c e l l s  were pu lsed  
f o r  3 hours with  lOpCi of  [^H]-hypoxanth ine  in  5ml ECiq f o r  each
t r e a tm e n t .  The p l a t e s  were washed t h r i c e  in BSS to  remove 
un in c o rp o ra ted  labe l  and con t ro l  p l a t e s  f i x e d  and e x t r a c t e d  with  
2ml 5% TCA a t  4°C. Experimental r e p l i c a t e s  were f i x e d  with  5% 
g lu t a r a ld e h y d e  f o r  5 and 20 minu tes  r e s p e c t i v e l y ,  then e x t r a c t e d
with  2ml 5 %  TCA a t  4°C. All p l a t e s  were then scraped  with  a rubber  
policeman and washed with  excess  5% TCA a t  4°C onto  g l a s s  f i b r e  
f i l t e r s .  The f i l t e r s  were washed with  excess  i c e c o ld  d i s t i l l e d  w a te r  
and dehydra ted  with  a b s o lu t e  a l c o h o l .  Glass  f i b r e  f i l t e r s  were then 
in cuba ted  a t  60°C f o r  30 minutes  w ith  0.5ml 0.1M hyamine hyd rox ide ,  
cooled to  room te m p e ra tu r e ,  and a l l  samples counted  in a Packard
'T r iC a rb '  s c i n t i l l a t i o n  c o u n te r  f o r  f o u r  m inu tes .  The mean and
s tan d a rd  d e v i a t i o n s  o f  the  coun ts  p e r  minute o f  the  samples were 
then c a l c u l a t e d .  (Blank 3 2 . 3 ( 1 . 2 ) . )

$



3:3 M etabo l i t e  Exchange and Metabol ic Co-opera t ion

The s i l v e r  g r a in s  seen over  c e l l s  in the f i n a l  p ro cessed  

au to ra d io g ra p h  a re  the  e n d - p o in t  o f  a complex m u l t i f a c t o r i a l  p r o c e s s .  

However, th e y  r e p r e s e n t  the  s t a b l e  p ro d u c ts  of  pathways of  which 

we do have some knowledge and as such r e f l e c t  gap j u n c t i o n  fo rm a t io n  

and l a b e l  t r a n s f e r .  A u to rad iog ra ph ic  s i l v e r  g r a in s  r e p r e s e n t  by 

d i n t  o f  the  p r o c e s s i n g ,  the  ac id  i n s o l u b l e  m a te r i a l  remain ing in 

the  r e c i p i e n t  c e l l s ,  i . e  DNA and RNA. The r e s id u a l  m a t e r i a l ,  which 

u l t i m a t e l y  c l a s s i f i e s  a c e l l  as gap ju n c t i o n  competent  o r  n o t ,  i s  

by p rev io u s  measurement on ly  a p o r t i o n  o f  the  r a d i o l a b e l l e d  m a t e r i a l  

which has been t r a n s f e r r e d  ( P i t t s  and Simms, 1977).

The outcome o f  the  t r a n s f e r r e d  m a te r i a l  u l t i m a t e l y  r e s i d e s  with

the c e l l  i n t o  which th e  r a d i o l a b e l l e d  m a te r i a l  i s  t r a n s f e r r e d .  I f  

the  r e c i p i e n t  c e l l  i s  m e t a b o l i c a l l y  a c t i v e  then the  l a b e l  w i l l  be 

conver ted  i n t o  s t a b l e  and u n s t a b l e  m a t e r i a l .  I f  given a l a r g e  enough 

sample s i z e  o f  a homogeneous ( i . e  c loned)  p o p u l a t i o n ,  then  th e

i n c o r p o r a t i o n  i n t o  s t a b l e  p ro d u c t s  w i l l  be the  mean t r a n s f e r  and 

the  mean a n a b o l i c  a c t i v i t i e s  of  the  sampled p o p u l a t i o n .  However, 

m e tabo l i c  c o - o p e r a t io n  and m e ta b o l i c  exchange could t h e o r e t i c a l l y  

be measured by the  amount o f  g ro s s  exchange o f  a c i d  s o l u b l e  and

in s o l u b l e  m a t e r i a l .  I f  the  ac id  s o lu b le  m a te r i a l  could  be f i x e d  

in r e c i p i e n t  c e l l s  then r e l i a n c e  on the  a n a b o l i c  s t a t e  o f  the  r e c i p i e n t  

c e l l  could be reduced ,  thus  i n c r e a s i n g  the  s e n s i t i v i t y  o f  t e c h n iq u e  

to  d e t e c t  marginal  and c u r r e n t l y  u n d e t e c t a b l e  gap j u n c t i o n  fo rm a t io n  

in m ix tu res  o f  h e t e r o t y p i c  c e l l s .  The f i x a t i o n  o f  a c id  s o l u b l e  

m a te r i a l  was a t tem pted  us ing  gl u t a r a l  dehyde on c e l l s  p r e l a b e l l e d

with [^H j-hypoxanth ine  and the  r e s u l t s  a r e  shown in Table 11.



TABLE 12(a ) : ' B00K- KEEPING' FIXATION

mean cpm x i—* o 1 C
O

Treatment 5%TCA EtOH 5'3%Glut 2 0 ' 3%G1ut 5 ' 6%G1ut 2 0 ' 6%G1 u t

In f i x a t i o n  
agen t - 63.2 83.1 280.4 145.5 297.6

Acid 
sol ubl e 356.6 313.3 225.6 67.2 183.0 62.9

Fil t e r 91 .4 56.7 63.7 64.5 78.5 71.3

Total 448.0 433.2 372.4 412.1 408.0 431.8

TABLE 12(b) : GLUTARALDEHYDE QUENCHING

Treatment BSS + Labe l l ing  EC^o
6 % G lu ta ra ld e h y d e  
+ Label 1 ing EC^q

Mean cpm x 10"■3 479.98 388.64

(5 r e p l i c a t e s )  19.3% re d u c t io n  in mean cpm between t r e a t m e n t s

(a)  Three r e p l i c a t e  5cm d i s h e s  c o n t a in in g  1x10^ C13 c e l l s  in  5ml
ECio were Pul s e  l a b e l l e d  f o r  3 hours with  2pCi/ml [ ^ H j - h y p o x a n th in e , 
washed wi th BSS a t  4°C and t r e a t e d  w i th :  2ml o f  5% TCA a t  4°C f o r  
20 minu tes  o r  Abso lu te  alcohol  f o r  20 minu tes  a t  4°C o r  3% 
gl u t a r a l  dehyde f o r  5 o r  20 minu tes  o r  6 % gl u t a r a l  dehyde f o r  5 o r
20 minutes  a t  4°C then e x t r a c t e d  with  2ml 5% TCA a t  4°C e x c e p t  un f ixed
sample.  All samples were then  t r e a t e d  as d e s c r ib e d  in Leqend to
Table 11.

(b)  0.5ml r e p l i c a t e s  (5)  o f  pooled l a b e l l i n g  medium were e i t h e r  
a d j u s t e d  to  6 % gl u t a r a l  dehyde o r  had an equal volume o f  BSS added 
to  g ive i d e n t i c a l  volumes in both co n t ro l  and gl u t a ra ld e h y d e  samples .  
The- r e p l i c a t e s  were then counted by l i q u i d  s c i n t i l l a t i o n  co u n t in g  
f o r  f o u r  minutes  in a Packard 'T r i - C a r b '  s c i n t i l l a t i o n  c o u n t e r .  
(Blank 5 2 . 5 . )



FIGURE 4:  H I STOGRAMS OF GRAIN COUNTS OF TCA AND 5 AND 20 MINUTE

GLUTARALDEHYDE FIXED C13 CELLS

Legend  a s  f o r  T a b l e  13.
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TABLE 13: STUDENT'S t  TEST OF GRAIN COUNTS OVER TCA AND GLUTARALDEHYDE

FIXED [3H]-HYPOXANTHIN£ LABELLED C13 CELLS

n = 50

Treatment mean (SD) ^ d f t P

TCA f ixed 71 .64  (18 .8 )
96 3.812 0 . 0 0 0 2

5' 5%o Gl u t a r a l  dehyde 87.1  (21 .6 )
94 5.755 0 . 0 0 0 0 1

20'  5% G lu ta ra ldehyde 114.7 (26 .1 )  •

TCA f ix e d  vs 20' 5% Gl u t a r a l  dehyde 89 9.45 0 . 0 0 0 0 1

lxlO6 C13 c e l l s  were grown on g l a s s  c o v e r s l i p s  in 50mm d i s h e s  
in 5ml EC^g anc* pu lsed  with 2pCi/ml [^H]-hypoxanth ine  f o r  3 hours ,  
washed with BSS and f ix e d  e i t h e r  with b %  TCA (2ml) a t  4°C f o r  20 
minutes  5% Gl u t a r a l  dehyde a t  4°C f o r  5 o r  20 m inu tes .  All c e l l s  
were then e x t r a c t e d  with  excess  i c e - c o l d  5% TCA and the  c o v e r s l i p s  
p rocessed  f o r  au to ra d io g rap h y  as p r e v i o u s l y  d e s c r ib e d .



From Table 11 i t  can be seen t h a t  gl u t a r a l  dehyde on ly  s l i g h t l y

in c r e a s e s  the  q u a n t i t y  of  r a d i o a c t i v e  m a te r i a l  in the  ac id  i n s o l u b l e  

f r a c t i o n ,  bu t  the  q u a n t i t y  o f  labe l  in  the  t r e a t e d  samples appea rs

to  be reduced .  As t h i s  was observed in a l l  r e p l i c a t e s  of  t h i s

exper im en t ,  a 'book-keep ing '  exper iment  was des igned  to  examine the  

app a re n t  l o s s  o f  l abe l  and the  r e s u l t s  a re  shown in Table 1 2 (a ) .

Although t h e r e  i s  a marked r e d u c t io n  in the  measured in c o r p o r a t i o n

by a l l  g lu t a r a ld e h y d e  t r e a t e d  c e l l s  the  h ig h e s t  a c id  i n s o l u b l e  

r a d i o a c t i v i t y ,  r e s i d e s  in  the  TCA f ix e d  samples .  Samples which have

had exposure to  gl u t a r a l  dehyde a l l  have high r e l e a s e  o f  l a b e l  i n t o

the  f i x a t i v e  but  high g lu t a r a ld e h y d e  c o n c e n t r a t i o n  and long exposure  

i n c r e a s e  t h i s  e f f e c t .  This  accoun ts  f o r  the  d i s p a r i t y  in t o t a l  

i n c o rp o r a t i o n  in t r e a t e d  and co n t ro l  samples in Table 11, bu t  does

not  account  f o r  the  r e d u c t io n  in samples f i x e d  with  low gl u t a r a l  dehyde 

c o n c e n t r a t i o n  o r  high c o n c e n t r a t i o n  f o r  s h o r t  t im es .  To t e s t  i f  

the  gl u t a r a l  dehyde was i n t e r f e r i n g  with  the  d e t e c t i o n  o f  r a d i o - n u c l i d e  

d i s i n t e g r a t i o n ,  gl u t a ra l  dehyde was added to  l a b e l l e d  medium and counted  

and the  d a ta  a re  shown in Table 12(b) .

From Table 12(b) i t  can be seen t h a t  t h e r e  i s  c o n s i d e r a b l e  

'quench ing '  in  samples c o n t a in in g  g l u t a r a l  dehyde,  e x p l a i n i n g  the  

a b b e r r a t i o n s  in the  ' book-keep ing '  e x p e r im en t s .  When the  g r a i n  count  

data, from g lu t a r a ld e h y d e  t r e a t e d  c e l l s  and c o n t r o l s  a r e  compared 

as i s  shown in Table 13 and F igure  4, i t  can be seen t h a t  t h e r e  a r e  

l a r g e  s t a t i s t i c a l  d i f f e r e n c e s  between the  c o n t r o l s  and th e  t r e a t e d  

c e l l s .  There i s  a 75% and 15% in c r e a s e  r e s p e c t i v e l y  in  long and 

s h o r t  f i x a t i o n  compared with  co n t ro l  c e l l s .  When f i x a t i o n  by d i f f e r e n t  

agen ts  i s  cons ide red  th e r e  i s  a f o u r - f o l d  g r e a t e r  a c id  s o l u b l e  than  

i n s o lu b l e  poo l .  In the  b e s t  j u n c t i o n  forming c e l l s ,  on ly  10% o f  

the  a v a i l a b l e  donor pool i s  in c o rp o r a t e d  by the  r e c i p i e n t  c e l l s  (Pitts & 

Simms, 1977)> thus  an i n c re a s e  o f  75% on g lu t a r a ld e h y d e  f i x a t i o n  in



t he  donor ac id  i n s o l u b l e  pool would r e s u l t  in a 7*5% i n c re a s e  in 

the  r e c i p i e n t  poo l .  There would be real  b e n e f i t s  in s e n s i t i v i t y  

of  m e ta b o l i t e  exchange i f  h a l f  the ac id  s o lu b l e  pool could have been 

f ix e d  by t r e a tm e n t  with  gl u t a ra l  dehyde , but  as the  f i x e d  c e l l s  were 

e f f e c t i v e l y  donors no t  r e c i p i e n t  c e l l s ,  f i x a t i o n  o f  the  a c id  s o lu b l e  

pool was not  as  e f f e c t i v e  as a n t i c i p a t e d .

3 :4  M etabo l i t e  Exchange in Lymphocyte Ontogeny

In o r d e r  to  examine the  p o s s i b l e  occur rence  o f  gap j u n c t i o n  

mediated  i n t e r c e l l u l a r  communication on lymphoid c e l l  ontogeny a 

s e r i e s  o f  exper iments  was d e v i se d .  The ontogeny o f  the  lymphoid 

c e l l  s e r i e s  i s  s t i l l  p o o r ly  unders tood (see  I n t r o d u c t i o n ) ,  but  i t  

i s  g e n e r a l l y  accep ted  t h a t  the  bone marrow i s  the  source  o f  lymphoid 

c e l l s .  However the  bone marrow i s  a l s o  the  source  o f  a l l  haemopoie t ic  

c e l l s  in l a t e  f o e t a l  and a d u l t  l i f e ,  which p r e s e n t s  d i f f i c u l t i e s  

in d i f f e r e n t i a t i n g  lymphoid c e l l s  from o t h e r  blood c e l l s .  Use o f  

t h i s  t i s s u e  would n e c e s s i t a t e  overcoming one o r o t h e r [ o r  bo th)  problems.  

E i t h e r  whole marrow p o p u la t io n s  would have to  be used in m e t a b o l i t e  

exchange,  which would p r e s e n t  subequent  d i f f i c u l t i e s  in i d e n t i f i c a t i o n  

o f  the  i n t e r a c t i n g  c e l l s .  A l t e r n a t i v e l y  the  lymphoid e l em en ts  would 

have to  be s e p a ra t e d  from the  o t h e r  marrow components.  Both t h e s e  

would be d i f f i c u l t  and i t  was dec ided  t h a t  p r im ary  and secondary  

lymphoid organs  would be a more l o g i c a l  and s im p le r  means o f  p roduc ing  

lymphoid c e l l s  to  examine the  inc id e n c e  of  p o s s i b l e  gap j u n c t i o n  

fo rmat ion  dur ing  lymphoid c e l l  development.

In mammals, the  c e l l u l a r  c o n t e n t s  of  secondary  lymphoid o rg a n s ,  

lymph nodes,  gu t  a s s o c i a t e d  lymphoid t i s s u e  (GALT) and s p l e e n ,  a r e  

to  a g r e a t e r  o r  l e s s e r  e x t e n t  r e p r e s e n t a t i v e  o f  the  lymphoid c o n t e n t  

o f  blood.  The- s p l e e n ,  however,  due to  i t s  e x t e n s i v e  blood supp ly  

and f u n c t i o n s  c o n t a in s  l a r g e  amounts o f  non-lymphoid blood c e l l s



in the red pu lp .  As a r e s u l t ,  s e p a r a t i o n  and d i f f e r e n t i a t i o n  of  

the  lymphoid component from the  non-lymphoid c o n s t i t u e n t s  i s  d i f f i c u l t .  

The o t h e r  secondary  lymphoid o rg an s ,  lymph nodes and GALT, while 

c o n s t i t u t i n g  a l a r g e  p r o p o r t i o n  o f  the  t o t a l  lymphocyte p o p u la t i o n  

o f  the  body, a re  wide ly  d i s s em in a ted  th roughou t  the  body 's  t i s s u e s .

For th e se  r e a s o n s ,  i t  i s  more l o g i c a l  to  c o n s id e r  the  p r im ary  

lymphoid organs  as sources  o f  c o m p ara t iv e ly  pure p o p u la t i o n s  of  

lymphoid c e l l s  du r ing  d i f f e r e n t i a t i o n .  However, in an imals  

p h y l o g e n e t i c a l l y  h ig h e r  than AVES, the  Bursa of  F a b r i c u s ,  the  organ 

r e s p o n s ib l e  f o r  the  p ro d u c t io n  and m a tu ra t io n  o f  a n t ib o d y  produc ing  

B lymphocytes i s  a b s e n t  and i t s  f u n c t i o n  in mammals i s  th ough t  to  

have been taken  over  by the  bone marrow.

In mammals the  on ly  d i s c e r n i b l e  p r im ary  lymphoid organ i s  the  

thymus which has a well documented r o l e  in the  p r o d u c t io n  and 

d i f f e r e n t i a t i o n  o f  T lymphocytes (see  I n t r o d u c t i o n ) .  As the  thymus 

c o n s i s t s  l a r g e l y  o f  T lymphocytes and t h e i r  p r e c u r s o r s ,  f u r t h e r  

i n v e s t i g a t i o n s  i n t o  the  p o s s i b l e  a b i l i t y  o f  lymphoid c e l l s  to  

communicate by gap j u n c t i o n s  were focused  on t h i s  organ .  O ther  reasons  

f o r  t h i s  d e c i s i o n  were founded on the  p a u c i t y  o f  non-lymphoid 

h e t e r o g e n e i t y ,  the  ease  o f  p r e p a r a t i o n  o f  l a r g e  q u a n t i t i e s  o f  T 

lymphocytes and t h e i r  p r e c u r s o r s ,  the  s u b s t a n t i a l  q u a n t i t i e s  o f  

p u b l i sh e d  exper imenta l  work on the  organ and T c e l l  s u b s e t s  w i th in  

and a r i s i n g  from t h i s  organ and the  a v a i l a b i l i t y  of  well c h a r a c t e r i s e d  

monoclonal a n t i b o d i e s  a g a i n s t  c e l l  s u r f a c e  a n t i g e n s .

The major r e s t r i c t i o n  h in d e r in g  the  use o f  human m a t e r i a l  f o r  

t h e s e  i n v e s t i g a t i o n s  was the  d i f f i c u l t y  in o b t a i n i n g  s u i t a b l e  human 

c l i n i c a l  m a te r ia l  in a conven ien t  and c o n s i s t e n t  manner to  a l lo w  

exper iments  to  be c a r r i e d  ou t  on a r o u t i n e  b a s i s .  As a re su l  t , i n b r e d



TABLE 14: URIDINE NUCLEOTIDE TRANSFER BETWEEN DENSITY

SEPARATED THYMOCYTES AND SWISS 3T3 CELLS

n = 50 Mean Grain Count/Cell  P > 95% Cl

Donor 
Cel 1 s

Recip
C e l l s

Cel I s  in 
Contact

I s o l a t e d  
Cel 1 s Ji*df t P

3T3 3T3 34 .2 7 (3 .4 9 ) 3 .7 9 (1 .7 4 ) 53 24.83 0 . 0 0 0 0 1

1055g/ml ThyJi£ 3T3 3 2 .2 9 (1 0 .3 ) 19 .84 (7 .64 ) 57 6.78 0 . 0 0 0 0 1

M65g/ml Thyt§. 3T3 45 .1 6 (1 2 .9 ) 2 6 .3 7 (7 .5 9 ) 52 8 .98 0 . 0 0 0 0 1

T075g/m1 Thyt§. 3T3 52 .0 8 (1 0 .8 ) 3 8 .0 (1 1 .6 ) 61 6.41 0 . 0 0 0 0 1

1090g/ml T h y i i 3 1 3 49 .3 3 (1 1 .9 ) 3 4 .0 2 (9 .7 ) 73 7.17 0 . 0 0 0 0 1

Total Thyl®. 
n = 200

3 1 3 44 .89 (1 3 .7 ) 29 .7 2 (1 1 .6 ) 385 12.08 0 . 0 0 0 0 1

5x10^ e n z y m a t i c a l l y  d ig e s t e d  washed thymocytes in  20ml SF RPMI 
were a p p l i e d  to  d i s c o n t in u o u s  i s o t o n i c  P e rco l l  g r a d i e n t s  with  s t e p s  
a t  1.055.  1.065 ,  1.075 and 1.090g/ml d e n s i t y  in 50ml s i  1 i c o n i s e d
s t e r i l e  Pyrex c e n t r i f u g a t i o n  tubes  and spun a t  750g f o r  40 minu tes  
a t  room te m p e ra tu re .  C e l l s  a t  the  i n t e r f a c e  o f  th e  d e n s i t y  s t e p s  
were c o l l e c t e d ,  washed t h r i c e  in  SF RPMI 1640 and resuspended  a t  
1x10? c e l l s /m l  in  complete RPMI 1640 c o n t a in in g  [^Hjr -ur id ine (2 p C i /m l ) 
f o r  3 hours a t  37°C. A f t e r  l a b e l l i n g  the  c e l l s  were washed in  complete 
RPMI and seeded a t  1x10? c e l l s  onto Swiss 3T3 c e l l s  grown o v e r n i g h t  
a t  2x10^ cel ls /50mm d i s h  on 13mm g l a s s  c o v e r s l i p s  and c o - c u l t u r e d  
f o r  3 hours .  S i m i l a r l y  p r e l a b e l l e d  3T3 c e l l s  were added to  i d e n t i c a l  
3T3 r e c i p i e n t s  a t  5.10^  c e l l s / d i s h .  At the  end o f  the  c o - c u l t u r e  
the  c e l l s  were f i x e d  and p rocessed  f o r  au to ra d io g ra p h y  as  p r e v i o u s l y  
d e s c r ib e d .  Grain counts  over  50 r e c i p i e n t s  in c o n t a c t  w i th  donors  
and 50 i s o l a t e d  r e c i p i e n t s  were performed and the  means and s t a n d a r d  
d e v i a t i o n s  c a l c u l a t e d  and two sample t  t e s t s  performed on each  group.  
Donor th yoc y te s  in c o n t a c t  with  3T3 c e l l s  were a s s e s s e d  wi th  r e s p e c t  
to  s i z e  and l a b e l l i n g  and a s s ig n ed  numerical  va lues  1 - 6  where 6 was 
a l a rg e  h e a v i ly  l a b e l l e d  donor ,  5 l a r g e  l i g h t l y  l a b e l l e d ,  4 and 3 
medium heavy o r  l i g h t  l a b e l l e d  r e s p e c t i v e l y ,  and 2 and 1 were small 
heavy o r  l i g h t  l a b e l l e d  r e s p e c t i v e l y .



FIGURE 5: HISTOGRAMS OF GRAIN COUNTS OVER ISOLATED 3T3 RECIPIENTS

AND RECIPIENTS IN CONTACT WITH DENSITY SEPARATED MURINE 

THYMOCYTES PRELABELLED WITH [ 3H]-URIDINE

Legend as f o r  Table 14

t h y m o c y t e s  to 3T3
Hanoi TO 3T3

BAND z TO 3T3

BANO 3 TO 3T3 BAND 4 10 3 T
no. of groins

BAND1
2
3
/.

grm s/ml
1055 
1065 
1 075 
V090

*

iO
.



FIGURE 6 (b ) :  DISTRIBUTION OF GRAINS OVER LABELLED THYMOCYTES

Legend as f o r  Table 14.

MI DDLE OF NUMBER OF 
I NTERVAL OB S E RV A T I O N S  

1 . 4 **
2. m 5 7 <; K
3 . 16 +
4 ,  82 ★
5 • 10 * ★ ir ife v
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D i s t r i b u t i o n  o f  t h e  n u m b er o f  g r a i n s  o v e r  l a b e l l e d  t h y m o c y t e s  
c l a s s i f i e d  b y  s i z e  a n d  l a b e l l i n g  i n  T a b le  1 4 .



FIGURE 6 ( a ) :  GRAPH OF SIZE AND LABELLING OF DONOR THYMOCYTES VERSUS

GRAIN COUNTS OVER 3T3 RECIPIENTS IN CONTACT

Legend as f o r  Table 14.
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D i s t r i b u t i o n  o f  g r a i n s  o v e r  r e c i p i e n t  3T 3 c e l l s  i n  c o n t a c t  w i t h  
l a b e l l e d  d o n o r  th y m  o c y t e s  c l a s s i f i e d  b y  s i z e  a n d  l a b e l l i n g .



mice were used i n s t e a d ,  as  they  posse ss  well documented c e l l  s u r f a c e  

a n t ig e n s  p r e s e n t  on thymocytes and T lymphocytes.

3 :4 .1  U r id ine  n u c l e o t i d e  t r a n s f e r  between murine 

thymic lymphocytes and Swiss 3T3 c e l l s  

A p ro toco l  was dev ised  us ing mild enzymatic d i g e s t i o n  (see  

Methods) which produced >90% o f  the  c o n s t i t u e n t  c e l l s  o f  the  o rgan ,  

as e s t im a te d  by m ic roscop ic  examinat ion  of  the  r e s id u e  a f t e r  d i g e s t i o n ,  

with >95% as a suspension  o f  v i a b l e  s i n g l e  c e l l s  as  e s t i m a t e d  by 

t rypan  blue e x c lu s io n  and f l u o r e s c e n c e  in the  p resence  o f  f l u o r e s c e i n  

d i - a c e t a t e  (da ta  not  shown).

In i n i t i a l  exper iments  us ing  10^ thymic lymphocytes p e r  5cm 

t i s s u e  c u l t u r e  d i s h  in u r i d i n e  n u c l e o t id e  t r a n s f e r  e x p e r im e n t s ,  a.

f e g j  r e c i p i e n t  Swiss 3T3 c e l l s  p e r  c o v e r s l i p  were observed  to  have 

g r e a t e r  than  background numbers of  s i l v e r  g r a in s  when in c o n t a c t  

with  p r e - l a b e l  l e d  donor thymocytes .  In a d d i t i o n  to  t h i s  o b s e r v a t i o n ,  

i t  was no t i c e d  t h a t  t h e s e  c o n t a c t i n g  donor c e l l s  were l a r g e  to  medium 

s i z e d .  Thus i t  was dec ided  t h a t  th e  thymic lymphocytes should  be1

sub -d iv ide d  by t h e i r  d e n s i t y .  The s e p a r a t i o n  o f  thymocytes  o f  

d i f f e r e n t  c e l l u l a r  d ia m e te r  was ach ieved  by c e n t r i f u g a t i o n  a t  750g 

f o r  40 minu tes  a t  room te m pera tu re  on d i s c o n t in u o u s  i s o t o n i c  P e rc o l l  

g r a d i e n t s  with  s t e p s  a t  1 .055 ,  1 .065,  1.075 and 1 .090g/ml .  C e l l s

which banded a t  the  g r a d i e n t  i n t e r f a c e s  were washed,  r e a d j u s t e d  to  

a c o n c e n t r a t i o n  o f  1x10^ c e l l s / m l ,  pu lsed  with  lOpCi o f  [ ^ H ] - u r i d i n e  

f o r  3 hours and washed be fo re  c o - c u l t u r e  with Swiss 3T3 f i b r o b l a s t  

r e c i p i e n t s .  The r e s u l t s  o f  one o f  th e s e  s e t s  o f  expe r im en t s  a re  

shown in F igure 5 and the  s t a t i s t i c a l  an a ly se s  o f  the  t o t a l  c o n t a c t i n g  

and i s o l a t e d  r e c i p i e n t s  i s  shown in  Table 14.



TABLE 15: INCORPORATION INTO 3T3 CELLS IN CONTACT WITH OR SEPARATED

FROM [3H]-URIDINE PRE-LABELLED THYMOCYTES

In Contact S epara ted
F i l t e r s  

4 r e p l i c a t e s

cpm mean +_ SD mean +_ SD

Acid Sol 40.7 + 5.3 141.2 + 6 .3 n.d

Acid Insol 805.5 + 13.2 47.1 + 3.1 12.37 + 24.6

n.d = not  done Blank 34.1

5x10^ thymocytes were pu lsed  f o r  3 hours with  2pCi/ml [ ^ H ju r i d in e  
washed 3 t imes in  complete medium (RPMI 1640) and c o - c u l t u r e d  with  
2 x l0 5 Swiss 3T3 c e l l s /5 cm  t i s s u e  c u l t u r e  d i s h  f o r  3 hours e i t h e r  
in  d i r e c t  c o n t a c t  o r  s e p a ra t e d  by a 0.22pm M i l l i p o r e  f i l t e r .  A f t e r  
c u l t u r e  the  f i l t e r  and thymocytes were removed and the  3T3 a c id  s o lu b l e  
and in s o l u b l e  pool e x t r a c t e d  as p r e v i o u s l y  d e s c r i b e d .  All p l a t e s  
were v ig o r o u s ly  washed f o u r  t imes  in  complete medium and a l l  a t t a c h e d  
thymocytes removed as judged by phase c o n t r a s t  microscopy  in c o n t a c t i n g  
r e p ! i  c a t e s .



The d i s t r i b u t i o n  of  r e c i p i e n t  g r a in  counts  p l o t t e d  a g a i n s t  s i z e

and in c o rp o r a t i o n  of  the donor thymocytes ,  where group 6 i s  l a r g e s t  

and most h e a v i ly  l a b e l l e d  and group 1 s m a l l e s t  and most l i g h t l y  

l a b e l l e d ,  i s  shown in F igure 6 ( a ) .  The d i s t r i b u t i o n  of  communicating 

donors by the  c r i t e r i a  o f  s i z e  and la be l  i s  shown in F igure  6 (b ) .

From the  da ta  in F igure 5 i t  can be seen from the  combined r e s u l t s

t h a t  the  d i s t r i b u t i o n  o f  g r a in  counts  over  3T3 c e l l s  in c o n t a c t  wi th 

thymocytes shows c o n s id e r a b l e  ove r lap  with  d i s t r i b u t i o n  over  the  

i s o l a t e d  r e c i p i e n t s .  Many o f  the  3T3 c e l l s  in c o n t a c t  with  the  added 

p r e l a b e l l e d  thymocytes have a g r a in  count  i n d i s t i n g u i s h a b l e  from 

i s o l a t e d  3T3 c e l l s ,  but  t h e r e  i s  a p o p u la t io n  which has a h ig h e r

g ra in  count .  Examination of  the  d i s t r i b u t i o n s  o b ta in e d  wi th the

d e n s i t y  sep a ra t e d  f r a c t i o n s  (F igure  5) shows t h a t  t h i s  p r o p e r t y  i s  

g r e a t e s t  in Band 2 and th e se  r e s u l t s  a re  confirmed in Table 14 and 

Figure 6 . The occurrence  o f  high g r a in  counts  in some 3T3 c e l l s

could be due to  au to ra d io g ra p h  background o r  medium t r a n s f e r  o f  the  

l a b e l .  In r e p e a t s  o f  t h i s  exper iment the  h ig h e r  g r a i n  count  3T3 

c e l l s  were always seen r e g a r d l e s s  o f  the  a u t o r a d i o g r a p h i c  background.

3 : 4 . 2  A na lys is  o f  g r a in  counts  o f  3T3 c e l l s  in c o n t a c t  with  o r  

se p a ra t e d  from l a b e l l e d  murine thymic lymphocytes 

The c r i t e r i a  of  ' c o n t a c t '  judged by exam ina t ion  with  the  l i g h t  

microscope is. very  s u b j e c t i v e .  T h e re fo re ,  to  t e s t  i f  c o n t a c t  i s  

r e a l l y  n ece ss a ry  to  produce the  in c re a s e d  g r a in  counts  over  3T3 c e l l s ,  

r e c i p i e n t  3T3 c e l l s  were s e p a ra t e d  from p r e l a b e l l e d  thymocytes  by

a 0.22pm M i l l ip o re  f i l t e r .  The f i l t e r  a l low s  f r e e  pas sage  o f  the  

c u l t u r e  medium but  does not  a l low  d i r e c t  c e l l / c e l l  c o n t a c t  between 

donor and r e c i p i e n t  c e l l s .  Control  donor c e l l s  were c u l t u r e d  d i r e c t l y  

with  r e c i p i e n t  c e l l s  and the  t o t a l  i n c o r p o r a t i o n  o f  the  t e s t  and

con t ro l  r e c i p i e n t  c e l l s  i s  shown in Table 15.



As can be seen from Table 15 t h e r e  i s  a s i g n i f i c a n t  i n c r e a s e

in 3T3 r e c i p i e n t  i n c o r p o r a t i o n  where the  p r e l a b e l l e d  thymocytes a re  

in d i r e c t  c o n t a c t  with  the r e c i p i e n t s .  This su g g e s t s  t h a t  whi le  

t h e r e  e x i s t s  a degree  o f  medium media ted t r a n s f e r  o f  la be l  from 

thymocyte to  3T3 c e l l s  acc oun t ing  f o r  the  high background in 

a u t o r a d io g r a p h s ,  d i r e c t  c o n t a c t  i s  n e c e ss a ry  f o r  i n c re a s e d  

i n c o r p o r a t io n .

3 :4 . 3  I n c o r p o r a t i o n  o f  [^H ]-U r id ine  (UdR), [^H]-Thymidine (TdR) 

and [^H]-Hypoxanthine by thymic lymphocytes

I f  the  s e n s i t i v i t y  o f  the  t r a n s f e r  a s s a y  could be in c r e a s e d

i t  may be p o s s i b l e  to  see a l a r g e r  p r o p o r t i o n  of  thymocyte/3T3 c e l l  

p a i r s  showing t r a n s f e r .  Higher a c t i v i t y  in the  a c id  s o l u b l e  pool

should r e s u l t  in g r e a t e r  t r a n s f e r  o f  a c t i v i t y .  Other  p r e c u r s o r s  

were t h e r e f o r e  examined to  see i f  th e y  gave a h ig h e r  n u c l e o t i d e  ( a c id  

s o lu b l e )  pool a c t i v i t y  and the  i n c o r p o r a t i o n  and g r a i n  coun ts  a re  

shown in Table 16.

From the  i n c o r p o r a t i o n  d a ta  i t  i s  e v i d e n t  t h a t  a l th o u g h  

hypoxanthine has a s i x f o l d  lower  s p e c i f i c  a c t i v i t y  than  [^H]-UdR, 

i t  has an a lmost  f o u r f o l d  i n c r e a s e  in the  ac id  i n s o l u b l e  pool and 

a comparable ac id  s o lu b l e  p o o l .  This  in c r e a s e  in i n c o r p o r a t i o n  i s  

a l s o  m i r ro re d  in an almost  2 . 5 - f o l d  i n c r e a s e  in  g r a i n  coun ts  a f t e r  

a u to ra d io g rap h y  o f  c y t o c e n t r i f u g e  p r e p a r a t i o n s .  The up take o f  each 

of  the l a b e l s  i s  comparable when comparing the  a c id  s o l u b l e  p o o l s ,  

with the  ac id  i n s o l u b l e  i n c o r p o r a t i o n  o f  [^H]-TdR g iv in g  a measure

of  DNA s y n t h e s i s .



TABLE 16: INCORPORATION OF THYMIC LYMPHOCYTES OF [3H]-THYMIDINE
(TdR), [^H]—URIDINE (UdR) AND [3H]-HYPOXANTHINE BY LIQUID 
SCINTILLATION COUNTING AND AUTORADIOGRAPHIC SILVER GRAIN 
COUNTING

Mean cpm (SD) 4 r e p l i c a t e s

[ 3H]-TdR [ 3H]-UdR [ 3H]-Hypoxanthine (HX)

Acid s o l u b le 535 ,895 ( 4 , 5 9 7 . 5 ) 612 ,990 ( 3 , 5 2 2 . 7 ) 645 ,614  (1 91 7 . 2 )

Acid i n s o l u b l e 7 ,2 9 4  ( 20 4 . 2 ) 2 ,568  (1 2 4 . 2 ) 9212 .7  ( 1 9 8 . 4 )

Mean Grain Counts (SD) 
n = 50

2 .37 ( 1 .9 7 ) 11 .34 (8 .1 9 ) 29 . 84  (6 . 3 4 )

S p e c i f i c  A c t i v i t y  (Ci/mM) 25 28 5

10? thymocytes pu lsed  f o r  3 hours wi t h  lOpCi o f  1 a beL,_washed 
- t h r i c e — i n —com ple te—RPMI, c y t o c e n t r i f u g e  p r e p a r a t i o n s  o f  a l i q u o t s  
p rocessed  f o r  au to ra d io g ra p h y .  Acid s o lu b le  poo ls  e x t r a c t e d  with
2x2ml o f  i c e - c o l d  5% TCA, pooled and coun ted ;  ac id  i n s o l u b l e  f r a c t i o n s  
e x t r a c t e d  with  2ml 0.1M NaOH a t  20°C f o r  30 minutes  and a c i d i f i e d  
wi th 0.3ml 1MHC1 and counted .  The s p e c i f i c  a c t i v i t i e s  c i t e d  a re
the  Amersham I n t e r n a t i o n a l  quoted s p e c i f i c  a c t i v i t i e s .



TABLE 17: METABOLITE EXCHANGE BETWEEN DENSITY SEPARATED THYMIC

LYMPHOCYTES AND TG2 OR A9 CELLS IN THE PRESENCE OF [ 3H]- 

HYPQXANTHINE

Mean Grain Count/Cell  (SD)

C e l l s  in I s o l a t e d
C u l tu re  Conta c t  C e l l s  ^ d f  t  P

Band 1 ( 1 . 055g/ml ) 
Thymocytes/A9 0 .7 7 4 (0 .6 4 ) 0 .755 (0 .705 ) 93 0.144 0 . 8 9 ( NS)

Band 2(1 .065g/ml)  
Thymocytes/A9 0 .7 8 (0 .0 7 8 ) 0 .7 (0 .6 1 4 ) 93 0.603 0 . 5 5 ( N S )

Band 4(1 .090g/ml)  
Thymocytes/A9 1 .824(0 .842) 1 .686(0 .948) 98 0.773 0.44(NS)

Thymocytes/TG2 2 8 .981 (6 .66 ) 10 .577(4 .27) 86 16.76 <0 . 0 0 0 1

1x10? thymocytes s e p a ra t e d  by d e n s i t y  c e n t r i f u g a t i o n  (as  
p r e v i o u s l y  d e s c r ib e d )  f o r  A9 exper im en ts  ( d e n s i t i e s  1 .055 ,  1 .065 ,
1.090 r e s p e c t i v e l y )  and u n separa ted  f o r  TG2 c e l l s ,  were c o c u l t u r e d  
with  2 x10  ̂ A9 o r  TG2 which had been c u l t u r e d  on 13mm covers !  i p s  in 
50mm d i s h e s  o v e rn ig h t .  C e l l s  were c o - c u l t u r e d  in  th e  p re s e n c e  o f  
[^H]-hypoxanthine (50pCi)  in 5ml o f  complete RPMI f o r  3 hou rs .  The 
p l a t e s  were washed a f t e r  c o - c u l t u r e ,  f i x e d  and p ro c e s s e d  f o r  
au to ra d io g rap h y  as p r e v i o u s l y  d e s c r ib e d .  50 i s o l a t e d  r e c i p i e n t s  
and 50 r e c i p i e n t s  in c o n t a c t  with  thymocytes were g r a i n  counted .



FIGURE 7 ( a ) :  HISTOGRAMS OF GRAIN COUNTS OVER ISOLATED A9 AND TG2

RECIPIENTS AND RECIPIENT CELLS IN CONTACT WITH THYMOCYTES 

IN THE PRESENCE OF [ 3H]-HYP0XANTHINE

Legend as f o r  Table 17. 

thymocytes to - j  iq banc? to a9 band<toa9

no of grcins

SANpt j.n-jS
2 1-065
3 1-075
4 1090

thymocytes to tg2



FIGURE 7 ( b ) :  DISTRIBUTION OF SIZE AND LABELLING OF THYMOCYTES

IN CONTACT WITH TG2 CELLS CO-CULTURED IN THE PRESENCE 

OF [ 3H]HYP0XANTHINE

Legend as f o r  Table 17.
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r e c i p i e n t s .



FIGURE 7 ( c ) :  EXAMPLES OF CELLS AFTER AUTORADIOGRAPHIC PROCESSING

Legend  a s  f o r  T a b l e  17.
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( a )  + ( b )  1 . 0 6 5 g / m l  t h y m o c y t e s  i n  c o n t a c t  w i t h  TG2 r e c i p i e n t s ;

( c )  + ( d )  1 . 0 9 0 g / m l  t h y m o c y t e s  i n  c o n t a c t  w i t h  Tg2 r e c i p i e n t s .



3 : 4 . 4  M e t a b o l i c  c o - o p e r a t i o n  b e t w e e n  t h y m i c  

l y m p h o c y t e s  and TG2 and  A9 c e l l s  

The in c o rp o r a t i o n  of  labe l  in the p rece ed in g  exper iment r e f l e c t s  

the leve l  of  l a b e l l i n g  t h a t  would be achieved  in a m e tabo l ic  

c o -o p e ra t i o n  exper iment us ing thymocytes in the p re sence  of  [ ̂ H] - 

hypoxan th ine . Given the above da ta  i t  was dec ided  t h a t  m e ta b o l i t e  

exchange exper iments  would be a t tem pted  to t e s t  the a b i l i t y  of  thymic 

lymphocytes in t h i s  more r ap id  a s s ay  us ing  the  HGPRT" mutant  of  

BHK/C13, TG2 and the  HGPRT" mutant  L929, A9. The im por tan t  d i f f e r e n c e  

between the se  l i n e s  i s  t h a t  the ham ster  TG2 l i n e  i s  MEC+ and the 

mouse A9 i s  MEC" and n e i t h e r  i n c o r p o r a t e  [^H j-hypoxan th ine .  TG2 

when c o - c u l t u r e d  with w i ld - ty p e  MEC+ c e l l s  w il l  i n c o rp o r a t e  C^H]- 

hypoxanthine de r ived  n u c l e o t i d e s  produced in the wil d - ty p e  c e l l s  

by t r a n s f e r  th rough gap j u n c t io n a l  c h an n e ls .  TG2 c e l l s  growing in

c o n t a c t  with HGPRT* MEC+ c e l l s  t h e r e f o r e  become l a b e l l e d  in the  

p resence  o f  [^Hj-hypoxanth ine whereas A9 c e l l s  do no t .

Thymic lymphocytes (10^) were c u l t u r e d  in media c o n t a i n i n g

50pCi of  [^Hj-hypoxanth ine in the  p re sence  o f  e i t h e r  TG2 o r  A9 c e l l s .

The r e s u l t s  of  t h e se  exper iments  a re  shown in F igure  7 ( a )  and (b)

and the  s t a t i s t i c a l  a n a ly s e s  a re  shown in  Table 17. The d a ta  from

th e s e  exper iments  show t h a t  some o f  the  MEC* TG2 c e l l s  in c o n t a c t

with  thymocytes i n c o rp o r a t e  l a b e l l e d  m a te r i a l  whereas none o f  the  
#

A9 MEC" c e l l s  in c o n t a c t  wi th thymocytes i s  l a b e l l e d  above background 

l e v e l s .

From the  d i s t r i b u t i o n  of  the  donor a d h e re n t  thymocytes in the 

TG2 c o - c u l t u r e  experiment in Figure 7(b)  i t  can be seen t h a t  medium



and l a r g e  thymocytes outnumber small lymphocytes by more than two 

to  one.  There i s ,  as  in the  exper iments  with 3T3 c e l l s ,  an ove r lap  

in g r a in  count  d i s t r i b u t i o n  of  TG2 c e l l s  in c o n t a c t  with  the  

d i s t r i b u t i o n  o f  i s o l a t e d  TG2 c e l l s .

3 :4 .5  A na ly s i s  o f  adherence of  thymic lymphocytes to  homologous 

o r  he te ro lo g o u s  stromal s u b s t r a t e s  

In o r d e r  to  examine the  c o n d i t i o n s  which give r i s e  to  the

o ve r la pp ing  d i s t r i b u t i o n s  o f  g r a in  counts  between c o n t a c t i n g  and

n o n -c o n ta c t in g  r e c i p i e n t s  some c o n s i d e r a t i o n  must be made o f  the

ev en t s  which r e s u l t  in the  t r a n s f e r  o f  the  l a b e l l e d  m a t e r i a l  between 

donor and r e c i p i e n t  c e l l s .  The c e l l u l a r  ev en t s  which r e s u l t  in the  

t r a n s f e r  of  m a te r i a l  by gap j u n c t i o n a l  channe ls  can be l a r g e l y

summarised by r e g a rd in g  the  p ro c e s s  as f o u r  s t e p s  from th e  a d d i t i o n  

of  the  donor c e l l s  to  the  c o - c u l t u r e .  The c e l l s  must s e t t l e ,  a d h e re ,  

form ju n c t io n a l  channe ls  and t r a n s f e r  the  l a b e l .  This  i s  a g r o s s l y

s i m p l i f i e d  model of  a h ig h ly  complex p ro c e s s  w i th in  which t h r e e  o f

the  f o u r  s t e p s  cannot  be r e s o lv e d .  The p rocess  o f  c e l l  s e t t l i n g ,

j u n c t io n a l  channel fo rm at ion  and la be l  t r a n s f e r  a re  p a ra m e te r s  which 

would prove d i f f i c u l t  t o  measure us ing  the  p r o t o c o l s  o f  m e t a b o l i t e  

t r a n s f e r .  However, adhes ion  i s  a pa ram e te r  which can be q u a n t i f i e d  

us ing p r e v i o u s l y  d e s c r ib e d  t e c h n iq u e s ,  as  the  number o f  a d h e r e n t  

c e l l s  can be measured a f t e r  i n c u b a t i o n ,  f i x a t i o n  and s t a i n i n g  and 

t h i s  p r o p o r t i o n  measured with  r e s p e c t  to  the  t o t a l  i n p u t  o f  c e l l s

a t  the  beginning  of  the  exper iment .

The b a s i c  p ro toco l  was to  t a k e  male and female weanling  (3 -4  

week o ld )  mice from s i b l i n g  congenic  CBA m others ,  h a l f  o f  whom were 

used on day 1 to  s e t  up r e p l i c a t e  c u l t u r e s  o f  thymic s troma.  On 

day 2 , the  stromal c u l t u r e s  were washed and b r i e f l y  t r e a t e d  wi th



TABLE 18: ADHESION OF THYMIC LYMPHOCYTES TO STROMAL CELL CULTURES

n = 20 mean (SD)

Thymocytes Stroma Thymocytes/Unit  Area Thymocytes/Stromal c e l l

Mai e Male 306.4 (167) 10.32 (6 .23 ) 1

Male Female 365.8 (205) 11.61 (6 .27 ) 2

Female Female 250.2 (138) 7 .4  (5 .77 ) 3

Female Mai e 273.7 (143) 8 .03  (5 .12 ) 4

Two sided  

Densi t y

t  t e s t  

n ^ d f t P

1 vs 2 20 36 -1 .005 0.32  (NS)

3 vs 4 20 37 -0 .529 0.59 (NS)

Bound

1 vs 2 38 73 -0 .900 0.37 (NS)

3 vs 4 38 72 0.505 0.61 (NS)

Randomly s e l e c t e d  male and female 3-4  week weanling CBA congenic  
mice were chosen,  h a l f  o f  whom were used on day 1 to  produce thymic 
stromal c e l l  c u l t u r e s .  Thymuses were removed and d i s s o c i a t e d  us ing  
th e  enzymatic d i g e s t i o n  d e s c r ib e d  in the  Methods s e c t i o n ,  washed 
in  SF RPMI and p laced  in  50mm d i s h e s  a t  5x10? c e l l s / d i s h  in  5ml 
of  complete RPMI. The p l a t e s  were in cuba ted  a t  37°C f o r  6 h o u r s ,  
washed f o u r  t imes with complete RPMI a f t e r  in c u b a t io n  and the  medium 
rep laced  and the  r e s id u a l  c e l l s  incuba ted  a t  37°C o v e r n i g h t .  On 
day 2, the  p l a t e s  were washed and b r i e f l y  t r e a t e d  with  0.25% t r y p s i n  
s o l u t i o n  to  remove r e s id u a l  lymphocytes and the  medium r e p l a c e d .  
The remainder of  the  male and female mice were s a c r i f i c e d ,  thymuses 
removed and e n z y m a t i c a l l y  d i s s o c i a t e d  i n t o  s i n g l e  c e l l  s u s p e n s i o n s .  
1x10? thymocytes were added to  the  stromal c u l t u r e s  in a l l  p o s s i b l e  
combinations and in cuba ted  a t  37°C f o r  3 hours .  A f t e r  cocu l tuP e  
the  p l a t e s  were f i x e d  and s t a i n e d  with  May-Grunwald-Giemsa-Rhodamine 
B as d e s c r ib e d  in the  Methods s e c t i o n .  The c u l t u r e s  were q u a n t i t a t e d  
by two p a ra m e te r s ,  number of  thymic lymphocytes bound to  38 st romal



TABLE 18: Legend, c o n t ' d

c e l l s  chosen a t  random and the  number o f  thymic lymphocytes in  20 
a re a s  (0.5mm x 0.5mm) a t  random on the  50mm d i s h e s .  The d e f in e d  
a rea  was e s t a b l i s h e d  by viewing an ' Improved Neubauer '  haemocytometer 
under a x40 p l a n  o b j e c t i v e  and p r o j e c t i n g  a 0.5mm x 0.5mm square  
onto  a t e l e v i s i o n  moni to r  sc reen  v ia  a video camera connec ted  to 
the  microscope .



FIGURE 8 : GRAPHICALLY PLOTTED 95% CONFIDENCE INTERVALS FOR LEVEL

MEANS OF THYMIC LYMPHOCYTES BOUND TO STROMAL CELLS AND 

NUMBER OF THYMIC LYMPHOCYTES IN A 0.5mm x 0.5mm AREA

Legend as f o r  Table 18.

P lo t t e d  ind iv idua l  95% conf idence  i n t e r v a l  f o r  leve l  means
based on pooled s tandard  d e v i a t i o n  f o r  number o f  thymic lymphocytes
bound to  stromal thymic c e l l s  (Bound) and the number of  thymic
lymphocytes pe r  0.25mm2. Cen tral  bar  i n d i c a t e s  the  l o c a t i o n  of
the  mean and o u te r  bars  d e f i n e  the  c a l c u l a t e d  95% conf idence  i n t e r v a l  
of  the c a l c u l a t e d  mean.

I N D I V I D U A L  95  PERCENT C-. I .  FOR L E V E L  MEANS T h ym o c y tes /S tro m a l c e l l
( BASED ON POOLED STANDARD D E V I A T I O N )
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t r y p s i n  to  remove any r e s id u a l  lymphocytes and the  medium re p la c e d .  

The remaining male and female weanlings  were used to  produce  s i n g l e  

c e l l  suspens ions  of  thymic lymphocytes and 10? lymphocytes were added 

each p o s s i b l e  combination to  the  r e p l i c a t e  male o r  female  stromal 

ce l l  c u l t u r e s  and incuba ted  f o r  3 hours ,  the  l e n g th  o f  t ime o f  the  

c o - c u l t u r e  in the  m e ta b o l i t e  exchange expe r im en t s .  A f t e r  c o - c u l t u r e  

th e  p l a t e s  were f i x e d  and s t a i n e d  in the  manner p r e v i o u s l y  d e s c r ib e d .  

The c u l t u r e s  were q u a n t i t a t e d  us ing  two d i f f e r e n t  p a r a m e te r s ,  the  

d e n s i t y  of  a d h e re n t  c e l l s ,  and the  number of  c e l l s  bound to  a given 

number o f  i n d iv id u a l  s tromal c e l l s .  The d e n s i t y  was e s t i m a t e d  by 

m i c r o s c o p i c a l l y  viewing 20 (0.5mm x 0.5mm) d e f in e d  a r e a s  on the  5cm 

t i s s u e  c u l t u r e  p l a t e s .  The de f ined  a re a  was s e t  by viewing an 

'Improved Neubauer '  haemocytometer  under x40 p lan  o b j e c t i v e  and 

p r o j e c t i n g  a 0.5mm x 0.5mm square  onto a t e l e v i s i o n  s c reen  v ia  a 

video camera mounted on the  microscope then viewing th e  a rea  and 

count ing  the  t o t a l  number o f  c e l l s  bound in  th e  a re a  and th e  number 

o f  thymocytes bound to  stromal c e l l s .  The d a t a  from one o f  t h i s  

s e r i e s  of  exper iments  a re  shown in Table 18 and F igure  8 .

From t h i s  da ta  i t  can be seen t h a t  male thymocytes  show h ig h e r  

b inding  to  g l a s s  and stromal c e l l s ,  but  t h e r e  i s  more adhes ion  in 

h e t e r o t y p i c  c e l l  combinat ions  with  both male and female thymocy tes .  

From, th e  95% Confidence I n t e r v a l s  o f  the  mean thymocytes bound to

stromal c e l l s  (F igure  8 ) i t  can be seen t h a t  t h e r e  i s  a l a r g e  range 

of  thymocytes bound. From the  raw d a t a  (no t  shown) two p o p u l a t i o n s  

o f  thymocyte b inding  to  stroma can be d i s c e r n e d :  one which has l e s s  

than ten  thymocytes p e r  s tromal c e l l  and o t h e r  s tromal  c e l l s  with

up to  28 thymocytes bound. Whether t h e se  two p o p u l a t i o n s  a r e  rea l

o r  mere ly  exper imen tal  a r t e f a c t s  could not  be de te rmined  as the  

stromal c e l l s  show enormous v a r i a t i o n  in s i z e ,  s p r e a d in g  and



TABLE 19 : METABOLIC CO-OPERATION OF THYMIC LYMPHOCYTES OF MICE

OF DIFFERENT AGES AND TG2 CELLS

Mean g ra in c o u n t / c e l l  n = 50

Co-Cul ture
Cel I s  in 
Contact C e l l s * d f t P

^TG2.2 wks gestJL 13.06 (4 .03) 12.38 (4 .96 ) 94 0.752 0.45 (NS)

B TG2/new born 8 .76  (3 .01 ) 7 .66  (3 .77 ) 93 1.612 0.11 (NS)

C 3 wks/TG2 45.0  (23 .61) 18.72 (8 .48 ) 61 7.407 0 . 0 0 0 0 1

D 6 wks/TG2 31.96 (10 .49) 4.78 (1 .36 ) 50 18.166 0 . 0 0 0 0 1

E 12 wks/TG2 12.28 (3 .42 ) 12.1 (3 .52 ) 98 0.259 0.79 (NS)

F Adult/TG2 9.86 (4 .10 ) 9 .42  (4 .24 ) 95 0.63 0.52  (NS)

Congenic CBA mouse thymuses o f  d i f f e r e n t  ages were d i g e s t e d  
as before  to  s i n g l e  c e l l  s u s p e n s io n s ,  washed and c o - c u l t u r e d  with  
TG2 c e l l s  ( l x l O ^ /d i s h )  in  50mm d i s h e s  on 13mm c o v e r s l i p s ,  a t  2x10^ 
thym ocy tes /d i sh  in the  p resence  o f  50pCi o f  [^H j-hypoxanth ine  in 
5ml complete RPMI 1640. A f t e r  c o - c u l t u r e  the  c e l l s  were f i x e d  and 
p rocessed  f o r  au to ra d io g rap h y  as p r e v i o u s l y  d e s c r i b e d .  Gra ins  were 
counted over 50 TG2 c e l l s  in c o n t a c t  with  thymocytes and 50 TG2 
c e l l s  not  in c o n t a c t .  The means and s t an d a rd  d e v i a t i o n s  were 
c a l c u l a t e d  and su b je c t e d  to  two-sample t  t e s t s  to  t e s t  e q u a l i t y  
o f  means.



FIGURE 9: GRAPHS OF 95% CONFIDENCE INTERVAL OF SAMPLE MEANS VERSUS

GRAIN COUNTS OF METABOLIC CO-OPERATION OF TG2 CELLS AND 

THYMOCYTES FROM MICE OF DIFFERENT AGES IN THE PRESENCE 

OF [ 3H]-HYP0XANTHINE

Legend as f o r  Figure 8 and Table 19
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morphology w i th in  high and low binding  stromal c e l l s .  I t  may well

be th a t  a l l  stromal c e l l s  bind equal numbers of thymocytes ,  but 

bind with d i f f e r e n t  s t r e n g t h s ,  the  l o o s e l y  bound thymocytes being

l o s t  dur ing  subsequent  p ro c e s s in g .

3 :4 .6  Metabo lic c o - o p e r a t i o n  of  TG2 and thymocytes 

of  mice of  d i f f e r e n t  ages 

In a l l  exper iments  th us  f a r ,  the  mice used were w ean l ings ;

a l s o  mice of  t h i s  age show rap id  i n c r e a s e s  in thymic s i z e  and c e l l u l a r  

c o n te n t  and were though t  a good source  of  lymphocytes a t  d i f f e r e n t

s t a g e s  of  d i f f e r e n t i a t i o n .  I t  appears  t h a t  t h e r e  i s  a small

p ro p o r t i o n  of  MEC+ lymphocytes in weanling mouse thymuses,  but  t h e r e

could be a g r e a t e r  p r o p o r t i o n  in mice of  d i f f e r e n t  ages .  Two weeks

g e s t a t i o n ,  new born,  3 week, 6 week, 12 week and mature a d u l t  mouse

thymocytes were t e s t e d  in m e tabo l i c  c o -o p e r a t i o n  wi th TG2 c e l l s

in the  p resence  of  [ 3H ]-hypoxan th ine . The r e s u l t s  o f  a r e p r e s e n t a t i v e  

sample of  exper iments  a re  shown in Figure 9 and Table 19.

I t  can be seen from the  t a b l e  t h a t  m e t a b o l i t e  t r a n s f e r  on ly  

occurs  with s u f f i c i e n t  f requency  to  ge n e ra te  s t a t i s t i c a l l y  s i g n i f i c a n t  

in c re a s e  in the  average g r a in  counts  of  TG2 c e l l s  in c o n t a c t  wi th 

thymocytes of  3 to 6 week old mice* '

However, i t  i s  p o s s i b l e  to  record  in d i v id u a l  TG2 c e l l s

in c o n t a c t  with thymocytes which have a g r a in  count  well above

background between 3 and 6 weeks p o s t - n a t i v i t y .  On scanning  3 

r e p l i c a t e  c o v e r s l i p s  f o r  each time p o i n t  in thymic development a 

s in g le  example of  m e ta b o l i t e  exchange was seen with  the  neonata l  

thymocytes and two examples seen with  f o e t a l  thymocytes .

A v a r i e t y  of  ou tb red  and inbred  mouse s t r a i n s  were t e s t e d  as 

weanlings,  a l l  of  whom e x h i b i t e d  s i m i l a r  and comparable m e ta b o l i c  

co -o p e ra t io n  to CBA mice p r e v i o u s l y  e x t e n s i v e l y  t e s t e d .  No e x c e p t io n s



TABLE 20: METABOLIC CO-OPERATION OF TG2 CELLS AND THYMOCYTES AFTER

IN VITRO CULTURE IN THE PRESENCE OF [ 3H]-HYP0XANTHINE

Mean g r a in  c o u n t s / c e l l  (SD) n = 50

C o -cu l tu re
C e l l s  in 
Contact

I s o l a t e d  
C e l l s « d f t P

TG2/Day 0 Thyt e s 22.6  (14.4) 3 .74 (3 .68 ) 55 0.004 0 . 0 0 0 0 1

TG2/Day 1 Thyt e s 3.36  (2 .12 ) 3.64  (2 .14 97 -0 .658 0.51 (NS)

TG2/Day 2 Thyt e s 3.78 (2 .51 ) 3.78 (2 .51 ) 98 0 . 0 0 1.0 (NS)

Six CBA s i b l i n g  weanling mice (4 wks) were s a c r i f i c e d ,  the  
thymuses were removed and e n z y m a t i c a l l y  d i g e s t e d ,  as  d e s c r ib e d  b e f o r e ,  
to  a s i n g l e  c e l l  su spens ion .  The thymic lymphocytes were washed 
and an a l i q u o t  (5x10^ c e l l s )  was c o - c u l t u r e d  with  2x10^ TG2 c e l l s  
on 13mm covers!  i p s  in 50mm d i s h e s  in  the  p resence  o f  50pCi o f  [^H]- 
hypoxanthine f o r  3 hours ,  in 5ml complete RPMI. A f t e r  c o - c u l t u r e  
the  c e l l s  were p rocessed  f o r  au to ra d io g ra p h y .  The m a j o r i t y  o f  the  
c e l l s  were p la ced  in c u l t u r e  in 15cm p l a t e s  a t  2x10'  c e l l s / m l  in
complete RPMI o v e r n ig h t  a t  37°C and 5% C02/95% a i r  in  a hum id i f ied
in c u b a to r .  The next  day the  c e l l s  were pooled and d i s h e s  washed
with excess  s t e r i l e  SF-RPMI. The v i a b i l i t y  was a s s e s s e d  by
f lu o r e s c e n c e  o f  c e l l s  a f t e r  in c u b a t io n  o f  c e l l s  in f l u o r e s c e i n  d i -
a c e t a t e  and the  c e l l  c o n c e n t r a t i o n  r e a d j u s t e d  to  2 x10^ c e l l s / m l  
in  SF-RPMI. C e l l s  in  SF-RPMI were a p p l i e d  to  Ficol  1 cush ions  of  
1.077g/ml and spun a t  500g f o r  20 minutes  to  remove dead c e l l s .  
The c e l l s  a t  the  i n t e r f a c e  o f  the  RPMI and Fi col 1 were h a rv e s t e d  
and washed twice in SF-RPMI. An a l i q u o t  was removed and t e s t e d  
f o r  m e ta b o l i c  coo p e ra t io n  as on Day 0. The r e s t  o f  the  c e l l s  were
r e tu rn e d  to  a c o n c e n t r a t i o n  of  2 x10? /ml and c u l t u r e  as  b e f o r e ,
o v e r n ig h t .  The same p rocedure  was r e p e a te d  the  next  day.  The mean 
v i a b i l i t i e s  and (SD) on Day 0,  Day 1 and Day 2 were: 96 .4  ( 7 . 1 ) ;
53.8 ( 1 2 . 3 ) ;  81 .4  (6 .1 )  r e s p e c t i v e l y ,  as  c a l c u l a t e d  from v i a b i l i t i e s  
a s s e s se d  a f t e r  o v e rn ig h t  c u l t u r e  not  as  t o t a l  v i a b i l i t y  from s t a r t i n g  
v i a b i l i t y .



F I G U R E  1 0 ( a ) :  H I S T O G R A MS OF r G 2  C E L L  G R A I N  C O U N T S  I N  C O N T A C T  W I T H

OR ISOLATED FROM DAY 0, DAY 1 AND DAY 2 IN VITRO 

CULTURED WEANLING CBA THYMOCYTES.

Legend as f o r  Table 20.
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F I G U R E  1 0 ( b ) :  G R A P H  OF 9 5 %  C O N F I D E N C E  I N T E R V A L  O F  M E A N S  O F  C O N T A C T I N G

AND ISOLATED TG2 CELLS WITH IN VITRO CULTURED THYMOCYTES

Legend as f o r  Table 20.

X x * l  ♦ * I DAY 0

I * r * - I  DAY 1
I ' L ' I
1 * 1 * 1  n/\v ?
I* 1 * 1  UAT l
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D i s t r i b u t i o n  o f  g r a i n s  o v e r  r e c i p i e n t  c e l l s  i n  c o n t a c t  a n d  
i s o l a t e d  r e c i p i e n t s  a f t e r  c o c u l t u r e  w i t h  t h y m o c y t e s  c u l t u r e d  i n  
v i t r o  f o r  0 ,  1 o r  2 d a y s .



were observed in the neonate or  a d u l t  s t r a i n s  t e s t e d .  The

o b s e rv a t io n s  of  MEC+ thymocytes in 3 to 6 week old  mice in many 

s t r a i n s  and the  occas iona l  MEC+ c e l l  in neona tes  with  the  absence

of d e t e c t a b l e  MEC+ thymocytes in mature mice may r e f l e c t s  t r a n s i t i o n  

from MEC“ to  MEC+ in neonates  o r  a t r a n s i t i o n  from MEC+ in weanl ing 

to  MEC -jn a d u l t s  could not  be de te rmined by the se  expe r im en t s .

3 :4 .7  Metabolic  c o - o p e r a t i o n  between TG2 c e l l s  and weanling 

thymocytes c u l t u r e d  in v i t r o  f o r  vary ing  t imes

I f  the l o s s  of  the  MEC+ p o p u la t io n  of  thymocytes i s  due to 

convers ion  (? d i f f e r e n t i a t i o n )  to  f^tc- then the  phenotype change 

may a l s o  occur  in c u l t u r e  where i t  would be e a s i e r  to  a n a l y s e .
i

The p e r s i s t e n c e  of  MEC+ c e l l s  in v i t r o  was examined and the  r e s u l t s  

o f  one of  t h i s  s e r i e s  of  exper iments  a re  shown in  Table 20 and F igure  

10 (a)  and (b ) .

From Table 20 i t  can be seen t h a t  the  a b i l i t y  to  exchange 

m e t a b o l i t e s  with TG2 c e l l s  in the  p resence  of  [^H j-hypoxanth ine

i s  l o s t  a f t e r  1 day in c u l t u r e .  The means and s t a n d a rd  d e v i a t i o n s

of  g ra in  counts  over  i s o l a t e d  and in c o n t a c t  c e l l s  a re  

i n d i s t i n g u i s h a b l e ,  but  the  h is tog ram s  of  the two groups show t h a t

the  d i s t r i b u t i o n  of  g r a in  counts  i s  d i f f e r e n t ;  Figure  11 . r e f l e c t s  

the  u s e fu ln e s s  of  the  l a r g e  sample s i z e  in r e f l e c t i n g t h e  u nde r ly ing  

d i s t r i b u t i o n  t r e n d s  of  g r a in  coun ts  over i s o l a t e d  TG2 c e l l s  in 

c o n t a c t  with thymocytes.

There was a c o n s id e r a b le  l o s s  of  v i a b i l i t y  a f t e r  1 day in c u l t u r e
*

which i n c r e a s e s  e x p o n e n t i a l l y  as the  l e n g th  of  c u l t u r e  i n c r e a s e s

(da ta  no t  shown). However, i f  n o n -v ia b l e  c e l l s  were removed by 

c e n t r i f u g a t i o n  on F i c o l 1- T r i o s i 1 (see  Legend to  Table 21) then  the



TABLE 21: LIMITING DILUTION OF WEANLING CBA THYMOCYTES CO-CULTURED

WITH TG2 CELLS IN THE PRESENCE OF [3H]-HYPOXANTHINE

Mean g ra in c o u n t / c e l  1 (SD)

C o-cu l tu re n
Cel I s  in 
Contac t

I s o l a t e d  
C e l l s * d f t P

TG2 20 7 . 0 ( 2 . 9 )

TG2/5xl06
Thymocytes 20 56 .9 5 (1 6 .9 ) 2 0 . 5 (7 . 7 ) 24 7.23 0 . 0 0 0 0 1

TG2/2.5xl06
Thymocytes 20 4 9 .3 (1 7 .6 ) 2 0 . 5 (9 . 5 ) 29 4.47 0 . 0 0 0 0 1

TG2/106
Thymocytes 20 5 1 .5 (1 7 .9 ) 2 3 .8 (1 0 .8 ) 23 5.7 0 . 0 0 0 0 1

TG2/5xl05
Thymocytes 20 3 3 .2 (2 0 .0 ) 1 7 .5 (5 . 9 ) 27 3.2 0 . 0 0 0 0 1

TG2/2.5xl05
Thymocytes 20 2 6 .8 (1 5 .3 ) 1 6 .9 (8 .5 ) 26 3.9 0 . 0 0 0 0 1

TG2/105
Thymocytes 20 1 6 . 0 (9 . 3 ) 1 3 . 9 (3 . 2 ) 37 2.198 0.0398

TG2/5xl04
Thymocytes 20 1 3 . 8 (4 . 4 ) 1 4 . 7 (5 . 6 ) 38 -0 .125 0.831(NS)

TG2/2X104
Thvmnrvtpc 10 1 2 . 6 (2 . 3 ) 1 1 . 7 (2 . 8 ) 18 0.7874 0 . 436(NS)

Thymocytes from sex matched 
d i s s o c i a t e d  e n z y m a t i c a l l y  to  a s i n g l e  
d e s c r ib e d  and added in known numbers 
c e l l s  ( 2 x l 0 ^ / d i s h )  grown o v e rn ig h t  on 
d i s h e s  in 5ml RPMI. The c o - c u l t u r e s  
hypoxanthine f o r  3 
f i x e d  and p rocessed

weanling CBA s i b l i n g s  were 
c e l l  suspension  as p r e v i o u s l y  
to  r e p l i c a t e  c u l t u r e s  o f  TG2 
13mm g l a s s  c o v e r s l i p s  in  50mm 
were pu lsed  with  50pCi [ ^H]- 

hours a t  37°C, washed with  complete RPMI and 
f o r  au to ra d io g ra p h y  as d e s c r ib e d  b e f o r e .  S i l v e r

g ra in s  over  20 TG2 c e l l s  in  c o n t a c t  with  thymocytes and 20 i s o l a t e d  
TG2 c e l l s  were coun ted ,  excep t  in  the  c u l t u r e s  c o n t a i n i n g  2x10^ 
thymocytes where 10 of  each ca t e g o ry  were counted .  The g r a i n  coun ts  
were su b je c t e d  to  two sample s t u d e n t ' s  t  t e s t  a f t e r  means and s t a n d a r d  
d e v i a t i o n s  had been c a l c u l a t e d .



F I G U R E  1 1 :  9 5 %  C O N F I D E N C E  I N T E R V A L  O F  MEAN G R A I N  C O U N T S  O F  L I M I T I N G

DILUTION EXPERIMENTS

I N D I V I D U A L  V5 P E R C E N T  ( .  I .  F OR L E V E L  * E * n S 
O A S T D  ON P O O L E D  s t a n d a r d  D E V I A T I O N )
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i n  c o n t a c t  o r  i s o l a t e d  fr o m  d e c r e a s i n g  n u m b er o f  t h y m o c y t e s  
t h e  p r e s e n t  o f  ^ H - h y p o x a n t h in e



l o s s  of  v i a b i l i t y  s t a b i l i s e d  a t  15% in subsequent  days up to 4 days 

in c u l t u r e .

The l o s s  of  demonst rab le  MEC+ from thymocyte c u l t u r e s  could 

be due to  MEC+ c e l l  d e a t h ,  convers ion  of  MEC+ to  MEC- c e l l s ,  o r

the  a c q u i s i t i o n  of  a new s p e c i f i c i t y  which does not  p e rm i t  gap

ju n c t io n  fo rm at ion  between TG2 c e l l s  and a new MEC+ phenotype .  

I t  i s  well documented t h a t  thymocytes can undergo d i f f e r e n t i a t i o n  

and m a tu ra t ion  _in_ v i t r o , bu t  w i thou t  o t h e r  means o f  d i s c r i m i n a t i n g  

MEC+ from MEC" thymocytes on some o t h e r  phenotyp ic  b a s i s / b a s e s  a l l  

o f  the  above ev en t s  could be o c c u r r i n g .

From th e se  exper iments  i t  i s  c l e a r  t h a t  the  MEC+ thymocyte 

i s  l o s t  a f t e r  o n ly  24 hours in c u l t u r e ,  but  i t  i s  d i f f i c u l t  to

env isage  ways o f  i d e n t i f y i n g  the  f a t e  o f  the  MEC+ c e l l s  w i th o u t

a d d i t i o n a l  knowledge about  the  MEC+ thymocyte s u b -p o p u la t io n .

3 :4 .8  A na lys is  o f  MEC+ thymic lymphocyte f requency  by l i m i t i n g  

d i l u t i o n  in m e ta b o l i c  c o - o p e r a t i o n  exper iments

Experiments were des igned  to  e s t i m a t e  the  f req u en cy  o f  MEC+ 

c e l l s  in the  thymus u t i l i s i n g  l i m i t i n g  d i l u t i o n .  The b a s ic  m e ta b o l i c

c o -o p e ra t io n  p ro toco l  us ing  TG2 c e l l s  in  the  p re s en ce  of

[ 3H]-hypoxanthine was performed,  but  to  TG2 r e p l i c a t e  c u l t u r e s

doubling  d i l u t i o n s  o f  pooled sex-matched CBA thymocytes in s i n g l e

c e l l  suspens ions  from 1x10? to  2x10^ c e l l s  were added.  The d a ta  

from one o f  t h e se  exper iments  a re  shown in F igure  11 and Table 21.

From Table 21 and Figure  11, the  mean g r a i n  count  o f  TG2

c e l l s  in c o n t a c t  w ith  thymocytes d e c r e a s e s  as the  number o f  added 

thymocytes d e c re a se s  in the  c o - c u l t u r e .  This  r e f l e c t s  the  i n c r e a s i n g  

number of  TG2 c e l l s  in c o n t a c t  with  thymocytes wi th g r a i n  coun ts  

s i m i l a r  to  TG2 c e l l s  not  in c o n t a c t  with  thymocytes .  This  t r e n d



i s  a l s o  r e f l e c t e d  in the  d e c re a s in g  s tan d a rd  d e v i a t i o n s  of  th e  sample 

means o f  TG2 c e l l s  in c o n t a c t  with  thymocytes as thymocyte d i l u t i o n  

i n c r e a s e s .  From the  da ta  o f  t h i s  experiment and o t h e r  r e p l i c a t e s  

( d a ta  not  shown) the  f requency  of  MEC+ thymocytes in  the  weanling 

thymus i s  between 10"5 and 5x10“ ^.

However, t h i s  f requency  i s  l i a b l e  to  be an u n d e re s t im a te  as 

t h i s  t e chn ique  on ly  d e t e c t s  t r a n s f e r  and in c o r p o r a t i o n  i n t o  the  

a c id  i n s o l u b l e  pool o f  r e c i p i e n t  TG2 c e l l  in c o n t a c t  w i th  an MEC+ 

thymocyte.  As the  techn ique  exc ludes  from the  f requency  e s t i m a t e s ,  

a l l  MEC+ thymocytes no t  in  c o n t a c t  ^ i t h  TG2 c e l l s  and MEC+ c e l l s  

which have formed gap j u n c t i o n s  f o r  p e r io d  not  long enough f o r  the  

t r a n s f e r r e d  labe l  to  e n t e r  th e  ac id  i n s o l u b l e  m a te r i a l  in  th e  TG2 

c e l l s .  Although,  a t  high thymocyte c o n c e n t r a t i o n s  in  th e  c o - c u l t u r e s ,  

examples o f  p o s i t i v e  t r a n s f e r  a re  e a s i l y  d e t e c t e d ,  as  th e  thymocyte

c o n c e n t r a t i o n  d e c re a se s  so the  in c id en ce  of  p o s i t i v e  t r a n s f e r

d e c r e a s e s .  Ex tra r e p l i c a t e  c o v e r s ! i p s  were scanned to  d e t e c t  a l l  

o r  any p o s i t i v e  t r a n s f e r  between thymocytes and TG2 c e l l s  in  th e

lower thymocyte c o n c e n t r a t i o n s  of  the  l i m i t i n g  d i l u t i o n  ex p e r im e n t s .

The d e f e c t s  in the  p ro toco l  which l e ad  to  f r e q u e n c y  

u n d e re s t im a t io n  in the  l i m i t i n g  d i l u t i o n  exper iments  a r e  l a c k  

of  d e t e c t i o n  due to  s h o r t  c o - c u l t u r e  p e r io d  and l a c k  o f  c o n t a c t  

between MEC+ thymocytes and TG2 c e l l s .  This  could be reduced by 

i n c r e a s in g  the  c o - c u l t u r e  p e r io d  and i n c r e a s i n g  the  TG2 r e c i p i e n t

ce l l  c o n c e n t r a t i o n ,  bu t  both o p t io n s  have i n h e r e n t  drawbacks.

In c r e a s in g  c o - c u l t u r e  t imes  has two d i s a d v a n t a g e s ,  one be ing 

phagocy tos i s  of thymocytes by the  TG2 f i b r o b l a s t s  as  was observed  

in exper iments  using  PBL/fibrobl  a s t  c o - c u l t u r e s  l e a d in g  to  c e l l  

l o s s  and the  p o s s i b l e  a c q u i s i t i o n  of  the  w i ld - t y p e  HGPRT gene and 

gene p roduc ts  by the mutant TG2 c e l l s .  The o t h e r  drawback,  observed



in e a r l i e r  ex p e r im en t s ,  was t h a t  a small number of  i s o l a t e d  TG2 

c e l l s  had high g r a in  counts  s i m i l a r  to  TG2 c e l l s  in c o n t a c t  with 

thymocytes which were deemed to  be MEC+ . This phenomenon could 

be due to  e i t h e r  the  l o s s  of  the  MEC+ thymocyte dur ing  f i x a t i o n  

and au to ra d io g rap h y  o r  the  MEC+ thymocyte had formed gap j u n c t i o n s

with the  TG2 c e l l ,  t r a n s f e r r e d  l a b e l ,  de tached  and a t t a c h e d  i t s e l f  

to  an o th e r  TG2 c e l l  and re p e a te d  the  p r o c e s s .  The second o p t io n  

would in long c o - c u l t u r e  produce p r o g r e s s i v e l y  h ig h e r  and h ig h e r  

background counts  in the  i s o l a t e d  r e c i p i e n t  sample making s t a t i s t i c a l  

d i s c r i m i n a t i o n  more d i f f i c u l t .

In c r e a s in g  the  TG2 c e l l  c o n c e n t r a t i o n  r e s u l t s  in  l e s s  and l e s s

TG2 c e l l s  being i s o l a t e d .  The fo rm at ion  o f  gap j u n c t i o n s  between

TG2 c e l l s  would mean t h a t  MEC+ thymocytes in c o n t a c t  with  con t iguous  

TG2 c e l l s  would t r a n s f e r  the  la be l  to  the  r e c i p i e n t  c e l l  which could 

t r a n s f e r  to  a l l  o t h e r  TG2 c e l l s  which were jo in e d  by gap j u n c t i o n s  

l e a d in g  to  a d i l u t i o n  of  the  TG2 i n c o r p o r a t i o n / c e l l  and an 

unde re s t im a t io n  of  the  f requency  o f  MEC+ thymocytes .  An i n c r e a s e

in a u t o r a d io g r a p h i c  exposure  t ime and an i n c r e a s e  in  sample s i z e  

o f  both i s o l a t e d  and TG2 c e l l s  in  c o n t a c t  would remedy t h i s  problem,  

but  would i n c re a s e  the  f requency  o f  MEC“ c l a s s i f i e d  as MEC+ by b in d ing  

to  TG2 c e l l s  l a b e l l e d  by t r u e  MEC+ thymocytes .

The above d i f f i c u l t i e s  would make the  i n t e r p r e t a t i o n  and a n a l y s i s  

of  g r a in  count  da ta  much more d i f f i c u l t  and a more p ro d u c t i v e  s t r a t e g y  

of  de te rm in ing  the  su r f a c e  a n t ig e n  phenotype o f  MEC+ thymocytes  

was decided  upon. Once t h i s  was de termined  then the  problems o f  

frequency  e s t i m a t i o n ,  c e l l  d i f f e r e n t i a t i o n  o r  MEC+ phenotype  l o s s  

in v i t r o  could perhaps  be r e s o lv e d .



TABLE 22: METABOLIC CO-OPERATION BETWEEN TG2 CELLS AND PNA

AGGLUTINATED AND NON-AGGLUTINATED WEANLING THYMOCYTES 

IN THE PRESENCE OF [ 3H]-HYP0XANTHINE

Grain Counts over  TG2 c e l l s  (mean ( SD)) n = 50

Not in
C o -c u l tu re  In Contac t  Contac t  ^ d f  t  P

TG2/PNA Agg Thyt e s 2 1 .8 8 (1 3 .2 ) 1 2 .14 (5 .16 ) 63 4 .874  0.00001

TG2/PNA 
Non-Agg Thytes 1 2 . 2 (4 . 2 ) 11 .56 (4 .18 ) 96 0 .875 0.39(NS)

S ing le  c e l l  su spens ions  were produced as p r e v i o u s l y  d e s c r ib e d  
and in cuba ted  a t  1x10^ c e l l s /m l  with  PNA (Miles Ltd)  a t  lmg/ml f o r  
30 minutes a t  room te m p e ra tu re .  The incuba ted  thymocytes were then  
ov e r l a y e re d  on 5ml o f  f o e t a l  c a l f  serum (FCS) in  a 15ml s t e r i l e  
s i l i c o n i s e d  conica l  g l a s s  tube and l e f t  to  sediment f o r  20 minu tes  
a t  room te m pera tu re  under lg .  A f t e r  s e d im e n ta t io n ,  the  unsedimented 
c e l l s  were removed from the  FCS i n t e r f a c e  and the  a g g l u t i n a t e d  c e l l s  
removed from the  bottom o f  the  tu b e .  Both groups o f  c e l l s  were 
washed once with  SF RPMI and inc u b a ted  with  0.2M D -Galac tose  SF 
RPMI a t  37°C f o r  20 m inu tes .  I n cuba t ion  a t  37°C was r e p e a t e d  a f t e r  
washing in SFRPMI with  0.2M D-Galac tose  f o r  5 minu tes  and th e  c e l l s  
were then washed twice in  D-Galactose RPMI and two changes o f  comple te 
RPMI. The c e l l  c o n c e n t r a t i o n s  were r e a d j u s t e d  to  1x10? c e l l s / m l  
and c o c u l tu r e d  as be fo re  with  TG2 c e l l s  (2x10^) on g l a s s  c o v e r s l i p s  
a t  37°C in the  p resence  of  [^H j-hypoxanth ine  ( lOpCi/ml)  in  5ml RPMI 
in 5cm t i s s u e  c u l t u r e  d i s h e s .  The c e l l s  were p ro ces sed  as  b e fo re  
f o r  a u to ra d io g rap h y  and the  s i l v e r  g r a i n s  over  50 TG2 c e l l s  in  c o n t a c t  
with  thymocytes and 50 TG2 c e l l s  no t  in  c o n t a c t  with  thymocytes  
were counted.  Two-sample t  t e s t s  were performed on the  c a l c u l a t e d  
means and s tan d a rd  d e v i a t i o n s  o f  the  p o p u l a t i o n s .



3 :4 .9  MEC+ thymocyte s u r f a c e  phenotype using  

Peanut  A g g lu t in in  (PNA)

I n i t i a l l y ,  the  l e c t i n  peanut  a g g l u t i n i n  (PNA) was used to  examine 

su r f a c e  a n t ig e n  phenotype of  MEC+ thymocytes .  PNA binds  to

pD-Galactose  r e s id u e s  and w il l  a g g l u t i n a t e  c e l l s  which bea r  u n s i a l a t e d  

ca rbohydra te  m o ie t i e s  on t h e i r  c e l l  s u r f a c e .  In the  thymus t h i s

l e c t i n  w i l l  a g g l u t i n a t e  a l a r g e  p ro p o r t i o n  of  c e l l s ,  and i t  i s  though t  

t h a t  t h i s  phenomenon i s  r e s t r i c t e d  to  c o r t i c a l  c e l l s  r e f l e c t i n g  

t h e i r  im m atu r i ty  in d i f f e r e n t i a t i o n .  The p ro toco l  which was dev ised  

was to  in c u b a te  s i n g l e  thymocyte suspens ions  ( 1x10^ c e l l s / m l )  with 

PNA a t  lmg/ml f o r  30 minu tes  a t  room te m p e ra tu re .  The c e l l s  were 

then o v e r l a i d  onto cush ions  o f  f o e t a l  c a l f  serum and the  m ix tu re

l e f t  to  sediment a t  room te m pera tu re  f o r  20 m inu te s .  During t h i s  

t ime the  a g g l u t i n a t e d  c e l l s  s e t t l e  to  the  bottom o f  the  tube  and 

the  s i n g l e  c e l l s  remain a t  the  FCS i n t e r f a c e .  Both a g g l u t i n a t e d  

and n o n - a g g lu t in a t e d  c e l l s  were then h a rv es te d  and in c u b a te d  with  

0.2M D-Galactose in SF RPMI a t  37°C f o r  20 m in u te s ;  the  c e l l s  were 

then washed in serum f r e e  medium and in cuba ted  with  0.2M D-Galac toset

SF RPMI f o r  5 minutes  a t  37°C. They were then  washed tw ice  in 

D-Galactose medium £nd twice in complete medium. The c e l l

c o n c e n t r a t i o n  were a d j u s t e d  to  lxlO^/ml and the  PNA s e p a r a t e d  

p o p u la t i o n s  were used in m e ta b o l i t e  exchange exper im en ts  w i th  TG2 

c e l l s  in the  p resence  of  [^H j-hypoxanth ine .  The d a ta  from one such 

exper iment a re  shown in Table 22.

In Table 22 and r e p l i c a t e  e x p e r im en t s ,  i t  was observed  

t h a t  PNA“ (12.7%) con ta ined  no d e t e c t a b l e  MEC+ c e l l s  and the  f r e q u e n c y  

of  MEC+ c e l l s  in the  PNA+ was s l i g h t l y  i n c r e a s e d ,  but  as  b e f o r e ,  

the  MEC+ c e l l s  made up a minor f r a c t i o n  ( l e s s - t h a n  15%). From the  

p u b l i sh e d  l i t e r a t u r e  i t  i s  thought t h a t  the  PNA“ thymic p o p u l a t i o n



TABLE 2 3 ( a ) :  TITRATION OF GUINEA PIG COMPLEMENT TO THYMOCYTES

Mean n o n -v ia b l e  thymocytes 

D i lu t i o n  Mean (SD) NV

(SD) 2 r e p l i c a t e s  

D i lu t io n

15 f i e l d s

Mean (SD) NV

Neat 62.7 ( 7 . 2 ) 1/32 38 .1 ( 1 1 . 7 )

1/2 56.1 ( 1 0 . 8 ) 1/ 64 16.2 ( 8 . 5 )

1/4 55 .8 ( 1 2 . 3 ) 1/128 10.7 ( 9 . 3 )

1/8 58 .8 ( 1 3 . 4 ) 1/256 8 . 7 8 ( 1 0 . 3 )

1/16 49 . 9 ( 1 5 . 2 ) 1/512 9 . 2 9 ( 9 . 7 )

Control
(No Complement) 6 . 19 ( 6 . 1 3 )

A s i n g l e  c e l l  suspension of 5x10^ thymocytes were in c u b a te d
with  agarose  absorbed  g u in e a -p ig  serum a t  37°C f o r  40 minu tes  in 
complete RPMI 1640 c o n ta in in g  10% h e a t - i n a c t i v a t e d  f o e t a l  c a l f  serum 
in d u p l i c a t e .  A f t e r  in c u b a t io n  the  c e l l s  were in c u b a te d  in 
f l u o r e s c e i n  d i - a c e t a t e  in se rum -f ree  (SF) RPMI 1640 (5pg/ml f i n a l  
c o n c e n t r a t i o n )  f o r  15 minu tes  a t  room te m p e ra tu r e .  F i f t e e n  f i e l d s  
were counted f o r  v i a b i l i t y  us ing a f l u o r e s c e n c e  microscope wi th  
a x40 phase c o n t r a s t  o b j e c t i v e .



TABLE 2 3 ( b ) :  TITRATION OF MONOCLONAL ANTIBODIES AGAINST THYMOCYTES

IN THE PRESENCE OF iGUINEA-PIG COMPLEMENT

Mean (SD) non--v ia b l e  c e l l s  2 r e p l i c a t e s  15 f i e l d s

Di1u t ion  
Antibody Anti-Thy 1.2 Anti-H-2Kk A n t i - I k A n t i -L y t  1 A n t i -L y t  2

Neat NT NT NT 6 5 .3 7 (1 2 .1 ) 6 2 . 3 (1 1 . 8 )

1 /2 NT NT NT 7 7 . 4 (1 0 .9 ) 2 7 . 2 ( 8 . 4 )

1/4 NT NT NT 6 1 .5 (1 3 .2 ) 1 1 . 6 5 (8 .1 )

1 /8 NT NT NT 4 0 .7 9 (8 .3 ) 9 . 7 ( 8 . 9 )

1/16 NT NT NT 2 6 .0 6 (1 2 .3 ) NT

IQ"2 NT 4 4 . 3 (6 . 1 ) NT NT NT

CO1or-H 7 6 . 5 (3 . 4 ) 4 4 . 9 (7 . 3 ) 3 3 .7 7 (6 .1 ) NT NT

2x l 0 - 3 6 3 .7 4 (2 .1 ) 3 7 . 5 (5 . 9 ) 3 8 . 2 (7 . 9 ) NT NT

4x10-3 58 .89 (7 .91 ) 3 7 . 3 (4 . 8 ) 3 7 .7 9 (5 .7 ) NT NT

8x10-3 7 3 . 5 (3 . 8 ) 4 2 .7 8 (7 .6 ) 2 6 .0 6 (6 .9 ) NT NT

16x10-3 5 0 .8 (6 . 3 ) 3 9 . 6 (6 . 4 ) 1 7 .8 5 (9 .1 ) NT NT

32x10-3 2 9 . 8 (6 . 7 ) 3 2 . 6 (7 . 9 ) 9 . 3 7 ( 8 . 6 ) NT NT

64x10-3 1 1 .8 (7 .2 ) 2 2 . 9 ( 8 . 4 ) NT NT NT

128x10-3 NT 2 2 .7 9 (4 .7 ) NT NT NT

Control 
("C1) 5 . 7 ( 4 . 3 ) 7 . 3 ( 3 . 2 ) 6 . 4 ( 4 . 7 ) 7 . 2 ( 5 . 7 ) 6 . 6 ( 6 .5 )

Lecfend as f o r  Table 23)a)



i s  matu re ,  c o r t i s o n e  r e s i s t a n t  and po s se s s  a su r f a c e  a n t ig e n  phenotype 

and r e a c t i v i t y  s i m i l a r  to p e r ip h e r a l  T lymphocytes (see I n t r o d u c t i o n ) .  

Thus, the  su r f a c e  a n t ig e n  phenotyping  was pursued with c h a r a c t e r i s e d  

monoclonal a n t i b o d i e s  a g a i n s t  s u r f a c e  a n t ig e n s  e x h i b i t e d  by 

thymocytes.

3 :4 .1 0  A na lys i s  o f  MEC+ thymocyte s u r f a c e  a n t ig e n s  us ing  monoclonal 

a n t i b o d i e s  in complement mediated  c y t o t o x i c i t y  (CMC)

To f u r t h e r  c h a r a c t e r i s e  the  s u r f a c e  a n t ig e n  phenotype of  t h i s  

MEC+ thymocyte m i n o r i t y ,  monoclonal a n t i b o d i e s  a g a i n s t  murine c e l l  

su r f a c e  a n t i g e n s ,  Thy 1 .2 ,  H-2K*<, IA^, Lyt-1 and Lyt-2 (k ind g i f t s  

o f  the  Salk Cell D i s t r i b u t i o n  C en t re )  were employed in complement 

mediated c y t o t o x i c i t y  (CMC) d e p l e t i o n s  and the  r e s u l t a n t  d e p l e t e d  

p o p u la t io n s  used in the  m e t a b o l i t e  exchange p ro toco l  wi th TG2 c e l l s  

in the  p resence  o f  [^H j-hypoxan th ine .  I n i t i a l  t i t r a t i o n s  o f  

complement and monoclonal a n t i b o d i e s  were performed to  de te rm ine  

optimum c o n c e n t r a t i o n s  f o r  maximum s p e c i f i c  k i l l i n g  with  minimum 

n o n - s p e c i f i c  l y s i s .  F lu o re s c e in  d i - a c e t a t e  was used to  i n d i c a t e  

v i a b i l i t y  by i n t r a c e l l u l a r  convers ion  o f  f l u o r e s c e i n  d i - a c e t a t e  

to  t rapped  f l u o r e s c e i n * i n  v i a b l e  cells a f t e r  t r e a tm e n t  and th e  r e s u l t s  

of  the  t i t r a t i o n s  a re  shown in  Table 23.

Monoclonal a n t i b o d i e s  F7D5 a n t i  Thy-1.2 mouse IgM, a s c i t e s  

f l u i d ;  11-4.1 a n t i  H-2K*< mouse IgG2a > a s c i t e s  f l u i d ;  10-2 .16  a n t i  

I-Ak IgG2b , a s c i t e s  f l u i d ;  53-7 .313  a n t i  Lyt-1 r a t  IgG2a , s u p e r n a t a n t ;  

53-6 .72 a n t i  Lyt-2 r a t  IgG2a s u p e rn a ta n ta n d 5 x l0 ^ /m l ic e l l s  werei in c u b a te d  

with an t ib o d y  f o r  20  minutes  a t  room t e m p e r a t u r e ,  then in c u b a te d  

with  guinea p ig  serum ( f i n a l  c o n c e n t r a t i o n  1/100) a t  37°C f o r  40 

minu tes .  The c e l l s  were then  incuba ted  f o r  15 minu tes  a t  room 

te m pera tu re  with f l u o r e s c e i n  d i - a c e t a t e  (5,pg/ml ) .  An a l i q u o t  was



TABLE 24: METABOLIC CO-OPERATION OF CMC DEPLETED THYMOCYTES AND

TG2 CELLS IN THE PRESENCE OF [3H]-HYP0XANTHINE

Mean g ra in  counts  over  r e c i p i e n t s  (SD)

C o -cu l tu re
Total

(%)
C e l l s  in 
Contac t

Not in  
Contact t t s d f t P

TG2/Thy-1.2" (35) 2 0 . 2 (1 1 .9 ) 7 . 4 ( 7 . 2 ) 80 6.51 0 . 0 0 0 1

TG2/H-2K" (52) 1 1 .1 (1 0 .4 ) 5 . 4 ( 5 . 3 ) 73 3.43 0 . 0 0 1

TG2/I-A" (79) 1 9 .1 (1 2 .3 ) 6 . 4 ( 3 . 7 ) 57 7.06 0 . 0 0 0 1

TG2/Lyt-1“ (36) 7 . 3 ( 3 . 9 ) 7 . 6 ( 3 . 8 ) 97 0.47 0.64(NS)

TG2/Lyt-2" (43) 1 9 .6 (1 2 .5 ) 5 . 2 ( 2 . 9 ) 54 7.97 0 . 0 0 0 1

CMC were performed on weanling  CBA thymocytes as d e s c r ib e d  
in  th e  legend t o  Table 23 and v i a b l e  c e l l s  were recove re d  by 
c e n t r i f u g a t i o n  a t  500g f o r  5 minu tes  over  Fi col 1 ( 1 .0 7 7 g /m l ) .
V i a b i l i t y  was e s t i m a t e d  as p r e v i o u s l y  d e s c r i b e d ,  us ing  f l u o r e s c e i n  
d i - a c e t a t e  and the  c e l l  c o n c e n t r a t i o n s  r e tu rn e d  to  1x10^ c e l l s / m l .  
TG2 c e l l s ,  c u l t u r e d  o v e rn ig h t  a t  2x 10^ c e l l s /5 c m  t i s s u e  c u l t u r e  
p l a t e  on g l a s s  c o v e r s ! i p s ,  were c o - c u l t u r e d  with  1x10^ v i a b l e  CMC 
d e p l e te d  thymocytes in  complete RPMI (5ml) c o n t a in in g  lOpCi/ml o f  
[^Hj-hypoxanth ine  f o r  3 hours .  A f t e r  c o - c u l t u r e  th e  c o v e r s ! i p s  
were f i x e d  and p rocessed  f o r  a u t o ra d io g ra p h y  as p r e v i o u s l y  d e s c r i b e d .  
S i l v e r  g r a i n s  were counted over  50 TG2 c e l l s  in  c o n t a c t  with  
thymocytes and 50 i s o l a t e d  TG2 c e l l s  no t  in c o n t a c t  with  thymocytes .  
The means and s t a n d a rd  d e v i a t i o n s  were c a l c u l a t e d  f o r  a l l  samples 
and c o n t a c t i n g  and n o n -c o n ta c t in g  samples s u b je c t e d  to  two sample 
s tu d e n t s  t  t e s t  f o r  e q u a l i t y  o f  means.



I G U R L  1 2 :  H I S T O G R A M S  OF  G R A I N  C O U N I  DA TA FROM CMC

METABOLIC CO-OPERATION

Legend  a s  f o r  T a b l e  24,
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removed from both r e p l i c a t e s ,  pooled and 15 f i e l d s  were counted 

under a f lu o r e s c e n c e  microscope f o r  v i a b i l i t y .

From the  da ta  p r e s e n t e d  in Table 23,  i t  can be seen t h a t  a s c i t e s  

f l u i d s  p repa red  in mice o f  mouse/mouse monoclonal a n t i b o d i e s  a g a i n s t

Thy 1 .2 ,  H-2K*< and I-A^ e p i to p e s  produce optimum l y s i s  a t  ve ry high

d i l u t i o n ,  but  the  ra t /mouse  hybridomas a g a i n s t  Lyt-1 and Lyt-2 

a n t ig e n s  have lower t i t r e s ,  the  a n t i b o d i e s  being d e r iv e d  from t i s s u e  

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

Using a p p r o p r i a t e  an t ib o d y  and complement c o n c e n t r a t i o n s  pooled 

weanl ing s i b l i n g  CBA thymocyte s i n g l e  c e l l  suspens ions  were s u b je c t e d  

to  l a r g e  s c a l e  CMC with  the  f i v e  a v a i l a b l e  monoclonal a n t i b o d i e s .  

Viable  c e l l s  were recovered  a f t e r  washing by c e n t r i f u g a t i o n  on 1.077 

( g /m l ) Ficol  1 cu s h io n s ,  washing and t e s t i n g  f o r  v i a b i l i t y  us ing  

f l u o r e s c e i n  d i - a c e t a t e .  The c e l l  c o n c e n t r a t i o n  was a d j u s t e d  to  

1x10^ c e l l s /m l  and t e s t e d  f o r  m e tab o l i c  c o - o p e r a t i o n  wi th  TG2 c e l l s  

in the p resence  o f  [^H j-hypoxanth ine .  The d a t a  from one 

r e p r e s e n t a t i v e  exper iment from t h i s  s e r i e s  i s  shown in  Table 24

and Figure 12.

CMC were performed on weanl ing CBA thymocytes as  d e s c r ib e d  

in the  legend to  Table 23 and v i a b l e  c e l l s  were recove red  by

c e n t r i f u g a t i o n  a t  500g f o r  5 minu tes  ove r  Fi col 1 ( 1 .0 7 7 g /m l ) .

V i a b i l i t y  was e s t im a te d  as p r e v i o u s l y  d e s c r i b e d ,  us ing  f l u o r e s c e i n  

d i - a c e t a t e  and the  c e l l  c o n c e n t r a t i o n s  r e tu r n e d  to  1x10^ c e l l s / m l .  

TG2 c e l l s ,  c u l t u r e d  o v e rn ig h t  a t  2 x10^ c e l l s / 5 c m  t i s s u e  c u l t u r e  

p l a t e  on g l a s s  c o v e r s ! i p s ,  were c o c u l tu r e d  with  1x10^ v i a b l e  CMC 

d e p le te d  thymocytes in  complete RPMI (5ml) c o n t a i n i n g  lOpCi/ml o f
s»

[^Hj-hypoxanth ine  f o r  3 hours .  A f t e r  c o - c u l t u r e  th e  c o v e r s ! i p s  

were f ix e d  and p rocessed  f o r  au to ra d io g ra p h y  as p r e v i o u s l y  d e s c r i b e d .  

S i l v e r  g r a in s  were counted over  50 TG2 c e l l s  in c o n t a c t  with



thymocytes and 50 i s o l a t e d  TG2 c e l l s  not  in c o n t a c t  wi th thymocytes .  

The means and s tandard  d e v i a t i o n s  were c a l c u l a t e d  f o r  a l l  samples 

and c o n t a c t i n g  and n o n -c o n ta c t in g  samples s u b je c t e d  to  two sample 

s tu d e n t s  t  t e s t  f o r  e q u a l i t y  o f  means.

From the  da ta  p r e s e n t e d ,  i t  can be seen t h a t  MEC+ thymocytes

a re  p r e s e n t  in the  Thy 1 .2 ,  H-2K, I-A and L y t - 2 . 2 d e p le te d  p o p u l a t i o n s

but  not  in the  Lyt-1 d e p le te d  c e l l s .  I t  should however be noted

t h a t  the  l e v e l s  of  r e s id u a l  v ia b le  c e l l s  a f t e r  CMC d e p l e t i o n ,  f o r

both Lyt-1 and Lyt-2 monoclonal an t ib o d y  s u p e r n a t a n t s ,  a r e  tw ice

the  r e p o r te d  va lues  f o r  mice of  t h i s  age (Rothenberg and T r i g l i a ,

1983) and r e f l e c t  the  very  low po tency  o f  t h e s e  s u p e r n a t a n t s .

However, the  f a c t  t h a t  the  low an t ib o d y  t i t r e  o f  the  a n t i - L y t - 1

s u p e r n a t a n t  can t o t a l l y  a b l a t e  the  MEC+ p o p u la t io n  s u g g e s t s  t h a t

the  whole MEC+ p o p u la t io n  bears  the  Lyt-1 e p i to p e  on i t s  s u r f a c e .

Treatment with  both the  I-A and Lyt-2 a n t i b o d i e s  i n c r e a s e s  the

f requency  o f  d e t e c t i o n  o f  MEC+ thymocytes/TG2 p o s i t i v e  c o n t a c t s .

The p a r t i c u l a r  an t ib o d y  d i l u t i o n s  shown in Table 23(b) were chosen

s p e c i f i c a l l y  to  avoid ' b y s t a n d e r  l y s i s ' ,  a phenomenon common in

CMC. This i s  thought to  occur  when an a n t ib o d y  bound to  a c e l l
*

s u r f a c e  e p i to p e  f i x e s  complement in  the  p ro c e s s  o f  g e n e r a t i n g  th e  

complement l e s i o n  ; the  p resence  o f  excess  a n t ib o d y  and complement 

induces  the  fo rm at ion  o f  complement l e s i o n s  in  a d j a c e n t  c e l l s  which 

do no t  bear  the  e p i to p e  the  an t ib o d y  i s  d i r e c t e d  t o .  The t i t r e  

of  the  a n t i b o d i e s  a g a i n s t  Thyl .2  and H-2K was d e l i b e r a t e l y  s e l e c t e d  

t h a t  c e l l s  bea r ing  th e se  e p i to p e s  a t  low l e v e l s  would s u r v iv e  r a t h e r  

than be ly s e d  in thef CMC. From the  p r o b a b i l i t y  d a t a  in  Table  24 

i t  can be seen t h a t  t h e r e  i s  a reduced p r o b a b i l i t y  in  the  l i k e l i h o o d  

of  e q u a l i t y  o f  means between the  r e c i p i e n t s  in c o n t a c t  and i s o l a t e d



F I G U R E  1 3 :  F A C S  D I S T R I B U T I O N  OF F OR WA R D  L I G H T  S C A T T E R  V E R S U S

FLUORESCENCE OF ANTIBODY LABELLED THYMOCYTES

l x l O 4 e v e n t s  w e r e  a n a l y s e d  t o  p r o d u c e  t h e  d i s t r i b u t i o n  p a t t e r n  
o f  FLS vs f l u o r e s c e n c e .  The FACS I I  was  g a t e d  t o  e x c l u d e  d e a d  c e l l s  
and  d e b r i s ,  a nd  an a r b i t r a r y  l i n e  d r a w n  on t h e  d i s t r i b u t i o n  t o  p r o d u c e  
two p o p u l a t i o n s  o f  l a r g e  c e l l s  w h i c h  d i f f e r e d  i n  f l u o r e s c e n c e  
i n t e n s i t y .  T h i s  a r b i t r a r y  l i n e  was  t a k e n  a s  t h e  g a t i n g  p o i n t  b e t w e n  
h i g h  T h y l . 2  a nd  l ow T h y - 1 . 2  c e l l  e p i t o p e  d e n s i t y .  The same f i r s t  
a n t i b o d y  t i t r e s  w e r e  u s e d  i n  FACS e x p e r i m e n t s  a s  was  u s e d  i n  CMC 
e x p e r i m e n t s ,  i n  t h e  c a s e  o f  t h i s  e x a m p l e  1 / 2 0 x 1 0 ^  a n t i  T h y - 1 . 2 .

FLUORESCENCE



FIGURE 14:  FACS d i s t r i b u t i o n  o f  f l u o r e s c e n c e  v e r s u s  c e l l  n u mbe r  
o f  a n t i b o d y  l a b e l l e d  t h y m o c y t e s .

in
oLu «-<

o  e-
rc >  ui nr.
Cu IjlI>: lo
D  t'-O 
2  O

a) Thy 1-2 b) H-2Kk C) H-2IE/C*1 d) Lyt 1*2 a) Lyt 2-2

r-V ;V' V V  |

; .......A: •
V

FLUORESCENCE

A f te r  an a r b i t r a r y  d i v i s i o n  of  the  t r e a t e d  c e l l s ,  as d e s c r ib e d  
in the legend to Figure 13, 1x10^ e v e n t s  were analysed  and s o r t e d  
in to  the minor p o p u la t io n .  Plus and minus f r a c t i o n s  were c o l l e c t e d  
in 1ml of h e a t - i n a c t i v a t e d  f o e t a l  c a l f  serum and the s e p a r a t e d  
f r a c t i o n s  wash t h r i c e  in 5ml o f  complete RPMI with 10% 
h e a t - i n a c t i v a t e d  FCS a t  37°C. The black  v e r t i c a l  bar  i n d i c a t e s  
the d i v i s i o n  between high and low f lu o r e s c e n c e ,  and p e rc e n ta g e  
p o s i t i v e  c e l l s  was 37.63 f o r  Thy-1 .2 ,  35.88 f o r  H-2K, 21.98 f o r
I-A, 43.25 f o r  Lyt-1 and 78 .3  f o r  Lyt-2.  20pl of  the  s p e c i f i c  
f l u o r e s c e i n  (Miles-Yeda) con juga ted  a n t i  immunoglobulin- was added 
to lOOpl of  c e l l s  ( lx lO ^ /m l)  in the  s p e c i f i c  a n t i - e p i t o p e  a n t ib o d y ,  
excep t  f o r  Thy-1.2 (see  legend to  Figure 16) a t  the  d i l u t i o n  
p r e v io u s l y  d e s c r ib e d .



r e c i p i e n t s  in the  an t i-H-2K an t ibody  t r e a t e d  c e l l s ,  r e f l e c t i n g  in 

the  p ro p o r t i o n  of  c o n t a c t i n g  thymocytes which were MEC~ as seen 

from Figure 12. This was a l s o  t r u e  f o r  the a n t i - T h y - 1.2 a n t ib o d y  

t r e a t e d  p o p u la t io n  but  to  a l e s s e r  e x t e n t .

3 :4 .11  FACS a n a l y s i s  o f  MEC+ thymocytes

In o r d e r  to  conf irm th e  d a ta  g en e ra ted  from th e  CMC exper im en t s  

i t  was dec ided  t h a t  weanling CBA mouse thymocytes would be s u b je c t e d  

to  f lu o r e s c e n c e  a c t i v a t e d  c e l l  s o r t i n g  (FACS) to  examine the  behav iou r  

o f  both s u r f a c e  e p i to p e  p o s i t i v e  and n e g a t iv e  c e l l s  with  r e s p e c t  

to  t h e i r  a b i l i t i e s  to  undergo m e tab o l i c  c o - o p e r a t i o n  with  TG2 c e l l s  

in  the  p resence  of  [^H]-hypoxanth ine .

Thymocytes were p repa red  as b e f o r e ,  but  exposed to  th e  e p i to p e  

s p e c i f i c  an t ib o d y  a t  4°C, be fo re  the  a d d i t i o n  o f  a second s t a g e  

anti- immunoglobulin an t ib o d y  f o r  i n d i r e c t  immuno-fl uo rescence  (I  IF ) .  

The c e l l s  were held a t  4°C f o r  as  s h o r t  a t ime as p o s s i b l e  be fo re  

FACS s o r t i n g  and the  second a n t ib o d y  was added and mixed p r i o r  to  

i n s e r t i o n  in the  machine.  The FACS was gated  to  exc lude  dead c e l l s  

and d e b r i s  from the  a n a l y s i s  and 1x10^ ev e n t s  were an a ly se d  to  

gen e ra te  d i s t r i b u t i o n s  o f  forward  l i g h t  s c a t t e r i n g  (FLS) and 

f l u o re s c e n c e  and h is tograms o f  f l u o r e s c e n c e  a g a i n s t  c e l l  number. 

From the  FLS vs f l u o r e s c e n c e ,  an example of  which i s  shown in  F igure  

13, an a r b i t r a r y  value was chosen ,  shown by v e r t i c a l  l i n e  in th e  

second i n t e r v a l ,  to  d iv id e  the  p o p u la t i o n  i n t o  two g ro u p s ,  each 

c o n ta in in g  l a r g e  c e l l s .  The same p rocedure  was c a r r i e d  ou t  f o r  

a l l  samples ana lysed  by the  FACS. The d i s t r i b u t i o n s  o f  f l u o r e s c e n c e  

vs c e l l  number f o r  a l l  a n t i  se ra  a re  shown in F igure  14.



F I G U R E  1 5 ( a ) :  T I T R A T I O N  O F  S E C O N D  A N T I B O D Y  TO T h y - 1

LABELLED THYMOCYTES

1x10^ thymocytes/ml from weanling CBA mice were t r e a t e d  with 
a n t i - T h y - 1 . 2  monoclonal an t ib o d y  a t  1/20x10^ d i l u t i o n  and held a t  
4°C. lOOpl of  F lu o re s c e in  con juga ted  r a b b i t  a n t i  mouse whole IgG 
(RAM IgG) was added to lOOul of  a n t ibody  t r e a t e d  thymocytes and 
the c o n c e n t r a t i o n  of  the second a n t ib o d y  doubled f o r  each s u c c e s s iv e  
p o i n t  in the  t i t r a t i o n .  4x10^ double l a b e l l e d  c e l l s  f o r  each RAM 
IgG c o n c e n t r a t i o n  were then ana ly sed  in the FACS and the  d i s t r i b u t i o n  
of  c e l l  number and f lu o r e s c e n c e  r eco rded .

$



F I G U R E  1 5 ( b ) : TITRATION OF ANTI-Thy-1 ANTIBODY AGAINST 

CONSTANT SECOND ANTIBODY

k ............... •............ •) '
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The p roces s  was repea ted  with  the con juga ted  a n t ib o d y
c o n c e n t r a t i o n  remaining a t  a 1/1 r a t i o  of RAM IgG and the  
c o n c e n t r a t i o n  of  mouse a n t i - T h y - 1 . 2  an t ibody  in c re a s e d  by double 
a t  each t i t r a t i o n  p o i n t .



TABLE 25: METABOLIC CO-OPERATION BETWEEN TG2 CELLS AND FACS SEPARATED

CBA WEANLING THYMOCYTES IN THE PRESENCE OF 

[ 3H]-HYP0XANTHINE

Grains counts  over r e c i p i e n t s mean (SD) n = 50

Co-cul t u r e
A r b i t r a r y  

% Total
Cel I s  in 
Contac t

Not in
Contact  « d f t P

TG2/Thy-1.2+ 37.63 14 .18 (12 .7 ) 7 . 6 ( 4 . 3 3 ) 60 3.474 0 . 0 0 1

TG2/Thy-1.2- 62.37 11 .8 6 (1 1 .3 ) 4 . 8 8 (3 .2 2 ) 56 4.198 0 . 0 0 0 1

TG2/H-2K+ 35.88 17 .94 (14 .6 ) 6 .1 6 (5 .4 1 ) 62 5.338 0 . 0 0 0 0 1

TG2/H-2K- 64.12 1 9 .3 (1 8 .0 ) 8 .0 4 (8 . 2 3 ) 68 4.032 0 . 0 0 0 1

TG2/I-A+ 21.98 1 9 .6 (1 0 .1 ) 6 .0 8 (4 .0 9 ) 64 8.765 0 .0 0 0 0 1

TG2/I-A- 78.02 2 1 . 5 4 (9 .7 ) 5 .8 8 (3 .0 7 ) 58 1 0 . 8 8 0 .0 0 0 0 1

TG2/Lyt-1+ 43.25 3 7 .7 2 (1 7 .3 ) 11 .42 (6 .84 ) 63 9.595 0 . 0 0 0 0 1

TG2/Lyt-1- 56.75 9 . 5 4 (8 . 4 2 ) 8 .5 2 (4 . 0 5 ) 70 0.772  0 . 4 4 3 ( NS)

TG2/Lyt-2+ 78.3 8 . 3 ( 5 . 0 8 ) 9 .5 2 (7 .8 6 ) 83 0.922 0.36(NS)

TG2/Lyt-2- 21.7 3 3 .5 (2 0 .4 ) 1 9 .48 (10 .6 ) 73 4.312 0 . 0 0 0 0 1

FACS a n a l y s i s  and s o r t i n g  was c a r r i e d  ou t  as  p r e v i o u s l y  d e s c r ib e d  
( see  legend to  Figure 15) with  the  t h r i c e  washed s o r t e d  c e l l s  ( 1x10  ̂
c e l l s / w e l l )  c o - c u l t u r e d  with  1x10^ TG2 c e l l s  p e r  well grown on g l a s s  
c o v e r s l i p s  in 6x4 well p l a t e s  in 1ml o f  h e a t - i n a c t i v a t e d  FCS complete 
RPMI c o n t a in in g  lOpCi/ml o f  [ 3H]-hypoxanthine and in c u b a te d  a t  37°C 
f o r  3 hours .  A f t e r  c o - c u l t u r e  the  c e l l s  were p roces sed  as p r e v i o u s l y  
d e s c r i b e d ,  with 50 c o n t a c t i n g  and 50 n o n -c o n ta c t in g  TG2 c e l l s  counted .



F I G U R E  1 6 :  H I S T O G R A M S  O F  G R A I N  C O U N T  D A T A  FROM F A C S  M E T A B O L I C

CO-OPERATION EXPERIMENT

Legend as f o r  Table 25.
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However, one d i f f i c u l t y  a ro s e  in the  I IF FACS a n a l y s i s ,  

the  s u p p l i e r  of  the  f l u o r e s c e i n  con juga ted  r a b b i t  a n t i - m o u s e  IgM 

an t ibody  f a i l e d  to  produce the  an t ib o d y  as c o n t r a c t e d ,  but  by us ing  

a 5 - fo ld  i n c r e a s e  in the  c o n c e n t r a t i o n  of  the  r a b b i t  a n t i  mouse

IgG (whole molecule )  with a f l  u o re s c e in  : p r o t e i n  r a t i o  o f  4 .5 ,  a 

f luorescent  d i s t r i b u t i o n  o f  the  a n t i -T h y  1.2 an t ib o d y  t r e a t e d  c e l l s  

could be ob ta ined  and a t i t r a t i o n  o f  the  pr im ary  and secondary

an t ibody  FACS f l u o r e s c e n t  p r o f i l e s  i s  shown in Figure 15.

From Figure 15 i t  can be seen t h a t  by i n c r e a s i n g  the  second

an t ibody  c o n c e n t r a t i o n  f o r  Thy-1 .2  to  f i v e  f o l d  in comparison with  

s p e c i f i c  primary  and secondary  a n t i b o d i e s  the  FACS can d e t e c t  

f l u o r e s c e n c e  in  the  Thy-1.2 a n t ib o d y  t r e a t e d  samples.

FACS s o r t e d  p o p u la t io n s  were s u b je c t e d  to  c o - c u l t u r e  with TG2 

c e l l s  in the  p resence  of  [^H j-hypoxanth ine  to  compare the  FACS t r e a t e d  

samples with CMC d e p le te d  m e tab o l i c  c o - o p e r a t i o n  r e s u l t s .  The d a ta  

from one such exper iment a r e  shown in Table 25 and Figure 16.

The d a ta  p r e s e n te d  in Table 25 and Figure  16 a re  c o n s i s t e n t  

with  r e s u l t s  ob ta ined  in two p re v io u s  FACS exper im en ts  exce p t  t h a t  

th e  p o p u la t io n  s o r t e d  f o r  I-A a n t i g e n .  In a l l  p r e v io u s  and two

subsequent  exper iments  the  I-A n e g a t iv e  p o p u la t i o n  c o n ta in ed  the  

MEC+ p o p u la t io n  (d a ta  not  shown). However, in  t h i s  exper im en t  us ing  

3 k  week old  CBA female s i b l i n g s ,  the  a r b i t r a r y  d i v i s i o n  with  r e s p e c t  

to  f l u o r e s c e n c e  i n t e n s i t y  s p l i t s  the  MEC+ p o p u la t i o n  i n t o  two p a r t s ,  

with the  m a j o r i t y  o f  the  MEC+ c e l l s  in the  I-A” f r a c t i o n .  The FACS 

exper iment was repea ted  twice s u b s e q u e n t ly ,  but  t h i s  r e s u l t  could 

no t  be reproduced^, a l though  the  a r b i t r a r y  d i v i s i o n  between I-A+ 

and I-A" was c o - i n c i d e n t a l l y  s e t  a t  th e  same l e v e l  by FLS as the  

CMC exper iments  I-A+ l y s i s .  From the  FACS exper im en ts  the  MEC+ 

p o p u la t io n  su r f a c e  a n t ig e n  phenotype i s  in s u p p o r t  of  the  CMC a n a l y s i s



of  PNA+ , Lyt -1+ , Lyt-2" and I-A".  However, from the  FACS and CMC

a n a ly se s  i t  i s  c l e a r  t h a t  MEC+ c e l l s  a re  p r e s e n t  in both Thy-1 .2+ 

and Thy-1.2~and in H-2K+ and H-2K" p o p u l a t i o n s .  I t  should be noted 

t h a t  the  FACS s e p a ra t e d  p o p u la t i o n s  a re  in f a c t  con t in u a  and the

a r b i t r a r y  d i v i s i o n  of  f l u o r e s c e n c e  i n t e n s i t y  s p l i t s  t h i s  continuum 

i n t o  high versus  low and zero  s u r f a c e  e p i to p e  d e n s i t y .  There a l s o  

e x i s t s  a d i f f e r e n c e  in s e n s i t i v i t y  between FACS and CMC e p i to p e

d e t e c t i o n .  The FACS can d e t e c t  e p i to p e  d e n s i t i e s  above 3x10^ 

m o l e c u le s / c e l l  whereas CMC w i l l  produce

c e l l  l y s i s  a t  a minimum e p i to p e  d e n s i t y  o f  10-100 m o l e c u l e s / c e l l  

in s a t u r a t i n g  c o n d i t i o n s  (J. F o th e rg i l  1, personal  communicat ion).

3:5  Double CMC us ing  a n t i  Thy-1.2 and a n t i  H-2K^ Monoclonal

A nt ibod ies  a g a i n s t  MEC+ Thymocytes

The CMC exper im en ts  were d e l i b e r a t e l y  s e t  up a t  low c e l l  d e n s i t y  

to  e l i m i n a t e  ' b y s t a n d e r  l y s i s ' ,  a phenomenon encoun te red  when 

per forming CMC a t  high c e l l  d e n s i t y  with  excess  complement p r e s e n t .  

The r e s u l t  of  t h i s  d e c i s i o n  was t h a t  in CMC e x p e r im e n t s ,  th e  a n t ib o d y  

c o n c e n t r a t i o n  chosen d id  no t  l y s e  eve ry  c e l l  b ea r ing  the  s p e c i f i c  

ep i to p e  and on ly  c e l l s  t h a t  were n e g a t iv e  o r  exp res sed  low l e v e l s  

o f  the  e p i to p e  su rv iv ed  the  t r e a t m e n t .  The d e c i s i o n  to  l y s e  on ly  

high, and medium e p i to p e  d e n s i t y  b ea r ing  c e l l s  was t h a t  f o r  Thy-1 .2  

and H-2K, MEC+ were d e t e c t e d  in the  r e s id u a l  p o p u la t io n s  a f t e r  CMC.

This r e s u l t  i s  a l s o  r e f l e c t e d  in the  p resence  of  MEC+ c e l l s  in  both 

Thy-1 .2“ and H-2K" FACS s o r t e d  p o p u la t i o n s  as a r e s u l t .  Thymocytes 

were s u b je c t e d  to  double  CMC s e l e c t i o n  f o r  Thy-1.2 and H-2K a n t i g e n s .  

These experiments  were performed us ing the  same CMC p ro to c o l  tw ice  

on the  one p o p u la t io n  excep t  t h a t  a f t e r  the  f i r s t  CMC th e  c e l l s  

were washed twice and the  CMC performed ag a in .  A f t e r  th e  second



TABLE 26 : DOUBLE COMPLEMENT MEDIATED CYTOTOXICITY FOR T h y -1 .2

AND H-2Kk THYMOCYTE SURFACE ANTIGENS USED IN METABOLIC

CO-OPERATION WITH TG2 CELLS IN THE PRESENCE OF

[ 3H]HYP0XANTHINE

Grain counts  over R e c ip ie n t s Mean (SD) n = 50

N o n -V ia b i l i ty  
Co-Culture  (%)

Cel I s  in 
Contact

Not in 
Contac t * d f t P

TG2/Thy-1.2-  8 7 . 1 3 (7 . 7 ) 8 . 6 6 ( 6 . 5 ) 7 . 5 6 (4 . 7 8 ) 93 0.735 0.47

TG2/H-2K- 6 8 . 1 (8 . 9 ) 7 .9 6 (3 .9 5 ) 8 . 2 2 ( 3 . 8 ) 97 0.365 0.631

The CMC was performed as p r e v i o u s l y  d e s c r ib e d  (See Tab les  24 
and 25) excep t  a f t e r  the  f i r s t  CMC the  c e l l s  were washed tw ice  in 
SF-RPMI a t  room tem pera tu re  and s u b je c t e d  to  i d e n t i c a l  CMC. A f t e r  
the  second CMC the  v ia b le  c e l l s  were recovered  a f t e r  washing wi th  
hea t  i n a c t i v a t e d  complete RPMI by c e n t r i f u g a t i o n  on 1.077g/ml F i c o l K  
washed and the  c e l l  suspension  r e a d j u s t e d  to  1x10^ c e l l s / m l .  1x10' 
c e l l s  were then  c o - c u l t u r e d  with TG2 c e l l s  (2xlOB c e l l s / 5 c m  d i s h )  
e s t a b l i s h e d  o v e rn ig h t  on g l a s s  c o v e r s l i p s  f o r  3 hours in the  p re s en ce  
of  [ 2H]-hypoxanthine ( lOpCi/ml)  in  5ml N RPMI (comple te  h e a t  
i n a c t i v a t e d ) .  The c o v e r s l i p s  were then f i x e d  and p ro c e s s e d  as 
p r e v i o u s l y  d e s c r ib e d .



CMC v ia b le  c e l l s  were recovered  on a 1.077g/ml Ficol 1 g r a d i e n t  and

used in m e tabo l ic  c o -o p e r a t i o n  exper iments  as b e fo re .  The da ta

from one such exper iment a re  shown in Table 26.

From Table 26 i t  can be seen t h a t  MEC+ c e l l s  bear  Thy-1.2 

and H-2K e p i to p e s  on t h e i r  s u r f a c e s ,  as  double CMC a b r o g a t e s  m e tabo l i c  

c o - o p e r a t i o n ;  however, in the  Thy-1.2" p o p u la t io n  one lymphocyte

in  c o n t a c t  with a TG2 c e l l  d id  appear  to  be ab le  to  communicate 

by gap ju n c t i o n s  as the  TG2 c e l l  had 37 g r a in s  over  i t ,  su g g es t in g  

t h a t  t h i s  MEC+ lymphocyte was Thy-1 .2" .

From the  accumulated d a ta  the  phenotype of  MEC+ thymocytes

f o r  the  f i v e  s u r f a c e  a n t ig e n s  t e s t e d  can be summarised as PNA+ ,

Thy-1.2 high and low, H-2K high and low, Lyt -1+ , I-A" and Lyt -2 .  

This  phenotype would p la ce  MEC+ thymocytes in the  h e l p e r  c e l l  l i n e a g e

with  r e s p e c t  to  Lyt a n t ig e n  phenotype ,  but  the  p re sence  o f  low Thy 

and high H2-K sugges t  m a t u r i t y ,  whereas the  high Thy low H-2K s u g g es t s

an immature thymic lymphocyte d i f f e r e n t i a t i o n  s t a g e ,  as  does the

PNA+ phenotype .



CHAPTER 4 

DISCUSSION



TNon r id e re 3 non l ig e r e 3 neque d e te sa re , sed  in te l le g e r e  '

('Not to laugh3 not to lament or to curse3 but to understand')

Spinoza

t



RAJI c e l l s  a re  c l a s s i f i e d  as p re-B  c e l l s  by t h e i r  l a c k  of  membrane 

bound immunoglobulin (mlg) and p re s en ce  o f  heavy and l i g h t

immunoglobulin cha ins  in t h e i r  cy toplasm.  However s lg  can not  be

induced by a l l  the  convent ional  induc ing  ag e n t s  (P a ig e ,  1 9 7 8 ) , they  

express  C3b r e c e p t o r ,  lack  Fc r e c e p t o r ,  bu t  they  al so po s se s s  

la  an t ig en  (Preudhomme , 1978) and B c e l l  d i f f e r e n t i a t i o n  a n t ig e n

(Basch e t  a l , 1978).  From a n a l y s i s  o f  RAJI karyotype  the  o r i g i n a l

c e l l  has a t r a n s l o c a t i o n  in chromosome 14 to  chromosome 8 and the  

adheren t  su b l in e  has t  (1:Y) (Nyormoi e t  a l , 1973) t r a n s l o c a t i o n

a l s o .  Although RAJI c e l l s  c o n ta in  i n t e g r a t e d  E p s t e in - B a r r  v i r u s

(K le in ,  1975) they  do not  produce mature v i r u s  p a r t i c l e s  and on ly  

produce e a r l y  ant igens^when t r e a t e d  with  t e t r a d e c a n o y l  phorbol a c e t a t e  

(TPA), which induces  v i r u s  caps id  a n t ig e n  in v i r u s  p roduc ing  l i n e s

(Yamamoto and Bauer, 1981).

E ar ly  pre-B c e l l s  have been shown to  produce  o n ly  p heavy cha in

but  no l i g h t  cha in  in t h e i r  cytoplasm (Burrows e t  al , 1979) whereas

RAJI produces  both K l i g h t  chain and p heavy ch a in .  In l a t e r

exper iments  where cy top lasmic  p chain  were im m unoprec ip i ta ted  i t
0

was found t h a t  two s p e c ie s  of  p heavy ch a in s  could be d e t e c t e d

correspond ing  to  membrane and s e c r e t e d  forms (Cush ley ,  pe rsona l  

communication),  with  the conc lus ion  being reached t h a t  a d e f e c t  in



g ly c o s y l a t i o n  i n h i b i t e d  Ig p r o d u c t i o n ,  as mouse pre-B c e l l s  s y n th e s i z e  

and s e c r e t e  p heavy cha ins  but  not  l i g h t  cha in s  ( L e v i t t  and Cooper, 

1980).

From the  su r f a c e  a n t ig e n  da ta  and p resence  o f  both cy top lasm ic  

s e c r e t e d  and membrane forms o f  immunoglobulin i t  seeems most l i k e l y  

t h a t  RAJI i s  not  a p re-B  c e l l ,  but  a mature IgM B c e l l  o r  a memory 

IgM B c e l l  t rans fo rm ed  by EBV.

In c o - c u l t u r e s  o f  RAJI with  PBL, the  observed  hypoxanthine 

in c o rp o r a t i o n  exceeds the  expec ted  i n c o r p o r a t i o n  f o r  h a l f  q u a n t i t i e s  

of  each c e l l  type .  This  phenomenon could  be accounted  f o r  by m e ta b o l i c  

c o - o p e r a t i o n  between the  w i ld - t y p e  PBL and HGPRT" RAJI c e l l s ,  but  

the  in c r e a s e  in g r a in  count  over  RAJI c e l l s  in c o n t a c t  w i th  PBL i s  

only  approx im ate ly  15% g r e a t e r  than RAJI c e l l s  no t  in  c o n t a c t  with  

PBL and i s  not  s t a t i s t i c a l l y  s i g n i f i c a n t .  There i s  a l s o  a s l i g h t  

in c r e a s e  in the  i n c o r p o r a t i o n  o f  RAJI c e l l s  a lone  and i s o l a t e d  RAJI 

c e l l s  in the  c o - c u l t u r e  o f  about  4%.

A p o s s i b l e  reason f o r  t h i s  d i s p a r i t y  i s  synergism between RAJI 

and PBL in c o - c u l t u r e .  In o v e r n ig h t  c o - c u l t u r e s  t h i s  phenomenon

was more a p p a re n t  and to  t e s t  the  dependence o f  the  p r e s e n c e  o f  RAJI 

c e l l s  vary ing  q u a n t i f i e s  were added to  PBL c o - c u l t u r e s .  As can be

seen in Figure  4 ( R e s u l t s  s e c t i o n ) ,  the  p re sence  o f  RAJI c e l l s  in 

the  c o - c u l t u r e s  s t i m u l a t e s  the  up take  o f  l a b e l ,  but  high l e v e l s  o f  

RAJI c e l l s  dec re a se  the  amount o f  l a b e l  i n c o r p o r a t e d .

When pool s i z e s  of  ac id  s o lu b l e  and ac id  insoluble m a t e r i a l  a r e  

cons ide red  a l l  c o n c e n t r a t i o n s  of  RAJI c e l l s  d e c r e a s e  i n c o r p o r a t i o n

i n t o  the  s t a b l e  ac id  i n s o l u b l e  RNA and DNA, but  i n c r e a s e  i n c o r p o r a t i o n
*

i n t o  the  ac id  so lu b le  pool o f  n u c l e o t i d e s  and small m e t a b o l i t e s .  

High c o n c e n t r a t i o n s ,  i e  2:1 RAJI/PBL, th e  a c id  s o l u b l e  pool s i z e

d e c re a se s  but  not  to  the  leve l  o f  PBL a lo n e .  As the  amount o f  i n c r e a s e



in i n c o rp o r a t i o n  i n t o  RAJI c e l l s  as measured by a u t o ra d io g ra p h y  i s  

not  s u f f i c i e n t  to  account  f o r  t h i s  l a r g e  i n c r e a s e ,  i t  must be due 

to  in c re a s e d  la be l  uptake by the  PBL.

Many p r im ary  c e l l s  do no t  grow well in c u l t u r e  and t h e i r  s u rv iv a l  

can be enhanced by the  a d d i t i o n  o f  a ' f e e d e r '  l a y e r .  In stromal 

c e l l s  much o f  t h i s  synergism i s  accounted  f o r  by the  fo rm at ion  o f  

gap j u n c t i o n s  between pr im ary  c e l l s  and ' f e e d e r s '  r e s u l t i n g  in the  

coupl ing  of  i n t r a c e l l u l a r  metaboli sms .  However growth enhancement 

in c o - c u l t u r e  has been demonst ra ted  with  c e l l s  t h a t  do not  form 

j u n c t i o n s ,  n o ta b ly  L929, and by c e l l  ' c o n d i t i o n e d '  medium. Two reasons  

have been advanced f o r  c o - c u l t u r e  and ' c o n d i t i o n e d '  medium growth 

enhancement o f  p r im ary  c e l l  l i n e s ,  le akage  by th e  ' f e e d e r '  o f  

i n t e r m e d i a t e  m e t a b o l i t e s  e s s e n t i a l  f o r  p r im ary  c e l l  growth and the  

p roduc t ion  of  growth s t i m u l a t i n g  f a c t o r ( s )  by th e  f e e d e r s .

I t  has been demonst ra ted  t h a t  PBL, u n le s s  s t i m u l a t e d  with  

m i togens ,  r a p i d l y  d i e  in  c u l t u r e .  I f  RAJI c e l l s  p ro v id e  s u f f i c i e n t  

m e tabo l i c  suppor t  by low le ve l  gap j u n c t i o n  fo rm a t ion  and ' l e a k a g e '  

o f  e s s e n t i a l  i n t e r m e d i a t e  m e t a b o l i t e s  i n t o  the  e x t r a c e l l u l a r  medium, 

the  in c re a s e d  s u rv iv a l  o f  PBL in c o c u l t u r e s  would accoun t  f o r  some 

of  the  in c r e a s e  in e o c u l t u r e  i n c o r p o r a t i o n .  Moreover, i t  has been 

shown t h a t  PHA s t im u la t e d  T c e l l  c u l t u r e s  have a marked i n c r e a s e  

in pu r in e  n u c l e o t id e  and aden ine metabo li sm,  with  the  g r e a t e s t  i n c r e a s e  

o c c u r r in g  in HGPRT f u n c t i o n  (Raivio and Hovi , 1978) as well as  de 

novo n u c l e o t id e  s y n t h e s i s .

PBL a re  a m ix ture  of  T and B lymphocytes and a l th o u g h  o b ta in e d

from young a p p a r e n t l y  h e a l th y  donors ,  a r e  dynamic r e a c t i v e  c e l l s ,
*

as has been seen from the  v a r i a t i o n s  in  i n c o r p o r a t i o n s  w i th i n  and 

between in d iv id u a l  samples.  I f  RAJI c o - c u l t u r e  p ro v id e s  s u f f i c i e n t  

suppor t  f o r  su rv iva l  and growth of  PBL i t  i s  no t  in c o n c e iv a b le  t h a t



normal T and B ce l l  i n t e r a c t i v i t i e s  should not  c o n t in u e .  Fur thermore ,  

i f  RAJI produce growth an d /o r  a c t i v a t i n g  f a c t o r s ,  t h e se  would f u r t h e r  

in c re a s e  i n c o r p o r a t i o n  in RAJI/PBL c o - c u l t u r e s .  These p l a u s i b l e  

reasons  do not  inc lude  the  i n t e r a c t i o n s  o f  PBL on RAJI c e l l  metaboli sm 

and the consequent  e f f e c t s  t h i s  may have on the  PBL p o p u l a t i o n  o r  

th e  ro le  of  RAJI c e l l s  as  s t i m u l a t o r s  and a c t i v a t o r s  o f  a l l o g e n e i c  

responses  of  the  PBL a g a i n s t  a l l o g e n e i c  e p i t o p e s  on the  RAJI c e l l s .

As mentioned in the  R es u l t s  s e c t i o n ,  PBL have high l e v e l s  o f  

i n t r a c e l  1 u l a r  m a te r i a l  in t h e i r  a c id  s o lu b l e  p o o l s ,  e s p e c i a l l y  when 

l a b e l l e d  with  [^H ]-hypoxanth ine ,  which should make PBL good donors 

in n u c l e o t id e  exchange o r  m e ta b o l i c  c o - o p e r a t io n  e x p e r im e n t s .  As 

a r e s u l t  the  exper iments  o f  01i v i e r a - C a s t r o  and Hulse r  were re p e a te d  

us ing  n u c l e o t id e  exchange and m e tab o l i c  c o - o p e r a t i o n .

In Table 7 i t  can be seen t h a t  no t  even low le v e l  t r a n s f e r  was 

d e t e c t e d  a t  any t ime p o i n t  du r ing  PHA s t i m u l a t i o n  in  m e t a b o l i t e  

exchange with  3T3 c e l l s .  In m e ta b o l i c  c o - o p e r a t i o n  ex p e r im en t s  wi th 

T62 c e l l s ,  t h e o r e t i c a l l y  a more s e n s i t i v e  techn ique  (see  I n t r o d u c t i o n ,  

Figure  1 ) ,  a l though  the  d i f f e r e n c e s  between TG2 c e l l s  in  c o n t a c t  

o r  not  with  PBL were m a rg i n a l l y  l a r g e r  no s t a t i s t i c a l  d i f f e r e n c e  

was observed .  Once $gain  severa l  r easons  can be p o s t u l a t e d  f o r  t h i s  

d i s p a r i t y  o f  l a c k  of  coup l ing  seen in m e t a b o l i t e  exchange t e c h n iq u e s  

and the  r e p o r te d  e l e c t r o p h y s i o l o g i c a l  d a t a .

The most p l a u s i b l e  reason i s  the  d i f f e r e n c e s  in  s e n s i t i v i t y  

of  d e t e c t i o n  of  two methods of  measur ing c e l l / c e l l  c o u p l in g .  Other  

p o s s i b l e  reasons  i n c lu d e ,  high s p e c i f i c i t y  in  gap j u n c t i o n  fo rm a t io n  

in PBL as  the  e l e c t r o p h y s i o l o g i c a l  exper im en ts  were performed between 

lymphoid c e l l s  and not  between lymphoid and stromal c e l l s  as  in  th e s e  

c a s e s ,  o r  d i f f e r e n c e s  in PBL/stromal c e l l  i n t e r a c t i o n .  The r e s u l t  

o f  which may be low r a t e s  and numbers o f  gap j u n c t i o n a l  ch an n e ls



formed with high r a t e s  of  tu rn o v e r .  This  l a t t e r  case  would be d e t e c t e d  

by e l e c t r o p h y s i o l o g y ,  but  would be d i f f i c u l t  to  d e t e c t  by m e t a b o l i t e  

exchange.  In o rd e r  to  overcome the  s p e c i f i c i t y  problem, i f  i t  e x i s t s ,  

i t  would be n e c e ss a ry  to  o b ta in  stromal c e l l s  of  the  same hap lo type

as the  lymphocytes under i n v e s t i g a t i o n  and a l though  most v o l u n t e e r  

donors w il l  pe rm i t  r ep ea ted  venepuncture f o r  PBL, some r e s i s t a n c e  

to  t i s s u e  b i o p s i e s  would be i n e v i t a b l e  and not  un reaso n ab le .

To perform lymphocyte/ lymphocyte c o - c u l t u r e s  i t  would be 

ne c e s s a ry ,  i n i t i a l l y ,  to  f in d  a s u b s t r a t e  to  which lymphoid c e l l s  

would bind and remain a d h e re n t  no t  on ly  du r ing  c o - c u l t u r e ,  bu t  f o r  

a u t o r a d io g r a p h i c  p r o c e s s in g .  One such s u b s t r a t e ,  c o l l a g e n  g e l s ,  

has r e c e n t l y  been d e s c r ib e d  (S h ie ld s  e t  al , 1984),  bu t  the  majo r  

d i f f i c u l t y  remains in a d e q u a te ly  de te rm in ing  donor from r e c i p i e n t  

c e l l s  in  the  c o - c u l t u r e .  E i t h e r  donor o r  r e c i p i e n t  marking would

be s u f f i c i e n t ,  as d i s c r i m i n a t i o n  i s  on ly  r e q u i r e d  to  e n s u re  t h a t  

g r a in  counted ce l l  p a i r s  a r e  donor to  r e c i p i e n t  and no t  d o n o r /d o n o r ,  

which would be i n c o r r e c t l y  a t t r i b u t e d  to  m e tab o l i c  c o - o p e r a t i o n .

The subs tance  used would have to  be nond if  f u s i b l e  i n t o  the  

e x t r a c e l l u l a r  space ,  as  d i f f u s i o n  and uptake would l e a d  to  

m i s - c l a s s i f i c a t i o n  in* donors o r  r e c i p i e n t s ,  and must no t  be small 

enough to  pass  th rough  gap j u n c t i o n  channe ls  to  g ive unequivocal  

i d e n t i f i c a t i o n  as e i t h e r  donor o r  r e c i p i e n t .

The c on f i rm a t ion  o f  the  comment o f  Smets e t  al (1980) t h a t  somat ic  

ce l l  hybr ids  between L929 and PBL, both MEC" by m e t a b o l i t e  exchange ,  

can and do form dem onst rab le  gap j u n c t i o n s ,  was p r e d i c t a b l e  from 

th e  work o f A r z a n ia  e t  al (1974) and Bol s e t  al (1979) and McDonald 

(1982) u t i l i s i n g  p a r e n t a l  c e l l s ,  HGPRT" MEC+ human f i b r o b l a s t s / C l -

D1 (a TK" d e r i v a t i v e  of  L929); MEC" ch ick  embryo e r y t h r o c y t e s / A 9  

c e l l s ;  and MEC" LMTK" (a TK" d e r i v a t i v e  of  L929)/MEC"R5/3 (HGPRT" 

d e r i v a t i v e  of  embryonal carcinoma l i n e  PC13) r e s p e c t i v e l y .  In th e



Arzania paper  i t  was demons trated  t h a t  in MEC+/MEC" h y b r id s ,  the  

MEC+ phenotype i s  dominant;  the  work by Bol s a l s o  showed MEC+ phenotype 

dominance and t h a t  the  i n a c t i v e  e r y t h r o c y t e  mucleus would complement 

the  MEC“ phenotype o f  A9 c e l l s ,  but  on ly  a f t e r  4 days when the  ch ick  

nucleus  i s  r e a c t i v a t e d .  The work of  McDonald has f u r t h e r  s t r e n g th e n e d  

the  b e l i e f  t h a t  g e n e t i c  complementat ion can p rov ide  f o r  the  r e s t o r a t i o n  

of  the  MEC+ phenotype.  In the  A9/PBL hybr ids  i t  was dec ided  t h a t  

s e l e c t i o n  o f  adhes ion  was a p r i o r i t y  to  enab le  m e ta b o l i c  c o - o p e r a t i o n  

t e s t i n g ,  which demonst ra ted  the  MEC+ phenotype o f  the  PA h y b r id s .

I n a b i l i t y  t o  dem onst ra te  s p e c i f i c  human chromosomes in  mouse/human 

hybr ids  i s  well documented (Smets e t  al , 1979; J u n k e r ,  1982) due 

to  the  s p e c i f i c  l o s s  of  human g e n e t i c  m a t e r i a l .  The h y b r id s  show 

communication comparable to  any o f  the  known MEC+ l i n e s  and th e  

d e c i s i o n  not  to  i n i t i a l l y  c lone  i n d iv id u a l  hybr ids  a t  the  o u t s e t  

a f t e r  HAT s e l e c t i o n  was a f o r t u n a t e  one.  By the  t ime c loned  c e l l s  

had been grown up to  p rov ide  s tocks  f o r  s to r a g e  in l i q u i d  n i t r o g e n  

and c e l l s  f o r  m e t a b o l i t e  exchange t e s t i n g ,  the  g eno typ ic  r e v e r s a l  

due to  s e l e c t i v e  l o s s  o f  human chromosomes would have been well 

advanced.  The p re sence  of  the  human isoenzyme f o r  gl ucose6-phospha te  

dehydrogenase and the  p resence  o f  an a c t i v e  HGPRT gene p ro d u c t  amply 

d em ons t ra tes  the  human X-chromosome c o n t r i b u t i o n  to  th e  h y b r id s  bu t  

the  human X-chromosome could no t  be d e t e c t e d  k a r y o t y p i c a l l y .  The 

l o s s  of  human chromosomes was a l s o  accompanied by a r e v e r s i o n  t o  

A9 morphology amongst some of  the  h y b r id s ,  but  t h i s  d id  n o t  a f f e c t  

t h e i r  a b i l i t y  to  form gap j u n c t i o n s .  I t  was not  p o s s i b l e  t o  de te rm ine  

which o f  the  human lymphocyte chromosomes was r e s p o n s i b l e  f o r  th e  

MEC+ phenotype o r  morphological  phenotype convers ion  because  o f  the  

r ap id  chromosome l o s s ,  as  was commented on by Smets e t  al (1979) .



From the va r ious  f i x a t i o n  agen t s  t e s t e d  on [^H j-hypoxanth ine

pulsed  c e l l s  i t  i s  obvious t h a t  while gl u t a ra l  dehyde f i x a t i o n  does 

i n c r e a s e  the  g ra in  counts  in  t r e a t e d  c e l l s ,  i t  a l s o  causes  the  r e l e a s e  

o f  the  ac id  s o lu b le  m a te r i a l  from the  c e l l  i n t o  the  e x t r a c e l l u l a r  

medium, e s p e c i a l l y  du r ing  long f i x a t i o n  t im es .  This  phenomenon i s  

p robab ly  due to  the  c ro s s  l i n k i n g  o f  amino groups of

g ly c o p ro t e in s  in the  c e l l  b i - l a y e r .  While t h i s  i s  the  c a s e ,  i t  must 

a l s o  to  some e x t e n t  r e t a i n  l a b e l l e d  m a te r i a l  in the  cy toplasm and 

nuc leus  from the  i n c r e a s e  in g lu t a r a ld e h y d e  f i x e d  a u t o r a d io g r a p h s .  

There a re  two p o s s i b l e  r easons  f o r  t h i s :  e i t h e r  the  g lu t a r a ld e h y d e

f i x a t i o n  f i x e s  the  l a b e l l e d  m a te r i a l  in  s i t u ,  o r  i n a c t i v a t e s  the  

enzymes which would degrade s t a b l e  RNA and DNA i n t o  a c id  s o lu b l e

m a t e r i a l .

As p r e v i o u s l y  mentioned in  the  I n t r o d u c t i o n ,  lymphoid p r o g e n i t o r s

a re  im poss ib le  to  i d e n t i f y  as no r e l i a b l e  markers have been d e s c r ib e d

and t h e i r  e x i s t e n c e  i s  on ly  dem ons t ra ted  by t h e i r  i d e n t i f i a b l e  progeny

in v i t r o . I t  i s  on ly  r e c e n t l y  t h a t  i n _  v i t r o  systems have been

d es c r ib e d  which a l low the  j_n v i t r o  p ro d u c t io n  o f  B c e l l s  from t h e i r

p r o g e n i t o r s  in  bone marrow (See I n t r o d u c t i o n ) . The l a b e l l i n g  o f
*

bone marrow c e l l s  and seed ing  them onto p r e - e x i s t i n g  bone marrow 

stroma to  a s s e s s  gap j u n c t i o n  mediated coup l ing  would be f e a s i b l e ,  

but  the  i d e n t i f i c a t i o n  o f  the  haemopoie t ic  c e l l  i n t e r a c t i n g  with  

stromal c e l l s  would prove d i f f i c u l t  due to  homogeneity o f  morphology

and l a c k  o f  c e l l  markers  and fu n c t i o n a l  a s s a y s .  Likewise

lymphoid/stromal i n t e r a c t i o n s  in immune re sponses  would prove  d i f f i c u l t  

as  i t  i s  no t  known i f  t h e r e  i s  s p e c i f i c i t y  between r e a c t i v e  lymphoid 

c e l l s  and a n t ig e n  p r e s e n t i n g  c e l l s  to  the  a n t ig e n  e l i c i t i n g  the  immune 

response .  The only  f e a s i b l e  way o f  per fo rming  m e t a b o l i t e  exchange

exper iments  in both bone marrow and immune response  systems would



be to f in d  a HGPRT" mouse s t r a i n  (a Lesch-Nyhan mouse) and grow the  

stromal c e l l s  of  marrow and lymph nodes wi th HGPRT+ lymphoid c e l l s  

in the p resence  of  [^Hj-hypoxanth ine  and to d a te  no such HGPRT mouse 

has been d e s c r ib e d .

Lymphoid development in the  thymus i s  the  most l o g i c a l  a re a

to  focus  on as t h e r e  i s  l i m i t e d  c e l l  h e t e r o g e n e i t y  and well developed 

and d e s c r ib e d  markers f o r  d i f f e r e n t  d i f f e r e n t i a t i o n  s t a g e s .  I t  was 

ex t rem ely  f o r t u i t o u s  t h a t  the  ages of  the  mice su p p l i e d  i n i t i a l l y

co inc ided  with  the  p e r io d  when the  c e l l u l a r i t y  o f  th e  thymus i s  

i n c r e a s i n g  r a p i d l y .  In i n i t i a l  expe r im en ts  us ing  weanling  (3 -4  wk .) 

mice high l e v e l s  o f  m e t a b o l i t e  exchange were found us ing  the  u r i d i n e  

n u c l e o t id e  t r a n s f e r  te ch n iq u e .

I t  appeared t h a t  the  c e l l s  capab le  o f  forming gap j u n c t i o n s  

were a s i g n i f i c a n t  p ro p o r t i o n  o f  c e l l s  t h a t  adhered  to  the  3T3 c e l l s .  

However, from the  h is tograms o f  g r a in  d e n s i t y  over  r e c i p i e n t s ,  i t  

i s  c l e a r  t h a t  not  a l l  adh e re n t  c e l l s  were capab le  o f  forming j u n c t i o n s ,  

e s p e c i a l l y  in  the  high d e n s i t y  f r a c t i o n .  I t  i s  im poss ib le  to  say  

whether o r  not  th e s e  c e l l s  would have formed gap j u n c t i o n s  given 

s u f f i c i e n t  c o - c u l t u r e  time o r  whether  the y  a re  e f f e c t o r  c e l l s  r e a c t i n g  

to  ' f o r e i g n '  e p i t o p e s  0*1 3T3 c e l l s .

The n e c e s s i t y  f o r  c e l l - c e l l  c o n t a c t  to  produce  h ig h e r  g r a in  

counts  over  r e c i p i e n t  c e l l s  was dem ons t ra ted  by the  d i f f e r e n c e  in 

g r a in  counts  in c u l t u r e s  where the  thymocytes were p h y s i c a l l y  s e p a r a t e d  

from 3T3 r e c i p i e n t s ,  in comparison to  3T3 c e l l s  in d i r e c t  c o n t a c t

with  i d e n t i c a l  p r e l a b e l l e d  thymocytes .  The gap j u n c t i o n  m edia ted

n a tu re  of  the  t r a n s f e r  was shown by the  l a c k  o f  d i f f e r e n c e  in the  

g r a in  counts  over  i s o l a t e d  and MEC" A9 c e l l s  in c o n t a c t  in comparison 

wi th MEC+ TG2 r e c i p i e n t s  in the  p resence  o f  [^H ]-hypoxan th ine .  Gap 

ju n c t io n  forming thymocytes were no t  the  predominant  type  in the



m ix tu re ,  with  many of the  c e l l s  in c o n t a c t  no t  t r a n s f e r r i n g  labe l

and with  a minor f r a c t i o n  of  i s o l a t e d  r e c i p i e n t s  with  g r a in  counts

s i m i l a r  to  c o n t a c t i n g  p o s i t i v e  c e l l s .

C e l l - c e l l  adhes ion  i s  a p r e r e q u i s i t e  f o r  gap j u n c t i o n  f o rm a t io n ,  

but  not  a l l  thymocytes added to  the  3T3 c u l t u r e s  adhered  to  the  stromal 

c e l l s  and some r e c i p i e n t  c e l l s  w i thou t  thymocytes bound would seemed 

to  have formed j u n c t i o n s  t r a n s f e r r e d  l a b e l  and d e tach ed .  I t  i s

im poss ib le  to  say i f  t h e se  thymocyte /s tromal c e l l  i n t e r a c t i o n s  

t e rm in a ted  p r i o r  to  the  end o f  c o - c u l t u r e  o r  were simply  l o s t  du r ing  

subsequen t  p ro c e s s in g .

I f  the  thymocyte /s tromal c e l l  i n t e r a c t i o n s  a re  co n s id e re d  with

r e s p e c t  to  t ime then  any donor thymocyte which .forms gap j u n c t i o n s  

with a 3T3 c e l l  a t  the  s t a r t  o f  the  c o - c u l t u r e  would be expec ted

to  exchange a g r e a t e r  amount o f  l a b e l  than i n t e r a c t i o n s  o c c u r r i n g  

l a t e r  in  the  c o - c u l t u r e  p e r i o d .  The above argument assumes t h a t

the  ne t  j u n c t io n a l  channe ls  p e r  i n t e r a c t i o n  a re  equal and t h a t  the

a n ab o l ic  p ro c e s s e s  in the  donor thymocytes a re  a l s o  e q u a l ,  i e  as

the  l e n g th  of  c o - c u l t u r e  i n c r e a s e s ,  so more of  the  l a b e l  in the

thymocytes i s  conver ted  to  non-exchangeable s t a b l e  RNA and DNA. 

However, t h e r e  i s  no yay t h a t  the  m e ta b o l i c  s t a t e s  o f  the  donor and 

r e c i p i e n t  p a i r  can be a s s e s se d  a t  the  end o f  the  c o - c u l t u r e ;  a l l  

t h a t  remains on f i x a t i o n  i s  the  ne|; r e s u l t  o f  t h e i r  i n t e r a c t i o n s .

From the  c e l l  d e n s i t y  i t  can be assumed t h a t  the  l a r g e r  donor

thymocytes a re  m e t a b o l i c a l l y  more a c t i v e ,  i . e  a t  o r  n e a r i n g  c e l l

d i v i s i o n ,  where g r e a t e r  demands w i l l  be p la ced  on t h e i r  n u c l e o t i d e  

p o o l s ,  whereas the  s m a l l e r  donor c e l l s  may be in Gg o r  e n t e r i n g  Gi,

thus  l e a v in g  more f r e e  l a b e l  f o r  exchange.



From the  i n c o rp o r a t i o n  of  thym id ine ,  u r i d i n e  and hypoxanthine 

by thymocytes ,  i t  i s  e v id e n t  t h a t  thymic lymphocytes have s u b s t a n t i a l  

d i f f e r e n c e s  in t h e i r  a b i l i t y  to  i n c o rp o r a t e  l a b e l l e d  bases and 

n u c le o s id e s .  Although the  i n c o r p o r a t i o n  i n t o  ac id  s o lu b l e  m a te r i a l  

i s  comparable f o r  both p u r i n e s  and p y r im id in e s ,  the  p u r in e  

i n c o r p o r a t i o n ,  as  a s s e s se d  by hypoxan th ine ,  i n t o  a c id  i n s o l u b l e  

m a t e r i a l ,  i s  equal to  the  sum of  the  u r i d i n e  and thymidine

i n c o rp o r a t i o n  i n t o  the  same p o o l .  This  o b s e rv a t i o n  i s  a l l  the  more 

remarkable as the  s p e c i f i c  a c t i v i t y  o f  the  l a b e l l e d  p y r im id in e s  exceeds  

t h a t  o f  the  hypoxanthine  by 5-6 f o l d .

I n c r e a s e s  in p u r in e  u t i l i z a t i o n  has been r e p o r t e d  f o r  PHA 

s t im u la t e d  T lymphocytes (RaJvio and Hovi, 197{>) and d i v i d i n g  B

lymphobl a s t o i d  c e l l s .  This  phenomenon has been

a s c r ib e d  to  the  c a t a l y t i c  a c t i v i t i e s  o f  E c t o - 5 1 n u c l e o t i d a s e  (see

I n t r o d u c t io n )  when de  ̂ novo s y n t h e s i s  o f  p u r in e s  i s  l i m i t e d  a n d / o r

exogenous p u r in e  n u c l e o t i d e s  a re  a v a i l a b l e .  However, in th e  thymus, 

c o r t i c a l  thymocytes show 4-5 f o l d  lower  5' NT a c t i v i t y  than  m e du l la ry  

thymocytes ,  s i m i l a r  to  PBL (Ma e t  a l , 1982).  However, t h e r e  seems 

to  be a high l e v e l  of  n u c l e o s id e  r e - u t i l i z a t i o n  in the  thymus as

63-67% of  [^H]-TdR i n c o rp o r a t e d  by thymocytes i n t o  DNA i s  sa lvaged  

and r e - u t i l i z e d  (Ma e t  a l , 1982).

As the f a t e  o f  most thymocytes i s  i n t r a th y m ic  dea th  (McPhee

e t  a l , 1979) and on thymocyte d e a t h ,  a Zn++ dependant  n u c lea s e  reduces

thymocyte DNA to  s i n g l e  n u c l e o t i d e s  (M. Ulanovsky, pe rsona l

communication) t h e r e  must e x i s t  in th e  thymus,  high e x t r a c e l l u l a r  

c o n c e n t r a t i o n s  o f  p u r in e  and p y r im id ine  n u c l e o t i d e s .  However, given  

the  i n c o rp o r a t i o n  o f  [^H j-hypoxan th ine  i n t o  both ac id  s o l u b l e  and 

i n s o lu b l e  p o o l s ,  the  p u r in e  a n a b o l i c  pathways must be f u n c t i o n i n g  

normal ly in thymic lymphocytes.  From PHA s t im u l a t e d  T c e l l s ,  l a b e l l i n g
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with  l^C-Hx r e s u l t e d  in adenine n u c l e o t i d e s  being more h e a v i ly  l a b e l l e d  

than guanine n u c l e o t id e s  in the  ac id  so lu b le  pool but  the  n u c l e i c  

ac id  f r a c t i o n  c o n ta in  more guanine than aden ine n u c l e o t i d e s  (Raivio 

and Hovi, 1979).

The p resence  o f  high e f f i c i e n c y  n u c l e o t i d e ,  n u c l e o s id e  and base 

scavenging systems has an obvious advan tage to  the  c e l l s  invo lved .  

I t  r e q u i r e s  much l e s s  energy  to  produce n u c l e o t i d e s  by s a lvage  than  

i t  does to  s y n t h e s i s e  n u c l e o t i d e s  de novo . For a c t i v e  d i v i d i n g  c e l l s ,  

the  a b i l i t y  to  scavenge the  n u c l e i c  a c id  p r e c u r s o r s  must have g r e a t  

advan tages .  However, f o r  r e s t i n g  thymocy tes ,  uptake o f  p u r in e  and 

pyr im id ine  p r e c u r s o r s  would have severe  d i s a d v a n ta g e s  given the  

n u c l e o t id e  enzyme phenotypes  of  immature and mature thymocy tes .  

As d i s c u s s e d  in  the  I n t r o d u c t i o n  (see  s e c t i o n  1:10) immature c e l l s  

e x h i b i t  the  ADA^iQh PNpl°w phenotype whereas mature c e l l s  have ADA^0W 

PNphigh phenotype.  From Figure 16 i t  can be seen t h a t  both th e s e  

phenotypes w i l l  l e ad  to  accumula t ions  o f  t o x i c  l e v e l s  of  n u c l e o t i d e s  

(Ma e t  a l ,  1982).

The r e s u l t  o f  t h i s  enzyme phenotype i s  p r i m a r i l y  by 

phosphor ibosy lpyrophospha te  (PRPP) d e p l e t i o n  l e a d in g  to  i n h i b i t i o n  

of  endogenous p y r im id ine  s y n t h e s i s  ( I s h i i  and Green,  1973) and t h a t  

adenosine r e s i s t a n t  c ^ l l  l i n e s  show in c re a s e d  a c t i v i t y  o f  ADA pathway 

(Fernandez-Mej ia e t  a l , 1984).

The importance  o f  t h e se  enzymes in the  g e n e r a t i o n  o f  f u n c t i o n a l  

T c e l l s  has been demonst ra ted  by the  use o f  s p e c i f i c  enzyme i n h i b i t o r s ,  

excess  p u r in e  n u c le o s id e s  and r a r e  human mutants  w i th  d i s f u n c t i o n s  

of  the se  enzymes (see  I n t r o d u c t i o n  - 1 :10 ) .



As s t a t e d  p r e v i o u s l y ,  fo rm at ion  of  gap j u n c t i o n s  r e q u i r e s  c l o s e  

i n t e r a c t i o n s  and adhes ion  between the  c e l l s  forming the  j u n c t i o n s .  

CBA and C3H thymocytes adhere to xenogeneic f i b r o b l a s t s  (TG2 c e l l s )  

of  hamster  o r i g i n ,  non syngeneic  f i b r o b l a s t s  (BALB/c 3T3 c e l l s )  and 

sex d i f f e r e n t  thymic stromal c e l l s  as  well as to  sex-matched syngeneic  

stromal c e l l s .  How i s  t h i s  i n t e r a c t i o n  brought about?  Are thymic 

lymphocytes mere ly  ' s t i c k y '  o r  do they  ex p re s s  r e c e p t o r ( s )  f o r

d e t e rm in a n ts  on t h i s  range o f  c e l l s ?  High l e v e l s  o f  a l i o -  and xeno-

r e a c t i v e  lymphoid c e l l s  have been r e p o r te d  (Matz inger  and Bevan,

1977; Finberg  e t  a l , 1978),  bu t  u n t i l  much more i s  known about  the  

su r f a c e  r e c e p t o r s  o f  thymocytes ,  i t  i s  im poss ib le  to  say i f  thymocytes 

bound to  stromal c e l l s ,  be th e y  au to logous  o r  h e t e r o lo g o u s ,  a re  b ind ing  

to  common s t r u c t u r e s  o r  a l l o t y p i c  s t r u c t u r e s  o r  both .  The i n c re a s e d  

b inding  in h e t e r o t y p i c  thymus combinations  may r e f l e c t  thymocytes 

d e t e c t i n g  a l l o t y p i c  d e t e rm in a n t s  and by the  d i s t r i b u t i o n  o f  bound 

thymocytes i t  may be p o s s i b l e  to  d e f in e  sub - types  in both stromal 

and thymocyte p o p u l a t i o n s .

Two types  o f  r o s e t t i n g  stromal c e l l s  have been r e p o r t e d :  an

H-2 I-A/E" macrophage and an H-2 I-A/E+ m e du l la ry  d e n d r i t i c  c e l l  

and the  d e n d r i t i c  c e l l ^  can a c t  as  a p r e s e n t i n g  c e l l  f o r  exogenous 

a n t ig e n  (Kyewski and Kaplan,  1982; Kyewski e t  a l , 1984).  Ret iculum 

c e l l s  have been shown to  e xp re s s  H-2 I-A and r e g u l a t e  mature m e d u l l a ry  

thymocyte p r o l i f e r a t i o n  by the  s e c r e t i o n  o f  IL-1 and PGE2 ( P a p i e r n i k  

and Homo-Delarche, 1983) and one group has found t h a t  d e n d r i t i c ,

macrophage and thymic nurse  c e l l  a s s o c i a t e d  thymocytes c o n t a i n  CTL

p r e c u r s o r s  (Fink e t  a l , 1984).  Using the  a s s o c i a t i o n s  o f  thymocytes
$

with th e se  d e f ined  groups of  s tromal c e l l s  i t  may be p o s s i b l e  to  

d e f in e  d i f f e r e n c e s  in  thymocyte types  which bind to  i n d i v id u a l  s tromal 

c e l l  type and d i s c o v e r  the  mechanisms f u n c t i o n i n g  in t h e s e  i n t e r a c t i o n s  

and t h e i r  outcome f o r  the  bound lymphocytes .



J o t e r e a u  e t  al (1980) r e p o r te d  c y c l i c  waves of  lymphoid i n f l u x  

i n t o  the  developing  av ian  thymus and t h i s  phenomenon may account 

f o r  the  inc idence  of  peak MEC+ thymocytes observed in weanling  and 

i n f a n t  mice.  However, the  MEC+ peak may be due to  th e  i n c r e a s i n g  

c e l l u l a r i t y  of  the  thymus by p r o l i f e r a t i o n  o f  thymocytes which have 

a l r e a d y  e n t e r e d  the  organ p l a c in g  th e s e  c e l l s  no t  as  new m ig ran ts

in t o  the  organ but  d i f f e r e n t i a t i n g  i n h a b i t a n t s  of  the  thymus.  The

p a u c i t y  o f  MEC+ c e l l s  in f o e t a l  and neona tes  and the  a p p a re n t  absence 

in j u v e n i l e  and a d u l t  animals  could  r e f l e c t  r ea l  f l u c t u a t i o n s  in 

the  numbers o f  MEC+ phenotype c e l l s  o r  perhaps  a t  th e  t im es  t e s t e d

the  MEC+ c o n t e n t  was t i g h t l y  bound to  th e  thymic stromal c o n s t i t u e n t s .

The l o s s  o f  MEC+ phenotype in v i t r o  could  have been (as  p r e v i o u s l y  

s t a t e d ) ,  p r e f e r e n t i a l  dea th  o f  MEC+ c e l l s ,  i n c r e a s e  in  s p e c i f i c i t y  

o f  gap j u n c t i o n  fo rm a t io n ,  d ec re ase  in  r a t e  o f  gap j u n c t i o n  fo rm a t ion  

and c e l l  d i f f e r e n t i a t i o n  from MEC+ t o  MEC“ phenotype.  All th e  above 

reasons  a l s o  app ly  to  the  o b s e r v a t i o n s  on MEC+ phenotypes  o f  mice 

o f  d i f f e r e n t  ages .  Removal o f  MEC+ c e l l s  by Ficol  1 t r e a t m e n t  i s

u n l i k e l y  as no v i a b l e  c e l l s  were seen in  p e l l e t  on washing and 

f l u o r e s c e i n  d i - a c e t a t e  t r e a tm e n t .  I f  the  s p e c i f i c i t y  had i n c r e a s e d  

o r  the  r a t e  o f  j u n c t io n  fo rm at ion  d e c r e a s e d ,  th e  a s s a y  sys tem,  th e  

l a r g e  sample s i z e  and the  s t a t i s t i c a l  a n a l y s i s  would have d e t e c t e d  

some r e s id u a l  a l b e i t  reduced gap j u n c t i o n  fo rm a t io n ,  u n le s s  both 

t h e se  e v en t s  happen s im u l ta n e o u s ly  and to  a l l  members o f  the  

p o p u la t i o n .

Of the  l i s t e d  p o s s i b i l i t i e s ,  t h i s  on ly  l e a v e s  d i f f e r e n t i a t i o n

from MEC+ to  MEC“ phenotype o r  p r e f e r e n t i a l  MEC+ c e l l  d e a t h .  In
¥

v i t r o  thymocyte d i f f e r e n t i a t i o n  has been r e p o r t e d ,  as  has the  

a c q u i s i t i o n  o f  mature T c e l l  phenotypes  TQ_ v i t r o  (Cered ig  e t  a l , 

1982; Rothenberg and T r i g l i a ,  1983),  bu t  u n t i l  a MEC+ s u r f a c e  marker  

a p p e a r s ,  both th e se  p o s s i b i l i t i e s  must e x i s t .



What i s  the  r o l e  o f  t h i s  MEC+ phenotype? To answer t h i s  q u e s t i o n ,  

the  f u n c t io n  of  both gap j u n c t i o n s  in general  and the thymus,  must 

be c o n s id e re d .  As s t a t e d  in the  In t r o d u c t io n  (see  S ec t ion  1 : 5 ) ,  

gap ju n c t i o n  fo rm at ion  would appea r  to  have many r o l e s  in  the  

r e g u l a t i o n  and co n t ro l  o f  c e l l  f u n c t i o n .  A whole range o f  f u n c t i o n s ,  

from compar tmentat ion in  e a r l y  em bryogenes is ,  through l imb and t i s s u e  

fo rm a t ion ,  have a s s o c i a t e d  changes in  gap j u n c t i o n  fo rm a t io n .  Gap 

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

damp down s u b - t h r e s h o l d  s t i m u l i ,  i n c r e a s e  smooth muscle c o n t r a c t i o n ,  

a s s i s t  in the  g e n e r a t i o n  o f  s y n c h r o n i c i t y  o f  germ c e l l s ,  s u p p o r t  

developing  oocy tes  and m a in ta in  oocyte  m e io t i c  a r r e s t .  D i s fu n c t io n  

produces  a b n o rm a l i ty  and d y s p l a s i a  in deve lop ing  embryos whereas 

f u n c t i o n  can c o n fe r  a 'homozygous normal '  phenotype on he te rozygous  

mutant/normal in d iv id u a l  and d im inu t ion  -of gap j u n c t i o n  fo rm a t io n

may c o n t r i b u t e  to  n e o p l a s t i c  o r  m a l ig n an t  c e l l  g e n e r a t i o n .

How do th e s e  myriad e f f e c t s  bear  on the  g e n e r a t i o n  o f  T 

lymphocytes from committed p r e c u r s o r s  in  th e  bone marrow? In two 

ways p re -T  c e l l s  resemble deve lop ing  embryonic c e l l s ,  t h e y  a re  on ly  

p a r t i a l l y  d i f f e r e n t i a t e d  and do no t  e x h i b i t  the  phenotype  o f  the  

T c e l l s  in s u r f a c e  a n t i g e n s ,  f u n c t i o n  and l o c a t i o n .  They must p a s s  

through the  p e r i p h e r y ,  perhaps  under the  i n f l u e n c e  o f  hormones s e c r e t e d  

from the  thymic e p i th e l i u m  and e n t e r  the  thymus. However, t h e r e  

i s  some evidence  t h a t  p re -T  c e l l s  develop th e  a b i l i t y  t o  r e c o g n i s e  

s e l f  p r i o r  to  e n t r y  i n t o  the  thymus (M orr is sey  e t  al , 1982; Chervenak 

e t  a l , 1983; Chervenak e t  a l , 1985) and t h a t  thymocytes appea r  to

ignore  C lass  I MHC d e t e rm in a n t s  (Von Boehmer and S ch u b ig e r ,  1984)
$

on e p i t h e l i a l  c e l l s  o f  the  thymus. Recent  work su g g e s t s  t h a t  th e

thymus d i c t a t e s  MHC s p e c i f i c i t y  o f  T c e l l s  r e s t r i c t e d  to  C lass  II

MHC molecule s  (Kast  e t  a l , 1985).



How are  T c e l l s  gene ra ted?  The f u n c t io n a l  d e f i n i t i o n  o f  a T 

c e l l  i s  a lymphoid c e l l  which r e c o g n i se s  Ag in the  c o n te x t  of  e i t h e r  

Class  I o r  II MHC a n t ig e n  p r e s e n t e d  on the  s u r f a c e  o f  a c e l l .  This  

d e f i n i t i o n ,  whi le being s t r i c t  in i t s  l i m i t a t i o n  o f  f u n c t i o n a l  mature 

c e l l s ,  p ro v id e s  no i n s i g h t  i n t o  the  mechanisms which have g e n e ra te d  

t h i s / t h e s e  c e l l  p h e n o t y p e ( s ).

As p r e v i o u s l y  s t a t e d  (see  I n t r o d u c t i o n ) ,  f u n c t i o n a l  T r e c e p t o r s  

a re  c o n s t r u c t e d  o f  he te rod im ers  produced from in d iv id u a l  s u b u n i t s ,  

whose genomic arrangement and a b i l i t y  to  r e a r r a n g e  from th e  germ

l i n e  c o n f i g u r a t i o n  i s  s i m i l a r  to  t h a t  o f  the  immunoglobulin genes .  

The f u n c t i o n ^ o f  th e s e  genes and the  rea r rangem en t  th e y  undergo would 

seem to  be to \> ro d u ce  the  l a r g e s t  p o s s i b l e  r e c e p t o r  s e t ,  by g e n e r a t i n g  

v a r i a b i l i t y  v ia  d i f f e r e n t i a l  recom bina t ion  and somat ic  m u ta t ion  

a s s i s t e d  by the  enzyme Tdt and the  in c re a s e d  combined r e c e p t o r  

r e p e r t o i r e  gen e ra ted  by d i f f e r e n t  at., £ and ^ s u b u n i t  e l em en t s .

Where do th e s e  gene rea r rangem en ts  occur  and what c o n t ro l  

r e g u l a t e s  t h e i r  g e n e ra t io n ?

From p r e l i m i n a r y  r e s e a r c h e s  i t  appea rs  t h a t  th e  sequence o f  

rear rangement perhaps  has two p h as es .  From exam ina t ion  o f  CTL-p 

f r equency ,  both f o r  * r e c o g n i t i o n  o f  a l l o g e n e i c  and hap ten  m od i f ied  

s e l f  and the  c o n s t r u c t i o n  o f  ch im er ic  mice ,  i t  would ap p ea r  t h a t

Class I s e l f  r e c o g n i t i o n  occurs  p r e - t h y m i c a l l y  (M orr i s sey  e t  a l , 

1982) in CTL-p. Recepto rs  f o r  a n t ig e n  a l s o  exp res sed  p r e - t h y m i c a l l y

(Chervenak e t  a l , 1985) and b hap lo type  s p e c i f i c  CTL-p development 

and re s p o n s iv e n e s s  a re  no t  suppressed  by thymic b h a p lo ty p e  C la s s  

I a n t i g e n s ,  bu t  Cla ss  I b hap lo type  a n t ig e n s  on haem opo ie t ic  c e l l s  

do suppress  r e s p o n s iv e n e s s  (Von Boehmer and S chub ige r ,  1984).  This

th e o ry  i s  suppor ted  by the  work o f  Kast e t  al (1985) who a l s o  p o s t u l a t e  

t h a t  the  thymus d e f in e s  the  C la ss  I I  s p e c i f i c i t y  o f  T c e l l s  no t  the  

s p e c i f i c i t y  of  C lass  I r e s t r i c t e d  T c e l l s .



I t  i s  i n t e r e s t i n g  to  s p e c u la t e  t h a t  the y 9ene rea r rangem en t  

thus  f a r  seen only  in CTL may c o n t r i b u t e  o r

be wholly  r e s p o n s i b l e  f o r  a r e c e p t o r  f o r  Ag a n d /o r  s e l f  MHC in  the  

bone marrow dur ing  e a r l y  ontogeny of  T c e l l s .  However, i f  CTL-p

are  not  suppressed  a t  the  le ve l  o f  i n t r a - t h y m i c  development,  then

i t  i s  n e c e ss a ry  to  p o s t u l a t e  t h a t  a n t i - s e l f  r e a c t i v e  CTL-p a re

e l im in a te d  in the  bone marrow o r  p e r i p h e r y  p r i o r  to  e n t r y  i n t o  the

thymus. One means o f  removal o f  a n t i - s e l f  CTL-p would be to  t r a p

c e l l s  bea r ing  r e c e p t o r s  which had high a f f i n i t y  f o r  s e l f  components.  

Such a system would le a v e  the  remaining r e c e p t o r  p o p u l a t i o n  wi th  

low and zero  s e l f  a f f i n i t y  r e c e p t o r s  and as such would accoun t  f o r  

n o n - s e l f  r e s t r i c t e d  p o p u la t io n s  (perhaps  the  b a s i s  o f  NK a c t i v i t y )  

and weak s e l f  + X (perhaps  the  b a s i s  o f  s e l f  C lass  I + Ag r e s t r i c t e d  

and a l l o s p e c i f i c  r e a c t i v i t y ) .

I t  i s  a l s o  p o s s i b l e  t h a t  weak a n t i - s e l f  r e c e p t o r  r e a c t i v i t y

i s  e l im i n a t e d  by a combinat ion o f  t i s s u e  t r a p p i n g ,  as  above and

e l i m i n a t i o n  o f  such s u b s e t s  by the  thymus,  due to  t h e i r  a c t i v a t i o n

or  p a r t i a l  a c t i v a t i o n  in  the  p e r i p h e r y .  However, i f  T c e l l  r e c e p t o r s  

a re  gene ra ted  a t  random, in  an analogous  f a s h io n  to  B c e l l s ,  t o  d e t e c t  

an unseen a n t i g e n i c  u g i v e r s e ,  then the  g r e a t e r  the  d i v e r s i t y  o f  the  

r e c e p t o r  s p e c i f i c i t y  the  more l i k e l i h o o d  t h e r e  e x i s t s  t o  g e n e r a t e  

a r e c e p t o r  f o r  a l l  p o s s i b l e  a n t i g e n s .  I t  i s  im poss ib le  t o  say what 

p r o p o r t i o n  o f  r e c e p t o r s  w i l l  show a n t i - s e l f  C lass  I s p e c i f i c i t y  in 

comparison to  c e l l s  bea r ing  r e c e p t o r s  which show no s e l f  r e a c t i v i t y

al though  in a d u l t  an imals  a n t i - a l l o t y p i c  and hap ten -m o d i f i ed  s e l f  

Class  I CTL-p r e a c t i v i t y  may account  f o r  up to  25% of  a l l  CTL-p 

r e a c t i v i t y  d e t e c t e d  (Reimann e t  al , 1985). This  f i n d i n g  s u g g e s t s

t h a t  75% or  more of  the  r e c e p t o r s  i n i t i a l l y  gene ra ted  have very  weak

a n t i - s e l f  Class  I r e a c t i v i t y  i f  any.



I t  i s  thought t h a t  T l i n e a g e  committed p r e c u r s o r  c e l l s  a re  

genera ted  in the  bone marrow, perhaps  under r e g u l a t o r y  s igna l  molecule s  

genera ted  in the  thymus which i n f l u e n c e  the  p r e c u r s o r s  to  m ig ra te  

to  the thymus. I f  the  v a s t  m a j o r i t y  of  m ig ran ts  show low o r  zero  

s e l f  r e c o g n i t i o n ,  what do they  r e c o g n i se ?  I t  i s  perhaps  p r e j u d i c i a l  

to  d e s c r ib e  e a r l y  s t r u c t u r e s  on p re -T  c e l l s  as  r e c e p t o r s  and i t  may 

be in fo rm a t iv e  to  t h i n k  o f  them as a t tachm en t  p o i n t s  s p e c i f i c  f o r  

o t h e r  molecule s  whereas a t r u e  r e c e p t o r  i s  a molecule which binds  

an o th e r  molecule with  a r e s u l t a n t  pheno typ ic  change in the  c e l l  bea r ing  

the  r e c e p t o r  molecule .  The g e n e r a t i o n  o f  a m o lecu la r  b in d ing  s i t e  

on bone marrow e m ig ra t ing  p re -T  c e l l s  may e x p l a in  th e  g e n e r a t i o n  

o f  a n t i - C l a s s  I r e c o g n i s in g  p r e c u r s o r s ,  bu t  i s  does n o t  a d d re s s  the  

problem of the  g e n e ra t io n  of  the  r e g u l a t o r y  s u b s e t s  o f  h e l p e r  and 

su p p re s so r  T c e l l  s .

Once a p re -T  c e l l  e n t e r s  the  thymus i t  must ,  because o f  i t s  

i n t r a c e l l u l a r  p u r in e  c a t a b o l i c  enzymes, f i n d  i t s e l f  in  a p a r t i c u l a r l y  

h o s t i l e  envi ronment,  where the  s e l e c t i v e  p r o c e s s e s  a r e  g r e a t e r .

I f  e l i m i n a t i o n  o f  s e l f  r e a c t i v e  p re -T  c e l l s  i s  as  p o s t u l a t e d  in  the  

bone marrow by s t r e n g t h  o f  b ind ing  by th e  lymphocyte b in d ing  s i t e  

to  a s e l f - d e t e r m i n a n t ,  fthen the  even tua l  e f f l u x  from the  thymus would 

c o n s i s t  of  low s e l f - r e a c t i v e  and zero  s e l f - r e a c t i v e  a b i l i t i e s .  I f ,

on the  o t h e r  hand,  t i g h t  b inding  o f  s e l f  d e t e r m in a n t s  c o n f e r r e d  

s u rv iv a l  advan tage ,  the  ne t  r e s u l t  would be to  expand r e a c t i v i t y  

to  s e l f  molecu le s .

However, r e c e n t  work has shown t h a t  th e  T c e l l  r e c e p t o r  genes 

a re  rea r range d  and expressed  non-randomly with  y  chain  mRNA be ing 

d e t e c t e d  p r i o r  to  p cha in  r ea r rangem en t ,  which p re c e d e s  cha in

e x p re s s io n  dur ing  f o e t a l  ontogeny (R. Haars ,  unpubl i shed  d a t a ;  R a u le t  

e t  a l , 1985).  Using f o e t a l  thymocytes/BW5147 c e l l  hybridomas th e s e



f in d i n g s  have been confirmed showing some hybr ids  e x h i b i t  on ly  y  

rearrangement and o th e r s  with y  and .p  genes r e a r r a n g e d .

Recent  da ta  on in t r a - t h y m i c  T c e l l  p r e c u r s o r s  has d e f in e d  a 

minor thymic su b se t  (<2-4% t o t a l )  which e x h i b i t s  the  Lyt-2" L3T4“ 

phenotype and e x h i b i t s  a du ll  s t a i n i n g  f o r  Lyt-1 and 20-30% give 

r i s e  to  Lyt2+ , L3T4+ a f t e r  20-24 hours in v i t r o  (Fowlkes e t  a l , 1985).  

These du ll  Lyt-1 c e l l s  e xp re s s  p chain  mRNA but no t  oc chain  mRNA

and in hybr ids  of  th e s e  c e l l s  a p r o p o r t i o n  do no t  e x h i b i t  J3 chain  

rearrangement (Samelson e t  a l , 1985). This  su b se t  shows h e t e r o g e n e i t y  

in t h a t  i t  i s  capable  o f  r e p o p u la t i n g  both c o r t i c a l  and m e d u l la ry  

a r e a s .  Only 20-30% of  the  c e l l s  d i f f e r e n t i a t e  jjn v i t r o , and t h e r e  

a re  un - rea r ran g e d  and r e a r ran g e d  p chain  genes ,  with  he te rogeneous  

e x p re s s io n  of  a t  l e a s t  e i g h t  c e l l  s u r f a c e  a n t i g e n s .  Another  s u r f a c e  

an t ig e n  phenotype em erged from t h i s  a n a l y s i s :  a b r i g h t  Ly t -1+ , L y t -2“ , 

L3T4“ p o p u la t io n  which c o n s t i t u t e d  <1% o f  the  t o t a l  bu t  no d a t a

concern ing  the  s t a t e  of  TcR genes was s u p p l i e d .

Another group a t t e m p t in g  to  d e f i n e  the  thymocyte p r e c u r s o r  used 

the  95,000 Mr c e l l  s u r f a c e  g l y c o p ro t e in  Pgp-1 which i s  p r e s e n t  on 

most o r  a l l  prothymocytes  of  the  bone marrow and f o e t a l  thymocytes  

(Les ley  e t  a l , 1985a) but  on ly  on a few p e r c e n t  o f  a d u l t  thymus c e l l s  

(Trowbridge e t  a l , 1982).  Most o f  t h e s e  p r e c u r s o r  c e l l s  (0.5% t o t a l ) ,  

i s o l a t e d  by t r e a tm e n t  o f  thymocytes with  a n t i - T h y - 1 a n t ib o d y  and

complement, were shown to  have th e  p TcR genes in germ l i n e  

un - rea r r ange d  s t a t e  and expressed  l i t t l e  o r  no Thy-1 a n t ig e n  

(Trowbridge e t  a l , 1985).

I t  should be noted t h a t  the  Pgp-+ Thy-1 low o r  Thy-1“ showed 

on ly  t r a n s i e n t  thymus depopu la t ion  and a re  he te rogeneous  (L es le y

e t  a l , 1985b) and t h a t  the  he te rogeneous  Lyt-1 du l l  L y t -2 “ L3T4" 

c e l l s  showed l i m i t e d  c a p a c i t y  f o r  s e l f  renewal j_n vivo (Fowlkes e t



al , 1985).  While t h e se  s u b s e t s  c o n s t i t u t e  3% and 0.5% of the  t o t a l  

lymphoid c o n te n t  of  the  thymus r e s p e c t i v e l y ,  th e y  a re  cla imed to

be p r e c u r s o r s  o f  more mature thymocytes ,  wi th h e t e r o g e n e i t y  of  TcR 

gene rea r rangem ent .  I f  however 1% or  l e s s  o f  a l l  emmi g r a n t  

prothymocytes  su rv ive  t r a n s i t  through the  thymus then  most o f  t h e s e  

p r e c u r s o r s  must be d e s t i n e d  to  d ie  in s i t u .

However, when the  s u r f a c e  a n t ig e n  phenotypes  o f  thymocytes i s  

c ons ide red  seve ra l  phenomena a re  observed .  Foetal  thymocytes  (13 

day g e s t a t i o n )  ex p re s s  l a r g e  amounts of  IL-2 r e c e p t o r s  w hile  the  

p ro p o r t i o n  of  c e l l s  e x p r e s s in g  Thy-1, Lyt-1 and Lyt-2 i s  low. As 

g e s t a t i o n  time in c r e a s e s  the  p r o p o r t i o n  o f  IL-2 r e c e p t o r  p o s i t i v e  

(IL-2R+ ) c e l l s  d e c r e a s e s  and Thy-1,  Lyt-1 and Lyt -2  e x p r e s s io n

i n c re a s e s  with the  IL-2R+ c e l l s  by day 16-19 a re  found p re d o m in a t ly

in  the  o u t e r  c o r t e x  (Takacs e t  a l , 1984). However, more r e c e n t  d a ta  

has dem onst rated  t h a t  by day 14-15 the  m a j o r i t y  o f  f o e t a l  thymocytes  

a re  IL-2R+ Thyl+ , but  Lyt" and L3T4" and a s u b s e t  o f  IL-2R+ c e l l s  

would p r o l i f e r a t e  in response  to  recombinant  IL-2 (Hardt  e t  a l , 1985).  

These f i n d i n g s  have been confi rmed by o t h e r  workers showing t h a t  

a t  day 15, 66% of  thymocytes were IL-2R+ which d e c re a se d  t o  2% in 

a d u l t  mice (Cered ig  e t  a l , 1985; R a u le t ,  1985). When c e l l s  b ea r in g  

the  Lyt-2 and L3T4 a n t ig e n s  a r e  e l i m i n a t e d ,  51% o f  th e  Lyt-2" L3T4" 

phenotype a re  p o s i t i v e  f o r  IL-2R. The amount o f  IL-2R e x p r e s s io n  

in f o e t a l  thymocytes i s  lower  than  in p e r ip h e r a l  T c e l l s  and both 

high and low a f f i n i t y  r e c e p t o r s  a r e  seen ,  as in th e  p e r i p h e r y ,  bu t

they  a re  o f  lower Kq than the  p e r i p h e r a l  T c e l l .  Even when Lyt-2"  

L3T4" thymocytes a re  exposed to  high c o n c e n t r a t i o n s  o f  IL-2 t h e r e  

i s  on ly  marginal  p r o l i f e r a t i o n  (Von. Boehmer e t  a l , 1985).  When

h i s t o l o g i c a l  l o c a t i o n  o f  Lyt2" L3T4 IL-2R+ c e l l s  i s  per formed th e s e  

c e l l s  appea r  s c a t t e r e d  randomly th roughou t  the  c o r t e x  and m edu l la .



They a re  l a r g e r  than most thymocytes and exp res s  high l e v e l s  of  Thyl 

(Ceredig  e t  al , 1985; R a u le t ,  1985).  IL-2 and CON-A t o g e t h e r  provoked 

a vigorous  p r o l i f e r a t i v e  response  and s p l e n i c  a c c e s s o ry  c e l l s  could 

not  s u b s t i t u t e  f o r  e i t h e r  CON-A or  IL-2 o r  both ( R a u l e t ,  1985; Teh 

and Ho, 1985).  This  c o - s t i m u l a t o r y  e f f e c t  o f  IL-2 and CON-A i s  a l s o  

seen in thymocyte re sponses  to  IL-1 .  Except  a t  ve ry high 

c o n c e n t r a t i o n s  of  IL-1 ,  t h e r e  i s  p r o l i f e r a t i o n  o f  u n f r a c t i o n a t e d  

thymocytes but  p r o l i f e r a t i o n  can be ach ieved  a t  much lower l e v e l s  

i f  CON-A o r  PHA i s  a l s o  added (Wood e t  a l , 1985).

When Lyt-2" L3T4” c e l l s  a re  examined f o r  e x p re s s io n  o f  mRNA 

encoding the  o(, p and y  T c e l l  r e c e p t o r  s u b u n i t  genes ,  high l e v e l s  

o f  B and y  mRNA a re  d e t e c t e d .  As g e s t a t i o n a l  age i n c r e a s e s  the  

gene mRNA remains c o n s t a n t  but  the  y  9ene mRNA d e c re a s e s  as th e  oL 

gene mRNA i n c r e a s e s .  Rau le t  e t  al (1985) have sugges ted  t h a t  a y/B 

he te rod im er  may a l low  s e l e c t i o n  o r  s u p p re s s io n  o f  c e l l s  

in t r a th y m ic a . l ly ,  but  the  y  gene p ro d u c t  has y e t  to  be i s o l a t e d  (R au le t  

e t  a l , 1985).

The h e t e r o g e n e i t y  of  ' p r e c u r s o r 1 p ro - thym ocy tes  r a i s e s  doubts  

as to  whether  t h e r e  i ^  a s i n g l e  c e l l  s u r f a c e  a n t ig e n  phenotype ,  which 

d e f in e s  a s i n g l e  s u b s e t  of  bone marrow-der ived  T committed stem c e l l s ,  

o r  a range o f  thymus homing p re -T  c e l l s  in v a r io u s  s t a t e s  o f  

d i f f e r e n t i a t i o n  and r e c e p t o r  e x p r e s s i o n .  This  c o n t e n t io n  i s  suppor ted  

by the  vary ing  s t a t e s  o f  T r e c e p t o r  gene r ea r rangem en t  in a s i n g l e  

s u r face  a n t ig e n  phenotype and the  a p p a re n t  s u r f a c e  a n t ig e n  phenotype  

h e t e r o g e n e i t y  of  the  c e l l s  which evolve from a s i n g l e  s u r f a c e  a n t ig e n  

phenotype ( see  above) .  *

From the  m e ta b o l i t e  exchange exper im en ts  i t  i s  obvious  t h a t  

some o f  the  s u r f a c e  a n t ig e n s  exp res sed  on MEC+ c e l l s  could  be c l a s s e d



as e x c l u s i v e ,  i . e  PNA+ , Lyt -1+ , Lyt-2" and l a " ,  but  t h i s  e x c l u s i v i t y  

breaks down when the  Thy-1 and H-2 Class  I phenotypes  a re  c o n s id e re d .  

I t  could be argued t h a t  the  low Thy-1 and Thy-1" a re  in f a c t  p a r t  

o f  a continuum from Thy-1" to  Thy-1 high e x p re s s io n  and th e  H-2 C lass  

I phenotype r e f l e c t s  a s i m i l a r  t r a n s i t i o n .  From s u r f a c e  a n t ig e n  

phenotyping of  f o e t a l  thymocy tes ,  i t  i s  d i s t i n c t l y  p o s s i b l e  t h a t  

the  thymus m i g ra t i n g  c e l l  i s  MEC+ Thy-1" and e x p r e s s e s  Thy-1 

i n t r a t h y m i c a l l y ,  i n t e r a c t s  w ith  the  stroma a n d /o r  g a in s  C lass  I MHC 

ex p re s s io n  b e f o r e ,  d u r in g ,  o r  a f t e r  s tromal a s s o c i a t i o n  and becomes 

MEC" a f t e r  Lyt-1 e x p r e s s i o n ,  p r i o r  to  Lyt-2 e x p r e s s i o n .  However, 

i t  could be argued t h a t  the  MEC+ phenotype i s  p r e s e n t  a t  d i f f e r i n g  

s t a g e s  o f  e x p re s s io n  of  t h i s  s e r i e s  o f  s u r f a c e  a n t i g e n s  and t h a t  

some c e l l s  e x p re s s in g  the  same s u r f a c e  a n t ig e n  phenotype a re  MEC+ 

while o t h e r  c e l l s  s h a r in g  the  same phenotype a re  MEC".

The o t h e r  p o s s i b i l i t y  i s  t h a t  lymphoid c e l l s  a r e  pe rm anen t ly  

MEC+ from stem c e l l  t o  f u l l y  d i f f e r e n t i a t e d  e f f e c t o r  c e l l s  and t h a t

the  peak inc idence  o f  d e t e c t a b l e  MEC+ c e l l s  in  w ean l ings  c o i n c i d e s

with  maximum thymocyte ■ c e l l u l a r i t y  in the  thymus and th u s  r e f l e c t s  

maximum range o r  p l a s t i c i t y  o f  r e c e p t o r  s p e c i f i c i t y  f o r  s tromal c e l l s  

p e r m i t t i n g  gap j u n c t i o n  fo rm a t io n .  In f o e t a l  and neona ta l  thymocytes  

the  range of  r e c e p t o r s  i s  low er ,  due to  lower c e l l  numbers bu t  t h i s

argues  a g a i n s t  r e c e p t o r  p l a s t i c i t y ,  as  p l a s t i c i t y  in  r e c e p t o r  b ind ing  

would throw up more MEC+ c e l l s  than  observed .  In th e  p o s t - w e a n l i n g  

and a d u l t  thymus c e l l s ,  MEC+ c e l l s  may be h a rd e r  to  d e t e c t ,  as  the  

MEC" phenotype may p redom ina te ,  o r  the  s p e c i f i c i t y  o f  th e  r e c e p t o r s  

i s  more r e s t r i c t e d  to  the  phenotype o f  the  h o s t  s tromal c e l l s  and

i n t e r a c t i o n s  between MEC+ thymocytes and4* the  ' f o r e i g n 1 s tromal c e l l s  

i s  g r e a t l y  reduced.



As p r e v i o u s l y  s t a t e d ,  r e t i c u lu m  c e l l s  have been shown to  s e c r e t e  

IL-1 ( P a p ie rn ik  and Homo-Delarche, 1983),  which can cause prol  i t e r a t i o n  

of  thymocytes ,  but  on ly  a t  high c o n c e n t r a t i o n s .  I f  most immature 

thymocytes bear  IL-1 and IL-2 r e c e p t o r s ,  s e c r e t i o n  o f  IL-1 w il l  on ly  

a f f e c t  c e l l s  which a re  c l o s e  to  thymic macrophages and r e t i c u lu m  

c e l l s .  I f ,  on the  o t h e r  hand,  the  immature thymocytes bea r  r e c e p t o r s  

which can bind to  e p i t o p e s  on the  s u r f a c e  o f  the  macrophage o r  

re t i cu lu m  c e l l ,  then the  i n t e r a c t i o n  w i l l  s t i m u l a t e  the  thymocyte 

in the  same manner as the  a c t i o n  o f  PHA o r  CON-A and the  e f f e c t  o f  

the  s e c r e t e d  IL-1 w i l l  be much a m p l i f i e d ,  c aus ing  p r o l i f e r a t i o n  o f  

the  bound thymocyte.

However, i f  the  i n t e r a c t i o n  o f  the  thymocyte i s  s t r o n g ,  then

the  bound thymocyte may be e ngu l fe d  and devoured ,  th u s  e l i m i n a t i n g

c e l l s  whose r e c e p t o r  on ly  ' s e e s ’ s e l f ,  whereas weak b ind ing  c e l l s

w i l l  gain  the  b e n e f i t s  o f  a c t i v a t i o n  and IL-1 s e c r e t i o n  and c l o n a l l y

expand.  Strong b ind ing  thymocytes which have been phagocy tosed ,

w il l  be broken down and t h e i r  s u r f a c e  a n t i g e n s ,  i n c lu d in g  a n t i - s e l f

r e c e p t o r s ,  may be p l a c e d 'o n  the  s u r f a c e  o f  the  macrophage o r  d e n d r i t i c

c e l l ,  which could in t u r n  a c t  as  an a n t ig e n  p r e s e n t i n g  c e l l ,  w ith

an a n t i - s e l f  r e c e p t o r t  being p r e s e n te d  on the  macrohpage s u r f a c e  in

the  c o n te x t  o f  Cla ss  I o r  C la ss  I I .  Recent work has sugges ted  t h a t

the  I - J  molecule a s o c i a t e d  with s u p p r e s s o r  c e l l  a c t i v i t y  may be the

' i n t e r n a l  image' o f  a Class  I I  m o lecu le ,  i e  a r e c e p t o r  which b inds

a r e c e p t o r  which has s p e c i f i c i t y  f o r  C lass  I I  d e t e rm in a n t s  (Sumida

e t  a l , 1985; Uracz e t  a l , 1985). Other  thymocytes may bind to

re t i c u lu m  c e l l s  and macrophages,  which have taken  up exogenous a n t ig e n
$

and a re  p r e s e n t i n g  the  a n t ig e n  in th e  c o n t e x t  of  s e l f  e l e m e n t s ,  thus  

expanding c e l l s  which ' s e e '  a n t ig e n  and C lass  I o r  C lass  I I  to  produce  

e f f e c t o r  c y t o to x i c  c e l l s  o r  h e l p e r  c e l l s .



I t  may a l s o  be the  case  t h a t  weak a n t i - s e l f  r e c e p t o r s  on immature 

c e l l s  a l low the  thymocytes to  c l o s e l y  appose themselves  to the 

membranes of  macrophages,  r e t i c u lu m  c e l l s  and e p i t h e l i a l  c e l l s  t h a t  

gap j u n c t io n  fo rm at ion  can o ccu r .  When t h i s  happens the  c e l l s  may 

not  be a c t i v a t e d ,  but  r a t h e r  th e y  can r e s t  in Gg w ith o u t  the  t o x i c  

accumula t ion of  p u r in e  n u c l e o t i d e s ,  which would c o l l e c t  in Gg c e l l s  

t h a t  cannot  d i s c h a rg e  the  bu i ld -u p  of  p u r in e s  to  stromal c e l l s .  

This  phenomenon may account f o r  the  l a c k  of  T c e l l s  in SCID, as c e l l s

which a t tem p t  to  d i s c h a rg e  excess  p u r in e s  to  stromal c e l l s ,  f i n d

themselves  coupled  to  thymic stroma which have e q u a l l y  high l e v e l s  

of  p u r in e s  due to  t h e i r  own d e f e c t i v e  ADA and PNP enzymes.

I t  i s  not  known whether  immature thymocytes r e q u i r e  to  e n t e r

Gg to  s u c c e s s f u l l y  r e a r r a n g e  t h e i r  y  cha in  genes ,  bu t  as  y  chain  

rea rrangement (and to  a c e r t a i n  e x t e n t  £ cha in  rea r rangem en t )  occurs  

in  the  thymus,  as  i s  seen in  the  s e q u e n t i a l  e x p re s s io n  o f  o<., p  and 

y  cha in  mRNA in the  ontogeny o f  the  o rgan .  The i n t e r a c t i o n  o f  immature 

thymocytes with e p i t h e l i a l  c e l l s  v ia  Cla ss  I I  m o le c u le s ,  may cause

gap j u n c t io n  mediated - m i t o t i c  a r r e s t  as  in the  case  o f  the

oocyte /cumulus c e l l  complex. This  in t u rn  may a l lo w  the  immature

c e l l s  to  r e a r r a n g e  t h e i r  T c e l l  r e c e p t o r  genes and a l low  m u ta t ion  

from the  germ l i n e  by d i f f e r e n t i a l  j o i n i n g ,  d i v e r s i t y  e lement

i n s e r t i o n ,  and TdT mediated somat ic  m u ta t i o n ,  to  produce  c e l l  r e c e p t o r s  

which bind more weakly to  the  m olecu les  which en t ra p p ed  them p r i o r

to  d i f f e r e n t i a t i o n .  This  e nab le s  th e  mature c e l l  t o  m i g r a t e  t o  the  

p e r i p h e r y ,  where the  r e c e p t o r  can i n t e r a c t  with  C lass  I I  and exogenous 

a n t ig e n .  The e ven t s  which occur  in  TNC a re  not  known, bu t  i t  i s  

i n t e r e s t i n g  to  s p e c u la t e  t h a t  i f  m i t o s i s  i s  o c c u r r i n g ,  i t  i s  p o s s i b l e  

t h a t  more than one c e l l  d i v i s i o n  occurs  and t h a t  a l l  progeny o f  m i t o s i s  

a re  mutated away from d i r e c t  s e l f  r e a c t i v i t y  to  vary ing  r e a c t i v i t i e s



of a s e l f  + X r e c e p t o r ,  thus  i n c r e a s i n g  the s i z e  and range of  the 

r e c e p t o r  s e t .

Thymocytes which can form gap j u n c t i o n s  with stromal c e l l s  may 

gain  a l l  the  advan tages  l i s t e d  in the  I n t r o d u c t i o n  and e a r l i e r  in 

th e  D is cu s s io n ,  such as s y n c h r o n i c i t y ,  r e s i s t a n c e  to  s u b - t h r e s h o l d  

s t im u lu s ,  m i t o t i c  a r r e s t ,  m e ta b o l i c  s u p p o r t ,  d e l i v e r a n c e  from

environmental  m e tabo l ic  t o x i c i t y  and in c re a s e d  m i t o t i c  p o t e n t i a l  

by u t i l i z i n g  the  p ro d u c ts  o f  enzymes o f  the  h o s t  s tromal c e l l .  

However, the  a b i l i t y  to  form gap j u n c t i o n s  may have a r o l e  in  mature 

lymphocyte f u n c t i o n .  The p ro d u c t io n  o f  a response  to  an a n t i g e n ,  

may in vo lve  the  r e a c t i v e  lymphocytes forming gap j u n c t i o n s  wi th  a n t ig e n  

p r e s e n t i n g  c e l l s  v ia  s p e c i f i c  a n t ig e n  and s e l f  molecule s  and r e s u l t  

in  the  fo rm at ion  of  germinal  c e n t r e s  in  the  secondary  lymphoid o rg a n s ,  

a l low ing  the  r e a c t i v e  lymphocytes to  p r o l i f e r a t e  more r a p i d l y ,  due 

to  m e tabo l i c  s u p p o r t ,  than the y  normal ly  would i f  i s o l a t e d .

The f requency  o f  MEC+ c e l l s  observed in the  thymus may be a

g ross  u n d e re s t im a te .  I t  i s  p o s s i b l e  t h a t  a l l  lymphocytes can form 

gap j u n c t i o n s ,  but  the  f i n e  s p e c i f i c i t y  o f  the  r e c e p t o r s  r e s t r i c t s  

gap ju n c t i o n  fo rmat ion  to  those  c e l l s  which bear  e p i t o p e s  which the  

lymphocytes can bind ^o. I f  t h i s  i s  so ,  then n e o p l a s t i c  lymphoid 

c e l l s  which e x h i b i t  reduced o r  a b s e n t  s p e c i f i c i t y  may well be a b l e

to  avoid c y t o t o x i c  agen t s  by forming gap j u n c t i o n s  with  a h o s t  of  

s tromal t i s s u e s ,  thus  reducing  th e  c y t o t o x i c  p o t e n t i a l  o f  l e t h a l  

agen t s  by s h a r in g  l e t h a l  agen t s  w ith  stromal t i s s u e ,  thus  l e s s e n i n g  

the  damage caused to  g e n e t i c  m a te r i a l  du r ing  m i t o s i s .  I f  lymphocytes 

can gain m e tabo l ic  suppor t  by gap j u n c t i o n  fo rm at ion  with  stromal

c e l l s ,  t h i s  may enhance t h e i r  growth and p r o l i f e r a t i o n  a l lo w in g  them 

to  reach f a r  l a r g e r  number, f a r  f a s t e r  than th e y  could  i f  dependent  

on t h e i r  own m e tabo l ic  p ro c e s s e s .



However, most o f  t h i s  s p e c u l a t i o n  remains to  be proven and 

subsequent  work in the  ontogeny and con t ro l  of  lymphocyte

d i f f e r e n t i a t i o n  and development w i l l  prove o r  d isp ro v e  th e se  f l i g h t s  

of fancy .
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