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ABSTRACT

MHC C la ss  I I  gene e x p r e ss io n  i s  r e la t e d  to  th e  s ta g e  o f  
d i f f e r e n t i a t i o n  in  th e  B lym phocyte l in e a g e .  A number o f  m urine 
and human tumour c e l l  l i n e s  r e p r e s e n t in g  c e l l s  ' f r o z e n '  in  
v a r io u s  B ly m p h o cy tic  d i f f e r e n t i a t i o n  s ta g e s  were used  as a 
model fo r  th e  a n a ly s i s  o f  C la ss  I I  gene r e g u la t io n .  The C la ss  I I  
a n tig e n  p h en otyp es o f  th e s e  l i n e s  were found to  corresp on d  to  
th o s e  o f  th e  normal c e l l  ty p e s  th ey  r e p r e s e n te d . F u rth er , th e  
e x p r e s s io n  o f  C la ss  I I  a n t ig e n s  c o r r e la te d  w ith  th e  p r e se n c e  and 
amount o f  mRNA fo r  th e  C la ss  I I  g e n e s . M essenger RNA was not 
found in  C la ss  I I  a n tig e n  n o n -e x p r e ss in g  c e l l  l i n e s ,  w h ile  c e l l  
l i n e s  th a t  e x p r e sse d  C la ss  I I  a n t ig e n s  a l s o  e x p r e sse d  mRNA in  
amounts th a t  co rresp on d ed  to  th e  l e v e l  o f  a n t ig e n  e x p r e s s io n .  
Thus th e s e  tumour c e l l  l i n e s  r e g u la te  C la ss  I I  e x p r e s s io n  a t  th e  
l e v e l  o f  gene t r a n s c r ip t io n .

The mechanism o f  su p p re ss io n  o f  C la ss  I I  gene e x p r e s s io n  in  
a BALB/c s t r a in  d e r iv e d  plasm acytom a, NS1, was s tu d ie d  in  
fu r th e r  d e t a i l .  NS1 c e l l s  d id  n ot e x p r e ss  C la ss  I I  a n t ig e n s ,  or 
t h e ir  c o n s itu e n t  p o ly p e p t id e  c h a in s , e i t h e r  a t  th e  c e l l  s u r fa c e  
or i n t r a c e l l u l a r l y . However th e  c l o s e l y  r e la t e d  C la ss  I 
a n t ig e n s  were e x p r e sse d . Twenty u n clon ed  h yb rid  c e l l  l i n e s  
o b ta in e d  by th e  fu s io n  o f  NS1 w ith  C la ss  I I  e x p r e s s in g  s p le n ic  B 
lym p h ocytes prepared  from CBA, SJL and BALB/c s t r a in  m ice were 
a l l  found to  e x p r e ss  C la ss  I a n t ig e n s  o f e i t h e r  or both  p a r e n ta l  
h a p lo ty p e s ;  however none e x p r e sse d  C la ss  I I  a n t ig e n s  o f  e i t h e r  
h a p lo ty p e . T hese r e s u l t s  were fu r th e r  v a l id a t e d  u s in g  one such  
(NS1 x s p le n ic  B lym p h ocyte) h yb rid  c e l l  c lo n e ,  K3. When K3 was 
fu se d  to  th e  C la ss  I I  e x p r e ss in g  B lymphoma A20, th e  seven  
r e s u l t in g  h yb rid  c e l l  l i n e s  were a ga in  C la ss  I p o s i t i v e  but 
C la ss  I I  n e g a t iv e .  T hese r e s u l t s  in d ic a t e  th a t  NS1 c e l l s  
su p r e s s s  C la ss  I I  gene e x p r e ss io n  by an a c t i v e ,  h ig h ly  s p e c i f i c  
m echanism.

E vid en ce was a l s o  found th a t  a n oth er  m urine plasm acytom a, 
X63, su p r e sse d  C la ss  I I  gene e x p r e ss io n  by a s im ila r  m echanism . 
One X63 x s p le n ic  B lym phocyte h yb rid  c lo n e ,  S p 2 /0 , and two 
Sp2/0 x s p le n ic  B lym phocyte hyb rid  c lo n e s ,  were found to  
e x p r e ss  C la ss  I but not C la ss  I I  a n t ig e n s .  T h is d em o n stra tio n  
was l e s s  r ig o r o u s  than  in  th e  c a se  o f  NS1 as o n ly  a sm a ll number
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o f  c lo n e d , r a th e r  than u n c lo n ed , h y b rid s were t e s t e d .
X63 c e l l s ,  which e x p r e sse d  n e ith e r  C la ss  I I  a n t ig e n s  or  

raRNA, were s im ila r  to  o th e r  B c e l l  tumours in  th a t  th ey  
r e g u la te d  C la ss  I I  gene e x p r e ss io n  a t  th e  l e v e l  o f  
t r a n s c r ip t io n .  I t  was th e r e fo r e  s u r p r is in g  th a t  NS1 c e l l s  
e x p r e sse d  c o r r e c t ly - s i z e d ,  p o ly -A  t a i l e d  t r a n s c r ip t s  fo r  th e  
C la ss  II g en es Aa, Ea and th e  a s s o c ia te d  I i  ch a in  gen e in  both  
th e  n u c le u s  and cy to p la sm . The amounts o f  RNA were e q u iv a le n t  
t o  th o s e  in  an u n fr a c t io n a te d  s p le n o c y te  p o p u la t io n , and 
a p p ro x im a te ly  o n e - f i f t h  th o s e  in  A20 c e l l s .  A known in d u cer  o f  
C la ss  I I  gene t r a n s c r ip t io n ,  IFNy, enhanced mRNA l e v e l s  but d id  
n o t r e s u l t  in  C la ss  I I  a n tig e n  e x p r e s s io n . T hese r e s u l t s  im ply  
th a t  NS1 c e l l s  su p p ress  C la ss  I I  gene e x p r e s s io n  by a n o v e l 
p o s t - t r a n s c r ip t io n a l  r e g u la to r y  mechanism o p e r a t in g  su b seq u en t  
to  RNA p r o c e s s in g  and n u c le a r -c y to p la s m ic  tr a n s p o r t .

F u rth er stro n g  e v id e n c e  fo r  p o s t - t r a n s c r ip t io n a l  C la ss  I I  
gen e r e g u la t io n  was fou n d . NS1 c e l l s  were t r a n s f e c t e d  w ith  an 
e x p r e s s io n  c o n s tr u c t  c o n ta in in g  8 c o p ie s  each o f  th e  co m p lete  
human DRCX and DR|3 gene cDNA seq u en ces under th e  c o n tr o l  o f  th e  
s tr o n g  v i r a l  SV40 e a r ly  p rom oter/en h an cer  seq u en ces w hich are  
t r a n s c r ip t io n a l ly  a c t iv e  in  m ost e u k a r y o tic  c e l l s .  None o f  
th e  seven  NS1 t r a n s f e c t a n t s  which had in te g r a te d  th e  c o n s tr u c t  
e x p r e sse d  DR a n t ig e n s  i n t r a c e l l u l a r l y  or a t  th e  c e l l  s u r fa c e ,  
a lth o u g h  p r e lim in a r y  e v id e n c e  fo r  DRa gen e mRNA e x p r e s s io n  was 
fou n d . In c o n tr a s t ,  DR a n t ig e n s  were e x p r e sse d  by s i x  o f  n in e  
t r a n s f e c t a n t s  o f  th e  C la ss  I I  e x p r e ss in g  A20 c e l l  l i n e ;  as w e ll  
as by t r a n s f e c t a n t s  o f  C la ss  I I  n o n -e x p r e ss in g  P815 c e l l s .

Two im portant c o n c lu s io n s  can be drawn from th e s e  r e s u l t s  : 
f i r s t ,  th a t  plasm a c e l l s  su p p ress  C la ss  I I  e x p r e s s io n  by an 
a c t iv e ,  s p e c i f i c  mechanism; and second , th a t  t h i s  su p p r e ss io n  
may o p e r a te  e i t h e r  t r a n s c r ip t io n a l ly  or by a n o v e l p o s t -  
t r a n s c r ip t io n a l  m echanism. T hese c o n c lu s io n s  a re  d is c u s s e d  in  
th e  c o n te x t  o f  th e  mechanisms th a t  r e g u la te  gen e e x p r e s s io n  
d u rin g  B lym phocyte d i f f e r e n t i a t i o n .
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1:1 INTRODUCTION

Two groups o f  i n t e g r a l  c e l l  membrane g l y c o p r o t e i n s  - the  
C la s s  I and C la s s  I I  a n t i g e n s  -  t h a t  p la y  a p i v o t a l  r o l e  in  
r e g u l a t i n g  i n t e r a c t i o n s  between c e l l s  o f  t h e  immune sy stem  are  
among t h e  m o l e c u l e s  encoded by t h e  gen es  o f  t h e  major 
h i s t o c o m p a t i b i l i t y  complex (MHC). One o f  t h e  most s t r i k i n g  
d i f f e r e n c e s  between t h e s e  c l o s e l y  r e l a t e d  groups o f  m o l e c u l e s  i s  
t h e i r  t i s s u e  d i s t r i b u t i o n .  The MHC C la ss  I a n t i g e n s  are  w i d e l y  
d i s t r i b u t e d ,  b e in g  e x p r e s s e d  by most n u c l e a t e d  c e l l  t y p e s  in  
v a r y in g  amounts.  In c o n t r a s t  t h e  C la ss  I I  a n t i g e n s  have a h i g h l y  
r e s t r i c t e d  t i s s u e  d i s t r i b u t i o n  : th e y  are found p r i m a r i l y  on 
c e r t a i n  c e l l s  o f  th e  immune sys tem, and can be induced on a few 
o t h e r  c e l l  t y p e s .  The r e s t r i c t e d  t i s s u e  d i s t r i b u t i o n  o f  the  
C la s s  I I  a n t i g e n s  i s  c l o s e l y  r e l a t e d  to  t h e i r  f u n c t i o n ;  indeed  
th e  maintenance  o f  t i s s u e  s p e c i f i c  e x p r e s s i o n  appears t o  be 
c r i t i c a l  f o r  th e  normal f u n c t i o n  o f  t h e  immune sy s tem .

The p i v o t a l  r o l e  o f  th e  MHC C la ss  I I  a n t i g e n s  in the  
r e g u l a t i o n  o f  th e  immune r e s p o n s e  has d i r e c t e d  much a t t e n t i o n  to  
u n d ers ta n d in g  t h e i r  s t r u c t u r e  and f u n c t i o n .  S t u d i e s  ov er  the  
p a s t  twenty  y e a r s  have c o n t r i b u t e d  t o  t h e i r  s e r o l o g i c a l  and 
b i o c h e m ic a l  c h a r a c t e r i z a t i o n ,  th e  c l o n i n g  o f  th e  C la s s  I I  ge n e s ,  
e l u c i d a t i o n  o f  t h e  t e r t i a r y  s t r u c t u r e  of  the  C la s s  I I  a n t i g e n s
and i t s  r e l a t i o n  t o  t h e i r  f u n c t i o n .  The s t a g e  has thus been s e t  
f o r  s t u d i e s  on t h e  mechanisms t h a t  r e g u l a t e  MHC C la s s  I I  gene
e x p r e s s i o n  in a t i s s u e - s p e c i f i c  manner, about which l i t t l e  i s
known. This  i s  th e  f o c u s  o f  t h e  r e s e a r c h  p r e s e n t e d  in t h i s
t h e s i s .

In t h i s  i n t r o d u c t o r y  s e c t i o n ,  I w i l l  r e v i e w  c u r r e n t  
knowledge o f  t h e  mechanisms t h a t  r e g u l a t e  MHC C la s s  I I  gene  
e x p r e s s i o n .  Because th e  body o f  l i t e r a t u r e  on th e  s t r u c t u r e  and 
f u n c t i o n  o f  MHC C la ss  I I  i s  so v a s t ,  t h e s e  a s p e c t s  w i l l  be d e a l t  
w ith  o n ly  b r i e f l y .

1 : 2 THE MURINE MHC

1 :2 .1  D e f i n i t i o n  o f  the  murine MHC. H-2

The murine MHC, H-2 ( h i s t o c o m p a t i b i l i t y - 2 ) ,  was f i r s t  
d e s c r i b e d  as an a u t o so m a l ly  dominant l o c u s  c o n t r o l l i n g  the
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e x p r e s s i o n  o f  a de term in an t  e x p r e s s e d  on t h e  RBCs o f  some but  
not  a l l  mouse s t r a i n s  (Gorer,  1936 and 1937) .  I n c o m p a t i b i l i t y  
a t  t h i s  l o c u s  was l a t e r  shown t o  be a major f a c t o r  c o n t r o l l i n g  
th e  r e j e c t i o n  o f  t r a n s p l a n t e d  tumours (Gorer, 1938; Gorer e t  
a l . ,  1948) .  The c o n s t r u c t i o n  o f  co n g e n ic  mouse s t r a i n s  ( S n e l l ,  
1948) enab led  th e  l o c u s  t o  be mapped t o  murine l i n k a g e  group IX 
(chromosome 17) by Gorer and coworkers ( 1 9 4 8 ) .

I t  was soon apparent  t h a t  the  H-2 d e t e r m in a n t s  c o n t r o l l i n g  
tumour r e j e c t i o n  ( t h e  ' t r a n s p l a n t a t i o n  a n t i g e n s ' )  were ex tr e m ely  
polymorphic,  and encoded by a t  l e a s t  two l o c i ,  K and D (Gorer 
and Mikulska,  1959; S t i m p f l i n g ,  1971) .  Many o t h e r  t r a i t s  in  
c o n g e n ic  mouse s t r a i n s  were a l s o  mapped t o  H-2. Two t r a i t s ,  th e  
q u a n t i t a t i v e  v a r i a t i o n  in a serum p r o t e i n  Ss ( S h r e f f l e r  and 
Owen, 1963) and th e  a b i l i t y  t o  mount an immune r e s p o n s e  a g a i n s t  
f o r e i g n  a n t i g e n s  (McDevitt  e t  a l . ,  1972) ,  d e f i n e d  t h i r d  and 
f o u r t h  H-2 l o c i  c l e a r l y  d i f f e r e n t  from K and D. K le in  (1981)  
f i r s t  s u b d iv id e d  the  H-2 l o c i  i n t o  "Classes" on t h e  b a s i s  o f  
s t r u c t u r a l  and f u n c t i o n a l  hom olog ie s  - C la s s  I (K, D) encod ing  
th e  c l a s s i c a l  ' t r a n s p l a n t a t i o n  a n t i g e n s ' ;  C la s s  I I  ( I ) ,  th e  
immune r e s p o n s e  ( I r )  ge n e s ;  and C la ss  I I I ,  serum complement  
p r o t e i n s .  The cu r r e n t  g e n e t i c  map of  the  murine MHC on t h e  
s h o r t  arm o f  chromosome 17 (F igure  1 .1 )  i s  based not  o n ly  on 
in fo r m a t io n  from the  a n a l y s i s  o f  recombinant mouse s t r a i n s  
( S h r e f f l e r  and David,  1974; Murphy, 1981) but  a l s o  on more 
r e c e n t  m o le c u la r  g e n e t i c  a n a l y s e s  (Goodenow e t  a l . ,  1982a;  
S te in m etz  e t  a l . ,  1982a and 1982b) .  I t  i n c l u d e s  s i x  r e g i o n s  -  
K, D, L ( C la s s  I ) ,  I (C la s s  I I ,  i n c l u d i n g  t h e  I-A and I-E  
s u b r e g i o n s ) ,  S ( C la ss  I I I )  and Qa/Tla (C la ss  I - l i k e )  - b e s i d e s  a 
number o f  o t h e r  genes not  i n c lu d e d  w i t h i n  th e  MHC "Classes"  : 
th e  g enes  f o r  th e  lymphokines tumour n e c r o s i s  f a c t o r  (TNF) and 
lymphotoxin (LT), and th e  enzyme 21 h y d r o x y la s e  which p l a y s  a 
r o l e  in s t e r o i d  hormone b i o s y n t h e s i s .

The H-2 h a p lo t y p e s  o f  inbred mouse s t r a i n s  are  d e s i g n a t e d  by 
s u p e r s c r i p t e d  lower c a s e  l e t t e r s ,  f o r  example,  H-2d. The 
p ro d u cts  o f  t h e  genes w i t h i n  v a r i o u s  r e g i o n s  a r e  d e s i g n a t e d  by a 
c a p i t a l  l e t t e r  ( r e g i o n )  w i th  a s u p e r s c r i p t e d  lower  c a s e  l e t t e r  
( h a p l o t y p e ) ,  f o r  example Dd or I - A d.

The C la s s  I and C la s s  I I  gen es  and gene  prod u cts  are  
c o n s i d e r e d  in more d e t a i l .
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1 : 2 . 2  The C la s s  I a n t i g e n s

The C la ss  I a n t i g e n s  are  h e te r o d im e r s  o f  a polymorphic 44 - 
45 kD i n t e g r a l  membrane g l y c o p r o t e i n  ( t h e  a c h a in )  in  
a s s o c i a t i o n  w ith  a 12 kD nonpolymorphic p o l y p e p t i d e  (J32 
m i c r o g l o b u l i n )  (D o b b ers te in  e t  a l . ,  1979) t h a t  i s  not  encoded by 
t h e  MHC (M ichaelso n ,  1 9 8 3 ) .  The a c h a i n s  c o n s i s t  o f  5 p r o t e i n  
domains - t h r e e  e x t e r n a l  domains ( a l ,  <32 and 03)  o f  about 90 t o  
100 r e s i d u e s  each,  a 40 amino a c i d  transmembrane (TM) p o r t i o n  
and a s h o r t  (50 amino a c i d )  c y t o p l a s m i c  t a i l  -  w i th  two 
(sometimes t h r e e )  g l y c o s y l a t i o n  s i t e s  l o c a t e d  in the  f i r s t  and 
second e x t e r n a l  domains (Lopez de Castro e t  a l . ,  1979; C o l igan  
e t  a l . ,  1981; Nathenson e t  a l . ,  1981) .  T h is  domain s t r u c t u r e  i s  
c h a r a c t e r i s t i c  o f  m o le c u le s  b e lo n g in g  to  t h e  Ig s u p e r f a m i l y .

Recent  X ray c r y s t a l l o g r a p h i c  s t u d i e s  on t h e  human C la s s  I 
a n t i g e n  HLA-A2 (Bjorkmann e t  a l . ,  1987) show t h a t  two apposing  a
h e l i c e s  form a l i g a n d - b i n d i n g  groove  on t h e  m em brane-d is ta l  end 
o f  t h e  m o le c u le ;  which i s  supp orted from below by P s h e e t  
s t r u c t u r e s  formed by the  membrane-proximal  p r o t e i n  domains.  The 
a h e l i c e s  c o n t a i n  t h o s e  amino a c i d  r e s i d u e s  i d e n t i f i e d  as  t h e  
most po lymorphic .

1 : 2 .3  The C la s s  I genes

The K and D l o c i ,  i n i t i a l l y  d e f i n e d  on th e  b a s i s  o f  th e  
s e g r e g a t i o n  o f  s e r o l o g i c a l  H-2 d e te r m in a n ts  in recombinant mice  
(Gorer and Mikulska,  1959) ,  l i e  on e i t h e r  s i d e  o f  th e  C la s s  I I  
l o c u s ,  I (K le in  and S h r e f f l e r ,  1971) .  More l o c i  have been  
d e f i n e d  s e r o l o g i c a l l y ,  f o r  example L (Demant e t  a l . ,  1975) and R 
(Hansen e t  a l . ,  1981) but  t h e  mapping of  t h e  g enes  t h a t  encode  
them i s  u n c l e a r  : some o f  them may l i e  w i t h i n  th e  K/D l o c i
(K le in  and S h r e f f l e r ,  1971; Hansen e t  a l . ,  1 981) .  S e v e r a l  C la s s  
I - l i k e  gen es  l i e  in th e  Qa/Tla c l u s t e r  ( F l a h e r t y ,  1980) which i s  
t e l o m e r i c  t o  t h e  D l o c u s  (F igu re  1 . 1 ) .

The b e s t  da ta  on gene o r g a n i z a t i o n  w i t h i n  th e  C la s s  I l o c i  
has come from th e  i s o l a t i o n  and sequenc ing  o f  gene c l u s t e r s  in 
s e r i e s  o f  o v e r la p p in g  cosmid c l o n e s  (S te in m e tz  e t  a l . ,  1982a;  
Weiss e t  a l . ,  1984) .  In t h e  BALB/c mouse (H -2d h a p lo t y p e )  36 
C la ss  I g e n e s  are o r g a n iz e d  in 12 d i s t i n c t  c l u s t e r s  which range  
in  s i z e  from 40 t o  215 kbp, and c o n t a i n  from 1 t o  8 g en es  each
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(S te inraetz  e t  a l . ,  1982a) .  T h i r t y  one o f  t h e s e  map t o  th e  
Qa/Tla r e g i o n ,  and f i v e  map t o  the  c l a s s i c a l  C la ss  I l o c i  (two 
each t o  K and L, and one t o  D). The same number o f  g en es  are  
found in  th e  K and D l o c i  o f  t h e  C57B1/6 mouse ( H — 2 b h a p lo t y p e )  
(Weiss  e t  a l . ,  1984 ) .

Sequence a n a l y s i s  o f  t h e s e  gen es  shows t h e  same b a s i c  
s t r u c t u r e  (F igu re  1 .2 )  (S te in m e tz  e t  a l . ,  1981; Goodenow e t  
a l . ,  1982b; Moore e t  a l . ,  1982) .  They c o n t a i n  e i g h t  exons  t h a t  
c o r r e l a t e  e x a c t l y  w i t h  s t r u c t u r a l  domains o f  th e  p r o t e i n s  they  
encode - one exon each f o r  th e  l e a d e r  p e p t i d e ,  t h e  t h r e e  
e x t r a c e l l u l a r  domains,  and t h e  TM domain; and t h r e e  exons  
encod ing  th e  s h o r t  c y t o p l a s m i c  t a i l .  A d d i t i o n a l  s equences  code  
f o r  t h e  s h o r t  5 '  and th e  long  3 '  u n t r a n s l a t e d  r e g i o n s  o f  the  
mRNA.

1 : 2 . 4  The C la s s  I I  a n t i g e n s

The C la ss  I I  a n t i g e n s ,  I-A and I-E,  are  a l s o  h e te r o d im e r s  
(F ig u r e  1 . 4 ) .  D i s c o n t in u o u s  SDS-PAGE of  d e t e r g e n t  s o l u b i l i z e d  
C la s s  I I  a n t i g e n s  shows t h a t  each o f  th e  two a n t i g e n s  c o n s i s t s  
o f  a r e l a t i v e l y  a c i d i c  a cha in  o f  apparent  m o le c u la r  w e ig h t  34 
t o  36 kD and a more b a s i c  (3 cha in  o f  apparent  m o le c u la r  w e igh t  
26 t o  29 kD which vary s l i g h t l y  in s i z e  between d i f f e r e n t  
h a p l o t y p e s  (Cook e t  a l . ,  1978) .  A t h i r d ,  non-po lymorph ic ,  
I n v a r i a n t  ( I i )  cha in  i s  found in a s s o c i a t i o n  w i th  a and (3 in th e  
c ytop lasm  but not  th e  c e l l  membrane (Jones e t  a l . ,  1978) .

A l k y l a t i o n  exper im ents  i n d i c a t e  t h a t  th e  a and 3 c h a i n s  are  
a s s o c i a t e d  n o n - c o v a l e n t l y  w i th  each o t h e r  (Cook e t  a l . ,  1978; 
Dancey e t  a l . ,  1979) .  Each cha in  has two e x t e r n a l  domains  
(Kaufman and Strominger ,  1983) which are shaped i n t o  I g - l i k e  
f o l d s  by c y s t e i n e - c y s t e i n e  d i s u l p h i d e  b r i d g e s  (a p a r t  from th e  al  
domain) ,  a TM r e g io n  o f  hydrophobic amino a c i d s ,  and a s h o r t  
c y t o p l a s m i c  t a i l  (Mathis  e t  a l . ,  1983b; Larhammar e t  a l . ,  1984; 
S a i t o  e t  a l . , 1 9 8 3 ;  Choi e t  a l . ,  1 9 8 3 ) .  The e x t e r n a l  domains,  
e x c e p t i n g  (31, c o n t a i n  p o t e n t i a l  s i t e s  f o r  g l y c o s y l a t i o n  (Mengle-  
Gaw and McDevitt ,  1985) (F ig u r e  1 . 4 ) .  Recent  s t u d i e s  on th e  
t e r t i a r y  s t r u c t u r e  o f  t h e  C la ss  I I  a n t i g e n s  r e v e a l  c l o s e  
s i m i l a r i t y  t o  C la ss  I -  a l i g a n d - b i n d i n g  pocket  i s  formed by 
a ppos in g  a h e l i c e s  c o n t r i b u t e d  by each o f  th e  m em brane-d is ta l  
domains (Q1, (31), which i s  supported  by 3 s h e e t  s t r u c t u r e s
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formed by th e  membrane-proximal  domains (Brown e t  a l . ,  1 988) .
Rates  o f  tu rn o v er  o f  t h e  p o l y p e p t i d e  c h a i n s  v a r y .  I-EP,  

I-Aa and I-Ap c h a i n s  are th e  most r a p i d l y  s y n t h e s i z e d ,  w h i l e  
I-EO s y n t h e s i s  i s  s l o w e r .  Once s y n t h e s i z e d  and asse mbled ,  
I-AOC/p complexes are  turned over  more r a p i d l y  than I-ECX/P 
(Emerson e t  a l . ,  1 980) .  B e s i d e s  t h e s e  q u a n t i t a t i v e  d i f f e r e n c e s ,  
each o f  t h e  fo u r  p o l y p e p t i d e s  a l s o  d i s p l a y  d i f f e r e n c e s  in  
s t r u c t u r e .  Both P c h a in s  are  h i g h l y  polymorphic in N - te r m in a l  
p e p t i d e  sequence ,  w h i l e  the  a c h a in s  are  l e s s  so (Freed,  1981;  
K le in  and F igu eroa ,  1981) .  I -E a  in  p a r t i c u l a r  i s  not  very  
polymorphic (K le in  and F igueroa ,  1981) .  I n t r a - a l l e l i c  
h e t e r o g e n e i t y  a l s o  e x i s t s .  M u l t i p l e  s p o t s  f o r  each ch a in  are  
found on 2D g e l s ,  probably  due t o  d i f f e r e n c e s  in g l y c o s y l a t i o n  
(Jones e t  a l . ,  1978b) .  The s i g n i f i c a n c e  o f  g l y c o s y l a t i o n  i s  not  
c l e a r  a l th o u g h  i t  may p la y  a r o l e  in i n t r a c e l l u l a r  t r a n s p o r t  or  
f u n c t i o n  o f  t h e s e  m o l e c u l e s .  Indeed,  g l y c o s y l a t i o n  p a t t e r n s  
d i f f e r  between d i f f e r e n t  c e l l  t y p e s  (C u l len  e t  a l . ,  1981) .

1 : 2 . 5  The C la s s  I I  genes

The C la s s  I I  l o c u s ,  I ,  which d e te r m in e s  th e  a b i l i t y  t o  mount 
an immune r e s p o n s e  t o  f o r e i g n  p r o t e i n  a n t i g e n s  maps between the  
K and S l o c i  (F ig u r e  1 .3 )  (McDevitt  e t  a l . ,  1 972) .  The l o c u s  
com prises  a t  l e a s t  two s u b l o c i  (David e t  a l . ,  1973) ,  d e s i g n a t e d  
I-A and I-E,  which were i n i t i a l l y  p o s t u l a t e d  t o  c o n t a i n  the  
gen es  encoding  t h e  a and P c h a in s  o f  t h e  I-A and I-E  a n t i g e n s  
r e s p e c t i v e l y  (Cook e t  a l . ,  1979; S i l v e r  and R u s s e l l ,  1979) .  
However the  f i n d i n g  t h a t  I-EP ch a in  polymorphisms were
c o n t r o l l e d  by a l o c u s  a t  th e  t e l o m e r i c  end o f  I-A (Jones e t  a l . ,  
1978b; Jones,  1980) was a t  odds w i th  t h i s  h y p o t h e s i s .

The o r g a n i z a t i o n  o f  th e  I r e g i o n  (F igure  1 .3 )  has been 
f i n a l l y  r e s o l v e d  by a n a l y s i s  o f  o v e r la p p in g  cosmid c l o n e s  
(S te in m e tz  e t  a l . ,  1982b).  In th e  BALB/c mouse, a s i n g l e  c l u s t e r  
o f  about 270 kbp o f  DNA c o n t a i n s  th e  I-A and I-E s u b l o c i .  The 
recom binat ion  s e p a r a t i n g  th e  s u b l o c i  occu rs  w i t h i n  th e  EP gene  
(F igu re  1 . 3 ) .  In f a c t  a l l  i n t r a - I  r e g i o n  re c o m b in a t io n s  in 9 
mouse s t r a i n s  occur  w i t h i n  an 8 kbp ' r e c o m b in a t io n a l  h o t - s p o t '  
o v e r la p p in g  t h e  3 '  end o f  the  EP gene (S te in m e tz  e t  a l . ,  1982b),  
which has been l o c a l i z e d  t o  th e  second i n tr o n  (Kobori e t  a l . ,  
1 984) .  An a d d i t i o n a l  gene,  AP2, i s  found 5 '  t o  th e  AP gene
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(Larhararaar e t  a l . ,  1984) - i t  c o n s i s t s  o f  a s i n g l e  ( second  
domain) exon and i s  probably  a pseudogene.  A s i m i l a r  pseudogene,  
Ep2, i s  found between Ea and Ep (S te in m e tz  e t  a l . ,  1982b) .  Yet  
another  pseudogene,  A(33, has been d e t e c t e d  in c e r t a i n  h a p lo t y p e s  
(H-2t l  and H-2y l ) (Widera and F l a v e l l ,  198 5 ) .  I t  l i e s  a t  l e a s t  
75 kbp 3 '  o f  H-2K, and 160 kbp 5 '  o f  a |32 (S t e in m e t z  e t  a l . , 
1 9 8 6 ) .  There i s  a l s o  e v i d e n c e  t h a t  one more gene ,  e{33, l i e s  t o  
th e  f a r  3 '  end o f  t h e  I-E s u b lo c u s  ( F l a v e l l  e t  a l . ,  1985) .

The l a c k  o f  polymorphism observed  with  Ea ch a in  p o l y p e p t i d e s  
i s  conf irmed a t  th e  gene l e v e l  : t h e r e  i s  a lm o s t  no d i f f e r e n c e  
between t h r e e  c o m p l e t e l y  sequenced a l l e l e s  (McNicholas  e t  a l . ,  
1982; Mathis  e t  a l . ,  1983b; Mengle-Gaw e t  a l . ,  19 8 5 ) .  However 
AO gene a l l e l e s  a re ,  in c o n t r a s t ,  q u i t e  po lymorphic  ( B e n o i s t  e t  
a l . ,  1983a; B e n o i s t  e t  a l . ,  1983b) w i t h  t h e  v a r i a b i l i t y  
c o n c e n t r a t e d  in 3 h y p e r v a r i a b l e  r e g i o n s  (amino a c i d  r e s i d u e s  
11-15,  53-59  and 69-77)  in th e  m em brane-d is ta l  domain.  S i m i l a r  
r e g i o n s  o f  a l l e l i c  h y p e r v a r i a b i l i t y  have been found in th e  
sequences  o f  t h e  m em brane-d is ta l  domains o f  th e  A(3 and Ef3 c h a in s  
(Choi  e t  a l . ,  1983; Larhammar e t  a l . ,  1984 f o r  AP; S a i t o  e t  
a l . ,  1983; M a l i s s e n  e t  a l . ,  1983; Mengle-Gaw and McDevitt ,  
1983 f o r  EP). Sequence comparisons show t h a t  t h e  I-E  genes  are  
most s i m i l a r  t o  th e  human DR gen es  (Mathis e t  a l . ,  1983b);  and 
I-A t o  DQ ( B e n o i s t  e t  a l . ,  1 983a) .  EP3 shows g r e a t  homology to  
a DPp gene  (Widera and F l a v e l l ,  1985) .

The c o n s i d e r a b l e  sequence  h om olog ie s  between the  
co r r e s p o n d in g  a and P cha in  g en es  o f  I-A and I- E ,  as  w e l l  as the  
f a c t  t h a t  t h e y  are  in o p p o s i t e  5 '  t o  3 '  o r i e n t a t i o n  in th e  
genome ( F ig u r e  1 .3 )  s u g g e s t s  t h a t  an a n c e s t r a l  p - P - a  group was 
d u p l i c a t e d  t o  g i v e  r i s e  t o  t h e  I-A and I-E  s u b l o c i .  The 
p r e s e n c e  o f  a d d i t i o n a l  P ch a in  pseudogenes  may s u g g e s t  t h a t  
d u p l i c a t i o n  occurred  more than once,  as  in t h e  c a s e  o f  the  human 
C la ss  I I  g e n e s .

1 : 2 .6  S t r u c t u r e  o f  C la ss  I I  g enes

A n a l y s i s  o f  th e  sequence  o f  th e  C la s s  I I  g e n e s  r e v e a l s  a 
s i m i l a r  e x o n - i n t r o n  o r g a n i z a t i o n  (F igure  1 . 3 ) .  The a cha in  
gen es  have a l e a d e r  exon s e p a r a te d  by a long  in t r o n  
(a p p r o x im a te ly  2 .3  kbp) from t h e  f i r s t  and second p r o t e i n  domain 
exons (Mathis e t  a l . ,  1983b),  f o l l o w e d  by a s i n g l e  exon encod ing
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both  th e  TM r e g i o n  and c y t o p l a s m i c  t a i l .  A long  sequence  
encoding  th e  3 '  UT r e g io n  o f  t h e  mRNA i s  s p l i t  i n t o  two by 
another  long  i n t r o n .  This  s t r u c t u r e  i s  s l i g h t l y  d i f f e r e n t  from 
t h a t  o f  th e  (3 ch a in  g enes  ( M a l i s se n  e t  a l . ,  1983) where the  TM 
and c y t o p l a s m i c  t a i l  r e g i o n s  are  s e p a r a t e d  by an i n t r o n .  The 
human DRa gene  has th e  same i n t r o n - e x o n  o r g a n i z a t i o n  as  Ea (Lee 
e t  a l . ,  1982 ) .

1 : 2 . 7  The C la s s  I I  a n t i g e n s  are  p r o d u c t s  o f  th e  I r  gen es  and 
s e r v e  as  r e s t r i c t i o n  e l e m e n ts  f o r  T c e l l  a c t i v a t i o n

Three l i n e s  o f  e v id e n c e  i n d i c a t e  t h a t  th e  C la s s  I I  a n t i g e n s  
are  the  p ro d u cts  o f  th e  immune r e s p o n s e  ( I r )  g enes  which were  
f i r s t  i d e n t i f i e d  by t h e i r  f u n c t i o n  in  r e g u l a t i n g  t h e  a b i l i t y  to  
mount an immune re s p o n s e  t o  f o r e i g n  p r o t e i n  a n t i g e n s  (McDevitt  
e t  a l . ,  1972; Bennaceraf  and McDevitt ,  1972; Bennaceraf ,
1 9 8 1 )  . F i r s t ,  monoclonal  a n t i b o d i e s  (mAb) a g a i n s t  th e  C la s s  I I  
a n t i g e n s  s p e c i f i c a l l y  b lock  immune r e s p o n s e s  t o  a n t i g e n s  which  
are  under I r  gene c o n t r o l  (Lerner e t  a l . ,  1980; Baxavenis  e t  
a l . ,  1980) .  Second,  mutant mouse s t r a i n s  w i th  an a l t e r e d  Ir  
gene  phenotype a l s o  show concom itant  changes in C la s s  I I  a n t ig e n  
phenotype (Lin e t  a l . ,  1981; Huber e t  a l . ,  1982; Matis  e t  a l . ,
1 9 8 2 )  . The most c o n v in c in g  d a ta  has come from t h e  r e s t o r a t i o n  
of  r e s p o n s i v e n e s s  t o  a n t i g e n s  under I r  gene c o n t r o l  by r e ­
e x p r e s s i o n  o f  t h e  EO gene in t r a n s g e n i c  mice produced from I-E  
a n t i g e n  d e f i c i e n t  s t r a i n s  (LeMeur e t  a l ,  1985) .

The C la s s  I I  a n t i g e n s  accom p l i sh  t h e i r  immune r e g u l a t o r y  
f u n c t i o n  by s e r v i n g  as  r e s t r i c t i o n  e lem en ts  f o r  th e  a c t i v a t i o n  
o f  a n t i g e n - s p e c i f i c  T lymphocytes  which r e c o g n i z e  a n t ig e n  
e x c l u s i v e l y  in t h e  c o n t e x t  o f  C la s s  I I  upon th e  s u r f a c e  of  
"antigen  p r e s e n t i n g  c e l l s "  (APC) (Katz e t  a l . ,  1973; Rosentha l  
and Shevach,  1973; Sredni  e t  a l . ,  1 981) .  Recent  e v id e n c e  
i n d i c a t e s  t h a t  C la ss  I I  m o le c u le s  d i r e c t l y  bind p e p t i d e  a n t i g e n s  
( B a b b i t t  e t  a l . ,  1985) t h a t  have been p a r t i a l l y  p r o t e o l y s e d  or 
"processed" (Unanue, 1984; Watts e t  a l . ,  1984) and t h a t  t h i s  
complex i s  r e c o g n i z e d  by the  a n t i g e n - s p e c i f i c  T c e l l  r e c e p t o r  
(Watts e t  a l . ,  1984; Buus e t  a l . ,  1986a; S i l i c i a n o  e t  a l . ,  
1986) .  Thus t h e  c a p a c i t y  t o  respond t o  a g iv e n  a n t i g e n  depends  
c r i t i c a l l y  (but  not  e x c l u s i v e l y )  upon i t s  a b i l i t y  t o  bind  C la ss  
I I  m o le c u le s  (Buus e t  a l . ,  1986b ) .  In a d d i t i o n ,  q u a n t i t a t i v e
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v a r i a t i o n s  in  th e  l e v e l  o f  C la ss  I I  e x p r e s s i o n  on APC may 
i n f l u e n c e  t h e  ty p e  and outcome o f  the  immune r e s p o n s e  e l i c i t e d  
(Janeway e t  a l . ( 1984) .

There i s  a c l e a r  f u n c t i o n a l  need f o r  C la s s  I I  e x p r e s s i o n  t o  
be t i g h t l y  r e s t r i c t e d  t o  c e r t a i n  c e l l  t y p e s .  There i s
i n c r e a s i n g  e v id e n c e  t h a t  ab e r r a n t  C lass  I I  e x p r e s s i o n  may be  
r e l a t e d  t o  t h e  i n d u c t i o n  o f  o r g a n - s p e c i f i c  autoimmunity  
(B o t t a z z o  e t  a l . , 1 986) .  Aberrant h i g h - l e v e l  C la ss  I I
e x p r e s s i o n  i s  a prominent h i s t o p a t h o l o g i c a l  f e a t u r e  o f  t i s s u e s  
from s i t e s  o f  autoimmunity ( B o t t a z z o  e t  a l . ,  1986) ,  and t h e r e  i s  
e v id e n c e  -  bo th  in v i t r o  (Londei  e t  a l . ,  1984) and more 
r e c e n t l y ,  in  v i v o  in t r a n s g e n i c  mice ( S a r v e t n i c k  e t  a l . ,  1988) - 
t h a t  t h i s  ab e r r a n t  e x p r e s s i o n  may a c t i v a t e  a u t o a n t i g e n  s p e c i f i c  
T lymphocytes  ca u s in g  t i s s u e  d e s t r u c t i o n .

1:3 REGULATION OF MHC CLASS I I  GENE EXPRESSION

1:3 .1  I-A and I-E a n t i g e n s  are  c o - e x o r e s s e d  in a c e l l  type
s p e c i f i c  manner

C la s s  I I  a n t i g e n  e x p r e s s i o n  i s  r e s t r i c t e d  p r i m a r i l y  t o  c e l l s  
o f  th e  immune sys tem : macrophages,  B ly m phocytes ,  a c t i v a t e d
human T lymphocytes ,  d e n d r i t i c  c e l l s  and thymic e p i t h e l i a  
( F r e l i n g e r ,  1 982) .  C o n s t i t u t i v e  e x p r e s s i o n  i s  a prominent  
f e a t u r e  o f  mature B c e l l s  (Sachs and Cone, 1973) ,  and many 
i n v e s t i g a t o r s  have shown t h a t  both  I-A and I-E  a n t i g e n s  are  
e x p r e s s e d  on I g - b e a r i n g  B lymphocytes  from a v a r i e t y  o f  s o u r c e s  
i n c l u d i n g  c e n t r a l  lymphoid t i s s u e s ,  lymph nodes and s p l e e n  
(Sachs and Cone, 1973; Hammerling e t  a l . ,  1974; Hammerling, 
1976a) .  T e r m in a l ly  d i f f e r e n t i a t e d  plasma c e l l s  are e i t h e r  
n e g a t i v e  or e x p r e s s  C la ss  I I  a t  low l e v e l s  (Hammerling e t  a l . ,  
1976b; Warner e t  a l . ,  1979; Lanier  e t  a l . ,  19 8 1 ) .  This  has  
a l s o  been shown t o  be t r u e  o f  murine pre-B lymphocytes  
(Hammerling e t  a l . ,  1976; Lala e t  a l . ,  1979; Dasch and Jones ,  
1986) .  Thus in th e  B lymphocyte l i n e a g e ,  C la s s  I I  a n t i g e n
e x p r e s s i o n  i s  r e l a t e d  t o  the  s t a g e  o f  d i f f e r e n t i a t i o n ;  w i th  
p r o g r e s s i o n  from a C la ss  I I  n e g a t i v e  pr e-B  c e l l  phenotype  
through an e x p r e s s i n g  mature B lymphocyte ph enotyp e ,  f i n a l l y  t o  
a n o n - e x p r e s s i n g  t e r m i n a l l y  d i f f e r e n t i a t e d  plasma c e l l  
ph enotyp e .  I i  cha in  p o l y p e p t i d e  e x p r e s s i o n  i s  r e l a t e d  in a
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s i m i l a r  manner t o  B c e l l  d i f f e r e n t i a t i o n  (Koch and H a rr i s ,  
1984 ) .

C la s s  I I  e x p r e s s i o n  in c e l l s  o f  t h e  B lym phocyt ic  l i n e a g e  i s  
not  o n ly  c o n t r o l l e d  in a d i f f e r e n t i a t i o n  l i n k e d  manner.
Mediators  such as  i n t e r l e u k i n - 4  ( IL -4 )  can induce e x p r e s s i o n  on 
murine pre-B c e l l s  ( P o l l a  e t  a l . ,  1986) or enhance e x p r e s s i o n  on 
mature B c e l l s  ( N o e l l e  e t  a l . ,  1984) .

Antigen  p r e s e n t i n g  a c c e s s o r y  c e l l s  such as  macrophages  
(Schwartz e t  a l . ,  1976) ,  d e n d r i t i c  c e l l s  (Steinman and
Nussenzweig ,  1980) ,  Langerhans c e l l s  (Tamaki e t  a l . ,  1979) ,  
Kupffer c e l l s  (Richman e t  a l . ,  1979) and thymic d e n d r i t i c  c e l l s  
and e p i t h e l i a  (van Ewijk e t  a l . ,  1980) e x p r e s s  both I-A and I-E  
a n t i g e n s ,  but  e x h i b i t  d i f f e r e n t  p a t t e r n s  o f  e x p r e s s i o n .
E x p ress io n  by d e n d r i t i c  c e l l s  i s  a t  a high  l e v e l ,  and 
c o n s t i t u t i v e ;  whereas macrophage C la ss  I I  e x p r e s s i o n  i s  
i n d u c i b l e  w i th  m ed ia to rs  such as i n t e r f e r o n  y (IFNy) ( S t e e g  e t  
a l . ,  1982; King and Jones ,  1983) .

IFNy has been shown t o  induce C la ss  I I  e x p r e s s i o n  on a wide  
v a r i e t y  o f  nonlymphoid t i s s u e s ,  i n c l u d i n g  b r a in  a s t r o c y t e s  (Wong 
e t  a l . ,  1984a) ,  a v a r i e t y  o f  e p i t h e l i a l  and f i b r o b l a s t  c e l l  
l i n e s  (Wong e t  a l . ,  1984b),  and v a s c u l a r  endothe l ium  (Pober e t  
a l . ,  1983) both in v i t r o  and in v i v o  ( S k o sk ie w ic z  e t  a l . ,  
1985) .  I i  cha in  e x p r e s s i o n  i s  c o - in d u c e d  by IFNy ( C o l l i n s  e t  
a l . ,  1984; Koch e t  a l . ,  1984) .

An a d d i t i o n a l  c o n c l u s i o n  i s  ap parent  from the  s t u d i e s  
summarized in th e  p r e c e d in g  paragraphs : c e l l  t y p e s  t h a t  e x p r e s s  
I-A a n t i g e n s  a l s o  e x p r e s s  I-E;  s u g g e s t i n g  t h a t  t h e s e  a n t i g e n s  
are c o - e x p r e s s e d  as w e l l  as  c o - r e g u l a t e d  by m ed ia tors  l i k e  IFNy.  
The major e x c e p t i o n  t o  t h i s  g e n e r a l i z a t i o n  o ccurs  in c e r t a i n  
s t r a i n s  o f  inbred mice which do not  e x p r e s s  I-E a n t i g e n s  or
e x p r e s s  them at  low l e v e l s ,  because  o f  a d e f i c i e n c y  in th e
s y n t h e s i s  o f  Ea or e[3 p o l y p e p t i d e s ,  or  both  (Murphy e t  a l . ,  
1980; Jones e t  a l . ,  1981) .  In t h e s e  s t r a i n s ,  the  d e f e c t  i s  a t
the  gene  l e v e l ,  and a l l  C la ss  I I  e x p r e s s i n g  c e l l  t y p e s  are  of
th e  same (I -E  n e g a t i v e  or low) phenotype.

1 : 3 . 2  E x p ress io n  i s  s u b j e c t  t o  m u l t i f a c e t e d  c o n t r o l

I t  i s  c l e a r  from th e  above d i s c u s s i o n  t h a t  C la ss  I I  gene  
e x p r e s s i o n  i s  t i g h t l y  c o n t r o l l e d  in a c e l l  t y p e - s p e c i f i c  way.
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E x p r e s s io n  in a g iv e n  c e l l  ty p e  may be c o n s t i t u t i v e ,  or  induced  
by lymphokine m ed ia to rs  l i k e  IFNy. In some l i n e a g e s ,  e x p r e s s i o n  
i s  l i n k e d  t o  th e  s t a g e  o f  c e l l  d i f f e r e n t i a t i o n .  These data  
p e r s u a s i v e l y  argue  t h a t  C la s s  I I  gene e x p r e s s i o n  must be 
r e g u l a t e d  in a m u l t i f a c e t e d  manner.

S e v e r a l  r e c e n t  o b s e r v a t i o n s  f u r t h e r  support  t h i s  p o i n t .  One 
f a c e t  o f  r e g u l a t i o n  appears t o  a f f e c t  the  C la s s  I I  g e n e s  but not  
I i  : c e l l s  from p a t i e n t s  w i th  C la s s  I I  n e g a t i v e  s e v e r e  combined 
immunodefic iency  (SCID) e x p r e s s  I i  but  not C la s s  I I  mRNA (de 
P r e v a l  e t  a l . ,  1985) .  This  i s  a l s o  tr u e  o f  C la s s  I I  n e g a t i v e  
mutant B c e l l  l i n e s  ( A c c o l l a ,  1983; Long e t  a l . ,  1984; Caiman 
and P e t e r l i n ,  1987) .

Another f a c e t  o f  r e g u l a t i o n  may d i s t i n g u i s h  C la s s  I I  genes  
d e r i v e d  from d i f f e r e n t  c e l l  t y p e s  (or s p e c i e s )  : in murine  
macrophage x human B c e l l  h y b r id s ,  the  macrophage d e r i v e d  (but  
not  B c e l l  d e r i v e d )  genes are  u p r e g u la te d  by murine (but  not  
human) IFNy (M affe i  e t  a l . ,  1987) .  However th e  f a c t  t h a t  human 
C la s s  I I  a n t i g e n s  are  r e - e x p r e s s e d  in h y b r id s  o f  C la ss  I I  
n e g a t i v e  mutant human B c e l l s  w i th  murine B c e l l s  ( A c c o l l a  e t  
a l . ,  1985; S a l t e r  e t  a l . ,  1985; A c c o l l a  e t  a l . ,  1986) s u g g e s t s  
t h a t  r e g u l a t i o n  i s  not  s t r i c t l y  s p e c i e s  s p e c i f i c .

The f i n a l  f a c e t  o f  r e g u l a t i o n  may be gene  s p e c i f i c  : 
t r a n s c r i p t s  o f  th e  pseudogene A$2 are  not  induced in macrophages  
t r e a t e d  w i th  IFNy, in c o n t r a s t  t o  t h e  o th e r  C la ss  I I  genes  (Wake 
and F l a v e l l ,  1985) .  This  form o f  d i f f e r e n t i a l  r e g u l a t i o n  has  
not been demonstrated f o r  any o th er  murine C la s s  I I  gen es ,  
s u g g e s t i n g  t h a t  i t  i s  not a prominent f e a t u r e  o f  r e g u l a t i o n .

1 : 3 . 3  E x p ress io n  i s  r e g u l a t e d  p r i m a r i l y  a t  t h e  l e v e l  o f  gene  
t r a n s c r i p t i o n

Two l i n e s  o f  e v id e n c e  i n d i c a t e  t h a t  C la ss  I I  ge ne  e x p r e s s i o n  
i s  r e g u l a t e d  p r i m a r i l y  a t  t h e  l e v e l  of  gene t r a n s c r i p t i o n .  
F i r s t ,  c e l l s  t h a t  do not  e x p r e s s  C la ss  I I  a n t i g e n s  a l s o  f a i l  to  
e x p r e s s  mRNA f o r  the  a and (3 ch a in  genes (Mathis e t  a l . ,  1 983b; 
Davis  e t  a l . ,  1984; F l a v e l l  e t  a l . ,  198 5 ) .  T h is  i s  f u r t h e r  
supported  by s t u d i e s  on Ea p o l y p e p t i d e  d e f i c i e n t  mice (Mathis  e t  
a l . ,  1983a) : s t r a i n s  o f  the  H-2b and H-2S h a p l o t y p e s  have a 650 
bp d e l e t i o n  in t h e  5 '  f l a n k i n g  sequence  o f  t h e  Ea gene ,  and f a i l  
t o  t r a n s c r i b e  t h i s  gene .  Second,  s t i m u l i  which i n c r e a s e  or
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d e c r e a s e  th e  l e v e l  o f  C la ss  I I  a n t ig e n  e x p r e s s i o n  a l s o  
c o r r e s p o n d i n g l y  a l t e r  th e  amounts o f  mRNA e x p r e s s e d .  For 
example,  recombinant  IFNy c a u s e s  a 1 0 - f o l d  u p r e g u l a t i o n  in the  
l e v e l  o f  C la s s  I I  mRNA in macrophages (Nakamura e t  a l . ,  1984)  
cor r e sp o n d in g  t o  t h e  i n c r e a s e d  c e l l - s u r f a c e  e x p r e s s i o n  o f  C la ss  
I I  a n t i g e n s .  S i m i l a r  a l t e r a t i o n s  in mRNA l e v e l s  are  produced by 
d i f f e r e n t  m e d ia to r s  ( IL-4 ,  tumour n e c r o s i s  f a c t o r  a (TNFa)) t h a t  
induce  or enhance C la ss  I I  a n t i g e n  e x p r e s s i o n  in o t h e r  c e l l  
t y p e s  - f o r  example pre-B c e l l s  ( P o l l a  e t  a l . ,  1986) ,  r e s t i n g  B 
c e l l s  ( N o e l l e  e t  a l . ,  1984) ,  f i b r o b l a s t s  and e n d o t h e l i a l  c e l l s  
( C o l l i n s  e t  a l . ,  1984) and p a n c r e a t i c  i s l e t  c e l l s  ( P u j o l -  
B o r r e l l  e t  a l . ,  1 987) .

There are some e x c e p t i o n s  t o  t h i s  p r e c e p t .  Mice o f  th e  I-E  
a n t i g e n  d e f i c i e n t  mouse h a p lo ty p e  H-2f s y n t h e s i z e  an a b e r r a n t l y  
s i z e d  Ea gene  mRNA which does not  appear t o  be t r a n s l a t e d  i n t o  
f u n c t i o n a l  p r o t e i n ,  w h i l e  t h o s e  o f  t h e  H-2q h a p l o t y p e  have a 
d e f e c t  in mRNA p r o c e s s i n g  or s t a b i l i t y  (Mathis  e t  a l . ,  1983a) .  
P o s t - t r a n s l a t i o n a l  d e f e c t s  may a l s o  occur : a conserved  
s t r u c t u r a l  m utat ion  (Asn t o  Ser a t  p o s i t i o n  83 in the  f i r s t  
domain) in th e  (3 c h a i n s  o f  I-A and I-E  has r e c e n t l y  been shown 
t o  i n h i b i t  i n t r a c e l l u l a r  t r a n s p o r t  and c e l l  s u r f a c e  e x p r e s s i o n  
o f  t h e s e  a n t i g e n s  ( G r i f f i t h  e t  a l . ,  1988) .  These e x c e p t i o n s  are  
however,  not  f r e q u e n t  - th e  f i r s t  two are  r e s t r i c t e d  t o  a 
p a r t i c u l a r  mouse s t r a i n  w h i l e  the  t h i r d  i s  r e s t r i c t e d  t o  a 
c e r t a i n  c e l l  l i n e  - and t h e i r  p h y s i o l o g i c a l  r e l e v a n c e  i s  not  
c l e a r .

T r a n s c r i p t i o n a l  r e g u l a t i o n  o f  C la ss  I I  gene  e x p r e s s i o n  w i l l  
t h e r e f o r e  be d i s c u s s e d  in d e t a i l .  I w i l l  b e g in  by c o n s i d e r i n g  
t h e  components o f  the  e u k a r y o t i c  gene promoter.

1 : 3 . 4  The e u k a r y o t i c  gene promoter i s  a modular s t r u c t u r e  
whose components i n t e r a c t  w i th  DNA b i n d in g  p r o t e i n s

The a n a l y s i s  o f  p o i n t  m u ta t io n s  and d e l e t i o n s  in the  5'  
f l a n k i n g  s e q u en ces  o f  w e l l  c h a r a c t e r i z e d  e u k a r y o t i c  genes  such 
as  3 - g l o b i n  has l e d  t o  th e  fo r m u la t io n  o f  a g e n e r a l i z e d  model 
f o r  th e  e u k a r y o t i c  gene promoter which c o n t a i n s  t h r e e  major 
f u n c t i o n a l  e l e m e n ts  (Dynan and T i j i a n ,  1985) ( s e e  F igu re  1.5  f o r  
a s p e c i f i c  exam p le ) .  The TATA b o x , an e lement w i th  t h e  c o nsensus  
sequence  'TATAAA', i s  l o c a t e d  25 to  40 bp upstream o f  th e
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t r a n s c r i p t i o n  s t a r t  s i t e .  I t  i s  a s u b s t r a t e  f o r  RNA polymerase  
I I  b in d in g ,  and s e r v e s  t o  f i x  t h e  s i t e  o f  t r a n s c r i p t i o n  
i n i t i a t i o n .  Mutation in t h i s  r e g i o n  l e a d s  t o  th e  p r o d u c t io n  of  
a b e r r a n t  t r a n s c r i p t s  w i th  i n c o r r e c t  s t a r t  s i t e s ,  but does not  
a f f e c t  th e  o v e r a l l  l e v e l  o f  t r a n s c r i p t i o n  (G ro ssch ed l  and 
B i r n s t i e l ,  1980; Ghosh e t  a l . ,  1981) .  One or more upstream  
e l e m e n ts  l y i n g  upto  200 bp upstream f u n c t i o n  t o  i n c r e a s e  the  
r a t e  o f  t r a n s c r i p t i o n  from th e  promoter, and in a d d i t i o n ,  may 
a l s o  h e lp  t o  f i x  th e  t r a n s c r i p t i o n  s t a r t  s i t e .  S e v e r a l  sh o r t  
sequence  m o t i f s  are  known t o  f u n c t i o n  as upstream e le m e n ts ,  
i n c l u d i n g  t h e  'CCAAT' (CAT) box (McKnight and T i j i a n ,  1986) and 
t h e  'GGGCGGG' (CG) box (Dynan and T i j i a n ,  1 9 8 5 ) .  Enhancer  
e le m e n ts  may l i e  upstream or downstream o f  t h e  t r a n s c r i p t i o n  
s t a r t  s i t e ,  very  c l o s e  t o  i t ,  or  many k i l o b a s e s  away, in the  
same or r e v e r s e  o r i e n t a t i o n  ( B a n e r j i  e t  a l . ,  1981; de V i l l i e r s  
and S c h a f f n e r ,  1981; Moreau e t  a l . ,  1981) .  They s e r v e  to  
u p r e g u l a t e  th e  r a t e  o f  t r a n s c r i p t i o n  from th e  promoter .  Some 
enhancers ,  f o r  example th e  Ig enhancer,  are  t i s s u e - s p e c i f i c  
( B a n e r j i  e t  a l . ,  1983; Queen and Ba l t im ore ,  1983);  w h i l e  
o t h e r s ,  f o r  example th e  SV40 enhancer,  are  a c t i v e  in a wide  
range o f  t i s s u e s  ( B a n e r j i  e t  a l . ,  1981; Gruss e t  a l . ,  1981) .

A l l  o f  t h e s e  DNA sequence  e lem en ts  i n t e r a c t  w i th  s eq u en ce -  
s p e c i f i c  DNA b in d in g  p r o t e i n s  (P tashne ,  1986; S a s s o n e - C o r s i  and 
B o r r e l l i ,  1 986) .  The t r a n s c r i p t i o n a l  a c t i v i t y  o f  th e  promoter  
depends upon t h e s e  protein-DNA i n t e r a c t i o n s ,  a l t h o u g h  a common 
fundamental  mechanism i s  not  y e t  apparent .  A c t i v i t y  may i n v o l v e  
t h e  e x c l u s i o n  or d i s p la c e m e n t  o f  o th e r  DNA b in d in g  p r o t e i n s  
( ' r e p r e s s o r s ' )  (B a rb er i s  e t  a l . ,  1987);  l o c a l  changes in 
chromatin s t r u c t u r e  r e s u l t i n g  in h y p e r s e n s i t i v i t y  t o  DNase I 
d i g e s t i o n  (Bird,  1986);  and /or  l o o p in g  or f o l d i n g  o f  th e  DNA 
m o le c u le  (P tashne ,  1986) .

This  model o f  t h e  e u k a r y o t i c  promoter has c e r t a i n  
q u a l i f i c a t i o n s .  F i r s t ,  not  a l l  e u k a r y o t i c  g enes  have a l l  th r e e  
promoter e l e m e n t s .  Second,  many enhancers  and upstream e lem ents  
sh are  th e  same sequences  ( s i n c e  t h e i r  f u n c t i o n  i s  so s i m i l a r ) ;  
and may be d i f f i c u l t  i f  not  i m p o s s i b l e  t o  d i s t i n g u i s h .  For 
example th e  Ig octamer m o t i f  - ATTTGCAT -  oc c u r s  in  t h e  Ig heavy  
ch a in  enhancer and V r e g io n  upstream e lem ent  (Falkner  and 
Zachau, 1984; Parslow e t  a l . ,  1984) as w e l l  as  in t h e  SV40 
enhancer (Gruss e t  a l . ,  1 981) .  Both t h e  model and th e
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q u a l i f i c a t i o n s  do however f i t  i n t o  th e  same g e n e r a l  p i c t u r e  : 
t h e  e u k a r y o t i c  promoter i s  a modular s t r u c t u r e  c o n t a i n i n g  
r e p e t i t i v e  sequence  m o t i f s ,  w i th  t h e i r  number and arrangement  
d e te r m in in g  promoter a c t i v i t y  in v a r io u s  t i s s u e s .  The i n d i v i d u a l  
a c t i v i t y  o f  each component i s  modulated by th e  c o n t e x t  ( t h a t  i s ,  
t i s s u e )  in which th e  gene  i s  e x p r e s s e d .  Genes w i th  s i m i l a r  
e x p r e s s i o n  p a t t e r n s  may not  sh are  g r e a t e r  promoter hom olog ies  
than g enes  which have q u i t e  d i s t i n c t  e x p r e s s i o n  p a t t e r n s ,  
b e c a u se  t h e r e  are  two r o l e s  t o  be c o n s i d e r e d  -  t h a t  of  th e  DNA 
sequence  e le m e n ts  o f  th e  promoter in each gene ,  and t h a t  o f  the  
s p e c i f i c  b in d in g  p r o t e i n s  t h a t  i n t e r a c t  w i th  them in each c e l l  
t y p e .

Three approaches have been taken t o  d e f i n e  the  sequence  
e le m e n ts  and b in d in g  p r o t e i n s  t h a t  are important  in C la ss  I I  
gene r e g u l a t i o n  : sequence  a n a l y s i s  t o  i d e n t i f y  p u t a t i v e
r e g u l a t o r y  seq u en ces ,  a s s a y s  o f  t h e i r  f u n c t i o n  by e x p r e s s i o n  in 
t r a n s f e c t e d  c e l l s  and t r a n s g e n i c  mice,  and a n a l y s i s  o f  p r o t e i n -  
DNA i n t e r a c t i o n s  by b i o c h e m ic a l  methods.  These approaches w i l l  
be c o n s i d e r e d  in the  next  few s e c t i o n s .

1 : 3 . 5  M olecular  mechanisms f o r  C la ss  I I  gene r e g u l a t i o n  : 
i d e n t i f i c a t i o n  o f  c i s - a c t i n a  DNA sequence  e lem en ts

Highly  conserved  DNA sequence  m o t i f s  are  found in t h e  5'  
f l a n k i n g  and i n t r o n i c  r e g i o n s  o f  a l l  known human and murine  
C la s s  I I  gen es  (Mathis e t  a l . ,  1983b; S a i t o  e t  a l . ,  1983; K e l l y  
and Trowsdale ,  1985; S u l l i v a n  e t  a l . ,  1987) as  w e l l  as  th e  I i  
ch a in  gene ( O ' S u l l i v a n  e t  a l . ,  1986) .  These correspond  t o  th e
components o f  the  t y p i c a l  e u k a r y o t i c  gene  promoter.  Most 
s t u d i e s  on C la ss  I I  t r a n s c r i p t i o n  in th e  murine sys tem have  
f o c u s e d  on th e  Ea gene;  and hence I w i l l  u se  t h i s  as a 
r e p r e s e n t a t i v e  example in th e  subsequ ent  d i s c u s s i o n .

1 : 3 . 5 . 1  The EOt 5 '  f l a n k i n g  r e g io n  c o n t a i n s  th e  components o f  the  
e u k a r y o t i c  gene promoter

Three h i g h l y  co n se r v e d  r e g u l a t o r y  s e q u en ces  have been  
d e f i n e d  in th e  5 '  f l a n k i n g  sequence  o f  the  ECX gene  immediate ly  
upstream o f  th e  RNA cap s i t e  : the  TATA c o n s e n s u s  sequence
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(GATTTTAAT) between p o s i t i o n s  -32 bp t o  -24 bp; and two h i g h l y  
c o n s e r v e d  14 bp m o t i f s  termed th e  X and Y boxes (F igu re  1 .5}  
(Mathis  e t  a l . ,  1983b; Dorn e t  a l . ,  1987a; Thanos e t  a l . ,  
1 988) .  The EOt TATA box does not  match v e r y  w e l l  w i th  th e  
c o n s e n s u s  sequence ,  which may e x p l a i n  the  o b s e r v a t i o n  t h a t  th e r e  
are  m u l t i p l e  t r a n s c r i p t i o n  i n i t i a t i o n  s i t e s  (Mathis  e t  a l . ,  
1983b) .  The Y box sequence ( CTGATTGGCCAAAG) which l i e s  between  
p o s i t i o n s  -4 8  bp and -61 bp, c o n t a i n s  an i n v e r s i o n  (ATTGG) of  
t h e  CAT box c o n sen su s  sequence .  The CAT box m o t i f  i s  found in  
t h e  upstream e lem en ts  o f  many e u k a r y o t i c  g e n e s  (McKnight and 
T i j i a n ,  1986) ,  and i s  b e l i e v e d  t o  bind an u b i q u i t o u s  (or h i g h l y  
s i m i l a r  f a m i l y  o f )  t r a n s c r i p t i o n  f a c t o r ( s )  (Dorn e t  a l . ,  1987b;  
Raymondjean e t  a l . ,  1988) .  The X box sequence ( CCTAGCAACAGATG) 
i s  s e p a r a t e d  from th e  Y box by an i n v a r i a n t  sp a c e r  e lement  o f  17 
or 18 bp. In a d d i t i o n  t o  t h e  X and Y boxes,  t h r e e  r e p e a t s  o f  th e  
Ig octamer m o t i f  (ATTTGCAT) - w i th  1 or 2 b ase  mismatches - are  
a l s o  found in t h e  immediate 5 '  f l a n k i n g  r e g io n  shown in F igure  
1 . 5 .  This  m o t i f  has been r e l a t e d  t o  the  B lymphocyte  s p e c i f i c  
a c t i v i t y  o f  t h e  Ig gene enhancer (Mason e t  a l . ,  1985) ,  but  i s  
a l s o  found in  o th e r  promoters .  A heptamer sequence  (GGACCTG) 
between p o s i t i o n s  -112 and -118 ,  t o g e t h e r  w i th  th e  X and Y 
b oxes ,  may be i n v o lv e d  in t h e  t r a n s c r i p t i o n a l  r e s p o n s e  t o  IFNy 
(Thanos e t  a l . ,  1988) .  This  r e g io n  i s  h i g h l y  homologous t o  the  
IFNy r e s p o n s e  e lement i d e n t i f i e d  in t h e  human DRa gene (B asta  e t  
a l . ,  1987) .

There i s  growing e v i d e n c e  t h a t  r e g u l a t o r y  e l e m e n ts  t h a t  l i e  
as f a r  as  2 kbp upstream o f  t h e  t r a n s c r i p t i o n  s t a r t  s i t e  are  
i n v o l v e d  in c e l l  t y p e - s p e c i f i c  C la ss  I I  gene  e x p r e s s i o n  in B 
c e l l s  (Widera e t  a l . ,  1987) .  Sequence a n a l y s i s  shows t h a t  an 
enhancer c o r e  sequence (GTGGAAAG) ( S a s s o n e - C o r s i  and B o r r e l l i ,
1986) common t o  many v i r a l  and e u k a r y o t i c  enhancers  oc c u r s  a t  
p o s i t i o n  -1 965 ,  and s i x  s i m i l a r  r e p e a t s  occur a t  -133 ,  -178,  
-1310 ,  -1 480 ,  -1680 and -1949 (F igure  1 . 5 ) .  These enhancer  
m o t i f s  are found in both  o r i e n t a t i o n s  w i th  r e s p e c t  t o  the  
t r a n s c r i p t i o n  s t a r t  s i t e .

1 : 3 . 5 . 2  The 5 '  f l a n k i n g  r e g io n  o f  o th e r  C la s s  I I  genes  : th e  
s i g n i f i c a n c e  o f  q e n e - s p e c i f i c  sequence  e le m e n ts  i s  not  
c l e a r
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S y s t e m a t i c  comparison o f  t h e  5 '  f l a n k i n g  r e g i o n s  o f  the  
C la s s  I I  genes  o f  mouse and man r e v e a l s  t h a t  Ea/DRa and a[3/DQ(3 

are  th e  most c l o s e l y  homologous p a i r s  a l th o u g h  s i m i l a r  sequence  
e l e m e n ts  do occur  in a l l  o f  th e  g e n e s .  A 22 bp sequence ,  termed  
t h e  W box,  w i th  c o n sen su s  sequence  TTTCAGAANNNNNCCTTCANA i s  
found between p o s i t i o n s  -125 t o  -145 in HLA C la s s  I I  (3 cha in  
g e n e s ;  in a d d i t i o n  t o  th e  X and Y boxes (Miwa e t  a l . ,  1987) .  I t  
i s  p a r t  o f  a Consensus IFNy re sp o n se  e lement  p r e s e n t  in both  
human and murine f3 chain  gen es  (Boss and Strominger ,  1986; Miwa 
e t  a l . ,  1987) ,  and i s  s i m i l a r  a l th o u g h  not  i d e n t i c a l  t o  a m o t i f  
found in th e  a cha in  g e n e s .  Sequences f a r t h e r  (1 -2  kbp) 5 '  of  
t h e  t r a n s c r i p t i o n  s t a r t  s i t e  are  f a i r l y  d i v e r g e n t  between the  a 
and (3 cha in  genes (Widera e t  a l . ,  1987 ) .  The s i g n i f i c a n c e  of  
t h e s e  d i f f e r e n c e s  i s  u n c le a r ;  f i r s t ,  because  t h e  f u n c t i o n a l l y  
a c t i v e  sequence  e lem en ts  are  sm al l  (8 t o  20 bp) in r e l a t i o n  to  
t h e  r e s t  o f  th e  f l a n k i n g  r e g i o n s ,  and second ,  because  the  
c o n t e x t  ( t h a t  i s ,  t i s s u e )  o f  gene e x p r e s s i o n  a l s o  p l a y s  a 
d e te r m in in g  r o l e .  C e r t a i n l y  th e  I-A and I-E  a n t i g e n s  seem t o  be 
c o - e x p r e s s e d  and c o - r e g u l a t e d  ( s e e  s e c t i o n  1 : 3 . 1 ) .  Minor 
r e g u l a t o r y  d i f f e r e n c e s  ( f o r  example,  n o n - i n d u c t i o n  o f  A(3 2 
t r a n s c r i p t i o n  by IFNy (Wake and F l a v e l l ,  1985) )  may be e x p l a i n e d  
by t h e  observed  sequence d i f f e r e n c e s .

1 : 3 . 5 . 3  R egu la tory  sequences  i d e n t i f i e d  bv DNase I 
h y p e r s e n s i t i v i t y  a n a l y s i s

P u t a t i v e  r e g u l a t o r y  sequences  have been i d e n t i f i e d  in the  
f i r s t  in t r o n  o f  the  DRa gene by DNase I mapping ( P e t e r l i n  e t  
a l . ,  198 7 ) .  These in c l u d e  t h r e e  10 bp seq u en ces  homologous to  
t h o s e  found in th e  SV40 and polyoma v i r u s  enhancers ,  o th e r  
s e q u en ces  homologous t o  th e  Ig heavy cha in  s w i t c h  r e g i o n s ,  and a 
c o n s e n s u s  t o p o - i s o m e r a s e  I I  b in d in g  s i t e  ( S u l l i v a n  e t  a l . ,
1 9 8 7 ) .  The f u n c t i o n  o f  t h e s e  sequences  i s  not  known. I n t r o n i c  
r e g u l a t o r y  sequences  have not  been found in th e  Ea gene (D. 
Mathis ,  p e r s o n a l  communicat ion) .

Apart from t h e s e  r e s u l t s ,  DNase I mapping has tended t o  
conf irm  the  in fo rm a t io n  o b t a in e d  by sequence  a n a l y s i s  - th e  DRa 
upstream e lem en ts  are  always DNase I h y p e r s e n s i t i v e  in 
e x p r e s s i n g  c e l l  t y p e s ,  but  are  not  in n o n - e x p r e s s i n g  c e l l s  
( P e t e r l i n  e t  a l . ,  1987) .  The same i s  t r u e  o f  t h e  AO gene (Liou
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e t  a l . ,  19 8 8 ) .

1 : 3 . 6  M olecular  mechanisms f o r  C la ss  I I  gene r e g u l a t i o n  : 
c i s - a c t i n a  sequence  e lem en ts  are  r e s p o n s i b l e  
f o r  t i s s u e - s p e c i f i c  e x p r e s s i o n

The f u n c t i o n  o f  r e g u l a t o r y  DNA sequence  e l e m e n ts  has been 
s t u d i e d  p r i m a r i l y  by d e l e t i o n  a n a l y s i s  : a n a l y s i s  o f  the  
e x p r e s s i o n  in t r a n s f e c t e d  c e l l s  or t r a n s g e n i c  mice o f  m o d i f i e d  
c l a s s  I I  g enes  from which p u t a t i v e  r e g u l a t o r y  sequence  e lem en ts  
have been removed.

For both  th e  ECX and DRa ge n e s ,  t h o s e  sequence  e l e m e n ts  t h a t  
l i e  between p o s i t i o n s  -1 and -100 bp from th e  t r a n s c r i p t i o n  
s t a r t  s i t e  are  both  n e c e s s a r y  and s u f f i c i e n t  f o r  e x p r e s s i o n  in  
t r a n s f e c t e d  c e l l s  (Sherman e t  a l . ,  1987; Thanos e t  a l . ,  1 988) .  
D e l e t i o n s  encompassing t h i s  r e g io n  (which i n c l u d e s  t h e  TATA, X 
and Y boxes )  are  t r a n s c r i p t i o n a l l y  i n a c t i v e ,  and do not  d i r e c t  
t h e  s y n t h e s i s  o f  mRNA. D e l e t i o n  o f  s equences  5 '  o f  t h e  X box,  
upto  about p o s i t i o n  -160 t o  -200 ,  r e s u l t s  in an enhancement of  
t h e  b a s a l  l e v e l  o f  t r a n s c r i p t i o n  in th e  Ed (Thanos e t  a l . ,
1988) ,  DRd (B asta  e t  a l . ,  1 987 ) and DQ(3 (Bo s s  and Strominger ,  
1986) g e n e s ;  s u g g e s t i n g  t h a t  n e g a t i v e  r e g u l a t o r y  e l e m e n t ( s )  are  
p r e s e n t  in t h i s  r e g i o n .  I t  i s  no teworthy  t h a t  t h i s  r e g io n  
i n c l u d e s  th e  IFNy r e s p o n s e  e lem ent .  I t  i s  t h e r e f o r e  p o s s i b l e  
t h a t  th e  t r a n s c r i p t i o n a l  enhancement cau sed  by t h i s  m ediator  i s  
t h e  r e s u l t  o f  d i s p la c e m e n t  o f  a r e p r e s s o r  p r o t e i n  bound t o  the  
IFNy r e s p o n s e  e lement  (Boss and Strominger ,  1 9 8 6 ) .  Sequence  
d e l e t i o n s  f u r t h e r  5 '  r e v e a l  th e  p r e s e n c e  o f  bo th  n e g a t i v e  and 
p o s i t i v e  r e g u l a t o r y  e lem en ts  (Thanos e t  a l . ,  1988) but  w i t h o u t  a 
remarkable p a t t e r n .

I t  i s  d i f f i c u l t  t o  a s c r i b e  t i s s u e - s p e c i f i c  a c t i v i t y  to  
r e g u l a t o r y  e l em en ts  from th e  r e s u l t s  o f  c e l l  t r a n s f e c t i o n  
a s s a y s ,  s i n c e  a l i m i t e d  number o f  c e l l  t y p e s  has been used 
( f i b r o b l a s t s ,  HeLa c e l l s ,  th e  WEHI-3 macrophage or K562 
leukaemia  c e l l  l i n e s ) .  I t  i s ,  however,  noteworthy  t h a t  the  
b a s a l  t r a n s c r i p t i o n  l e v e l  o f  i d e n t i c a l  Ea gene 5 '  d e l e t i o n s  
( -8 3 7  bp t o  -353 bp) i s  d i f f e r e n t  between f i b r o b l a s t s  and 
WEHI-3; i n d i c a t i n g  t h a t  a t  l e a s t  some o f  the  r e g u l a t o r y  e lem en ts  
in  t h i s  r e g io n  are  t i s s u e  s p e c i f i c  (Thanos e t  a l . ,  1 9 8 8 ) .

Data from t r a n s g e n i c  mice p r o v id e s  much more in fo r m a t io n
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r e g a r d in g  the  sequence  e lem en ts  r e s p o n s i b l e  f o r  t h e  t i s s u e -  
s p e c i f i c  t r a n s c r i p t i o n  o f  th e  EOC ge ne .  Most o f  t h e s e  s t u d i e s  
have been performed w i th  I-E  d e f i c i e n t  H-2b or H-2S h a p l o t y p e s ,  
e n a b l i n g  th e  e x p r e s s i o n  o f  th e  t r a n s g e n e  t o  be d e t e c t e d  e a s i l y .  
Clean d e l e t i o n s  o f  e i t h e r  th e  X or Y box r e s u l t  in  s u p e r f i c i a l l y  
t h e  same phenotype  : t i s s u e  s p e c i f i c  e x p r e s s i o n  in B c e l l s  and 
macrophages,  but  w i th  reduced l e v e l s  o f  t r a n s c r i p t i o n  and 
a b e r r a n t  t r a n s c r i p t i o n  i n i t i a t i o n  (Dorn e t  a l . , 19 8 7 a ) .  D e t a i l e d  
exam inat ion  shows c o m p a r tm e n ta l i z a t io n  o f  I-E  e x p r e s s i o n  : X box 
d e l e t i o n s  r e s u l t  in t h e  l o s s  o f  e x p r e s s i o n  in t h e  thymic c o r t e x  
but not  th e  medulla ,  w h i l e  Y box d e l e t i o n s  have t h e  co n v e r se  
e f f e c t  (van Ewijk e t  a l . ,  1 988) .  B c e l l  e x p r e s s i o n  i s  
h e t e r o g e n o u s  in both  c a s e s ,  w i th  o n ly  20-50% p o s i t i v i t y  w i th  Y 
box d e l e t i o n s .  Another d i f f e r e n c e  i s  in  e x p r e s s i o n  by
p e r i t o n e a l  exudate  macrophages,  which are n e g a t i v e  w i th  Y but  
not  X box d e l e t i o n s .  These s t r i k i n g  r e s u l t s ,  o b t a in e d  with  
c l e a n  d e l e t i o n s  o f  s m a l l ,  h i g h l y  co n serv ed  seq u en ces  t h a t  are  
v ery  c l o s e  t o g e t h e r  argue t h a t  t h e  X and Y boxes a c t  in c o n c e r t  
r a t h e r  than i n d e p e n d e n t ly .  I t  i s  t empt ing t o  s p e c u l a t e  t h a t  
t h i s  in terd ep en d en cy  i s  due t o  th e  i n t e r a c t i o n  o f  X and Y box 
b in d in g  f a c t o r s  t h a t  a l s o  bind each o th e r  (Takahashi  e t  a l . ,  
1986; van Ewijk e t  a l . ,  1988) .

Data from t r a n s g e n i c s  a l s o  conf irm s  t h a t  seq u e n c e s  in th e  -1 
t o  -2  kbp r e g io n  o f  th e  Ea gene are important  f o r  B c e l l  
s p e c i f i c  t r a n s c r i p t i o n a l  a c t i v i t y  (Widera e t  a l . ,  1987; van 
Ewijk e t  a l . ,  1 988) .  I t  i s  i n t e r e s t i n g  t h a t  when t h i s  r e g io n  i s  
d e l e t e d  most,  but  not  a l l ,  B c e l l s  do not  e x p r e s s  I-E  : B c e l l s  
in  t h e  germinal  c e n t r e  o f  th e  s p l e e n  and lymph nodes r e t a i n  
e x p r e s s i o n .  Thus t h e s e  c e l l s ,  a c t i v a t e d  ly m p h o b la s t s  f o r  the  
most p a r t ,  may have a d i f f e r e n t  t r a n s c r i p t i o n a l  c o n t r o l  from 
o t h e r  B lym phocytes .  D i f f e r e n c e s  in t h e  germinal
c e n t r e  m icro -env ironm ent ,  such as  the  p r e s e n c e  o f  a c y t o k i n e  
m edia tor ,  may a l s o  be im portan t .

1 : 3 . 7  M olecular  mechanisms f o r  C la s s  I I  gene r e g u l a t i o n  : 
t r a n s - a c t i n g  p r o t e i n s  t h a t  i n t e r a c t  w i th  c i s - a c t i n a  
DNA sequence  e lem en ts

The f a c t  t h a t  c i s - a c t i n g  e l em en ts  are  n e c e s s a r y  f o r  t i s s u e  
s p e c i f i c  C la ss  I I  gene e x p r e s s i o n  might  be e x p e c t e d  t o  p r e d i c a t e
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t h e  e x i s t e n c e  o f  t i s s u e - s p e c i f i c  n u c l e a r  p r o t e i n s  t h a t  i n t e r a c t  
w ith  them. Two b io c h e m ic a l  t e c h n i q u e s  have been used  to  
i d e n t i f y  such p r o t e i n s .  Gel r e t a r d a t i o n  a s s a y s  permit  the  
d e t e c t i o n  o f  protein-DNA complexes  t h a t  move more s l o w l y  than  
f r e e  DNA on nondenatur ing p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s .  
DNase I f o o t p r i n t i n g  a s s a y s  r e v e a l  s i t e s  o f  DNA-protein 
i n t e r a c t i o n  as  bands p r o t e c t e d  from d i g e s t i o n  w i th  DNase I .  The 
X and Y boxes have been shown by both  t h e s e  t e c h n i q u e s  t o  bind  
d i f f e r e n t  p r o t e i n s  (Dorn e t  a l . ,  1987a; Dorn e t  a l . ,  1987b) .  
NF-Y; a sequence  s p e c i f i c  DNA-binding p r o t e i n  which b in d s  t h e  Y 
box, i s  c l e a r l y  d i f f e r e n t  from any o t h e r  known CAT box b in d in g  
p r o t e i n  such as  CBP or CTF/NF-1 (McKnight and T i j i a n ,  1986; Dorn 
e t  a l . ,  1987b) .  NF-Y b in d in g  a c t i v i t y  i s  c r i t i c a l l y  dependent on 
th e  c e n t r a l  5 n u c l e o t i d e s  o f  t h e  Y box sequence ,  which i n c l u d e s  
th e  i n v e r t e d  CAT box sequence .  P r e l im in a r y  b i o c h e m ic a l  a n a l y s i s  
shows t h a t  i t  i s  a l a r g e  (>250 kD), m u l t im e r ic  g l y c o p r o t e i n  (D. 
Mathis ,  p e r s o n a l  communicat ion) .  NF-Y has a l s o  been demonstrated  
t o  bind t o  CAT boxes  from o t h e r  g enes  (Dorn e t  a l . ,  1987b),  but  
i t s  a f f i n i t y  i s  l e s s  than f o r  t h e  Y box.

Are th e  C la s s  I I  gene p r o m o ter -b in d in g  p r o t e i n s  found o n ly  
in C la ss  I I  e x p r e s s i n g  c e l l  t y p e s  ? U n f o r t u n a t e l y ,  t h i s  s im p le  
e x p l a n a t i o n  f o r  the  t i s s u e - s p e c i f i c i t y  o f  gene e x p r e s s i o n  cannot  
be invoked : p r o t e i n s  b ind in g  e l e m e n ts  o f  th e  C la s s  I I  gene  
promoter are  p r e s e n t  in n u c le a r  e x t r a c t s  from s e v e r a l  non­
e x p r e s s i n g  c e l l  t y p e s  (Dorn e t  a l . ,  1987a; S u l l i v a n  e t  a l . ,  
1987) .  In t h i s  regard th e  s i t u a t i o n  i s  s i m i l a r  t o  t h a t  f o r  o th e r  
t i s s u e - s p e c i f i c  genes  l i k e  Ig (Sen and B a l t im ore ,  1986a) .

What i s  not  y e t  c l e a r ,  however,  i s  whether th e  p r o t e i n s  t h a t  
bind t h e  C la s s  I I  gene promoter in n o n - e x p r e s s i n g  c e l l  t y p e s  are  
t h e  same as  t h o s e  t h a t  bind i t  in e x p r e s s i n g  c e l l  t y p e s .  There  
i s  e v id e n c e  t o  s u g g e s t  t h a t  t h i s  i s  not  th e  c a s e  : th e  DNase I 
f o o t p r i n t i n g  p a t t e r n  o f  th e  DR0( gene i s  d i f f e r e n t  w i th  n u c le a r  
e x t r a c t s  from f i b r o b l a s t s  in comparison t o  B c e l l s  ( S u l l i v a n  e t  
a l . ,  1987) .  In a d d i t i o n ,  t h e r e  are  q u a n t i t a t i v e  d i f f e r e n c e s  
between f i b r o b l a s t  and B c e l l  n u c le a r  e x t r a c t s  in b ind in g  to  
each o f  th e  DRCX promoter e lem en ts  ( S u l l i v a n  e t  a l . ,  1987) .  I t  i s  
tempt ing  t o  s p e c u l a t e  t h a t  t h e s e  d i f f e r e n c e s ,  q u a n t i t a t i v e  and 
q u a l i t a t i v e ,  account  f o r  th e  observed  d i f f e r e n c e s  in gene  
e x p r e s s i o n .  However f u r t h e r  a n a l y s i s  i s  n e c e s s a r y  t o  r e s o l v e  
t h i s  problem.
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The a c t o r s  -  DNA sequence  m o t i f s  and DNA-binding p r o t e i n s  - 
t h a t  p la y  a r o l e  in MHC C la ss  I I  gene r e g u l a t i o n  have been 
i d e n t i f i e d .  However th e  manner in which t h e y  i n t e r a c t  in  
p h y s i o l o g i c a l  s i t u a t i o n s  i s  s t i l l  f a r  from c l e a r .  The B 
lymphocyte l i n e a g e ,  in which C la s s  I I  e x p r e s s i o n  i s  r e l a t e d  to  
t h e  s t a g e  o f  d i f f e r e n t i a t i o n ,  i s  a model system f o r  a n a l y s i s  o f  
t h i s  i n t e r a c t i o n .

1 : 3 . 8  M olecular  mechanisms f o r  C la s s  I I  r e g u l a t i o n  :
a n a l y s i s  o f  r e g u l a t i o n  in t h e  B lymphocyte l i n e a g e

As d i s c u s s e d  in d e t a i l  in  s e c t i o n  1 : 3 . 1 ,  MHC C la ss  I I  
e x p r e s s i o n  i s  r e l a t e d  t o  th e  s t a g e  o f  d i f f e r e n t i a t i o n  in the  B 
lymphocyte l i n e a g e .  Murine pre-B  c e l l s  are  MHC C la ss  I I
n e g a t i v e ,  mature B c e l l s  e x p r e s s  a t  h igh  l e v e l s ,  and plasma  
c e l l s  are  e i t h e r  C la ss  I I  n e g a t i v e  or e x p r e s s  a t  v ery  low l e v e l s  
(F ig u r e  1 . 6 ) .  This  makes th e  B lymphocyte l i n e a g e  a unique  
model f o r  th e  study o f  C la ss  I I  gene r e g u l a t i o n  : t h e  g enes  are  
e x p r e s s e d  and supp ressed  in a p r e d i c t a b l e  manner dur ing  th e  l i f e  
h i s t o r y  o f  a s i n g l e  c e l l .

I t  i s  l i k e l y  t h a t  d i f f e r e n c e s  in the  e x p r e s s i o n  o f  C la ss  I I  
g en es  during  B c e l l  d i f f e r e n t i a t i o n  are  due t o  s p e c i f i c
r e g u l a t o r y  mechanisms,  perhaps r e l a t e d  t o  t h e  p r e s e n c e  or 
ab sen ce  o f  t r a n s - a c t i n g  r e g u l a t o r y  p r o t e i n s  t h a t  bind to  
s p e c i f i c  sequence  m o t i f s .  This  does  appear t o  be th e  c a s e  wi th  
Ig  gene  t r a n s c r i p t i o n  in th e  B lymphocyte l i n e a g e ,  which i s  a l s o  
r e l a t e d  t o  the  s t a g e  o f  c e l l  d i f f e r e n t i a t i o n  (Sen and B a l t im ore ,  
1986b);  s u g g e s t i n g  t h a t  C la ss  I I  gene r e g u l a t i o n  i s  but  one 
f a c e t  o f  a complex deve lop m en ta l  programme.

Most data  on t r a n s - a c t i n g  r e g u l a t o r y  p r o t e i n s  has come from 
work on a s e r i e s  o f  n o n - e x p r e s s i n g  mutants d e r i v e d  from C la ss  I I  
e x p r e s s i n g  B lymphocyte l i n e s  r e p r e s e n t i n g  t h e  mature B c e l l  
phenotype  ( A c c o l l a ,  1983; A c c o l l a  e t  a l . ,  1985; S a l t e r  e t  a l . ,  
1985; Caiman and P e t e r l i n ,  1987) .  The mutants in t h e s e  s e r i e s  
have d i s t i n c t  d e f e c t s  due t o  th e  l a c k  of  th e  a c t i v i t y  o f  one or 
more r e g u l a t o r y  p r o t e i n s  t h a t  permit  th e  i n i t i a t i o n  of  gene  
t r a n s c r i p t i o n .  The d e f e c t s  can be c o r r e c t e d  by f u s i o n  with  
normal human or murine c e l l s ,  e i t h e r  n o n - e x p r e s s i n g  T 
lymphocytes  or e x p r e s s i n g  B lymphocytes  ( A c c o l l a  e t  a l . , 1 9 8 5 ;
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S a l t e r  e t  a l . ,  1985) .  S e g r e g a t i o n  a n a l y s i s  o f  a s e r i e s  of  
human-mouse f u s i o n s  has a s s i g n e d  one such t r a n s - a c t i n g  e lement  
t o  murine chromosome 16 ( A c c o l l a  e t  a l . ,  1 986) .

Evidence  from t r a n s f e c t i o n  and DNase I f o o t p r i n t i n g  a s s a y s  
i n d i c a t e s  t h a t  t h e  mutants do not  always l a c k  t h e  r e g u l a t o r y  
p r o t e i n s  per se ;  i n s t e a d  s u b t l e  m utat ions  in t h e  p r o t e i n s  may 
r e s u l t  in  t h e  l o s s  o f  t r a n s c r i p t i o n a l  r e g u l a t o r y  a c t i v i t y  
a l th o u g h  DNA-binding a c t i v i t y  p e r s i s t s  ( S u l l i v a n  e t  a l . ,  1987) .  
A l t e r n a t i v e l y ,  t h e  d e f e c t  may be in u n i d e n t i f i e d  ' c o o p e r a t i v e '  
r e g u l a t o r y  e lem en ts  t h a t  do not  th e m s e lv e s  d i r e c t l y  bind t o  DNA 
sequence  m o t i f s .  For example,  d e f e c t i v e  DR and DQ e x p r e s s i o n  in  
one such mutant was p a r t i a l l y  complemented by t r a n s f e c t i o n  o f  
t h e  v -H a -ras  or n - ras on cogenes;  a l th ou gh  t h e  o r i g i n a l  d e f e c t  
i s  not  a ras  mutation (Hume e t  a l . ,  1987) .

1:4 AIMS OF THE RESEARCH

The da ta  d i s c u s s e d  here  i n d i c a t e  t h a t  C la s s  I I  gene  
r e g u l a t i o n  in c e l l s  o f  th e  B lym phocyt ic  l i n e a g e  i s  a d i s t i n c t  
f a c e t  o f  a complex deve lop m en ta l  programme. I t  i s  not  c l e a r  how 
t h i s  programme i s  implemented in the  c a s e  o f  C la s s  I I  genes in  
each o f  th e  d i f f e r e n t  B lym phocyt ic  d i f f e r e n t i a t i o n  s t a g e s .  
Understanding  t h i s  i s  c l e a r l y  o f  g r e a t  importance in u n r a v e l l i n g  
t h e  complex i n t e r a c t i o n s  o f  t h e  d i f f e r e n t  t y p e s  o f  C la ss  I I  gene  
r e g u l a t o r y  e lem en ts  in a p h y s i o l o g i c a l  s i t u a t i o n .

The r e s e a r c h  p r e s e n t e d  in t h i s  t h e s i s  i s  an a t tem pt  to  
approach t h e s e  q u e s t i o n s  : what are the  mechanisms t h a t  are  
r e s p o n s i b l e  f o r  th e  e x p r e s s i o n  and s u p p r e s s i o n  o f  C la ss  I I  
g en es  dur ing  B lymphocyte d i f f e r e n t i a t i o n  ? Are th e y  s i m i l a r  in  
c e l l s  a t  d i f f e r e n t  deve lopm enta l  s t a g e s  ? Are e x p r e s s i o n  and 
s u p p r e s s i o n  two s i d e s  o f  th e  same r e g u l a t o r y  mechanism, or are  
th ey  d i s t i n c t  ?
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THE MURINE MHC

- 3'

K l-A l-E D L Ss Sip Qa/TL

FIGURE 1.1
(Based on d a ta  from S te in m etz  e t  a l . ,  1982b and 1986; F l a v e l l  e t

a l . ,  1985) .

This  f i g u r e  i s  a schem at ic  r e p r e s e n t a t i o n  o f  the  murine MHC 
l o c u s  on t h e  s h o r t  arm of  chromosome 17. Roman numerals  
i n d i c a t e  C la s s  I ,  I I  and I I I  genes ;  w h i le  l e t t e r s  r e f e r  to  the  
MHC r e g i o n s  and s u b - r e g i o n s .  MHC a s s o c i a t e d  p a s s e n g e r  g en es  
(TNF/LT, 21 h y d r o x y la s e )  are not  shown.
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MURINE CLASS I GENES AND ANTIGENS

A.

5’

L 1 7M CYT S’UT

B.

CHO

CHO

N terminus

C terminus

FIGURE 1,2

(Adapted from F l a v e l l  e t  a l . ,  1985)

A. shows t h e  o r g a n i z a t i o n  o f  a t y p i c a l  C la ss  I gene ,  w h i l e  
B. shows the  s t r u c t u r e  o f  a C la ss  I a n t i g e n  in complex w i th  (32- 
m i c r o g l o b u l i n  (B2M). Numerals 1 t o  3 r e f e r  t o  the  a cha in  e x t r a -  
c y t o p l a s m i c  domains,  L to  the  l e a d e r  p e p t i d e ,  TM to  the  
transmembrane domain and CYT t o  th e  c y t o p l a s m i c  t a i l  r e g i o n .

In B. ,  th e  p o s i t i o n  o f  i n t r a - c h a i n  d i s u l p h i d e  bonds i s  shown
by S S; and p o t e n t i a l  g l y c o s y l a t i o n  s i t e s  by CHO.
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MURINE CLASS II GENES

A.
H-2K l-A I-Ei i i “ i r~ I

m m □ □  ■  ■ m □  ■ □
Apx Af, A<*

?

B. ALPHA CHAIN

1 2 TMCYT 3 UT

BETA CHAIN

L 1 2 TM CYT 3'UT

FIGURE 1.3
(Adapted from F l a v e l l  e t  a l . ,  1985)

A. shows t h e  d e t a i l e d  o r g a n i z a t i o n  o f  th e  I r e g i o n  o f  the  
MHC. Boxes i n d i c a t e  known genes (open boxes are  p s e u d o g e n e s ) .  
The pseudogene aP3 l i e s  c l o s e  t o  the  H-2K r e g i o n ,  which i s  a l s o  
shown. Arrows show gene o r i e n t a t i o n ,  i f  a s c e r t a i n e d .

B. shows the  t y p i c a l  s t r u c t u r e  o f  a and P ch a in  g e n e s .  
Numerals r e f e r  to  e x t r a - c y t o p l a s m i c  domain exons,  L to  the  
l e a d e r  p e p t i d e ,  TM to  the  transmembrane r e g i o n ,  CYT to  the  
c y t o p l a s m i c  t a i l  and UT to  u n t r a n s l a t e d  r e g i o n s  of  th e  mRNA.
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a 3

FIGURE 1.4  
CLASS I I  ANTIGENS

(Based on in fo r m a t io n  from Mengle-Gaw and McDevitt ,  1985)

T his  f i g u r e  i s  a s ch em a t ic  r e p r e s e n t a t i o n  o f  th e  s t r u c t u r e  
o f  C la s s  II a n t i g e n s ,  a and (3 ch a in  p o l y p e p t i d e s  have i n t r a ­
ch a in  d i s u l p h i d e  l i n k s  ( - S - S - )  and p o t e n t i a l  g l y c o s y l a t i o n  s i t e s  
(CHO).
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E alpha GENE REGULATORY SEQUENCES

EC = Enhancer core sequence 
R = Inverted repeats

+ — h
X Y

CCTAGCAACAGATG
TATA
GATTTAAT

mRNA start 
site atg

GTGGAAA GTGGAAA CTGATTGGCAAAG

-180 -140 -80 -60 -40 -20 +1 +40

-2000 -1600 -1200

EC R EC EC R EC

(Based on in fo r m a t io n  from Dorn e t  a l . ,  1987a; Widera e t  a l . ,
1 987 )

The seq u en ces  t h a t  r e g u l a t e  E0( gene t r a n s c r i p t i o n  are  shown. 
Arrows show th e  o r i e n t a t i o n  of  the  enhancer co re  sequence  
GTGGAAAG (EC). Other r e g u l a t o r y  sequences are i n d i c a t e d  by 
b o x e s .  The s c a l e s  are  in bp, co u n t in g  from the main Ed mRNA 
s t a r t  s i t e  (+1 ) .
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MHC CLASS II EXPRESSION IN THE MURINE B-CELL LINEAGE
STAGE PRE-B CELL B-CELL LYMPHOBLAST PLASMA CELL

Th
EXPRESSION OF MHC 
CLASS II ANTIGENS + ++ + / -  OR -

FIGURE 1.6
CLASS I I  EXPRESSION IN THE MURINE B LYMPHOCYTE LINEAGE

This  f i g u r e  i s  based on the  data  of  many workers mentioned  
in s e c t i o n  1 : 3 . 1 .



CHAPTER 2

MATERIALS AND METHODS
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Except where o t h e r w i s e  s p e c i f i e d ,  a l l  c h e m i c a l s  used  fo r  
c e l l  c u l t u r e  and immunochemistry were AnalaR grade  s u p p l i e d  by 
BDH Chemicals  L t d . ,  P o o le ,  D o r s e t .  M a t e r i a l s  used  f o r  n u c l e i c  
a c i d  m o le c u la r  b i o l o g y  are  s p e c i f i e d  s e p a r a t e l y .

2:1 CELLS AND CELL CULTURE

2 : 1 .1  C e l l  l i n e s

NFS 8 . 1 8  and NFS 1.3  are  two of  a s e r i e s  o f  B lymphoid 
tumours d e r i v e d  from NFS/N s t r a i n  mice and propagated  in c e l l  
c u l t u r e  by Davidson and co -w orkers  ( 1 9 8 4 ) .  These tumours were 
t h e  kind g i f t  o f  Dr. W.F. Davidson (Laboratory  o f  V ir o lo g y ,  
NIAID, NIH, Be thesda,  USA).

A20 and M12 are  spontaneous B c e l l  lymphoma c e l l  l i n e s  
d e r i v e d  from th e  BALB/c mouse s t r a i n  (Kim e t  a l . ,  1 9 7 9 ) .  A 
HGPRT", HAT medium s e n s i t i v e  v a r i a n t  o f  A20 ( o r i g i n a l l y  termed 
L10A2J; McKean e t  a l . ,  1981) was s e l e c t e d  f o r  r e s i s t a n c e  t o  10 
mM ouabain by Dr B.M. Chain (Department o f  B i o l o g y  (Medawar 
B u i l d i n g ) ,  U n i v e r s i t y  C o l l e g e  London).  This  c e l l  l i n e  
( A 2 0 .0 1 .5 )  was used  in th e  exp er im en ts  d e s c r i b e d  h e r e .

P3X63Aq8 fX63 ) i s  a HAT medium s e n s i t i v e ,  IgG1 s e c r e t i n g  
plasmacytoma t h a t  was c lo n e d  from the  m i n e r a l - o i l  induced  
MOPC-21 tumour o f  BALB/c mice (Kohler and M i l s t e i n ,  1975) .  X63 
c e l l s  were th e  kind g i f t  o f  Dr D. Mathis  (Centre de Genetique  
M o l e c u l a i r e  des  Eukaryotes ,  S trasbourg ,  F ra n c e ) .  P3-NS1/1Aa4.1 
(NS1) i s  a HAT medium s e n s i t i v e ,  n o n - s e c r e t i n g  plasmacytoma c e l l  
l i n e  c lo n e d  from X63 (Kohler e t  a l . ,  1976) .  The NS1 c e l l s  used  
in  t h e s e  exper im ents  were o r i g i n a l l y  o b ta in e d  from t h e  American 
Type C ul tu re  C o l l e c t i o n  (ATCC, Bethesda,  Mayland, USA) and had 
been m ainta ined  f o r  s e v e r a l  y e a r s  in our l a b o r a t o r y  p r i o r  to  
u s e .

K3. a c lo n e d  hybridoma c e l l  l i n e  produced by t h e  f u s i o n  of  
NS1 w i th  CBA s t r a i n  s p l e n i c  c e l l s ,  was prov ided  by Dr Chain.  
These c e l l s  are r e s i s t a n t  t o  HAT medium but are  s e n s i t i v e  to  
10 mM ouaba in .
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Sp 2 /0 -A q14 ( Sp 2 / 0 ) i s  a n o n s e c r e t i n g  hybr id  c e l l  d e r iv e d  
from th e  f u s i o n  o f  X63 w ith  BALB/c s t r a i n  s p l e n i c  c e l l s  
(Schulman e t  a l . ,  1978) .  Sp2/0 i s  HAT s e n s i t i v e  and i s  used  as  
a f u s i o n  p a r tn e r  f o r  t h e  p ro d u ct io n  o f  murine hybridomas.  Sp2/0 
and two c lo n e d  hybridoma c e l l  l i n e s ,  HB124 and HB12 5 . produced  
by th e  f u s i o n  o f  Sp2/0 w i th  BALB/c s t r a i n  s p l e n i c  c e l l s  (Schroer  
e t  a l . ,  1983) ,  were o b ta in e d  from t h e  ATCC.

The human B u r k i t t ' s  lymphoma c e l l  l i n e s  RAJI and RAMOS, 
which are  r e s p e c t i v e l y  EBV p o s i t i v e  and n e g a t i v e  ( P u l v e r t a f t  e t  
a l . ,  1964; G i o v a n e l l a  e t  a l . ,  1975) ,  were o b t a i n e d  from the  
ATCC. Another EBV p o s i t i v e  ly m p h o b la s to id  c e l l  l i n e  RPMI 7666 
(Moore e t  a l . ,  1967) ,  and th e  human plasmacytoma HS-Sultan  
(H arr is  e t  a l . ,  1974) ,  were o b t a in e d  from th e  same s o u r c e .

The murine m ac r o p h a g e - l ik e  tumour c e l l  l i n e ,  WEHI-3. and 
a v a r i a n t  o f  th e  mouse mastocytoma,  P815 . were t h e  g i f t s  o f  Dr 
P. Kaye (London School  of  T r o p ic a l  Medic ine and Hygiene)  and Dr 
H. Ikeda (ICRF, London) r e s p e c t i v e l y .  These l i n e s  were 
o r i g i n a l l y  o b t a in e d  from th e  ATCC.

2 : 1 . 2  C e l l  c u l t u r e

In g e n e r a l ,  th e  methods used were as d e s c r i b e d  by M i s h e l l  
and S h i i g i  ( 1 9 8 0 ) .

RPMI 1640 medium b u f f e r e d  w i th  25 mM 2 - 4 - ( 2 - h y d r o x y e t h y l ) - 1 -  
p i p e r a z i n e  e thane  su lp h o n ic  a c i d  (HEPES) and c o n t a i n i n g  2 mM 1-  
g lu ta m in e  (RPMI 1640; Gibco Europe, P a i s l e y ,  S c o t la n d )  was used  
f o r  the  c u l t u r e  o f  c e l l  l i n e s .  B e fo r e  u se ,  (3-mercaptoethanol  
((3 —ME, Sigma Chemical  Co. ,  P o o le ,  Dorse t )  was added t o  a f i n a l  
c o n c e n t r a t i o n  o f  5 x 10"5 M. Gentamycin s u l p h a t e  (50 pg/ml;  
Sigma) and Amphotericin B (25 pg/ml;  Fungizone ,  Gibco)  were 
sometimes added.

Batches  o f  f o e t a l  c a l f  serum (FCS; Gibco)  were t e s t e d  p r i o r  
t o  purchase t o  ensu re  t h a t  th ey  supported  t h e  growth o f  c e l l  
l i n e s .  Serum was h e a t - i n a c t i v a t e d  a t  56° C f o r  30 minutes
b e f o r e  u s e .
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Hank's b u ffe r e d  s a l t  s o lu t io n  (HBSS, G ibco) was u sed  fo r  
p rep a r in g  and w ashing c e l l  su s p e n s io n s . P hosphate b u ffe r e d  
s a l in e  (PBS, pH 7 .2 ;  G ibco) c o n ta in in g  0 .1 4  M sodium  c h lo r id e ,  
2 .7  mM p o ta ssiu m  c h lo r id e ,  1 .5  raM p otassiu m  d ih yd rogen  phosp hate  
and 8 .1  mM d isod iu m  hydrogen p hosp hate was used  fo r  th e  same 
p u r p o se s .

C e l ls  were grown in  RPMI 1640 w ith  10% FCS (grow th medium) 
a t  37° C in  a h u m id ifie d  atm osphere o f  5% carbon d io x id e  in  a i r .

They were m ain ta in ed  a t  a d e n s i t y  o f 104 to  105 c e l l s / m l  in
h o r iz o n ta l f la s k s  (25 to 175 cm2 su r fa c e  area; Nunc A /S,
R o sk ild e , Denmark) and su b c u ltu r e d  every  2 to 5 d a y s. C e ll
number and v i a b i l i t y was r o u t in e ly  m easured by trypan b lu e
e x c lu s io n (Kruse and P a tte r s o n , 1973) b e fo r e u se  in any
ex p e r im e n t.

C u ltu res  were p e r io d ic a l ly  t e s t e d  fo r  th e p resen ce* o f
Mycoplasma in f e c t io n  a t  th e  Departm ent o f M ic r o b io lo g y , Charing  
C ross H o s p ita l .

2 :1 .3  Mice

S p e c i f i c  pathogen  f r e e  BALB/c, CBA and SJL s t r a in  m ice o f  
e i t h e r  sex  a t  4-12  weeks o f  age were o b ta in ed  from th e  Animal 
U n it, C haring C ross H o s p ita l ,  London and u sed  as a so u rce  o f  
s p le n ic  lym phoid c e l l s .  The an im als were m ain ta in ed  under 
c o n v e n t io n a l c o n d it io n s  w ith  fo o d  and w ater p ro v id ed  ad l ib itu m .  
Nu/nu m ice o f  e i t h e r  sex  a t  4 weeks o f  age k ep t in  s p e c i f i c  
pathogen  f r e e  c o n d it io n s  were used  fo r  th e  p r e p a r a tio n  o f  
mAb c o n ta in in g  a s c i t e s .

2 :1 .4  P re p a r a tio n  o f  s in g le  c e l l  su sp e n s io n s  o f  m urine s p le n ic  
c e l l s

S p leen s  were a s e p t i c a l l y  removed from a n im a ls , p r e sse d  
through s t e r i l e  nylon  mesh (125 mesh; C adish L td ., London) and 
washed tw ic e  in  HBSS (M ish e ll  and S h i ig i ,  1 9 8 0 ). Red b lood  
c e l l s  were removed by l y s i s  in  e r y th r o c y te  l y s i s  b u f fe r  (17 mM
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T ris-H C l, pH 7 .2 ;  0 .1 4 4  M NH4CI) fo r  2 m in u tes a t  room
tem p eratu re  fo llo w e d  by two w ashes in  HBSS c o n ta in in g  10% FCS 
(M ish e ll  and S h i i g i ,  1 9 8 0 ). T h is u n fr a c t io n a te d  s p le n ic  c e l l  
p o p u la tio n  was used  fo r  so m a tic  c e l l  fu s io n s  w ith in  1 hour, and 
fo r  o th e r  ex p er im en ts , w ith in  8 h r s .

2:2  SOMATIC CELL HYBRIDIZATION

2 :2 .1  P rep a ra tio n  o f  c e l l s

C u ltu res  (5 -8  x 104 c e l l s / m l )  o f  NS1, A20 and K3 c e l l  l i n e s  
were su b c u ltu r e d  1 in  2 tw e n ty -fo u r  hours b e fo r e  u se  to  en su re  
th a t  th ey  were in  th e  lo g  phase o f  grow th . The fo l lo w in g  day 
c e l l s  were h a r v e s te d , washed tw ic e  in  HBSS and v i a b i l i t y  
d eterm in ed  by trypan  b lu e  e x c lu s io n .  C e l ls  were n ot used  u n le s s  
v i a b i l i t y  was > 95%.

2 :2 .2  NS1 x s p le n ic  c e l l s

NS1 c e l l s  were fu se d  w ith  s in g le  c e l l  su sp e n s io n s  o f  murine 
s p le n ic  c e l l s  in  a r a t io  o f  1:10 ( t y p i c a l l y ,  1 07 NS1 c e l l s  to  
108 s p le n ic  c e l l s )  by a m o d if ic a t io n  o f  th e  method o f G a lfr e  and 
cow orkers (1977) u s in g  PEG (P o n teco rv o , 1 9 7 6 ). The c e l l s  were 
washed tw ic e  in  HBSS to  remove serum and p e l l e t t e d  to g e th e r  a t  
500 x g . A l l  su p ern a ta n t f l u i d  was c a r e f u l ly  a s p ir a te d  and th e  
c e l l s  were g e n t ly  but th o ro u g h ly  resu sp en d ed  in  1 ml o f  50% PEG 
(w /v) (Mr=1500; t i s s u e  c u ltu r e  t e s t e d ,  Sigma) warmed to  37° C. 
The m ix tu re  was in cu b a ted  a t  37° C fo r  6 m in u tes and then  25 ml 
o f  RPMI 1640 was added drop by drop over 5 m in u tes w ith  c o n s ta n t  
g e n t le  m ix in g . T h is c e l l  su sp e n s io n  was p la te d  ou t a t  0 .5  to  1 x 
106 c e l l s / m l  in  24 w e l l  t i s s u e  c u ltu r e  p la t e s  (N unc), and RPMI 
1640 c o n ta in in g  20% FCS added to  a f i n a l  volum e o f  1 m l/w e l l .  
A fte r  24 h o u r s ' c u ltu r e  a t  37° C, 1 ml o f  2x HAT s e l e c t i v e  
medium (50x c o n c e n tr a te , Sigma, d i lu t e d  in to  grow th medium) was 
added to  each w e l l  to  g iv e  a f i n a l  c o n c e n tr a t io n  o f  1x HAT (100  
pM h y p oxan th in e , 16 pM a m in o p ter in , 100 nM th y m id in e ) . The
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c e l l s  were m a in ta in ed  in  HAT s e l e c t i v e  medium u n t i l  grow th o f  
HAT r e s i s t a n t  h y b r id s was ap p aren t (u s u a l ly  8 -12  days a f t e r  
f u s io n ) .  The h yb rid  c e l l  l i n e s  were th en  expanded in  HT 
s e l e c t i v e  medium (HAT medium w ith o u t a m in o p ter in ) fo r  3-4  days  
and f i n a l l y  in  grow th medium. One ml a l iq u o t s  o f  th e s e  u n clon ed  
h yb rid  c e l l  l i n e s  were c r y o p r e se r v e d  in  l iq u id  n itr o g e n  15-25  
days a f t e r  f u s io n .

In ev ery  ex p erim en t, m ix tu res  o f  NS1 and s p le n ic  c e l l s  
t r e a te d  in  an id e n t i c a l  manner e x c e p t  fo r  th e  a d d it io n  o f  PEG 
serv ed  as c o n t r o l s .  In no exp erim en t were v ia b le  c e l l s  p r e se n t  
in  th e s e  c o n t r o ls  8-12  days a f t e r  commencement o f  HAT s e l e c t i o n .

2 :2 .3  A20 x K3

In a s in g le  exp erim en t 107 A20 c e l l s  were fu se d  w ith  107 K3 
c e l l s  as d e s c r ib e d  in  th e  p rec e d in g  paragraph. The s e l e c t i v e  
medium used  was HAT medium c o n ta in in g  10 mM ouabain  (S igm a). 
The grow th o f  7 r e s i s t a n t  h yb rid  c e l l  l i n e s  was ap p aren t 12 days 
a f t e r  f u s io n .  They were expanded fo r  4 days in  HT medium 
w ith o u t ou ab ain , and f i n a l l y  fo r  4 to  6 days in  grow th medium 
b e fo r e  c r y o p r e s e r v a t io n  in  l iq u id  n itr o g e n .

2 :2 .4  P lo id y  d e te r m in a tio n s  o f  p a ren t and h yb rid  c e l l s

N u clear p lo id y  d e te r m in a t io s  were perform ed by stan d ard  
m ethods (T a y lo r , 1980) to  en su re  th a t  th e  c e l l  l i n e s  o b ta in e d  
from f u s io n  were in  f a c t  h y b r id s .

Between 1 and 5 x 105 c e l l s  were in cu b a ted  fo r  5 m in u tes on 
i c e  in  50 pg/m l propidium  io d id e , 0.1% T r ito n  X-100 (BDH) and 10 
pg/m l R ib o n u c lea se  A ( fo r  m o lecu la r  b io lo g y ,  Sigma) in  PBS and 
th e  su sp e n s io n  f i l t e r e d  through n ylon  mesh (125 mesh; C a d ish ).  
S ta in e d  n u c le i  were a n a ly se d  by f lo w  cy tom etry  as d e sc r ib e d  in  
s e c t io n  2 : 3 .3 .

2:3 IMMUNOCHEMISTRY
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2 :3 .1  M onoclonal a n t ib o d ie s  and a n t is e r a

A number o f  hybridom as s e c r e t in g  mAb a g a in s t  th e  m urine MHC 
a n t ig e n s  were o b ta in e d  from P r o f . G .J . Hammerling 
( D eu tsch k reb sfo rsch u n g , H e id e lb e r g , FR Germany), and from th e  
ATCC (HB and TIB s e r i e s ) .  Hybridomas s e c r e t in g  mAb a g a in s t  
human HLA a n t ig e n s  (W6/32 and L243) were o b ta in e d  from Dr. P. 
B e v e r le y  (U n iv e r s ity  C o lle g e  H o s p ita l ,  London) and th e  ATCC 
r e s p e c t iv e ly ;  w h ile  mAb a g a in s t  HLA-DR 4 a n t ig e n s  were p ro v id ed  
by Dr H. Ikeda (ICRF, London). The c h a r a c t e r i s t i c s  o f  th e s e  mAb 
a re l i s t e d  in  T ab le 2 .1 .

C u ltu re  su p e r n a ta n ts  o f  th e s e  hybridom as were prepared  by 
grow ing th e  c e l l s  to  near e x t in c t io n  (2 -3  x 1 06 c e l l s / m l )  in  
RPMI 1640 w ith  5% FCS. C e l ls  and d e b r is  were removed by 
c e n t r i f u g a t io n  a t  3000 rpm fo r  20 m in u tes fo llo w e d  by f i l t r a t i o n  
through  a 0 .2 2  pm M il l ip o r e  f i l t e r .  S u p ern atan t was then  
c o n c e n tr a te d  1 0 - fo ld  u s in g  an Amicon c o n c e n tr a to r  (Amicon C orp ., 
L ex in g to n , M ass., USA) and used  w ith o u t fu r th e r  d i lu t io n  fo r  
im m u n oflu orescen ce s t a in in g  ex p er im en ts . S tock  su p e r n a ta n ts  
were s to r e d  a t  -2 0 °  C and a l iq u o t s  in  u se k ep t a t  4° C.

The hybridom as used  in  th e s e  ex p er im en ts  were found to  
s e c r e t e  betw een 5 and 20 pg/m l o f  mAb in to  th e  c u ltu r e  
su p ern a ta n t a s determ in ed  by an in h ib i t io n  rad io-im m unoassay  
(p e r so n a l com m unication; Dr P.M. Kaye, London S ch oo l o f  
T r o p ic a l M ed icin e and H y g ien e ).

A s c i t i c  f l u i d  c o n ta in in g  mAb was prepared  by in j e c t in g  1 06 
hybridom a c e l l s  in  0 .5  ml RPMI 1640 in t r a p e r i t o n e a l ly  in to  nu/nu  
m ice 5 to  7 days e a r l i e r .  A s c i t i c  f l u i d  was h a r v e s te d  
a s e p t i c a l l y  10 to  20 days la t e r  a f t e r  s a c r i f i c i n g  th e  m ice, spun 
a t  3000 rpm f o r  20 m in u tes to  remove e r y th r o c y te s  and d e b r is ,  
and s to r e d  a t  "20° C. A s c i t i c  f l u i d s  were spun a t  13000 rpm fo r  
2 m in u tes in  an Eppendorf M icrofuge (Eppendorf GmbH, Hamburg, FR 
Germany) p r io r  to  u se .

R abbit an tiseru m  to  m urine MHC C la ss  I I  a n t ig e n s ,  th e  kind  
g i f t  o f  Dr B.M. Chain (U n iv e r s ity  C o lle g e  London), was s to r e d  in  
a l iq u o t s  a t  "20° C. The an tiseru m  was c e n tr ifu g e d  a t  13000 rpm
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fo r  2 m in u tes im m ed iate ly  p r io r  to  u se .

2 : 3 .2  I n d ir e c t  im m unofluorescence s t a in in g

C e l ls  were a n a ly se d  fo r  th e  e x p r e s s io n  o f  MHC a n t ig e n s  a t  
th e  c e l l  s u r fa c e  by stan d ard  m ethods o f  in d ir e c t
im m unofluorescence (Parks e t  a l . ,  1986) u s in g  th e  m urine mAb 
l i s t e d  in  T ab le 2 .1 .  In ord er to  d im in ish  n o n - s p e c i f i c  s t a in in g  
due to  b in d in g  o f  th e  secon d  la y e r  flu oroch rom e c o n ju g a te  w ith  
Fc r e c e p to r s ,  g o a t a n t ib o d ie s ,  w hich do n ot b in d  s tr o n g ly  w ith  
human and mouse Fc r e c e p to r s  (A lexander and San d ers, 1977) were  
used  th ro u g h o u t. A lthough some o f th e  c e l l s  used  in  th e s e  
ex p er im en ts  do e x p r e ss  s l g  ( fo r  exam ple, A20) h ig h  backgrounds 
were n ot found to  be a problem  in  th e  in t e r p r e t a t io n  o f  r e s u l t s .  
As shown in  T ab le  2 .2 ,  th e  in t e n s i t y  o f  s t a in in g  w ith  th e  secon d  
la y e r  c o n ju g a te  a lo n e , w h ile  p o s i t i v e  w ith  r e s p e c t  to  u n s ta in e d  
c e l l s ,  was o n ly  1 /5  th  to  1 /10  th  th e  in t e n s i t y  o f  s t a in in g  w ith  
mAb to  MHC a n t ig e n s .  T h is s u g g e s ts  th a t  th e  major s p e c i f i c i t y  
o f th e  second  la y e r  flu oroch rom e c o n ju g a te  i s  fo r  th e  Fc p o r t io n  
o f mouse I g .

O ptim al d i lu t io n s  o f  mAb a s c i t e s  and second  la y e r
flu oroch rom e c o n ju g a te s  were d eterm in ed  by ch eck erb oard  
t i t r a t i o n s  u s in g  s p le n ic  c e l l  su sp e n s io n s  (d a ta  n ot show n).

Between 105 and 106 c e l l s  p er sam ple were s ta in e d  fo r  
a n a ly s i s  in  s t e r i l e  4 .5  ml round bottom  tu b e s  (F a lc o n ) . Washing 
b u ffe r  (WB) was i c e - c o ld  HBSS c o n ta in in g  1% FCS and 0.01% sodium  
a z id e .  C e l ls  were washed by resu sp en d in g  in  2 ml WB fo llo w e d  by 
c e n t r i f u g a t io n  a t  1000 rpm fo r  3 m in u te s . A ll  r e a g e n ts  
(b lo c k in g  s e r a , second  la y e r  a n t ib o d ie s ,  e t c . )  were d i lu t e d  in  
WB.

C e l ls  in  c u ltu r e  were h a r v e s te d  by c e n t r i f u g a t io n  a t  1000 
rpm fo r  3 m in u tes , resu sp en d ed  in  100 p i 10 % h e a t - in a c t iv a t e d
normal g o a t serum (NGS; Sigma) and in cu b a ted  a t  room 
tem p eratu re  fo r  30 m in u tes . C e l ls  were washed once and 
resu sp en d ed  in  25 p i o f  th e  a p p r o p r ia te  or n e g a t iv e  c o n tr o l  mAb. 
A fte r  30 m in u tes in c u b a tio n  a t  4° C, th e  c e l l s  were washed
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t h r i c e .
The c e l l  p e l l e t  was then  resu sp en d ed  in  25 p i o f  second  

la y e r  flu oroch rom e c o n ju g a te . In th e  ex p er im en ts  d e sc r ib e d  h ere  
t h i s  was e i t h e r  FITC- or P E -con ju gated  g o a t a n ti-m o u se  
im m unoglobulin (GAMIg; Southern B io te c h n o lo g y  A s s o c ia t e s ,  
Birmingham, Alabama, USA) a t  1:100 d i l u t i o n .  A fte r  30 m in u tes  
in c u b a tio n  a t  4° C, th e  c e l l s  were washed t h r i c e .

S ta in e d  c e l l s  were e i t h e r  resu sp en d ed  in  200-500 p i o f  WB 
and im m ed ia te ly  a n a ly se d , or f ix e d  f o r  l a t e r  a n a ly s i s .  F ix a t io n  
was c a r r ie d  ou t by resu sp en d in g  th e  c e l l  p e l l e t  in  100  p i  o f  2% 
paraform aldehyde (Sigm a) in  PBS, fo llo w e d  by o v e r n ig h t  
in c u b a tio n  a t  4° C (L a n ier  and Warner, 1 9 8 1 ). The n ex t morning 
c e l l s  were washed t h r ic e  and resu sp en d ed  in  WB. F ixed  c e l l s  
were s to r e d  in  th e  dark a t  4° C and a n a ly se d  w ith in  7 d a y s . I t  
was found (a s  r e p o r te d  p r e v io u s ly  by L an ier and Warner, 1981) 
th a t  t h i s  trea tm en t had no e f f e c t  on r e s u l t s  o b ta in e d .

2 :3 .3  F lu o r e sc e n c e  a c t iv a t e d  c e l l  s o r t e r  (FACS) a n a ly s i s  and 
c e l l  s o r t in g

A n a ly s is  was c a r r ie d  ou t w ith  th e  a s s i s t a n c e  o f  Dr M. Kahan 
on a FACStar c e l l  s o r t e r  (B ecton  D ick in so n , Mountain View, 
C a li f o r n ia ,  USA) w ith  a s in g le  argon la s e r  e x c i t a t io n  system  and 
fo u r  d e t e c t o r s  ( fo r  forw ard and sidew ard  l i g h t  s c a t t e r  (FSC, 
SSC), green  and red f lu o r e s c e n c e  (FL1, F L 2)).

2 : 3 .3 .1  A n a ly s is  o f  s ta in e d  c e l l s

I n i t i a l  a lig n m en t o f  th e  f lo w  n o z z le  and c a l ib r a t io n  o f  th e  
d e t e c t io n  system  was perform ed u s in g  stan d ard  su sp e n s io n s  o f  
g lu ta r a ld e h y d e - f ix e d  ch ick en  e r y th r o c y te s  (G ib co ), and th e
s ig n a l s  from t h e s e  c a l ib r a t io n  p a r t i c l e s  a d ju ste d  to  a stan d ard  
o u tp u t l e v e l .  F ine tu n in g  o f  th e  d e t e c t io n  system  fo r  each ty p e  
o f  c e l l  b e in g  a n a ly se d  was perform ed by a d ju s t in g  a m p lif ie r  g a in  
s e t t i n g s  fo r  FSC and SSC m easurem ents such th a t  v ia b le  c e l l s  
co u ld  be c l e a r ly  d is t in g u is h e d  from dead c e l l s  and d e b r is .  Gain
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s e t t i n g s  fo r  FL1 and FL2 m easurem ents were a d ju s te d  u s in g  c e l l s  
s ta in e d  w ith  GAMIg a lo n e  (n e g a t iv e  c o n tr o l)  and a p o s i t i v e  
c o n tr o l  a n tib o d y . I f  req u ir e d  a d a ta  a c q u is i t io n  g a te  was 
r e q u ir e d  to  e x c lu d e  dead c e l l s  from a n a ly s i s  - t h i s  was used  
o n ly  where > 50% o f  a sam ple c o n s is t e d  o f  dead c e l l s .

Ten thousand e v e n ts  were m easured fo r  each sam ple, w ith  
FSC/SSC m easurem ents on a l in e a r  s c a le  and FL1/FL2 m easurem ents 
on a lo g a r ith m ic  s c a le .  A cquired  d a ta  were a n a ly se d  u s in g  th e  
C onsort 30 com puter programme ( B e c to n -D ic k in so n ), w ith  
a p p r o p r ia te  g a te s  s e t  to  ex c lu d e  dead c e l l s  and c e l l  d e b r is .  
T hese a n a ly s e s  were perform ed in  accord an ce w ith  th e  stan d ard  
m ethods o u t l in e d  by Parks and cow orkers (1 9 8 6 ) .

Where th e  mean f lu o r e s c e n c e  i n t e n s i t i e s  o f  d i f f e r e n t  c e l l  
p o p u la t io n s  s ta in e d  w ith  th e  same mAb were compared, h isto g ra m s  
o f  r e l a t i v e  c e l l  number to  f lu o r e s c e n c e  i n t e n s i t y  were p lo t t e d  
(F ig u r e  2 .2 ) ,  and th e  mean f lu o r e s c e n c e  i n t e n s i t y  per c e l l  
d eterm in ed  a cco rd in g  to  th e  form ula :

Mean f lu o r e s c e n c e = T o ta l f lu o r e s c e n c e  f i e . ,  area  under h isto g ra m )  
in t e n s i t y  Number o f  c e l l s  a n a ly sed

Standard d e v ia t io n s  from th e  mean f lu o r e s c e n c e  were c a lc u la t e d  
from th e  freq u en cy  d i s t r ib u t io n s  shown by th e  f lu o r e s c e n c e  
h isto g ra m s (S ok a l and R o h lf, 1 9 8 1 a ).

In a l l  th e  in d ir e c t  im m unofluorescence exp er im en ts  
perform ed, s a tu r a t in g  c o n c e n tr a t io n s  o f  both  f i r s t  la y e r  mAb and 
secon d  la y e r  c o n ju g a te s  were u sed . Under th e s e  c o n d it io n s  th e  
mean f lu o r e s c e n c e  in t e n s i t y  o f  s ta in e d  c e l l s  i s  d i r e c t l y  
p r o p o r t io n a l to  th e  amount o f  mAb bound, w hich i s  in  turn  
p r o p o r t io n a l to  th e  number o f  a n tig e n  m o le c u le s  e x p r e sse d  a t  th e  
c e l l  s u r fa c e . S im ila r  m ethods have been used  w ith  o th er  
immunoassays ( fo r  exam ple Mason and W illia m s, 1980) in  
d eterm in in g  th e  number o f  a n t ig e n ic  s i t e s  e x p r e s s e d / c e l l .

P e r c en ta g es  o f  n e g a t iv e  and p o s i t i v e  c e l l s  were a ls o  
d eterm in ed  (F ig u re  2 .3 ) .  In m ost c a s e s ,  th e  f lu o r e s c e n c e  
h isto g ra m s o f  c e l l s  s ta in e d  w ith  n e g a t iv e  c o n tr o l  mAb or GAMIg
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a lo n e  d id  not in t e r s e c t  w ith  th e  h isto g ra m s o f  p o s i t i v e l y  
s ta in e d  c e l l s .  The p o in t  o f  te r m in a tio n  o f  th e  n e g a t iv e  
h isto g ra m  was then  used  to  mark th e  d iv i s io n  betw een  n e g a t iv e  
and p o s i t i v e  s t a in in g .  Where th e  h isto g ra m s d id  in t e r s e c t ,  th e  
p o in t  o f  in t e r s e c t io n  was used  as th e  d iv id in g  m arker.

On o c c a s io n , th e  K olm ogorov-Sm irnov s t a t i s t i c a l  t e s t  was 
used  to  compare f lu o r e s c e n c e  h isto g ra m s (Young, 1 9 7 7 ). The 
method and i t s  a p p l ic a t io n  a re  d e sc r ib e d  where i t  has been  
used  ( fo r  exam ple, s e e  F igu re 3 : 2 .3 ) .

2 : 3 .3 .2  C e ll  s o r t in g

F urther c a l ib r a t io n  s te p s  were perform ed b e fo r e  u se  o f  th e  
FACS fo r  c e l l  s o r t in g .  The f l u i d i c s  system  was p r e - s t e r i l i z e d  
by p a ss in g  a b s o lu te  e th a n o l, fo llo w e d  by w ashing w ith  s t e r i l e  
PBS to  remove t r a c e s  o f  e th a n o l. The op tim a l s o r t  d e la y  (tim e  
betw een c e l l  d e t e c t io n  and drop ch a rg in g ) was s e t  by t r ia l - a n d -  
e r ro r  to  m axim ise c e l l  r e c o v e r y  w ith o u t lo s in g  se p a r a tio n  
e f f i c i e n c y .

A fte r  th e s e  m achine s e t t i n g s  were o p tim ise d , s o r t  windows 
were s e t  on c e l l s  s ta in e d  fo r  th e  su r fa c e  a n tig e n  o f  in t e r e s t ,  
u s in g  c e l l s  s ta in e d  w ith  n e g a t iv e  c o n tr o l  mAb or GAMIg a lo n e  fo r  
com parison . C e ll  p o p u la tio n s  w ith in  th e  s o r t  windows were then  
se p a r a te d . S o rted  c e l l s  were c o l l e c t e d  in  s t e r i l e  tu b es  
c o n ta in in g  a drop o f 50% FCS, and were im m ed ia te ly  r e -a n a ly s e d  
to  v a l id a t e  s e p a r a t io n .

2 :3 .4  Radioimmunoassay

C e lls  were a ls o  a n a ly se d  fo r  MHC a n tig e n  e x p r e s s io n  u s in g  a 
m o d if ic a t io n  o f  a stan d ard  radioim m unoassay method (Tsu and 
H erzenberg, 1 9 8 0 ). A ssays were c a r r ie d  ou t in  s t e r i l e  4 .5  ml 
p l a s t i c  tu b es (F a lc o n ) . A ll  w ashes were perform ed in  i c e - c o ld  
WB as d e sc r ib e d  in  s e c t io n  2 : 2 .2 .  MAb were u sed  a t  th e  same 
c o n c e n tr a t io n s  as fo r  in d ir e c t  im m u n oflu orescen ce. A ll  r e a g e n ts  
were d i lu t e d  in  WB.



Materials and methods 53

One hundred thousand c e l l s  were used per sam ple. They were 
resu sp en d ed  in  100  p i  o f  10% h e a t - in a c t iv a t e d  normal r a b b it  
serum (G ibco) and in cu b a ted  a t  room tem p eratu re fo r  30 m in u tes . 
C e l l s  were washed on ce, and resu sp en d ed  in  100 p i o f  
a p p r o a p r ia te  or n e g a t iv e  c o n tr o l  mAb. A fte r  an h o u rs' 
in c u b a tio n  a t  4° C, th e  c e l l s  were washed t h r ic e ,  resu sp en d ed  in  
100 p i o f  WB c o n ta in in g  50000 cpm o f 125 I - l a b e l l e d  P r o te in  A 
(Amersham I n t e r n a t io n a l  P i c . ,  Amersham, B u ck in gh am sh ire), and 
fu r th e r  in cu b a ted  fo r  1 hour a t  4° C. The c e l l  su sp e n s io n  was 
th en  washed t h r ic e  and f i n a l l y  resu sp en d ed  in  500 p i o f  WB. 
Bound r a d io a c t iv i t y  was q u a n t ita te d  u s in g  a Minigamma y -c o u n te r  
( LKB In stru m en ts , Croydon, S u rrey ).

Murine mAb to  th e  (3-chain o f  r i c i n  ( th e  kind g i f t  o f  Dr E. 
J . C u lb er t, ICI P i c . ,  A ld e r le y  Edge, C h esh ire) was u sed  as a 
n e g a t iv e  c o n tr o l  in  th e s e  ex p er im en ts .

2 : 3 .5  B io s y n th e t ic  l a b e l l i n g  and im m u n o o rec ip ita tio n

MHC C la ss  I I  a n t ig e n s  were b io s y n t h e t i c a l ly  r a d io la b e l le d  
w ith  3H amino a c id s  p r io r  to  im m u n o p r e c ip ita tio n . T h is method 
was chosen  in  p r e fe r e n c e  to  l2 5 I s u r fa c e  la b e l l i n g  b eca u se  i t  
l a b e l s  both  in t r a c e l l u l a r  and membrane form s o f th e  a n t ig e n s ;  
and b eca u se  some m urine C la ss  I I  a n t ig e n s  do n ot su r fa c e  la b e l  
{J o n es , 1977) .

RPMI 1640 medium d e f i c i e n t  in  1 - ly s in e ,  1 - le u c in e  and 1-  
s e r in e  (RPMI DEF) was prepared  u s in g  th e  RPMI 1640 S e le c t-a m in e  
k i t  (G ib co ). T h is medium was id e n t i c a l  in  ev ery  o th e r  way w ith  
th e  medium r o u t in e ly  used  fo r  t i s s u e  c u lt u r e .

Im m u n op recip ita tion  was c a r r ie d  ou t by a m o d if ic a t io n  o f  th e  
method d e sc r ib e d  by C u llen  and Schw artz (1976) fo r  th e  
p u r i f i c a t io n  o f  s u r fa c e  la b e l l e d  H-2 g ly c o p r o t e in s .  L e n t i l  
l e c t i n  a f f i n i t y  chrom atography was not c a r r ie d  o u t, as t h i s  
red u ces r e co v ery  3 - f o l d  but d oes not g r e a t ly  im prove th e  
s p e c i f i c i t y  o f  d e t e c t io n  (M oosic e t  a l . ,  1 9 8 0 ).

Ten m i l l io n  c e l l s  were washed t h r ic e  in  seru m -free  RPMI DEF 
and resu sp en d ed  in  10 ml RPMI DEF c o n ta in in g  2.5% FCS (1 0 6



Materials and methods 54

c e l l s / m l ) .  L - [ 4 ,5 - 3H] ly s in e  m on oh yd roch lorid e, l - [ 4 , 5 - 3H] 
le u c in e  m onohydroch lorid e and 1 —[3 — 3H] s e r in e  ( a l l  a t  1 mCi/ml; 
Amersham) were added to  a f i n a l  c o n c e n tr a t io n  o f  20 pC i/m l each; 
and th e  c e l l s  were in cu b a ted  a t  37° C fo r  8 h o u rs. The c e l l s  
were washed t h r ic e  in  RPMI DEF w ith  5% FCS, and th e  p e l l e t  
resu sp en d ed  in  1 ml o f  l y s i s  b u f fe r  (0.5% N on id et P-40 (BDH), 10 
mM T r is -C l pH 7 .4 ,  1 mM EDTA, 0 .1 5  M sodium c h lo r id e )  c o n ta in in g  
1 mg/ml o f  b o v in e  serum album in (BSA; F r a c tio n  V, Sigma) and 1 
mM PMSF (S ig m a ). The su sp e n s io n  was kept fo r  10 m in u tes on ic e  
and th e  l y s i s  m onitored  by p e r io d ic  exam in ation  under th e  
m icroscop e  ( i t  was > 95% a t  th e  end o f  th e  in c u b a t io n ) .  N u c le i  
were removed by c e n t r i f u g a t io n  fo r  60 secon d s in  an Eppendorf 
m icro fu g e , and th e  su p era n ta n t rem oved. The su p ern a ta n t was p r e ­
c le a r e d  by c e n t r i f u g a t io n  fo r  30 m in u tes a t  13000 rpm in  an 
Eppendorf m icro fu g e  a t  4° C.

P o ly a cry la m id e  beads c o a ted  w ith  g o a t a n ti-m o u se  Ig  
( Immunobeads™, 10 mg/ml in  PBS; Bio-Rad L a b o r a to r ie s  L td ., 
W atford, H e r ts .)  were used as th e  mAb c r o s s - l in k in g  r e a g e n ts .  
F i f t y  p i o f  bead su sp e n s io n  was added to  th e  p r e -c le a r e d  ly s a t e ,  
w hich was r o ta te d  en d -on -en d  a t  4° C fo r  30 m in u tes . The beads  
were removed by a b r ie f  c e n t r i f u g a t io n  in  a m icro fu g e .

The c le a r e d  ly s a t e  was d iv id e d  in to  two 0 .9  ml a l iq u o t s  
(co rresp o n d in g  to  5 x 106 c e l l s  e a c h ) , and supplem ented  to  0 .5  M 
sodium c h lo r id e  by adding 100 p i o f  a 5 M s o lu t io n .  F iv e  p i o f  
r a b b it  a n tiseru m  a g a in s t  murine C la ss  I I  a n t ig e n s  was added to  
one a l iq u o t ,  th e  o th e r  r e c e iv e d  an eq u al volume o f  normal r a b b it  
serum (G ib co ). These m ix tu res were in cu b a ted  fo r  1 hour a t  4° C 
w ith  c o n s ta n t  m ix in g , 50 p i o f  Immunobeads su sp e n s io n  added, and 
then  in cu b a ted  fo r  a fu r th e r  hour under s im ila r  c o n d it io n s .

Immunobeads were sep a r a te d  from th e  m ix tu re  by a b r ie f  
c e n t r i f u g a t io n ,  and then  washed f i r s t  in  1 ml l y s i s  b u ffe r  w ith  
0 .5  M sodium c h lo r id e ,  n ex t in  1 ml l y s i s  b u ffe r  w ith  0.1% SDS 
and f i n a l l y  in  1 ml o f  0.1% NP-40 in  10 mM T ris-H C l, pH 7 .4 .

Im m u n op recip itated  a n tig e n  was removed from th e  Immunobeads
and reduced  by b o i l in g  in sam ple b u f fe r  ( 0 . 0 2 % bromphenol b lu e ,
10% g ly c e r o l , 2% SDS, 80 mM T r is -C l ,  pH 6 . 8  and 10 mM
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d i t h i o t h r e i t o l ) .  Immunobeads were removed from th e  sam ple by 
c e n t r i f u g a t io n ,  and th e  im m u n o p rec ip ita tes  su b je c te d  to  
e le c t r o p h o r e s i s  on 10% S D S -p olyacry lam id e g e l s  as d e sc r ib e d  in  
th e  fo l lo w in g  s e c t io n .  One p i o f  each sam ple was m easured fo r  
3H decay in  a P co u n ter  (R ack -B eta , LKB In stru m en ts , M ilton  
K eynes, B ucks. ) .

2 :3 .6  D isc o n tin u o u s  S D S -p olvacry lam id e g e l  e le c t r o p h o r e s i s

Im m u n op recip itated  p r o te in s  were a n a ly se d  by SDS-PAGE u s in g  
a d is c o n t in u o u s  b u ffe r  system  (Laemmli, 1970; Laemmli and 
F avre, 1 973 ) .

G lass p la t e s  (200 mm x 200 mm) were c le a n e d  in  d e te r g e n t ,  
r in s e d  in  DDW and wiped w ith  a b s o lu te  e th a n o l to  remove g r e a se  
and d i r t .  The p la t e s  were assem b led  u s in g  a 0 .3  mm p l a s t i c  
sp a c e r , and th e  ed ges s e a le d .

A 30% s to c k  s o lu t io n  o f  acry la m id e  (30 gms a cry la m id e , 0 .8  
gm N N '-m ethylene b is -a c r y la m id e  (b oth  e le c t r o p h o r e s i s  grad e, 
BDH) per 100 ml DDW) was d i lu t e d  to  10% in  30 ml o f  s e p a r a t in g  
g e l  b u ffe r  (0 .3 7 5  M T ris-H C l, pH 8 . 8 ; 0.1% SDS). The g e l  was 
d e g a sse d , and 100  p i o f  f r e s h ly  p repared  10 % ammonium 
p e r su lp h a te  and 20 p i o f  NNN'N' te tr a m eth y len e d ia m in e  (TEMED) 
g e n t ly  mixed in .  The s e p a r a t in g  g e l  was c a r e f u l ly  poured  
betw een th e  p la t e s  and a llo w ed  to  s e t .  A th in  la y e r  o f  w a ter -  
s a tu r a te d  b u ta n o l was poured above th e  g e l  to  en su re  th a t  i t s  
s u r fa c e  was l e v e l  : t h i s  was removed once th e  g e l  had s e t .  The 
s ta c k in g  g e l  was made by d i lu t in g  th e  s to c k  acry la m id e  s o lu t io n  
to  5% in  s ta c k in g  g e l  b u ffe r  (0 .1 2 5  M T ris-H C l, pH 6 . 8 ; 0.1% 
SDS); p o ly m e r iz in g  a g e n ts  were added to  th e  same f i n a l  
c o n c e n tr a t io n  and th e  g e l  was a llo w ed  to  s e t .  A s u f f i c i e n t  
volume o f s ta c k in g  g e l  was poured to  a llo w  a d is ta n c e  o f  a t  
l e a s t  15 mm betw een th e  end o f th e  sam ple s l o t s  and th e  
b eg in n in g  o f  th e  se p a r a tin g  g e l .  E le c tr o p h o r e s is  was perform ed  
in  0 .0 5  M T ris-H C l, 0 .3 8 4  M g ly c in e ,  pH 8 .3 ,  0.1% SDS in  a 
Pharm acia v e r t i c a l  g e l  tank u s in g  a v o lta g e  g r a d ie n t  o f  120 V.
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2 :3 .7  V is u a l iz a t io n  o f  p r o te in  bv s t a in in g  and flu o ro a ra p h y

The g e l  was f ix e d  by im m ersion in  40% m eth an ol, 7% a c e t i c  
a c id  in  DDW fo r  30 m in u tes , fo llo w e d  by s t a in in g  in  0.0125%  
C oom assie B lue (BDH) in  th e  same s o lu t io n  fo r  2 h o u rs. 
M olecu lar  w e ig h t markers (P h o sp h o ry la se  b (94 kD), album in (67 
kD), ovalbum in (43 kD), c a rb o n ic  anhydrase (30 kD) and a 
la c ta lb u m in  (1 4 .4  kD) ) were v i s u a l i z e d  by d e s ta in in g  fo r  
2-3 hours in  5 changes o f  40% m eth an ol, 7% a c e t i c  a c id .

To enhance f lu o r o g r a p h ic  d e t e c t io n  o f  3H, th e  g e l  was washed 
t h r ic e  in  7% a c e t i c  a c id  to  remove m ethanol, immersed fo r  2 
hours in  AMPLIFY™ (Amersham) and th en  washed t h r ic e  a ga in  in  7% 
a c e t i c  a c id .  T h is p roced u re has been shown to  enhance d e t e c t io n  
o f  3H by about 1 0 0 0 -fo ld  (L askey and M il ls ,  1975 ) .  The g e l  was 
then  d r ie d  under vacuum a t  80° C and exp osed  to  X -ray f i lm  
(Kodak X-AR 5, Kodak L td ., Hemel Hempstead) a t  -7 0 °  C. 
Developm ent was as d e sc r ib e d  in  s e c t io n  2 : 4 .4 .

2:4  MATERIALS FOR NUCLEIC ACID MOLECULAR BIOLOGY

2 :4 .1  C hem icals

E xcept f o r  th e  f o l lo w in g ,  a l l  ch e m ic a ls  were AnalaR Grade 
su p p lie d  by BDH. Bromophenol b lu e , e th id iu m  brom ide, sodium  
c h lo r id e  and Trizma b ase (T r is )  were from Sigm a. P henol ( g l a s s -  
d i s t i l l e d ,  w ater  sa tu r a te d )  was from Rathbone C hem icals, 
W alkerburn, S c o tla n d . PEG 6000 was from K och -L igh t, S lou gh .

2 :4 .2  R a d io a c t iv e  is o to p e s

a - 32P dCTP and a - 32P dGTP (b oth  3000 Ci/mmol) were purchased  
from Amersham.

2 :4 .3  M a te r ia ls  fo r  chrom atography. e l e c t r o p h o r e s i s .  
N orth ern /S ou th ern  b lo t t in g  and n u c le ic  a c id
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h y b r id iz a t io n s

Sephadex G50 was su p p lie d  by Pharm acia F in e  C hem icals 
(M ilton  K eynes, B u ck s). A garose and LMP a g a ro se  were from 
B eth esd a  R esearch  L a b o r a to r ie s  ( BRL, C am bridge). N i t r o c e l lu lo s e  
membrane f i l t e r s  were from S c h le ic h e r  and S c h u e ll ,  D a s s e l ,  FR 
Germany. Nylon membrane f i l t e r s  were Hybond-N from Amersham. 
PVP and BSA (F r a c t io n  V) were from Sigma, as was salm on sperm 
DNA. A m b erlite  monobed r e s in  MB-1 was from BDH.

2 :4 .4  Photography and a u torad iograp h y

P o la r o id  ty p e  52 Polapan f i lm  was from P o la r o id  (UK) L td .,  
S t A lb an s. X -ray f i lm s  were e i t h e r  Rx from F u ji Photo Film  C o., 
Tokyo, Japan) or X-AR 5 from Kodak. Calcium  t u n g s ta te  phosphor 
in t e n s i f y in g  sc r e e n s  and l i g h t - t i g h t  f i lm  c a s s e t t e s  were from  
X -ograph L td ., Malmesbury, W ilt s .  A utorad iograp h s were d ev e lo p ed  
u s in g  a Durr Med M edicine 260 au tom atic  d e v e lo p e r . A sh o rt-w a v e  
UV tr a n s i l lu m in a to r  from UV P rod u cts I n c . ,  San G a b r ie l, 
C a lifo r n ia ,  USA was used  to  i l lu m in a te  eth id iu m  brom ide s ta in e d  
n u c le ic  a c id  g e l s .

2 :4 .5  Commonly used  b u f fe r s

TE b u ffe r  was 10 mM T ris-H C l, 1 mM EDTA, pH 8 .0 .  STE b u ffe r  
c o n ta in e d , in  a d d it io n , 100 mM sodium c h lo r id e .  1x SSC 
c o n ta in e d  150 mM sodium c h lo r id e  and 15 mM sodium c i t r a t e ,  pH 
7 .0 .  B u ffe r s  were prepared  as d e sc r ib e d  by M a n ia tis  e t  a l . ,  
1982.

2:5 GENERAL METHODS IN NUCLEIC ACID MOLECULAR BIOLOGY

2 :5 .1  R e s t r ic t io n  enzyme d ig e s t s

A ll  r e s t r i c t i o n  enzymes were purchased  from B ethesda  
R esearch  L a b o r a to r ie s  and used  in  c o n d ito n s  recommended by th e
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m an u factu rer . The 10x r e a c t io n  b u ffe r  c o n c e n tr a te s  fo r  each  
enzyme (R eact™ ) were a l s o  su p p lie d  by BRL.

Genomic or recom binant DNAs were d ig e s te d  in  a t o t a l  volume 
o f  50-75  p i in  1x r e a c t io n  b u f fe r .  Genomic DNA sam ples were 
d ig e s te d  w ith  20-50  u o f  r e s t r i c t i o n  enzym e/pg DNA, w h ile  
recom binant DNA sam ples were d ig e s te d  w ith  1-5  u /p g . The volume 
o f  enzyme added n ever exceed ed  10% o f th e  t o t a l  r e a c t io n  volume 
to  a v o id  in h ib i t io n  due to  g ly c e r o l  : where n e c e s sa r y  h ig h ly  
c o n c e n tr a te d  enzyme p r e p a r a tio n s  (50 u /p l )  were used  fo r  genom ic 
DNA d i g e s t s .

Genomic DNAs were d ig e s te d  fo r  2 to  4 h ou rs, and recom binant 
DNAs fo r  30 to  90 m in u tes . D ig e s t io n  was a n a ly se d  by a g a ro se  
g e l  e le c t r o p h o r e s i s .

2 : 5 .2  A aarose g e l  e le c t r o p h o r e s is

Genomic and recom binant DNA d ig e s t s  were r e s o lv e d  by 
e le c t r o p h o r e s is  in  h o r iz o n ta l  s la b  g e l s  in  TBE b u ffe r  (89 mM 
T r is -b o r a te ,  89 mM b o r ic  a c id , 2 mM EDTA; made as 5x s t o c k ) . 
0 .7  to  1.2% g e l s  were prepared  by b o i l in g  th e  a p p r o p r ia te  amount 
o f  a g a ro se  in  TBE, c o o lin g  to  55° C and adding 0 .5  pg/m l 
eth id iu m  brom ide. Sam ples were load ed  in  5% s t e r i l e  g ly c e r o l ,  
0.04% brom ophenol b lu e  and e le c tr o p h o r e s e d  fo r  a p red eterm in ed  
d is t a n c e .  N u c le ic  a c id s  were v i s u a l i z e d  by UV 
t r a n s i l lu m in a t io n ,  and photographed through a W ratten ty p e  16 
f  i l t e r .

F u lly  d ig e s t e d  genom ic DNA sam ples fo r  Southern b lo t t in g  
were e le c tr o p h o r e s e d  in  a s im ila r  manner on 1% a g a ro se  g e l s ,  
e x c e p t th a t  e le c t r o p h o r e s i s  was in  TAE b u f fe r  (40 mM T r is -  
a c e t a t e ,  1 mM EDTA; made as 50x s t o c k ) .

P r e c a u tio n s  were taken  to  remove RNases by w ashing a l l  
ap p aratu s in  a 1:3 d i lu t io n  o f c o n c e n tr a te d  hydrogen p e ro x id e  
(30 volumes%, BDH) and r in s in g  in  DDW b e fo r e  u se  fo r  RNA 
e le c t r o p h o r e s i s .  D enaturing  g e l s  were made by b o i l in g  a g a ro se  
in  NG b u ffe r  (50 mM m orp h o lin op rop an esu lp h on ic  a c id ,  10 mM 
sodium a c e t a t e ,  1 mM EDTA; made as 10x s to c k  and s to r e d  in  th e
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d a rk ), and adding form aldehyde (1 2 .3  M s to c k  s o lu t io n )  to  2 .2  M 
a f t e r  th e  g e l  had c o o le d  to  60° C (Lehrach e t  a l . ,  1 9 7 7 ). G els  
were run in  NG b u f fe r .

In a l l  c a s e s ,  phage A DNA c o m p le te ly  d ig e s t e d  w ith  H in d ll l  
( BRL) was u sed  as a m o lecu la r  w e ig h t m arker. Marker bands 
(2 3 .1 ,  9 .4 ,  6 .7 ,  4 .4 ,  2 .3 ,  2 .0 ,  0 .5 6 , 0 .1 2 5  kbp) were v i s u a l i z e d  
by photography under UV tr a n s i l lu m in a t io n  b e fo r e  b lo t  t r a n s f e r ,  
or by s t a in in g  th e  t r a n s fe r r e d  marker DNA on n i t r o c e l l u l o s e  or 
nylon  membrane f i l t e r s  a f t e r  b lo t  t r a n s f e r .  F i l t e r s  were s ta in e d  
( E f s t r a t ia d i s ,  u n p u b l., c i t e d  in  M a n ia tis  e t  a l . ,  1982) by 
so a k in g  in  5% a c e t i c  a c id  fo r  15 m in u tes, fo llo w e d  by 0 .5  M 
sodium a c e t a t e ,  pH 5 .2 ,  0.04% m eth y len e b lu e  fo r  30 m in u tes and 
d e s ta in e d  in  DDW u n t i l  marker bands were se e n .

2 :5 .3  P henol e x t r a c t io n  o f  DNA/RNA

G la ss d i s t i l l e d ,  w ater s a tu r a te d  phenol (Rathbone C hem icals) 
e q u il ib r a t e d  w ith  100 mM T ris-H C l, pH 8 .0  was used  to
p r e c ip i t a t e  p r o te in s  co n ta m in a tin g  sam ples o f  n u c le ic  a c id s .  An 
eq u al volume o f  phenol was added to  th e  sam ple, mixed
th o ro u g h ly , and c e n tr ifu g e d  ( fo r  2 m in u tes in  a m icro fu ge  fo r  
sm a ll sam p les, or a t  2500 rpm fo r  10 m in u tes fo r  la r g e  o n e s ) .  
The upper aqueous phase c o n ta in in g  n u c le ic  a c id s  was c a r e f u l ly  
a s p ir a te d  and t r a n s fe r r e d  to  a f r e s h  tu b e . T races o f  phenol 
were removed by two s im ila r  e x t r a c t io n s  w ith  an eq u al volume o f  
ch loro form  : isoam yl a lc o h o l  ( 2 4 : 1 ) .

2 :5 .4  E thanol p r e c ip i t a t io n  o f  DNA/RNA

N u c le ic  a c id s  were p r e c ip i t a t e d  from aqueous sam ples by
adding 1 /10  sam ple volume o f 3 M sodium a c e t a t e ,  pH 5 .5  and 2
sam ple volum es o f  a b s o lu te  e th a n o l, fo llo w e d  by o v e r n ig h t  
in c u b a tio n  a t  "20° C or a 30 m inute in c u b a tio n  in  a dry 
ic e /m e th a n o l b a th . N u c le ic  a c id s  were rec o v e r ed  by c e n t r if u g in g  
fo r  20 m in u tes in  a m icro fu ge  a t  4° C, p e l l e t s  washed in  70% 
e th a n o l kept a t  "20° C, d r ie d  in  a vacuum d e s s ic a t o r  and
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d is s o lv e d  in  an a p p r o p r ia te  volume o f s t e r i l e  TE (DNA) or DDW 
(RNA).

2 : 5 .5  P r e c a u tio n s  fo r  h a n d lin g  RNA

P l a s t i c  g lo v e s  were worn a t  a l l  t im es when w orking w ith  RNA 
sam ples to  a v o id  co n ta m in a tio n  w ith  r ib o n u c le a s e s . G lassw are, 
p la s t ic w a r e  ( t i p s ,  e t c . )  and a l l  s o lu t io n s  (e x c e p t  guanid in ium  
i s o t h io c y a n a t e ,  SDS and caesium  c h lo r id e  d e n s ity  g r a d ie n t  
b u ffe r )  were a u to c la v e d  b e fo r e  u se .

2 : 6  EXTRACTION OF NUCLEIC ACIDS FROM EUKARYOTIC CELLS

2 :6 .1  E x tr a c t io n  o f  h igh  m o lecu la r  w eig h t DNA

High m o lecu la r  w e ig h t DNA was e x tr a c te d  from c e l l s  grow ing  
in  t i s s u e  c u ltu r e  by th e  method o f B lin  and S ta f fo r d  (1 9 7 6 ) .  
F i f t y  m i l l io n  c e l l s  were h a r v e s te d  by c e n t r i f u g a t io n ,  washed 
tw ic e  in  PBS and once in  STE. The c e l l  p e l l e t  was resu sp en d ed  
to  a c o n c e n tr a t io n  o f  5 x 106 c e l l s / m l  in  STE, and SDS was added 
to  a f i n a l  c o n c e n tr a t io n  o f  2%. Two hundred pg o f  P r o te in a s e  K 
(Sigm a) was added per ml o f  t h i s  m ix tu re , and i t  was in cu b ated  
o v e r n ig h t  a t  37° C w ith  g e n t le  sh a k in g . The m ix tu re  was phenol 
e x tr a c te d  t h r ic e ,  and f i n a l l y  w ith  ch lo r o fo r m /iso a m y l a lc o h o l  
a lo n e . The DNA was e th a n o l p r e c ip i t a t e d  a t  room tem p eratu re , 
and rec o v e r ed  by g e n t ly  r o l l i n g  th e  t h r e a d - l ik e  p r e c ip i t a t e  
around th e  b en t t i p  o f  a s t e r i l e  p a ste u r  p i p e t t e .  The DNA was 
d is s o lv e d  to  a f i n a l  c o n c e n tr a t io n  o f  0 .5  to  1 mg/ml in  TE 
b u ffe r  by g e n t le  shak in g a t  4° C o v e r n ig h t . G reat ca re  was 
taken  a t  a l l  t im es  to  a v o id  sh e a r in g  th e  DNA m o le c u le s .

DNA p r e p a r a tio n s  were q u a n t ita te d  and t h e ir  p u r ity  a s s e s s e d  
by m easuring t h e ir  o p t ic a l  d e n s i t i e s  a t  1 nm in t e r v a l s  betw een  
220 and 320 nm on a re c o r d in g  sp ectro p h o to m eter  (Uvikon 80, 
Kontron A n a ly t ic a l  In stru m en ts , S t A lbans, H e r t s . ) .  The
c o n c e n tr a t io n  was d eterm in ed , assum ing th a t  an o p t i c a l  d e n s ity  
o f  20 u n it s  a t  260 nm r e p r e se n te d  a DNA c o n c e n tr a t io n  o f  20
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mg/ml. In a l l  c a s e s  th e  r a t io  o f  th e  o p t ic a l  d e n s i t y  a t  260 nm 
to  th a t  a t  280 nm was > 1 . 8 , in d ic a t in g  n e g l i g i b l e  p r o te in  
c o n ta m in a tio n .

2 : 6 .2  E x tr a c t io n  o f  RNA

RNA f r a c t io n s  were prepared  from c e l l s  grow ing in  c u ltu r e  by 
a m o d if ic a t io n  o f  th e  guan id in ium  is o th io c y a n a te  (GuSCN) l y s i s  
method ( G l i s in  e t  a l . ,  1974; C hirgw in e t  a l . ,  1 9 7 9 ). At l e a s t  
5 x 107 c e l l s  were h a r v e s te d , washed tw ic e  in  i c e - c o ld  PBS and 
used  fo r  th e  p r e p a r a tio n  o f  v a r io u s  RNA f r a c t io n s .

T o ta l c e l l u l a r  RNA was prepared  by ly s in g  th e  c e l l  p e l l e t  in  
5 ml o f  GuSCN l y s i s  b u ffe r  (4 M GuSCN (Fluorochem  L td ., G lo sso p , 
D e r b y sh ir e ) , 0 .1  M (3-ME, pH 5 .5 ) .  The ly s a t e  was e i t h e r  
p r o c e sse d  im m ed ia te ly  or s to r e d  a t  “20° C fo r  n ot lo n g e r  than 6 
w eeks. RNA was sep a ra ted  from o th e r  c e l l u l a r  m acrom olecu les by 
d e n s ity  g r a d ie n t  u l t r a c e n t r i f u g a t io n  over a g r a d ie n t  o f  5 .7  M 
caesium  c h lo r id e  in  0 .1  M EDTA (CsCl b u ffe r )  a t  100000 x g fo r  
24 h o u rs. DNA and p r o te in  bands were c a r e f u l ly  removed, and th e  
l a s t  rem ain ing  3 ml o f  CsCl b u ffe r  o v e r la id  w ith  DDW to  remove 
t r a c e s  o f  GuSCN. The su p ern a ta n t was removed from th e  RNA 
p e l l e t ,  w hich was d is s o lv e d  in  400 p i DDW and e th a n o l  
p r e c ip i t a t e d  o v e r n ig h t  a t  "20° C.

N u clear RNA was sep a r a te d  by g e n t ly  r e su sp en d in g  th e  washed 
c e l l  p e l l e t  in  0 .5  ml o f  0.5% NP-40, in c u b a tin g  on i c e  fo r  5 
m in u tes and p e l l e t t i n g  th e  n u c le i  by c e n t r i f u g a t io n  fo r  2 
m in u tes in  a m icro fu g e . The n u c le a r  p e l l e t  was ly s e d  in  5 ml o f  
GuSCN l y s i s  b u f fe r ,  and n u c le a r  RNA i s o la t e d  by d e n s ity  g r a d ie n t  
u l t r a c e n t r i f u g a t io n .  The c y to p la sm ic  f r a c t io n  o f  th e  NP-40 
l y s a t e  was m ixed w ith  4 .5  m is o f  l y s i s  b u f fe r  and used  to  
prepare c y to p la sm ic  RNA.

RNA c o n c e n tr a t io n  and p u r ity  were d eterm in ed  by 
sp ectro p h o to m etry  as in  th e  c a se  o f  DNA, e x c e p t  th a t  an o p t ic a l  
d e n s ity  o f  25 u n it s  a t  260 nm was taken  to  r e p r e s e n t  an RNA 
c o n c e n tr a t io n  o f  1 mg/ml.
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2 :6 .3  P u r i f i c a t io n  o f  Poly-A + RNA

P o ly -A + mRNA was p u r i f ie d  from t o t a l  c e l l u l a r  RNA by 
a f f i n i t y  chrom atography on o lig o -d T  paper (Hybond MAP, 
Amersham). T h is i s  a m o d if ic a t io n  o f  th e  o r ig in a l  method o f  
chrom atography on o lig o -d T  c e l l u l o s e  colum ns (Edmonds e t  a l . ,  
1971; A viv and Leder, 1 9 7 2 ). The m a n u fa c tu r e r 's  recommended 
p r o to c o l  was u sed .

H alf to  one mg o f t o t a l  c e l l u l a r  RNA was resu sp en d ed  in  0 .3 6  
ml o f  DDW, b o i le d  fo r  5 m in u tes and c h i l l e d  on ic e  to  d en atu re  
th e  RNA. F orty  p i o f  5 M sodium c h lo r id e  was added, b r in g in g  
th e  f i n a l  c o n c e n tr a t io n  to  0 .5  M. Three cm2 o f  Hybond MAP paper  
c u t  in to  narrow s t r i p s  was p rew etted  fo r  5 m in u tes in  0 .5  M 
sodium c h lo r id e  and added to  th e  RNA s o lu t io n  in  a 1 .5  ml 
s t e r i l e  Eppendorf tube w hich was then r o ta te d  en d -on -en d  fo r  60 
m in u tes a t  4° C. The paper (c a r r y in g  bound p o ly -A + mRNA) was 
removed from th e  s o lu t io n  o f  poly-A " RNA, washed tw ic e  in  20 mis 
o f  0 .5  M sodium c h lo r id e  fo r  5 m inutes and once in  20 m is o f  70% 
e th a n o l fo r  2 m inutes a t  room tem p era tu re . The paper was a i r -  
d r ie d  a t  room tem p eratu re and t i g h t l y  packed in to  th e  bottom  o f  
a 1 .5  ml Eppendorf tu b e . The minimum amount o f  DDW r eq u ired  to  
c o m p le te ly  immerse th e  paper was then added ( u s u a l ly  0 .4  m l), 
th e  m ix tu re  was h ea ted  to  70° C fo r  5 m in u tes and th e  tube  
v o r te x e d  b r i e f l y  to  r e le a s e  th e  p o ly -A + mRNA in to  th e  s o lu t io n .  
The paper s t r i p s  were jammed in to  th e  cap o f  th e  tube which was 
c e n tr ifu g e d  a t  13000 rpm fo r  45 secon d s in  a m icro fu g e  to  remove 
a l l  t r a c e s  o f  mRNA s o lu t io n  from th e  paper.

2:7  SOUTHERN. NORTHERN AND SLOT BLOTTING

2 :7 .1  A n a ly s is  o f r e s t r i c t i o n  fragm ents by Southern  b lo t t in g

High m o lecu la r  w e ig h t DNA d ig e s te d  to  co m p le tio n  w ith  
r e s t r i c t i o n  enzymes was a n a ly se d  by e le c t r o p h o r e s i s  on 1% 
a g a ro se  g e l s  in  TAE b u ffe r  as d e sc r ib e d  e a r l i e r .  Ten pg o f  DNA 
was lo a d ed  per tr a c k . Southern  b lo t t in g  was perform ed by a
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m o d if ic a t io n  o f  stan d ard  m ethods (S ou th ern , 1975 and 1 9 8 0 ). The 
g e l  was d en atu red  by so a k in g  in  two changes o f  1 .5  M sodium  
c h lo r id e ,  0 .5  M sodium h yd rox id e  fo r  1 hour w ith  g e n t le  sh a k in g , 
and washed tw ic e  in  1 M T r is ,  pH 8 .0 .

A g la s s  p la t e  was l a id  a c r o ss  a la r g e  g la s s  tr a y  c o n ta in in g  
20x SSC and a sh e e t  o f  Whatman 3M f i l t e r  paper fo ld e d  o ver  th e  
p la t e  w ith  both  ends in  th e  s o lu t io n  to  a c t  as a w ick . The g e l  
was p la c e d  on th e  w ick and a l l  a ir  b u b b les g e n t ly  sm oothed o u t .  
A s h e e t  o f  Hybond N n ylon  membrane c u t  to  th e  e x a c t  s i z e  o f  th e  
g e l  was c a r e f u l ly  la id  over i t .  T h is was co vered  by 16-20  
s h e e t s  o f  Whatman 3M paper, a 12-15 cm th ic k n e s s  o f  fo ld e d  paper  
to w e ls  and f i n a l l y  a g la s s  p la t e  c a r r y in g  a 500 gm w e ig h t . Saran 
Wrap was c a r e f u l ly  p la c e d  around th e  ed ges o f  th e  g e l  to  p rev en t  
sh o r t  c i r c u i t i n g  o f th e  f l u i d  path  through  th e  g e l .  DNA
t r a n s f e r  was a llo w ed  to  p roceed  fo r  18-24 h ou rs, b e fo r e  th e  
nylon  membrane was removed, washed once in  5 x SSC and baked a t  
80° C fo r  3 h o u rs. The p o s i t io n s  o f  th e  tr a c k s  were marked on 
th e  membrane p r io r  to  rem oval from th e  g e l .

2 :7 .2  A n a ly s is  o f RNA bv N orthern b lo t t in g

F iv e  to  30 pg o f  p u r i f ie d  RNA (per tr a c k ) was d en atu red  by
h e a t in g  to  65° C fo r  5 m in u tes w ith  50% formamide (BDH;
d e io n is e d  by r e a c t io n  w ith  A m b erlite  monobed r e s i n ) ,  6 %
form aldehyde in  1x NG b u ffe r ;  and e le c tr o p h o r e s e d  on 1% 
d en a tu r in g  a g a ro se  g e l s  as d e sc r ib e d  p r e v io u s ly .  S iz e - s e p a r a te d  
RNA s p e c ie s  were tr a n s fe r r e d  to  n i t r o c e l l u l o s e  or Hybond-N 
membrane f i l t e r s  by N orthern b lo t t in g  (Thomas, 1980) u s in g  20x 
SSC as th e  e lu e n t .  The procedure used  was id e n t i c a l  to  th a t  
d e s c r ib e d  in  th e  p r e v io u s  paragraph fo r  Southern b l o t s ,  e x c e p t  
th a t  th e  g e l  was not den atu red  p r io r  to  b l o t t i n g .  T ra n sferred  
RNA was f ix e d  on to  th e  f i l t e r s  by baking a t  80° C fo r  2 h o u rs.

2 :7 .3  A n a ly s is  o f RNA bv s l o t  b lo t t in g

Ten pg o f  p u r i f ie d  RNA per sam ple was d en atu red  as d e sc r ib e d
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in  th e  p reced in g  paragraph, and th r e e  s e r i a l  d i lu t io n s  
c o n ta in in g  5, 1 and 0 .2  pg o f  RNA r e s p e c t iv e ly  were prepared
u s in g  i c e - c o ld  1 5x SSC as th e  d i lu e n t .  RNA was a p p lie d  d i r e c t l y  
to  n i t r o c e l l u l o s e  membrane f i l t e r s  u s in g  a M in ifo ld  s l o t  b lo t  
ap p aratu s (S c h le ic h e r  and S c h u e ll)  co n n ected  to  a vacuum pump, 
and f ix e d  on to  th e  f i l t e r s  by baking a t  80° C fo r  2 h o u rs.

2 :8  PREPARATION OF NUCLEIC ACID PROBES

2 :8 .1  Probes

T ab le  2 .2  l i s t s  th e  c h a r a c t e r i s t i c s  o f  th e  n u c le ic  a c id  
p rob es used  in  th e s e  e x p er im en ts . They were a l l  o b ta in e d  in  th e  
form o f  p u r if ie d  c ir c u la r  p lasm id  DNA in  s o lu t io n  in  TE b u ffe r  
from v a r io u s  so u r c e s  (Dr B. M a lissen , CNRS U n ite  d 'Im m unologie, 
M a r s e i l le s ,  France (pCDN17, pCA39); Dr D. M ath is, L a b o ra to ire  
de G en etiq u e M o le c u la ir e  des E u k aryotes, S tra sb o u rg , France 
(pSPEACj); Dr N. Koch, D eu tsch k reb sfo rsch u n g , H e id e lb e r g , FR 
Germany ( p l i - 1 ) ;  Dr R B aserga , U n iv e r s ity  o f  R o ch ester , NY, USA 
(p7B6) and Dr J . T row sdale, ICRF, London (pDRH2) ) .

2 : 8 .2  T ran sform ation  o f  b a c te r ia  bv th e  ca lc iu m  c h lo r id e  
method

The E. c o l i  s t r a in s  DH1 (F", recA ", recA 1, X"; Low, 1968) 
and HB101 (F", recA 13, X"; Boyer and R ou lan d -D u sso ix , 1969) 
were used  in  tr a n s fo r m a tio n s .

S to ck s o f  com petent E. c o l i  were prepared  by th e  ca lc iu m  
c h lo r id e  procedure (Mandel and H iga, 1 9 7 0 ). One hundred ml o f  
L uria  B e r ta n i (LB) medium (10 gms tr y p to n e , 5 gms y e a s t  e x tr a c t  
(b oth  D ifc o , D e tr o it ,  M ichigan, USA), 10 gms sodium c h lo r id e  per  
l i t r e )  in  a 500 ml c o n ic a l  f la s k  was in o c u la te d  w ith  1 ml o f  an 
o v e r n ig h t  c u ltu r e  o f  b a c te r ia  and kept a t  37° C w ith  v ig o r o u s  
sh ak in g  fo r  3-4  h o u rs. The c u ltu r e  was c h i l l e d  on i c e  fo r  10 
m in u tes, and th e  b a c t e r ia  h a r v e s te d  by c e n t r i f u g a t io n .  The c e l l  
p e l l e t  was resu sp en d ed  in  50 ml o f  i c e - c o ld  50 mM CaCl2/ 10 mM
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T ris-H C l, pH 8 .0  and in cu b ated  in  an i c e  b ath  fo r  15 m inutes  
b e fo r e  h a r v e s t in g  th e  b a c te r ia  by c e n t r i f u g a t io n .  The p e l l e t  
was th en  resu sp en d ed  in  6 .5  ml o f  i c e - c o ld  50 mM CaCl2 , 10 mM 
T ris-H C l, pH 8 .0 ,  d isp e n se d  in to  200 p i a l iq u o t s  in  p r e - c h i l l e d  
s t e r i l e  v i a l s  and l e f t  a t  4° C o v e r n ig h t  (1 4 -1 8  h o u r s ) . The 
com petent b a c te r ia  were s to r e d  a t  -7 0 °  C u n t i l  u se .

For each p lasm id  to  be tran sform ed , 2 v i a l s  o f  com petent 
b a c te r ia  were thawed a t  room tem p eratu re u n t i l  j u s t  m e lted , very  
c a r e f u l ly  mixed and in cu b a ted  on i c e  fo r  10 m in u tes . About 10-20  
ng o f  c ir c u la r  p lasm id  DNA in  not more than 20 p i o f  TE was 
added to  one v i a l ,  th e  second  v i a l  s e r v in g  as a c o n t r o l .  The 
su sp e n s io n s  were m ixed, in cu b a ted  on ic e  fo r  30 m in u tes , and 
h e a t-sh o c k e d  a t  42° C fo r  90 seco n d s fo llo w e d  by a fu r th e r  2 
m inute in c u b a tio n  on i c e .  One ml o f  LB medium was added, and 
th e  v i a l s  in cu b a ted  a t  37° C fo r  1 hour w ith o u t sh a k in g .

B a c te r ia  from both  v i a l s  were s tr e a k e d  ou t on to  th e  su r fa c e  
o f LB agar (LB medium w ith  1.5% B a cto -a g a r  ( D ifc o ) )  p la t e s  
c o n ta in in g  an a p p r o p r ia te  c o n c e n tr a t io n  o f  a n t i b i o t i c  (50 pg/m l 
A m p ic il l in  or 1 2 .5  pg/m l t e t r a c y c l in e  (b oth  S igm a)) and 
in cu b a ted  fo r  12-16 hours a t  37° C. E xperim ents in  w hich th e  
c o n tr o l  p la t e s  had b a c t e r ia l  c o lo n ie s  were d isc a r d e d , o th e r w ise  
2-4 s in g le  c o lo n ie s  were p ick ed  w ith  a s t e r i l e  lo o p  and grown up 
s e p a r a te ly  in  10 ml o f  LB medium w ith  a n t i b i o t i c  fo r  fu r th e r  
a n a l y s i s .

2 :8 .3  Sm all and medium s c a le  p r e p a r a tio n s  o f  p lasm id  DNA

Sm all to  medium q u a n t i t ie s  o f  p lasm id  DNA were prepared  by 
an id e n t i c a l  a d a p ta t io n  o f  th e  a lk a l in e  SDS method ( Ish -H orow icz  
and Burke, 1 9 8 1 ). Only th e  q u a n t i t i e s  o f  r e a g e n ts  u sed  v a r ie d  : 
th o se  fo r  th e  s m a l l - s c a le  p r e p a r a tio n s  are l i s t e d ,  w ith  medium- 
s c a le  q u a n t i t i e s  in  b r a c k e ts . An o v e r n ig h t  c u ltu r e  o f  
tran sform ed  b a c te r ia  in  10 ml o f  LB medium w ith  th e  a p p r o p r ia te  
a n t i b i o t i c  was u sed  as th e  s t a r t in g  m a te r ia l .  C e l l s  from 1 ml 
( 1 0  ml) o f  t h i s  c u ltu r e  were h a r v e s te d  by c e n t r i f u g a t io n  and 
th o ro u g h ly  resu sp en d ed  in  0 .1  ml (0 .2  ml) o f  50 mM g lu c o s e ,  25
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mM T ris-H C l, pH 8 .0 ,  10 mM EDTA c o n ta in in g  10 mg/ml lysozym e  
(S ig m a ). The c e l l s  were ly s e d  by th e  a d d it io n  o f  0 .2  ml (0 .4  
ml) o f  f r e s h ly  prepared  0 .2  M NaOH, 1% SDS, in cu b a ted  on i c e  fo r  
5 m in u tes , and 0 .1 5  ml (0 .3  ml) f r e s h ly  prepared  5 M p otassiu m  
a c e t a t e ,  pH 4 .8  was added. A fte r  a fu r th e r  5 m inute in c u b a tio n  
on i c e ,  b a c t e r ia l  chromosomal DNA and c e l l  d e b r is  were removed 
by c e n t r i f u g a t io n  fo r  5 m in u tes in  a m icro fu g e . The su p ern a ta n t  
was t r a n s fe r r e d  to  a fr e s h  tu b e , and 0 . 8  ml o f  e th a n o l was added 
to  p r e c ip i t a t e  th e  p lasm id  DNA. DNA was rec o v e r ed  by 
e th a n o l p r e c ip i t a t io n  and r e d is s o lv e d  in  50 p i (200 p i)  o f  TE. 
RNA was removed by adding 1 pg/m l RNase A (S igm a), in c u b a tin g  a t  
37° C fo r  10 m in u tes, fo llo w e d  by p henol e x t r a c t io n  and 
r e p r e c i p i t a t i o n .

2 :8 .4  V a lid a t io n  and p r e s e r v a t io n  o f  tran sform ed  b a c te r ia

Sm all s c a le  p r e p a r a tio n s  o f  p lasm id  DNA from tran sform ed  
b a c t e r ia  were checked  fo r  th e  p r e se n c e  o f  th e  c o r r e c t  p lasm id  
in s e r t  by d ig e s t io n  w ith  th e  a p p r o p r ia te  r e s t r i c t i o n  en zy m e(s), 
fo llo w e d  by a g a ro se  g e l  e le c t r o p h o r e s i s .  A liq u o ts  from a s in g le  
c u ltu r e  o f  tran sform ed  b a c te r ia  c o n ta in in g  th e  c o r r e c t  p lasm id  
were cry o p r e se r v e d  a t  -7 0 °  C in  15% s t e r i l e  g ly c e r o l ,  and used  
fo r  fu r th e r  ex p er im en ts .

2 :8 .5  Large s c a le  p r e p a r a tio n  o f  p lasm id  DNA

Large s c a le  p r e p a r a tio n s  were perform ed by a m o d if ic a t io n  o f  
th e  above p roced u re in c o r p o r a tin g  fu r th e r  p u r i f i c a t io n  by PEG 
p r e c ip i t a t io n .  Two hundred and f i f t y  to  500 ml o f  an o v e r n ig h t  
b a c t e r ia l  c u ltu r e  was used as th e  s t a r t in g  m a te r ia l .  The c e l l s  
were h a r v e s te d  by c e n t r i f u g a t io n  a t  5000 rpm fo r  15 m in u tes , and 
th e  p e l l e t  th o ro u g h ly  resu sp en d ed  in  6 ml o f  f r e s h ly  prepared  25 
mM T ris-H C l, pH 7 .5 ,  10 mM EDTA, 15% su c r o se  (U ltr a -p u r e , BRL) 
c o n ta in in g  2 mg/ml ly sozym e. The su sp e n s io n  was in cu b a ted  on 
i c e  fo r  20 m in u tes, and 12 ml o f  0 .2  M NaOH, 1% SDS was added.
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The su sp e n s io n  was th o ro u g h ly  m ixed by in v e r s io n  and in cu b a ted  
on i c e  fo r  10 m in u tes . Seven and a h a l f  ml o f  3 M sodium  
a c e t a t e ,  pH 4 .6  was added, th e  m ix tu re  in cu b a ted  on i c e  fo r  a 
fu r th e r  20 m in u tes and c e n tr ifu g e d  a t  15000 rpm fo r  15 m inutes  
to  remove b a c t e r ia l  chromosomal DNA and d e b r is .  The su p ern a ta n t  
was c a r e f u l ly  a s p ir a te d ,  once a g a in  su b je c te d  to  c e n t r i f u g a t io n  
a t  15000 rpm fo r  15 m in u tes, and t r a n s fe r r e d  to  a f r e s h  tu b e . 
RNase A was added to  a f i n a l  c o n c e n tr a t io n  o f  2 pg/m l and th e  
su p ern a ta n t was in cu b a ted  a t  37° C fo r  20 m in u te s . P r o te in s  were 
removed by th r e e  rounds o f  p henol e x t r a c t io n ,  and th e  DNA 
r e c o v ered  by e th a n o l p r e c ip i t a t io n .  The p e l l e t  was r e d is s o lv e d  
in  1 .6  ml DDW, and 0 .4  ml 4 M NaCl, 2 ml 13% PEG 6000 were added 
w ith  g e n t le  m ix in g . A fte r  a 60 m inute in c u b a tio n  on i c e ,  th e  
m ixtu re  was c e n tr ifu g e d  a t  12000  rpm fo r  10 m in u tes to  reco v er  
th e  p lasm id  DNA. The p e l l e t  was washed in  70% e th a n o l, d r ie d ,  
and r e d is s o lv e d  in  TE. The p u r ity  and q u a n t ity  o f  th e  
p r e p a r a tio n  was determ in ed  by sp ectro p h o to m etry .

2 :8 .6  P u r i f i c a t io n  o f  c lo n ed  DNA in s e r te d  in to  p lasm id  v e c to r s

Cloned genom ic and cDNA probes used fo r  r a d io la b e l l in g  by 
th e  random o lig o -p r im in g  method were cu t from p u r i f ie d  p lasm id  
DNA by co m p lete  d ig e s t io n  w ith  th e  a p p r o p r ia te  r e s t r i c t i o n  
en zy m e(s). The prob es were p u r i f ie d  by e le c t r o p h o r e s i s ;  e i t h e r  
in  LMP a g a ro se  g e l s  ( in  which c a se  th e  a p p r o p r ia te  DNA band was 
cu t ou t o f  th e  g e l ,  m elted  and a l iq u o te d )  or in  stan d ard  a g a ro se  
g e l s  ( in  w hich c a se  th e  a p p r o p r ia te  DNA band was h a r v e s te d  by 
e le c t r o p h o r e s is  in to  a sh a llo w  trou gh  f i l l e d  w ith  TE). A liq u o ts  
c o n ta in in g  a p p ro x im a te ly  100 ng o f  p u r i f ie d  in s e r t  DNA in  70 p i 
TE were s to r e d  a t  "20° C u n t i l  u se .

P lasm id s c o n ta in in g  c lo n ed  DNA probes which were to  be 
r a d io la b e l le d  by th e  SP6 t r a n s c r ip t io n  method were l in e a r iz e d  by 
d ig e s t io n  to  co m p le tio n  w ith  th e  a p p r o p r ia te  r e s t r i c t i o n  enzyme, 
p r o te in  removed by p henol e x tr a c t io n  fo llo w e d  by e th a n o l  
p r e c ip i t a t io n ,  and r e d is s o lv e d  in  TE a t  a c o n c e n tr a t io n  o f 0 .3  
to  1 p g / p l .
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2:9 RADIOLABELLING OF NUCLEIC ACID PROBES AND FILTER
HYBRIDIZATION

2 :9 .1  R a d io la b e ll in a  bv random o lia o -p r im in q

Double stran d ed  DNA prob es fo r  th e  ACX, ECX (pCA39), I i  and 
DRa c h a in s  and fo r  7B6 were la b e l l e d  w ith  a - 32P dCTP (3000  
mCi/mmol; Amersham) by th e  random o lig o p r im in g  method (F ein b erg  
and V o g e ls t e in ,  1984) u s in g  th e  Klenow fragm ent o f  E. c o l i  DNA 
polym erase I .

O lig o p rim in g  r e a c t io n s  were perform ed in  OP b u f fe r .  S to ck s  
o f  OP b u ffe r  (5x) were prepared  by m ixing th r e e  s o lu t io n s  
s o lu t io n  A (1 .2 5  M T ris-H C l, pH 8 .0 ,  0 .1 2 5  M MgCl2, 0 .2 5  M (5-ME, 
and 0 .5  mM each  o f dATP, dGTP, dTTP (s to c k  a t  0 .1  M in  3 mM 
T ris-H C l, pH 7 .0 ,  0 .2  mM EDTA)), s o lu t io n  B (2 M HEPES, pH 6 . 6 ) 
and s o lu t io n  C (90 OD u/m l random h e x a d e o x y n u c le o tid e  prim ers  
(Pharm acia) in  TE) - in  th e  r a t io  1 0 0 :2 5 0 :1 5 0 . S to ck s were 
s to r e d  a t  "20° C in  100 p i a l iq u o t s .

One hundred ng o f  DNA in  70 p i TE was d en atu red  by b o i l in g  
fo r  4 m in u tes , c o o le d  (on i c e  fo r  DNAs in  TE, a t  37° C fo r  th o se  
in  LMP a g a r o s e ) ,  and th e  polym erase r e a c t io n  a llo w ed  to  proceed  
fo r  16-24 hours a t  room tem p eratu re  in  1 x OP b u f fe r  c o n ta in in g  
0 .5  p g /p l  BSA (DNase/RNase f r e e ;  B oeh rin ger Mannheim), w ith  5 
pCi 32P dCTP and 1 u Klenow polym erase (B o eh rin g er  Mannheim). 
R a d io la b e lle d  DNA was se p a r a te d  from fr e e  dCTP by chrom atography  
over a 1 ml Sephadex G50 column e q u il ib r a te d  w ith  STE b u f fe r .  
The s p e c i f i c  a c t i v i t y  o f  prob es la b e l l e d  in  t h i s  way was 108 to  
109 cpm/pg o f  DNA : t h i s  was d eterm ined  fo r  each experim ent 
u sin g  a [3 -counter.

2 :9 .2  R a d io la b e ll in a  bv SP6 t r a n s c r ip t io n

S in g le  stra n d ed , f u l l  le n g th  RNA prob es fo r  th e  EO gene  
(pSPEACi) were prepared by l i n e a r iz in g  th e  p lasm id  w ith  H in d ll l  
( BRL) and t r a n s c r ib in g  th e  in s e r t  u sin g  SP6 p o lym erase (Promega
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B io te c , M adison, W isco n sin , USA) as p r e v io u s ly  d e s c r ib e d  (M elton  
e t  a l . ,  1984) in  th e  p r e se n c e  o f  a - 32P GTP (3000 mCi/mmol; 
Amersham).

300 to  1000 ng o f  l in e a r iz e d  p lasm id  was tr a n s c r ib e d  in  a
volume o f  20 p i in  1x t r a n s c r ip t io n  b u ffe r  (40 mM T ris-H C l, pH
7 .5 ,  6 mM MgCl2/ 2 mM sp erm id in e , 10 mM N aC l), 10 mM
d i t h i o t h r e i t o l ,  1 u /p l  RNasin RNase in h ib i t o r  (Prom ega), 2 .5  mM 
each o f  ATP, CTP, UTP, 12 pM GTP, 50 pCi 32P GTP and 5 u
R iboprobe SP6 p o ly m era se . The r e a c t io n  was a llo w e d  to  p roceed  
fo r  1 hour a t  37° C, and th e  p lasm id  te m p la te  d e s tr o y e d  by 
d ig e s t io n  w ith  1 u RQ1 DNase (Promega) fo r  15 m in u tes a t  th e  
same tem p era tu re . The m ixtu re  was p henol e x tr a c te d , and th e  
l a b e l l e d  RNA probe r e co v ered  by e th a n o l p r e c ip i t a t io n .  The 
s p e c i f i c  a c t i v i t i e s  o b ta in ed  were in  th e  same range as th e  DNA 
p ro b es . The s i z e  and p u r ity  o f  th e  RNA p rob es was con firm ed  by 
e le c t r o p h o r e s i s  on 7% u re a -p o ly a c r y la m id e  g e l s  fo llo w e d  by 
a u to r a d io g r a p h y .

2 :9 .3  V a lid a t io n  o f  probe s p e c i f i c i t y  on N orthern b lo t s

Each b atch  o f  p robes was checked fo r  s p e c i f i c t y  by 
h y b r id iz a t io n  w ith  a N orthern b lo t  c o n ta in in g  a p o s i t i v e  and 
n e g a t iv e  c o n tr o l  RNA sam ple. F ig u re  2 .3  shows th a t  th e  probes  
used  in  th e s e  ex p er im en ts were s p e c i f i c .  The p ro ced u res used  
a re d e sc r ib e d  below .

2 :9 .4  H y b r id iz a t io n  o f  Southern b lo t s

Southern b lo t s  were p r e -h y b r id iz e d  a t  65° C fo r  4-5  hours in  
6 x SSC, 0.5% SDS, 5x D en h ard t's  s o lu t io n  (1x = 0.02% each o f
BSA, F i c o l l  (Pharm acia) and p o ly v in y lp y r r o lid o n e )  and 100 pg/m l 
sp erm id in e . D enatured r a d io la b e l le d  probes were d i lu t e d  to  1-5  
x 1 0 7 cpm/ml in  fr e s h  p r e -h y b r id iz a t io n  s o lu t io n  c o n ta in in g  0 . 0 1  
M EDTA. B lo ts  were h y b r id iz e d  fo r  18 hours a t  65° C w ith  g e n t le  
sh a k in g . T h is i s  th e  method d e sc r ib e d  by M a n ia tis  e t  a l . ,  1982.

H yb rid ized  b lo t s  were washed fo r  15 m in u tes in  each o f  2
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ch an ges o f  2x SSC, 0.1% SDS a t  room tem p eratu re; and fo r  30 to  
45 m in u tes in  each o f  two changes o f  0 .2 x  SSC, 0.1% SDS a t  65° C 
( t o t a l  60 to  90 m in u te s ) . E xcess f l u i d  was removed b e fo r e  th e  
m o ist  b lo t s  were s e a le d  in  Saran Wrap fo r  a u to ra d io g ra p h y .

2 : 9 .5  H y b r id iz a tio n  o f  N orthern and RNA s l o t  b lo t s

N orthern and RNA s l o t  b lo t s  were p r e -h y b r id iz e d  a t  43° C fo r  
4-6  hours in  50% d e io n iz e d  form am ide, 50 mM sodium p h osp h ate , pH 
6 .5 ,  2x D en h ard t's  s o lu t io n ,  0 .5  mg/ml sp erm id in e  and 0.2% SDS. 
D enatured r a d io la b e l le d  prob es were added to  a f i n a l  
c o n c e n tr a t io n  o f  2-4 x 106 cpm/ml in fr e s h  p r e -h y b r id iz a t io n  
s o lu t io n ,  and th e  b lo t s  were h y b r id iz e d  fo r  18 hours a t  43° C 
w ith  g e n t le  sh a k in g .

H yb rid ized  b lo t s  were washed and a u to ra d io g ra p h ed  in  a 
s im ila r  manner to  Southern b lo t s  e x c e p t th a t  th e  w ashes in  0 .2 x  
SSC, 0.1% SDS were c a r r ie d  ou t a t  50° C, and fu r th e r  w ashes in  
0 .1 x  SSC, 0.1% SDS (50° C fo r  20-30 m in u tes) were perform ed i f  
n e c e s s a r y .

2 : 9 .6  Q u a n tita t io n  o f  f i l t e r  h y b r id iz a t io n

The l e v e l  o f  RNA e x p r e ss io n  was q u a n t ita te d  on s l o t  and 
N orthern b lo t s  by d e n s ito m e tr y . X -ray f i lm s  were p r e - f la s h e d  
b e fo r e  exp osu re to  reduce e r r o r s  due to  th e  n o n - l in e a r  resp o n se  
o f  f i lm  a t  "70° C to  th e  l i g h t  em itte d  by in t e n s i f y in g  sc r e e n s  
(L askey and M il ls ,  1 9 7 7 ). A u torad iograp h s o f  b lo t s  h y b r id iz e d  
w ith  r a d io la b e l le d  probes to  th e  MHC C la ss  I I  g en es were 
d e n s i t o m e t r ic a l ly  scanned on an autom ated Chromoscan I I I  (J o y c e -  
L oeb l, G ateshead , Tyne-and-W ear) to  q u a n t ita te  th e  amount o f  
r a d io a c t iv i t y  bound in  each tr a c k  or s l o t .  Where such  
q u a n t i t a t io n s  were perform ed, a t  l e a s t  th r e e  RNA c o n c e n tr a t io n s  
were used  to  en su re  th a t  d e n s ito m e tr ic  m easurem ents were made in  
th e  l in e a r  range o f th e  X -ray f i lm  exp osu re cu rve (L askey, 
1 984 ) .

The b lo t s  were then  s tr ip p e d  f r e e  o f bound r a d io a c t iv i t y  by
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w ashing fo r  2-3 hours in  two changes o f  5 mM T ris-H C l, pH 8 .0 ,  
0.05% sodium p yrop h osp h ate , 0 .1 x  D en h ard t's  s o lu t io n  (Thomas, 
1 9 8 0 ), r e -e x p o se d  to  X -ray f i lm  fo r  2 to  4 days to  en su re  th a t  
a l l  bound r a d io a c t iv i t y  had been removed, and h y b r id iz e d  w ith  
r a d io la b e l le d  7B6 probe which d e t e c t s  an RNA s p e c ie s  th a t  i s  
in v a r ia n t  in  th e  c e l l  c y c le  (Kaczmarek e t  a l . ,  1 9 8 5 ). 
A u torad iograp h s were scanned to  q u a n t ita te  th e  amount o f  7B6 
h y b r id iz a t io n  in  each s l o t  or tr a c k , w hich i s  a m easure o f  th e  
amount o f  RNA lo a d ed .

Com parisons betw een th e  l e v e l s  o f  RNA e x p r e sse d  were made by 
s ta n d a r d iz in g  th e  MHC C la ss  I I - s p e c i f i c  h y b r id iz a t io n  s ig n a l  
w ith  r e s p e c t  to  7B6 in  ord er to  e l im in a te  e r r o r s  due to  sam ple 
p r e p a r a tio n , d i lu t io n  or lo a d in g . One o f  th e  th r e e  RNA 
c o n c e n tr a t io n s  on th e  s l o t  b lo t  was ch osen  where th e  
d e n s ito m e tr ic  r e a d in g s  fo r  h y b r id iz a t io n  w ith  MHC and 7B6 probes  
were betw een 0 .7 5  and 1 .5  u n it s  to  en su re  th a t  f i lm  exp osu re was 
on th e  l in e a r  p a r t o f th e  exp osu re cu rv e . Due to  ex p er im en ta l  
e r r o r s  in  RNA lo a d in g , th e  7B6 rea d in g  fo r  each o f th e  s l o t s  
c o n ta in in g  t h i s  RNA c o n c e n tr a t io n  was s l i g h t l y  d i f f e r e n t .  The 
l e a s t  o f  th e s e  7B6 r e a d in g s  ( i e . ,  th e  s l o t  th a t  had been load ed  
w ith  th e  l e a s t  amount o f  RNA), was taken  to  be 1 a r b itr a r y  u n it  
(o f  RNA) and th e  r e a d in g s  fo r  th e  o th e r  s l o t s  d iv id e d  by th e  
a p p r o p r ia te  c o r r e c t io n  f a c t o r  to  s ta n d a r d is e  th e  amount o f  RNA 
load ed  in to  each  s l o t  w ith  r e s p e c t  to  7B6 h y b r id iz a t io n .  
D e n s ito m e tr ic  r e a d in g s  fo r  h y b r id iz a t io n  o f  t h e s e  s l o t s  w ith  MHC 
prob es were then  m u lt ip l ie d  by th e  same c o r r e c t io n  f a c t o r  : th u s  
th e  f i n a l  v a lu e  r e p r e se n te d  i n t e n s i t y  o f  th e  h y b r id iz a t io n  
s ig n a l  per u n it  amount o f  RNA lo a d ed .

Com parisons were o n ly  made betw een d i f f e r e n t  tr a c k s  or s l o t s  
o f th e  same a u to ra d io g ra p h  showing h y b r id iz a t io n  w ith  th e  same 
gene probe to  e l im in a te  e r r o r s  due to  d i f f e r e n c e s  in  b in d in g  
a f f i n i t y ,  s p e c i f i c  a c t i v i t y ,  e t c .  o f  th e  p rob e.

2:10 GENE TRANSFECTION

2 :1 0 .1  Cosmid e x p r e s s io n  c o n s tr u c t
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The cosm id e x p r e ss io n  c o n s tr u c t  pHD8R/RW (R/RW) was th e  kind  
g i f t  o f  Dr H. Ikeda (Im p e r ia l Cancer R esearch  Fund, London). I t s  
c o n s tr u c t io n  has been d e sc r ib e d  in  d e t a i l  (Ik ed a  e t  a l . # 1 9 8 8 ). 
B r ie f ly ,  i t  c o n s i s t s  o f  8 tandem ly l in k e d  c o p ie s  o f  an 
e x p r e s s io n  c a s s e t t e  (F ig u re  2 .4 )  c lo n ed  in to  th e  S f i l  s i t e  o f  a 
cosm id v e c to r  c o n ta in in g  th e  Hygromycin B r e s i s t a n c e  gene  
(B lo c h lin g e r  and D iggelm an, 1984) as a dom inant s e l e c t io n  
m arker. Each copy o f  th e  e x p r e s s io n  c a s s e t t e  c o n ta in s  one copy  
each o f  th e  DRO and DR(3 gene cDNAs c lo n e d  from an EBV 
tran sform ed  human ly m p h o b la sto id  l i n e  d e r iv e d  from a HLA-DR4, 
Dw15 homozygous in d iv id u a l  (Ik ed a e t  a l . ,  1 9 8 8 ). The Hygromycin 
B r e s i s t a n c e  gene and each o f  th e  8 tandem c o p ie s  o f  th e  DRO( and 
DR(3 cDNAs a re  under th e  c o n tr o l  o f in d iv id u a l  SV40 e a r ly  
prom oter fra g m en ts . T r a n sc r ip t io n  from th e  e a r ly  prom oter 
fragm en ts i s  enhanced by tw in  c o p ie s  o f  th e  SV40 enhancer  
(P v u I I -B g ll  fragm ent c o n ta in in g  th e  72 bp r e p e a t seq u en ces  
(B e n o is t  and Chambon, 19 8 1 )) which a re  w ith in  th e  cosm id v e c to r .

T h is e x p r e ss io n  c o n s tr u c t  has a number o f  a d v a n ta g e s . I t  
c o n ta in s  m u lt ip le  c o p ie s  o f  both  th e  DRa and (3 ch a in  g en e s , 
en su r in g  th a t  th ey  a re  s im u lta n e o u s ly  e x p r e sse d . The SV40 
prom oter and enhancer e lem en ts  are t r a n s c r ip t io n a l ly  a c t iv e  in  a 
w ide range o f  e u k a r y o tic  c e l l s .  The dom inant s e l e c t i o n  marker 
fo r  Hygromycin B r e s i s t a n c e  e n a b le s  s e l e c t i o n  o f  t r a n s f e c t e d  
c e l l s .  I t  has been shown (Ik ed a  e t  a l . ,  1988) th a t  th e  
c o n s tr u c t  can be t r a n s f e c t e d  both  by p r o to p la s t  fu s io n  and 
e le c t r o p o r a t io n .  When tr a n s f e c t e d  c e l l s  are m ain ta in ed  in  
Hygromycin B, DR e x p r e ss io n  i s  s t a b le  and a t  h ig h  l e v e l s .

2 :1 0 .2  T it r a t io n  o f  Hvaromycin B r e s i s t a n c e

B efo re  t r a n s f e c t io n ,  c e l l  l i n e s  were t e s t e d  fo r  Hygromycin B 
r e s i s t a n c e .  B r ie f ly ,  c e l l s  were c u ltu r e d  a t  105 c e l l s / m l  in  th e  
w e l l s  o f  a 2 4 -w e ll  c u ltu r e  p la t e  in  2 ml o f  com p lete  growth  
medium c o n ta in in g  0, 100, 200, 400, 600 and 1000 pg/m l o f  
Hygromycin B ( B o e h r in g e r ) .  C u ltu re  was co n tin u e d  fo r  4 d ays,
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w ith  sam ples taken  each day fo r  v i a b i l i t y  t e s t i n g  by tryp an  b lu e  
e x c lu s io n .  In a l l  c a s e s ,  no v ia b le  c e l l s  were seen  a f t e r  4 
days in  400 pg/m l or h ig h e r  c o n c e n tr a t io n s  o f  Hygromycin B.

2 :1 0 .3  P rep a ra tio n  o f  cosm id DNA fo r  t r a n s f e c t io n

E. c o l i  w hich had been tran sform ed  w ith  th e  cosm id c o n s tr u c t  
by in  v i t r o  p ackaging  were in o c u la te d  in to  250 ml o f  LB medium 
c o n ta in in g  50 pg/m l o f  A m p ic i l l in  and c u ltu r e d  o v e r n ig h t  a t  37° 
C. Cosmid DNA was p u r i f ie d  by an a p p r o p r ia te ly  s c a le d -u p  
v a r ia t io n  o f  th e  a lk a l in e  l y s i s  method d e s c r ib e d  in  s e c t io n  
2 : 8 .3 .

Cosmid DNA was th en  l in e a r iz e d  by co m p lete  d ig e s t io n  w ith  
th e  enzyme KpnI. Kpnl c u ts  th e  v e c to r  a t  a s in g le  unique s i t e ,  
and d oes not cu t th e  in s e r te d  cDNA e x p r e s s io n  c a s s e t t e  (F ig u re  
2 .4 ) .  The co m p le te n e ss  o f  d ig e s t io n  was checked  by
e le c t r o p h o r e s i s  b e fo r e  th e  DNA was r e p u r if ie d  by 
p h e n o l:ch loro form  e x t r a c t io n  and e th a n o l p r e c ip i t a t io n .  The 
l in e a r  DNA was d is s o lv e d  to  a c o n c e n tr a t io n  o f  5 p g /p l  in  
a u to c la v e d  TE b u ffe r  w hich had been p a ssed  b e fo r e  u se  through a 
0 .2 2  p M ill ip o r e  f i l t e r .

2 :1 0 .4  Gene t r a n s f e c t io n  bv e le c tr o p o r a t io n  and s e l e c t i o n  o f  
t r a n s f e c t a n t s

A m o d if ic a t io n  o f  th e  procedure o f Wong and Neumann (1982) 
was u sed . B r ie f ly ,  2 x 1 0 7 c e l l s  were washed once w ith  c o ld  
PBS, resu sp en d ed  in  200 p i ,  and in cu b a ted  on i c e  fo r  15 m in u tes . 
F if t e e n  p i o f  th e  l in e a r iz e d  cosm id DNA s o lu t io n  (=75 p g ) was 
added, and th e  c e l l s  were su b je c te d  to  15 p u ls e s  o f  2 .0  kV each  
w ith  one second in t e r v a l s  betw een p u ls e s  u s in g  an A pelex  
e le c tr o p o r a to r  (EMBL, H e id e lb e r g ) . The c e l l s  were c h i l l e d  on 
i c e  fo r  a fu r th e r  20 m in u tes b e fo r e  d i lu t io n  to  5 x 105 c e l l s / m l  
in  com p lete  growth medium c o n ta in in g  50 pg/m l o f  gentam ycin  
su lp h a te  (G ibco) and 1 2 .5  pg/m l o f  A m photericin  B (G ib c o ). C e l ls  
were p la te d  ou t a t  1 m l/w e ll  in  a 2 4 -w e ll  t i s s u e  c u ltu r e  p la t e
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and in cu b a ted  a t  37° C o v e r n ig h t .
A fte r  24 hours c u lt u r e ,  100 pg/m l o f  Hygromycin B was added 

to  th e  grow th medium. T h is was in c r e a se d  to  200 pg/m l a f t e r  3 
d a y s ' c u l tu r e ,  400 pg/m l a f t e r  6 days c u ltu r e  and f i n a l l y  to  600 
pg/m l a f t e r  9 days c u lt u r e .  Medium was changed ev ery  t h ir d  day. 
The grow th o f  d r u g - r e s i s t a n t  t r a n s f e c t a n t  c e l l  l i n e s  was 
ap p aren t 12 to  15 days a f t e r  t r a n s f e c t io n ,  when th e  Hygromycin B 
c o n c e n tr a t io n  was in c r e a se d  to  1000 p g /m l. C e ll  l i n e s  were 
expanded in  com p lete  grow th medium c o n ta in in g  1000 pg/m l 
o f Hygromycin B and cry o p r e se r v e d  in  l iq u id  n itr o g e n  betw een 25 
and 28 days a f t e r  t r a n s f e c t io n .

The g rad u a l in c r e a s e  in  Hygromycin B c o n c e n tr a t io n  during  
th e  i n i t i a l  phase o f  s e l e c t i o n  was found to  be n e c e s s a r y  to  
m axim ise th e  y i e ld  o f  t r a n s f e c t e d  c e l l  l i n e s .  As a c o n tr o l  to  
v e r i f y  th a t  t h i s  p roced u re d id  not r e s u l t  in  th e  c r e a t io n  o f  
d r u g - r e s i s t a n t ,  u n tr a n s fe c te d  c e l l s ,  a t  l e a s t  fo u r  w e l ls  
c o n ta in in g  mock t r a n s f e c t e d  c e l l s  (w hich were e le c tr o p o r a te d  
w ith o u t cosm id DNA b e in g  added) were in c lu d e d  in  each t i s s u e  
c u ltu r e  p la t e  and su b je c te d  to  th e  same tr e a tm e n t. In no 
exp erim en t d id  mock t r a n s f e c t e d  c e l l s  su r v iv e  th e  f i r s t  week o f  
c u l t u r e .
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Calculation Of Mean Fluorescence Intensities
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FLUORESCENCE INTENSITY (CHANNEL NUMBER)
MEAN FLUORESCENCE INTENSITY PER CELL= TOTAL FLUORESCENCE / TOTAL CELL NUMBER

FIGURE 2.1

Where th e  mean f lu o r e s c e n c e  i n t e n s i t i e s  o f  d i f f e r e n t  c e l l  
p o p u la t io n s  s ta in e d  w ith  th e  same mAb were compared, h isto g ra m s  
o f  r e l a t i v e  c e l l  number to  f lu o r e s c e n c e  in t e n s i t y  were p lo t t e d ,  
and th e  mean f lu o r e s c e n c e  in t e n s i t y  per c e l l  determ in ed  
a c c o r d in g  to  th e  form ula shown u sin g  the B/DIS C onsort com puter 
programme. Standard d e v ia t io n s  from th e  mean f lu o r e s c e n c e  were 
c a lc u la t e d  from th e  freq u en cy  d i s t r ib u t io n s  shown by th e  
f lu o r e s c e n c e  h isto g ra m s (Sokal and R oh lf, 1981a).
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MARKING THE DIVISION BETWEEN 
NEGATIVE AND POSITIVE STAINING

A. NON-INTERSECTING HISTOGRAMS

FLUORESCENCE INTENSITY 
(CHANNEL NUMBER)

MARKER = POINT OF TERMINATION OF NEGATIVE CONTROL HISTOGRAM

B. INTERSECTING HISTOGRAMS

FLUORESCENCE INTENSITY 
(CHANNEL NUMBER)

MARKER = POINT OF INTERSECTION OF NEGATIVE CONTROL AND POSITIVE HISTOGRAMS

FIGURE .2-X.2.

Markers were s e t  as d e p ic te d  when marking th e  d iv i s io n  
betw een n e g a t iv e  and p o s i t iv e  s t a in in g  during a n a ly s i s  o f  FACS 
r e s u l t s .  N e g a tiv e  c o n tr o l s t a in in g  was w ith  flu oroch rom e
c o n ju g a te d  GAMIg a lo n e .



Materials and methods 77

FIGURE 2.3

SPECIFICITY OF NUCLEIC ACID PROBES

The specificity of radio-labelled nucleic acid probes was 

tested by hybridization to a Northern blot containing 15 pg of 

of total cellular RNA prepared from an appropriate negative and 

positive control cell line. For the murine MHC gene probes (AO, 

Ea and Ii) the positive control was the B lymphoma A20, while 

for the DR probe it was the Burkitt lymphoma RAJI. RNA from the 

human T cell lymphoma JURKAT was used as the negative control 

(kind gift of Maija Kissonerghis, Charing Cross Sunley Research 

Centre). Both ECX probes (see Table 2.3) gave similar results,

only pCA39 is shown.
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COSMID EXPRESSION CONSTRUCT

□
Sp + pA
SV40 sequences

r  SV40 SV40 SV40 - |Ep DR alpha pp DR beta pp

L  Sfil EcoRI EcoRI Sail Bgll Sfil - 1

T his  c o n s t r u c t  was prov ided  by Dr H. Ikeda (ICRF, London).  
Boxes i n d i c a t e  th e  major g e n e s .  A b b r e v ia t io n s  used are : Sd + dA
- SV40 s p l i c e  s i t e  and po ly -A  s i g n a l ;  E£ - e a r l y  promoter; AmpR
- a m p i c i l l i n  r e s i s t a n c e  gene;  Ori - pBR o r i g i n  o f  r e p l i c a t i o n ;  
HvmB -  hygromycin B r e s i s t a n c e  gene;  Cos - cos  s i t e ;  Enh - 
SV40 enhancer sequence  ( P v u I I - B g l l  fragm ent);  AMLP - a d en o v iru s  
2 major l a t e  promoter sequence and DHFR - d i h y d r o f o l a t e
r e d u c t a s e  gene .
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TABLE 2.1
MONOCLONAL ANTIBODIES USED IN THESE STUDIES

D e s i g n a t i o n S p e c i f  i c i t y Ig C lass R eferen ce
H100-5 Kk, Dk IgG2a Lemke e t  a l . ,  1979
K9-18 Kd, Ds »• 1t
T1 7 .5 Dsb It It
T19.191 Dd, Ld 11 tl
17.227 I - A d, I - E d It It
13/4 I_Edk It ll
K 2 5 -8 .7 I - A s 9 It Koch e t  a l . ,  1 982c
HB7 5 Dd It Ozato e t  a l . ,  1980
HB3 I - A d 11 Kappler e t  a l . ,  1981
TIB92 I - A k II Oi e t  a l . ,  1978
TIB154 I_Ad k s q r IgG3 Lemke e t  a l . ,  1979
W6/32 pan-HLA A,B,C Tg 0>Zo- B a r n s t a b le  e t  a l . , 1 9 7 8
L243 pan-HLA-DR H Lampson & Levy, 1980
HU. 43 HLA DR 1 , 4 , 7 , 9 " Bodmer e t  a l . ,  1984
HU. 48 HLA DR 4 ,7 II It
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TABLE 2 .2
BACKGROUND Sid STAINING OF A2Q CELLS

CELLS STAINED MEAN FLUORESCENCE INTENSITY
WITH : (± SD)

Un sta ined  c e l l s 14.0 + 7 .8
GAMIg*PE a lo n e 6 0 .5  + 8 .4

HB75 ( a n t i - D d) p lu s 31 5 .8  ± 9 .7
GAMIg*PE

HB3 ( a n t i - I - A d) p lu s 6 1 5 .9  + 10.5
GAMIg*PE

The Table  shows the  mean f l u o r e s c e n c e  i n t e n s i t i e s  of  
s t a i n i n g  o f  A 2 0 . c e l l s  w i th  p h y c o e r y th r in  (PE) co n ju g a te d  GAMIg 
a lo n e  in comparison t o  s t a i n i n g  w i th  mAb a g a i n s t  murine MHc 
a n t i g e n s .  Background s l g  s t a i n i n g  (w i th  GAMIg*PE a lo n e )  i s  1/5  
t o  1 /10  t h a t  w i t h  t h e  mAb.
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TABLE 2.3
NUCLEIC ACID PROBES USED IN THESE STUDIES

S p e c i f  i c i t y D e s i g ­
n a t io n

Type D e s c r i p t i o n

AO ch a in pCDNl7 cDNA 650/400  bp P s t I  f ragments  
w ith  com plete  mRNA s e q u e n c e 1

Ea cha in pCA39 Gen­
omic

3 .4  kbp S a i l  fragment encom­
p a s s i n g  a 1 , a2 and TM/CY e x o n s 2

Ea cha in pSPEACi CDNA 1.2  kbp EcoRI fragment w i th  
complete  mRNA sequence  c lo n e d  
i n t o  pSP653

I i  cha in p l i -1 cDNA 920 bp P s t I  fragment c o n t a i n i n g  
p a r t  o f  mRNA s e q u e n c e 4

??? 7B6 CDNA 700 bp Dral /Kpnl  fragment  
h y b r i d i s i n g  t o  mRNA t h a t  does  
not vary during th e  c e l l  c y c l e 5

DRQ chain pDRH2 CDNA 700/600  bp P s t I  fragments  
w ith  complete  mRNA s e q u e n c e 6

1 Davis  e t  a l . f 1984
2 McNicholas  e t  a l . ,  1982
3 Mathis  e t  a l . ,  1983b
4 S in g e r  e t  a l . ,  1984
5 Kaczmarek e t  a l . ,  1985
6 Lee e t  a l . ,  1982b
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CHAPTER 5

ANALYSIS OF MHC CLASS II GENE REGULATION IN THE B LYMPHOCYTIC
LINEAGE
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3:1 MHC CLASS I I  GENE EXPRESSION IS CONTROLLED
AT THE LEVEL OF GENE TRANSCRIPTION IN SEVERAL 
TUMOURS OF THE B LYMPHOCYTIC LINEAGE

3 : 1 .1  I n t r o d u c t i o n

As d i s c u s s e d  e a r l i e r ,  MHC C la s s  I I  e x p r e s s i o n  i s  r e l a t e d  to  
th e  s t a g e  o f  d i f f e r e n t i a t i o n  in both  the  human and murine B 
lym phocyt ic  l i n e a g e s  ( s e c t i o n  1 :3 .1  and F igure  1 . 6 ) .  In t h i s  
s e c t i o n  I p r e s e n t  the  r e s u l t s  o f  exper im ents  which s u g g e s t  t h a t  
MHC C la ss  I I  gene  e x p r e s s i o n  i s  c o n t r o l l e d  a t  th e  l e v e l  o f  gene  
t r a n s c r i p t i o n  in B lym phocyt ic  tumour c e l l  l i n e s  r e p r e s e n t i n g  
s e v e r a l  s t a g e s  o f  d i f f e r e n t i a t i o n .

Tumour c e l l  l i n e s  were s t u d i e d  b ecause  o f  t h e  d i f f i c u l t y  in 
i s o l a t i n g  pure p o p u l a t i o n s  o f  s u b s e t s  o f  B lymphocytes  in 
s u f f i c i e n t  numbers. This  approach has been used  s u c c e s s f u l l y  in 
s t u d i e s  o f  B lymphocyte d i f f e r e n t i a t i o n  (Warner e t  a l . ,  1 979; 
Morse, 1983) .  The u n d e r ly in g  as sumption i s  t h a t  each tumour c e l l  
l i n e  r e p r e s e n t s  a homogenous, d i s c r e t e  s u b p o p u la t io n .  The 
d e t a i l e d  a n a l y s i s  o f  s u r f a c e  a n t i g e n  e x p r e s s i o n  by a wide range  
of  such tumours by s e v e r a l  groups (Kim e t  a l . ,  1979; Lanier  e t  
a l . ,  1981; Davidson e t  a l . ,  1984) has,  in g e n e r a l ,  supp orted  
t h i s  a ssumption .  Most p e r t i n e n t  t o  t h i s  d i s c u s s i o n ,  t h e s e  
workers found t h a t  the  c e l l  t y p e - s p e c i f i c  e x p r e s s i o n  o f  s u r f a c e  
a n t i g e n s  in B c e l l  tumours c l o s e l y  resembled  t h a t  in t h e i r  
normal c o u n t e r p a r t s .  In a d d i t i o n  the  tumours d id  not  e x p r e s s  
gen es  encoding  d i f f e r e n t i a t i o n  a n t i g e n s  corr e sp o n d in g  t o  o th er  
(non-B c e l l )  h a e m o p o ie t i c  l i n e a g e s .  Although e x c e p t i o n s  t o  t h e s e  
s t a t e m e n t s ,  both q u a l i t a t i v e  and q u a n t i t a t i v e ,  d id  occur  (Warner 
e t  a l . ,  1979; Lanier  e t  a l . ,  1981) ,  t h e s e  f i n d i n g s  s u g g e s t  t h a t  
tumour c e l l  l i n e s  are a v a l i d  model f o r  t h e  s tudy  o f  gene  
r e g u l a t i o n  during B lymphocyte d i f f e r e n t i a t i o n .

3 : 1 . 2  Murine B lym phocyt ic  tumour c e l l  l i n e s

C u rren t ly  h e ld  c o n c e p t s  o f  the  pathway o f  B c e l l  
d i f f e r e n t i a t i o n  r e c o g n i z e  a t  l e a s t  f i v e  s t a g e s  (summarized in
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Table  3 : 1 . 1 )  which are  c o r r e l a t e d  p r i m a r i l y  w i th  Ig gene  
rearrangement  and e x p r e s s i o n  and w ith  s u r f a c e  a n t i g e n  phenotypes  
(Hammerling e t  a l . ,  1976; Davidson e t  a l . ,  1 9 8 4 ) .  Tumours 
c o r r e sp o n d in g  t o  s e v e r a l  o f  t h e s e  s t a g e s  were chosen  fo r  
a n a l y s i s .

The tumours NFS 8 .1 8  and NFS 1.3  were d e r i v e d  from t h e  NFS/N 
s t r a i n  o f  mice (Davidson e t  a l . ,  1984) .  NFS 8 .1 8  r e s e m b le s  an 
immature B lymphocyte in  be ing  s u r f a c e  Ig p o s i t i v e ,  but  l a c k i n g  
complement r e c e p t o r  e x p r e s s i o n  and Ig s e c r e t i o n .  In c o n t r a s t  
NFS 1 .3  r e p r e s e n t s  a B lymphoblas t  : i t  s e c r e t e s  Ig and i s  
complement r e c e p t o r  p o s i t i v e .

A2Q i s  a spontaneous B c e l l  lymphoma d e r i v e d  from t h e  BALB/c 
mouse s t r a i n  (Kim e t  a l . ,  1979; McKean e t  a l . ,  1981) .  T h is  c e l l  
l i n e ,  and th e  s i m i l a r  M12 tumour (Kim e t  a l . ,  1979; Hamano e t  
a l . ,  1982) r e p r e s e n t  mature,  Ig s e c r e t i n g  B lym phocytes .

P3X63Aa8 (X631 i s  an IgG1 s e c r e t i n g  plasmacytoma t h a t  was 
d e r i v e d  from t h e  m i n e r a l - o i l  induced MOPC-21 tumour o f  BALB/c 
mice (Kohler and M i l s t e i n ,  1975) .

A l l  th e  above tumour c e l l  l i n e s  have been demonstrated  to  be 
n e a r - d i p l o i d ,  w i th  a low frequency  (< 10%) o f  a n e u p lo id y .

3 : 1 . 3  MHC a n t i g e n  e x p r e s s i o n  a t  th e  c e l l  s u r f a c e

MHC a n t i g e n  e x p r e s s i o n  by t h e s e  tumour c e l l  l i n e s  was 
determined  by i n d i r e c t  immunofluorescence  and FACS a n a l y s i s  
u s in g  th e  methods d e s c r i b e d  e a r l i e r .  The two NFS tumours are of  
th e  H-2sq4  h a p lo ty p e  (K le in  e t  a l . ,  1983) in which th e  s u b l o c i  
K, I-A and I-E  are H-2S d e r i v e d  w h i l e  the  D s u b lo c u s  i s  H-2q 
d e r i v e d .  The Ea gene in t h i s  h a p lo ty p e  i s  not  e x p r e s s e d  (Mathis  
e t  a l . ,  1983a) .  The NFS tumours were t h e r e f o r e  s t a i n e d  w ith  the  
mAb K9-18 ( a n t i - D q) and K25-8.7 (a n t i - I - A s q ) .  The remaining  
tumours are of  the  H-2d h a p lo ty p e ,  and were s t a i n e d  w i th  th e  mAb 
HB75 ( a n t i - D d) and HB3 ( a n t i - I - A d ).  These mAb have been 
d e s c r i b e d  in s e c t i o n  2 : 3 . 1 .

The r e s u l t s  o b ta in e d  ( in  one o f  t h r e e  s i m i l a r  exp er im en ts )  
are  r e p r e s e n t e d  in F igure  3 : 1 . 1 .  A l l  the  tumours e x p r e s s  MHC 
C la s s  I a n t i g e n s ,  a l b e i t  in  v a ry in g  amounts. The mean
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f l u o r e s c e n c e  i n t e n s i t y  o f  s t a i n i n g  o f  th e  tumours w i t h  mAb to  
MHC C la ss  I ranged from 297 t o  487 .8  in the  c a s e  o f  K9-18,  and 
3 6 1 .2  t o  653 .3  in  th e  c a s e  o f  HB75. These ranges r e p r e s e n t  
a p p r o x im a te ly  2 - f o l d  d i f f e r e n c e s  in f l u o r e s c e n c e  i n t e n s i t y .

Not a l l  tumours were s t a i n e d  with  mAb t o  MHC C la ss  I I  
a n t i g e n s  when compared t o  th e  n e g a t i v e  c o n t r o l  (NFS 8-18  and 
X63, F igure  3 : 1 . 1 ) .  In a d d i t i o n  th e  mean f l u o r e s c e n c e  
i n t e n s i t i e s  o f  C la s s  I I  e x p r e s s i n g  tumours (NFS 1-3 ,  A20, M12) 
were a p p ro x im a te ly  1 0 - f o l d  h ig h e r  than t h o s e  o f  C la s s  I I  
n e g a t i v e  c e l l s  s t a i n e d  w i th  the  same mAb (143 t o  1379 .4  in the  
c a s e  o f  K25-8 .7 ,  and 118 .8  t o  1480 in the  c a s e  o f  HB3).

Bearing  in mind th e  c a v e a t  t h a t  mean f l u o r e s c e n c e  
i n t e n s i t i e s  o f  s t a i n i n g  w i th  d i f f e r e n t  mAb cannot  be d i r e c t l y  
compared, i t  i s  n o n e t h e l e s s  c l e a r  t h a t  t h e r e  i s  l i t t l e  
d i f f e r e n c e  in MHC C la ss  I e x p r e s s i o n  between tumours 
r e p r e s e n t i n g  v a r i o u s  B lymphocyte d i f f e r e n t i a t i o n  s t a g e s .  In 
c o n t r a s t  MHC C la ss  I I  e x p r e s s i o n  v a r i e d  markedly.  The tumours 
r e p r e s e n t i n g  immature lymphocyte (NFS 8 -18)  and plasma c e l l  
(X63) s t a g e s  d id  not  e x p r e s s  MHC C la ss  I I  a n t i g e n s ,  w h i l e  mature 
B lym phocyt ic  (A20, Ml 2) and l y m p h o b l a s t i c  (NFS1.3) tumours  
e x p r e s s e d  a t  h igh  l e v e l s .  This  da ta  i s  in  concordance  w i th  t h a t  
o f  o th e r  workers (Hammerling e t  a l . ,  1976; Kim e t  a l . ,  1979; 
Davidson e t  a l . ,  1984) .

I t  has r e c e n t l y  been shown (Erusal imsky e t  a l . ,  1987) t h a t  
MHC C la s s  I a n t i g e n  e x p r e s s i o n  in human lymphoid c e l l  l i n e s  i s  
dependent on c e l l  c y c l e  s t a g e ;  w i th  G1(/S a r r e s t e d  c e l l s  
d i s p l a y i n g  2 t o  3 - f o l d  h ig h e r  l e v e l s  o f  e x p r e s s i o n  than c e l l s  in  
G2 /M. Other workers have observed  t h a t  s m a l l e r  ( 0 . 2 5 - 0 . 3 - f o l d )  
i n c r e a s e s  in C la ss  I e x p r e s s i o n  occur in G2, as  a r e s u l t  of  
i n c r e a s e s  in c e l l  s i z e  (H arr is  and Sekaly ,  1984; Muller  e t  a l . ,  
1986) .  Such c e l l  c y c l e  r e l a t e d  v a r i a t i o n s  appear t o  be the  most  
probable  cause  o f  th e  ob served  small  d i f f e r e n c e s  in C la ss  I 
e x p r e s s i o n  between v a r i o u s  tumour c e l l  l i n e s ,  as asynchronous  
c e l l  c u l t u r e s  were used f o r  the  exper im ents  r e p o r t e d  h e r e .  I t  
i s  a l s o  c l e a r ,  however,  t h a t  v a r i a t i o n s  o f  t h i s  magnitude cannot  
account  f o r  th e  l a c k  o f  MHC C la ss  I I  e x p r e s s i o n  in NFS 8-18 and 
X63 .
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3 : 1 . 4  E x p ress io n  o f  mRNA f o r  th e  MHC C la s s  I I  genes

F i f t e e n  pg o f  t o t a l  c e l l u l a r  RNA prepared from c u l t u r e s  of  
th e  murine B lym p h ocyt ic  tumour l i n e s  was denatured  and s i z e -  
s e p a r a t e d  on 1% a g a ro se  g e l s  c o n t a i n i n g  16% ( v / v )  formaldehyde  
b e f o r e  Northern b l o t t i n g  as d e s c r i b e d  in s e c t i o n  2 : 7 . 2 .  
Northern b l o t s  were h y b r i d i z e d  w ith  32P - l a b e l l e d  n u c l e i c  a c id  
probes f o r  th e  murine MHC C la ss  I I  gene Aa and the  I i  ch a in ;  and 
a u torad iograp h ed .

F igu re  3 : 1 . 2  shows t h e  r e s u l t s  o f  t h e s e  e x p e r im e n ts .  Both Aa 
and I i  gene  mRNAs were found in th e  C la ss  I I  a n t i g e n  e x p r e s s i n g  
c e l l  l i n e s  NFS 1 . 3 ,  A20 and M12. No AO mRNA was d e t e c t e d  in the  
c e l l  l i n e s  (NFS 8 .1 8  and X63) which d id  not  e x p r e s s  C la ss  I I  
a n t i g e n s .  While NFS 8 .1 8  was a l s o  I i  cha in  mRNA n e g a t i v e ,  X63 
e x p r e s s e d  low l e v e l s  o f  I i  cha in  mRNA. S i m i l a r  r e s u l t s  were  
o b t a in e d  even when th e  a u to ra d io g ra p h s  were exposed f o r  up t o  14 
d a y s .

Thus the  d i f f e r e n c e s  observed  between c e l l  t y p e s  by s e r o l o g y  
are  a l s o  found a t  the  mRNA l e v e l .  S i m i l a r  r e s u l t s  have been 
o b t a in e d  in th e  c a s e  o f  Aa and Ea chain  g enes  by o t h e r  groups  
(Mathis e t  a l . ,  1983b; Davis  e t  a l . ,  1984) who t e s t e d  murine T 
c e l l  l i n e s ,  plasmacytomas and B c e l l  lymphomas. The r e s u l t s  
p r e s e n t e d  here  r e i n f o r c e  th e  c o n c l u s i o n  t h a t  in s e v e r a l  tumours 
o f  t h e  murine B c e l l  l i n e a g e  as  w e l l  as  in c e r t a i n  o t h e r  c e l l  
t y p e s ,  MHC C la ss  I I  gene e x p r e s s i o n  i s  r e g u l a t e d  a t  th e  l e v e l  of  
gene  t r a n s c r i p t i o n .

I t  must be noted t h a t  I i  cha in  t r a n s c r i p t s  were found a t  low 
l e v e l s  in th e  plasmacytoma X63, which does not  e x p r e s s  C la s s  I I  
a n t i g e n s ,  a l th o u g h  another  C la ss  I I  a n t i g e n  n e g a t i v e  c e l l  l i n e ,  
NFS 8 . 1 8 ,  d id  not  e x p r e s s  I i  cha in  mRNA. This  accord s  w i th  th e  
r e s u l t s  o f  Koch and Harris  (1984) who d e t e c t e d  ve ry  low l e v e l s  
o f  I i  cha in  p o l y p e p t i d e  in plasmacytomas,  but not  o th e r  C la s s  I I  
a n t i g e n  n e g a t i v e  B c e l l  tumours.
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3 : 1 . 5  Human B lvm phocvt ic  tumours

Do t h e s e  o b s e r v a t i o n s  extend  t o  human B ly m p h o cy t ic  tumours? 
S e v e r a l  human tumour c e l l  l i n e s  were o b t a in e d  in order to  
determ ine  t h i s .

RAJI and RAMOS are  c e l l  l i n e s  e s t a b l i s h e d  from EBV p o s i t i v e  
and EBV n e g a t i v e  B u r k i t t ' s  lymphoma tumours r e s p e c t i v e l y  
( P u l v e r t a f t  e t  a l . ,  1964) .  The c e l l s  r e p r e s e n t  e a r l y ,  s u r f a c e  
IgM p o s i t i v e  ly m phocytes .

RPMI 7666 i s  one of  a l a r g e  s e r i e s  o f  EBV p o s i t i v e  
l y m p h o b la s t i c  c e l l  l i n e s  i n i t i a t e d  from the  b lood  o f  a normal  
human (Moore e t  a l . ,  1967) .  These c e l l s  r e p r e s e n t  mature,  Ig  
s e c r e t i n g  ly m phocytes .

HS-Sultan (H arr i s  e t  a l . ,  1974) i s  a plasmacytoma c e l l  l i n e  
e s t a b l i s h e d  from th e  b lood o f  a p a t i e n t  w i th  IgG m u l t i p l e  
myeloma. C e l l u l a r  morphology i s  t y p i c a l  o f  a mature Ig 
s e c r e t i n g  plasma c e l l .

3 : 1 . 6  MHC a n t i g e n  e x p r e s s i o n  a t  th e  c e l l  s u r f a c e

A l l  tumour c e l l  l i n e s  were s t a i n e d  w ith  mAb r e c o g n i z i n g  non-  
polymorphic d e te r m in a n ts  t h a t  are  l o c u s  r a t h e r  than h a p lo ty p e  
s p e c i f i c .  The mAb W6/32 r e c o g n i z e s  a l l  human HLA A, B and C 
C la ss  I h a p l o t y p e s ,  w h i l e  L243 r e c o g n i z e s  C la s s  I I  HLA-DR. These  
mAb have been d e s c r i b e d  e l s e w h e r e  ( s e c t i o n  2 : 3 . 1 ) .  The r e s u l t s  
o b ta in e d  in one o f  two s i m i l a r  exper im ents  are d i s c u s s e d .

As in th e  c a s e  o f  the  murine tumours,  a l l  th e  human tumours 
e x p r e s s e d  MHC C la ss  I a n t i g e n s  a t  va ry in g  l e v e l s  (F igu re  3 : 1 . 3 ) .  
The range o f  mean f l u o r e s c e n c e  i n t e n s i t i e s  was much g r e a t e r  
(1 8 0 .3  t o  1020 .4 ,  6 - f o l d  v a r i a t i o n )  than in the  c a s e  o f  the  
murine tumours.

DR a n t ig e n  e x p r e s s i o n  p a r a l l e l e d  t h a t  of  murine I-A a n t i g e n s  
(F igu re  3 : 1 . 3 ) .  The t h r e e  tumours r e p r e s e n t i n g  immature and 
mature B lymphocyte s t a g e s  (RAJI, RAMOS, RPMI 7666) e x p r e s s e d  
high  l e v e l s  o f  DR a n t i g e n s  (range o f  mean f l u o r e s c e n c e  
i n t e n s i t i e s  3 03 .4  to  493, 1 . 6 - f o l d  v a r i a t i o n ) ,  w h i l e  the
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plasmacytoma (H S-Sul tan)  e x p r e s s e d  9-  to  1 5 - f o l d  l e s s  DR (mean 
f l u o r e s c e n c e  i n t e n s i t y  3 3 . 5 ) .  The mean f l u o r e s c e n c e  i n t e n s i t y  of  
s t a i n i n g  o f  HS-Sultan w ith  L243 ( 3 3 . 5 )  was o n ly  s l i g h t l y  h igh er  
than w i t h  GAMIg ( 2 0 .7 )  s u g g e s t i n g  t h a t  DR e x p r e s s i o n  was very  
low.

3 : 1 . 7  E x p r e s s io n  o f  DRq mRNA

F i f t e e n  pg o f  t o t a l  c e l l u l a r  RNA prepared from each o f  the  
fo u r  human B c e l l  tumours was a n a ly s e d  by Northern b l o t t i n g .  
F igure  3 : 1 . 4  shows the  r e s u l t s  o f  h y b r i d i z a t i o n  w i th  a 32P 
l a b e l l e d  n u c l e i c  a c i d  probe f o r  th e  DROt gen e .  A l l  o f  the  
tumours were found t o  e x p r e s s  DRa gene t r a n s c r i p t s ,  amounts of  
which roughly  corresp on ded  t o  th e  r e l a t i v e  amount of  DR 

e x p r e s s i o n  a t  th e  c e l l  s u r f a c e .
The human plasmacytoma HS-Sultan e x p r e s s e d  sm al l  amounts of  

DR a n t i g e n  and DRa mRNA, in c o n t r a s t  to  t h e  murine plasmacytoma  
X63. This  o b s e r v a t i o n  may be th e  r e s u l t  o f  low l e v e l s  o f  DRa 

gene t r a n s c r i p t i o n ,  which i s  c o n s i s t e n t  w i th  th e  c o n c l u s i o n  t h a t  
C la ss  I I  gene e x p r e s s i o n  i s  c o n t r o l l e d  t r a n s c r i p t i o n a l l y  in th e  
B lymphocyte l i n e a g e .  However p o s t - t r a n s c r i p t i o n a l  r e g u l a t o r y  
mechanisms cannot be exc luded ,  a p o i n t  which i s  d i s c u s s e d  in 
l a t e r  s e c t i o n s .
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LEGEND TO FIGURE 3 :1 .1

S i n g l e  c e l l  s u s p e n s i o n s  were s t a i n e d  w ith  mAb t o  th e  MHC 
a n t i g e n s  by i n d i r e c t  immunofluorescence and a n a ly s e d  on th e  FACS 
as  d e s c r i b e d  in s e c t i o n s  2 : 3 . 2  and 2 : 3 . 3 .  B r i e f l y ,  t e n  thousand  
c e l l s  were a n a ly s e d  per sample,  and a p p r o p r ia t e  g a t e s  were s e t  
t o  e x c lu d e  n o n - v i a b l e  c e l l s  and c e l l  d e b r i s .  The mean 
f l u o r e s c e n c e  i n t e n s i t y  (+. standard d e v i a t i o n )  of  s t a i n i n g  w i th  
each mAb was c a l c u l a t e d  u s in g  t h e  B/DIS Consort  computer  
programme : t h e s e  v a l u e s  are d e p i c t e d .  A l l  r e s u l t s  d e p i c t e d  in  
t h i s  F igure  were o b ta in e d  during  a s i n g l e  FACS a n a l y s i s  w i th  
i d e n t i c a l  machine s e t t i n g s .

This  f i g u r e  shows the  r e s u l t s  o b t a in e d  with  one o f  t h r e e  
s i m i l a r  e x p e r im e n ts .  NFS 8-18 and NFS 1-3 were s t a i n e d  w i th  the  
mAb K9-18 ( a n t i - D q, C la ss  I)  and K22-8.7 (a n t i - I - A s q , C la s s  I I ) .  
A l l  o th e r  c e l l s  were s t a i n e d  w ith  HB75 ( a n t i - D d, C la s s  I)  and 
HB3 ( a n t i - I - A d, C la s s  I I ) .  N e g a t iv e  c o n t r o l  s t a i n i n g  was w i th  
f luorochrom e c o n ju g a te d  GAMIg a lo n e  ( C o n t r o l ) .
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MHC antigen expression by murine B lymphoid tumours
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FIGURE 3:1.2

EXPRESSION OF ACL AND Ii GENE TRANSCRIPTS BY MURINE TUMOURS

A Northern blot containing 15 p g . of total cellular RNA in 

each track was hybridized with a P-labelled probe for the ACL 
gene and autoradiographed. The blot was stripped free of 

radioactivity before being re-probed with an Ii gene probe. The 

Ii autoradiograph was inadvertently photographed back-to-front, 

which is the reason for inversion of the track pattern.
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MHC antigen expression by human B lymphoid tumours

RAJI RAMOS RPMI 7666 HS-Sultan

Cell type

FIGURE 3 : 1 . 3

Human tumour c e l l s  were  
3 : 1 . 1 .  The c e l l s  were s t a i n e d  
A, B,C, C la s s  I)  and L243 
c o n t r o l  s t a i n i n g  was w i th  
(C o n t r o l ) .

a n a ly s e d  as  d e s c r i b e d  in F igure  
w ith  the mAb W6/32 (anti-HLA  

anti-HLA DR, C la ss  I I ) .  N e g a t iv e  
f luorochrome c o n ju g a te d  GAMIg
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FIGURE 3:1.4

EXPRESSION OF DRa GENE TRANSCRIPTS BY HUMAN TUMOURS 

Each track contains 15 pg of total cellular RNA. Analysis

was carried out as described in Figure 3:1.2.
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Cell surface phenotypes of 
stages of B cell differentiation

Differentiation
marker

Pre-B
cell

Immature Mature 
B lymphocyte

Immuno-
blast

Plasma
cell

BP-220 + + + + + /-

slg - + + + /- + /-

lg secretion - - + +

C-receptor - + + + /-

PC-1 - - + /- +

TABLE 3 ;1 .1
(Adapted from th e  data  o f  Kim e t  a l . f 1979; Lanier  e t  a l . ,  1981

and Davidson e t  a l . ,  1984)
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3:2  THE MURINE PLASMACYTOMA NS1 EXPRESSES MHC CLASS I BUT
NOT CLASS I I  ANTIGENS

3 : 2 .1  I n t r o d u c t i o n

The p rec e d in g  s e c t i o n  s u g g e s t s  t h a t  a t  l e a s t  two 
plasmacytoma c e l l  l i n e s ,  murine and human, su p p re ss  MHC C la ss  I I  
gene e x p r e s s i o n ,  but  i n t r i g u i n g l y  l e a v e s  th e  mechanism o f
s u p p r e s s i o n  open t o  q u e s t i o n .  In order  t o  d e v e lo p  an
e x p e r im e n t a l  system in which t o  i n v e s t i g a t e  t h i s  mechanism, MHC 
gene  product  e x p r e s s i o n  in  th e  murine plasmacytoma c e l l  l i n e  NS1 
was s t u d i e d  in d e t a i l .  The r e s u l t s  o b t a in e d  in t h i s  approach  
are  t h e  f o c u s  o f  the  remainder o f  th e  t h e s i s .

P3-NS1/Aa4.1 fNS11 i s  a n o n s e c r e t i n g  murine plasmacytoma
c e l l  l i n e ,  which l i k e  X63, i s  d e r i v e d  from t h e  MOPC-21 tumour o f  
BALB/c mice (Kohler e t  a l . ,  1976) .  I a n a ly s e d  t h e s e  c e l l s  by 
i n d i r e c t  immunof luorescence and im m un op rec ip i ta t ion  t o  determ ine  
i f  MHC a n t i g e n s  are  e x p r e s s e d  a t  th e  c e l l  s u r f a c e  and/or  
i n t r a c e l l u l a r l y . Except where o t h e r w i s e  s p e c i f i e d ,  the  
immunofluorescence  a s s a y s  d i s c u s s e d  are t h e  r e s u l t s  of  one of  a t  
l e a s t  t h r e e  s i m i l a r  e x p e r im e n ts .

3 : 2 . 2  MHC a n t i g e n  e x p r e s s i o n  a t  the  c e l l  s u r f a c e

A pane l  o f  mAb, a l l  o f  the  same IgG2a c l a s s ,  were used in  
i n d i r e c t  immunof luorescence a s s a y s .  F igure  3 : 2 .1  shows th e  mean 
f l u o r e s c e n c e  i n t e n s i t y  o f  s t a i n i n g  w i th  mAb a g a i n s t  th e  H-2d 
s u b l o c i  - T19.191 ( a n t i - D d, Ld ), HB75 ( a n t i - D d ), HB3 ( a n t i - I -  
Ad) and 13/4 ( a n t i - I - E d) .  In comparison,  mAb a g a i n s t  H-2k 
s u b l o c i  - H100-5 ( a n t i - K k) and TIB92 ( a n t i - I - A k) - were used  as  
n e g a t i v e  c o n t r o l s .  The r e s u l t s  c l e a r l y  show t h a t  NS1 c e l l s  
e x p r e s s  MHC C la ss  I a n t i g e n s  a t  th e  c e l l  s u r f a c e .

What o f  C la ss  I I  ? The mean f l u r o r e s c e n c e  i n t e n s i t y  of  
s t a i n i n g  w i th  mAb a g a i n s t  I-A and I-E ( 1 0 .8 9  and 1 1 .5 3 ,  mAb 13/4  
and HB3 r e s p e c t i v e l y )  was s l i g h t l y  g r e a t e r  than w i th  a n e g a t i v e  
c o n t r o l  mAb ( 8 .8 3 ,  mAb TIB92) or GAMIg a lo n e  ( 8 . 3 9 ) .  These
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d i f f e r e n c e s  were not  found t o  be s t a t i s t i c a l l y  s i g n i f i c a n t  by 
t h e  S t u d e n t ' s  T - t e s t ,  as  th e  standard  d e v i a t i o n s  were between 10 
and 15% of  th e  mean. The d i f f e r e n c e s  were,  however,  c o n s i s t e n t  
and r e p r o d u c i b l e .

These r e s u l t s  (which are s i m i l a r  t o  t h o s e  o b t a in e d  w ith  the  
human plasmacytoma HS-Sultan)  might i n d i c a t e  t h a t  NS1 c e l l s  
e x p r e s s  low l e v e l s  o f  MHC C la ss  I I  a n t i g e n s .  Three a n a l y s e s  
were performed t o  t e s t  t h i s  f u r t h e r .

F i r s t ,  comparison t o  normal BALB/c s t r a i n  s p l e n i c  c e l l s  
( F ig u r e s  3 : 2 . 1 ,  3 : 2 . 2 )  showed t h a t  NS1 c e l l s  s t a i n e d  about 60% 
as b r i g h t l y  w i th  a n t i - C l a s s  I (mean f l u o r e s c e n c e  i n t e n s i t y  61 .5  
v e r s u s  106.1 w i th  mAb HB75) but l e s s  than 6 % as b r i g h t l y  wi th  
a n t i - C l a s s  I I  (1 1 .5 3  v e r s u s  184 .3  w i th  mAb HB3).  In a l l  the  
i n d i r e c t  immunofluorescence exper im ents  performed, s a t u r a t i n g  
c o n c e n t r a t i o n s  o f  both  f i r s t - l a y e r  mAb and s e c o n d - l a y e r  
f luorochrom e c o n j u g a t e s  were used .  Under t h e s e  c o n d i t i o n s  the  
mean f l u o r e s c e n c e  i n t e n s i t y  o f  s t a i n e d  c e l l s  i s  d i r e c t l y  
p r o p o r t i o n a l  t o  th e  amount of  mAb bound, which i s  in  turn  
p r o p o r t i o n a l  t o  the  number o f  a n t i g e n  m o le c u le s  e x p r e s s e d  a t  the  
c e l l  s u r f a c e .  Hence d i f f e r e n c e s  in mean f l u o r e s c e n c e  i n t e n s i t y  
must r e p r e s e n t  d i f f e r e n c e s  in th e  number o f  a n t i g e n  m o le c u le s  
e x p r e s s e d .  Comparison w i th  s p l e n i c  c e l l s  t h e r e f o r e  i n d i c a t e s  
t h a t  MHC C la ss  I I  e x p r e s s i o n ,  i f  any, by NS1 must be e x trem ely  
low.  NS1 c e l l s  e x p r e s s e d  on ly  6 % of  the  average  number o f  MHC 
C la s s  I I  m o l e c u l e s  found in an u n f r a c t i o n a t e d  s p l e n i c  c e l l  
p o p u l a t i o n  t h a t  i n c l u d e s  a s u b s t a n t i a l  p r o p o r t io n  (30 t o  50%) of  
T lymphocytes  t h a t  do not  e x p r e s s  C la ss  I I .  In c o n t r a s t ,  NS1 
e x p r e s s e d  60% o f  th e  number of  C la ss  I m o l e c u l e s ,  a l th o u g h  t h e s e  
are  found on a l l  s p l e n i c  c e l l s .

Second,  th e  f l u o r e s c e n c e  h i s to g ra m s  o b ta in e d  by s t a i n i n g  NS1 
c e l l s  w i th  a n t i - I - A d and (as  n e g a t i v e  c o n t r o l )  a n t i - I - A k (F igure  
3 : 2 . 3 )  were compared u s in g  th e  Kolmogorov-Smirnov s t a t i s t i c a l  
t e s t ,  which d e te r m in e s  th e  p r o b a b i l i t y  t h a t  two h i s to g r a m s  are  
s i g n i f i c a n t l y  d i f f e r e n t  (Young, 1977) .  No s i g n i f i c a n t  
d i f f e r e n c e  was found w ith  99% c o n f i d e n c e  l i m i t s .

Third,  two o th e r  mAb which r e a c t  w i th  I-A and I-E  a n t i g e n s  
o f  s e v e r a l  mouse h a p l o t y p e s  (1 7 .2 2 7 ,  TIB154) were used t o  s t a i n
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NS1 c e l l s .  They f a i l e d  t o  show th e  very  s l i g h t  p o s t i v e  s t a i n i n g  
ob serv ed  w i th  HB3 (F igu re  3 : 2 . 4 ) .

A s i n g l e  c e l l  s o r t i n g  exp er iment  was performed t o  e x c lu d e  
t h e  p o s s i b i l i t y  t h a t  a very  sm al l  p r o p o r t io n  o f  NS1 c e l l s  did  
e x p r e s s  MHC C la ss  I I  a n t i g e n s .  F ive  m i l l i o n  c e l l s  s t a i n e d  with  
HB3 were e n r i c h e d  f o r  th e  most i n t e n s e l y  f l u o r e s c e n t  10% u s in g  
t h e  FACS. These "bright" c e l l s  were then r e - c u l t u r e d  f o r  4 
da ys,  and r e - a n a l y s e d  f o r  MHC a n t i g e n  e x p r e s s i o n  w i th  u n so r te d  
NS1 c e l l s  f o r  comparison .  There was no d i f f e r e n c e  in th e  
s t a i n i n g  p a t t e r n  (data  not  shown). This  makes i t  ve ry  u n l i k e l y  
t h a t  a s u b p o p u la t io n  o f  NS1 c e l l s  e x p r e s s i n g  MHC C la ss  I I  
a n t i g e n s  e x i s t s .  This  i s  f u r t h e r  supp orted  by th e  r e s u l t s  o f  
th e  Kolmogorov-Smirnov s t a t i s t i c a l  t e s t  (F igu re  3 : 2 . 3 )  : no 
s t a t i s t i c a l  e v id e n c e  was found f o r  the  p r e s e n c e  o f  such a 
s u b p o p u l a t i o n .

Taken t o g e t h e r  t h e s e  r e s u l t s  i n d i c a t e  t h a t  NS1 c e l l s  do not  
e x p r e s s  MHC C la ss  II a n t i g e n s  in d e t e c t a b l e  amounts a t  the  c e l l  
s u r f a c e .  Work on inbred mouse s t r a i n s  t h a t  l a c k  I-E a n t i g e n  
e x p r e s s i o n  dem onstra te s  t h a t  Ea or E|3 p o l y p e p t i d e s  may be 
p r e s e n t  i n t r a c e l l u l a r l y  d e s p i t e  th e  l a c k  o f  c e l l  s u r f a c e  
e x p r e s s i o n .  Jones and co -w orkers  (1978b) have shown t h a t  mice o f  
th e  H-2b and H-2S h a p l o t y p e s  s y n t h e s i z e  E[3 but not  Ea

p o l y p e p t i d e .  The E0 p o l y p e p t i d e  i s  found in  th e  cy top lasm  but  
i s  not  i n s e r t e d  i n t o  t h e  c e l l  membrane in t h e  abse nce  o f  Ea. In 
c o n t r a s t  in th e  H-2ap5  h a p lo ty p e  Ea p o l y p e p t i d e  i s  found in the  
cytop lasm  and i n s e r t e d  i n t o  th e  membrane, d e s p i t e  th e  absence  o f  
E(3 s y n t h e s i s .

I t  i s  c o n c e i v a b l e  t h a t  th e  la c k  o f  c e l l  s u r f a c e  a n t i g e n  
e x p r e s s i o n  in NS1 i s  due t o  d e f e c t s  in the  e x p r e s s i o n  o f  one or  
t h e  o t h e r  c o n s t i t u e n t  p o l y p e p t i d e  c h a i n s .  This  p o s s i b i l i t y  was 
t e s t e d  by b i o s y n t h e t i c  l a b e l l i n g  and im m unoprec ip i ta t ion  o f  NS1 
c e l l  e x t r a c t s .

3 : 2 . 3  E xp ress ion  o f  MHC a n t i g e n s  i n t r a c e l l u l a r l y

NS1 and A20 c e l l s  were b i o s y t h e t i c a l l y  l a b e l l e d  w i th  3H- 
l e u c i n e ,  3H - l y s i n e  and 3H - s e r i n e ,  and c e l l  e x t r a c t s
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im m unoprec ip i ta te d  w i th  a p o l y c l o n a l  r a b b i t  an t i seru m  a g a i n s t  
murine I - A d/ I - E d a n t i g e n s  as d e s c r i b e d  e l s e w h e r e .  F igu re  3 : 2 . 5  
shows t h a t  t h e  ant i serum p r e c i p i t a t e s  r a d i o - l a b e l l e d  p r o t e i n s  
w ith  m o le c u la r  w e ig h t s  o f  a p p rox im ate ly  34, 30 and 28 kD from 
e x t r a c t s  o f  A20 but  not  NS1 c e l l s .  These corresp on d  
r e s p e c t i v e l y  t o  th e  0(, I i  and (3 c h a in s  o f  th e  murine MHC C lass  
I I  a n t i g e n s .

I i  cha in  was not  p r e c i p i t a t e d  from NS1 e x t r a c t s .  I t  i s  
p o s s i b l e  t h a t  t h i s  p r o t e i n  i s  not  s y n t h e s i z e d .  However, the  
p o l y c l o n a l  r a b b i t  ant i serum  was r a i s e d  by immunisat ion w ith  MHC 
C la ss  I I  a n t i g e n s  p u r i f i e d  by a f f i n i t y  chromatography u s in g  a 
mAb t h a t  r e c o g n i z e s  a and p c h a in s  (TIB120, B hattacharya  e t  a l . ,  
1981) .  The ant i serum  might not  t h e r e f o r e  p r e c i p i t a t e  I i  cha in  in 
th e  abse nce  o f  a and |3 c h a in s  *

These r e s u l t s  show t h a t  none o f  the  MHC C la s s  I I  p o l y p e p t i d e  
c h a i n s  are  p r e s e n t  i n t r a c e l l u l a r l y  in NS1 c e l l s ,  im ply ing  t h a t  
s e l e c t i v e  d e f e c t s  in t h e i r  e x p r e s s i o n  are not  th e  cau se  o f  the  
f a i l u r e  to  e x p r e s s  MHC C la ss  I I .
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MHC antigen expression by NS1

FIGURE 3 ; 2 . 1

NS1 c e l l s  were a n a ly s e d  as  d e s c r i b e d  in F igure  3 : 1 . 1 .
The mAb used  were : H100 ( a n t i - K k), T19.191 ( a n t i - D d, Ld ), 

HB75 ( a n t i - D d), 13 /4  ( a n t i - I - E dk ) , TIB92 ( a n t i - I - A k) and HB3 
( a n t i - I - A d ).  A l l  raAb are o f  the  IgG2a c l a s s .  N e g a t iv e  c o n t r o l
s t a i n i n g  i s  w i th  f luorochrorae c on ju gated  GAMIg a l o n e .
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MHC antigen expression by BALB/c 
splenocytes
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FIGURE 3 : 2 . 2

A n a ly s e s  were performed on f r e s h l y  i s o l a t e d ,  u n f r a c t i o n a t e d  
s p l e n i c  c e l l  s u s p e n s i o n s  as d e s c r i b e d  in F igure  3 : 1 . 1 ,  e x c e p t  
t h a t  no g a t e s  were s e t  so t h a t  a l l  s p l e n i c  su b p o p u la t io n s  were 
in c l u d e d .  Mab used were HB75 ( a n t i - D d) and HB3 ( a n t i - I - A d ).  
N e g a t i v e  c o n t r o l  s t a i n i n g  was wi th  f luorochrome con ju g a te d  GAMIg 
a l o n e .  This  f i g u r e  shows the  r e s u l t s  of  one of  four  exper im ents  
performed a t  the  same t ime as the  one shown in F igure  3 : 2 . 1 .
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FIGURE 3 : 2 . 3
ANALYSIS OF FLUORESCENCE HISTOGRAMS BY THE KOLMOGOROV-SMIRNOV

TEST

F l u o r e s c e n c e  h i s to g ra m s  o b ta in e d  by s t a i n i n g  s i n g l e  c e l l  
s u s p e n s i o n s  of  NS1 w ith  th e  mAb HB3 ( a n t i - I - A d) and the  n e g a t i v e  
c o n t r o l  mAb TIB92 ( a n t i - I - A k) were c a l c u l a t e d  u s in g  the  B/DIS 
Consort  computer programme : they  are  shown a t  the  top o f  the  
f i g u r e .  The samples  were not  ga te d ,  so t h a t  a l l  10 000 c e l l s  
were in c lu d e d  in the  a n a l y s e s .  The Kolmogorov-Smirnov (K- S ) 
t e s t  was performed t o  compare t h e s e  h i s to g ra m s  u s in g  the  same 
computer programme. H o r i z o n t a l  a x i s  = f l u o r e s c e n c e  i n t e n s i t y  
(channe l  numbers) .  V e r t i c a l  a x i s  = r e l a t i v e  c e l l  number.

The lower h a l f  o f  th e  f i g u r e  shows th e  r e s u l t s  of  th e  K-S 
t e s t .  The graphs shown are c u m u la t iv e  frequency  d i s t r i b u t i o n s  
(summation cu r v e s )  f o r  f l u o r e s c e n c e  i n t e n s i t y .  The f i r s t  t e s t  
was performed u s in g  t h e  e n t i r e  f l u o r e s c e n c e  d i s t r i b u t i o n  (from 0 
t o  255 c h a n n e l s ) .  The v a l u e  computed f o r  th e  K-S s t a t i s t i c ,  D, 
was 0 . 1 6 .  This  v a lu e  was compared t o  the  standard  p r o b a b i l i t y  
d i s t r i b u t i o n  f o r  the  K-S s t a t i s t i c  g iv e n  in mathemat ica l  t a b l e s  
( Sokal  and Rohl f ,  1981b),  a d j u s t e d  f o r  10 000 e v e n t s .  A v a lu e  
o f  0 .2 0  or g r e a t e r  i n d i c a t e s  t h a t  th e r e  i s  g r e a t e r  than 99% 
p r o b a b i l i t y  t h a t  th e  two h i s to g ra m s  are s i g n i f i c a n t l y  d i f f e r e n t .  
In t h i s  c a s e ,  th ey  are  n o t .

Any d i v e r g e n c e  between the  summation cu rves  s u g g e s t s  the  
p r e s e n c e  o f  a su b p o p u la t io n  o f  c e l l s  w i th  d i f f e r e n t  ( i e .  g r e a t e r  
or s m a l l e r )  f l u o r e s c e n c e  i n t e n s i t i e s .  A sm al l  d i v e r g e n c e  
between channe l  numbers 80 and 120 was ob served .  A second K-S 
t e s t  was t h e r e f o r e  performed u s in g  t h e  f l u o r e s c e n c e  d i s t r i b u t i o n  
between t h e s e  ch a n n e l s  (80 and 1 2 0 ) as a more s t r i n g e n t  a n a l y s i s  
f o r  the  p r e s e n c e  of  a p o s i t i v e l y  s t a i n e d  s u b p o p u la t io n  o f  NS1 
c e l l s .  Again th e  computed K-S s t a t i s t i c ,  D ( = 0 . 1 4 ) ,  was l e s s  
than the  c r i t i c a l  v a lu e  ( 0 . 2 0 ); i n d i c a t i n g  t h a t  th e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  between the  h i s to g r a m s .
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FIGURE 3 : 2 . 4
ANTI-CLASS I I  raAb DO NOT STAIN NS1 CELLS

Iraraunofluoresce s t a i n i n g  and FACS a n a l y s i s  were c a r r i e d  out  
as d e s c r i b e d  in F igure  3 : 1 . 1 ,  e x c e p t  t h a t  th e  r e s u l t s  are shown 
as f l u o r e s c e n c e  contour  graphs .  The quadrant markers i n d i c a t e  
c o n t r o l  n e g a t i v e  s t a i n i n g  wi th  GAMIg a l o n e .  HB75 ( a n t i - D d) 
b r i g h t l y  s t a i n s  a l l  NS1 c e l l s .  In c o n t r a s t ,  HB3 ( a n t i - I - A d ), 
17.227 (a n t i - I - A d, I - E d ) and TIB154 (p a n - a n t i - I - A )  do n o t .  The 
s l i g h t  p o s i t i v i t y  found with  HB3 ( s e e  t e x t )  i s  not seen  with  the  
o th er  a n t i - C l a s s  I I  mAb. The r e s u l t s  shown were o b ta in e d  in one 
of  t h r e e  s i m i l a r  exper im ents .
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FIGURE 3:2.5

IMMUNOPRECIPITATION OF LABELLED CELL EXTRACTS

Cell extracts from 5 x 106 A20 and NS1 cells

biosynthetically labelled with 3H amino acids (leucine, lysine, 

serine) were immunoprecipitated with a polyclonal rabbit

antiserum against murine Class II antigens. Immunoprecipitated 

proteins were denatured by boiling in the presence of 

dithiothreitol/SDS and resolved by SDS-PAGE using the Laemmli 

system (10% gel). The dried gel was autoradiographed with 

fluorographic enhancement.

The rabbit anti-Class II serum (+) precipitates 34, 30 and 

28 kD bands from A20 but not NS1 extracts. Negative control 

immunoprecipitations (C) are with normal rabbit serum.
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3:3 NS1 ACTIVELY SUPPRESSES MHC CLASS II EXPRESSION BY A

SPECIFIC MECHANISM

3 : 3 .1  I n t r o d u c t i o n

NS1 c e l l s  do not  e x p r e s s  MHC C la ss  I I  a n t i g e n s  in d e t e c t a b l e  
amounts e i t h e r  i n t r a c e l l u l a r l y  or a t  the  c e l l  s u r f a c e ,  a l though  
t h e  c l o s e l y  r e l a t e d  MHC C lass  I a n t i g e n s  are e x p r e s s e d .  What i s  
th e  e x p l a n a t i o n  f o r  t h i s  o b s e r v a t i o n  ?

The most i n t e r e s t i n g  e x p l a n a t i o n  i s  t h a t  a s p e c i f i c  
r e g u l a t o r y  mechanism su p p r e s s e s  MHC C la ss  I I  gene e x p r e s s i o n .  
Current  knowledge o f  the  r e g u l a t i o n  o f  t h e s e  g en es  has been  
summarized e a r l i e r  ( s e c t i o n  1 : 3 ) .  I t  i s  apparent  t h a t  c e r t a i n  
s e q u e n c e - s p e c i f i c  DNA-binding r e g u l a t o r y  p r o t e i n s  are n e c e s s a r y  
f o r  the  i n i t i a t i o n  o f  MHC C la ss  I I  gene t r a n s c r i p t i o n ;  and t h a t  
q u a n t i t a t i v e  and q u a l i t a t i v e  a l t e r a t i o n s  in t h e s e  p r o t e i n s  cause  
th e  n o n - e x p r e s s i n g  phenotype o f  the  B lymphocyte mutants 
d e v e lo p e d  by s e v e r a l  groups ( A c c o l l a  e t  a l . ,  1985; S a l t e r  e t  
a l . , 1 9 8 5 ,  P e t e r l i n  e t  a l . ,  198 7 ) .  Mechanisms t h a t  a c t i v e l y  
supp ress  C la ss  I I  gene e x p r e s s i o n  have not  been i d e n t i f i e d  in  
t h e s e  muta nts .  However th e  e x i s t e n c e  o f  such mechanisms i s  
s u g g e s t e d  by the  f a c t  t h a t  a t  l e a s t  c e r t a i n  DNA sequence  
e lem ents  o f  th e  C la s s  I I  gene promoters  have a "negat ive"  e f f e c t  
: d e l e t i n g  them c a u s e s  an enhancement o f  t r a n s c r i p t i o n  (Boss and 
Strom inger ,  1986; Thanos e t  a l . ,  1988) .  These sequences  might  
s e r v e  as  t a r g e t s  f o r  the  b in d in g  o f  "negat ive"  r e g u l a t o r y  
p r o t e i n s .

A l t e r n a t i v e ,  t r i v i a l  e x p l a n a t i o n s  are a l s o  p o s s i b l e .  NS1 i s  
a tumour c e l l  l i n e  t h a t  has been m ainta ined  f o r  many g e n e r a t i o n s  
in v i t r o . Chromosomal changes such as m u ta t io n s ,  rearrangements  
or d e l e t i o n s  o f  the  MHC C lass  I I  s t r u c t u r a l  g enes  or t h e i r  5'  
r e g u l a t o r y  sequences  might  a l s o  account  f o r  the  s p e c i f i c  d e f e c t  
in C la ss  I I  e x p r e s s i o n .  Such a d e f e c t  (a 650 bp d e l e t i o n  in the  
Ea promoter r e g i o n )  c a u s e s  th e  l a c k  o f  ECX gene e x p r e s s i o n  in th e  
I-E  d e f i c i e n t  H-2b mouse h a p lo ty p e  (Mathis e t  a l . ,  1983a) .
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I used  som at ic  c e l l  h y b r i d i z a t i o n  exper im ents  t o  d i s t i n g u i s h  
between t h e s e  p o s s i b i l i t i e s .  This  approach was s i m p l i f i e d  by 
t h e  f a c t  t h a t  NS1 l a c k s  t h e  enzyme h ypoxan th ine  g uanos in e  
p h o s p h o r ib o s y l  t r a n s f e r a s e  (HGPRT) (Kohler e t  a l . ,  1976) .  This  
enzyme i s  encoded by an X - l i n k e d  and t h e r e f o r e  hemizygous gene  
(Shows and Brown, 1975) ,  which makes r e c e s s i v e  HGPRT- mutants  
e x tr e m ely  s t a b l e .  HGPRT a c t i v i t y  i s  e s s e n t i a l  in th e  s a l v a g e  
pathway f o r  pu r in e  and p y r im id in e  s y n t h e s i s ,  and hence HGPRT- 
NS1 c e l l s  are  e l i m i n a t e d  by c u l t u r e  in hy poxanth ine ,
am in op ter in ,  th ymidine  (HAT) medium. Somatic c e l l  h y b r i d i z a t i o n  
w ith  HGPRT+ ( i e . ,  normal) c e l l s  r e s c u e s  NS1 h y b r id s  from HAT 
medium s e n s i t i v i t y .

F igure  3 : 3 .1  shows th e  s t r a t e g y  adopted f o r  som at ic  c e l l  
h y b r i d i z a t i o n  e x p er im en ts .  NS1 c e l l s  were f u s e d  w i th  a murine  
s p l e n o c y t e  p o p u l a t i o n ,  which i n c l u d e s  a l a r g e  number of  MHC 
C la ss  I I  e x p r e s s i n g  c e l l s  ( s e e  F igure  3 : 2 . 2 ) ,  prepared from mice  
of  t h r e e  d i f f e r e n t  H-2 h a p l o t y p e s .  Hybrid c e l l  l i n e s  were  
s e l e c t e d  in HAT medium, and a n a ly s e d  fo r  MHC a n t i g e n  e x p r e s s i o n  
16-25 days a f t e r  f u s i o n .

3 : 3 . 2  Hybrid c e l l  l i n e s  are  p o l y p l o i d  in comparison t o  
p aren t  c e l l s

As an a d d i t i o n a l  measure t o  ensure  t h a t  t h e  H A T -res i s tan t  
c e l l  l i n e s  i s o l a t e d  from h y b r i d i z a t i o n  exp er im en ts  were in f a c t  
h y b r id s ,  t h e i r  n u c lea r  DNA c o n t e n t  was determ ined  by propidium 
i o d i d e  (PI)  s t a i n i n g  and FACS a n a l y s i s .  The i n t e n s i t y  of  
f l u o r e s c e n c e  a f t e r  PI s t a i n i n g  i s  d i r e c t l y  p r o p o r t i o n a l  to  
n u c le a r  p l o i d y  (Taylor ,  1980) .  F igure  3 : 3 . 2  shows th e  r e s u l t s  
w ith  one r e p r e s e n t a t i v e  hybr id  : th e  f l u o r e s c e n c e  peak
c o r r e sp o n d in g  t o  DNA c o n t e n t  in th e  Gg/Gj phase  o f  the  c e l l  
c y c l e  i s  s h i f t e d  to  the  r i g h t  in comparison t o  th e  parent  c e l l s .  
The hybr id  i s  indeed p o l y p l o i d .

3 : 3 . 3  NS1 x s p l e n i c  c e l l  h y b r id s  ex p r e s s  MHC C la s s  I but  not  
C la s s  I I  a n t i g e n s
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S i x t e e n  uncloned hybr id  c e l l  l i n e s  o b t a in e d  16-25 days  a f t e r  
NS1 x s p l e n i c  B c e l l  f u s i o n s  were a n a ly s e d  f o r  MHC a n t i g e n  
e x p r e s s i o n  by i n d i r e c t  immunofluorescence .  Uncloned c e l l  l i n e s  
were used  in order  t o  ensure  t h a t  r e s u l t s  were t y p i c a l  o f  the  
p roducts  o f  som at ic  c e l l  h y b r i d i z a t i o n .

The r e s u l t s  o b t a in e d  are  p r e s e n t e d  in F ig u r e s  3 : 3 . 3 ,  3 : 3 . 4  
and 3 : 3 . 5 .  Each f i g u r e  shows th e  mean f l u o r e s c e n c e  i n t e n s i t i e s  
o f  s t a i n i n g  w i th  mAb in a s i n g l e  exper im ent .  S ix  hybr id  c e l l  
l i n e s  (two from each o f  th e  t h r e e  f u s i o n s )  were r e - a n a l y s e d  
30-50  and 60-90  days a f t e r  f u s i o n ;  w i t h  s i m i l a r  r e s u l t s .  
Standard d e v i a t i o n s  were 10 t o  15 % of  th e  mean f l u o r e s c e n c e  
i n t e n s i t i e s .  Average 12.5% e r r o r  bars are  shown r a t h e r  than  
i n d i v i d u a l  s tandard d e v i a t i o n s .

A number o f  mAb were used in t h e s e  e x p e r im e n ts .  CBA ( H — 2 k) 
x NS1 ( H — 2  ̂) hyb r id s  were s t a i n e d  with  th e  mAb T19.191 ( a n t i -  
D/Ld), H100-5 ( a n t i - K / D k), HB3 ( a n t i - I - A d), TIB92 ( a n t i - I - A k) 
and 13/4 ( a n t i - I - E dk).  SJL ( H — 2 s ) hyb r id s  were s t a i n e d  w ith  
HB75 ( a n t i - D d), T17.5 ( a n t i - D s b ), HB3 ( a n t i - I - A d ) a n d K 2 5 - 8 . 7  
( a n t i - I - A s q ) .  BALB/c h y b r id s ,  where both p a r e n t s  were o f  the  
same ( H — 2 d) h a p lo ty p e ,  were s t a i n e d  w i th  HB75 ( a n t i - D d ), HB3 
( a n t i - I - A d) and 13/4 (a n t i - I - E dk).

Of th e  seven  CBA h y b r id s  (F igure  3 : 3 . 3 ) ,  one (H7) d id  not  
bind mAb a g a i n s t  C lass  I or C la ss  I I  a n t i g e n s .  The remaining  6 
were C la ss  I p o s i t i v e  ( fo u r  f o r  the  d h a p l o t y p e ,  one f o r  th e  k 
h a p lo ty p e  and one (HI) f o r  both  p a r e n t a l  h a p l o t y p e s ) ,  but  C la ss  
I I  n e g a t i v e .  H6 d id  bind  a n t i - K / D k s l i g h t l y .  However i t  was 
termed p o s i t i v e  f o r  C la s s  I d a lo n e  as t h e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  between a n t i - K / D k b ind in g  (mean f l u o r e s c e n c e  
i n t e n s i t y  2 4 .9 )  and n e g a t i v e  c o n t r o l  GAMIg b in d in g  ( 1 8 . 1 3 ) .

Four a d d i t i o n a l  CBA x NS1 hybr ids  were a n a ly s e d  by Dr E .J .  
C ulbert  (ICI P i c . ,  A l d e r l e y  Park, C hesh ire )  in a p a r a l l e l  
experiment u s in g  th e  same mAb. They were a l l  found to  be 
p o s i t i v e  f o r  C la ss  I o f  a s i n g l e  p a r e n t a l  h a p lo t y p e ,  but  not  f o r  
C la ss  I I  (da ta  not  shown).

The f i v e  SJL h y b r id s  (F igu re  3 : 3 . 4 )  were s i m i l a r ,  a l th o u g h  
more ( 2 / 5 )  were p o s i t i v e  f o r  C la ss  I of  both p a r e n t a l  h a p l o t y p e s  
than in th e  c a s e  o f  the  CBA h ybr ids  ( 1 / 1 0 ) .  No hybr id  was



Results 108

p o s i t i v e  f o r  C la ss  I s a lo n e  - the  t h r e e  h y b r id s  which e x p r e s s e d  
a s i n g l e  p a r e n t a l  C la ss  I h a p lo ty p e  e x p r e s s e d  C la ss  I d. S in ce  
th e  H-2S h a p lo ty p e  i s  I-E d e f i c i e n t ,  th e  h y b r id s  were not  
s t a i n e d  w i t h  a n t i - I - E  raAb.

The f o u r  BALB/c hyb r id s  (F igure  3 : 3 . 5 )  were o f  t h e  same 
C la s s  I p o s i t i v e ,  C lass  I I  n e g a t i v e  phenotype .

A summary o f  the  r e s u l t s  o b t a in e d  in t h e s e  exp er im en ts  i s  
p r e s e n t e d  in Table 3 : 3 . 1 .  This  i n c l u d e s  th e  fo u r  CBA hyb r id s  
a n a ly s e d  by Dr C u lb er t .

3 : 3 . 5  NS1 a c t i v e l y  s u p p r e s s e s  MHC C la ss  I I  gene e x p r e s s i o n  bv 
an a c t i v e ,  s p e c i f i c  mechanism

Three f a c t s  i n d i c a t e  t h a t  the  c e l l  l i n e s  i s o l a t e d  from NS1 
x s p l e n i c  lymphoid c e l l  h y b r i d i z a t i o n s  are  t r u e  h y b r i d s .  The 
c e l l  l i n e s  are H A T -r e s i s ta n t ,  th ey  are  p o l y p l o i d  w i th  r e s p e c t  to  
the  p a ren t  c e l l s  and many o f  them e x p r e s s  MHC C la ss  I a n t i g e n s  
o f  both p a r e n t a l  h a p l o t y p e s .

The murine s p l e n i c  lymphoid p o p u l a t i o n  c o n t a i n s  a l a r g e  
number o f  B lymphocytes  t h a t  e x p r e s s  MHC C la ss  I I  a n t i g e n s  a t  
high  l e v e l s  ( s e e  F igure  3 : 2 . 1 ) .  P o l y e t h y l e n e  g l y c o l - m e d i a t e d  
som at ic  c e l l  h y b r i d i z a t i o n s  between NS1 and s p l e n i c  c e l l s  from 
immunised mice have been performed e x t e n s i v e l y  f o r  the  
p r o d u c t io n  o f  mAb s e c r e t i n g  hybridomas (rev iew ed  by Y e l ton  e t  
a l . ,  1980) and t h i s  e x p e r i e n c e  s u g g e s t s  t h a t  a l a r g e  number of  
NS1 x B lymphocyte h y b r id s  are  produced.  Although between 30 
and 50% o f  th e  s p l e n i c  c e l l  p o p u l a t i o n  are  T lymphocytes  (Hudson 
and Hay, 1980) which do not  e x p r e s s  C la ss  I I ,  NS1 has not  been 
s u c c e s s f u l l y  used f o r  th e  p rod u ct ion  o f  s t a b l e  T lymphocyte  
h y b r id s ;  which appear t o  be formed on ly  when T lymphoid f u s i o n  
p a r t n e r s  such as  EL4 are  used  (Taniguchi  and M i l l e r ,  1 978) .  I t  
i s  t h e r e f o r e  h i g h l y  probable  t h a t  the  unc loned hybr id  c e l l  l i n e s  
o b ta in e d  16-25 days a f t e r  NS1 x s p l e n i c  c e l l  h y b r i d i z a t i o n s  
c o n s i s t  m o s t ly ,  i f  not  c o m p l e t e l y ,  o f  B lymphocyte h y b r id s .

I f  a l t e r a t i o n s  of  th e  MHC C la ss  I I  s t r u c t u r a l  gen es  or t h e i r  
r e g u l a t o r y  sequences  were r e s p o n s i b l e  f o r  th e  n o n - e x p r e s s i n g  
phenotype  o f  NS1, i t  would be e x p ec ted  t h a t  the  hybr id  c e l l s
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o b t a in e d  would e x p r e s s  th e  C la ss  I I  genes o f  the  normal p a r e n t a l  
B c e l l  h a p l o t y p e .  H y b r i d i z a t i o n  would a l s o  be e x p e c t e d  to  
c o r r e c t  any d e f i c i e n c y  o f  "permiss ive"  r e g u l a t o r y  f a c t o r s  
r e q u i r e d  f o r  C la s s  I I  gene e x p r e s s i o n  by NS1, and r e s u l t  in the  
e x p r e s s i o n  o f  MHC C la ss  I I  a n t i g e n s  o f  both p a r e n t a l  h a p l o t y p e s .  
However t h e  h y b r i d i z a t i o n  exper im ents  c o n s i s t e n t l y  y i e l d e d  
h y b r id s  t h a t  d id  not  e x p r e s s  e i t h e r  p a r e n t a l  C la s s  I I ,  a l th o u g h  
MHC C la s s  I d e r iv e d  from both  p a r e n t a l  h a p l o t y p e s  was e x p r e s s e d .

These r e s u l t s  are c l e a r l y  in c o m p a t ib l e  w i th  both t h e  above  
h y p o t h e s e s ,  and must imply t h a t  NS1 c e l l s  su p p ress  MHC C la s s  I I  
gene e x p r e s s i o n  by a s p e c i f i c  mechanism.

These r e s u l t s  f u r t h e r  supp ort  th e  c o n c l u s i o n  t h a t  s e l e c t i v e  
d e f e c t s  in th e  e x p r e s s i o n  o f  one or o th e r  c o n s t i t u e n t  c h a i n s  of  
MHC C la s s  I I  a n t i g e n s  are not  r e s p o n s i b l e  f o r  t h e  la c k  o f  C la ss  
I I  e x p r e s s i o n  ( s e e  S e c t i o n  3 : 2 . 3 ) .  I f  t h i s  were t r u e ,  such a 
d e f e c t  would be r e s o l v e d  by f u s i o n  w i th  C la ss  I I  e x p r e s s i n g  
s p l e n i c  c e l l s .

3 : 3 . 6  K3 x A20 hyb r id s  e x p r e s s  MHC C la ss  I but  not  C la s s  I I  
a n t i g e n s .

To f u r t h e r  v a l i d a t e  t h e s e  r e s u l t s  O. , a c lo n e d  NS1 x B c e l l  
hybridoma,  was fu se d  t o  th e  A20 lymphoma and th e  r e s u l t i n g  
h y b r id s  were a n a ly s e d  f o r  MHC e x p r e s s i o n .  F igure  3 : 3 . 6  shows 
t h a t  K3 had th e  t y p i c a l  MHC C la ss  I p o s i t i v e ,  C la ss  I I  n e g a t i v e  
hybr id  phenotype .  A20, in c o n t r a s t ,  e x p r e s s e d  MHC C la ss  I I  a t  
h igh  l e v e l s  (F igure  3 : 1 . 1 ) .

The hyb r id s  were s t a i n e d  w i th  mAb a g a i n s t  the  C la ss  I and 
C la ss  I I  l o c i  o f  the  H-2d h a p lo ty p e  (HB75, HB3).  F igure  3 : 3 . 6  
shows t h a t  a l l  o f  t h e  h y b r id s  e x p r e s s  MHC C la ss  I a n t i g e n s ,  
w h i l e  none e x p r e s s  C la ss  I I .

These r e s u l t s  f u r t h e r  s t r e n g t h e n  the  c o n c l u s i o n s  reached  in 
t h e  p r e v i o u s  s e c t i o n ,  and argue t h a t  a p h e n o t y p i c a l l y  dominant,  
a c t i v e ,  s p e c i f i c  mechanism i s  r e s p o n s i b l e  f o r  th e  s u p p r e s s i o n  of  
MHC C la s s  I I  gene e x p r e s s i o n  in NS1.
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3 : 3 . 7  Hybrids o f  X63 e x p r e s s  MHC C lass  I but  not  C la s s  I I  
a n t i g e n s

Does t h e  murine plasmacytoma X63, which l i k e  NS1 does not  
e x p r e s s  MHC C la ss  I I  (F igu re  3 : 1 . 1 ) ,  su p p re ss  C la s s  I I  
e x p r e s s i o n  in  a s i m i l a r  manner ?

An X63 x s p l e n i c  B c e l l  hybr id ,  Sp2/0,  and two Sp2/0 hyb r id s  
(HB124 and HB125) were s t u d i e d  by radioimmunoassay t o  p a r t i a l l y
answer t h i s  q u e s t i o n .  S p 2 / 0 . a n o n s e c r e t i n g  murine myeloma c e l l/l i n e ,  i s  a c lo n e d  hybr id  d e r i v e d  from the  f u s i o n  o f  X63 with  
BALB/c s t r a i n  s p l e n i c  c e l l s  (Schulman e t  a l . ,  1 9 7 8 ) .  HB124 and 
HB125 are  c lo n e d  hybridoma c e l l  l i n e s  produced by f u s i n g  Sp2/0  
w ith  BALB/c s t r a i n  s p l e n i c  c e l l s  (Schroer e t  a l . , 1983 ) .

A l l  t h e s e  c e l l  l i n e s  are of  th e  H-2d h a p l o t y p e .  Hence the  
mAb HB75 ( a n t i - D d) and HB3 ( a n t i - I - A d ) were used,  w i th  a murine  
mAb t o  r i c i n  (3 chain  as  n e g a t i v e  c o n t r o l  (p ro v id ed  by Dr E .J .  
C u l b e r t ) .  F igure  3 : 3 . 7  shows the  r e s u l t s  o b t a i n e d  as  means of  
d u p l i c a t e  ex p e r im e n ts .  I t  i s  apparent  t h a t ,  l i k e  NS1 h y b r id s ,  
X63 hyb r id s  a l s o  f a i l  t o  e x p r e s s  MHC C la ss  I I  a n t i g e n s .  C la ss  I 
e x p r e s s i o n  seems normal.

These exper im ents  are  not ,  o f  c o u r se ,  d e f i n i t i v e  p roof  t h a t  
the  MHC C la ss  I I  n e g a t i v e  phenotype  o f  X63 i s  p h e n o t y p i c a l l y  
dominant.  Cloned hybr id  c e l l s  were used,  and th ey  are  not  
n e c e s s a r i l y  r e p r e s e n t a t i v e  o f  th e  o th e r  p ro d u cts  o f  f u s i o n .  
N e v e r t h e l e s s  th e  s i m i l a r  r e s u l t s  o b ta in e d  w i th  NS1 f u s i o n s  
p r o v id e  c o m p e l l in g  c i r c u m s t a n t i a l  e v id e n c e  t h a t  X63 a l s o  
s u p p r e s s e s  MHC C la ss  I I  by an a c t i v e ,  s p e c i f i c  mechanism.
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STRATEGY FOR SOMATIC CELL HYBRIDIZATION
EXPERIMENTS
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STRATEGY FOR SOMATIC CELL FUSION EXPERIMENTS
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FIGURE 3 ; 3 . 2
HYBRIDS ARE POLYPLOID WITH RESPECT TO PARENT CELLS

C e l l  n u c l e i  from asynchronous  c e l l  c u l t u r e s  were s t a i n e d  
w ith  propidiura i o d i d e ,  and a n a ly s e d  on th e  FACS as d e s c r i b e d  in  
s e c t i o n  2 : 2 . 4 .  The Gq/G j peak marked f o r  NS1 and s p l e n i c  
p a r e n t a l  c e l l  ty p e s  r e p r e s e n t s  a n e a r - d i p l o i d  number of  n u c l e i .  
This  peak i s  c l e a r l y  s h i f t e d  t o  the  r i g h t  in the  c a s e  of  a 
r e p r e s e n t a t i v e  hybr id .  More than one Gq/G j and G2/M peak (arrow)  
are p r e s e n t ,  i n d i c a t i n g  t h a t  more than one hybrid  c e l l  
p o p u la t io n  e x i s t s .
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NS1 x CBA hybrids express Class I but not Class II

60 n

FIGURE 3 ; 3 . 3

S i n g l e  c e l l  s u s p e n s io n s  were s t a i n e d  w ith  raAb t o  th e  MHC 
a n t i g e n s  by i n d i r e c t  immunofluorescence and a n a ly s e d  on the  
FACS as d e s c r i b e d  in F igure  3 : 1 . 1 .

Seven CBA s p l e n i c  c e l l  x NS1 hybr ids  (HI — H7, on two pages)  
were s t a i n e d  w i th  the  mAb HB75 ( a n t i - D d, C la ss  I ( d ) ) ,  H100-5 
( a n t i - K / D k, C la s s  I ( k ) ) ,  HB3 ( a n t i - I - A df I-A (d ) ), TIB92 ( a n t i -  
I - A k, I-A ( k ) )  and 13/4 ( a n t i - I - E dk, I-E ( d , k ) ) .  N e g a t iv e  
c o n t r o l  s t a i n i n g  was with f luorochrome c o n ju g a ted  GAMIg a lo n e  
( C o n t r o l ) .
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NS1 x SJL hybrids express Class I but not Class II
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FIGURE 3 : 3 . 4

F iv e  SJL s p l e n i c  B c e l l  x NS1 hybr ids  were s t a i n e d  w i th  th e  
mAb HB75 ( C l a s s  I ( d ) ) ,  T17.5 ( a n t i - D 5 , C la s s  I ( s ) ) ,  HB3 ( C la ss  
I I  ( d ) ) and K25-8 .7  ( a n t i - I - A sq , C la ss  I I  ( s )) as  d e s c r i b e d  in 
F igure  3 : 1 : 1 .



Results 116

NS1 x BALB/c hybrids express Class I but not Class II
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FIGURE 3 : 3 . 5

Four BALB/c s p l e n i c  B c e l l  x NS1 hybr ids  were s t a i n e d  with  
th e  raAb HB75 (C la s s  I (d ) ) ,  HB3 ( I-A  (d ) )  and 13/4 ( I -E  ( d )) as  
d e s c r i b e d  in F igure  3 : 1 . 1 .
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A20 x K3 hybrids express Class I but not Class II
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FIGURE 3 : 3 . 6

K3, and se ven  K3 x A20 hyb r id s  (H1-H7, on two pages )  were  
s t a i n e d  w i th  th e  raAb HB75 ( C la s s  I (d ) ) ,  HB3 (C la s s  I I  (d )) and 
TIB92 ( C l a s s  I I  (k ) )  as  d e s c r i b e d  in Figure 3 : 1 . 1 .  The r e s u l t s  
f o r  s t a i n i n g  o f  A20 with  the  same raAb are d e p i c t e d  in F igure  
3 : 1 . 1 ,  but  cannot be d i r e c t l y  compared becuase  th e  FACS a n a l y s e s  
were not  performed with i d e n t i c a l  machine s e t t i n g s .
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6000 t

Sp2/0 and hybrids express Class I but not Class II

Sp2/0 HB124 HB125

FIGURE 3 : 3 . 7

S i n g l e  c e l l  susp ens ions of  Sp2/0 and i t s  hybrids,  HB124 and 
HB125, were analysed by radioimmunoassay, using  50 000 cpm of  
125 i - P r o t e i n  A as the second layer ,  as d e scr ib ed  in s e c t i o n  
2 : 3 . 4 .  F i r s t  l a y e r  mAb used were HB75 (Class  I)  and HB3 (Class  
I I ) .  Murine mAb to the 3 chain of r i c i n  was used as a n e g a t iv e  
c o n t r o l  (C o n tr o l ) .  R esu l t s  are expressed as means of  d u p l i c a t e  
exper iments .  5 DS were, ^ 2 0 V- 0f  ■+'r'c- nnean.
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TABLE 3 :3 .1
MHC ANTIGEN PHENOTYPES OF NS1 X SPLENOCYTE HYBRIDS1

Fusion
(No. o f  h y b r id s )

P e r c en ta g e
one

p a r e n t a l  
C la ss  I

o f  hybr ids  
both

p a r e n t a l  
C lass  I

e x p r e s s i n g : 
e i t h e r  

p a r e n t a l  
C la ss  I I

NS1 x CBA ( 1 1 2 ) 82 9 0

NS1 x SJL (5) 60 40 0

NS1 x BALB/c (4) 100 3 0

1 Four o f  th e  11 NS1 x CBA hyb r id s  were prepared and t e s t e d
by Dr E. J .  C ulbert ,  ICI P i c . ,  A l d e r l e y  Park, C h esh ire .

2 One hybr id  e x p r e s s e d  n e i t h e r  MHC C la s s  I or  C la ss  I I
a n t i g e n s .

3 Both p a r e n ts  are o f  th e  same h a p lo ty p e ,  H-2d.

v
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3:4 MHC CLASS I I  GENE TRANSCRIPTION IN NS1 CELLS

3 : 4 .1  I n t r o d u c t i o n

As d i s c u s s e d  in s e c t i o n  1 : 3 . 3 ,  c e l l s  t h a t  l a c k  C la ss  I I  
a n t i g e n  e x p r e s s i o n  f a i l  t o  t r a n s c r i b e  the  C la s s  I I  genes  in most  
i n s t a n c e s .  In th e  s t u d i e s  p r e s e n t e d  h ere ,  t h e  C la s s  I I  n e g a t i v e  
phenotype o f  t h e  murine plasmacytoma X63 i s  a p p a r e n t ly  due t o  
th e  l a c k  o f  gene t r a n s c r i p t i o n  ( s e e  s e c t i o n  3 : 1 ) .  The a c t i v e ,  
s p e c i f i c  s u p p r e s s i v e  mechanism r e s p o n s i b l e  f o r  th e  f a i l u r e  o f  
NS1 c e l l s  t o  e x p r e s s  MHC C la ss  I I  a n t i g e n s  might a c c o r d i n g l y  be  
e x p e c te d  t o  o p e r a t e  a t  th e  l e v e l  o f  ge ne  t r a n s c r i p t i o n .  I 
t h e r e f o r e  s t u d i e d  MHC C la ss  I I  gene t r a n s c r i p t i o n  in t h e s e  
c e l l s .

B io ch em ica l  a n a l y s e s  o f  t h e  a and (3 p o l y p e p t i d e  c h a in s  o f  
the  I-A and I-E  a n t i g e n s  have g e n e r a l l y  shown t h a t  the  (3 c h a i n s  
are more polymorphic than the  a c h a in s  (C u l le n  e t  a l . ,  1976; 
Freed,  1981; K le in  and F igueroa ,  1 9 8 1 ) .  More r e c e n t l y ,  
comparison o f  the  n u c l e o t i d e  sequences  f o r  c lo n e d  a l l e l i c  Ea 

g en es  shows very  few d i f f e r e n c e s  (McNicholas  e t  a l . ,  1982; 
Mathis  e t  a l . ,  1983b).  Although a l l e l i c  Aa c h a in s  are  more 
v a r i a b l e  ( B e n o i s t  e t  a l . ,  1983) th e  v a r i a t i o n  i s  o n ly  o f  th e  
order o f  5-7%. Hence n u c l e i c  a c i d  probes d e r i v e d  from th e  a 
ch a in  genes  o f  one murine H-2 h ap lo ty p e  w i l l  h y b r i d i z e  w i th  
t h o s e  o f  most o th e r  h a p l o t y p e s  even under c o n d i t i o n s  o f  high  
s t r i n g e n c y .  For t h e s e  r e a s o n s ,  t r a n s c r i p t i o n  o f  the  Aa and Ea 

genes  was s t u d i e d .  There i s  co m p e l l in g  e v i d e n c e  t h a t  th e  murine  
a and [3 cha in  genes are c o - o r d i n a t e l y  e x p r e s s e d  and r e g u l a t e d  
( d i s c u s s e d  in s e c t i o n  1 : 3 . 1 ) ,  s u g g e s t i n g  t h a t  the  r e s u l t s  
o b t a in e d  are  e q u a l l y  v a l i d  f o r  th e  (3 chain  g e n e s .

The e x p r e s s i o n  of  mRNA f o r  the  non-polymorph ic  MHC C la ss  I I  
I i  gene  was a l s o  s t u d i e d  because  I i  a n t i g e n  appears to  be c o -  
o r d i n a t e l y  ex p r e s s e d  w i th  I-A and I-E  a n t i g e n s  dur ing B 
lymphocyte deve lopment (Koch and Harris ,  1984) ,  a l th ou gh  i t  does  
not map t o  t h e  MHC l o c u s  (Koch e t  a l . ,  1982a; Day and Jones ,  
1983) .  I t  has been s p e c u l a t e d  t h a t  th e  I i  p e p t i d e  i s  important
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in th e  assem bly  and t r a n s p o r t  o f  Of— P h e te r o d im e r s  t o  th e  c e l l  
membrane (Koch e t  a l . ,  1982b);  a l th o u g h  i t  has more r e c e n t l y  
been shown t h a t  I i  i s  not  n e c e s s a r y  f o r  th e  e x p r e s s i o n  o f  murine  
( M i l l e r  and Germain, 1986) or human (S ek a ly  e t  a l . ,  1986) C la ss  
I I  a n t i g e n s  a t  th e  c e l l  s u r f a c e .

3 : 4 . 2  NS1 c e l l s  e x p r e s s  c o r r e c t l y - s i z e d  RNA f o r  th e  AQ. ECX and 
I i  genes

RNA e x t r a c t e d  from t h e  n u c le a r  and c y t o p l a s m i c  f r a c t i o n s  of  
NS1 c e l l s  was a n a ly s e d  by Northern b l o t t i n g  as  d e s c r i b e d  
p r e v i o u s l y ,  and h y b r i d i z e d  w i th  32P - l a b e l l e d  probes f o r  t h e  MHC 
C la s s  I I  g e n e s .  F igu re  3 : 4 .1  shows the  r e s u l t s  o b t a in e d  with  
one Northern b l o t ,  which was s t r i p p e d  f r e e  o f  r a d i o a c t i v i t y  
between s u c c e s s i v e  h y b r i d i z a t i o n s .

NS1 c e l l s  e x p r e s s  mRNA f o r  th e  Aa, Ea and I i  g e n e s .  The 
r e s p e c t i v e  t r a n s c r i p t  s i z e s  o f  1 .4  kbp, 1 .2  kbp and 1.4 kbp 
correspond  t o  t h o s e  found in MHC C la ss  I I  a n t i g e n  e x p r e s s i n g  A20 
c e l l s  (compare F ig u r e s  3 : 1 .1  (Aa, I i )  and 3 : 4 . 4  ( E a ) ) .  S i m i l a r  
t r a n s c r i p t  s i z e s  have been r e p o r te d  in the  l i t e r a t u r e  (Davis  e t  
a l . ,  1984; Mathis  e t  a l . ,  1983a; S in g e r  e t  a l . ,  1984) .  
T r a n s c r i p t s  were found in both th e  n u c le a r  and c y t o p l a s m i c  RNA 
f r a c t i o n s ,  a l th o u g h  l e v e l s  were h ig h e r  in t h e  cy top lasm .

The p r e s e n c e  o f  C la s s  I I  gene t r a n s c r i p t s  in NS1 c e l l s  was 
s u r p r i s i n g ,  g i v e n  t h a t  most C la ss  I I  r e g u l a t i o n  i s  b e l i e v e d  to  
be t r a n s c r i p t i o n a l .  The t r a n s c r i p t s  do, however,  p r o v id e  
f u r t h e r  s t r o n g  e v id e n c e  t h a t  th e  C la ss  I I  g e n e s  are  s t r u c t u r a l l y  
i n t a c t  in NS1 c e l l s  and t h a t  l a c k  o f  e x p r e s s i o n  i s  t h e r e f o r e  due 
t o  a s p e c i f i c  r e g u l a t o r y  mechanism.

T r a n s c r i p t s  o f  t h e  I i  gene are a l s o  found,  a l th o u g h  
t r a n a l a t i o n  has not  been demonstrated ( s e c t i o n  3 : 2 . 3 ) .  However 
th e  f a i l u r e  t o  f i n d  I-A and I-E a n t i g e n s  i n t r a c e l l u l a r l y  argues  
t h a t  la c k  o f  I i  cha in  i s  not  th e  primary c a u s e  o f  th e  non­
e x p r e s s i n g  phenotype of  NS1. In a d d i t i o n  t h e r e  i s  good e v id e n c e  
t h a t  I i  cha in  e x p r e s s i o n  i s  not  a s t r i c t  p r e - r e q u i s i t e  f o r  the  
e x p r e s s i o n  o f  I-A and I-E  a n t i g e n s  a t  th e  c e l l  s u r f a c e  ( M i l l e r  
and Germain, 1986) .
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3 : 4 . 3  EQ gene  t r a n s c r i p t s  are  po ly -A  t a i l e d

T o t a l  c e l l u l a r  RNA e x t r a c t e d  from NS1 c e l l s  was e n r i c h e d  f o r  
p o l y - A + s p e c i e s  by a f f i n i t y  chromatography on o l i g o - d T
c o n ju g a te d  paper as d e s c r i b e d  in s e c t i o n  2 : 6 . 3 .  P o ly - A + RNA was 
a n a l y s e d  by Northern b l o t t i n g ,  and h y b r i d i z e d  w i th  a 32 P- 
l a b e l l e d  probe f o r  th e  Ea gene .  F igure  3 : 4 . 2  shows t h a t  1 .2  kbp 
Ea t r a n s c r i p t s  are  found in th e  p o ly -A + e n r ic h e d  RNA f r a c t i o n ,  
i n d i c a t i n g  t h a t  Ea t r a n s c r i p t s  are po ly -A  t a i l e d .  Taken t o g e t h e r  
w ith  t h e  f a c t  t h a t  c o r r e c t l y - s i z e d  t r a n s c r i p t s  are  p r e s e n t  in  
both  t h e  n u c le u s  and cytop lasm ,  t h i s  must p r o v id e  presu mptive  
e v i d e n c e  t h a t  p o s t - t r a n s c r i p t i o n a l  RNA s p l i c i n g  and n u c l e a r -  
c y t o p l a s m i c  t r a n s p o r t  proceed  normal ly .

3 : 4 . 4  Comparison o f  RNA l e v e l s  w i th  t h o s e  in s p l e n o c v t e s  and 
A2Q c e l l s

The l e v e l  o f  RNA e x p r e s s i o n  in NS1 c e l l s  was compared w ith  
t h a t  in f r e s h l y  i s o l a t e d ,  u n f r a c t i o n a t e d  s p l e n i c  lymphoid c e l l s  
prepared from BALB/c mice by RNA s l o t  b l o t  a n a l y s i s .  The 
procedure ,  and t h e  p r e c a u t i o n s  taken to  ensure  t h a t  i t  was 
q u a n t i t a t i v e ,  have been d i s c u s s e d  in 2 : 9 . 6 .  B r i e f l y ,  RNA s l o t  
b l o t s  were h y b r i d i z e d  w i th  probes f o r  the Aa, Ea and I i  ge n e s ,  
and th e  a u torad iograp h s  scanned on a d e n s i t o m e t e r  t o  q u a n t i t a t e  
th e  amount o f  r a d i o a c t i v i t y  bound in each s l o t .  The b l o t s  were 
then s t r i p p e d  f r e e  o f  r a d i o a c t i v i t y  and re -p ro b ed  w i th  th e  7B6 
probe which d e t e c t s  an RNA s p e c i e s  the  e x p r e s s i o n  o f  which does  
not  vary  during  the  c e l l  c y c l e  (Kaczmarek e t  a l . ,  1985) .  The 
7B6 auto ra d io g ra p h s  were scanned,  and the  amount o f  MHC C la s s  I I  
g e n e - s p e c i f i c  RNA s t a n d a r d i s e d  w i th  r e s p e c t  t o  7B6 in order to  
e l i m i n a t e  any d i f f e r e n c e s  in the  t o t a l  amount o f  RNA loaded  i n t o  
each s l o t .

F igure  3 : 4 . 3  dem o n stra te s  the  r e s u l t s  which are summarized 
n u m e r i c a l l y  in Table 3 : 4 . 1 .  The amounts o f  MHC C la ss  I I  RNA 
e x p r e s s e d  in NS1 c e l l s  was a t  l e a s t  e q u i v a l e n t  t o  t h a t  found in 
u n f r a c t i o n a t e d  s p l e n i c  lymphoid c e l l s  when compared in t h i s  way.
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I t  must be noted t h a t  th e  u n f r a c t i o n a t e d  s p l e n i c  c e l l  p o p u l a t i o n  
i n c l u d e s  MHC C la s s  I I  e x p r e s s i n g  c e l l s  (macrophages,  d e n d r i t i c  
c e l l s  and B lym phocytes)  as  w e l l  as  n o n - e x p r e s s i n g  c e l l s  (T 
lym phocytes)  in roughly  equal  p r o p o r t i o n s .  Hence EOt RNA 
e x p r e s s i o n  was a l s o  compared w ith  t h a t  in A20 c e l l s  in a s i m i l a r  
manner, u s in g  th e  Northern b l o t  shown in F igure  3 : 4 . 4 .  This  
a n a l y s i s  showed t h a t  NS1 c e l l s  e x p r e s s e d  a p p ro x im a te ly  a f i f t h  
th e  amount o f  ECX RNA in A20 c e l l s .

Could low l e v e l s  o f  RNA e x p r e s s i o n  be r e s p o n s i b l e  f o r  the  
f a i l u r e  t o  d e t e c t  C la ss  I I  a n t i g e n  e x p r e s s i o n  in NS1 ? The da ta  
on e x p r e s s i o n  p r e s e n t e d  p r e v i o u s l y  ( s e c t i o n  3 : 2 . 2 )  s u g g e s t s  t h a t  
t h i s  i s  not  the  c a s e .  I n d i r e c t  immunof luorescence a n a l y s i s  of  
th e  u n f r a c t i o n a t e d  s p l e n i c  c e l l  p o p u l a t i o n  shows l e v e l s  o f  C la ss  
I I  a n t i g e n  e x p r e s s i o n  (mean f l u o r e s c e n c e  i n t e n s i t y  18 4 .3 )  n e a r l y  
20 t im e s  h ig h e r  than in NS1 (mean f l u o r e s c e n c e  i n t e n s i t y  1 1 . 5 3 ) ,  
a l th o u g h  RNA l e v e l s  are approx im ate ly  e q u a l .  This  argument i s  
not  c o n c l u s i v e ,  however,  because  d i f f e r e n t  s u b p o p u la t io n s  of  
s p l e n i c  c e l l s  e x p r e s s  C la ss  I I  a t  d i f f e r e n t  l e v e l s .

An a l t e r n a t i v e  approach was t h e r e f o r e  a l s o  used .  P o te n t  
in d u cers  o f  C la ss  I I  a n t i g e n  e x p r e s s i o n  l i k e  IFNy are  known to  
u p r e g u l a t e  mRNA l e v e l s  s e v e r a l - f o l d  (Nakamura e t  a l . ,  1984; 
Rosa e t  a l . ,  1 984) .  Does t rea tm en t  w i th  IFNy l e a d  t o  the  
i n d u c t i o n  o f  d e t e c t a b l e  l e v e l s  o f  C la ss  I I  a n t i g e n  e x p r e s s i o n  in  
NS1 c e l l s  ? This  would be exp e c te d  t o  be th e  c a s e  i f  low l e v e l s  
o f  mRNA are the  cau se  o f  th e  f a i l u r e  t o  d e t e c t  e x p r e s s i o n .

3 : 4 . 5  IFNV does not  induce C la ss  I I  a n t i g e n  e x p r e s s i o n  
a l th o u g h  i t  enhances C la ss  I I  mRNA l e v e l s  in NS1 c e l l s

NS1 c e l l s  were t r e a t e d  w ith  10, 100, 500 and 1000 u/ml of  
recombinant murine IFNy ( t h e  kind g i f t  o f  Dr G. Ado l f ,  E r n s t -  
Boehringer  I n s t i t u t e ,  Vienna,  A u s t r i a )  and a n a ly s e d  f o r  MHC 
a n t i g e n  e x p r e s s i o n  every  24 hours f o r  72 hours by i n d i r e c t  
immunofluorescence  u s in g  mAb a g a i n s t  Dd (HB75) and I - A d (HB3).  
The dose  o f  100 u/ml was found t o  have t h e  maximal e f f e c t  on 
C la ss  I a n t i g e n  e x p r e s s i o n .  The s m a l l e r  dose  o f  10 u/ml had 
l e s s  e f f e c t ,  w h i l e  d o s e s  o f  500 and 1000 u/ml did  not  a f f e c t  MHC
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a n t i g e n  e x p r e s s i o n  but  had an a n t i - p r o l i f e r a t i v e  e f f e c t .
The r e s u l t s  o b t a in e d  w i th  100 u/ral IFNy are  shown in Figure  

3 : 4 . 5 .  C la s s  I e x p r e s s i o n  was enhanced a p p ro x im a te ly  1 . 5 - f o l d  
w ith  a peak a t  24 hours (mean f l u o r e s c e n c e  i n t e n s i t y  46 .45  in  
comparison t o  33 .63  f o r  u n t r e a t e d  c e l l s ) .  However t h e r e  was no 
i n d u c t i o n  o f  C la ss  I I  a n t i g e n  e x p r e s s i o n .

In c o n t r a s t ,  t rea tm en t  w i th  100 u n i t s / m l  o f  IFNy enhanced  
both  C la s s  I and C la ss  I I  a n t i g e n  e x p r e s s i o n  in A20 c e l l s  (peak  
e x p r e s s i o n  a t  48 hours w i th  2 - f o l d  enhancement o f  C la ss  I and 
2 . 2 - f o l d  enhancement o f  C la ss  I I )  (F igure  3 : 4 . 6 ) .  A sm a l l e r  
dose  o f  50 u n i t s / m l  induced C la ss  I I  e x p r e s s i o n  in th e  BALB/c 
d e r i v e d  macrophage c e l l  l i n e  WEHI-3 (peak e x p r e s s i o n  a t  72 hours  
w ith  1 . 5 - f o l d  enhancement o f  C la ss  I and 4 - f o l d  enhancement of  
C la ss  I I )  (F igure  3 : 4 . 6 ) .  These r e s u l t s  conf irm  t h a t  t h e  IFNy 
p r e p a r a t i o n  used  was b i o l o g i c a l l y  a c t i v e .

Al though t h e r e  was no in d u c t io n  o f  C la s s  I I  a n t ig e n  
e x p r e s s i o n ,  t rea tm en t  o f  NS1 c e l l s  w i th  100 u n i t s / m l  o f  IFNy 
enhanced th e  l e v e l s  o f  mRNA f o r  th e  A0(, Ea and I i  cha in  genes 16 
hours l a t e r  (F igu re  3 : 4 . 7 ) .  This  s u r p r i s i n g  r e s u l t  p r o v i d e s  some 
i n s i g h t  i n t o  t h e  mechanism o f  C la ss  I I  gene r e g u l a t i o n  in NS1 
c e l l s .

F i r s t ,  t h e r e  i s  much e v id e n c e  t h a t  IFNy a c t i v a t e s  C la ss  I I  
gene t r a n s c r i p t i o n  (rev iew ed  in S u l l i v a n  e t  a l . ,  1987 ), 
i n d i c a t i n g  t h a t  NS1 c e l l s  r e t a i n  the  c a p a c i t y  t o  enhance C lass  
I I  gene  t r a n s c r i p t i o n  a l th o u g h  uninduced c e l l s  have o n ly  low 
l e v e l s  o f  C la ss  I I  mRNA. Second,  no C la ss  I I  a n t i g e n s  were 
d e t e c t e d  d e s p i t e  enhanced mRNA l e v e l s .  This  s u g g e s t s  t h a t  a 
p o s t - t r a n s c r i p t i o n a l  b lo c k  t o  e x p r e s s i o n  probably  e x i s t s  and 
t h a t  f a i l u r e  t o  d e t e c t  C la ss  I I  a n t ig e n  e x p r e s s i o n  i s  u n l i k e l y  
t o  be mere ly  due t o  low mRNA l e v e l s  in uninduced c e l l s .  These  
r e s u l t s  p ro v id e  s u g g e s t i v e ,  but  not  c o n c l u s i v e ,  e v i d e n c e  t h a t  a 
p o s t - t r a n s c r i p t i o n a l  r e g u l a t o r y  mechanism p r e v e n t s  the  
e x p r e s s i o n  o f  C la ss  I I  a n t i g e n s  in NS1 c e l l s .

3 : 4 . 6 P r e l im in a r y  r e s u l t s  : enhancement o f  C la ss  I I  gene  
t r a n s c r i p t i o n  bv the  p r o t e i n  s y n t h e s i s  i n h i b i t o r  CHX ?
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The e f f e c t s  o f  th e  p r o t e i n  s y n t h e s i s  i n h i b i t o r  c y c l o h e x i m i d e  
(CHX) were a l s o  s t u d i e d .  Treatment o f  NS1 c e l l s  w i th  10 pg/ml of  
CHX f o r  120 minutes  r e s u l t e d  in an enhancement o f  Ea mRNA l e v e l s  
(F igu re  3 : 4 . 7 ) .  P r e - t r e a t m e n t  w i th  100 u n i t s / m l  IFNy f o r  12 
hours f o l l o w e d  by s i m i l a r  CHX trea tm en t  r e s u l t e d  in a 
s u p e r i n d u c t i o n  o f  Ea mRNA l e v e l s  over  t h o s e  w i th  IFNy a lo n e  
(F igu re  3 : 4 . 7 ) .  In both i n s t a n c e s  i n c r e a s e s  were se en  in the  
n u c le a r  as  w e l l  as th e  c y t o p l a s m i c  RNA f r a c t i o n .

The i n d u c t i o n  or s u p p r e s s i o n  o f  MHC C la ss  I I  gene  
t r a n s c r i p t i o n  i s  b e l i e v e d  t o  be mediated by the  i n t e r a c t i o n  of  
r e g u l a t o r y  p r o t e i n s  w i th  DNA sequence  e l e m e n t s .  These DNA 
b in d in g  p r o t e i n s  are  l i k e l y  t o  be turned over  very  r a p i d l y  to  
e n a b le  rap id  changes  in the  l e v e l  o f  gene e x p r e s s i o n ;  and the  
most i n t e r e s t i n g  n o n - t r i v i a l  e x p l a n a t i o n  f o r  th e  ob served  e f f e c t  
of  CHX i s  t h a t  i t  i n h i b i t s  th e  s y n t h e s i s  o f  such a s h o r t - l i v e d  
"negative"  r e g u l a t o r y  p r o t e i n .

CHX might a l s o  e x e r t  i t s  e f f e c t s  p o s t - t r a n s c r i p t i o n a l l y ,  by 
s t a b i l i s i n g  C la s s  I I  gene t r a n s c r i p t s .  However t h i s  p o s s i b i l i t y  
i s  u n l i k e l y  f o r  two r e a s o n s .  F i r s t ,  enhancement o f  Ea 
t r a n s c r i p t  l e v e l s  i s  seen  in th e  n u c le u s  as w e l l  as  th e  
cytop lasm  s u g g e s t i n g  t h a t  de novo s y n t h e s i s  i s  o c c u r r in g ;  and 
second,  p r e l i m i n a r y  r e s u l t s  show t h a t  th e  h a l f - l i f e  of  
c y t o p l a s m i c  Ea t r a n s c r i p t s  in CHX t r e a t e d  NS1 c e l l s  i s  not  
pro longed  in comparison t o  u n t r e a t e d  c o n t r o l s  (da ta  not  shown).

I t  i s  c o n c e i v a b l e  t h a t  CHX s y n e r g i s e s  w i th  IFNy (which may 
i n c r e a s e  C la ss  I I  gene t r a n s c r i p t i o n  by d ispacem ent  o f  a 
r e p r e s s o r  p r o t e i n  from th e  'IFNy re s p o n s e  e l e m e n t '  o f  th e  
promoter (Boss  and Strominger,  1986; Thanos e t  a l . ,  1988) )  by 
i n h i b i t i o n  o f  r e p r e s s o r  p r o t e i n  s y n t h e s i s .  Further exper im ents  
are in p r o g r e s s  t o  examine t h i s  p o s s i b i l i t y .
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FIGURE 3:4.1

NS1 CELLS EXPRESS RNA FOR THE MHC CLASS II GENES

Nuclear and cytoplasmic RNA fractions prepared from NS1 

cells were analysed by Northern blotting as described in section 

2 : 7 . 2 .  Blots were hybridized with probes for the Aa, Ea (pCA39) 

and Ii chain genes radio-labelled to activities > 108 cpm/pg by 

the random oligo-priming method. Figures show the amount of RNA 

loaded in each lane (in p g ).
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POLY-A- POLY-A+
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FIGURE 3:4.2

Ea GENE TRANSCRIPTS ARE POLY-A TAILED

Total cellular RNA extracted from NS1 cells was enriched for 

poly-A+ species by affinity chromatography on oligo-dT 

conjugated paper and analysed by Northern blotting as described 

in section 2:7.2. The blot was hybridized with the Ea cDNA probe 

pSPEACj radiolabelled to an activity of >108 cpm/pg by SP6 

transcription. Lanes contain the indicated amount of RNA.

Although A20 total cellular RNA was analysed on the same 

blot, a shorter (2 days vs. 5 days) autoradiographic exposure is

s h o w n .
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FIGURE 3 : 4 . 3
COMPARISON OF RNA LEVELS WITH THOSE IN SPLENOCYTES

RNA prepared from t h e  n u c le a r  (N) and c y t o p l a s m i c  (C) 
f r a c t i o n s  o f  NS1 c e l l s  and u n f r a c t i o n a t e d  BALB/c s p l e n o c y t e s  
(SC) was a n a ly s e d  by RNA s l o t  b l o t t i n g  as  d e s c r i b e d  in s e c t i o n  
2 : 7 . 3 .  Columns c o n t a i n  5, 1 and 0 . 2  pg o f  RNA r e s p e c t i v e l y .  
B l o t s  were h y b r i d i z e d  w i th  r a d i o l a b e l l e d  probes f o r  th e  AO, Ea 
(pCA39) and I i  genes as shown. In order t o  q u a n t i t a t e  RNA 
e x p r e s s i o n  th e  f i l t e r s  were s t r i p p e d  f r e e  o f  r a d i o a c t i v i t y  and 
r e - h y b r i d i z e d  w i th  th e  7B6 probe ( n e x t  pa g e ) ,  which d e t e c t s  an 
RNA s p e c i e s  t h a t  i s  i n v a r i a n t  du ring the  c e l l  c y c l e ,  b e f o r e  
q u a n t i t a t i o n  by d e n s i t o m e t r y .

The r e s u l t s  o b ta in e d  are  summarized n u m e r i c a l l y  in Table  
3 :4 .1  .
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FIGURE 3:4.4

COMPARISON OF RNA LEVELS WITH THOSE IN A20 CELLS

Total cellular RNA prepared from NS1 and A20 cells was 

analysed by Northern blotting as described in section 2:7.2. The 

blot was hybridized with a radio-labelled probe for the Ea gene 

(pCA39) and autoradiographed. The filter was stripped free of 

radioactivity and re-hybridized with the 7B6 probe before 

quantitation by densitometry. Densitometric readings were taken 

with the instrument's measuring slit placed perpendicular to the 

centre of the band being quantitated. The results obtained are 

summarized numerically in Table 3:4.1.
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IFN gamma does not induce Class II on NS1 cells

Time (hours)

FIGURE 3;4,5

NS1 c e l l s  t r e a t e d  w i t h  100 u/ml recombinant murine IFNy were  
a n a ly s e d  f o r  MHC a n t i g e n  e x p r e s s i o n  every  24 hours f o r  72 hours.  
I n d i r e c t  immunof luorescence  s t a i n i n g  and FACS a n a l y s i s  were  
performed as  d e s c r i b e d  in F igure  3 : 1 . 1 .  The f i g u r e  shows the  
r e s u l t s  o f  one o f  two s i m i l a r  exper im ents .

C e l l s  were s t a i n e d  w ith  the  mAb HB75 ( a n t i - D d, C la s s  I)  and 
HB3 ( a n t i - I - A d, C l a s s  I I ) .  Control  s t a i n i n g  was w i th  
f luorochrom e c o n j u g a t e d  GAMIg a lo n e  ( C o n t r o l ) .
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IFN gamma enhances Class I and Class II 
expression on A20 cells

2500 - i

0 48  72

Time (hrs)

FIGURE 3 : 4 , 6

A20 c e l l s  t r e a t e d  w ith  100 u/ml,  and WEHI-3 c e l l s  t r e a t e d  
w ith  50 u/ml ( n e x t  p a g e ) ,  of  recombinant murine IFNy were  
a n a l y s e d  f o r  MHC a n t i g e n  e x p r e s s i o n  as  d e s c r i b e d  in F igure  
3 : 1 . 1 .  T h is  f i g u r e  shows th e  r e s u l t s  of  one o f  two s i m i l a r  
e x p e r i m e n t s .

C e l l s  were s t a i n e d  w ith  the  mAb HB75 ( a n t i - D d, C la s s  I)  and 
HB3 ( a n t i - I - A d, C la s s  I I ) .  Control  s t a i n i n g  was with
fluorochrom e c o n j u g a t e d  GAMIg a lo n e  ( C o n t r o l ) .
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FIGURE 3:4.7

IFNy AND CHX ENHANCE LEVELS OF mRNA FOR THE E0( GENE IN NS 1 CELLS

This figure shows a Northern blot of RNA from the nuclear 

and cytoplasmic (cytopl.) fractions of untreated NS1 cells; or 

cells treated with 100 u/ml IFNy for 12 hours (IFN), 10 pg/ml 

cycloheximide for 120 minutes (CHX), or 100 u/ml IFNy for 12 

hours followed by 10 pg/ml CHX for 120 minutes (IFN+CHX). 

Numbers refer to the amount of RNA loaded (p g ). The blot was 

hybridized with an ECX probe (pCA39). The first half of the 

figure showing untreated cells is the same as shown in Figure 

3:4.1, all 12 lanes are from the same Northern blot.
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TABLE 3 :4 .1
QUANTITATION OF mRNA EXPRESSION BY NS1 CELLS

R e l a t i v e  mRNA e x p r e s s i o n :
Probe Nuclear  f r a c t i o n Cytoplasm ic  f r a c t i o n

NS1 S p l e n o c y t e s NS1 S p l e n o c y t e s
Aa 1 1 .30 1 0 .76
Ea 1 0.81 1 0 .5 8
I i 1 1 .42 1 1 . 38

NS1 (T o t a l  RNA) A20 ( T o ta l  RNA)
Ea 1 4 74

This  t a b l e  summarizes n u m e r ic a l ly  t h e  r e s u l t s  o b t a in e d  by 
d e n s i t o m e t r i c  scanning o f  th e  s l o t  and Northern b l o t s  shown in 
F ig u r e s  3 : 4 . 3  and 3 : 4 . 4 .  Two c a l c u l a t i o n s  were performed : the  
f i r s t ,  t o  o b t a in  the  i n t e n s i t y  of  h y b r i d i z a t i o n  per u n i t  amount 
o f  RNA in order  to  c o r r e c t  f o r  e r r o r s  due t o  i n a c c u r a t e  l o a d i n g  
o f  t h e  t r a c k s  or s l o t s ;  and the  second,  t o  compare t h e s e  
" correcte d"  h y b r i d i z a t i o n  s i g n a l s .

The "corrected"  i n t e n s i t y  o f  th e  h y b r i d i z a t i o n  s i g n a l  per  
u n i t  amount o f  RNA loaded  i n t o  each t r a c k  or s l o t  on th e  b l o t s  
was f i r s t  determined  w i th  r e s p e c t  t o  t h e  7B6 probe (which  
d e t e c t s  an RNA s p e c i e s  t h a t  i s  i n v a r i a n t  in t h e  c e l l  c y c l e )  as  
d e s c r i b e d  in s e c t i o n  2 : 9 . 6 .  The "corrected"  h y b r i d i z a t i o n  
s i g n a l s  o b ta in e d  w ith  s p l e n o c y t e s  and A20 c e l l s  were then  
e x p r e s s e d  as a r a t i o  r e l a t i v e  t o  the  NS1 h y b r i d i z a t i o n  s i g n a l  
which was taken  t o  be 1. These r a t i o s ,  which are  shown in the  
Table ,  r e p r e s e n t  th e  r e l a t i v e  l e v e l  o f  mRNA e x p r e s s i o n  in the  
d i f f e r e n t  c e l l  t y p e s  in comparison t o  NS1.
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3:5 NS1 CELLS REGULATE MHC CLASS I I  GENE EXPRESSION POST-
TRANSCRIPTIONALLY : PREPARATION AND ANALYSIS OF DR4/Dw15 
GENE TRANSFECTANTS

3 : 5 .1  I n t r o d u c t i o n

The exper im ents  p r e s e n t e d  in t h e  p r e c e d in g  s e c t i o n  p r o v id e  
c i r c u m s t a n t i a l  e v id e n c e  t h a t  NS1 c e l l s  su p p re ss  MHC C la s s  I I  
gene e x p r e s s i o n  a t  th e  p o s t - t r a n s c r i p t i o n a l  l e v e l ,  but  f a l l  j u s t  
s h o r t  o f  prov ing  th e  c o n t e n t i o n .  The C la ss  I I  mRNA e x p r e s s e d  by 
NS1 c e l l s  appears t o  be c o r r e c t l y - s i z e d  and normal ly  p r o c e s s e d ,  
but i t  i s  found a t  lower l e v e l s  than in C la s s  I I  e x p r e s s i n g  A20 
c e l l s  (a l th o u g h  l e v e l s  are a t  l e a s t  e q u i v a l e n t  t o  t h o s e  in  
u n f r a c t i o n a t e d  s p l e n i c  c e l l s ) .  There are two p o s s i b l e
e x p l a n a t i o n s  f o r  t h i s  da ta  : f i r s t ,  t h a t  th e  l e v e l  o f  mRNA 
e x p r e s s e d  i s  to o  small  f o r  t h e  s y n t h e s i s  o f  d e t e c t a b l e  amounts 
o f  p r o t e i n  ( i e . ,  t r a n s c r i p t i o n a l  r e g u l a t i o n ) ;  or second,  t h a t  
p r o t e i n  s y n t h e s i s  i s  b lo c k e d  by a p o s t - t r a n s c r i p t i o n a l  mechanism 
t h a t  o p e r a t e s  subsequent  t o  mRNA p r o c e s s i n g  and t r a n s p o r t .

An approach was d e s i g n e d  t o  d i f f e r e n t i a t e  between t h e s e
p o s i b i l i t i e s  and to  pe rm it  a n a l y s i s  o f  th e  mechanism o f  
r e g u l a t i o n  in f u r t h e r  d e t a i l .  A c o n s t r u c t  c o n t a i n i n g  8 tandem 
c o p i e s  each o f  th e  cDNAs encod ing  th e  com ple te  sequence  o f  t h e  a 
and 3 c h a in s  o f  a human C la ss  I I  gene (DR4/Dw15) under th e
c o n t r o l  o f  i n d i v i d u a l  SV40 promoters  and th e  72 bp r e p e a t  
enhancer  sequence  ( B e n o i s t  and Chambon, 1981; Gruss e t  a l . ,  
1981) was t r a n s f e c t e d  i n t o  NS1 and A20 c e l l s ,  and e x p r e s s i o n  of  
th e  t r a n s f e c t e d  gene was a n a ly s e d .  Dr H. Ikeda ( Im p e r ia l  Cancer 
Research Fund, London) k i n d l y  prov ided  t h i s  c o n s t r u c t ,  R/RW, 
which has been d e s c r i b e d  in d e t a i l  e l s e w h e r e  ( s e c t i o n  2 :1 0 .1  and 
Ikeda e t  a l . ,  1988) .

The coding  r e g io n  o f  th e  DRa gene cDNA i s  c l o s e l y  homologous
t o  t h a t  o f  the  murine EOC gene (Lee e t  a l . ,  1982; Das e t  a l . ,
1983; Mathis e t  a l . ,  1983b) and p u t a t i v e  p o s t - t r a n s c r i p t i o n a l  
r e g u l a t o r y  r e g i o n s  in t h e  5'  u n t r a n s l a t e d  sequence  are  h i g h l y  
c o n s e r v e d  (F igure  3 . 5 . 1 ) .  Thus i t  i s  p l a u s i b l e  t h a t  t h i s  gene
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w i l l  be r e g u l a t e d  in a s i m i l a r  manner t o  t h e  endogenous Ea gene .  
However, s u f f i c i e n t  sequence  d i f f e r e n c e s  e x i s t  t h a t  mAb and 
n u c l e i c  a c i d  probes s p e c i f i c  t o  DR do not  c r o s s - r e a c t  w i t h  I -E .

Thus t r a n s f e c t i o n  o f  th e  DR gene c o n s t r u c t  would permit  
t r a n s c r i p t i o n a l  and p o s t - t r a n s c r i p t i o n a l  r e g u l a t o r y  mechanisms  
t o  be c l e a r l y  d i s t i n g u i s h e d .  The SV40 promoter and enhancer are  
a c t i v e  in  most e u k a r y o t i c  c e l l  t y p e s ,  and would t h e r e f o r e  not  be 
s u b j e c t  t o  th e  same c o n s t r a i n t s  as  r e g u l a t e  MHC C la ss  I I  gene  
t r a n s c r i p t i o n .  In a d d i t i o n ,  r e l a t i v e l y  h ig h  l e v e l s  o f  mRNA are  
s t a b l y  e x p r e s s e d  when th e  c o n s t r u c t  i s  t r a n s f e c t e d  i n t o  murine L 
c e l l s  (Ikeda  e t  a l . ,  1988) .  I f  C la ss  I I  gene r e g u l a t i o n  
o p e r a t e s  p o s t - t r a n s c r i p t i o n a l l y  in NS1, t h e  t r a n s f e c t e d  DR gene  
w i l l  not  be e x p r e s s e d .  However i f  r e g u l a t i o n  i s  
t r a n s c r i p t i o n a l ,  d e t e c t a b l e  amounts of  DR p r o t e i n  ought t o  be 
s y n t h e s i z e d .  This  approach perm its  th e  key i s s u e  r a i s e d  by the  
r e s u l t s  o f  th e  exper im ents  p r e s e n t e d  e a r l i e r  t o  be ad d ressed  
d i r e c t l y .

3 : 5 . 2  DR4 a n t i g e n s  are  e x p r e s s e d  in t r a n s f e c t e d  A20 c e l l s

A20 c e l l s  were t r a n s f e c t e d  w ith  th e  R/RW gene c o n s t r u c t ,  and 
s t a b l e  t r a n s f e c t a n t  l i n e s  were s e l e c t e d  by growth in Hygromycin 
B as d e s c r i b e d .  Nine s t a b l e ,  Hygromycin B r e s i s t a n t  l i n e s  were  
o b t a i n e d .  They were a n a ly s e d  f o r  the  e x p r e s s i o n  o f  I - A d and DR4 
by i n d i r e c t  immunfoluorescence on the  FACS on two o c c a s s i o n s ,  35 
and 45 days a f t e r  t r a n s f e c t i o n .  The r e s u l t s  o f  both  a n a l y s e s  
were s i m i l a r  : F igure  3 : 5 . 2  shows t h e  r e s u l t s  o b t a in e d  35 days  
a f t e r  t r a n s f e c t i o n .

The mAb HU.43 (Bodmer e t  a l . ,  1984) was used  t o  d e t e c t  DR4 
a n t i g e n  e x p r e s s i o n .  I t  i s  s p e c i f i c  f o r  a de term inant  common to  
t h e  DR1, 4, 7 and 9 h a p lo t y p e s ;  and does not  s t a i n  
u n t r a n s f e c t e d  A20 c e l l s  (F igure  3 : 5 . 2 ) .  S ix  o f  th e  n in e  A20 
t r a n s f e c t a n t s  e x p r e s s e d  th e  DR4 a n t i g e n .  The mean f l u o r e s c e n c e  
i n t e n s i t y  of  s t a i n i n g  o f  t h e s e  p o s i t i v e  t r a n s f e c t a n t s  v a r i e d  
over  a 4 - f o l d  range ( 2 5 .2  t o  1 0 0 . 3 ) ,  and might t h e r e f o r e  be 
a t t r i b u t a b l e  t o  c e l l  c y c l e  dependency ( s e e  s e c t i o n  3 : 1 . 3 ) .  This  
p o s s i b i l i t y  was supported  by the  f a c t  t h a t  s i m i l a r  v a r i a b i l i t y
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was found in the  e x p r e s s i o n  o f  I - A d (range 45.7 t o  1 5 4 . 5 ) ;  
however t h e r e  was no c o r r e l a t i o n  between e x p r e s s i o n  o f  t h e  two 
a n t i g e n s .  The t r a n s f e c t a n t s  e x p r e s s e d  th e  C la ss  I a n t i g e n  Dd a t  
l e v e l s  s i m i l a r  t o  t h o s e  in u n t r a n s f e c t e d  A20 c e l l s  (da ta  not  
shown).

3 : 5 . 3  DR4 a n t i g e n s  are  e x p r e s s e d  in t r a n s f e c t e d  P815 c e l l s

As a c o n t r o l  t o  ensure  t h a t  t h e  R/RW e x p r e s s i o n  c o n s t r u c t  
was a b l e  t o  d i r e c t  t h e  s y n t h e s i s  o f  DR a n t i g e n s  in murine c e l l s  
t h a t  do not  e x p r e s s  MHC C la ss  I I ,  P815 mastocytoma c e l l s  which  
had been t r a n s f e c t e d  w i th  R/RW by Dr. H. Ikeda were a n a l y s e d  by 
i n d i r e c t  immunofluorescence .  T r a n s f e c t a n t s  were s e l e c t e d  f o r  
Hygromycin B r e s i s t a n c e  e s s e n t i a l l y  as  d e s c r i b e d  e a r l i e r .

F igu re  3 : 5 . 3  shows t h a t  u n t r a n s f e c t e d  P815 c e l l s  d id  not  
e x p r e s s  t h e  murine C la s s  I I  a n t i g e n  I - A d, a l th o u g h  th e  C la ss  I 
a n t i g e n  Dd was e x p r e s s e d .  U n t r a n s f e c t e d  c e l l s  d id  not  bind  
anti-DR4 mAb. T r a n s f e c t e d  P815 c e l l s  e x p r e s s e d  DR4 a t  high  
l e v e l s ,  showing t h a t  t h e  R/RW c o n s t r u c t  can d i r e c t  t h e  s y n t h e s i s  
o f  DR4 a n t i g e n s  in murine c e l l s  t h a t  do not  th e m s e l v e s  e x p r e s s  
endogenous MHC C la ss  I I .  E xp ress io n  o f  murine C la ss  I and C lass  
I I  a n t i g e n s  in the  t r a n s f e c t a n t s  was s i m i l a r  to  t h a t  in 
u n t r a n s f e c t e d  P815 c e l l s .

3 : 5 . 4  DR4 a n t i g e n s  are  not  e x p r e s s e d  in t r a n s f e c t e d  NS1 c e l l s

In c o n t r a s t  t o  A20 and P815, none of  t h e  7 s t a b l y  Hygromycin 
B r e s i s t a n t  NS1 c e l l  l i n e s  o b t a in e d  e x p r e s s e d  DR4 a n t i g e n s  
(F igu re  3 : 5 . 4 ) .  E x p ress io n  o f  the  murine C la ss  I (Dd) and C lass  
I I  ( I - A d) a n t i g e n s  was s i m i l a r  in u n t r a n s f e c t e d  c e l l s  and 
t r a n s f e c t a n t s . The s t a i n i n g  p a t t e r n s  observed  were c o n s i s t e n t  
a t  35 and 45 days a f t e r  t r a n s f e c t i o n .

In order  t o  v e r i f y  t h a t  t r a n s f e c t e d  NS1 c e l l s  d id  not  
e x p r e s s  a m o d i f i e d  DR4 a n t i g e n  not  r e c o g n i z e d  by th e  mAb HU.43, 
th ey  were a l s o  s t a i n e d  with  th e  mAb L243 (ant i-DR non- 
polymorphic d e term in an t ;  Lampson and Levy, 1980) and HU. 48 
(ant i-DR4,  7; Bodmer e t  a l . ,  1984) .  S t a i n i n g  w i th  t h e s e  mAb was
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n e g a t i v e  (data  not  shown).
One a d d i t i o n a l  NS1 t r a n s f e c t a n t  not  shown in F ig u r e  3 : 5 . 4 ,  

NS1/DR13, cou ld  o n ly  be o b ta in e d  in s u f f i c i e n t  numbers fo r  
a n a l y s i s  47 days and 54 days a f t e r  t r a n s f e c t i o n .  This  c e l l  l i n e  
was found t o  e x p r e s s  DR4 a t  very  low l e v e l s  (mean f l u o r e s c e n c e
i n t e n s i t y 31 .5 w ith  HU.43 in comparison t o  15.54 w i t h  GAMIg
a l o n e )  on day 47 but  was DR 4 n e g a t i v e (mean f l u o r e s c e n c e
i n t e n s i t y 19.2 w i th  HU.43 in comparison t o  16 .7 w i t h  GAMIg
a l o n e )  on day 54. This  c e l l  l i n e  i s  b e in g  s t u d i e d  f u r t h e r .

3 : 5 . 5  I n t r a c e l l u l a r  DR a n t i g e n  e x p r e s s i o n

Are DR a n t i g e n s  p r e s e n t  i n t r a - c e l l u l a r l y ,  even though they  
are  not  e x p r e s s e d  a t  th e  c e l l  s u r f a c e  ? This  remains a 
p o s s i b i l i t y  in s p i t e  o f  the  e v i d e n c e  p r e s e n t e d  in s e c t i o n  3 : 2 . 2  
t h a t  t h e r e  i s  no murine C la ss  I I  p o l y p e p t i d e  s y n t h e s i s  in NS1 
c e l l s .  Three NS1 t r a n s f e c t a n t s  and one A20 t r a n s f e c t a n t  which 
had been kept  in c o n t in u o u s  c u l t u r e  f o r  90 days a f t e r  
t r a n s f e c t i o n  were p r e - f i x e d  w i th  1% paraformaldehyde  f o r  30 
minutes  a t  4° C in order t o  p e r m e a b i l i z e  the  c e l l s ,  b e fo r e  
a n a l y s i s  by i n d i r e c t  immunofluorescence in the  u s u a l  way.

As shown in F igure  3 : 5 . 5 ,  th e  mAb HU.43 d id  not  s t a i n  
p e r m e a b i l i z e d  NS1 t r a n s f e c t a n t s  (NS1/DR11, DR14, DR43); a l though  
a mAb a g a i n s t  Dd d id .  In c o n t r a s t ,  HU.43 s t a i n e d  th e
p e r m e a b i l i z e d  A20 t r a n s f e c t a n t  (A20/DR5) more i n t e n s e l y  than i t  
d id  n o n - p e r m e a b i l i z e d  c e l l s .  This  i n d i c a t e s  t h a t  DR a n t i g e n s  
are  p r e s e n t  i n t r a - c e l l u l a r l y  in A20 but not  NS1 t r a n s f e c t a n t s . 
I n t r a c e l l u l a r  s y n t h e s i s  o f  DR p o l y p e p t i d e  c h a in s  i s  be ing  
a n a ly s e d  by b i o s y n t h e t i c  l a b e l l i n g  and im m u n op rec ip i ta t ion  to  
v e r i f y  t h i s .

3 : 5 . 6  NS1 and A20 t r a n s f e c t a n t s  have i n t e g r a t e d  t h e  DR4 gene

In the  e x p r e s s i o n  c o n s t r u c t  R/RW, th e  Hygromycin B
r e s i s t a n c e  gene and the  DR a and (3 cha in  genes are  p h y s i c a l l y  
s e p a r a t e ;  and c o n t r o l l e d  by independ ent promoters  ( s e e  Figure  
2 : 6 ) .  I t  i s  t h e r e f o r e  c o n c e i v a b l e  t h a t  r e c o m b in a t io n a l  or
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d e l e t i o n a l  e v e n t s  dur ing or a f t e r  gene t r a n s f e c t i o n  might  r e s u l t  
in  Hygroraycin B r e s i s t a n t  c e l l s  t h a t  have not  i n t e g r a t e d  c o p i e s  
o f  th e  DR g e n e s .  A20 and NS1 t r a n s f e c t a n t s  were t h e r e f o r e  
a n a ly s e d  t o  v e r i f y  DR gene i n t e g r a t i o n .

The DRa cha in  gene in R/RW was c lo n e d  i n t o  an EcoRI s i t e .  
T h e r e fo r e  genomic DNA prepared from A20 and NS1 t r a n s f e c t a n t s  
was d i g e s t e d  t o  com p le t ion  w i th  EcoRI, and a n a ly s e d  by Southern  
b l o t t i n g .  F ig u r e s  3 : 5 . 6  and 3 : 5 . 7  show t h e  r e s u l t s  of  
h y b r i d i z a t i o n  t o  a r a d i o l a b e l l e d  DRa probe .  As e x p e c te d ,  the  
c h a r a c t e r i s t i c  1 .2  kbp band c o rresp o n d in g  t o  th e  c lo n e d  DRa 
cha in  was found in s i x  o f  t h e  se ven  NS1 t r a n s f e c t a n t s . Four o f  
t h e s e  c l e a r l y  c o n t a i n  m u l t i p l e  c o p i e s  of  th e  i n s e r t ,  w h i l e  two 
c o n t a i n  two or fewer c o p i e s .  The i n t e r n a l  q u a n t i t a t i v e  standard  
in  the  au to r a d io g r a p h s  was prov ided  by the  a d d i t i o n a l  8 .3  and 
2 .9  kbp bands t h a t  are p r e s e n t  in both  u n t r a n s f e c t e d  and 
t r a n s f e c t e d  c e l l s  : t h e s e  are EcoRI fragments  o f  th e  murine Ea 
gene  which c r o s s - h y b r i d i z e  w i th  t h e  DRa probe (Mathis e t  a l . ,  
1983b) .  The Ea gene i s ,  o f  c o u r s e ,  p r e s e n t  in two c o p i e s  in NS1 
and A20 c e l l s .

Four DR4 a n t i g e n  e x p r e s s i n g  and 2 n o n - e x p r e s s i n g  A20 c e l l  
l i n e s  are  shown in F igure  3 : 5 . 7 .  Of the  4 e x p r e s s i n g  l i n e s ,  two 
had the  c h a r a c t e r i s t i c  1 .2  kbp EcoRI fragment,  w h i l e  two o t h e r s  
had i n s t e a d  a 4 kbp band o f  th e  same i n t e n s i t y .  This  l a r g e r  
fragment may r e p r e s e n t  a p a r t i a l  EcoRI d i g e s t ;  however t h i s  
o b s e r v a t i o n  was r e p r o d u c i b l e  when th e  exper iment  was r e p e a t e d .  
The two DR4 a n t i g e n  n o n - e x p r e s s i n g  A20 t r a n s f e c t a n t s  did  not  
appear t o  have i n t e g r a t e d  t h e  DRa gene ,  s i n c e  t h e i r  
h y b r i d i z a t i o n  p a t t e r n  was i d e n t i c a l  t o  t h a t  o f  u n t r a n s f e c t e d  A20 
c e l l s .

The s u p p o s i t i o n  made i s  t h a t  th e  DR4 g enes  i n t e g r a t e d  i n t o  
NS1 c e l l s  are  t r a n s c r i p t i o n a l l y  a c t i v e  becau se  th e  SV40 
prom oter /enhancer  sequences  are  known t o  be a c t i v e  in most  
e u k a r y o t i c  c e l l  t y p e s .  However, l o c a l  i n f l u e n c e s  r e l a t e d  to  the  
s i t e  o f  i n t e g r a t i o n  in the  genome might a l s o  p la y  a r o l e  : f o r  
example,  g enes  i n t e g r a t e d  i n t o  an i n a c t i v e  r e g io n  o f  th e  genome 
may not  be t r a n s c r i b e d .  Given t h a t  the  s i t e  o f  i n t e g r a t i o n  i s  
random; the  f a c t  t h a t  none o f  th e  seven NS1 t r a n s f e c t a n t s
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e x p r e s s e d  DR4 ( i n  c o n t r a s t  t o  6 o f  9 A20 t r a n s f e c t a n t s ) must 
te nd  t o  e x c l u d e  t h i s  as  a r e l e v a n t  f a c t o r .  N e v e r t h e l e s s ,  
t r a n s f e c t a n t s  were a n a ly s e d  f o r  DRa gene raRNA e x p r e s s i o n .

3 : 5 . 7  P r e l im in a r y  r e s u l t s  : NS1 t r a n s f e c t a n t s  e x p r e s s  DRa 
aene  mRNA

In o rder  t o  v e r i f y  t h a t  t h e  r a d i o l a b e l l e d  DRa probe d id  not  
c r o s s - h y b r i d i z e  to  th e  Ea gene ,  wi th  which i t  i s  h i g h l y  
homologous,  i t  was h y b r i d i z e d  t o  t o t a l  c e l l u l a r  RNA prepared  
from A20 (which e x p r e s s e s  h igh  l e v e l s  o f  Ea gene mRNA ( s e e  
s e c t i o n  3 : 4 . 2 ) )  and one A20 t r a n s f e c t a n t ,  A20/DR5. The DRa probe  
i d e n t i f i e d  two c h a r a c t e r i s t i c  mRNA s p e c i e s  o f  s i z e  1 .4  and 1.2  
kbp in A20/DR5, but  d id  not  c r o s s - h y b r i d i z e  t o  any messenger  
s p e c i e s  in u n t r a n s f e c t e d  A20 c e l l s  (F igure  3 : 5 . 8 ) .  The l a r g e r  
( 1 .4  kbp) DRa mRNA s p e c i e s  may r e f l e c t  t h e  p r e s e n c e  o f  
a d d i t i o n a l  s t a r t  s i t e s  or s p l i c i n g  s i t e s  in t h e  t r a n s f e c t e d  
gene,  and i s  commonly found in t r a n s f e c t a n t s  ( Ikeda e t  a l . ,  
1988; and p e r s o n a l  communicat ion) .  S i m i l a r  r e s u l t s  were  
o b t a in e d  w i th  the  P815 t r a n s f e c t a n t  l i n e ,  P815/DR (F igure  
3 : 5 . 8 )  .

F igure  3 : 5 . 9  shows th e  r e s u l t s  o f  RNA s l o t  b l o t  a n a l y s i s  of  
th e  seven  NS1 t r a n s f e c t a n t s . They a l l  e x p r e s s e d  mRNA f o r  the  
DRa gene ,  a l b e i t  a t  s l i g h t l y  v a r y in g  l e v e l s ,  s u g g e s t i n g  t h a t  the  
t r a n s f e c t e d  gen es  are t r a n s c r i b e d .

S e v e r a l  important  q u e s t i o n s  s t i l l  need t o  be answered.  I s  
th e  l e v e l  o f  DRa mRNA e x p r e s s i o n  s i m i l a r  in NS1 and A20 
t r a n s f e c t a n t s  ? I s  t h e  mRNA po ly -A  t a i l e d  ? I s  i t  found in 
both the  n u c le u s  and cytoplasm  ? I s  the  s t a b i l i t y  ( t h a t  i s ,  
h a l f - l i f e )  o f  the  mRNA equal  in both A20 and NS1 ? Further  
exper im ents  t o  study mRNA s y n t h e s i s  in d e t a i l  are  in p r o g r e s s .

Taken t o g e t h e r  t h e s e  da ta  imply t h a t  NS1 c e l l s  su p p ress  MHC 
C la ss  I I  gene e x p r e s s i o n  p o s t - t r a n s c r i p t i o n a l l y ;  s i n c e  the  SV40 
promoter-enhancer  c o n t r o l l e d  human C la ss  I I  gene DR4 was not  
e x p r e s s e d  when t r a n s f e c t e d  i n t o  t h e s e  c e l l s ,  a l th o u g h  i t  was
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e x p r e s s e d  a t  h igh  l e v e l s  when t r a n s f e c t e d  i n t o  both  C la ss  I I  
p o s i t i v e  A20 c e l l s  and C la s s  I I  n e g a t i v e  P815 c e l l s .  Complete  
v e r i f i c a t i o n  o f  t h i s  h y p o t h e s i s  r e q u i r e s  two f u r t h e r  
d e m o n s tr a t io n s  : f i r s t ,  t h a t  th e  r a t e  o f  DR4 gene  t r a n s c r i p t i o n  
in t r a n s f e c t e d  A20 and NS1 c e l l s  i s  s i m i l a r ;  and second ,  t h a t  
n o n -C la ss  I I  g enes  c o n t r o l l e d  by th e  same SV40 se q u en ces  can be 
e x p r e s s e d  when t r a n s f e c t e d  i n t o  NS1 c e l l s .  Experiments  are in  
p r o g r e s s  t h a t  ad d ress  t h e s e  p o i n t s .
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THE 5' UNTRANSLATED mRNA SEQUENCES OF THE 
E alpha AND DR alpha GENES ARE HOMOLOGOUS

E alpha (Mathis et al., 1983b)
| mRNA start sites |
I—*  I—*  I—*  I—*  —

T GTTAATTCT GCCTCAGTCT GCG ATCGCTTCT G AACCC ACCAAAC ACCC AAG AAGAAAATG 

TGTCTGTTCTGCCTCACTC- CCG AGCT CT ACT GAT CCC AAAAG ACGCCC AAG AAG AAAAT G

| Met|

DR alpha (Das et al., 1983)
OVERALL SEQUENCE HOMOLOGY = 77.6%

FIGURE 3:5 .1

Sequences o f  cDNA c l o n e s  o f  the  two g enes  were o b t a in e d  from 
Mathis  e t  a l . ,  1983b and Das e t  a l . ,  1983 r e s p e c t i v e l y .  
Alignment was from the  ATG cod on s.  One base  p a i r  was added to  
t h e  DRO sequence  f o r  a l ignm ent ,  and i s  i n d i c a t e d  by a The
mRNA s t a r t  s i t e s  i n d i c a t e d  are f o r  th e  EO gene (Mathis e t  a l . ,  
1 9 8 3 b ) .
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A20 transfectants express DR antigens
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□  Control 
B3 Class II (m) 
■  Class II (h)

A20 ut DR1 DR5 DR12 DR17 DR18 DR11 DR15 DR41 DR43

FIGURE 3 : 5 . 2

A20 c e l l s  s t a b l y  t r a n s f e c t e d  w ith  th e  DR4 e x p r e s s i o n  
c o n s t r u c t  R/RW were a n a ly s e d  f o r  MHC a n t i g e n  e x p r e s s i o n  by 
i n d i r e c t  immunofluorescence and FACS a n a l y s i s  35 days a f t e r  
t r a n s f e c t i o n  as  d e s c r i b e d  in F igure  3 : 2 . 1 .  The mAb used were  
HB3 ( a n t i - I - A d, C la s s  I I  (m)) and HU.43 (ant i-DR4,  C la s s  I I  
(h ) ) .  C ontro l  n e g a t i v e  s t a i n i n g  was w i th  f luorochrome  
c o n ju g a te d  GAMIg a l o n e  ( C o n t r o l ) .

A20 ut refers to untransfected A20 cells, while the other

designations (DR1, DR5, etc.) refer to the different

transfectant cell lines.

t o  the
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P815 transfectants express DR antigens

2000 1

P815

□  Control 
H  Class I (m) 
El Class II (m) 
■  HU.43

P815/DR

FIGURE 3 : 5 . 3

P815 mouse mastocytoma c e l l s  s t a b l y  t r a n s f e c t e d  with  the  DR4 
e x p r e s s i o n  c o n s t r u c t  R/RW ( k i n d l y  prov ided  by Dr. H. Ikeda,  
ICRF, London) were a n a ly s e d  f o r  MHC a n t i g e n  e x p r e s s i o n  by 
i n d i r e c t  immunofluorescence and FACS a n a l y s i s  as d e s c r i b e d  in  
Figure  3 : 1 . 1 .  The mAb used were HB75 ( a n t i - D d, C la ss  I (m)) ,  
HB3 ( a n t i - I - A d, C la ss  I I  (m) ) ,  HU.43 ( an t i -D R 1 , 4 , 7 , 9 )  and HU.48 
( a n t i -D R 4 #5 ) .  Control  n e g a t i v e  s t a i n i n g  was with f luorochrome
c o n ju g a te d  GAMIg a lo n e  ( C o n t r o l ) .

P815 refers to untransfected cells, while P815/DR refers to

the transfectant cell line.
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NS1 transfectants do not express DR antigens

FIGURE 3 : 5 . 4

NS1 c e l l s  s t a b l y  t r a n s f e c t e d  with the  DR4 e x p r e s s i o n  
c o n s t r u c t  R/RW were a n a ly se d  f o r  MHC a n t i g e n  e x p r e s s i o n  by 
i n d i r e c t  immunofluorescence and FACS a n a l y s i s  35 days a f t e r  
t r a n s f e c t i o n  as  d e s c r i b e d  in F igure  3 : 1 . 1 .  The mAb used were  
HB75 ( a n t i - D d, C la s s  I (m) ) ,  HB3 ( a n t i - I - A d, C la s s  I I  (m)) and 
HU.43 (a nt i -DR4,  DR). Control  n e g a t i v e  s t a i n i n g  was wi th  
f luorochrom e co n ju g a te d  GAMIg a lo n e  ( C o n t r o l ) .

NS1 ut refers to untransfected NS1 cells, while the other

designations (DR11, DR14, etc.) refer to the different

transfectant cell lines.

the
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Intracellular DR antigen expression

800 n

FIGURE 3 : 5 . 5

Four d i f f e r e n t  t r a n s f e c t a n t  l i n e s  - one o f  A20 and t h e  o th e r  
t h r e e  o f  NS1 -  were perraeab i l i zed  by f i x a t i o n  in 1% 
paraformaldehyde  b e f o r e  i n d i r e c t  immunofluorescence s t a i n i n g  and 
FACS a n a l y s i s  in th e  u sua l  way. The mAb used were HB75 ( a n t i ­
n'1, C la ss  I (m )) and HU.43 (ant i-DR4,  C lass  I I  (H U .43) ) .  Control  
n e g a t i v e  s t a i n i n g  was with f luorochrom e con ju g a te d  GAMIg a l o n e .



Results 1 50

H DR </
^  EcoRI
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* -2 .9  kbp

*-1.2kb

FIGURE 3:5.6

NS 1 TRANSFECTANTS HAVE INTEGRATED THE DR0( GENE

Genomic DNA prepared from untransfected NS1 cells (NS1 UT) 

and NS1 transfectants was completely digested with EcoRI and 

analysed by Southern blotting as described in section 2 : 7 . 1 .  
Blots were hybridized to a DRa probe. A. shows the results with 

six transfectants (as seen in Figure 3 : 5 . 4 ,  except D R 4 1 ) .  Each 

track contains 10 pg of DNA. Four clearly contain multiple 

copies of the DRa gene. The two transfectants which were

negative in A. were re-analysed using 20 pg of DNA per track as 

shown in B. (next page). They contain two or fewer copies.

Bands apart from the 1 . 2  kbp band may represent partial digests.
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DR</.
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FIGURE 3:5.7

A20 TRANSFECTANTS HAVE INTEGRATED THE DRO( GENE

Genomic DNA from untransfected A20 cells (A20 UT) and five 

A20 transfectants (four positive, one negative for DR4 antigen 

expression; see Figure 3:5.2) was analysed by Southern

blotting. Each track contains 10 pg of DNA. Two of the four 

D R 4 positive transfectants (A20/DR5, D R 1 1) had the

characteristic 1.2 kbp band, two others (DR12, DR17) had a 4 kbp 

band that may represent a partial digest. The DR4 negative 

transfectant (DR43) had no DRQ integration.
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FIGURE 3 : 5 . 8
A20 AND P 8 1 5  TRANSFECTANTS EXPRESS DRa mRNA

Total cellular RNA from one A20 transfectant (A20/DR5) and 

the P815 transfectant (P815/DR) lines was analysed by Northern 

blotting as described in section 2:7.2. UT refers to

untransfected parent cells. Each track contains 25 pg of RNA.
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t

10 2
A/DR1

A/DR5

A/DR11

A/DR12

A20 UT

0.4 ug

N/DR11

N/DR14

N/DR16

N/DR41

N/DR42

N/DR43

N/DR45

NS1 UT

DRa

FIGURE 3:5.9

NS1 TRANSFECTANTS EXPRESS DRa raRNA

Total cellular RNA prepared from untransfected parent cells 

(UT) and A20 and NS1 transfectants was analysed by RNA slot 

blotting as described in section 2:7.3. Columns contain the 

indicated amounts of RNA in p g .
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4 GENERAL DISCUSSION

4:1 Summary o f  main f i n d i n g s  and c o n c l u s i o n s  (F igu re  4 .1 )

A s e r i e s  o f  murine and human tumour c e l l  l i n e s  r e p r e s e n t i n g  
c e l l s  ' f r o z e n '  in v a r io u s  B ly m phocyt ic  d i f f e r e n t i a t i o n  s t a g e s  
was used  as a model f o r  th e  a n a l y s i s  o f  C la ss  I I  gene r e g u l a t i o n  
in  th e  B lymphocyte l i n e a g e  : th e  C la ss  I I  a n t i g e n  phenotypes  
o f  t h e s e  l i n e s  corresp onded  t o  t h o s e  o f  t h e  normal c e l l  t y p e s  
th ey  r e p r e s e n t .  In t h e s e  c e l l s ,  the  e x p r e s s i o n  o f  C la ss  I I  
a n t i g e n s  was c o r r e l a t e d  w ith  the  p r e s e n c e  and amount o f  mRNA f o r  
t h e  C la s s  I I  g e n e s .  Messenger RNA was not p r e s e n t  in C la ss  I I  
a n t i g e n  n o n - e x p r e s s i n g  c e l l  l i n e s ,  w h i l e  c e l l  l i n e s  t h a t  
e x p r e s s e d  C la ss  I I  a n t i g e n s  a l s o  e x p r e s s e d  mRNA in amounts t h a t  
corresp onded  t o  th e  l e v e l  o f  a n t i g e n  e x p r e s s i o n .  Thus t h e s e  
tumour c e l l  l i n e s  r e g u l a t e  C la ss  I I  e x p r e s s i o n  a t  th e  l e v e l  of  
gene t r a n s c r i p t i o n .

The mechanism o f  s u p p r e s s io n  o f  C lass  I I  gene e x p r e s s i o n  in 
a BALB/c s t r a i n  d e r iv e d  plasmacytoma,  NS1, was s t u d i e d  in 
f u r t h e r  d e t a i l .  NS1 c e l l s  d id  not  e x p r e s s  C la ss  I I  a n t i g e n s ,  or 
t h e i r  c o n s i t u e n t  p o l y p e p t i d e  c h a i n s ,  e i t h e r  a t  t h e  c e l l  s u r f a c e  
or i n t r a c e l l u l a r l y . The c l o s e l y  r e l a t e d  C la s s  I a n t i g e n s  were,  
however,  e x p r e s s e d .  Twenty uncloned hybr id  c e l l  l i n e s  ob ta in e d  
by th e  f u s i o n  o f  NS1 w i th  C la ss  I I  e x p r e s s i n g  s p l e n i c  B 
lymphocytes  prepared from CBA, SJL and BALB/c s t r a i n  mice a l l  
e x p r e s s e d  C la ss  I a n t i g e n s  o f  e i t h e r  or both p a r e n t a l
h a p l o t y p e s ;  however none e x p r e s s e d  C lass  I I  a n t i g e n s  o f  e i t h e r  
h a p l o t y p e .  These r e s u l t s  were f u r t h e r  v a l i d a t e d  u s in g  one such  
(NS1 x s p l e n i c  B lymphocyte)  hybr id  c e l l  c l o n e ,  K3. When K3 was 
f u s e d  t o  the  C la ss  I I  e x p r e s s i n g  B lymphoma A20, the  seven  
r e s u l t i n g  hybrid  c e l l  l i n e s  were aga in  C la ss  I p o s i t i v e  but  
C la s s  I I  n e g a t i v e .  These r e s u l t s  i n d i c a t e  t h a t  NS1 c e l l s
s u p r e s s s  C la ss  I I  gene e x p r e s s i o n  by an a c t i v e ,  h i g h l y  s p e c i f i c  
mechanism.

Evidence  was a l s o  found t h a t  another  murine plasmacytoma,
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X63, s u p r e s s e d  C la ss  I I  gene e x p r e s s i o n  by a s i m i l a r  mechanism.  
One X63 x s p l e n i c  B lymphocyte hybr id  c l o n e ,  Sp2 /0 ,  and two 
Sp2/0 x s p l e n i c  B lymphocyte hybrid  c l o n e s ,  were found to  
e x p r e s s  C la s s  I but  not  C la ss  I I  a n t i g e n s .  This  dem onstra t ion  
was l e s s  r i g o r o u s  than in t h e  c a s e  o f  NS1 as o n ly  a sm al l  number 
o f  c l o n e d ,  r a t h e r  than un cloned ,  h y b r id s  were t e s t e d .

X63 c e l l s ,  which e x p r e s s e d  n e i t h e r  C la s s  I I  a n t i g e n s  or  
mRNA, were s i m i l a r  t o  o th e r  B c e l l  tumours in t h a t  they  
r e g u l a t e d  C la s s  I I  gene e x p r e s s i o n  a t  th e  l e v e l  of  
t r a n s c r i p t i o n .  I t  was t h e r e f o r e  s u r p r i s i n g  t h a t  NS1 c e l l s  
e x p r e s s e d  c o r r e c t l y - s i z e d ,  po ly -A  t a i l e d  t r a n s c r i p t s  f o r  the  
C la s s  I I  g enes  Aa, Ea and th e  a s s o c i a t e d  I i  cha in  gene in both  
th e  n u c le u s  and cytoplasm .  The amounts o f  RNA were e q u i v a l e n t  
t o  t h o s e  in an u n f r a c t i o n a t e d  s p l e n o c y t e  p o p u l a t i o n ,  and 
a p p r o x im a te ly  o n e - f i f t h  t h o s e  in A20 c e l l s .  A known inducer  o f  
C la ss  I I  gene  t r a n s c r i p t i o n ,  IFNy, enhanced mRNA l e v e l s  but did  
not  r e s u l t  in  C la ss  I I  a n t i g e n  e x p r e s s i o n .  These r e s u l t s  imply  
t h a t  NS1 c e l l s  supp ress  C la ss  I I  gene e x p r e s s i o n  by a nove l  
p o s t - t r a n s c r i p t i o n a l  r e g u l a t o r y  mechanism o p e r a t i n g  subsequent  
t o  RNA p r o c e s s i n g  and n u c l e a r - c y t o p l a s m i c  t r a n s p o r t .

Further  s t r o n g  e v id e n c e  f o r  p o s t - t r a n s c r i p t i o n a l  C la ss  I I  
gene  r e g u l a t i o n  was found.  NS1 c e l l s  were t r a n s f e c t e d  w ith  an 
e x p r e s s i o n  c o n s t r u c t  c o n t a i n i n g  8 c o p i e s  each o f  th e  complete  
human DRa and DR[3 gene cDNA seq u en ces  under th e  c o n t r o l  o f  the  
s tr o n g  v i r a l  SV40 e a r l y  promoter /enhancer  se q u en ces  which are  
t r a n s c r i p t i o n a l l y  a c t i v e  in most e u k a r y o t i c  c e l l s .  None of  
th e  seven NS1 t r a n s f e c t a n t s  which had i n t e g r a t e d  the  c o n s t r u c t  
e x p r e s s e d  DR a n t i g e n s  i n t r a c e l l u l a r l y  or a t  th e  c e l l  s u r f a c e ,  
a l th o u g h  p r e l i m i n a r y  e v id e n c e  f o r  DRO gene mRNA e x p r e s s i o n  was 
found.  In c o n t r a s t ,  DR a n t i g e n s  were e x p r e s s e d  by s i x  of  nine  
t r a n s f e c t a n t s  o f  the  C la ss  I I  e x p r e s s i n g  A20 c e l l  l i n e ;  as w e l l  
as by t r a n s f e c t a n t s  o f  C la ss  I I  n o n - e x p r e s s i n g  P815 c e l l s .

Two important  c o n c l u s i o n s  can be drawn from t h e s e  r e s u l t s  : 
f i r s t ,  t h a t  plasma c e l l s  su p p ress  C la ss  I I  e x p r e s s i o n  by an
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a c t i v e ,  s p e c i f i c  mechanism; and second,  t h a t  t h i s  su p p r e s s io n  
may o p e r a t e  e i t h e r  t r a n s c r i p t i o n a l l y  or by a n o v e l  p o s t -  
t r a n s c r i p t i o n a l  mechanism. These c o n c l u s i o n s  w i l l  be examined 
from two p o i n t s  o f  view : in r e l a t i o n  to  t h e  mechanisms t h a t  
r e g u l a t e  th e  e x p r e s s i o n  o f  o t h e r  genes in plasma c e l l s ,  and in  
t h e  c o n t e x t  o f  C la ss  I I  gene r e g u l a t i o n .  The major i s s u e s  t h a t  
w i l l  be d i s c u s s e d  are  summarized in F igure  4 . 2 .

4:2 The e x p r e s s i o n  o f  s e v e r a l  membrane m o l e c u l e s  i s  down- 
r e a u l a t e d  in plasma c e l l s

In th e  c o u r s e  o f  d i f f e r e n t i a t i o n  from r e s t i n g  B c e l l s ,  
plasma c e l l s  d o w n -r e g u la te  membrane-bound s l g  e x p r e s s i o n  w h i l e  
u p r e g u l a t i n g  th e  c a p a c i t y  t o  s e c r e t e  Ig m o l e c u l e s  (A l t  e t  a l . ,  
1980) and th e  e x p r e s s i o n  o f  PC-1 a n t i g e n  (Anderson e t  a l . ,  
1984) .  They s i m u l t a n e o u s l y  d o w n -reg u la te  t h e  e x p r e s s i o n  of  
s e v e r a l  o t h e r  i n t e g r a l  membrane p r o t e i n s ,  i n c l u d i n g  C la ss  I I  
a n t i g e n s ,  complement r e c e p t o r s ,  Fc r e c e p t o r s  and th e  r e c e n t l y  
d e s c r i b e d  BP-1 a n t i g e n  (Cooper e t  a l . ,  1986) .  T h is  i s  c l e a r l y  of  
p h y s i o l o g i c a l  r e l e v a n c e  as  plasma c e l l s  r e p r e s e n t  a t e r m in a l ,  
s h o r t - l i v e d  s t a g e  in B c e l l  d i f f e r e n t i a t i o n  and have no 
important  f u n c t i o n  a p ar t  from Ig s e c r e t i o n .  A r e a s o n a b l e  
h y p o t h e s i s  i s  t h a t  t h e s e  e f f e c t s  are  t h e  r e s u l t  of  
im plementat ion  o f  a g e n e t i c  d i f f e r e n t i a t i o n  programme. I s  t h e r e  
a common mechanism i n v o l v e d  ?

There may be.  The r e s u l t s  p r e s e n t e d  h ere  i n d i c a t e  t h a t  a 
s p e c i f i c ,  p h e n o t y p i c a l l y  dominant mechanism s u p p r e s s e s  C la ss  I I  
e x p r e s s i o n  in plasma c e l l s .  A s i m i l a r  mechanism i s  r e s p o n s i b l e  
f o r  th e  s u p p r e s s io n  o f  BP-1 a n t i g e n  e x p r e s s i o n  : BP-1 e x p r e s s i o n  
in pre-B c e l l  tumours i s  e x t i n g u i s h e d  by f u s i o n  with  
plasmacytomas (Cooper e t  a l . ,  1986) .  The mechanism(s)  t h a t  
r e g u l a t e  Ig s y n t h e s i s  may a l s o  be p h e n o t y p i c a l l y  dominant.  
Fusion  o f  a sIgM+, p M and p s mRNA e x p r e s s i n g  B c e l l  lymphoma 
w ith  the  plasmacytoma NS1 r e s u l t s  in a s l g " ,  p M mRNA " hybr id  
( S i t i a  e t  a l . ,  1987) .
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4:3 R e g u l a t i o n  o f  C la ss  I I  gene e x p r e s s i o n  in plasma c e l l s  : 
t r a n s c r i p t i o n a l  or p o s t - t r a n s c r i p t i o n a l  ?

Other workers have now confirmed t h a t  plasmacytomas supp ress  
C la s s  I I  gene e x p r e s s i o n  by an a c t i v e ,  s p e c i f i c  mechanism t h a t  
i s  p h e n o t y p i c a l l y  dominant in h y b r id s  u s in g  a s i m i l a r  approach  
o f  som at ic  c e l l  h y b r i d i z a t i o n  (Latron e t  a l . ,  1988) .  They found  
t h a t  th e  C la ss  I I  n e g a t i v e  phenotype  of  t h e  murine plasmacytoma  
P3-U was dominant in h y b r id s  w i th  th e  human B ly m p h o b la s to id  
c e l l  l i n e  RAJI, and t h a t  th e  h y b r id s  had no human C la s s  I I  gene  
t r a n s c r i p t s .  I t  must,  however,  be noted t h a t  low l e v e l s  o f  mRNA 
( o n e - s e v e n t h  t o  o n e - e i g h t h  the  l e v e l  in M12, a tumour very  
s i m i l a r  t o  A20 (Kim e t  a l . ,  1979) )  f o r  th e  murine C la ss  I I  genes  
were found in P3-U as  w e l l  as  in P3-U h y b r id s  : t h e s e  r e s u l t s  
are  s i m i l a r  t o  t h o s e  o b t a in e d  w i th  NS1 in t h i s  t h e s i s .  Latron 
and co-w orkers  i n t e r p r e t  t h e s e  f i n d i n g s  t o  mean t h a t  s u p p r e s s io n  
a c t s  a t  the  l e v e l  o f  t r a n s c r i p t i o n  or accum ulat ion  of  
C la s s  I I  s p e c i f i c  mRNA.

I t  i s  c e r t a i n l y  t r u e  t h a t  c e r t a i n  plasmacytomas (X63, as  
demonstrated here;  and a v a r i a n t  o f  NS1 (Mathis  e t  a l . ,  1983b))  
do not  e x p r e s s  mRNA f o r  th e  C la ss  I I  genes : r e g u l a t i o n  in t h e s e  
c a s e s  i s  u n e q u i v o c a l l y  a t  the  l e v e l  o f  gene t r a n s c r i p t i o n .  
However a t  l e a s t  two o t h e r  plasmacytomas (NS1, as p r e s e n t e d  
here;  and P3-U) do e x p r e s s  s i m i l a r ,  low l e v e l s  o f  C la ss  II  
s p e c i f i c  t r a n s c r i p t s .  I t  i s  p o s s i b l e  t o  r e c o n c i l e  t h e s e  
f i n d i n g s  by h y p o t h e s i z i n g  t h a t  a l l  four  plasmacytomas su pp ress  
C la ss  I I  gene  t r a n s c r i p t i o n ,  but  t h a t  in NS1 and P3-U 
s u p p r e s s io n  i s  not  t o t a l .

However, two o b s e r v a t i o n s  i n d i c a t e  t h a t  C la ss  I I  gene  
e x p r e s s i o n  i s ,  a d d i t i o n a l l y ,  r e g u l a t e d  p o s t - t r a n s c r i p t i o n a l l y  in 
NS1 c e l l s  : f i r s t ,  IFNy u p r e g u l a t e s  C la ss  I I - s p e c i f i c  mRNA 
l e v e l s  w i th o u t  induc in g  s u r f a c e  e x p r e s s i o n  o f  C la s s  I I  a n t i g e n s ;  
and more c o n c l u s i v e l y ,  DR a n t i g e n s  are not  e x p r e s s e d  when SV40 
e a r l y  promoter-enhancer  c o n t r o l l e d  DRQ/p gene cDNA seq u en ces  are
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t r a n s f e c t e d  i n t o  NS1 c e l l s ,  d e s p i t e  p r e l i m i n a r y  e v i d e n c e  t h a t  
the  DRO gene i s  t r a n s c r i b e d .  This  s u g g e s t s  t h a t  a t  l e a s t  in 
NS1, and perhaps by e x t e n s i o n  P3-U, r e g u l a t i o n  o p e r a t e s  a t  two 
l e v e l s  : t r a n s c r i p t i o n a l  as  w e l l  as  p o s t - t r a n s c r i p t i o n a l .  This  
p o s s i b i l i t y  i s  n o t  unprecedented ,  m u l t i p l e  mechanisms r e g u l a t e  
th e  e x p r e s s i o n  o f  Ig genes  in B c e l l s  (rev iew ed  in Cook e t  
a l . ,  1987) .

I t  would be o f  i n t e r e s t  i f  plasmacytomas t h a t  su p p re ss  C la ss  
I I  gene e x p r e s s i o n  a t  the  t r a n s c r i p t i o n a l  l e v e l ,  such as  X63, 
a l s o  p o s s e s s e d  t h e  ( in  t h i s  c a s e ,  redundant)  c a p a c i t y  to  
s u p p ress  a t  th e  p o s t - t r a n s c r i p t i o n a l  l e v e l .  Experiments  are  in 
p r o g r e s s  t o  determ ine  i f  th e  DR gene c o n s t r u c t  R/RW w i l l  d i r e c t  
th e  s y n t h e s i s  o f  DR a n t i g e n s  when t r a n s f e c t e d  i n t o  X63 c e l l s .

4:4 The mechanism o f  p o s t - t r a n s c r i p t i o n a l  r e g u l a t i o n  in NS1

The e x a c t  p o s t - t r a n s c r i p t i o n a l  l e v e l  a t  which C la s s  I I  gene  
e x p r e s s i o n  i s  r e g u l a t e d  in NS1 c e l l s  i s  not  y e t  c l e a r .  
S y n t h e s i s  o f  th e  murine C la ss  I I  p o l y p e p t i d e  c h a i n s  i s  not  
demonstrable  by b i o s y n t h e t i c  l a b e l l i n g  and im m un op rec ip i ta t ion  
w ith  a p o l y c l o n a l  r a b b i t  ant i serum  a g a i n s t  I-A and I-E  a n t i g e n s  
o f  a wide range o f  h a p l o t y p e s .  A lso ,  no i n t r a - c e l l u l a r  DR 
a n t i g e n s  are d e t e c t e d  in NS1 t r a n s f e c t a n t s  by immunofluorescent  
s t a i n i n g  u s in g  an anti -DR1,  4, 7, 9 mAb. Do t h e s e  r e s u l t s  mean 
t h a t  C la ss  I I  gene  t r a n s l a t i o n  i s  sup p ressed  ?

This  i s  not  n e c e s s a r i l y  th e  c a s e .  The ant i serum  and mAb 
used  t o  d e t e c t  C la ss  I I  a n t i g e n s  are known t o  r e c o g n i z e  
denatured a n t i g e n s  as w e l l  as i n t a c t  membrane bound a n t i g e n s  : 
however t h i s  does  not  e x c lu d e  th e  p o s s i b i l i t y  t h a t  newly 
s y n t h e s i z e d  immature p o l y p e p t i d e  ch a in s  are p r e s e n t ,  but  not  
bound by t h e s e  r e a g e n t s .  A l t e r n a t i v e l y ,  rap id  i n t r a c e l l u l a r  
d e g r a d a t io n  may p r e v e n t  d e t e c t i o n .  R e g u la t io n  may t h e r e f o r e  a l s o  
be p o s t - t r a n s l a t i o n a l .

T r a n s l a t i o n a l  c o n t r o l  i s  known t o  occur in s e v e r a l  sy s te m s .  
U n f e r t i l i z e d  eggs  o f  the  s u r f  clam, S p i s u l a  s o l i d i s s i m a .
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t r a n s l a t e  c e r t a i n  raRNAs much l e s s  e f f i c i e n t l y  than do f e r t i l i z e d  
eggs (R o sen th a l  e t  a l . ,  1980) .  Mammalian c e l l s  which have been 
h e a t - s h o c k e d  i n c r e a s e  t r a n s c r i p t i o n  and favour  t r a n s l a t i o n  of  
h e a t - s h o c k  genes w h i l e  i n h i b i t i n g  t h e  r a t e  o f  t r a n s l a t i o n  of  
o t h e r  mRNAs (Kruger and Benecke, 1981; B a l l i n g e r  and Pardue,  
1 9 8 3 ) .  In a t  l e a s t  two p r o k a r y o t i c  sy stems - t h e  E. c o l i  
r ibosom al  p r o t e i n  operons,  and R17 p h a g e -c o a t  p r o t e i n  and i t s  
RNA - t r a n s l a t i o n a l  c o n t r o l  i s  mediated by t h e  s i t e - s p e c i f i c  
b in d in g  o f  p r o t e i n s  t o  a common d o u b l e - s t r a n d e d  lo o p  secondary  
s t r u c t u r e  formed by th e  RNA, which r e p r e s s e s  t r a n s l a t i o n  
( S ta r z y c k ,  1987) .

P o s t - t r a n s l a t i o n a l  c o n t r o l  a l s o  o c c u r s .  A d en o v iru ses  o f  a l l  
subgenera  apart  from A d ow n -r e g u la te  HLA C la s s  I a n t ig e n  
e x p r e s s i o n  in i n f e c t e d  c e l l s  by manufactur ing an e a r l y  
g l y c o p r o t e i n ,  E19, which b inds t o  n a s c e n t  C la ss  I a n t i g e n s  in 
th e  endoplasmic  r e t i c u lu m  and impedes t h e i r  t r a n s p o r t  t o  the  
c e l l  s u r f a c e  by im pair ing  te r m in a l  g l y c o s y l a t i o n  (Andersson e t  
a l . ,  1985; Paabo e t  a l . ,  1986) .  S t r u c t u r a l  m u ta t io n s  have a l s o  
been r e p o r t e d  t o  impede i n t r a c e l l u l a r  t r a n s p o r t  o f  membrane 
p r o t e i n s  i n c l u d i n g  murine C la ss  I (Miyazaki  e t  a l . ,  1986) ,  and 
more r e c e n t l y ,  C la ss  I I  a n t i g e n s  ( G r i f f i t h  e t  a l . ,  1 9 8 8 ) .  These  
m u ta t io n s  are b e l i e v e d  t o  a l t e r  the  proper conform at ion  of  
n a s c e n t l y  s y n t h e s i z e d  p o l y p e p t i d e  c h a in s  which are  e s s e n t i a l  f o r  
normal t r a n s p o r t  and m a tu ra t io n .  A lso ,  s p e c i f i c  s e q u e n c e s  in the  
p r o t e i n  may s e r v e  as  s i g n a l s  f o r  i n t r a c e l l u l a r  t r a n s p o r t  
mechanisms ( F i t t i n g  and Rabat,  1982; Coleman e t  a l . ,  1985; 
Munro and Pelham, 1987) .

I t  i s  important  t o  note  t h a t  s e v e r a l  p o s t - t r a n s c r i p t i o n a l  
mechanisms are  known t o  r e g u l a t e  Ig gene e x p r e s s i o n  in plasma  
c e l l s .  The c h a r a c t e r i s t i c  i n c r e a s e  in Ig s e c r e t i o n  with  a 
concom itant  d e c r e a s e  in s l g  t h a t  occurs  when B c e l l s  
d i f f e r e n t i a t e  i n t o  plasma c e l l s  i s  due t o  s e v e r a l  mechanisms : a 
r e d u c t i o n  in th e  r a t i o  o f  p M t o  p s mRNA (A l t  e t  a l . ,  1980; 
Lamson and Koshland,  1984) ,  reduced t r a n s l a t i o n a l  e f f i c i e n c y  of  
pM mRNA and impaired t r a n s p o r t / e n h a n c e d  d e g r a d a t io n  o f  pM
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p o l y p e p t i d e  in t h e  endoplasmic r e t i c u l u m  ( S i t i a  e t  a l . ,  1987) .  
The l a t t e r  two mechanisms,  a t  l e a s t ,  cou ld  be i n v o l v e d  in C lass  
I I  r e g u l a t i o n  in NS1 c e l l s .

4:5 Approaches t o  d e term in in g  how p o s t - t r a n s c r i p t i o n a l  
s u p p r e s s i o n  o f  C la ss  I I  gene e x p r e s s i o n  works

A d d i t i o n a l  exper im ents  are s t i l l  n e c e s s a r y  t o  prove  t h a t  th e  
NS1 t r a n s f e c t a n t s  r e g u l a t e  DR gene e x p r e s s i o n  in a s i m i l a r  
manner t o  th e  endogenous C la ss  I I  g enes  : t h e s e  have been 
mentioned e a r l i e r  ( s e c t i o n  3 : 5 . 6 ) .  Experiments  t o  show t h a t  DR 
t r a n s c r i p t s  are po ly -A  t a i l e d  and are p r e s e n t  in the  same 
amounts as  in A20 t r a n s f e c t a n t s  are a l r e a d y  underway, and 
a d d i t i o n a l  exp er im en ts  to  study  DR mRNA s y n t h e s i s  in d e t a i l  w i l l  
be performed.

Once th e  i d e n t i t y  o f  DR and endogenous C la s s  I I  gene  
r e g u l a t i o n  i s  demonstrated ,  i t  w i l l  become p o s s i b l e  t o  take  
advantage  o f  t h e  f a c t  t h a t  many mAb r e c o g n i z i n g  both  i n t a c t  and 
denatured DR a n t i g e n  ( f o r  example,  Bodmer e t  a l . ,  1984) are  
a v a i l a b l e .  P u l s e - c h a s e  and s u b c e l l u l a r  f r a c t i o n a t i o n  
exper im ents  t o  s tudy  th e  k i n e t i c s  o f  DR p o l y p e p t i d e  s y n t h e s i s ,  
i n t r a c e l l u l a r  t r a n s p o r t ,  p r o c e s s i n g  and assembly w i l l  become 
p o s s i b l e .

These exper im ents  w i l l  h e lp  t o  f i x  t h e  l e v e l  o f  p o s t -  
t r a n s c r i p t i o n a l  r e g u l a t i o n  more a c c u r a t e l y .  The a v a i l a b l i l i t y  of  
t h e  DR gene t r a n s f e c t a n t s  w i l l  make i t  f e a s i b l e  t o  perform 
d e l e t i o n - s u b s t i t u t i o n  a n a l y s i s  o f  p u t a t i v e  r e g u l a t o r y  sequences  
in th e  DR gene  cDNA, f o c u s i n g  on t h o s e  i d e n t i f i e d  by comparison  
o f  th e  DRa/EO sequences  and what i s  known about sequence  
requirem ents  f o r  v a r i o u s  p o s t - t r a n s c r i p t i o n a l  r e g u l a t o r y  
mechanisms .

This  work pr om ises  t o  y i e l d  i n t e r e s t i n g  in fo r m a t io n  on th e  
mechanisms i n v o l v e d  in the  r e g u l a t i o n  o f  C la ss  I I  gene  
e x p r e s s i o n  and c e l l  d i f f e r e n t i a t i o n  in th e  B lymphocyte l i n e a g e .
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SUMMARY OF CONCLUSIONS

1. A number of murine and human B cell tumour lines that 
correspond to d iffe ren t stages of d iffe ren tia tion regulate  
Class II gene expression at the level of transcription.

2. The plasmacytoma NS1 expresses Class I but not Class II 
antigens, or constituent polypeptides, e ithe r at the cell 
surface or in trace llu la rly .

3. NS1 suppresses Class II gene expression by an active, 
specific mechanism. There is limited evidence that
a sim ilar mechanism suppresses Class II expression  
in another plasmacytoma, X63.

4. NS1 ce lls express correctly-sized, poly-A ta iled C lass II 
gene specific transcripts in amounts equivalent to those  
found in unfractionated splenocytes, and one-fifth of those  
found in the B lymphoma A20. This suggests that suppression 
of Class II expression is mediated by a post-transcriptional 
mechanism, that operates subsequent to RNA processing. In 
contrast X63 does not express Class II gene transcripts.

5. DR antigens are not expressed when DR alpha/beta gene 
cDNAs controlled by SV40 promoter/enhancer sequences are 
transfected into NS1 cells; although there is pre lim inary  
evidence that the genes are transcribed. This provides 
fu rther strong evidence that a novel post-transcrip tiona l 
mechanism suppresses Class II gene expression in NS1 
cells. Further studies to characterise this mechanism
are in progress.

FIGURE 4.1
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PERSPECTIVES

1. Is the down-regulation of several integral membrane 
molecules with concomitant enhancement of Ig 
secretion in plasma cells part of a differentiation 
programme mediated by common molecular 
mechanism(s) ?

2. Do the mechanisms that suppress Class II expression 
in plasma cells operate transcriptionally as well as 
post-transcriptionally ?

3. How does post-transcriptional suppression of Class 
II gene expression work in NS1 cells ?

FIGURE 4,2
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A phenotypically dominant regulatory mechanism 
suppresses major histocompatibility complex class II 
gene expression in a murine plasmacytoma
The expression of major histocompatibility complex (MHC) class II antigens is down- 
regulated when B cells differentiate into plasma cells. We have studied the mechan­
ism of down-regulation of MHC class II expression in a BALB/c strain-derived 
murine plasmacytoma cell line, NS1. NS1 cells express MHC class I antigens but not 
MHC class II antigens. We tested 20 uncloned hybrid cell lines obtained from the 
fusion of NS1 cells with MHC class II-expressing splenic B cells prepared from CBA, 
SJL or BALB/c mice. All the hybrid cell lines expressed MHC class I antigens of 
either or both parental haplotypes but did not express MHC class II. One 
NS1 x splenic B cell hybrid clone, K3, was used to further validate these results; K3 
cells expressed MHC class I but not MHC class II antigens. K3 was fused to the MHC 
class II-expressing B lymphoma A20, and the seven resulting hybrid cell lines were 
again found to express MHC class I but not MHC class II antigens. Since NS1 is a 
subclone of the P3-X63Ag8 murine plasmacytoma, we also tested one P3- 
X63Ag8 x splenic B cell hybrid, Sp2/0, and two Sp2/0 X splenic B cell hybrids. All 
were found to express the appropriate MHC class I antigens but did not express MHC 
class II. Thus, our results suggest that the NS1 plasmacytoma suppresses MHC class 
II expression by a phenotypically dominant regulatory mechanism. We found that 
NS1 cells express correctly sized mRNA for the MHC class II genes Aa, Ea and the 
invariant chain. The co-expression of MHC class I protein and I-A and I-E region 
gene transcripts provides strong evidence that the MHC gene cluster is structurally 
intact, and that lack of class II expression is due to a genetic regulatory mechanism. 
The amounts of class II mRNA expressed by NS1 cells were at least equivalent to 
those found in splenic lymphocytes. Therefore, this regulation must operate post- 
transcriptionally.

1 Introduction
The major histocompatibility complex (MHC) encodes two 
major groups of cell-surface proteins, the MHC class I and 
MHC class II antigens [1]. The MHC class I antigens are 
expressed in most nucleated cell types and appear to function 
as target restriction molecules for cytotoxic T lymphocytes. In 
contrast, the MHC class II antigens have a highly restricted 
distribution, being found primarily on cells of the immune 
system: macrophages, dendritic cells, B lymphocytes and thy­
mic epithelial cells.
In the B cell lineage, MHC class II expression is related to the 
stage of differentiation. Thus, murine pre-B cells are MHC 
class II negative, mature B cells express MHC class II at high 
levels and plasma cells are either MHC class II negative or 
express at very low levels [2]. The B cell lineage thus provides 
a unique model for the study of MHC class II regulation.
Most data on the mechanism of MHC class II regulation by B 
cells has come from work on nonexpressing null variants
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derived from MHC class II-positive Epstein-Barr virus-trans­
formed human B cell lines [3]. This work, and that of other 
groups [4], indicates that MHC class II gene transcription 
requires the presence of one or more trans-acting genetic ele­
ments that have the effect of “permitting” expression. Presum­
ably they encode proteins that bind to specific sequences in the 
gene promoter. MHC class II-negative mutants lack this “per­
missive” trans-acting element, which can be restored by soma­
tic cell fusion with normal human or murine B cells. Segrega­
tion analysis of a series of human-mouse fusions has allowed 
the assignment of one such trans-acting element to murine 
chromosome 16 [5].
Lack of MHC class II expression by plasma cells could there­
fore be due to lack of a “permissive” element or alternatively 
to the presence of a “suppressive” one. There is evidence that 
target sequences for such “suppressive” regulatory elements 
may exist. Studies on a human class II DQ[3 gene construct 
transfected into fibroblasts [6] indicate that the deletion of an 
upstream flanking sequence increases transcription of the 
gene. These upstream sequences are highly conserved 
between human and murine class II genes [7]. We hence 
studied an MHC class II nonexpressing cell line, the murine 
plasmacytoma NS1, in order to detect negative regulatory ele­
ments, if any, that suppress MHC class II expression.
We report here that NS1 cells suppress the expression of MHC 
class II but not class I proteins by a phenotypically dominant 
regulatory mechanism. Surprisingly, correctly sized mRNA 
for the class II genes Aa, Ea and the invariant chain (Ii) was 
present in at least normal amounts. Thus, the mechanism of 
this suppression is post-transcriptional rather than transcrip­
tional.
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2 Materials and methods

2.1 Cells
P3-NSl/lAIg4.1 (NS1) is a murine plasmacytoma cell line 
cloned from P3-X63Ag8, which is derived from the mineral 
oil-induced MOPC-21 plasmacytoma of the BALB/c mouse 
strain [8]. NS1 cells are sensitive to hypoxanthine, aminopte- 
rin, thymidine (HAT) selective medium. The NS1 cells used in 
these experiments were originally obtained from the American 
Type Culture collection (ATCC, Bethesda, MD) and main­
tained in our laboratory.
Single-cell suspensions of splenic lymphoid cells were pre­
pared by teasing organs through sterile nylon mesh, followed 
by thorough washing. Red blood cells were removed by treat­
ment with Tris-ammonium chloride lysis buffer.
A20 is a murine B cell lymphoma cell line derived from 
another mineral oil tumor of BALB/c mice [9]. A HAT-sensi- 
tive, ouabain-resistant mutant of this cell line kindly provided 
by Dr. B. Chain was used in these experiments.
K3 a cloned hybrid cell line derived from a NS1 x CBA strain 
splenic cell fusion was provided by Dr. A. Feinstein. These 
cells are resistant to HAT selective medium.
Sp2/0-Agl4 (Sp2/0), a nonsecreting murine myeloma, is a 
cloned hybrid cell line derived from the fusion of P3-X63Ag8 
with BALB/c strain splenic cells [10]. Sp2/0 is HAT sensitive 
and is used as a fusion partner for producing murine 
hybridomas. Two cloned hybridoma cell lines from a Sp2/0 x 
BALB/c strain splenic cell fusion, HB124 and HB125 [11], 
were also obtained from the ATCC.
All cells were maintained in complete growth medium 
(RPMI 1640 containing 25 m M  HEPES and 2 m M  L-glutamine 
(Gibco Europe, Uxbridge, Middlesex, GB) supplemented 
with 10% fetal calf serum (Gibco).

2.2 Somatic cell fusion
NS1 x splenic cells: approximately 107 NS1 cells from a culture 
in the log phase of growth were fused with approximately 108 
splenic lymphocytes. The cells were washed free of serum, and 
pelleted together at 500 x g. All supernatant fluid was care­
fully aspirated and 1 ml of 50% polyethylene glycol 
[Mr= 1500; Sigma Chemical Co., Poole, Dorset, GB) in 
RPMI 1640 (v/v)] warmed to 37 °C was slowly added. The cells 
were gently resuspended and incubated for 6 min at 37 °C. 
Twenty-five ml of complete growth medium with 20% fetal 
calf serum warmed to 37 °C was then gently added to the cell 
suspension. The fusion mixture was plated out at 
5 x 105—10 x 105 cells/ml in 24-well culture plates. After 24 h 
incubation at 37 °C, growth medium was removed and HAT 
selective medium (complete growth medium containing 
100 p M  hypoxanthine, 16 p M  aminopterin and 100 n M  thy­
midine; Sigma Chemical Co.) was added. The cells were main­
tained in HAT selective medium until the growth of HAT- 
resistant hybrid cells was obvious (usually 8-12 days after 
fusion). The hybrid cell lines were then grown for 3-4 days in 
HT selective medium (HAT medium without aminopterin), 
and finally expanded in complete growth medium. Aliquots of

these uncloned hybrid cell lines were preserved in liquid ni­
trogen 15-25 days after fusion.
A20 X  K3: fusions were performed in the manner described 
above except that the selective medium used was HAT 
medium containing 10 m M  ouabain (Sigma Chemical Co.).

2.3 Monoclonal antibodies (mAb)
The following mAb against the murine MHC antigens were 
obtained from Prof. G. Hammerling: H100-5.28 (anti-Kk,Dk), 
K9-18 (anti-Kd,Ds), T19.191 (anti-Kd,Ld), 13/4 (Anti-Ek,Ed). 
In addition the following were obtained from the ATCC: HB3 
(anti-Ad), HB6 (anti-Ek), TIB92 (anti-Ak) and HB75 (anti- 
Dd).

2.4 Fluorescence-activated cytometry
The expression of cell-surface MHC molecules was assayed by 
fluorescence-activated cytometry on the FACS cell sorter 
(Becton Dickinson Immunocytometry Systems, Mountain 
View, CA) using standard techniques [12]. Single-cell suspen­
sions were stained with mAb to the murine MHC antigens 
followed by fluorescein-labeled goat anti-mouse IgG (South­
ern Biotechnology Associates, Birmingham, AL). Cells 
stained with fluorescein-labeled goat anti-mouse IgG alone 
were used as negative controls in each experiment.

2.5 Radioimmunoassay
The expression of cell-surface MHC molecules was also tested 
by radioimmunoassay. Single-cell suspensions were incubated 
with mAb to the MHC antigens for 1 h at 4°C, washed, and 
50000 cpm of 125I-labeled protein A (Amersham Corp., 
Amersham, GB) was added. After a further hour of incuba­
tion, the cell suspensions were washed and the bound radioac­
tivity was counted on a Minigamma y-counter (LKB Instru­
ments, Croydon, Surrey, GB). Murine mAb to the (3 chain of 
ricin was used as the negative control in these assays.

2.6 RNA preparation and analysis
Total cellular RNA was prepared by cell lysis in 4 m  
guanidinium isothiocyanate, 0.1 M  2-mercaptoethanol fol­
lowed by CsCl density gradient ultracentrifugation [13]. Nu­
clear RNA fractions were separated by lysing cells gently in 
0.5% Nonidet-P40 (NP40), followed by centrifugation to sepa­
rate nuclei. The nuclear pellet was washed, lysed in 
guanidinium isothiocyanate and RNA isolated as before. The 
cytoplasmic fraction of the NP40 lysate was used to prepare 
cytoplasmic RNA.
Five to twenty pg of purified RNA was separated by elec­
trophoresis in a 1% denaturing agarose gel, blotted onto ni­
trocellulose membrane filters (Schleicher and Schuell, Dassel, 
FRG) and hybridized with nucleic acid probes as described 
below. RNA slot blots were prepared on nitrocellulose mem­
brane filters using a Schleicher and Schuell Minifold ap­
paratus.
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Table 1. MHC antigen expression by NS1 x splenic B cell hybrids2.7 Nucleic acid probes and hybridization
Nucleic acid probes for the murine class II genes Aa 
(pCDN17), Ea (pCA39) were obtained from Dr. B. Malissen, 
Centre d’lmmunologie, Marseille, France, and for the Ii chain 
(pli-l) from Dr. N. Koch, German Cancer Center, Heidel­
berg, FRG. pCDN17 contains a 1050-bp cDNA insert com­
prising the entire Aa-coding sequence [14]. pCA68 contains a 
3.4-kbp genomic fragment with the Ea chain a l, a2, TM and 
CY domain exons [15]. pli-l contains a 920-bp cDNA insert 
comprising the entire Ii-coding sequence together with an 
approximately 450 bp 3' noncoding region [16]. These probes 
were labeled to a specific activity of 108 to 109 cpm/pg of DNA 
with 32P-labeled dCTP (Amersham) by the random oligo- 
priming method. Filter hybridizations were performed using 
106 cpm/ml of labeled probe in 50% formamide, 5 x SSC, 
2.5 x Denhardt’s solution, 50 mM phosphate buffer and 
500 pg/ml spermidine at 43 °C for 18-24 h. The filters were 
washed to a stringency of 0.1 x SSC at 50 °C for 30 min and 
exposed to X-ray film (NIF Rx, Fuji Photo Film Co., Tokyo, 
Japan) at — 70 °C.

3 Results

3.1 NS1 cells do not express MHC class II antigens
Surface MHC antigen expression on NS1 cells was determined 
by fluorescence-activated cytometry. As shown in Fig. 1, NS1 
cells bind antibody against Kd but not Kk molecules. The level 
of anti-Ad and anti-Ek,Ed binding was consistently slightly 
greater than the level of anti-Ak and fluoresceinated anti­
murine IgG binding. This might reflect extremely low levels of 
MHC class II expression by NS1 cells. As shown in Fig. 2a, 
the level of MHC class I expression by NS1 is approximately 
half that of uninduced splenic cells. In contrast the level of 
MHC class II expression, if any, by NS1 is less than l/200th 
that of splenic cells. These results indicate that NS1 cells 
express MHC class I but little or no MHC class II antigens.

Figure 1. NS1 cells express MHC class I but not MHC class II anti­
gens. NS1 cells were stained with mAb to Kk (H100) (Bar 1), Kd 
(T19.191) (Bar 2), Ek,Ed (13/4) (Bar 3), Ak (TIB92) (Bar 4) and Ad 
(HB3) (Bar 5) and analyzed by fluorescence-activated cytometry. 
Bar 6 shows the negative control (fluorescein-conjugated goat anti­
mouse Ig). A total of 10000 cells were analyzed per sample, and 
appropriate gates were set to exclude dead cells and cellular debris. A 
histogram of fluorescence intensity to relative cell number was made, 
and the mean intensity calculated using the B/DIS Consort 30 compu­
ter program. Fluorescence intensities are expressed in channel num­
bers. Standard deviations were <  10% of the mean and are not indi­
cated.

Fusion(No. of hybrids)

NS1 x CBA (ll)a>NS1 x SJL (5)NSlx BALB/c (4)

Percentage of hybrids expressingone both eitherparental parental parentalclass I class I class II
82 9 060 40 0100 b) 0

a) One hybrid expressed no MHC class I or MHC class II.
b) Both parents are of the same haplotype.

3.2 NS1 X splenic B cell hybrids do not express MHC class n  
antigens

Uncloned hybrid cell lines obtained from the fusion of NS1 
cells with splenic B cells were analyzed for surface MHC anti­
gen expression (Table 1). Hybrids obtained with CBA (H-2k 
haplotype), SJL (H-2S haplotype), and BALB/c (H-2d 
haplotype) spleen cells expressed MHC class I antigens of

(a)

(b)
□  CLASS I
□  CLASS II
□  CONTROL

(0

Figure 2. NS1 x splenic cell hybrids. K3 x A20 hybrids and Sp2/0 
hybrids express MHC class I but not MHC class II antigens. The 
results obtained with one representative uncloned NS1 x SJL strain 
splenic cell hybrid line are shown in (a), (b) shows one representative 
K3 x A20 hybrid line. Assays were performed as described in Fig. 1. 
For (c) cells were stained with mAb and analyzed by radioimmuno­
assay as described in Sect. 2.5. Results are expressed as means of 
duplicate experiments.
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both parental haplotypes. However, none of them expressed 
MHC class II antigens of either parental haplotype. Fig. 2a 
shows the results obtained with one representative hybrid.
In order to ensure that the cells being screened were hybrid 
cells, we measured the DNA content of asynchronous cultures 
by propidium iodinde staining and fluorescence-activated 
cytometry using a standard procedure [17]. We found that the 
fluorescence peak corresponding to DNA content in the Go/Gi 
cell cycle stage is shifted to the right in hybrid cell lines in 
comparison to the parent cells, indicating that the hybrids are 
indeed polyploid (data not shown). We also tested Sp2/0 and 
two Sp2/0 x  splenic cell hybrids for MHC expression. As 
shown in Fig. 2c, all of these cell lines expressed MHC class I 
but not MHC class II antigens.

3.3 K3 X  A20 hybrids do not express MHC class II antigens

and-Wear, GB) Chromoscan 3 densitometer to quantitate the 
amount of radioactivity in each slot. The slot blots were then 
stripped free of radioactivity, reprobed with 7B6 (Fig. 5, a 
probe which has been shown to detect an RNA species that 
does not fluctuate during the cell cycle [18]), and scanned. The 
amount of class II-specific RNA in each slot was then standar­
dized with respect to 7B6 in order to eliminate any differences 
in the total amount of RNA in each slot. The level of expres­
sion of MHC class II RNA in NS1 cells was at least equivalent 
to that in splenic cells when quantitated in this way (data not 
shown).

4 Discussion
NS1 cells express little or no MHC class II antigen at the cell 
surface. This might be due to a genetic regulatory mechanism,

One NS1 x splenic B cell hybrid, K3, was used to further test 
the validity of these results. K3 has an MHC class I-positive, 
MHC class II-negative phenotype (Fig. 2b). We analyzed 
hybrids of K3 with the MHC class II-expressing B lymphoma 
A20 (Fig. 2b) for surface MHC antigen expression. Of the 
seven uncloned hybrid cell lines obtained in this experiment, 
all expressed the appropriate MHC class I antigens, but lacked 
MHC class II antigen expression. Results for one representa­
tive hybrid are shown in Fig. 2b.

3.4 NS1 expresses mRNA specific for the MHC class II genes
Northern blot analysis of nuclear and cytoplasmic RNA frac­
tions from NS1 cells (Fig. 3) revealed the expression of 
mRNA specific for the MHC class II genes Aa, Ea and the Ii 
chain. Transcripts were expressed in both the nuclear and 
cytoplasmic fractions, although levels were higher in the cyto­
plasm. The level of RNA expression in NS1 cells was com­
pared with that in unfractionated splenic cells prepared from 
BALB/c mice using the slot blot technique. After hybridiza­
tion with probes for the class II genes (Fig. 4) the autoradio­
graphs were scanned with a Joyce-Loebl (Gateshead, Tyne-
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Figure 4. N S 1  c e l ls  e x p r e s s  R N A  fo r  th e  c la s s  II g e n e s  A a ,  E a  a n d  
in v a r ia n t  c h a in . S lo t  b lo ts  w e r e  m a d e  u s in g  5 , 1 a n d  0 .2  pg o f  R N A  in  
th e  r e s p e c t iv e  c o lu m n s . T h e  r o w s  c o n ta in  R N A  p r e p a r e d  fr o m  N S 1  
n u c le i  ( N ) ,N S 1  c y to p la sm  ( C ) ,  sp le n ic  c e ll  (S C ) n u c le i  a n d  s p le n ic  c e ll  
c y to p la s m . T h e s e  s lo t  b lo ts  w e r e  p r o b e d  w ith  32P - la b e le d  A a ,  E a  an d  
Ii p r o b e s  a n d  th e  a m o u n t  o f  r a d io a c t iv ity  q u a n t ita te d  b y  sc a n n in g  th e  
a u to r a d io g r a m s  o n  a d e n s ito m e te r .
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Figure 3. N S 1  c e l ls  e x p r e s s  R N A  sp e c if ic  fo r  th e  A a ,  E a  an d  
in v a r ia n t c h a in s . N u c le a r  a n d  c y to p la sm ic  R N A  fr a c t io n s  p r e p a r e d  
fr o m  N S 1  c e l ls  w e r e  s iz e - s e p a r a te d  o n  a d e n a tu r in g  1%  a g a r o se  g e l ,  
b lo t te d  o n t o  n it r o c e l lu lo s e  m e m b r a n e s  a n d  p r o b e d  w ith  32P - la b e le d  
A a ,  E a  a n d  Ii c h a in  p r o b e s . L a n e s  c o n ta in  th e  in d ic a te d  a m o u n t  o f  
R N A .

Figure 5. C o n tr o l h y b r id iz a t io n s  w ith  7 B 6  p r o b e . S lo t  b lo ts  sh o w n  in  
F ig . 4  w e r e  s tr ip p e d  o f  r a d io a c t iv ity , r e p r o b e d  w ith  th e  7 B 6  p r o b e  
(w h ic h  d e te c t s  an  R N A  s p e c ie s  th a t d o e s  n o t  v a r y  d u r in g  th e  c e ll  
c y c le ) ,  a n d  th e  a m o u n t  o f  r a d io a c t iv ity  q u a n t ita te d  b y  s c a n n in g  th e  
a u to r a d io g r a p h s  o n  a d e n s i to m e te r .  T h e  a m o u n t  o f  R N A  in  e a c h  s lo t  
w a s  s ta n d a r d iz e d  u s in g  th e  in te n s ity  o f  th e  7 B 6  h y b r id iz a t io n  s ig n a l  
( s e e  t e x t ) .
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such as the lack of a “permissive” regulatory element or the 
presence of a “suppressive” one. Alternatively, it might be the 
result of mutations or deletions in the MHC class II structural 
genes or promoters, since NS1 is a tumor cell that has been 
maintained for many generations in v itro . We fused NS1 cells 
with splenic cells of several different H-2 haplotypes to distin­
guish these possibilities. Splenic cells contain a large number 
of B lymphocytes that express MHC class II antigens at high 
levels (Fig. 2a), and NS1 is believed to form stable hybrids 
mainly with such cells. If lack of MHC class II expression by 
NS1 was simply due to alterations in its genes or promoters, it 
would be expected that the hybrid cells obtained w o u ld  
express MHC class II antigens derived from the normal paren­
tal cell. If lack of expression was due to the lack of a “permis­
sive” regulatory element, this deficiency would be corrected 
by fusion with an expressing cell type, and the hybrid cells 
obtained would be expected to express MHC class II derived 
from b o th  parental cells.
However, fusion of NSI cells with splenic cells prepared from 
mice of different H-2 haplotypes consistently yielded hybrids 
that did not express MHC class II derived from eith er parental 
cell, although MHC class I derived from b o th  parental cells 
was expressed. This implies that NSI actively suppresses MHC 
class II expression by a phenotypically dominant genetic reg­
ulatory mechanism. The regulatory mechanism is specific for 
the class II genes as the hybrid cells obtained from such 
fusions did express MHC class I.
We further tested the validity of this conclusion by fusing a 
cloned NSI x splenic B-cell hybrid (K3) with a MHC class II- 
expressing B lymphoma cell clone (A20). Again, all the 
uncloned hybrid cell lines obtained were MHC class II nega­
tive, but did express the appropriate MHC class I antigens.
Since NSI cells are derived from the P3-X63Ag8 myeloma, we 
tested Sp2/0, a P3-X63Ag8 X  BALB/c splenic cell hybrid, for 
MHC expression. Like NSI hybrids, Sp2/0 expressed MHC 
class I but not MHC class II antigens. Further, two hybrids of 
Sp2/0 with splenic B cells were also MHC class I positive but 
MHC class II negative. These results suggest that the P3- 
X63Ag8 cell line suppresses MHC class II expression in a simi­
lar manner to NSI.
Thus, these results clearly indicate that NSI suppresses MHC 
class II gene product expression by a specific genetic regula­
tory mechanism. We proceeded to study this mechanism at the 
molecular level.
Surprisingly, NSI cells were found to express mRNA specific 
for the MHC class II genes Aa, Ea and the Ii chain. The 
transcripts were of the same sizes as those found in class II- 
expressing cell types. The presence of these transcripts pro­
vides further strong evidence that the class II genes are struc­
turally intact in NSI cells, and that the lack of expression of 
class II antigens is due to a regulatory mechanism. The ab­
sence of restriction fragment length polymorphisms between 
the MHC class II genes of NSI and splenic cells derived from 
BALB/c mice (Venkitaraman, unpublished data) supports this 
conclusion.
Our results also show that the amount of mRNA for the Aa, 
Ea and Ii genes found in NSI cells is not very different from 
the amount in MHC class II antigen expressing splenic cells. 
This indicates that NSI suppresses class II expression by a

post-transcriptional mechanism, in contrast to previous studies 
on the regulation of the murine MHC class II genes [19] which 
show that most regulatory factors affect the rate of gene trans­
cription.
Two interesting parallels exist. First, plasmacytomas regulate 
Ig gene expression by a post-transcriptional mechanism. It has 
been found that the amount of Ig heavy and light chain mRNA 
in the cytoplasm of plasmacytomas is typically 50 times higher 
than in B cell lymphomas, although the rate of gene transcrip­
tion is not changed (J. O. Mason and M. S. Neuberger, per­
sonal communication). Thus, this mechanism enhances rather 
than suppresses gene product expression. Second, the expres­
sion of several B lymphocyte surface proteins including com­
plement receptors, Fc receptors and the BP-1 antigen is sup­
pressed when they differentiate into plasma cells. BP-1 antigen 
expression in pre-B cell tumors has recently been shown to be 
extinguished by somatic cell fusion with plasmacytomas [20], 
showing that it is suppressed by a phenotypically dominant 
mechanism. It is not known at what level of gene expression 
this mechanism operates.
MHC class II-expressing cells can activate antigen-specific T 
lymphocytes, and this activation can be completely blocked by 
mAb to the appropriate MHC class II molecules. Thus, MHC 
class II expression is crucial to antigen presentation, the first 
step in any immune response. Interferon-y or other lym- 
phokines can induce aberrant expression of MHC class II anti­
gens on epithelial cells, which is believed to be a factor in the 
induction of autoimmune disease [21]. Maintenance of the 
restricted tissue distribution of expression of the MHC class II 
gene must therefore be of central importance to normal 
immune function. Our work identifies a phenotypically domin­
ant regulatory element that suppresses class II gene product 
expression in a plasmacytoma. Similar regulatory elements 
may be important in maintaining the tissue specificity of MHC 
class II gene expression in other cell types.
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