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ABSTRACT 

The major aim of t h i s Thesis has been t o p r o c u r e and 

begin t o c h a r a c t e r i s e T c e l l - d e r i v e d c y t o k i n e s i n the 

clawed t o a d , Xenopus. Recent r e p o r t s have suggested t h a t 

Xenopus lymphocytes, s t i m u l a t e d in vitro w i t h T c e l l 

mitogens, w i l l generate f a c t o r s t h a t achieve t h e enhanced 

p r o l i f e r a t i o n and growth of assay T l y m p h o b l a s t s , b u t n o t 

u n s t i m u l a t e d c e l l s ; these f a c t o r s have been c a l l e d lT c e l l 

growth f a c t o r s ' and l i k e n e d t o mammalian i n t e r l e u k i n - 2 . I n 

t h i s T h esis t he n a t u r e o f f a c t o r s r e l e a s e d i n c u l t u r e 

s u p e r n a t a n t s (SNs) by a l l o a n t i g e n - and m i t o g e n - s t i m u l a t i o n 

of Xenopus l e u c o c y t e s i s re-examined and i t i s shown t h a t 

c e l l s o t h e r than T ly m p h o b l a s t s and even non-T c e l l s are 

re s p o n s i v e t o such T c e l l - d e r i v e d 1 l y m p h o k i n e s ' . 

Chapter 2 r e v e a l e d t h a t SNs c o l l e c t e d from 48 hour 

c o c u l t u r e s of s p l e n o c y t e s from MHC (major 

h i s t o c o m p a t i b i l i t y c o m p l e x ) - d i s p a r a t e Xenopus were able t o 

achieve enhanced p r o l i f e r a t i o n n o t o n l y o f PHA-activated 

s p l e n i c - lymphoid - c e l l s ^ b u t a l s o of - u n s t i m u l a t e d ' 

s p l e n o c y t e s . Thymic ' b l a s t s ' , b u t n o t ' u n s t i m u l a t e d ' 

thymocytes, were a l s o r e s p o n s i v e t o these mixed l e u c o c y t e 

c u l t u r e {MLC)-induced f a c t o r s . 

I n Chapter 3, t o f u r t h e r i n v e s t i g a t e lymphokine 

p r o d u c t i o n , s p l e n o c y t e s were s t i m u l a t e d w i t h t h e T c e l l 

mitogens PHA ( p h y t o h a e m a g g l u t i n i n ) and Con A (Concanavalin 

A) and t h e a c t i v i t y of the c u l t u r e SNs t h e n examined a f t e r 

mitogen removal. SNs taken a t 24 hours a c h i e v e d good 
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p r o l i f e r a t i o n o f bot h ' u n s t i m u l a t e d ' s p l e n o c y t e s and 

s p l e n i c b l a s t s . 

I n Chapter 4, m i n i a t u r i s a t i o n of the SN s c r e e n i n g 

assay was s u c c e s s f u l l y a c h i e v e d , u s i n g o n l y 1.5 x 10 4 

l e u c o c y t e s i n a 'hanging drop' c u l t u r e , i n o r d e r t o 

minimise t h e amount of lymphokine r e q u i r e d i n an assay, 

and t o a l l o w experiments on few assay lymphocytes. I t was 

shown t h a t ' u n s t i m u l a t e d ' s p l e n o c y t e s from e a r l y -

thymectomised Xenopus responded by p r o l i f e r a t i o n t o a c t i v e 

s u p e r n a t a n t s (ASNs) (MLC-, PHA- or Con A - g e n e r a t e d ) , 

i n d i c a t i n g t h a t a c e l l t y p e o t h e r than a T c e l l c o u l d be 

induced t o p r o l i f e r a t e i n the presence o f ASN. Thymectomy 

experiments a l s o i n d i c a t e d t h a t T c e l l s were necessary f o r 

the g e n e r a t i o n o f a c t i v e s u p e r n a t a n t s in vitro. 

The i d e n t i t y of the thymus-independent c e l l s 

r e s p o n d i n g t o ASNs was f u r t h e r e x p l o r e d i n Chapter 5. 

Using an a n t i - I g M monoclonal a n t i b o d y , B c e l l s from e a r l y -

thymectomised Xenopus were se p a r a t e d from the r e s t of the 

s p l e n o c y t e p o p u l a t i o n by f l o w c y t o m e t r y . Surface IgM+ 

c e l l s (B c e l l s ) responded m i l d l y to—ASNs, whereas the 

slgM- p o p u l a t i o n (and u n s o r t e d c e l l s ) responded w e l l t o 

bo t h t h e PHA-ASN and the MLC-ASN. 

Work c a r r i e d o u t a t the b e g i n n i n g o f t h i s Ph.D., t h a t 

i d e n t i f i e d s p l e n i c a n t i g e n - p r e s e n t i n g c e l l s and 

( i n c o n c l u s i v e l y ) e x p l o r e d t h e r o l e of these c e l l s as 

s t i m u l a t o r s i n MLC responses i n Xenopus, i s r e p o r t e d i n 

Chapter 6. The main c o n c l u s i o n s t o be drawn from t h i s 

r e s e a r c h are b r i e f l y d i s c u s s e d i n Chapter 7 and 
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s u g g e s t i o n s f o r f u t u r e work c o n s i d e r e d . 
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CHAPTER 1 

GENERAL IMTRODUCTIOH 

1.1 Immunology o f Xenopus 

Comparative immunology i s concerned w i t h t h e st u d y 

of t h e immune system i n a v a r i e t y o f animals a t s t r a t e g i c 

e v o l u t i o n a r y l e v e l s . I mmunological s t u d i e s o f 

r e p r e s e n t a t i v e s p e c i e s of the v a r i o u s v e r t e b r a t e c l a s s e s 

(mammals, b i r d s , r e p t i l e s , amphibians and f i s h ) and a l s o 

of a panorama o f i n v e r t e b r a t e organisms have begun t o 

r e v e a l how the immune system e v o l v e d (e.g. see Horton & 

L a c k i e , 1989). 

W i t h i n t h e c l a s s Amphibia i s the o r d e r Anura, which 

encompasses f r o g s and toads. The most w i d e l y s t u d i e d 

anuran a n i m a l model w i t h r e s p e c t t o i t s immune system i s 

the South A f r i c a n clawed t o a d / f r o g (genus Xenopus) (Du 

Pasquier, Schwager & F l a j n i k , 1989). The Xenopus immune 

system possesses many s i m i l a r f e a t u r e s t o t h e mammalian 

immune. system. - Xenopus h a s - been chosen - as a 

r e p r e s e n t a t i v e o f t h i s o r d e r f o r a number of reasons, 

i n c l u d i n g t h e ease w i t h which Xenopus can be bred and 

m a i n t a i n e d under l a b o r a t o r y c o n d i t i o n s . F u r t h e r m o r e , 

s t u d i e s of t h e Xenopus immune system have been helped 

c o n s i d e r a b l y by the a v a i l a b i l i t y of i n b r e d Xenopus 

s t r a i n s ( K a t a g i r i , 1978) and MHC (major 

h i s t o c o m p a t i b i l i t y complex) i d e n t i c a l c l o n e s (Kobel and 

Du P a s q u i e r , 1975), p r o d u c t i o n and i n c r e a s i n g 

l 



a v a i l a b i l i t y o f monoclonal a n t i b o d i e s (McAbs) t o a 

v a r i e t y of Xenopus c e l l s u r f a c e molecules ( r e v i e w e d by Du 

Pasquier, Schwager and F l a j n i k , 1989; F l a j n i k , Hsu, 

Kaufman & Du P a s q u i e r , 1988). There are a number o f 

u s e f u l c e l l u l a r markers f o r Xenopus. For example, c e l l s 

from the s p e c i e s Xenopus borealis can be l a b e l l e d u s i n g a 

q u i n a c r i n e s t a i n which l a b e l s t h e DNA p r e s e n t i n t h e 

c e l l s (Thiebaud, 1983). The use o f t r i p l o i d and d i p l o i d 

Xenopus, t o g e t h e r w i t h p l o i d y l a b e l l i n g t e c h n i q u e s have 

a l s o been used t o t r a c e c e l l movements w i t h i n 

t r a n s p l a n t e d t i s s u e (Turpen et al, 1982; Turpen & Smith, 

1986). 

A major h i s t o c o m p a t i b i l i t y complex has been 

i d e n t i f i e d i n Xenopus. T h i s complex i s the r e g i o n o f t h e 

genome which codes f o r MHC p r o t e i n s , t h a t p l a y a c r u c i a l 

r o l e i n i m m u n o l o g i c a l r e c o g n i t i o n by T - l i n e a g e 

lymphocytes. The Xenopus MHC (known as the XLA) codes f o r 

the molecules which are c r u c i a l l y i n v o l v e d i n s t i m u l a t i n g 

a mixed l e u c o c y t e response (MLR, Du Pasquier & Miggiano, 

1973) and i n the g e n e r a t i o n of c y t o t o x i c T c e l l s ( T c ) . I n 

Xenopus, as i n mammals, the l a t t e r c e l l s u n d o u b t e d l y p l a y 

a c r u c i a l r d l e i n the r e j e c t i o n of f o r e i g n s k i n g r a f t s 

and d e s t r u c t i o n o f v i r a l l y - i n f e c t e d c e l l s ( B e r n a r d et al, 

1979; Cohen, p e r s o n a l communication). MHC a n t i g e n s a l s o 

p l a y a c r i t i c a l r d l e i n t h e c o l l a b o r a t i o n of Xenopus T 

h e l p e r (Th) c e l l s w i t h B c e l l s , t o b r i n g about a n t i b o d y 

p r o d u c t i o n (Blomberg, Bernard & Du P a s q u i e r , 1980; 

Bernard et al, 1981). Class I , I I and I I I s u b r e g i o n s have 

been i d e n t i f i e d w i t h i n the Xenopus XLA ( F l a j n i k et al, 



1984; Kaufman e t al, 1985; Nakamura et al, 1986). 

I n mammals, a n t i g e n can be p r e s e n t e d i n the c o n t e x t 

of d i f f e r e n t c l a s s e s of MHC molecules, e i t h e r c l a s s I or 

c l a s s I I MHC p r o t e i n s . The T lymphocyte subsets {Tfc and 

T c ) , which r e c o g n i s e a n t i g e n ( o r a n t i g e n i c p e p t i d e ) o n l y 

when i t i s p r e s e n t e d i n a s s o c i a t i o n w i t h a p a r t i c u l a r 

c l a s s of MHC m o l e c u l e , are s a i d t o be " r e s t r i c t e d " t o 

t h a t p a r t i c u l a r c l a s s . Thus, the subset of T c e l l s known 

as Tf, c e l l s t e n d t o be r e s t r i c t e d t o c l a s s I I m o l e c u l e s , 

w h i l s t t h e Tc c e l l s are g e n e r a l l y c l a s s I r e s t r i c t e d . 

However, t h e r e i s a m i n o r i t y of mammalian Tc c e l l s t h a t 

are c l a s s I I r e s t r i c t e d (Braakman e t al, 1987). I n 

Xenopus the response t o a l l o a n t i g e n i n the mixed 

l e u c o c y t e response ( e q u i v a l e n t t o the phase i n g r a f t 

r e j e c t i o n when Th c e l l s are a c t i v e ) i s mediated t h r o u g h 

r e c o g n i t i o n by T c e l l s (Du Pasquier & H o r t o n , 1976) of 

c l a s s I I a n t i g e n s ( F l a j n i k , Du Pasquier & Cohen, 1985). 

The e x i s t e n c e o f Xenopus Tc c e l l s t h a t are e f f e c t i v e 

a g a i n s t c l a s s I I MHC a n t i g e n s has a l s o been r e c e n t l y 

demonstrated ( H o r t o n , Horton & V a r l e y , 1989). However, 

the e x t e n t t o .which Tc c e l l s are r e s t r i c t e d t o ' c l a s s I or 

I I MHC a n t i g e n s has y e t t o be t h o r o u g h l y i n v e s t i g a t e d i n 

Xenopus. 

As i s the case w i t h mammals, Xenopus have been shown 

t o possess bo t h T and B lymphocytes. Xenopus T c e l l s 

d i f f e r e n t i a t e i n the thymus, an organ c o n s i s t i n g of a 

medulla r i c h i n e p i t h e l i a l c e l l s and a l y m p h o c y t e - r i c h 

c o r t e x . 

A mouse monoclonal a n t i b o d y (XT-1) s p e c i f i c f o r 
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Xenopus T - l i n e a g e c e l l s was r a i s e d by Nagata (1985). T h i s 

a n t i b o d y r e c o g n i s e s a 120kD membrane p r o t e i n , c a l l e d 

XTLA-1, on the m a j o r i t y b u t n o t a l l , of Xenopus 

p e r i p h e r a l T c e l l s {Nagata, 1985, 1986a, 1986b). S t u d i e s 

u s i n g t h i s McAb have r e v e a l e d t h a t XTLA-1 p o s i t i v e 

lymphocytes appear i n the thymus a t stage 48 (7 days o l d ) 

and the l e v e l o f XTLA-1 p o s i t i v e c e l l s i n c r e a s e s s h a r p l y 

u n t i l stage 49 (10 days o l d ; Nagata, 1986a). Thus, stage 

48-49 i s t h o u g h t t o r e p r e s e n t the f i r s t stages of 

p h e n o t y p i c thymocyte d i f f e r e n t i a t i o n i n Xenopus ( K a t a g i r i 

& T o c h i n a i , 1987). 

Anuran T c e l l s are n y l o n wool non-adherent and 

p r o l i f e r a t e when c u l t u r e d w i t h t h e c l a s s i c a l mammalian T 

c e l l mitogens p h y t o h a e m a g g l u t i n i n (PHA) and c o n c a n a v a l i n 

A (Con A ) . The importance o f t h e rOle of T c e l l s i n the 

Xenopus immune system can be demonstated by the removal 

of the thymus (and hence t h e source of T c e l l s ) i n e a r l y 

l a r v a l l i f e . Thymectomy w i t h i n t he f i r s t week of l i f e 

( i . e . u n t i l stage 48 of Nieuwkoop and Faber, 1967) 

s e v e r e l y i m p a i r s s k i n a l l o g r a f t r e j e c t i o n and l e u c o c y t e 

responses i n mixed l e u c o c y t e c u l t u r e (MLC; Horton & 

Manning, 1972; T o c h i n a i & K a t a g i r i , 1975; Kaye & 

Tompkins, 1983; Nagata & Cohen, 1983; Du Pasquier & 

H o r t o n , 1976). Such e a r l y thymus a b l a t i o n a l s o i m p a i r s or 

abrogates p r o l i f e r a t i v e responses t o the c l a s s i c a l T c e l l 

mitogens PHA and Con A (Du Pasquier & H o r t o n , 1976; 

Manning, D o n n e l l y & Cohen, 1976; D o n n e l l y , Manning & 

Cohen, 1976) and a n t i b o d y responses a g a i n s t T dependent 

a n t i g e n s , such as r a b b i t red b l o o d c e l l s ( T o c h i n a i & 
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K a t a g i r i , 1975; Du Pasquier & Wabl, 1977). Responses t o 

T-independent mitogens ( i . e . B c e l l mitogens) 

e . g . l i p o p o l y s a c c h a r i d e (LPS) and p r o t e i n d e r i v a t i v e of 

t u b e r c u l i n (PPD) are l e f t i n t a c t f o l l o w i n g thymectomy 

(Manning, D o n n e l l y & Cohen, 1976), and B c e l l r i c h zones 

o f , f o r example, the spleen remains f u l l y lymphoid 

( B l e i c h e r & Cohen, 1981). 

A s t u d y i n v o l v i n g the s e q u e n t i a l thymectomy of 

Xenopus laevis toads r e v e a l e d t h a t thymectomy a t stages 

54-55 of development (28-31 days o l d , Nieuwkoop & Faber, 

1967) abrogated l e u c o c y t e r e s p o n s i v e n e s s t o PHA. However, 

thymectomy a t stage 51 (15-16 days) or e a r l i e r was 

r e q u i r e d t o p r e v e n t l e u c o c y t e p r o l i f e r a t i o n i n MLC 

( H o r t o n & S h e r i f , 1977). A g r a d u a l e s t a b l i s h m e n t of 

d i f f e r e n t T c e l l subsets i n the p e r i p h e r y d u r i n g ontogeny 

i s t h e r e f o r e suggested. 

Xenopus B c e l l s d i f f e r e n t i a t e i n the e a r l y l a r v a l 

l i v e r ( H a d j i - A z i m i , Schwager & Thiebaud, 1982). I n 

c o n t r a s t t o h i g h e r v e r t e b r a t e s , t h e Xenopus bone marrow 

does n o t appear t o p l a y a p a r t i n the development of B 

c e l l s s i n c e t h e r e i s an absence of pre-B c e l l s i n the 

bone marrow of b o t h a d u l t and l a r v a l Xenopus. I n 

a d d i t i o n , B c e l l s and plasma c e l l s are r a r e l y found i n 

a d u l t Xenopus bone marrow ( H a d j i - A z i m i , Coosemans & 

C a n i c a t t i , 1990). Xenopus B c e l l s are c h a r a c t e r i s e d by 

being r a d i a t i o n s e n s i t i v e , n y l o n wool adherent and 

s u r f a c e immunoglobulin p o s i t i v e ( s l g + ) . Such B c e l l s 

respond r e l a t i v e l y p o o r l y t o the mammalian B c e l l 

m itogen, E. coli l i p o p o l y s a c c h a r i d e (LPS). I t i s 
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g e n e r a l l y b e l i e v e d t h a t t h e low p r o l i f e r a t i o n achieved by 

t h i s mitogen i s due t o a contaminant p r e s e n t i n 

commercial LPS p r e p a r a t i o n s ( B l e i c h e r et al, 1983). The 

l a t t e r , n e v e r t h e l e s s , induce I g s y n t h e s i s i n Xenopus B 

c e l l s ( W i l l i a m s et al, 1983). Hsu & Leanderson a l s o noted 

t h a t i n d u c t i o n o f I g s y n t h e s i s i n Xenopus B c e l l s c o u l d 

be achieved u s i n g doses o f LPS t h a t were m i t o g e n i c f o r 

mammalian c e l l s (Du Pa s q u i e r , Schwager & F l a j n i k , 1989). 

Xenopus B c e l l s are s t i m u l a t e d t o p r o l i f e r a t e and 

d i f f e r e n t i a t e in vitro by pokeweed mitogen (PWM) and by 

a n t i - I g M a n t i b o d i e s (Schwager & H a d j i - A z i m i , 1984; 

Schwager & H a d j i - A z i m i , 1985). 

Xenopus B c e l l s can produce t h r e e c l a s s e s of 

immunoglobulin; IgM, which i s analogous t o IgM i n 

mammals, IgY, which i s e q u i v a l e n t t o t h e mammalian IgG, 

and IgX, which i s a s s o c i a t e d , i n p a r t i c u l a r , w i t h gut 

plasma c e l l s and c o u l d t h e r e f o r e be an I g A - e q u i v a l e n t 

c l a s s . However, the Xenopus a n t i b o d y r e p e r t o i r e i s much 

more r e s t r i c t e d i n s i z e t h a n t h a t of mammals (Du 

Pas q u i e r , Schwager & F l a j n i k , 1989). The spleen i s r i c h 

i n IgM p o s i t i v e B c e l l s , whereas _this_-organ- c o n t a i n s v e r y 

few IgY and IgX c e l l s (Du P a s q u i e r , Schwager & F l a j n i k , 

1989). 

Xenopus i s a u s e f u l model w i t h which t o study 

i m m u n o l o g i c a l development, s i n c e i t s free-swimming l a r v a 

i s u n a f f e c t e d by m a t e r n a l i n f l u e n c e s . F u r t h e r m o r e , 

Xenopus can a l s o be r e l a t i v e l y e a s i l y m a n i p u l a t e d as 

embryos o r l a r v a e . These f e a t u r e s have been e x p l o i t e d i n 

a number o f ways. For example, thymectomy (removal of the 



thymus) can be achieved v e r y soon a f t e r t h e thymus bud 

appears a t 3 days p o s t - f e r t i l i s a t i o n (see K a t a g i r i & 

T o c h i n a i , 1987), when t h e r e i s v e r y l i t t l e 

d i f f e r e n t i a t i o n of the thymus. T h i s s u r g i c a l o p e r a t i o n 

may be c o n s i d e r e d t o have c e r t a i n advantages when 

compared w i t h the "thymusless" nude mouse model, si n c e 

the thymectomised Xenopus r e p r e s e n t s a g e n e t i c a l l y normal 

a n i m a l , d e v e l o p i n g w i t h o u t t he i n f l u e n c e o f the thymus. 

There are a number of s t r a t e g i e s f o r e x p l o r i n g the 

r d l e o f the Xenopus thymus i n immune development and, i n 

p a r t i c u l a r , on T c e l l e d u c a t i o n i . e . on t h e r d l e the 

thymus p l a y s i n c o n f e r r i n g "MHC r e s t r i c t i o n " and " s e l f -

t o l e r a n c e " i n d e v e l o p i n g T - l i n e a g e c e l l s . One of these 

s t r a t e g i e s i s t o use t h y m u s - r e c o n s t i t u t e d , thymectomised 

(Tx) t o a d s . Thus, Tx Xenopus can be r e i m p l a n t e d w i t h a 

h i s t o i n c o m p a t i b l e thymus i n l a t e l a r v a l l i f e . Such 

thymuses are seeded by h o s t - d e r i v e d "stem" c e l l s , as 

shown by the use of the q u i n a c r i n e marker ( H o r t o n e t aJ, 

1987). T h i s thymus t r a n s p l a n t a t i o n induces t o l e r a n c e t o 

th e donor s t r a i n as assessed by in vivo s k i n g r a f t i n g 

( H o r t o n & Hort o n , 1975; A r n a l l & H o r t o n , 1986). However, 

c o c u l t u r e of s p l e n o c y t e s from t he t h y m u s - r e c o n s t i t u t e d Tx 

Xenopus w i t h s t i m u l a t o r c e l l s from the donor s t r a i n 

r e s u l t s i n a p o s i t i v e in vitro MLC r e a c t i o n ( A r n a l l & 

Hor t o n , 1986). I n a d d i t i o n , 5000R i r r a d i a t e d s p l e n o c y t e s 

from t he donor s t r a i n produced s p l e n o c y t e p r o l i f e r a t i o n 

when i n j e c t e d in vivo i n t o a l l o t h y m u s r e c o n s t i t u t e d Tx 

animals ( A r n a l l & H o r t o n , 1987). These animals are s a i d 

t o d i s p l a y " s p l i t t o l e r a n c e " - t o l e r a n c e t o s k i n , b u t not 
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w i t h r e s p e c t t o MLC responsiveness. 

Another way of examining thymic e d u c a t i o n and the 

phenomenon of " s p l i t t o l e r a n c e " i s by u s i n g c e r t a i n 

Xenopus chimeras. These chimeras are produced by j o i n i n g 

the a n t e r i o r p o r t i o n of one embryo w i t h the p o s t e r i o r 

p o r t i o n of a g e n e t i c a l l y d i f f e r e n t embryo, when both 

embryos are o n l y 24 hours o l d . Thus, when t h e toad 

develops, the thymic e p i t h e l i u m d e r i v e s from the a n t e r i o r 

p o r t i o n , w h i l s t the haemopoietic stem c e l l s (which can 

g i v e r i s e t o lymphocytes) a r i s e from the p o s t e r i o r p a r t 

of t he embryo ( F l a j n i k , Du Pasquier & Cohen, 1985). These 

chimeras w i l l accept s k i n g r a f t s of t h e same genotype as 

the a n t e r i o r p a r t of the embryo, b u t l e u c o c y t e s from 

these animals w i l l p r o l i f e r a t e in vitro t o s t i m u l a t o r 

l e u c o c y t e s of the a n t e r i o r genotype. 

I t i s a l s o p o s s i b l e t o induce t o l e r a n c e i n Xenopus 

t o i n c o m p a t i b l e genotypes by g r a f t i n g d i s p a r a t e donor 

s k i n onto perimetamorphic or l a r v a l Xenopus ( D i Marzo & 

Cohen, 1982; A r n a l l & H o r t o n , 1987). The success of 

i n d u c i n g t o l e r a n c e by t h i s method i s dependent on g e n e t i c 

d i s p a r i t y o f donor or h o s t , g r a f t s i z e and the age of the 

h o s t . The s u c c e s s f u l t o l e r i s i n g p r o t o c o l uses l a r g e 

g r a f t s (2-5mm 2) d i f f e r i n g by o n l y one MHC h a p l o t y p e ( D i 

Marzo & Cohen, 1982; A r n a l l & H o r t o n , 1987). 

The i d e n t i f i c a t i o n and r o l e of lymphokines i n the 

Xenopus immune system has o n l y r e c e n t l y begun t o be 

i n v e s t i g a t e d . For example, t h e r e i s now evidence t h a t 

f a c t o r s r e s e m b l i n g ( f u n c t i o n a l l y ) mammalian I L - 1 

( W a t k i n s , Parsons & Cohen, 1987) and o t h e r s r e s e m b l i n g T 



c e l l growth f a c t o r s (TCGF) are produced by Xenopus. 

Evidence f o r TCGF i n Xenopus w i l l be d e a l t w i t h i n d e t a i l 

below, b u t f i r s t i t i s necessary t o p r o v i d e a r e v i e w o f 

the r61e t h a t TCGF p l a y s i n the mammalian immune system 

and comment on e v o l u t i o n a r y aspects o f t h i s i m p o r t a n t 

lymphokine. 

1.2 Lymphokines and i n t e r l e u k i n - 2 

1.2.1 Mammalian s t u d i e s 

"Lymphokine" i s the term used t o d e s c r i b e t h e 

s o l u b l e m e d i a t o r s r e l e a s e d by lymphocytes, t h i s term i s 

d i s t i n c t from terms such as "monokine" and " c y t o k i n e " 

which r e f e r , r e s p e c t i v e l y , t o the me d i a t o r s r e l e a s e d by 

c e l l s of the monocyte l i n e a g e and non-lymphoid c e l l s (as 

d e f i n e d by Hamblin, 1988). [ I t s h ould be noted t h a t o t h e r 

a u t h o r s use t h e term " c y t o k i n e " as an u m b r e l l a term t o 

cover t h e s o l u b l e m e d i a t o r s r e l e a s e d by- c e l l s of any -

t y p e . ] 

"Lymphokines" are p r o t e i n s or g l y c o p r o t e i n s , 

produced by lymphocytes, t h a t are i n v o l v e d i n ho m e o s t a t i c 

c o n t r o l o f the immune system. S e v e r a l hundred a c t i v i t i e s 

a s c r i b e d t o lymphokines have been d e s c r i b e d . Of the 

lymphokines s t u d i e d , many have been shown t o have 

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

o t h e r lymphokines ( r e v i e w e d by Hamblin, 1988; Gearing, 
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1989 ) . 

I n t e r l e u k i n ("between l e u c o c y t e s " ) -2 ( I L - 2 ) , 

p r e v i o u s l y c a l l e d T c e l l growth f a c t o r (TCGF), i s one o f 

the most s t u d i e d , and c o n s e q u e n t l y b e s t c h a r a c t e r i s e d 

lymphokines. Mammalian (Human) I L - 2 has a m o l e c u l a r 

w e i g h t of 15kD and i s composed o f 153 amino a c i d s . The 

p r o d u c t i o n and f u n c t i o n s of I L - 2 have been e l u c i d a t e d 

l a r g e l y t h r o u g h the e x i s t e n c e of T c e l l l i n e s and t h e 

a p p l i c a t i o n o f m o l e c u l a r c l o n i n g t e c h n i q u e s . 

The human I L - 2 gene has been c l o n e d ( T a n i g u c h i e t 

al, 1983) and sequenced ( F u j i t a et al, 1983; Holbrook et 

al, 1984). I n o r d e r t o understand the s t r u c t u r e - f u n c t i o n 

r e l a t i o n s h i p o f t h e molecule, i t s t e r t i a r y s t r u c t u r e has 

a l s o been s t u d i e d (Cohen e t al, 1986; Brandhuber e t al, 

1987; Landgraf e t al, 1989). 

U n s t i m u l a t e d T c e l l s ( i n the r e s t i n g Go phase of the 

c e l l c y c l e ) do n o t express h i g h a f f i n i t y r e c e p t o r s f o r 

IL-2 on t h e i r c e l l s u r f a c e and t h u s respond p o o r l y , i f a t 

a l l , t o I L - 2 . High a f f i n i t y I L - 2 r e c e p t o r s (IL-2R) are 

induced on T c e l l s when the T c e l l r e c e p t o r complex ( t h e 

complex which r e c o g n i s e s a n t i g e n i c peptide-when- i t - i s " 

c o - presented w i t h MHC molecules) i s s t i m u l a t e d t h r o u g h 

a n t i g e n r e c o g n i t i o n ( C a n t r e l l & Smith, 1983; G u l l b e r g & 

Smith, 1986). IL-2R e x p r e s s i o n i s accompanied by a 

phenomenon known as " b l a s t o g e n e s i s " . The T c e l l e n t e r s 

the Gi phase o f the c e l l c y c l e and i n c r e a s e s i n s i z e t o 

become a " b l a s t " c e l l (Herzberg & Smith, 1987). T c e l l 

b l a s t s respond t o I L - 2 by p r o l i f e r a t i o n . 

S t i m u l a t i o n o f T c e l l s by a n t i g e n , MLC or mitogen 
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has a t w o - f o l d e f f e c t . As w e l l as i n d u c i n g IL-2R 

e x p r e s s i o n on T c e l l s i t a l s o causes t he s t i m u l a t e d T 

c e l l t o produce I L - 2 , which can a c t i n b o t h an a u t o c r i n e 

and p a r a c r i n e f a s h i o n . The p r o l i f e r a t i o n of T c e l l b l a s t s 

( o r T c e l l l i n e s ) i n response t o exogenous I L - 2 has 

become a s t a n d a r d assay i n d e t e c t i n g the presence o f I L - 2 

i n mammalian c u l t u r e s u p e r n a t a n t s (SNs). 

The IL-2R c o n s i s t s o f two p o l y p e p t i d e c h a i n s , t h e 

p75 alpha c h a i n and t h e p55 beta c h a i n . The alpha c h a i n 

i s found a t low c o n c e n t r a t i o n s on r e s t i n g T c e l l s . On 

a c t i v a t i o n , u p r e g u l a t i o n o f alpha chains and beta chains 

ensues. Each p o l y p e p t i d e c h a i n possesses an i n d i v i d u a l 

b i n d i n g s i t e f o r I L - 2 (Tsudo e t al, 1986; Teshigawara e t 

al, 1987). The p75 alpha and p55 beta c h a i n have been 

shown t o have, r e s p e c t i v e l y , i n t e r m e d i a t e and low b i n d i n g 

a f f i n i t i e s f o r I L - 2 . Exa m i n a t i o n o f the IL-2 b i n d i n g 

k i n e t i c s u s i n g McAbs d i r e c t e d a g a i n s t I L - 2 and the p55 

beta c h a i n o f the IL-2R ( t h e anti-TAC McAb) r e v e a l e d t h a t 

o n l y when b o t h t h e alpha and be t a chains came t o g e t h e r 

were a u t h e n t i c h i g h a f f i n i t y I L - 2 r e c e p t o r s made (Wang e t 

al, 1987; Smith, 1988a & b ) . - - - - - -

I t has been shown by u s i n g t he anti-TAC McAb t h a t 

b e ta c h a i n s are expressed on c e l l t y p es o t h e r than T 

c e l l s . For example, p55 be t a chains have been 

demonstrated on n a t u r a l k i l l e r (NK) c e l l s (Tsudo e t al, 

1987; S i e g e l e t al, 1987) and on a c t i v a t e d B c e l l s 

( N a k a n i s h i et al, 1984; Muraguchi e t al, 1985). IL-2R 

e x p r e s s i o n and B c e l l responses t o I L - 2 are dis c u s s e d 

more f u l l y i n subsequent c h a p t e r s . 

1 3. 



1.2.2 Comparative s t u d i e s 

I L - 2 has been p u r i f i e d from m i t o g e n - s t i m u l a t e d 

l e u c o c y t e c u l t u r e s u p e r n a t a n t s (SNs) from human (Mier & 

G a l l o , 1982; G i l l i s & Watson, 1980), mouse (Riendeau et 

al, 1983; G r a n e l l i - P i p e r n o et al, 1981), r a t ( D i Sabato, 

1982) and gibbon (Henderson et al, 1983) sources. 

The t e c h n i q u e o f p u r i f y i n g p r o t e i n s from c u l t u r e SN 

has been superseded by m o l e c u l a r c l o n i n g t e c h n i q u e s . T h i s 

has r e s u l t e d i n the a v a i l a b i l i t y of human ( T a n i g u c h i et 

al, 1983), mouse (Kashima et al, 1985) and bovine (Reeves 

et al, 1986; C e r r e t t i et al, 1986) recombinant I L - 2 ( r l L -

2 ) . Monoclonal a n t i b o d i e s towards t he IL-2R o f these 

species have a l s o been generated and thus k i n e t i c b i n d i n g 

s t u d i e s have been unde r t a k e n (Uchiyama, 1981; Seiss et 

al, 1989 ) . 

I n mammalian c r o s s r e a c t i v e s t u d i e s I L - 2 from human, 

pr i m a t e and r a t can induce the p r o l i f e r a t i o n o f mouse 

ly m p h o b l a s t s . However, human lymp h o b l a s t s do not 

p r o l i f e r a t e i n response t o r a t , mouse or gibbon I L - 2 . 

A b r i e f r e v i e w of I L - 2 - l i k e f a c t o r s i n 

i n v e r t e b r a t e s and non-mammalian v e r t e b r a t e s f o l l o w s . 

Echinoderms 

The s t a r f i s h Asterias rubens possesses an a n c e s t r a l 

lymphoid organ known as the a x i a l organ. Luquet and 

L e c l e r c ( p e r s . comm.) showed t h a t " T - l i k e " c e l l s from 
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t h i s a x i a l organ, when c u l t u r e d i n MLC, produced a 

s o l u b l e f a c t o r ( s ) . T h i s p r o t e i n a c e o u s f a c t o r caused 

p r o l i f e r a t i o n o f t h e complete c e l l p o p u l a t i o n of the 

a x i a l organ, when added t o these c e l l s in vitro. A l t h o u g h 

t h i s i s f a r from c o n v i n c i n g evidence f o r an I L - 2 - l i k e 

m olecule, i t does demonstrate t h a t s o l u b l e m e d i a t o r s , or 

lymphokines, are p r o b a b l y p r e s e n t i n animals from t h e 

phylum Echinodermata. T h i s i s o f i n t e r e s t i n comparative 

s t u d i e s s i n c e t h i s phylum i s a t t h e o r i g i n of the branch 

l e a d i n g t o v e r t e b r a t e s . 

F i s h 

An I L - 2 - l i k e f a c t o r has been d e s c r i b e d f o r carp 

(Cyprinus carpio; Grondel & Harmsen, 1984; Caspi & 

A v t a l i o n , 1984). These a u t h o r s generated f a c t o r s t h r o u g h 

in vitro mitogen and a l l o a n t i g e n (MLC) s t i m u l a t i o n of 

l&oGoCyteg from o u t b r e d a n i m a l s . The m i t o g e n - d e r i v e d SNs 

were found t o possess more s t i m u l a t o r y ( p r o l i f e r a t i v e ) 

a c t i v i t y f o r carp b l a s t s ( p r o n e p h r i c l e u c o c y t e s t h a t had 

been c u l t u r e d w i t h PHA) than t h e MLC.-derived a c t i v e " 

s u p e r n a t a n t s (ASNs). T h i s i s due t o the p o l y c l o n a l n a t u r e 

of the mitogen response, which w i l l cause p r o l i f e r a t o n o f 

the m a j o r i t y of T c e l l s , compared w i t h the s t i m u l a t i o n of 

o n l y a subset of T c e l l s i n an a l l o a n t i g e n response. 

Grondel and Harmsen a l s o noted t h a t m i t o g e n - s t i m u l a t e d 

c u l t u r e s had produced good l e v e l s of f a c t o r ( s ) by 24 

hours. I n comparison, SNs from t he MLCs r e q u i r e d l o n g e r 

c u l t u r e p e r i o d s (48 hours - 6 days) t o produce maximum 



f a c t o r l e v e l s . 

I n t h e above experiments MLC c o n t r o l s u p e r n a t a n t s 

(CSNs), i . e . SNs from c o c u l t u r e s o f syngeneic c e l l s , were 

n o t i n v e s t i g a t e d . I n s t e a d these a u t h o r s ' c o n t r o l 

e xperiment was t o c u l t u r e the assay lym p h o b l a s t s i n 

medium alon e ; t h e y t h e n used t h i s background l e v e l o f 

t r i t i a t e d t h y m i d i n e i n c o r p o r a t i o n as a c o n t r o l v a l u e . 

T h i s may have had i m p o r t a n t i m p l i c a t i o n s on the a n a l y s i s 

of the data as the e f f e c t of ' f a c t o r s ' spontaneously 

r e l e a s e d by l e u c o c y t e s upon in vitro c u l t u r e were n o t 

taken i n t o account. Thus, t h e i r c o n t r o l was not a " t r u e " 

c o n t r o l . 

I n t e r e s t i n g l y , these same a u t h o r s showed t h a t human, 

r a t and gibbon I L - 2 - r i c h SNs s t i m u l a t e d carp b l a s t s t o 

p r o l i f e r a t e , w h i l s t mouse I L - 2 - r i c h SN had no 

p r o l i f e r a t i v e e f f e c t on carp b l a s t s . 

Mammalian (human) I L - 1 , i n the presence of 

su b o p t i m a l doses of the T c e l l m i t o g e n , Con A, s t i m u l a t e s 

p e r i p h e r a l b l o o d lymphocytes o f t h e channel c a t f i s h , 

s u g g e s t i n g t he e a r l y p h y l o g e n e t i c emergence of the 

r e c o g n i t i o n o f .IL-1 (Hamby etaT, 1986). 

R e p t i l e s 

Splenocytes from t he snake Spalerosophis diadema 

t h a t were Con A a c t i v a t e d , produced a c u l t u r e SN t h a t 

s upported the p r o l i f e r a t i o n of snake s p l e n i c l ymphoblasts 

( E l R i d i , Wahby & Saad, 1986). A p o l y p e p t i d e of 14-15kD 

was b e l i e v e d t o be r e s p o n s i b l e f o r t h i s a c t i v i t y . 
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B i r d s 

Schauenstein, Globerson and Wick (1982) and 

S c h n e t z l e r et al (1983) demonstrated the e x i s t e n c e of an 

I L - 2 - l i k e f a c t o r from mitogen (PHA and Con A) - s t i m u l a t e d 

c u l t u r e s of c h i c k e n lymphocytes. A n t i g e n primed c h i c k e n 

p e r i p h e r a l b l o o d l e u c o c y t e s (PBL) were able t o be k e p t i n 

c o n t i n u o u s p r o l i f e r a t i o n in vitro f o r more t h a n 25 weeks 

by c u l t u r i n g PBLs w i t h SNs from m i t o g e n - t r e a t e d c h i c k e n 

l e u c o c y t e s (Vaino, R a t c l i f f e & Leanderson, 1986). These 

a u t h o r s a s c r i b e d the a c t i v i t y t o a p r o t e i n w i t h a 

m o l e c u l a r w e i g h t of a p p r o x i m a t e l y 13kD ( f o r review see 

Schauenstein & Kromer, 1987). The g e n e r a t i o n of 

monoclonal a n t i b o d y towards the p u t a t i v e c h i c k e n IL-2R 

(Sch a u e n s t e i n e t al, 1988) r e v e a l e d t h a t the k i n e t i c s of 

r e c e p t o r [ c a l l e d c h i c k e n - a c t i v a t e d - T - l y m p h o c y t e - a n t i g e n 

(CATLA)] e x p r e s s i o n d u r i n g T c e l l a c t i v a t i o n were 

analogous t o the k i n e t i c s of mammalian IL-2R e x p r e s s i o n . 

SNs from Con A t r e a t e d mouse l e u c o c y t e s w i l l n o t 

cause c h i c k e n b l a s t s t o p r o l i f e r a t e , and Con A - d e r i v e d 

-SNs from' c h i c k e n l e u c o c y t e s w i l l n o t d r i v e the 

p r o l i f e r a t i o n o f mouse l y m p h o b l a s t s ( S c h a u e n s t e i n , 

Globerson & Wick, 1982). 

Amphibians 

Leucocytes from 12 month o l d o u t b r e d Xenopus laevis 

were c o c u l t u r e d i n b i - d i r e c t i o n a l MLC and an a c t i v i t y was 



demonstrated i n the SNs a t 24 hours a f t e r i n i t i a t i o n of 

c u l t u r e ( G e a r i n g , 1985). The assay used t o d e t e c t 

a c t i v i t y was a thymocyte c o s t i m u l a t i o n assay. I n t h i s 

assay a s u b o p t i m a l dose of PHA i s used i n o r d e r t o induce 

I L - 2 r e c e p t o r s on the lymphocytes w i t h m i n i m a l 

p r o l i f e r a t i o n of the thymocytes themselves. The presence 

o f I L - 2 w i l l cause f u r t h e r p r o l i f e r a t i o n o f t h e 

thymocytes, which can be measured by t r i t i a t e d t h y m i d i n e 

i n c o r p o r a t i o n . Since e i t h e r I L - 2 or I L - 1 can cause 

thymocyte p r o l i f e r a t i o n i n mammalian systems, t h i s i s n o t 

a s p e c i f i c assay f o r I L - 2 . I L - 1 p o t e n t i a t e s the 

p r o l i f e r a t i v e response of T c e l l s t o mitogens and 

a n t i g e n s , and t h u s can cause a p r o l i f e r a t i v e response i n 

t h e thymocyte c o s t i m u l a t i o n assay. I n a d d i t i o n , the 

v a l i d i t y o f the thymocyte c o s t i m u l a t i o n assay, w i t h 

r e s p e c t t o the d e t e c t i o n of I L - 2 and I L - 1 , has a l s o come 

i n t o q u e s t i o n ( Gearing, 1989), s i n c e i t appears t h a t 

o t h e r lymphokines can s u b s t i t u t e f o r I L - 1 f u n c t i o n i n 

t h i s assay ( D i n a r e l l o , 1987; Le & V i l c e k , 1987) 

A more d e t a i l e d s t udy of X.laevis TCGP was c a r r i e d 

out by Watkins and Cohen (1987). SNs were generated by 

c o c u l t u r e . _o.f -leucocytes" "from " a d u l t , o u t b r e d , MHC 

un d e f i n e d X.laevis w i t h T c e l l mitogen ( p r i n c i p a l l y 

PHA). The PHA was s u b s e q u e n t l y removed by i n c u b a t i o n 

( a d s o r p t i o n ) w i t h c h i c k e n red b l o o d c e l l s (CRBC). I t was 

demonstrated t h a t a 24 hour PHA- or Con A - d e r i v e d SN 

( w i t h the mitogen removed) c o u l d cause t h e growth (as 

assayed by c e l l number) and p r o l i f e r a t i o n (as assayed by 

t r i t i a t e d t h y m i d i n e i n c o r p o r a t i o n ) of Xenopus s p l e n i c and 
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thymic l y m p h o b l a s t s , i . e . l e u c o c y t e s t h a t had been 

p r e c u l t u r e d w i t h PHA t o b r i n g about b l a s t o g e n e s i s (and, 

t h e o r e t i c a l l y , IL-2R e x p r e s s i o n ) . These SNs a l s o 

c o s t i m u l a t e d Xenopus thymocytes i n a PHA c o s t i m u l a t i o n 

assay. The a c t i v i t y of the ASNs was a s c r i b e d t o a p r o t e i n 

of m o l e c u l a r w e i g h t 15kD by SDS-PAGE ( p o l y a c r y l a m i d e g e l 

e l e c t r o p h o r e s i s ) . However, a c t i v i t y was not e l u t e d from 

t h i s band. Cross r e a c t i v i t y s t u d i e s have shown t h a t human 

r I L - 2 and mouse I L - 2 - r i c h SNs do n o t d r i v e p r o l i f e r a t i o n 

of Xenopus l y m p h o b l a s t s in vitro. L i k e w i s e Xenopus I L - 2 -

r i c h SN does n o t promote p r o l i f e r a t i o n of a mouse T c e l l 

l i n e ( W a t k i n s , 1985; Watkins & Cohen, 1987). 

However, t h e r e i s evidence t o suggest t h a t mammalian 

IL- 2 may modulate Xenopus immune responses in vivo. For 

example, the response t o t r i n i t r o p h e n o l - f i c o l l (TNP-

f i c o l l ) i s thymus dependent i n Xenopus. Indeed, X.laevis 

thymectomised even i n e a r l y a d u l t l i f e , are unable t o 

respond t o T N P - f i c o l l ( u n l e s s t r e a t e d w i t h r e a g e n t s t h a t 

cause s t i m u l a t i o n o f T c e l l a c t i v i t y i n the p e r i p h e r y ) . 

Murine I L - 2 ( a f f i n i t y p u r i f i e d ) , human I L - 2 ( a f f i n i t y 

p u r i f i e d ) and mammalian _ r I L - 2 - each-- s e p a r a t e l y " 

a d m i n i s t e r e d w i t h T N P - f i c o l l were a l l able t o s u b s t i t u t e 

f o r the presence of a thymus i n a d u l t Tx X.laevis (Ruben, 

C l o t h i e r & B a l l s , 1985). 

Another example of r I L - 2 a c t i v i t y in vivo i n Xenopus 

comes from h a p t e n - c a r r i e r e x p e r i m e n t s . I n o r d e r f o r 

X.laevis t o respond t o haptens, e.g. t r i n i t r o p h e n o l 

(TNP), t h e hapten has t o be p r e s e n t e d w i t h a thymus 

dependent (TD) immunogenic c a r r i e r , e.g. sheep r e d b l o o d 



c e l l s (SRBC). I n a d d i t i o n , b e f o r e t h e h a p t e n - c a r r i e r i s 

a d m i n i s t e r e d t h e to a d must be primed in vivo w i t h t h e 

c a r r i e r a l o n e . Human r I L - 2 a d m i n i s t e r e d in vivo can 

s u b s t i t u t e f o r t h e need t o prime the Xenopus w i t h t h e 

c a r r i e r (SR&C) , b u t t h e p r i m i n g must be undert a k e n l e s s 

t h a n 3 hours b e f o r e t h e h a p t e n - c a r r i e r (TNP-SRBC) i s 

a d m i n i s t e r e d (Ruben, 1986). A t h i r d example o f r I L - 2 

a c t i v i t y in vivo i s t h a t i t can modulate t he phenomenon 

of TNP-induced t o l e r a n c e . I n j e c t i o n of TNBS i n t o Xenopus 

c o n j u g a t e s TNP t o t h e animals' c e l l s and p r o t e i n s . I n 

Xenopus t h i s induces t o l e r a n c e i f TNP i s s u b s e q u e n t l y 

p r e s e n t e d on f i c o l l . In vivo i n j e c t i o n o f human r I L - 2 

breaks t h i s s t a t e o f t o l e r a n c e (Ruben et al, 1987) 

The process by which mammalian r I L - 2 modulates such 

in vivo responses i n Xenopus i s u n c l e a r . However, McAbs 

t o the p55 be t a c h a i n of the mammalin IL-2R (anti-TAC) 

have been used t o demonstrate t he presence of the TAC 

a n t i g e n on Xenopus l e u c o c y t e s (Langeberg et al, 1986/7; 

Ruben et al, 1989a & b ) . S t i m u l a t i o n of the s p l e n o c y t e s 

u s i n g mitogen, f o l l o w e d by anti-TAC l a b e l l i n g e x p e r i m e n t s 

r e v e a l e d an i n c r e a s e i n the number of TAC + c e l l s , and i n 

the amount of _TAC_ expressed- per c e l l "(Langeberg et al, 

1986/7; Ruben e t al, 1989b). Thus, mitogen s t i m u l a t i o n 

appears t o i n c r e a s e the number of I L - 2 r e c e p t o r 

e x p r e s s i n g l e u c o c y t e s , as i s the case i n mammals. 

However, t h e r e i s c u r r e n t l y d i s p u t e over whether t he 

human r I L - 2 or anti-TAC McAb b i n d t o the genuine Xenopus 

IL-2R and n o t some o t h e r i r r e l e v a n t e p i t o p e (Cohen, N, 

un p u b l i s h e d paper p r e s e n t e d a t the j o i n t BSDB and BSI 
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conference i n Durham, 1987). 

Mammalian r I L - 2 a d m i n i s t e r e d t o mice has been shown 

t o break the i n d u c t i o n of t o l e r a n c e induced t o semi-

a l l o g e n e i c c e l l s d u r i n g n e o n a t a l l i f e (Malkovsky & 

Medawar, 1984). I L - 2 has a l s o been shown t o break the 

maintenance of t o l e r a n c e when s k i n a l l o g r a f t s were 

s u b s e q u e n t l y a p p l i e d (Asherson et al, 1985; L o v e l a n d , 

Hunt & Malkovsky, 1986). However, human r I L - 2 f a i l e d t o 

break s k i n a l l o - t o l e r a n c e i n Xenopus t h a t had r e c e i v e d 

p e r i m e t a m o r p h i c s k i n g r a f t s and had borne the g r a f t s f o r 

a t l e a s t 100 days w i t h o u t any s i g n of r e j e c t i o n ( H o r t o n 

et al, 1989). Thus, human r I L - 2 f a i l e d t o modulate t h e 

maintenence of t o l e r a n c e . I n c o n t r a s t , some p r e l i m i n a r y 

evidence suggests t h a t t h i s recombinant lymphokine may 

i n f l u e n c e t h e i n d u c t i o n of a l l o t o l e r a n c e when i n j e c t e d a t 

the t i m e of t r a n s p l a n t a t i o n t o perimetamorphic l a r v a e 

(Ruben et al, 1989). 

1.3 Purpose o f t h e s i s 

The major aim of- t h i s Thesis has been t o i n v e s t i g a t e 

the n a t u r e of "lymphokines" produced by Xenopus T c e l l s 

in vitro. I t was c o n s i d e r e d t h a t the a v a i l a b i l i t y o f such 

Xenopus-Aerived lymphokines would g r e a t l y b e n e f i t ongoing 

s t u d i e s i n t h i s l a b o r a t o r y , which are e x p l o r i n g the 

i m m u n o r e g u l a t i o n of t r a n s p l a n t a t i o n t o l e r a n c e and the 

p o s s i b l e d i f f e r e n t i a t i i o n o f " T - e q u i v a l e n t " c e l l s t h r o u g h 

t h y m i c - i n d e p e n d e n t pathways. 
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The work began (Chapter 2) by e x p l o r i n g "lymphokine" 

p r o d u c t i o n achieved i n MLC responses. Supernatant 

g e n e r a t i o n by t h i s method had t h e advantage of h a v i n g no 

mitogen p r e s e n t i n the ASNs. Furth e r m o r e , a l l o a n t i g e n -

induced lymphokine p r o d u c t i o n had not been s t u d i e d i n any 

depth by Watkins and Cohen ( 1 9 8 7 ) . 

The f i n d i n g (Chapter 2) t h a t MLC-ASNs induced 

p r o l i f e r a t i o n of " u n s t i m u l a t e d " assay c e l l s , was of 

p a r t i c u l a r i n t e r e s t s i n c e t h i s c o n t r a s t e d w i t h Watkins 

and Cohen's work ( t h a t r e v e a l e d o n l y b l a s t c e l l s c o u l d 

respond t o T c e l l d e r i v e d growth f a c t o r s g e nerated by 

P H A - s t i m u l a t i o n ) . I t t h e r e f o r e seemed e s s e n t i a l t o st u d y 

the n a t u r e o f mito g e n - i n d u c e d ASNs i n our own l a b o r a t o r y , 

t o d i r e c t l y compare f i n d i n g s from the two l a b o r a t o r i e s 

w i t h T c e l l mitogen g e n e r a t e d ASNs. The experiments w i t h 

PHA and Con A (and t he SNs d e r i v e d from them) are 

pre s e n t e d i n Chapter 3. A m i n i a t u r i s e d t e c h n i q u e f o r 

assay i n g mitogen and MLC ASNs i s d e s c r i b e d i n Chapter 4, 

t h i s m i n i a t u r i s a t i o n b e i n g necessary t o minimise the 

amount of "lymphokine" used and t o a l l o w experiments on 

few assay lymphocytes ( i . e . c e l l s from Tx anima l s ) t o 

take p l a c e . Chapters 3--and .4 v i n d i c a t e a T-dependency o f 

"lymphokine" p r o d u c t i o n , b u t t h a t T-independent c e l l s can 

respond w e l l t o these f a c t o r s . I n Chapter 5, the n a t u r e 

of the T-independent r e s p o n d i n g l e u c o c y t e s i s e x p l o r e d by 

the use of an a n t i - I g M monoclonal a n t i b o d y (McAb) and 

th r o u g h f l u o r e s c e n c e - a c t i v a t e d c e l l s o r t i n g . 

Other aspects of t h e MLC response i n Xenopus - i . e . 

the n a t u r e of the s t i m u l a t i n g c e l l s - were i n v e s t i g a t e d 



a t the b e g i n n i n g of these Ph.D s t u d i e s , b u t since the 

experiments were somewhat i n c o n c l u s i v e and do n o t t i e i n 

c l o s e l y w i t h the major theme of the t h e s i s , t h e y are 

i n c l u d e d i n Chapter 6. 

Conclusions and s u g g e s t i o n s f o r f u r t h e r work are 

g i v e n i n c h a p t e r 7. 



CHAPTER 2 

MIXED LEUCOCYTE CULTURE IN SENQPUS AND THE PRODUCTION OF 

GROWTH FACTORS THROUGH ALLOANTIGEN STIMULATION. 

2.1 INTRODUCTION 

Mammalian i n t e r l e u k i n 2 ( I L - 2 ) i s a p o l y p e p t i d e 

" c y t o k i n e " r e l e a s e d by a c t i v a t e d T h e l p e r c e l l s , t h a t 

t r i g g e r s growth of a v a r i e t y o f c e l l t y p es e.g.T and B c e l l s 

and n a t u r a l k i l l e r (NK) c e l l s ( r e v i e w e d i n Smith, 1988; 

Hamblin, 1988). I n t e r l e u k i n 2 r e c e p t o r (IL-2R) i s t h e p r o t e i n 

t h a t b i nds I L - 2 , and i s comprised o f two p o l y p e p t i d e s , the 

alpha and beta c h a i n s . R e s t i n g T (and B) c e l l s have s m a l l 

numbers (approx. 500) of alpha c h a i n s (mol. wt. 75kD) and 

e s s e n t i a l l y no beta c h a i n s (mol. wt. 55kD). A f t e r lymphocyte 

a c t i v a t i o n , the beta c h a i n s are a c t i v e l y produced, the alpha 

c h a i n s l e s s so, r e s u l t i n g i n a p p r o x i m a t e l y 5000 alpha c h a i n s 

and up t o 50, 000 beta c h a i n s on each a c t i v a t e d T c e l l . The 

h i g h a f f i n i t y r e c e p t o r s f o r I L-2 are a l p h a - b e t a h e t e r o d i m e r s , 

t h a t can respond t o low c o n c e n t r a t i o n s of IL-2". Such h i g h 

a f f i n i t y r e c e p t o r s are found o n l y on a c t i v a t e d T c e l l s 

( C a n t r e l l & Smith, 1983; see re v i e w by R o i t t , B r o s t o f f & 

Male, 1989). Thus the presence o f (low c o n c e n t r a t i o n s o f ) I L -

2 can be d e t e c t e d by i t s a b i l i t y t o cause t he growth and 

p r o l i f e r a t i o n of a c t i v a t e d T c e l l b l a s t s . [The low a f f i n i t y 

r e c e p t o r s are the beta c h a i n s , which by themselves, are not 

able t o i n t e r a c t w i t h I L - 2 and a c t i v a t e c e l l s . The alpha 

c h a i n alone i s an IL-2 r e c e p t o r o f i n t e r m e d i a t e a f f i n i t y and 
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can be i n v o l v e d i n a c t i v a t i o n i n the presence of h i g h 

c o n c e n t r a t i o n s of I L - 2 . Thus r e s t i n g c e l l s - e.g. NK c e l l s -

possessing h i g h c o n c e n t r a t i o n s o f alpha c h a i n s , can a l s o be 

s t i m u l a t e d by t h i s c y t o k i n e ] . 

T c e l l mitogens o r a l l o a n t i g e n s can be used t o 

s t i m u l a t e l e u c o c y t e c u l t u r e s t o o b t a i n c u l t u r e s u p e r n a t a n t s 

(SNs) which s e c r e t e an a r r a y o f c y t o k i n e s (Hagiwara et al, 

1987; C h e r w i n s k i et al, 1987), i n c l u d i n g I L - 2 . P r e v i o u s work 

on Xenopus lymphokines has p r i m a r i l y focussed on the use of 

mitogens, such as p h y t o h a e m a g g l u t i n i n (PHA) or c o n c a n a v a l i n A 

(con A ) , as the p r i n c i p l e method f o r g e n e r a t i n g f a c t o r s t h a t 

can subsequently be shown t o achieve growth of " a c t i v a t e d " T 

c e l l s - c a l l e d T c e l l growth f a c t o r s (TCGF) by Watkins & 

Cohen, 1987. Such mitogens are p o l y c l o n a l a c t i v a t o r s , which 

s t i m u l a t e many T c e l l s , r e g a r d l e s s o f t h e i r a n t i g e n 

s p e c i f i c i t y . I n t h i s way more TCGF i s l i k e l y t o be generated 

than by s t i m u l a t i n g a much s m a l l e r subset of T c e l l s , e.g. by 

c o c u l t u r e w i t h a l l o a n t i g e n . However, t h e r e i s the 

disadvantage of having t o remove a l l the mitogen from t h e 

c u l t u r e SNs b e f o r e a s s a y i n g f o r induced growth f a c t o r s . T h i s 

i s p a r t i c u l a r l y p e r t i n e n t , s i n c e t h e r e may be a c o s t i m u l a t o r y 

e f f e c t - between any lymphokine p r e s e n t i n the SN and r e s i d u a l 

mitogen. 

The most e x t e n s i v e s t u d y o f Xenopus TCGF (Watkins & 

Cohen, 1987) used m a i n l y PHA-derived SNs. These a u t h o r s 

removed PHA a c t i v i t y by t r e a t m e n t w i t h c h i c k e n red bl o o d 

c e l l s (CRBC, see Grimm & Rosenberg, 1982). T h i s p r o t o c o l 

appeared t o be an e f f e c t i v e method (as determined by 

bioassay) of PHA removal. However, Watkins and Cohen admit 
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t h a t r e s i d u a l PHA may have been p r e s e n t i n some SNs, b u t 

c l a i m t h a t t h i s would have l i t t l e b e a r i n g on the outcome of 

t h e i r e x p e r i m e n t s . Watkins and Cohen p a r t i a l l y p u r i f i e d t h e 

PHA-SNs. T h i s appeared t o remove any r e s i d u a l PHA. F u r t h e r 

a n a l y s i s o f the PHA-SNs by SDS-PAGE r e v e a l e d a p r o t e i n band 

w i t h a m o l e c u l a r w e i g h t of 15 - 20kD. However, t he I L - 2 - l i k e 

a c t i v i t y i n t h i s band was n o t e l u t e d . Thus the I L - 2 - l i k e 

a c t i v i t y cannot be c a t e g o r i c a l l y a s c r i b e d t o t h i s 15 - 20kD 

p r o t e i n . 

I n t h i s Chapter, experiments are d e s c r i b e d which 

u t i l i s e mixed l e u c o c y t e c u l t u r e (MLC) t o generate p u t a t i v e 

lymphokines. As noted above, t h i s p r o t o c o l e l i m i n a t e s t h e 

problem o f p o s s i b l e mitogen i n v o l v e m e n t i n the assays. There 

has been some i n v e s t i g a t i o n of Xenopus f a c t o r s i n SNs 

generated from 24 hour s p l e n i c MLCs (Gearing, 1985; Watkins, 

1985; Watkins & Cohen, 1987). Gearing showed t h a t a MLC-

induced SN (MLC-SN) c o u l d cause p r o l i f e r a t i o n of thymocytes, 

when t e s t e d i n a c o s t i m u l a t i o n assay, w i t h s u b o p t i m a l doses 

of T c e l l mitogen. I n mammals, t h i s assay d e t e c t s t h e 

presence o f bot h I L - 1 and I L - 2 . Thus, Gearing's r e s u l t s are 

r a t h e r ambiguous, w i t h r e s p e c t t o d e t e r m i n i n g whether I L - 2 -

or I L - l - l i k e f a c t o r s were being produced i n MLC-induced SNs. 

Watkins (1985) showed t h a t c u l t u r e SNs from a Xenopus 

a l l o r e a c t i v e T c e l l l i n e , r e - s t i m u l a t e d i n MLC, c o u l d achieve 

the growth and p r o l i f e r a t i o n of mitogen-induced T c e l l 

b l a s t s , a s t a n d a r d assay f o r IL-2 i n mammals. These s t u d i e s 

i n v o l v e d t h e use of s p l e n o c y t e s taken from LG15 Xenopus, t h a t 

had been g r a f t e d w i t h J s k i n and sub s e q u e n t l y r e s t i m u l a t e d in 

v i t r o w i t h J c e l l s i n MLC, i n the presence of crude (CRBC-
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passed) TCGF ( o b t a i n e d from m i t o g e n - t r e a t e d c u l t u r e s ) . 

Watkins (1985) demonstrated t h a t f r e s h Xenopus 

s p l e n o c y t e s were unable t o p r o l i f e r a t e when c o c u l t u r e d w i t h 

PHA-SNs or MLC-SNs. Th i s was a t t r i b u t e d t o the l a c k o f I L - 2 

r e c e p t o r e x p r e s s i o n on the s u r f a c e o f r e s t i n g s p l e n o c y t e s . 

However, experiments u s i n g t h e human a n t i - b e t a c h a i n 

monoclonal a n t i b o d y (anti-TAC McAb) r e v e a l e d t h a t a 

p r o p o r t i o n of f r e s h l y b i o p s i e d Xenopus s p l e n o c y t e s c o u l d b i n d 

the anti-TAC a n t i b o d y (Langeberg et al, 1987; Ruben e t al, 

1989a & b ) . This suggests t h a t a s m a l l number of Xenopus 

s p l e n o c y t e s may c o n s t i t u t i v e l y express IL-2R. Treatment o f 

Xenopus s p l e n o c y t e s w i t h PHA r a i s e d t h e number of human 

I L - 2 R - p o s i t i v e s p l e n o c y t e s c o n s i d e r a b l y . 

The l e v e l o f induced p r o l i f e r a t i o n i n MLC i n Xenopus i s 

an index of c l a s s I I i n c o m p a t i b i l i t y between l e u c o c y t e s from 

d i f f e r e n t i n d i v i d u a l s (Du Pas q u i e r , Chardonnens & Miggiano, 

1975). A T c e l l subset i s t h o u g h t t o mediate t h i s MLC 

response, the evidence f o r t h i s coming from a number of 

s t u d i e s . Removal of the thymus i n e a r l y l a r v a l l i f e has a 

pr o f o u n d e f f e c t - on -subsequent T c e l l development and 

f u n c t i o n . Du Pasquier and Horton (1976) demonstrated t h a t 

s p l e n i c l e u c o c y t e s from 7-day thymectomised ( t x ) Xenopus 

laevis were unable t o mount a MLC response t o a l l o g e n e i c 

s t i m u l a t o r s . Other s t u d i e s o f e a r l y thymectomised animals 

s u p p o r t e d t h i s view ( H o r t o n & S h e r i f , 1977; Nagata & Cohen, 

1983), Horton and S h e r i f showing l a t e r thymectomy had no 

e f f e c t on MLC r e a c t i v i t y , whereas PHA responses were s t i l l 

i n t a c t . 
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F u r t h e r evidence f o r T c e l l i n v o l v e m e n t i n the Xenopus 

MLC came from s t u d i e s of the removal of s u r f a c e 

immunoglobulin ( s l g ) - b e a r i n g c e l l s (B c e l l s ) from t h e 

l e u c o c y t e p o p u l a t i o n . D e p l e t i o n of B c e l l s by n y l o n wool 

adherence (Blomberg, Bernard & Du Pasquier, 1980), and 

th r o u g h "panning" on an a n t i - I g M McAb ( B l e i c h e r & Cohen, 

1981), produced an enhanced MLC response from t he r e m a i n i n g T 

c e l l r i c h p o p u l a t i o n of c e l l s , when compared w i t h t h a t of the 

t o t a l p o p u l a t i o n . 

Nagata (1986a & b) used the XT-1 McAb, produced i n h i s 

l a b o r a t o r y ( 1 9 8 5 ) , which i s d i r e c t e d towards a marker (XTLA-

1) on thymocytes and which l a b e l s many, b u t n o t a l l , 

p e r i p h e r a l T c e l l p o p u l a t i o n s . He showed t h a t t h e XTLA-1 

p o s i t i v e p o p u l a t i o n gave a s t r o n g MLC response, but t h a t a 

MLC response c o u l d a l s o be demonstrated i n the XTLA-1 

n e g a t i v e p o p u l a t i o n o f s p l e n o c y t e s , though of a much s m a l l e r 

magnitude. 

I n t h i s Chapter, t he ba s i c e x p e r i m e n t a l p l a n was t o 

e s t a b l i s h t h e k i n e t i c s o f MLC-induced p r o d u c t i o n of "TCGF" 

and determine t he e f f e c t i v e dose f o r use i n our as_say_s.ystem.-

The choice of assay c e l l s themselves has come under s c r u t i n y 

here. Leucocytes t o be used t o assay "TCGF" were taken from 

spleen and thymus, and the n were e i t h e r PHA-stimulated, t o 

produce b l a s t s , t h a t would be expected t o have induced 

r e c e p t o r s f o r p u t a t i v e TCGF, or l e f t " u n s t i m u l a t e d " . 

Experiments t o modulate the s i z e and s t r e n g t h o f the MLC 

response, and hence t o e f f e c t the amount of a c t i v e SN 

p r o d u c t i o n , are a l s o e x p l o r e d ; these experiments i n v o l v e d 
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