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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 . 
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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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g r a f t i n g o f animals w i t h a l l o g e n e i c s k i n p r i o r t o 

r e s t i m u l a t i o n i n MLC. 

I t was a l s o necessary t o i n v e s t i g a t e t h e consequences 

o f g a m m a - i r r a d i a t i o n on SN p r o d u c t i o n , s i n c e t h e m a j o r i t y of 

MLCs e s t a b l i s h e d were one-way c u l t u r e s , where t h e s t i m u l a t o r 

c e l l s are i r r a d i a t e d . I n mammals, 8 - i r r a d i a t i o n up t o 3000 

r a d s , does n o t p r e c l u d e the s e c r e t i o n of I L - 2 (see review by 

Grimm & Rosenberg, 1982). However, h i g h dose i r r a d i a t i o n 

(6000-10 000 rads) of mammalian s p l e n o c y t e s abrogated the 

p r o d u c t i o n of I L - 2 by these s p l e n o c y t e s . The h i g h dose-

i r r a d i a t e d s p l e n o c y t e s were able t o s t i m u l a t e n o n - i r r a d i a t e d 

T c e l l s t o produce IL-2 (Heeg, Steeg & Wagner, 1988). 

2.2 MATERIALS AMD METHODS 

2.2.1 Animals 

Outbred Xenopus laevis were purchased from Xenopus L t d . 

Other Xenopus were r e a r e d i n the l a b o r a t o r y . J s t r a i n 

( f o r m a l l y c a l l e d G s t r a i n ) animals were from toads o r i g i n a l l y 

donated by C. I ^ t a g i r i ^ . o . f - H o k k a i d o U n i v e r s " i t y 7 Japan. These 

Xenopus laevis are MHC homozygous ( j j h a p l o t y p e ) , b u t possess 

minor h i s t o c o m p a t i b i l i t y d i f f e r e n c e s . LG15 (MHC=ac), LG17 

(MHC=ac) and LM3 (MHC=wy) clones of animals were o r i g i n a l l y 

g e nerated (Kobel & Du Pasquier, 1979) by c r o s s i n g Xenopus 

laevis w i t h Xenopus gilli ( f o r LG c l o n e s ) o r w i t h Xenopus 

muelleri ( f o r LM c l o n e s ) . These i n t e r s p e c i e s c r o sses produced 

females t h a t o v u l a t e b o t h s m a l l , h a p l o i d , eggs and l a r g e , 
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d i p l o i d , eggs. The d i p l o i d eggs are formed t h r o u g h a process 

of e n d o r e p l i c a t i o n d u r i n g oOg e n e s i s . The l a r g e eggs 

(secondary ottcytes) can be f e r t i l i s e d w i t h u l t r a - v i o l e t (UV)-

i r r a d i a t e d sperm, t o g i v e c l o n a l o f f s p r i n g , t h a t are 

i d e n t i c a l t o the mother and each o t h e r (Kobel & Du P a s q u i e r , 

1979 ) . 

2.2.2 Animal b r e e d i n g and maintenance 

Animals were induced t o spawn by i n j e c t i o n s of human 

c h o r i o n i c g o n a d o t r o p h i n (HCG; G r i f f i n and George) v i a the 

d o r s a l lymph sac (DLS). N a t u r a l l y f e r t i l i s e d embryos were 

c o l l e c t e d on n y l o n n e t t i n g and t r a n s f e r r e d t o tanks of 

a e r a t e d d e c h l o r i n a t e d water. 

To produce LG and LM c l o n e s , HCG primed females (50-100 

i n t e r n a t i o n a l u n i t s ( I . U . ) i n j e c t e d 24 hours p r i o r t o 

r e q u i r e d o v u l a t i o n and 500 I.U. 5 hours beforehand) were 

g e n t l y squeezed, around the l o w e r abdomen, u n t i l t h e y 

e x p e l l e d t h e i r eggs. The eggs were f e r t i l i s e d by a UV-

i r r a d i a t e d (6 mins a t 254nm) sperm suspension. The n e x t day, 

eggs were handsorted i n t o l a r g e and s m a l l eggs. Both s e t s of 

embryos were r a i s e d i n a e r a t e d dechlprinated.-wa.ter-.- -I-f the 

U V - i r r a d i a t i o n of the sperm had been s u c c e s s f u l the h a p l o i d 

( s m a l l egg) animals would d i e s e v e r a l days a f t e r 

f e r t i l i s a t i o n , which i n v a r i a b l y o c c u r r e d . 

Tadpoles were m a i n t a i n e d i n a e r a t e d d e c h l o r i n a t e d t a p 

water a t 23 ± 1°C and f e d n e t t l e powder as p r e v i o u s l y 

d e s c r i b e d (Horton & Manning, 1972). A f t e r metamorphosis, 

t o a d l e t s were f e d Tubifex worms, b e f o r e being i n t r o d u c e d t o 
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m i n c e d h e a r t . A d u l t s w e re m a i n t a i n e d a t 20 - 23°C and f e d 

t w i c e w e e k l y on m i n c e d b e e f h e a r t . 

2 . 2 . 3 P r e p a r a t i o n o f l e u c o c y t e s u s p e n s i o n s : 

R e m o v a l o f t h e s p l e e n a n d t h y m u s 

O r g a n r e m o v a l was c a r r i e d o u t i n a l a m i n a r a i r f l o w 

hood, t h e w o r k i n g s u r f a c e o f w h i c h was s w a b b e d down w i t h 70% 

a l c o h o l . A l l i n s t r u m e n t s w e r e t r e a t e d w i t h 9 5 % a l c o h o l . 

A n i m a l s w e r e g i v e n an o v e r d o s e o f a n a e s t h e t i c [ 3 - a m i n o b e n z o i c 

a c i d e t h y l e s t e r ( S i g m a ) ] , 70% a l c o h o l was t h e n l i b e r a l l y 

a p p l i e d t o t h e v e n t r a l s k i n , p r i o r t o s p l e e n r e m o v a l a n d / o r 

t o t h e h e a d a r e a , f o r t h y m u s r e m o v a l . 

S p l e e n 

U s i n g s c i s s o r s and w a t c h m a k e r s f o r c e p s , t h e s k i n a n d 

body w a l l on t h e l e f t h a n d s i d e o f t h e abdomen w e r e r e m o v e d . 

The s t o m a c h was t h e n p u l l e d o u t o f t h e body c a v i t y , r e v e a l i n g 

t h e s p l e e n b e l o w . The s p l e e n was e x c i s e d and p l a c e d i n a 

s m a l l , s t e r i l e p e t r i - d i s h ( C o s t a r ) c o n t a i n i n g a p p r o x i m a t e l y 

l m l s t e r i l e c u l t u r e medium. 

Thymus 

U s i n g s c i s s o r s and w a t c h m a k e r s f o r c e p s , t h e r e g i o n o f 

s k i n b e t w e e n t h e e y e and t h e f o r e a r m was r e m o v e d . The 

p i g m e n t e d t h y m u s was e x c i s e d , and t h e s u r r o u n d i n g f a t t y 

t i s s u e c u t away. The c l e a n e d p a i r o f t h y m i w e r e t h e n p l a c e d 

i n a s m a l l s t e r i l e p e t r i - d i s h ( C o s t a r ) c o n t a i n i n g 

a p p r o x i m a t e l y l m l s t e r i l e c u l t u r e medium. 
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C e l l p r e p a r a t i o n 

T he s p l e e n o r t h y m u s was g e n t l y c r u s h e d b e t w e e n t h e 

f r o s t e d e n d s o f two s t e r i l e g l a s s s l i d e s . The c e l l s w e r e t h e n 

t r a n s f e r r e d i n l - 2 m l s o f medium t o a 5ml p l a s t i c t e s t t u b e 

( F a l c o n ) , a nd l e f t on i c e f o r one m i n u t e t o a l l o w c l u m p s t o 

s e t t l e . The c e l l s u s p e n s i o n was t h e n c a r e f u l l y r emoved ( t h e 

c l u m p s b e i n g d i s c a r d e d ) a nd w a s h e d t w i c e i n c o l d , s t e r i l e 

medium. C e l l s w e r e s p u n a t 3 0 0 g f o r 10 m i n u t e s a t 4°C f o r 

t h i s w a s h i n g p r o c e d u r e . Washed c e l l s w e r e c o u n t e d i n a 

N e u b a u e r , A m e r i c a n O p t i c a l h a e m o c y t o m e t e r . O n l y v i a b l e 

l e u c o c y t e s w e r e c o u n t e d ; t h e s e w e r e d i s t i n g u i s h e d by t h e i r 

a b i l i t y t o e x c l u d e t r y p a n b l u e . 

2.2.4 M e d i a 

The b a s i c medium u s e d was L e i b o v i t z - 1 5 ( L - 1 5 ) medium 

( F l o w L a b s ) , d i l u t e d t o a m p h i b i a n o s m o l a r i t y (200-220mosm) by 

t h e a d d i t i o n o f d o u b l e d i s t i l l e d w a t e r . T h i s medium was 

f u r t h e r m o d i f i e d by a d d i t i o n o f 0.01M HEPES b u f f e r , 1.25mM 

g l u t a m i n e , 5 0 I U / m l p e n i c i l l i n , 50ptfml s t r e p t o m y c i n , 2 . 5 ^ m l 

f u n g i z o n e ( a l l f r o m F l o w L a b s ) a n d 0.083mM 2- - m e r c a p t o e t h a r i o l 

( B D H ) . T h i s a m p h i b i a n s t r e n g h medium was s u p p l e m e n t e d e i t h e r 

w i t h h e a t - d e c o m p l e m e n t e d f e t a l c a l f s e r u m ( F C S ; G i b c o ) o r 

b o v i n e s e r u m a l b u m i n (BSA, F r a c t i o n V, S i g m a ) . The FCS was 

u s u a l l y a d d e d t o g i v e a f i n a l c o n c e n t r a t i o n o f 1% o r 10% and 

s u c h a m p h i b i a n L 1 5 medium i s r e f e r r e d t o a s A L - 1 5 : F C S ( 1 % ) o r 

A L - 1 5 : F C S ( 1 0 % ) . BSA was a d d e d a t a f i n a l c o n c e n t r a t i o n o f 

0.2 5 % w/v and t h i s medium i s r e f e r r e d t o a s AL-15:BSA. A l l 
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m e d i a w e r e f i l t e r - s t e r i l i s e d u s i n g 0.22pm f i l t e r s ( F l o w p o r e ) . 

J u s t p r i o r t o s e t t i n g up c u l t u r e s , 0.01M s o d i u m b i c a r c o n a t e 

( F l o w L a b s ) was a d d e d a s an a d d i t i o n a l b u f f e r a n d f o r 

n u t r i t i o n a l p u r p o s e s . 

2.2.5 S k i n g r a f t i n g 

The d o n o r a n d h o s t a n i m a l w e r e a n a e s t h e t i s e d i n 3-

a m i n o b e n z o i c a c i d e t h y l e s t e r ( S i g m a ) . The h o s t was p r e p a r e d 

f o r r e c e i v i n g a s k i n g r a f t by t h e r e m o v a l o f a 2mm 2 d o r s a l 

p i e c e o f s k i n . A s l i g h t l y b i g g e r s q u a r e o f d o n o r b e l l y s k i n 

was t h e n t r a n s p l a n t e d o n t o t h e p r e p a r e d a r e a , t h e e d g e s b e i n g 

" t u c k e d u n d e r " t h e h o s t s k i n . The p r o c e d u r e was c a r r i e d o u t 

u n d e r a d i s s e c t i n g m i c r o s c o p e . The h o s t was t h e n k e p t i n a 

s m a l l t a n k w i t h R i n g e r ' s s o l u t i o n ( s e e A p p e n d i x 1) f i l l e d t o 

a d e p t h o f o n l y l - 2 c m ( t o a v o i d d i s l o d g i n g t h e d o r s a l l y -

s i t u a t e d g r a f t ) . A f t e r 8-10 h o u r s , t h e h o s t was r e t u r n e d t o a 

t a n k f i l l e d w i t h w a t e r . 

2.2.6 MLC a s s a y s 

a.)_Normal'- a s s a y s — ~ ~ 

AL-15:BSA medium was u s e d t h r o u g h o u t . S p l e e n o r t h y m u s 

s u s p e n s i o n s w e r e p r e p a r e d f r o m a n i m a l s a g e d 10-12 m o n t h s , a s 

d e s c r i b e d p r e v i o u s l y . S t i m u l a t o r c e l l s w e r e g i v e n a d o s e o f 

6000R f r o m a 6 0 C o s o u r c e . C e l l s w e r e r e s u s p e n d e d a t a 

c o n c e n t r a t i o n o f 1 x 1 0 6 l e u c o c y t e s / m l f o r t h e r e s p o n d e r s , 

and 0.5 x 1 0 6 l e u c o c y t e s / m l f o r t h e s t i m u l a t o r s . F o r 

e x p e r i m e n t a l c u l t u r e s , l O O p l a l i q u o t s o f e a c h s u s p e n s i o n was 
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d i s p e n s e d i n t o i n d i v i d u a l w e l l s o f 9 6 - w e l l V - b a s e d p l a t e s 

( S t e r i l i n ; C e l l C u l t ) . C o n t r o l c u l t u r e s c o n s i s t e d o f 

r e s p o n d e r s v e r s u s i r r a d i a t e d " r e s p o n d e r s " ( a d j u s t e d t o 0.5 x 

1 0 6 l e u c o c y t e s / m l ) . C e l l s w e r e c u l t u r e d a t 26 ± 1°C i n 5% C 0 2 

f o r up t o 120 h o u r s . 24 h o u r s b e f o r e h a r v e s t i n g , e a c h w e l l 

was p u l s e d w i t h l j j C i t r i t i a t e d t h y m i d i n e (Amersham; S p . A c t . 

5 C i / m m o l ) . 

C e l l s w e r e h a r v e s t e d o n t o f i b r e - g l a s s f i l t e r m a t s 

( S k a t r o n ) u s i n g a s e m i - a u t o m a t i c h a r v e s t e r ( S k a t r o n ) . The 

f i l t e r s w e r e d r i e d i n an o v e n a t 60°C f o r one h o u r a n d 

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

v i a l s ( P a c k a r d ; p i c o h a n g - i n v i a l s ) . 4 m l s o f s c i n t i l l a t i o n 

f l u i d ( N a t i o n a l D i a g n o s t i c s ; b e t a f l u o r ) w e r e a d d e d t o e a c h 

v i a l . V i a l s w e r e p l a c e d i n r a c k s and a n a l y s e d f o r t r i t i a t e d 

t h y m i d i n e l e v e l s i n a s c i n t i l l a t i o n c o u n t e r ( P a c k a r d ; 

T r i c a r b ) . Mean d i s i n t e g r a t i o n s p e r m i n u t e (dpm) o f t r i t i a t e d 

t h y m i d i n e a n d t h e s t a n d a r d e r r o r o f t h e mean (s e m ) a r e 

p r e s e n t e d i n t h e d a t a . 

S t i m u l a t i o n i n d i c e s [ S i s ] w e r e c a l c u l a t e d f o r MLCs 

u s i n g t h e f o l l o w i n g f o r m u l a : 

S I = ̂ e x p e r i m e n t a l c u l t u r e '( mean "dpm") 

c o n t r o l c u l t u r e (mean dpm) 

Where t h e r e w e r e s u r p l u s l e u c o c y t e s a v a i l a b l e , o t h e r 

c u l t u r e s w e r e s e t up ( c o m p r i s i n g 2 0 0 j u l i r r a d i a t e d s t i m u l a t o r 

o r ' r e s p o n d e r ' c e l l s o n l y ) and t h e f o l l o w i n g f o r m u l a u s e d : 

S I = e x p t . c u l t , (dpm) - i r r a d . s t i m . / 2 (dpm) 

c o n t . c u l t , (dpm) - i r r a d . r e s p . / 2 (dpm) 
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C o u n t s f r o m i r r a d i a t e d p o p u l a t i o n s w e r e g e n e r a l l y 

<500 dpm. 

b) E x p e r i m e n t s t o i n v e s t i g a t e p o s s i b l e MLC 

c o s t i m u l a t i o n by MLC-SNs 

AL - 1 5 was u s e d t h r o u g h o u t . S u s p e n s i o n s w e r e made o f 

r e s p o n d e r (LM3) a n d s t i m u l a t o r ( L G 1 5 ) s p l e n o c y t e s . The 

s t i m u l a t o r l e u c o c y t e s w e r e g i v e n a d o s e o f 6000R f r o m a 6 0 C o 

s o u r c e . B o t h l e u c o c y t e s u s p e n s i o n s w e r e a d j u s t e d t o a 

c o n c e n t r a t i o n o f 1 x 1 0 6 l e u c o c y t e s / m l . 100/JI a l i q u o t s o f 

r e s p o n d e r l e u c o c y t e s w e r e d i s p e n s e d i n t o 9 6 - w e l l V - b a s e d 

p l a t e s . 50/J1 o f e i t h e r i r r a d i a t e d s t i m u l a t o r ( a l l o g e n e i c ) o r 

i r r a d i a t e d r e s p o n d e r ( s y n g e n e i c ) l e u c o c y t e s w e r e a d d e d t o t h e 

LM3 r e s p o n d e r s . I n a d d i t i o n 50^1 medium o r HLC-SNs (ASN o r 

CSN) w e r e a d d e d t o b r i n g t h e f i n a l v o l u m e t o 2 00-jul. A l l 

c u l t u r e s w e r e s e t up i n t r i p l i c a t e a n d i n c u b a t e d a t 26 ± 1°C 

i n 5% C 0 2 -

A f t e r 4 8 h r s c u l t u r e e a c h w e l l was p u l s e d w i t h lpCi 

t r i t i a t e d t h y m i d i n e a n d h a r v e s t e d 2 4 h r s l a t e r f o r 

s c i n t i l l a t i o n c o u n t i n g . - " 
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2.2.7 M L C - i n d u c e d p r o d u c t i o n o f m i t o t i c f a c t o r s : 

p r o l i f e r a t i o n a s s a y s 

S u p e r n a t a n t g e n e r a t i o n 

S p l e n o c y t e s f r o m 1-2 y e a r o l d Xenopus w e r e e s t a b l i s h e d 

i n one-way MLC u s i n g AL-15:BSA, a f t e r t h e method o f W a t k i n s 

an d C o h e n ( 1 9 8 5 ) . S u p p l e m e n t a t i o n w i t h BSA, r a t h e r t h a n F C S , 

m e ant t h e r e w o u l d be l e s s c o n t a m i n a t i n g p r o t e i n s , s h o u l d a n y 

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

R e s p o n d e r s ( 4 - 5 x 1 0 6 l e u c o c y t e s ) w e r e c o c u l t u r e d a t 26 + 1°C 

i n 5% C 0 2 w i t h h a l f t h e number o f 6000R i r r a d i a t e d a l l o g e n e i c 

o r s y n g e n e i c s t i m u l a t o r s i n 2ml v o l u m e s , i n 2 4 - w e l l f l a t -

b a s e d t i s s u e c u l t u r e p l a t e s ( S t e r i l i n ; C e l l C u l t ) . A t t h e 

r e q u i r e d t i m e p o i n t , p u t a t i v e l y a c t i v e SNs ( A S N s ) f r o m 

a l l o g e n e i c a l l y - s t i m u l a t e d c e l l s , and c o n t r o l SNs ( C S N s ) f r o m 

c e l l s c u l t u r e d w i t h s y n g e n e i c s t i m u l a t o r s , w e r e h a r v e s t e d . 

H a r v e s t i n g was e f f e c t e d by c e n t r i f u g i n g t h e c e l l s a t 3 0 0 g f o r 

l O m i n s a t 4°C a n d r e m o v i n g t h e SN. The SNs w e r e f i l t e r e d 

t h r o u g h 0.2pm f i l t e r s ( F l o w p o r e ) and s t o r e d f r o z e n (-18°C) i n 

c r y o v i a l s ( N u n c ) u n t i l u s e d . 

F o r "the g e n e r a t i o n o f SNs f r o m two-way MLC, t h e 

p r o c e d u r e was t h e same, e x c e p t t h e r e was no i r r a d i a t i o n o f 

t h e l e u c o c y t e s . 

I n some e x p e r i m e n t s t h y m o c y t e s , f r o m a n i m a l s 5-8 

m onths o l d , w e r e u s e d t o g e n e r a t e SNs. The SN g e n e r a t i o n 

p r o c e d u r e was t h e same a s d e t a i l e d a b o v e . 
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B l a s t c e l l g e n e r a t i o n 

S p l e n o c y t e s f r o m 9-12 month o l d Xenopus ( 4 - 5 x 1 0 6 

l e u c o c y t e s ) w e r e s t i m u l a t e d w i t h a n o p t i m a l d o s e ( 1 / 5 0 0 ) o f 

PHA-M ( F l o w L a b s ) i n 1ml A L - 1 5 : F C S ( 1 0 % ) . C e l l s w e r e 

( g e n e r a l l y ) c u l t u r e d i n 2 4 - w e l l f l a t - b a s e d t i s s u e c u l t u r e 

p l a t e s ( S t e r i l i n ; C e l l C u l t ) - b u t s e e 2 . 3 . 3 . 3 . C u l t u r e s w e r e 

m a i n t a i n e d a t 26 ± 1°C i n 5% C 0 2 . A f t e r 5 d a y s , l e u c o c y t e s 

e n r i c h e d f o r l y m p h o b l a s t s w e r e h a r v e s t e d by d e n s i t y g r a d i e n t 

c e n t r i f u g a t i o n , u s i n g H i s t o p a q u e ( S i g m a ) o f d e n s i t y 

1 . 0 7 7 g / m l . L e u c o c y t e s i n s u s p e n s i o n w e r e g e n t l y l a y e r e d o n t o 

t h e H i s t o p a g u e a nd s p u n a t 2 5 0 g f o r 5 m i n s a t 4°C. U s i n g a 

p a s t e u r p i p e t t e , l e u c o c y t e s a t t h e i n t e r f a c e ( o f medium and 

H i s t o p a q u e ) w e r e c o l l e c t e d a n d w a s h e d b e f o r e a s s a y . I n some 

e x p e r i m e n t s c e l l s e p a r a t i o n o v e r H i s t o p a q u e was n o t 

p e r f o r m e d . 

T h y m i c b l a s t s , f r o m a n i m a l s 4-8 months o f a g e , we r e 

g e n e r a t e d i n t h e same way. 

" C o n t r o l " l e u c o c y t e s w e r e c u l t u r e d w i t h o u t PHA-M and 

t h e n c o l l e c t e d and a s s a y e d i n t h e same way a s b l a s t c e l l s . 

P r o l i f e r a t i o n a s s a y f o r SN a c t i v i t y 

The a s s a y c e l l s u s e d i n t h e f o l l o w i n g e x p e r i m e n t s w e r e 

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

PHA-M, a s d e t a i l e d a b o v e . 

The a s s a y c e l l s w e r e a d j u s t e d t o 1 x 1 0 6 l e u c o c y t e s / m l 

i n A L - 1 5 : FCS ( 1% ) . I O O J J I a l i q u o t s w e r e t h e n d i s p e n s e d i n t o 

i n d i v i d u a l w e l l s o f a 9 6 - w e l l f l a t - b a s e d t i s s u e c u l t u r e p l a t e 

( S t e r i l i n ; C e l l C u l t ) . 50jul ASN ( e x p e r i m e n t a l c u l t u r e s ) , CSN 
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( c o n t r o l c u l t u r e s ) o r A L - 1 5 : B S A medium was a d d e d . V o l u m e s 

w e r e a d j u s t e d t o 2 0 0 / i l ( w i t h A L - 1 5 : F C S ( 1 % ) t o g i v e a f i n a l 

" i n w e l l " c o n c e n t r a t i o n o f 2 5 % SN. L e u c o c y t e s w e r e i n c u b a t e d 

a t 26 ± 1°C i n 5% CO2. C u l t u r e s , s e t up i n t r i p l i c a t e , w e r e 

p u l s e d a t 48 h o u r s w i t h l j u C i t r i t i a t e d t h y m i d i n e (Amersham; 

S p . A c t . 5 C i / m m o l ) . C u l t u r e s w e r e h a r v e s t e d 2 4 h r l a t e r f o r 

s c i n t i l l a t i o n c o u n t i n g , a s d e t a i l e d e a r l i e r . 

S t i m u l a t i o n i n d i c e s ( S i s ) w e r e c a l c u l a t e d u s i n g t h e 

f o l l o w i n g f o r m u l a : 

S I = e x p e r i m e n t a l c u l t u r e s ( i . e . +ASN) (mean dpm) 

c o n t r o l c u l t u r e s ( i . e . +CSN) (mean dpm) 

S i s w e r e n o t c a l c u l a t e d u s i n g t h e dpm f r o m a s s a y 

l e u c o c y t e s c u l t u r e d i n medium a l o n e , s i n c e s u c h dpm w e r e 

o f t e n q u i t e d i f f e r e n t f r o m a s s a y c e l l s c u l t u r e d w i t h CSN. 

2.2.8 C e l l g r o w t h a s s a y 

S p l e n o c y t e s f r o m a 1 y e a r o l d Xenopus borealis w e r e 

c u l t u r e d i n A L - 1 5 : F C S ( 5 % ) . S p l e n o c y t e s w ere c u l t u r e d a t 4 - 5 

x _10 6 _ L e u c o c y t e s / - m l w-ith- 0 ̂ 2-jjg/ml PHA--P" -("Flow "Lab's")~or~me~diurn 

a l o n e f o r 5 d a y s i n 2 4 - w e l l f l a t - b a s e d p l a t e s . C e l l s w e r e 

t h e n w a s h e d and a d j u s t e d t o 2 x 1 0 6 l e u c o c y t e s / m l i n 2 4 - w e l l 

p l a t e s . PHA-P and non PHA-P t r e a t e d l e u c o c y t e s w e r e t h e n f e d 

e v e r y 4 d a y s w i t h MLC-ASNs o r CSNs a t a f i n a l c o n c e n t r a t i o n 

of 2 0 % . A t i n t e r v a l s s p l e e n c e l l c o u n t s w e r e c a l c u l a t e d u s i n g 

a h a e m o c y t o m e t e r . V i a b l e c e l l s w e r e d i s t i n g u i s h e d by t h e i r 

a b i l i t y t o e x c l u d e t r y p a n b l u e . 
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2.2.9 T h y m o c y t e c o s t i m u l a t i o n a s s a y 

T h y m o c y t e s f r o m 3 month p o s t - m e t a m o r p h i c a n i m a l s w e r e 

u s e d . T h y m o c y t e s w e r e a d j u s t e d t o a c o n c e n t r a t i o n o f l x l O 6 

l e u c o c y t e s / m l i n A L - 1 5 : F C S ( 1 % ) . l O O y l a l i q u o t s w e r e t h e n 

d i s p e n s e d i n t o i n d i v i d u a l w e l l s o f a 9 6 - w e l l f l a t - b a s e d 

t i s s u e c u l t u r e p l a t e ( S t e r i l i n ; C e l l C u l t ) . T h y m o c y t e s w e r e 

g i v e n a s u b o p t i m a l d o s e ( s e e C h a p t e r 3 ) o f PHA-P ( 0 . 0 2 f i g / m l ) 

i n 50>il o f A L - 1 5 : F C S ( 1 % ) . 50jul o f t h e t e s t SN was t h e n a d d e d . 

C o n t r o l s c o n s i s t e d o f c e l l s c u l t u r e d i n medium a l o n e , PHA-P 

a l o n e o r SN a l o n e . I n a l l c a s e s t h e f i n a l c o n c e n t r a t i o n o f SN 

( a n d A L - 1 5 : B S A ) was 2 5 % . 

C u l t u r e s , s e t up i n t r i p l i c a t e , w e r e p u l s e d a t 48 

h o u r s w i t h lpCi t r i t i a t e d t h y m i d i n e (Amersham; S p . A c t . 

5 C i / m m o l ) . C u l t u r e s w e r e h a r v e s t e d 2 4 h r l a t e r f o r 

s c i n t i l l a t i o n c o u n t i n g , a s d e t a i l e d e a r l i e r . 

2 . 2 .10 S t a t i s t i c s 

T h e mean a n d s t a n d a r d e r r o r o f t h e mean ( s e m ) w e r e 

c a l c u l a t e d f o r e a c h s e t o f e x p e r i m e n t a l d a t a ( u s u a l l y 

t r i p l i c a t e s ) . _ _ . _ -

The s t u d e n t ' s t - t e s t was u s e d t o c o m p a r e a n y p a i r o f 

d a t a . P v a l u e s o f 0.05 and b e l o w w e r e c o n s i d e r e d t o be 

s i g n i f i c a n t . 
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2.3 R E S U L T S 

2.3.1 K i n e t i c s o f s p l e n o c y t e o ne-way MLC i n AL-15;BSA 

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

be s u c c e s s f u l l y c u l t u r e d i n A L -15:BSA medium t o g e n e r a t e a 

m i x e d l y m p h o c y t e r e s p o n s e ( M L R ) . P r e v i o u s e x p e r i m e n t s on MLC 

i n Xenopus h a v e t e n d e d t o u s e F C S - s u p p l e m e n t e d m e d i a (Du 

P a s q u i e r et al, 1 9 7 5 ; Du P a s q u i e r e t a 2 , 1976; A r n a l l & 

H o r t o n , 1 9 8 6 ) . S t i m u l a t i o n i n d i c e s a b o v e 2 w e r e a c h i e v ed on 

d a y s 3, 4 and 5 o f c u l t u r e ( s e e T a b l e 2.1 a n d F i g 2 . 1 ) . 

P r o l i f e r a t i o n , a s m e a s u r e d by t r i t i a t e d t h y m i d i n e u p t a k e o f 

b o t h t h e e x p e r i m e n t a l a n d c o n t r o l c u l t u r e s , i n c r e a s e d w i t h 

i n c r e a s i n g c u l t u r e t i m e s . 

2.3.2 I n a b i l i t y o f MLC-ASNs t o c o s t i m u l a t e one-way 

s p l e n o c y t e MLCs 

R e s p o n d e r s p l e n o c y t e s d i d n o t r e s p o n d a n y b e t t e r i n 

MLC when c o c u l t u r e d w i t h MLC g e n e r a t e d ASNs ( s e e e x a m p l e o f 

one o f s e v e r a l e x p e r i m e n t s i n T a b l e 2 .2.)..,_._ Indeed-,- -both ASNs 

and"CSNs s i g n i f i c a n t l y ( p < 0 . 0 1 ( e x p t . 1 ) ; p<0.001 ( e x p t . 2 ) ) 

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

a l l o g e n e i c c u l t u r e s , when c o m p a r e d w i t h s p l e n o c y t e s s e t up i n 

MLC i n medium a l o n e . ASNs d i d , h o w e v e r , a c h i e v e a s i g n i f i c a n t 
increase. 

( p < 0 . 0 1 ) f v i n t h y m i d i n e u p t a k e i n t h e s y n g e n e i c c u l t u r e s (LM3 x 

RLM3) when c o m p a r e d w i t h o t h e r s y n g e n e i c c u l t u r e s g i v e n CSNs. 

T h y m i d i n e u p t a k e i n t h e l a t t e r c u l t u r e s was a l s o 

s i g n i f i c a n t l y ( p < 0 . 0 0 1 ) r e d u c e d when c o m p a r e d w i t h s y n g e n e i c 
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c u l t u r e s e s t a b l i s h e d i n medium a l o n e . 

2 . 3 . 3 P r o l i f e r a t i v e r e s p o n s e s o f s p l e n i c l y m p h o b l a s t s t o 

MLC-SNs 

2.3 . 3 . 1 E f f e c t o f d i l u t i o n o f MLC-SNs 

I n s e v e r a l r e p l i c a t e e x p e r i m e n t s , P H A - i n d u c e d 

s p l e n o b l a s t s s h o w e d o p t i m a l p r o l i f e r a t i o n t o M L C - i n d u c e d ASNs 

a t d i l u t i o n s o f 1/4 and 1/8. T h i s was t r u e f o r ASNs f r o m b o t h 

one-way ( d a t a n o t shown) and two-way MLCs ( s e e F i g 2.2, w h i c h 

s hows a n e x a m p l e o f a t y p i c a l e x p e r i m e n t ) . CSNs a t t h i s 

d i l u t i o n o f t e n r e s u l t e d i n s p l e n i c l y m p h o b l a s t s s h o w i n g 

t h y m i d i n e c o u n t s l o w e r t h a n when t h e same b l a s t s w e r e 

c u l t u r e d w i t h medium a l o n e . 

2 . 3 . 3 . 2 K i n e t i c s o f SN p r o d u c t i o n i n one-way MLC 

I n t h i s e x p e r i m e n t , "ASNs" h a r v e s t e d w i t h i n 24 h o u r s 

a f t e r e s t a b l i s h i n g t h e MLC d i d n o t e n h a n c e p r o l i f e r a t i v e 

a c t i v i t y when a s s a y e d on 5 d a y o l d s p l e n i c l y m p h o b l a s t s ( s e e 

F i g 2 . 3 ) . The maximum S I was a c h i e v e d by u s i n g ASNs f r o m 4 8 h r 

-MLCs. - H i g h a c t i v i t y o f ASNs was s t i l l p r e s e n t i n SNs 

h a r v e s t e d f r o m 1 2 0 h r MLCs. 

One-way MLC f r o m CSNs ( f r o m s y n g e n e i c c u l t u r e s ) 

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

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

a l o n e . H o w e v e r , t h i s i n h i b i t o r y e f f e c t was m a r k e d l y l e s s w i t h 

CSNs h a r v e s t e d a t 1 2 0 h r s . The i n h i b i t o r y e f f e c t was p r o b e d i n 

f u r t h e r e x p e r i m e n t s ( s e e 2.3.6 b e l o w ) . 
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2 . 3 . 3 . 3 E x p e r i m e n t s i n v e s t i g a t i n g t h e n a t u r e o f a s s a y b l a s t 

c e l l s 

T h e s e e x p e r i m e n t s w e r e p e r f o r m e d i n o r d e r t o f i n d t h e 

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

SNs. 

a ) E f f e c t o f one-way MLC-SNs on l y m p h o b l a s t s a s s a y e d d i r e c t l y 

o r f o l l o w i n g a d d i t i o n a l " p r e c u l t u r e " i n a s s a y w e l l s . 

T h i s e x p e r i m e n t was p e r f o r m e d i n o r d e r t o a s c e r t a i n i f 

5 - d a y o l d l y m p h o b l a s t s ' d e p r i v e d ' o f p o t e n t i a l g r o w t h f a c t o r s 

( i n t h e MLC-SNs) f o r 24 h o u r s b e f o r e SN a d d i t i o n , 

p r o l i f e r a t e d a n y b e t t e r t o t h e SNs t h a n t h e same 5-day o l d 

l y m p h o c y t e p o p u l a t i o n g i v e n MLC-SNs w i t h o u t t h i s 24 h o u r 

d e l a y . 

24 h o u r s o f a d d i t i o n a l p r e c u l t u r e o f 5-day o l d b l a s t 

c e l l s i n t h e 9 6 - w e l l a s s a y p l a t e s d i d n o t i m p r o v e t h e i r 

a b i l i t y t o r e s p o n d t o MLC-SNs ( c o m p a r e d w i t h b l a s t s a s s a y e d 

i m m e d i a t e l y a f t e r 5 d a y s o f p r e c u l t u r e w i t h PHA). T r i t i a t e d 

t h y m i d i n e c o u n t s a c h i e v e d by MLC-ASNs w e r e l o w e r e d when t h e 

" p r e c u l t u r e d " b l a s t s w e r e u s e d ( s e e T a b l e 2 . 3 ) . 

b) E f f e c t o f g e n e r a t i o n o f b l a s t s i n t u b e s o r i n p l a t e s on 

t h e i r a b i l i t y t o one-way MLC-SNs. 

B l a s t s g e n e r a t e d i n t u b e s f o r 3 o r 5 d a y s p r o d u c e d 

v e r y h i g h b a c k g r o u n d l e v e l s 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 f o l l o w i n g f u r t h e r c u l t u r e f o r 3 o r 4 d a y s i n 

t h e a s s a y p l a t e s ( s e e T a b l e 2 . 4 ) . 5 d a y o l d " t u b e - g e n e r a t e d " 

b l a s t s ( i . e . t h o s e h a r v e s t e d 8 o r 9 d a y s a f t e r e s t a b l i s h i n g 

i n c u l t u r e ) g a v e t h e h i g h e s t c o u n t s o b s e r v e d . B l a s t s 
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g e n e r a t e d f o r 5 d a y s i n 2 4 - w e l l p l a t e s p r o d u c e d much l o w e r 

l e v e l s o f c o u n t s , a t t h e e n d o f t h e 3 o r 4 d a y a s s a y p e r i o d 

i n medium a l o n e . M o r e o v e r , s u c h b l a s t s g e n e r a t e d i n 2 4 - w e l l 

p l a t e s y i e l d e d h i g h e r s t i m u l a t i o n i n d i c e s t h a n " t u b e -

g e n e r a t e d " b l a s t s f o l l o w i n g t h e 3 o r 4 d a y a s s a y p e r i o d w i t h 

MLC-ASNs ( T a b l e 2 . 4 ) . 

S i n c e " p l a t e - g e n e r a t e d " b l a s t s g a v e b e t t e r S i s w i t h 

t h e MLC-SNs, b l a s t s w e r e g e n e r a t e d u s i n g 2 4 - w e l l p l a t e s i n 

a l l s u b s e q u e n t e x p e r i m e n t s . 

c ) A b i l i t y o f o ne-way MLC-SNs t o s t i m u l a t e b l a s t c e l l 

p o p u l a t i o n s o f v a r i o u s g e n o t y p e s . 

MLC-ASNs g e n e r a t e d by c o c u l t u r e o f J s p l e n o c y t e s w i t h 

i r r a d i a t e d LM3 s p l e n o c y t e s f o r 1, 2, o r 5 d a y s , w e r e 

e f f e c t i v e on b l a s t c e l l s o f t h e r e s p o n d e r ( J ) t y p e a n d 

s t i m u l a t o r (LM3) t y p e . The same SNs a l s o s howed s t i m u l a t o r y 

a c t i v i t y on s p l e e n l y m p h o b l a s t s f r o m a t h i r d p a r t y ( L G 1 5 ) 

a n i m a l ( s e e T a b l e 2 . 5 ) . 

2.3.4 A b i l i t y o f o n e - w a y MLC-SNs t o s t i m u l a t e p r o l i f e r a t i o n 

o f ..both ~ B f l A - p r e c u - l t u r e d a n d "non" P H A - t r e a t e d s p l e e n c e l l s . 

T h e s e e x p e r i m e n t s ( s e e F i g 2.4) r e v e a l t h a t MLC-ASNs 

a r e a b l e t o p r o m o t e p r o l i f e r a t i o n n o t o n l y o f 5 d a y o l d PHA-

g e n e r a t e d b l a s t s , b u t a l s o o f s p l e n o c y t e s p r e c u l t u r e d f o r 5 

d a y s i n F C S medium a l o n e , and t h o s e c e l l s t a k e n f o r a s s a y 

d i r e c t l y f r o m t h e a n i m a l . 
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2.3.5 G r o w t h o f s p l e n o c y t e s and b l a s t s f e d MLC-SNs 

B o t h 5 d a y medium p r e c u l t u r e d s p l e n o c y t e s and 5 d a y 

P H A - p r e c u l t u r e d s p l e n o b l a s t s i n c r e a s e d i n number 2 d a y s a f t e r 

b e i n g f e d MLC-ASN o r MLC-CSN ( F i g 2 . 5 ) , a l t h o u g h c e l l s g i v e n 

MLC-ASN d i d n o t grow ( i n n u m b e r ) s i g n i f i c a n t l y more o r l e s s 

t h a n c e l l s g i v e n MLC-CSN. C e l l n u m b e r s g r a d u a l l y d e c l i n e d , 

d e s p i t e r e p e a t e d f e e d i n g o f t h e c e l l s e v e r y 4 d a y s w i t h SNs. 

( C u l t u r e medium was a l s o c h a n g e d e v e r y 4 d a y s ) . 

2.3.6 E x p e r i m e n t s t o p r o b e t h e i n h i b i t o r y n a t u r e o f CSNs 

a ) P r o d u c t i o n o f i n h i b i t o r y MLC-CSNs i s n o t due t o t h e 

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

CSNs v a r i e d i n t h e i r i n h i b i t o r y e f f e c t on t h e 

p r o l i f e r a t i o n o f a s s a y c e l l s . T h e r e was no c o r r e l a t i o n 

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

o f i n h i b i t o r y CSNs, s i n c e s p l e n o c y t e s e s t a b l i s h e d i n c u l t u r e 

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

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

b a c k g r o u n d l e v e l s _ ( a s s a y ce-l-l-s- e u - l t u r e _ d ~ i n ~ T h e d r u m a l o n e ; s e e 

T a b l e 2 . 6 ) . I t s h o u l d a l s o be n o t e d t h a t some CSNs a r e m i l d l y 

s t i m u l a t o r y c o m p a r e d t o b a c k g r o u n d l e v e l s ( s e e C h a p t e r 3 ) . 

b) C o m p a r i s o n o f SNs g e n e r a t e d i n f r e s h o r i n c o n d i t i o n e d 

medium 

Medium was c o n d i t i o n e d by 5 d a y p r e c u l t u r e w i t h LG15 

s p l e n o c y t e s ( a t 2 x 1 0 6 l e u c o c y t e s / m l ) . C o n d i t i o n i n g t h e 

medium p r o d u c e d a 2 4 h r MLC-CSN t h a t was no l e s s i n h i b i t o r y 
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t h a n when CSNs w e r e g e n e r a t e d f r o m t h e same s p l e n o c y t e 

p o p u l a t i o n c u l t u r e d i n s t e a d f o r 24 h o u r s i n f r e s h medium. 

However i n t h i s e x p e r i m e n t , u s e o f c o n d i t i o n e d medium 

g e n e r a t e d a 2 4 h r SN f r o m t h e a l l o g e n e i c c u l t u r e t h a t a c h i e v e d 

good s t i m u l a t i o n o f a s s a y c e l l s , i n c o n t r a s t t o t h e MLC-ASN 

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

a s s a y c e l l s ( s e e T a b l e 2 . 7 ) . 

2.3.7 E f f e c t o f p r i o r s k i n g r a f t i n g on s p l e n o c y t e MLC-SN 

p r o d u c t i o n . 

S p l e n o c y t e s f r o m J s t r a i n a n i m a l s t h a t h a d p r e v i o u s l y 

b e e n g i v e n a n LM3 s k i n a l l o g r a f t a nd t h e n r e s t i m u l a t e d w i t h 

LM3 c e l l s in vitro, r o u t i n e l y g e n e r a t e d MLC-ASNs w i t h a 

h i g h e r l e v e l o f p r o l i f e r a t i v e a c t i v i t y , t h a n t h e i r 

a u t o g r a f t e d c o u n t e r p a r t s ( s e e T a b l e 2 . 8 ) . T h i s was t r u e f o r 

SNs h a r v e s t e d a t b o t h 24 a n d 96 h o u r s , w h i c h s u g g e s t s 

e n h a n c e d f a c t o r p r o d u c t i o n ( f o l l o w i n g in vivo p r i m i n g ) 

c o n t i n u e s f o r s e v e r a l d a y s a f t e r i n i t i a t i o n o f MLC. 

The f i n d i n g t h a t p r e i m m u n i s a t i g n _in. vivo - g e n e r a t e d a" 

more a c t i v e MLC-ASN, b u t h a d no e f f e c t on MLC-CSN a c t i v i t y , 

i n d i c a t e s t h a t s u c h ASN p r o d u c t i o n i n v o l v e s an a l l o i m m u n e 

r e s p o n s e in vitro, p o t e n t i a t e d by p r i o r in vivo s t i m u l a t i o n 

o f r e s p o n d e r c e l l s w i t h a l l o g e n e i c s k i n . 
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2.3.8 S t u d i e s u s i n g t h y m o c y t e s 

a ) T h y m o c y t e s r e s p o n d i n MLC b u t f a i l t o p r o d u c e MLC-ASN. 

T h y m o c y t e s w e r e c u l t u r e d i n two-way MLC i n A L - 1 5 J B S A 

medium w i t h some s u c c e s s ( T a b l e 2 . 9 A ) . P r o l i f e r a t i o n o f 

a l l o g e n e i c a l l y - s t i m u l a t e d j\ was s m a l l b u t s i g n i f i c a n t l y 

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

SNs f r o m two-way t h y m o c y t e and s p l e n o c y t e MLC c u l t u r e s 

w e r e a s s a y e d f o r t h e i r p r o l i f e r a t i v e p o t e n t i a l i n T e r a s a k i 

p l a t e s ( s e e C h a p t e r 4 ) . SNs f r o m t h e t h y m o c y t e MLC p o s s e s s e d 

no p r o l i f e r a t i v e a c t i v i t y a s m e a s u r e d by t h e t r i t i a t e d 

t h y m i d i n e a s s a y , u s i n g s p l e n o c y t e s ( 2 . 9 B ) . H o w e v e r t h e MLC-

SNs g e n e r a t e d f r o m s p l e n o c y t e s h a r v e s t e d f r o m t h e same 

a n i m a l s p r o d u c e d ASN w i t h good p r o l i f e r a t i v e a c t i v i t y f o r t h e 

a s s a y s p l e n o c y t e s . 

b) S p l e n o c y t e - d e r i v e d MLC-SNs and PHA f a i l t o c o s t i m u l a t e 

t h y m o c y t e s . 

T h e r e was l i t t l e o r no t h y m o c y t e c o s t i m u l a t i o n 

o b s e r v e d when a s u b - o p t i m a l d o s e o f PHA-P was a d m i n i s t e r e d 

- a l o n g - - w i t h -a - s p l e n o c y t e MLC-ASN (see T a b l e 2 . 1 G ) . PHA-P a l o n e 

c a u s e d m i l d s t i m u l a t i o n o f t h e t h y m o c y t e s , w h e r e a s ASN by 

i t s e l f was i n e f f e c t i v e a t p r o m o t i n g s i g n i f i c a n t t h y m o c y t e 

p r o l i f e r a t i o n . 

c ) P r o l i f e r a t i v e r e s p o n s e o f P H A - t r e a t e d t h y m o c y t e s t o 

s p l e n o c y t e MLC-ASNs. 

I n b o t h F C S - ( F i g 2 . 6 ) and BSA- ( F i g 2 . 7 ) s u p p l e m e n t e d 
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media t h e p r o f i l e s o f t h e dose r e s p o n s e was s i m i l a r . W i t h 

n o n - p r e c u l t u r e d - " f r e s h " - t h y m o c y t e s ( t a k e n d i r e c t l y f r o m 

t h e a n i m a l ) , t h e r e was l i t t l e d i f f e r e n c e b e t w e e n t h e e f f e c t s 

o f s p l e n o c y t e MLC-ASN and MLC-CSN. Thym o c y t e p r o l i f e r a t i o n 

i n c r e a s e d as b o t h SNs became more d i l u t e . U n f o r t u n a t e l y 

medium c o n t r o l dpm l e v e l s were n o t o b t a i n e d . 

I n c o n t r a s t , a f t e r PHA-M t r e a t m e n t o f t h y m o c y t e s f o r 4 

d a y s , t h e c u r v e s f o r s u b s e q u e n t c o c u l t u r e w i t h MLC-ASN and 

MLC-CSN were q u i t e d i f f e r e n t . The s p l e n o c y t e MLC-ASN showed 

c o n s i d e r a b l e s t i m u l a t o r y a c t i v i t y o f P H A - t r e a t e d t h y m o c y t e s , 

e s p e c i a l l y a t d i l u t i o n s o f 1/4, 1/8 and 1/16. The CSNs, on 

t h e o t h e r hand, f a i l e d t o r a i s e t h y m i d i n e i n c o r p o r a t i o n o f 

suc h P H A - t r e a t e d t h y m o c y t e s above t h e medium 

c o n t r o l s . 

An a d d i t i o n a l e x p e r i m e n t compared t h y m o c y t e r e s p o n s e s 

f o l l o w i n g 4 days c u l t u r e e i t h e r i n PHA o r i n FCS medium 

a l o n e . T h i s was t o d i s c e r n i f t h i s p r e c u l t u r e i n medium was 

by i t s e l f i n d u c i n g r e s p o n s i v e n e s s o f t h e t h y m o c y t e s t o MLC-

ASN. 

F i g 2.8 r e v e a l s t h a t t h y m o c y t e s had t o be t r e a t e d w i t h 

PHA t o become r e s p o n s i v e t o t h e MLC-ASN. 
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FIG. 2.1 

LM3 r e s p o n d e r s p l e n o c y t e s ( 1 x 1 0 5 l e u c o c y t e s / w e l l ) 

were c u l t u r e d w i t h 6000R i r r a d i a t e d LG15 s t i m u l a t o r 

s p l e n o c y t e s ( 0 . 5 x 1 0 5 l e u c o c y t e s / w e l l ) i n 9-6-well V-based 

t i s s u e c u l t u r e p l a t e s i n AL-15s8S,A. • C u l t u r e s were s e t up 

i n t r i p l i c a t e . Each w e l l was p u l s e d w i t h l j i C i [ 3 H ] T d R 24 

h o u r s b e f o r e h a r v e s t i n g . C e l l s were h a r v e s t e d a t day 1 , 2, 4 

& 5. 

The d a t a h e r e i s f r o m one r e p r e s e n t a t i v e e x p e r i m e n t 

( s e e t a b l e 2 . 1 ) . 
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FIG. 2.1 KINETICS OF MLC I N AL-15:BSA MEDIUM 
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F I G . 2 . 2 

XbJ 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 PHA-M and c u l t u r e d 

i n 2 4 - w e l l f l a t - b a s e d t i s s u e c u l t u r e p l a t e s ( 4 - 5 x 1 0 6 

l e u c o c y t e s / m l ) f o r 5 days i n AL-15:FCS{10%). C e l l s were 

t h e n f i c o l l - p a s s e d . 

A r a n g e o f ( 2 4 h o u r - g e n e r a t e d ) MLC-SN d i l u t i o n s was 

made i n A L - 1 5 J B S A i n v o l u m e s o f 100^1 i n 9 6 - w e l l f l a t -

b a s e d t i s s u e c u l t u r e p l a t e s . A s say c e l l s ( X b J ) were 

d i s p e n s e d ( 1 x 1 0 5 l e u c o c y t e s / w e l l ) i n 100^1 a l i q u o t s i n 

AL-15:FCS(1%). 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d w i t h 

IfiCi [ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 

The d o t t e d l i n e r e p r e s e n t s t h e dpm o f t h e XbJ c e l l s 

c u l t u r e d i n medium a l o n e . 
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FIG. 2.3 

LM3 apl-enoGyt.es were P-HA-M t r e a t e d and c u l t u r e d i n 24-

w e l l f l a t - b a s e d t i s s u e c u l t u r e p l a t e s ( 4-5 x 1 0 6 

l e u c o c y t e s / m l ) f o r 5 days i n AL-15:FCS(10% ) . C e l l s were t h e n 

f i e o l l - p a s s e d . 

J s p l e n o c y t e s (4 x 1 0 6 l e u c o c y t e s / m l / w e l l ) were 

c u l t u r e d w i t h 6000R i r r a d i a t e d LM3 s p l e n o c y t e s (2 x 1 0 6 

c e l l s / m l / w e l l ) f o r MLC-SN g e n e r a t i o n i n AL-15sBSA. The MLC-

SNs were removed a t 4, 24, 48 and 120 h o u r s a f t e r i n i t i a t i o n 

o f c u l t u r e . [MLC-CSNs were J v. J R s p l e n o c y t e s . ] 

Assay c e l l s (LM3: 1 x 1 0 s l e u c o c y t e s / w e l l ) were 

d i s p e n s e d i n t o 9 6 - w e l l f l a t - b a s e d p l a t e s i n AL-15:FCS(1%). 

MLC-SN was added t o g i v e a f i n a l " i n w e l l " c o n c e n t r a t i o n o f 

25% i n a t o t a l v o l ume o f 2 0 0 ^ 1 . C u l t u r e s were s e t up i n 

t r i p l i c a t e . A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d 

w i t h l j j C i [ 3H ] TdR and h a r v e s t e d 24 h o u r s l a t e r . 

The d o t t e d l i n e r e p r e s e n t s t h e dpm o f ass a y c e l l s 

c u l t u r e d i n medium a l o n e . 
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FIG. 2.4 

Ass a y c e l l s were LG15 s p l e n o c y t e s t h a t were e i t h e r 

" f r e s h " ( i . e . t a k e n and a s s a y e d s t r a i g h t f r o m t h e 

a n i m a l ) , o r were s p l e n o c y t e s t h a t had been PHA-M t r e a t e d 

and p r e - c u l t u r e d i n 2 4 - w e l l f l a t - b a s e d t i s s u e c u l t u r e 

p l a t e s ( 4 - 5 x 1 0 6 l e u c o c y t e s / m l ) f o r 5 days i n AL-

15 s F C S ( 1 0 % ) . S p l e n o c y t e s t h a t had been p r e c u l t u r e d i n AL-

15 : F C S ( 1 0 % ) , w i t h o u t PHA, f o r 5 days were a l s o u s e d . 

Assay c e l l s ( 1 x 1 0 5 l e u c o c y t e s / w e l l ) were d i s p e n s e d 

i n t o 9 6 - w e l l f l a t - b a s e d p l a t e s i n AL-15s F C S ( 1 % ) . I n t h i s 

e x p e r i m e n t t h e y were n o t F i c o l l - p a s s e d . T h r e e d i f f e r e n t 

MLC-SN ( t a k e n a t d i f f e r e n t t i m e p o i n t s ) were added t o 

g i v e a f i n a l " i n w e l l " c o n c e n t r a t i o n o f 25% i n a t o t a l 

v olume o f 2 0 0 j u l . C u l t u r e s were s e t up i n t r i p l i c a t e . 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d w i t h lyCi 

[ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 

The d o t t e d l i n e r e p r e s e n t s t h e dpm o f a s s a y c e l l s 

c u l t u r e d i n medium a l o n e . 
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FIG. 2.4 

EFFECT OF ONE-WAY MLC-SMS ON "FRESH". 5 DAY MEDIUM PRECULTURED 

AND 5 DAY PHA PRECIIT.TURED LG15 SPLEEN CEI.T.S 
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F I G . 2.5 

Xb s p l e n o c y t e s were c u l t u r e d i n 2 4 - w e l l f l a t - b a s e d 

t i s s u e c u l t u r e p l a t e s ( 4 - 5 x 1 0 6 l e u c o c y t e s / m l ) f o r 5 days 

i n A L - 1 5 t F C S ( 5 % ) , w i t h o r w i t h o u t PHA-M. C e l l s were t h e n 

washed and a d j u s t e d t o 2 x 1 0 6 l e u c o c y t e s / m l and c u l t u r e d i n 

l m l v o l u m e s i n 2 4 - w e l l p l a t e s i n AL-15 :,FCS ( 5% ) . 

S p l e n o c y t e s were f e d on day 0 and t h e n e v e r y 4 days w i t h 

2 0 % MLC-CSN o r MLC-ASN. V i a b l e l e u c o c y t e s were c o u n t e d on 

t h e d ays i n d i c a t e d on t h e g r a p h . 
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F I G . 2 . 6 and 2.7 

Assay c e l l s ( L G 5 t h y m o c y t e s ) were e i t h e r " f r e s h " ( t a k e n 

and a s s a y e d s t r a i g h t f r o m t h e a n i m a l ) o r LG5 t h y m o c y t e s 

t h a t had been PHA-M t r e a t e d and c u l t u r e d i n 2 4 - w e l l f l a t -

b a s e d t i s s u e c u l t u r e p l a t e s ( 4 - 5 x 1 0 6 l e u c o c y t e s / m l ) f o r 

4 days. 

H a l f o f each " f r e s h " o r PHA-M p r e c u l t u r e d p o p u l a t i o n 

was c u l t u r e d e x c l u s i v e l y i n AL-15:FCS ( F i g . 2 . 6 ) , t h e 

o t h e r h a l f was c u l t u r e d and a s s a y e d i n A L - 1 5 i B S A 

e x c l u s i v e l y ( f i g . 2 . 7 ) . 

A r a n g e o f MLC-SN d i l u t i o n s was made i n IOOJLII v o l u m e s 

i n a 9 6 - w e l l f l a t - b a s e d p l a t e . 1 0 0 ^ 1 a l i q u o t s o f t h y m o c y t e 

c e l l s u s p e n s i o n (1 x 1 0 5 l e u c o c y t e s ) were added t o t h e SN 

d i l u t i o n s . 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d w i t h 

l j u C i [ 3H ] TdR and h a r v e s t e d 24 h o u r s l a t e r . 

The d o t t e d l i n e r e p r e s e n t s t h e dpm o f a s s a y c e l l s 

c u l t u r e d i n medium a l o n e . 
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FIG. 2.8 

A s s a y c e l l s were LG5 t h y m o c y t e s t h a t had been c u l t u r e d 

i n AL-15sFCS i n 2 4 - w e l l f l a t - b a s e d t i s s u e c u l t u r e p l a t e s 

( 4 - 5 x 1 0 6 l e u c o c y t e s / m l ) f o r 4 days w i t h o r w i t h o u t PHA-

M. 

A r a n g e o f MLC-^SN d i l u t i o n s was made i n I O O J K I 

v o l u m e s i n a 9 6 - w e l l f l a t - b a s e d p l a t e . 100^1 a l i q u o t s o f 

t h y m o c y t e c e l l s u s p e n s i o n ( 1 x 1 0 5 l e u c o c y t e s ) were added t o 

t h e SN d i l u t i o n s . C u l t u r e s were s e t up i n d u p l i c a t e . 

A f t e r 48 h o u r s o f c u l t u r e , e ach w e l l was p u l s e d w i t h 

l p C i [ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 

The d o t t e d l i n e r e p r e s e n t s t h e dpm o f a s s a y c e l l s 

c u l t u r e d i n medium a l o n e . 
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TABLE 2.1 

Responder s p l e n o c y t e s ( 1 x 1 0 5 l e u c o c y t e s / w e l l ) were 

c u l t u r e d w i t h 6000R i r r a d i a t e d s t i m u l a t o r s p l e n o c y t e s 

( 0 . 5 x 1 0 5 l e u c o c y t e s / w e l l ) i n 9 6 - w e l l , V-based t i s s u e 

c u l t u r e p l a t e s . S p l e n o c y t e s were i n AL-15:BSA t h r o u g h o u t 

and c u l t u r e s were s e t up i n t r i p l i c a t e . Each w e l l was 

p u l s e d w i t h l p C i [ 3 H ] T d R 24 h o u r s b e f o r e h a r v e s t i n g . 

S t i m u l a t i o n i n d i c e s ( S i s ) were c a l c u l a t e d u s i n g t h e 

f o l l o w i n g f o r m u l a : 

r e s p x s t i m R - s t i m R / 2 (dpm) 

SI= 

r e s p x r e s p R - r e s p R / 2 (dpm) 

[ R ] = i r r a d i a t e d c e l l s 

Each e x p e r i m e n t e m p l o y e d r e s p o n d e r c e l l s f r o m s e p a r a t e 

a n i m a l s . 
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TABLE 2.2 

LM3 r e s p o n d e r s p l e n o c y t e s ( 1 x 1 0 5 l e u c o c y t e s / w e l l ) were 

c u l t u r e d w i t h 6000R i r r a d i a t e d LG15 s t i m u l a t o r s p l e n o c y t e s 

{ 0 . 5 x 1 0 5 l e u c o c y t e s / w e l l ) i n 96-w.e'll, V-based t i s s u e 

c u l t u r e p l a t e s , u s i n g AL-15sFCS(1%) . Medium (AL-15 BSA ) , 

MLC-ASN o r MLC-CSN was added t o b r i n g t h e f i n a l SN 

c o n c e n t r a t i o n t o 25% i n a t o t a l volume o f 2 0 0 ^ 1 . C u l t u r e s 

were s e t up i n t r i p l i c a t e . A f t e r 72 h o u r s o f c u l t u r e e ach 

w e l l was p u l s e d w i t h l j i C i [ 3 H ] T d R and h a r v e s t e d 24 h o u r s 

l a t e r . 

S t i m u l a t i o n i n d i c e s ( S i s ) were c a l c u l a t e d u s i n g t h e 

f o l l o w i n g f o r m u l a : 

r e s p x s t i m R + med/CSN/ASN (dpm) 

S I = 

r e s p x r e s p R + med/CSN/ASN (dpm) 

e x c e p t * 

LM3 a l o n e + ASN (dpm) 

* S I = 

LM3 a l o n e + CSN (dpm) 
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TABLE 2.3 

A s s a y c e l l s were 5 day PHA-M t r e a t e d LG17 s p l e n o c y t e s 

r a i s e d i n AL-15 s FCS(10%) i n 2 4 - w e l l f l a t - b a s e d t i s s u e 

c u l t u r e , t h e n p a s s e d o v e r F i c o l l . LG17 b l a s t s were d i s p e n s e d 

i n t o 9 6 - w e l l f l a t - b a s e d t i s s u e - c u l t u r e p l a t e s i n AL-

15! FCS ( 1 % ) and g i v e n MLC-SN i m m e d i a t e l y o r p r e - c u l t u r e d 

f o r an a d d i t i o n a l 24 h o u r s b e f o r e r e c e i v i n g MLC-SN. LG 

b l a s t s ( 1 x 1 0 s l e u c o c y t e s / w e l l ) r e c e i v e d a f i n a l SN 

c o n c e n t r a t i o n o f 25% i n a t o t a l v olume o f 2 0 0 ^ 1 . C u l t u r e s 

were s e t up i n t r i p l i c a t e . 

A f t e r 48 h o u r s o f c u l t u r e ( w i t h SN) ea c h w e l l was 

p u l s e d w i t h lpCi [ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 

MLC-ASN (dpm) 

S I = 

MLC-CSN (dpm) 
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TABLE 2.4 

S p l e n o c y t e s were P H A - M _ t r e a t e d and c u l t u r e d i n t u b e s 

( 4 - 5 x 1 0 6 l e u c p c y t e s / m l ) f o r 3-5 days o r i n 2 4 ^ w e l l f l a t -

b a sed p l a t e s ( 4 - 5 x 1 0 6 l e u c o c y t e s / m l ) ; f o r 5 days i n AL-

15:FCS(10%). C e l l s were t h e n F i c o l l - p a s s e d . 

A s say c e l l s ( 1 x 1 0 5 l e u c o c y t e s / w e 1 1 ) were d i s p e n s e d 

i n t o 9 6 - w e l l f l a t - b a s e d p l a t e s i n AL -15 •. FCS ( 1 % ) . SN was 

added t o g i v e a f i n a l " i n w e l l " c o n c e n t r a t i o n o f 25% i n a 

t o t a l v olume o f 2 0 0 ^ 1 . C u l t u r e s were s e t up i n 

t r i p l i c a t e . A f t e r 48 o r 72 h o u r s o f c u l t u r e each w e l l was 

p u l s e d w i t h lpCi [ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 

MLC-ASN (dpm) 

S I = 

MLC-CSN (dpm) 
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TABLE 2.5 

S p l e n o c y t e s o f d i f f e r e n t g e n o t y p e s were PHA-M t r e a t e d 

and c u l t u r e d i n 2 4 - w e l l f l a t - b a s e d t i s s u e c u l t u r e p l a t e s ( 4 -

5 x 1 0 6 l e u c o c y t e s / m l ) f o r 5 days i n A L - 1 5 s F C S ( 1 0 % ) . C e l l s 

were t h e n f i c o l l - p a s s e d . 

A s s a y c e l l s ( 1 x 1 0 s l e u c o c y t e s / w e l l ) were d i s p e n s e d 

i n t o 9 6 - w e l l f l a t - b a s e d p l a t e s i n AL-15-. FCS ( 1 % ) . SN was 

added t o g i v e a f i n a l " i n w e l l " c o n c e n t r a t i o n o f 25% i n a 

t o t a l v o l ume o f 2 0 0 j u l . C u l t u r e s were s e t up i n 

t r i p l i c a t e . A f t e r 48 h o u r s o f c u l t u r e each w e l l was p u l s e d 

w i t h l f j C i [ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 

MLC-ASN (dpm) 

S I = 

MLC-CSN (dpm) 
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TABLE 2.6 

S p l e n o c y t e s were PHA-M t r e a t e d and c u l t u r e d i n 24-

w e l l f l a t - b a s e d t i s s u e c u l t u r e p l a t e s ( 4 - 5 x 1 0 6 

l e u c o c y t e s / m l ) f o r 5 days i n A L - 1 5 s F C S ( 1 0 % ) . C e l l s Were t h e n 

f i c o l l - p a s s e d . 

A s s a y c e l l s ( 1 x 1 0 5 l e u c o c y t e s / w e l l ) were d i s p e n s e d 

i n t o 9 6 - w e l l f l a t - b a s e d p l a t e s i n A L-15:FCS(1%). The MLC-SNs 

were f r o m e i t h e r a one-way ( i . e . s t i m u l a t o r s were 6000R i r r a d i a t e d ) 

o r f r o m a two-way ( i . e . s t i m u l a t o r s n o t i r r a d i a t e d ) MLC. SN 

was added t o g i v e a f i n a l " i n w e l l " c o n c e n t r a t i o n o f 25% i n 

a t o t a l volume o f 2 0 0 / i l . C u l t u r e s were s e t up i n t r i p l i c a t e . 

A f t e r 48 h o u r s o f c u l t u r e each w e l l was p u l s e d w i t h 

l j u C i [ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 

MLC-ASN (dpm) 

S I = 

MLC-CSM (dpm) 
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TABLE 2.7 

LG15 s p l e n o c y t e s were PHA-M t r e a t e d arid c u l t u r e d i n 

2 4 - w e l i f l a t - b a s e d t i s s u e c u l t u r e p l a t e s ( 4 - 5 x 1 0 6 

l e u c o c y t e s / m l ) f o r 5 da y s i n AL-15:FCS(10%). These a s s a y 

c e l l s were t h e n f i c o l 1 - p a s s e d . Assay c e l l s ( 1 x 1 0 5 

v i a b l e l e u c o c y t e s / w e l l ) were d i s p e n s e d i n t o 9 6 - w e l l f l a t -

b a sed p l a t e s i n AL-15:FCS(1% ) . 

The 2 4 h r MLC-SNs were f r o m LG{5 r e s p o n d e r l e u c o c y t e s 

t h a t had been g e n e r a t e d i n e i t h e r " f r e s h " o r 

" c o n d i t i o n e d " m e d i a . Medium was c o n d i t i o n e d by c u l t u r i n g 

LG15 l e u c o c y t e s (2 x 1 0 6 l e u c o c y t e s / m l ) i n f l a s k s w i t h 

AL-15sBSA f o r 5 d a y s , t h e c o n d i t i o n e d medium was 

c o l l e c t e d and used i n t h e g e n e r a t i o n o f MLC-SNs. 

SKI was added t o - g i v e a f i n a l " i n w e l l " c o n c e n t r a t i o n o f 

25% i n a t o t a l v o l u m e o f 2 0 0 ^ 1 . C u l t u r e s were s e t up i n 

t r i p l i c a t e . A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d 

w i t h l p C i [ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 

MLC-ASN (dpm) 

S I = , 

MLC-CSN (dpm) 
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TABLE 2.8 

Assay s p l e n o c y t e s were PHA-M t r e a t e d and c u l t u r e d i n 

2 4 - w e l l f l a t - b a s e d t i s s u e c u l t u r e p l a t e s ( 4 - 5 x 1 0 6 

l e u c o c y t e s / m l ) f o r 5 days i n AL-15:FCS(10%). C e l l s were t h e n 

f i c o l l - p a s s e d -. 

The MLC-SNs were g e n e r a t e d f r o m J Xenopus t h a t had 

e i t h e r been g i v e n an a u t o g r a f t ( J s k i n ) o r an a l l o g r a f t (LM3 

s k i n ) . A t t h e end p o i n t o f a l l o g r a f t s k i n r e j e c t i o n , s p l e e n s 

were removed and t h e s p l e n o c y t e s s e t up f o r one-way MLC-SN 

g e n e r a t i o n . 

A s s a y c e l l s ( 1 x 1 0 5 l e u c o c y t e s / w e l l ) were d i s p e n s e d 

i n t o 9 6 - w e l l f l a t - b a s e d p l a t e s i n AL-15:FCS(1% ) . MLC-SN was 

added t o g i v e a f i n a l " i n w e l l " c o n c e n t r a t i o n o f 25% i n a 

t o t a l v o l ume o f 2 0 0 J J 1 . C u l t u r e s were s e t up i n t r i p l i c a t e . 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d w i t h l f j C i 

[ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 

MLC-ASN (dpm) 

S I -~ 

MLC-CSN (dpm) 
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TABLE 2.9 

J and LG5 t h y m o c y t e s (3 x 1 0 6 l e u c o c y t e s / w e l l ) were s e t 

up i n a two-way MLC i n AL-15:BSA i n 2 4 - w e l l f l a t - b a s e d 

p l a t e s . C o n t r o l c u l t u r e s o f J x J and LG5 x LG5 were a l s o 

e s t a b l i s h e d . [ S p l e n d c y t e s f r o m t h e s e same- a n i m a l s were 

a l s o s e t up f o r SN g e n e r a t i o n i n an i d e n t i c a l m a n n e r . ] 

A f t e r 48 h o u r s t h e MLC-SN was c o l l e c t e d and i m m e d i a t e l y 

t h e t h y m o c y t e s were r e a d j u s t e d t o 1 x 1 0 6 l e u c o c y t e s / m l 

i n AL-15:BSA. l O O y l a l i q u o t s o f c e l l s f r o m t h e c o n t r o l ( J 

x J o r LG5 x LG5) and e x p e r i m e n t a l ( J X LG5) c u l t u r e s o f 

t h y m o c y t e s were t h e n d i s p e n s e d i n t o 9 6 - w e l l f l a t - b a s e d 

t i s s u e c u l t u r e p l a t e s . C u l t u r e s were s e t up i n 

t r i p l i c a t e . Each w e l l was p u l s e d i m m e d i a t e l y w i t h l j j C i 

[ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r ( R e s u l t s shown i n 

[ A ] ) . 

e x p e r i m e n t a l c u l t u r e (dpm) 

S I = . 

c o n t r o l 1 + c o n t r o l 2 /2 (dpm) 

(B) The t h y m o c y t e and s p l e n o c y t e MLC-SNs g e n e r a t e d a t 

48 h o u r s f r o m t h e c e l l s i n (A) were a s s a y e d f o r t h e i r 

a b i l i t y t o s t i m u l a t e X.laevis s p l e n o c y t e s i n t h i s 

e x p e r i m e n t , u s i n g t h e T e r a s a k i m i n i a t u r i s a t i o n t e c h n i q u e 

( s e e C h a p t e r 4 ) . 

X.laevis s p l e n o c y t e s ( 1 . 5 x 1 0 4 l e u c o c y t e s / w e l l ) were 

d i s p e n s e d i n t o T e r a s a k i p l a t e s . $pl MLC-SN was added t o 
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b r i n g t h e f i n a l " i n w e l l " SN c o n c e n t r a t i o n o f 25% i n a 

v o l u m e o f 20pl. C u l t u r e s were s e t up i n r e p l i c a t e s o f 

f i v e . A f t e r 48 h o u r s o f c u l t u r e , e ach w e l l was p u l s e d 

w i t h 0 . 2 ^ C i [ 3 H ] T d R and h a r v e s t e d 20 h o u r s l a t e r . 

F o r t h e t h y m o c y t e c u l t u r e s : -

e x p e r i m e n t a l c u l t u r e (dpm) 

S I = 

c o n t r o l 1 + c o n t r o l 2 /2 (dpm) 

F o r t h e s p l e n o c y t e c u l t u r e s : 

e x p e r i m e n t a l c u l t u r e {dpm) 

S I = 

a s s a y c e l l s i n medium (dpm) 
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TABLE 2.10 

Th y m o c y t e s ( 1 x 1 0 s l e u c o c y t e s / w e l l ) were d i s p e n s e d 

i n t o 9 6 - w e l l f l a t - b a s e d p l a t e s i n AL-15sFCS(1%) . MLC-SN, 

PHA-P a n d / o r medium was added t o g i v e a f i n a l " i n w e l l " 

c o n c e n t r a t i o n o f 25% MLC-SN a n d / o r 0.02ug/ml PHA-P i n a 

t o t a l v olume o f 2 0 0 ^ 1 . C u l t u r e s were s e t up i n 

t r i p l i c a t e . A f t e r 48 h o u r s o f c u l t u r e , each w e l l was 

p u l s e d w i t h l ^ C i [3H]TdR and h a r v e s t e d 24 h o u r s l a t e r . 
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2.4 DISCUSSION 

D e t a i l e d i n v e s t i g a t i o n s i n t o t h e n a t u r e o f c y t o k i n e s 

p r o d u c e d d u r i n g an MLC r e s p o n s e i n Xenopus have n o t p r e v i o u s l y 

been a t t e m p t e d ( s e e i n t r o d u c t i o n ) . The p r e s e n t s t u d i e s r e v e a l 

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

o f a l l o g e n e i c s p l e n o c y t e s f r o m 1-2 y e a r o l d Xenopus laevis. 

Such a c t i v e s u p e r n a t a n t s can cause t h e p r o l i f e r a t i o n o f 

s p l e n i c l y m p h o i d a s s a y c e l l s , as measured b y t r i t i a t e d 

t h y m i d i n e u p t a k e . A c t i v i t y o f t h e ASNs was f i r s t d e t e c t e d a t 

2 4 h r s ; a marked i n c r e a s e i n a c t i v i t y o c c u r r e d a t 4 8 h r s and 

p e r s i s t e d up t o 1 2 0 h r s . These k i n e t i c s a r e s i m i l a r t o t h o s e 

o b t a i n e d i n t h e m u r i n e MLC ( P u r e , I n a b a & M e t l a y , 1 9 8 8 ) . 

C o n c o m i t a n t w i t h t h e i n c r e a s i n g l e v e l o f SN a c t i v i t y i n t h e 

MLC i s an i n c r e a s e d p r o l i f e r a t i o n o f t h e c e l l s i n v o l v e d i n t h e 

MLC. T h i s MLC-induced c e l l p r o l i f e r a t i o n i s f i r s t n o t i c e a b l e 

a t 4 8 h r s , i n c r e ^ i n g t o r e a c h a peak a t 72 and 9 6 h r s o f 

c u l t u r e . Thus t h e r e a p p e a r s t o be a c o r r e l a t i o n b e t w e e n t h e 

k i n e t i c s o f t h e a c c u m u l a t i o n o f m i t o t i c f a c t o r s i n t h e SN and 

t h e o n s e t and c o n t i n u a t i o n o f a p r o l i f e r a t i v e c e l l u l a r 

r e s p o n s e i n MLC. When MLC g e n e r a t e d ASNs were added t o 

s p l e n o c y t e s t h e m s e l v e s s e t up i n MLC, t h e MLC r e s p o n s e was n o t 

enhanced. T h i s s u g g e s t s t h a t a d e q u a t e f a c t o r s a r e r e l e a s e d by 

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

r e s p o n s e i n t h e absence o f exogenous MLC-ASN. 

The n a t u r e o f t h e as s a y c e l l t y p e s c a p a b l e o f 

r e s p o n d i n g d i r e c t l y by enhanced p r o l i f e r a t i o n when g i v e n MLC-

ASNs was i n v e s t i g a t e d h e r e i n some d e p t h . W a t k i n s and Cohen 

(1 9 8 7 ) g e n e r a t e d a s s a y c e l l s t h a t were P H A - s t i m u l a t e d m i x t u r e s 
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o f s p l e n o c y t e s f r o m o u t b r e d Xenopus laevis-. t h i s p r o d u c e d T 

c e l l b l a s t s o f m i x e d h a p l o t y p e s . I n t h i s C h a p t e r i t was 

d e c i d e d t o e x p l o r e w h e t h e r t h e r e was any g e n e t i c r e s t r i c t i o n 

i n t h e a b i l i t y t o r e s p o n d t o s p l e n i c MLC-ASNs and t h e r e f o r e 

a s s a y c e l l s f r o m d i f f e r e n t g e n e t i c s t o c k s were n o t m i x e d . 5 

day o l d b l a s t s , t h a t had been g e n e r a t e d i n 2 4 - w e l l f l a t - b a s e d 

p l a t e s were r o u t i n e l y used i n t h e s e a s s a y s . S p l e n o b l a s t s 

a s s a y e d any e a r l i e r t h a n 5 days gave e x t r e m e l y h i g h b a c k g r o u n d 

t h y m i d i n e c o u n t s , w h i c h made i n t e r p r e t a t i o n o f t h e d a t a 

d i f f i c u l t . A l l p r e v i o u s s t u d i e s o f MLC-SNs have used a n i m a l s 

w i t h u n d e f i n e d MHC h a p l o t y p e s . Thus t h e q u e s t i o n o f w h e t h e r 

c y t o t o x i n s were p r o d u c e d a g a i n s t t h e s t i m u l a t o r t y p e had n o t 

been p r o p e r l y a d d r e s s e d . E x p e r i m e n t s u s i n g MHC d e f i n e d a n i m a l s 

and one-way MLC showed t h a t a one-way MLC-SN p r o m o t e d t h e 

p r o l i f e r a t i o n o f a s s a y c e l l s ( s p l e n i c l y m p h o b l a s t s ) o f t h e 

s t i m u l a t o r and r e s p o n d e r h a p l o t y p e s as w e l l as t h i r d p a r t y 

b l a s t s . Thus i t a p p e a r s t h a t t h e m i t o t i c f a c t o r s i n t h e ASNs 

a r e n o n - h a p l o t y p e s p e c i f i c . 

One o f t h e m a j o r f i n d i n g s o f t h i s C h a p t e r has been t h a t 

t h e MLC-ASNs i n d u c e d p r o l i f e r a t i o n o f non P H A - t r e a t e d ( b o t h 

" f r e s h " and medium—p-recultured")" s p l e n o c y t e s e q u a l l y as w e l l as 

PHA-induced s p l e n o b l a s t s . These r e s u l t s a r e a t v a r i a n c e w i t h 

t h o s e o b t a i n e d by W a t k i n s and Cohen, who r e v e a l e d t h a t s p l e n i c 

b l a s t s , b u t n o t s p l e n o c y t e s , r e s p o n d e d t o PHA-induced and 

a l l o a n t i g e n - i n d u c e d c r u d e SNs. T h e r e a r e a number o f 

e x p l a n a t i o n s f o r o u r f i n d i n g s , as f o l l o w s : -

F i r s t l y t h e r e i s t h e p o s s i b i l i t y t h a t in vivo 

s t i m u l a t i o n o f l e u c o c y t e s o f a n i m a l s used h e r e has o c c u r r e d , 

t h e r e b y i n d u c i n g t h e e x p r e s s i o n o f t h e a p p r o p r i a t e TCGF 
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r e c e p t o r s on t h e immu n o c y t e s u r f a c e s . T h i s c o u l d have been 

a c h i e v e d t h r o u g h , f o r e x a m p l e , some c h r o n i c i n f e c t i o n i n o u r 

a m p h i b i a n c o l o n y . However, a l l t h e Xenopus used a p p e a r e d 

h e a l t h y and showed no s i g n s o f any d i s e a s e . S e c o n d l y , t h e 

a b i l i t y o f medium (FCS s u p p l e m e n t e d ) - p r e c u l t u r e d s p l e n o c y t e s 

t o r e s p o n d t o MLC-ASNs c o u l d be due t o in vitro s t i m u l a t o r y 

e f f e c t s o f t h e serum we used. Work on mammals has shown t h a t 

t h e m i t o t i c g r o w t h s i g n a l t o push c e l l s f r o m G 0-Gi can be 

r e g u l a t e d by serum components ( H e r z b e r g & S m i t h , 1 9 8 7 ) . T h i s 

Go-Gi phase i s c o i n c i d e n t w i t h t h e e x p r e s s i o n o f h i g h a f f i n i t y 

I L - 2 r e c e p t o r s . S u b s e q u e n t p r o g r e s s i o n t h r o u g h Gi-S phase (DNA 

s y n t h e s i s ) i s e n t i r e l y d e p e n d e n t on I L - 2 ( H e r z b e r g & S m i t h , 

1 9 8 7 ) . I f a s i m i l a r serum p r o t e i n r e g u l a t i o n e x i s t s i n 

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

c u l t u r e d i n AL-15:FCS(10%) f o r 5 d a y s , t o r e s p o n d t o 

ASN. 

A l t h o u g h i n m i c e t h e r e i s n o r m a l l y a b a c k g r o u n d o f o n l y 

2-3% o f c e l l s b e a r i n g a c t i v a t i o n a n t i g e n s , i n c l u d i n g h i g h 

a f f i n i t y I L - 2 R , i n t h e absence o f e x t e r n a l a n t i g e n i c 

s t i m u l a t i o n ( S h a p i r o , 1 9 8 8 ) , t h e r e i s e v i d e n c e t h a t t h e 

s i t u a t i o n i n " u n s t i m u l a t e d " Xenopus l e u c o c y t e s m i g h t be 

d i f f e r e n t - . T h u s , - i n - a " r e c e n t r e p o r t ("Ruben et al, 1989b) i t i s 

c l a i m e d t h a t human a n t i - I L - 2 r e c e p t o r ( a n t i - T A C ) a n t i b o d y w i l l 

b i n d 15-20% o f s p l e n o c y t e s t a k e n d i r e c t l y f r o n n o n - i m m u n i s e d 

Xenopus. T h i s o b s e r v a t i o n i s , however, c o n t r o v e r s i a l , as t h e r e 

i s d i s p u t e o v e r w h e t h e r t h e human a n t i - I L 2 r e c e p t o r a n t i b o d y 

r e c o g n i s e s a f u n c t i o n a l I L-2R e p i t o p e on Xenopus c e l l s (N. 

Cohen, BSI and BSDB c o n f e r e n c e , Durham, 1 9 8 7 ) . 

T h e r e i s y e t a n o t h e r , more l i k e l y , p o s s i b i l i t y f o r t h e 
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i n d u c e d p r o l i f e r a t i o n o f s p l e n o c y t e s a c h i e v e d by MLC-ASNs i n 

o u r e x p e r i m e n t s . S i n c e c r u d e MLC-ASNs a r e u s e d , i t w o u l d be 

e x p e c t e d t h a t a v a r i e t y o f g r o w t h f a c t o r s , a d d i t i o n a l t o I L - 2 -

l i k e m o l e c u l e s a r e p r e s e n t . These f a c t o r s may a c t on v a r i o u s 

s p l e n o c y t e s u b s e t s , e.g. B c e l l s , c a u s i n g t h e i r enhanced 

p r o l i f e r a t i o n . I n mammals i t has been d e m o n s t r a t e d t h a t a 

v a r i e t y o f c y t o k i n e s a r e p r o d u c e d d u r i n g a MLC r e s p o n s e , 

e . g . I L - 1 , I L - 4 , B c e l l g r o w t h f a c t o r (BCGF), c o l o n y 

s t i m u l a t i n g f a c t o r (CSF) and g a m m a - i n t e r f e r o n ( 8 - I F N ) (Pur£, 

I n a b a & M e t l a y , 1988; T r i n c h i e r i & P e r u s s i a , 1985; H a g i w a r a et 

al, 1987 ) . 

A n o t h e r a p p a r e n t d i f f e r e n c e b e t w e e n t h e p r e s e n t 

e x p e r i m e n t s u s i n g MLC-ASNs and t h o s e o f W a t k i n s and Cohen 

( u s i n g PHA-ASNs) i s t h a t no s u b s t a n t i a l i n c r e a s e i n numbers o f 

s p l e n i c b l a s t s ( o r non-PHA t r e a t e d s p l e n o c y t e s ) ' was o b s e r v e d 

when a t t e m p t s were made t o r e s t i m u l a t e and grow them u s i n g 

MLC-ASNs. W a t k i n s and Cohen ( 1 9 8 7 ) were a b l e t o show g r o w t h o f 

b l a s t s o n l y when l a r g e amounts (PHA-ASN made up a t h i r d o f t h e 

medium, i n w h i c h t h e l y m p h o b l a s t s were c u l t u r e d ) o f PHA-

d e r i v e d SN were used. Thus i t i s p o s s i b l e t h a t t h e r e may have 

been i n s u f f i c i e n t amounts o f g r o w t h f a c t o r i n t h e MLC-ASNs 

g e n e r a t e d h e r e , even t h o u g h _these__SNs had - p r e v i o u s l y been 

shown t o cause p r o l i f e r a t i o n o f b l a s t s i n a 3 day ass a y . 

The e f f e c t o f i r r a d i a t i o n on t h e p r o d u c t i o n and 

a c t i v i t y o f MLC-SNs was a l s o p r o b e d . CSNs f r o m s y n g e n e i c 

c u l t u r e s , e s t a b l i s h e d w i t h and w i t h o u t i r r a d i a t e d c e l l s , b o t h 

r e d u c e d t h y m i d i n e i n c o r p o r a t i o n o f a s s a y c e l l s t o b e l o w t h a t 

o f b a c k g r o u n d (medium c o n t r o l ) l e v e l s . I t t h u s seemed u n l i k e l y 

t h a t i r r a d i a t i o n a l o n e c a u s e d t h e o b s e r v e d i n h i b i t o r y e f f e c t 
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o f CSNs. A t t e m p t s t o remove t h i s i n h i b i t o r y e f f e c t f r o m t h e 

CSNs by " p r e c o n d i t i o n i n g " medium i n w h i c h t h e c o n t r o l c e l l s 

were c u l t u r e d p r o v e d u n s u c c e s s f u l . However, t h e a c t i v i t y i n 

t h e SN g e n e r a t e d f r o m t h e c e l l s c o c u l t u r e d w i t h a l l o g e n e i c 

s t i m u l a t o r s i n c o n d i t i o n e d medium was enhanced when compared 

w i t h t h e MLC-ASNs com i n g f r o m c e l l s k e p t i n f r e s h medium. 

S i n c e p r e c o n d i t i o n e d medium i s s i m p l y medium removed f r o m 

s p l e n o c y t e s c u l t u r e d f o r 5 days i n BSA medium, i t a p p e a r s t h a t 

such c e l l s r e l e a s e s u b s t a n c e s t h a t p o t e n t i a t e t h e p r o d u c t i o n 

o f p r o l i f e r a t i v e f a c t o r s by a l l o s t i m u l a t e d s p l e n o c y t e s i n MLC. 

The p r o d u c t i o n o f MLC-ASN by s p l e e n c e l l s a p p e a r s t o be 

p r e v e n t e d by ^ - i r r a d i a t i o n . However, such i r r a d i a t i o n l e a v e s 

s p l e n o c y t e s c a p a b l e o f a c t i v a t i n g n o n - i r r a d i a t e d 

r e s p o n d e r c e l l s . T h i s o b s e r v a t i o n i s i n ag r e e m e n t w i t h c u r r e n t 

r e s e a r c h on mice (Heeg, S t e e g & Wagner, 1 9 8 8 ) . 

P r i o r in vivo a l l o g e n e i c s t i m u l a t i o n o f Xenopus by s k i n 

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

t h a t a n i m a l t o p r o d u c e m i t o t i c f a c t o r s . S u b s e q u e n t in vitro 

s t i m u l a t i o n w i t h s p l e n o c y t e s f r o m t h e same d o n o r h a p l o t y p e 

y i e l d e d MLC-ASNs t h a t p o s s e s s e d s i g n i f i c a n t l y more a c t i v i t y a t 

2 4 and 96 h o u r s , t h a n d i d i t s a u t o g r a f t e d . c o n t r o l . . - Thus a-

f u r t h e r l i n k b e t w e e n a l l o g e n e i c s t i m u l a t i o n and m i t o t i c f a c t o r 

p r o d u c t i o n i s e s t a b l i s h e d . 

T h y m o c y t e s f r o m Xenopus 8 months o f age a p p e a r t o be 

f u n c t i o n a l l y i m m a t u r e w i t h r e s p e c t t o t h e p r o d u c t i o n o f (MLC-

i n d u c e d ) m i t o t i c f a c t o r s , compared w i t h s p l e n o c y t e s f r o m 

a n i m a l s o f t h e same age. I n m i c e t h e I L - 2 p r o d u c i n g c e l l s o f 

t h e thymus have been s t u d i e d e x t e n s i v e l y ( C e r e d i g et al, 1983; 

P f i z e n m a i e r et al, 1984; C e r e d i g et al, 1987; R o t h e n b e r g , 
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McGuire & B o y e r , 1988; R o t h e n b e r g , 1 9 8 9 ) . These I L - 2 p r o d u c i n g 

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

o n l y t i n y amounts o f I L - 2 p r o d u c e d by b u l k c u l t u r e o f 

t h y m o c y t e s , even w i t h m i t o g e n ( C e r e d i g et al, 1 9 8 3 ) . I t w o u l d 

be e asy t o e n v i s a g e t h a t s t i m u l a t i o n o f an even s m a l l e r sub-

p o p u l a t i o n o f T c e l l s by a l l o a n t i g e n a l o n e , w o u l d be 

i n s u f f i c i e n t t o p r o d u c e f a c t o r s o f a d e t e c t a b l e amount. 

The r e s p o n s e o f PHA s t i m u l a t e d and n o n - s t i m u l a t e d 

t h y m o c y t e s t o s p l e n o c y t e MLC-SNs d i f f e r e d m a r k e d l y . I t a p p e a r s 

t h a t , u n l i k e s p l e n o c y t e s , t h y m o c y t e s need m i t o g e n p r e t r e a t m e n t 

t o make them r e s p o n s i v e t o t h e MLC-ASN. T h i s was t h e f i r s t 

i n d i c a t i o n o f an " I L - 2 - l i k e " a c t i v i t y i n t h e s p l e n o c y t e MLC-

SNs. E a r l y s t u d i e s o f r a t s , u s i n g p a r t i a l l y - p u r i f i e d m i t o g e n -

i n d u c e d SNs were a l s o u n s u c c e s s f u l i n s t i m u l a t i n g " r e s t i n g " 

t h y m o c y t e s ( N i s h i m u r a , K o s u t s u m i & H a s h i m o t o , 1 9 8 4 ) . However, 

more r e c e n t w o r k has shown t h a t " r e s t i n g " t h y m o c y t e s can 

r e s p o n d by p r o l i f e r a t i o n when h i g h doses o f r e c o m b i n a n t I L - 2 

( r I L - 2 ) a r e aded t o t h e c u l t u r e ( B e l l i o & Dos R e i s , 1989; Thuy 

et al, 1 9 8 7 ; ) . B e l l i o and Dos R e i s a d d i t i o n a l l y d e m o n s t r a t e d 

t h a t t h e c e l l s t h a t r e s p o n d t o l o w doses o f r I L - 2 in vitro 

"have been p r e v i o u s l y a c t i v a t e d in vivo. 

To s u m m a r i s e , t h i s C h a p t e r r e v e a l s t h a t m i t o t i c f a c t o r s 

a r e p r e s e n t i n ASNs g e n e r a t e d f r o m s p l e n i c one- and two-way 

MLCs; a l l o g e n e i c a l l y s t i m u l a t e d t h y m o c y t e s , on t h e o t h e r hand, 

f a i l e d t o p r o d u c e r e c o r d a b l e SN a c t i v i t y . The s p l e e n - d e r i v e d 

f a c t o r s can a c h i e v e enhanced p r o l i f e r a t i o n o f b o t h s p l e n i c 

l y m p h o b l a s t s and ( p u t a t i v e l y u n s t i m u l a t e d ) s p l e n o c y t e s . I n 

c o n t r a s t , t h e f a c t o r s cause p r o l i f e r a t i o n o n l y o f m i t o g e n -

t r e a t e d ( n o t u n t r e a t e d ) t h y m o c y t e s . P r i o r a l l o g r a f t i n g w i t h 
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s k i n , p r i o r t o c o c u l t u r e o f s p l e n o c y t e s w i t h i r r a d i a t e d 

s p l e n o c y t e s t i m u l a t o r s o f s k i n d o n o r o r i g i n , i n c r e a s e s t h e 

m i t o t i c a c t i v i t y o f t h e s p l e n o c y t e - d e r i v e d , MLC-ASN. 
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CHAPTER 3 

THE GENERATION OF STIMULATORY CULTURE SUPERMATAMTS USING T 

CELL MITOGENS 

3. 1 INTRODUCTION 

M i t o g e n s have been used e x t e n s i v e l y i n i m m u n o l o g i c a l 

s t u d i e s o f a w i d e v a r i e t y o f mammals ( G r e a v e s , B a u m i n g e r & 

J a n o s s y , 1972; R o z i n g & V a e s s e n , 1 9 7 9 ) , and a l s o a 

number o f a v i a n ( K l i n e & S a n d e r s , 1 9 8 0 ) , r e p t i l i a n (Cuchens 

& Clem, 1979; F a r a g & E l R i d i , 1986) and a m p h i b i a n ( W r i g h t & 

Cooper, 1978; H o r t o n et al, 1980) s p e c i e s . The p l a n t l e c t i n s 

Con A and PHA p o l y c l o n a l l y a c t i v a t e mammalian T c e l l s , 

w h i l s t LPS f r o m , E.coli, i s commonly used t o s t i m u l a t e 

mammalian B c e l l s . These m i t o g e n s b i n d and c r o s s - l i n k 

s p e c i f i c c a r b o h y d r a t e d e t e r m i n a n t s p r e s e n t on t h e c e l l 

s u r f a c e o f l y m p h o c y t e s : t h i s i n t u r n i n d u c e s i n t r a c e l l u l a r 

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

i n t r a c e l l u l a r c a l c i u m c o n c e n t r a t i o n and p r o g r e s s i o n f r o m Go 

d o f t h e c e l l c y c l e ( b l a s t o g e n e s i s ) . F i n a l l y t h e 

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

M i t o g e n r e s p o n s i v e n e s s has been w e l l d ocumented i n 

Xenopus. S t u d i e s on t h e l a r v a have r e v e a l e d t h e o n t o g e n i c 

d e v e l o p m e n t o f t h y m o c y t e and s p l e n o c y t e r e a c t i v i t y t o t h e 

m i t o g e n s Con A and PHA ( W i l l i a m s et al, 1983; R o l l i n s - S m i t h 

et al, 1 9 8 4 ) . T h e r e i s c o n s i d e r a b l e e v i d e n c e t h a t p o i n t s t o 

Xenopus T c e l l s b e i n g t h e t a r g e t o f t h e s e two m i t o g e n s . F o r 

exa m p l e , e x t i r p a t i o n o f t h e Xenopus thymus w i t h i n t h e f i r s t 
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week o f l a r v a l l i f e i m p a i r s t h e a n i m a l ' s T c e l l r e s p o n s e s , 

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

c e l l m i t o g e n s (Du P a s q u i e r & H o r t o n , 1976; D o n n e l l y , Manning 

& Cohen, 1976; Green & Cohen, 1 9 7 9 ) . I n d e e d , t h y m e c t o m y ( T x ) 

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

r e a c t i v i t y t o PHA ( H o r t o n & S h e r i f , 1 9 7 7 ) . A l s o , e x p e r i m e n t s 

i n v o l v i n g t h e d e p l e t i o n o f I g M - p o s i t i v e l e u c o c y t e s (B c e l l s ) 

by n y l o n w o o l a d h e r e n c e ( B l o m b e r g , B e r n a r d & Du P a s q u i e r , 

1980) and by p a n n i n g u s i n g an a n t i - I g M McAb ( B l e i c h e r & 

Cohen, 1981) y i e l d e d a p o p u l a t i o n o f c e l l s t h a t were 

p a r t i c u l a r l y r e s p o n s i v e t o PHA and Con A, b u t w h i c h were 

d e p l e t e d o f c e l l s r e s p o n s i v e t o E.coli LPS ( B l e i c h e r & 

Cohen, 1 9 8 1 ) . 

T h i s c h a p t e r c o n c e n t r a t e s on t h e p r o d u c t i o n and a s s a y 

o f p r o l i f e r a t i v e f a c t o r s s e c r e t e d by l y m p h o c y t e s f r o m 

v a r i o u s Xenopus s p e c i e s / s t r a i n s , f o l l o w i n g s t i m u l a t i o n w i t h 

PHA o r Con A. S i n c e t h e l a s t c h a p t e r r e v e a l e d d i s p a r i t i e s 

b e t w e e n t h e e f f e c t s o f M L C - g e n e r a t e d SNs p r o d u c e d i n t h i s 

l a b o r a t o r y compared w i t h t h o s e g e n e r a t e d by W a t k i n s & Cohen 

( 1 9 8 7 ) - d i f f e r e n c e s r e l a t i n g t o t a r g e t c e l l t y p e s 

s t i m u l a t e d - i t was o f i n t e r e s t t o o b s e r v e t h e p o t e n t i a l o f 

T- e e l 1 - mi t o g e n - g e n e ~ r a t e d ~ SNs '. Would s u c h f a c t o r s ( l i k e t h e 

MLC ASNs s t u d i e d i n C h a p t e r 2) a l s o be a b l e t o s t i m u l a t e 

l y m p h o b l a s t s and u n s t i m u l a t e d l y m p h o c y t e s? 

A second t o p i c c o n s i d e r e d i n t h i s C h a p t e r i s 

c o m p a r i s o n o f m i t o g e n i c r e s p o n s e s i n d i f f e r e n t Xenopus 

s p e c i e s . I n p a r t i c u l a r , no i n d e p t h e x a m i n a t i o n has 

p r e v i o u s l y been made o f t h e l e u c o c y t e r e s p o n s e s o f Xenopus 

tropicalis. T h i s " t r o p i c a l " s p e c i e s may be n e a r t o t h e b a s a l 
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s t o c k f r o m w h i c h " p o l y p l o i d " Xenopus s p e c i e s have e v o l v e d , 

s i n c e i t p o s s e s s e s o n l y 20 chromosomes, u n l i k e many o t h e r 

Xenopus ( e . g . X.laevis, X.borealis, LG c l o n e s ) t h a t have 36 

chromosomes. X.tropicalis i s o f p o t e n t i a l i m m u n o l o g i c a l 

i n t e r e s t , s i n c e r e c e n t s t u d i e s i n o u r l a b o r a t o r y have shown 

[ u s i n g ELISA ( T u r n e r , u n p u b l i s h e d ) , and FACS ( 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 ) a n a l y s i s , ( V a r l e y , 1990, Ph.D 

t h e s i s ) ] t h a t t h i s s p e c i e s l a c k s t h e XTLA-1 c e l l s u r f a c e 

m a r k e r , f o u n d on T l i n e a g e l y m p h o c y t e s o f o t h e r Xenopus 

s p e c i e s t e s t e d . XTLA-1 i s a p e p t i d e o f 120 kD, r e c o g n i s e d on 

t h e m a j o r i t y o f t h y m o c y t e s and on a m a j o r p o p u l a t i o n o f 

p e r i p h e r a l T c e l l s , and i s i d e n t i f i e d by use o f t h e McAb XT-

1 ( N a g a t a , 1985, 1986a, 1 9 8 8 ) . "Absence" o f XTLA-1 i n 

X. tropicalis r a i s e s t h e q u e s t i o n o f w h e t h e r t h i s s p e c i e s 

i s a b l e t o d i s p l a y n o r m a l T c e l l f u n c t i o n s . Thus, one g o a l 

o f t h e w o r k i n t h i s C h a p t e r was t o p r o b e t h e r e s p o n s e o f 

X. tropicalis s p l e n o c y t e s and t h y m o c y t e s t o PHA. 

T h i s C h a p t e r a l s o a s s e s s e s w h e t h e r m i t o g e n - g e n e r a t e d SNs 

w o u l d be a b l e t o s t i m u l a t e l y m p h o c y t e s removed f r o m e a r l y 

t h y m e c t o m i s e d (7 d a y ) Xenopus. Such Tx a n i m a l s a p p e a r n o t t o 

p o s s e s s " f u n c t i o n a l T c e l l s ( i . e . t h e y f a i l t o r e j e c t o r o n l y 

c h r o n i c a l l y r e j e c t s k i n a l l o g r a f t s ( H o r t o n & M a n n i n g , 1972; 

H o r t o n & H o r t o n , 1975; N a g a t a & Cohen, 1983; B e r n a r d e t al, 

1 9 7 9 ) , do n o t r e s p o n d , o r r e s p o n d m i n i m a l l y t o T c e l l 

m i t o g e n s (Du P a s q u i e r & H o r t o n , 1976; Manning & C o l l i e , 

1977; W i l l i a m s et al, 1 9 8 3 ) ; and t h e y c a n n o t p r o d u c e h i g h 

a f f i n i t y a n t i b o d i e s t o T - d e p e n d e n t a n t i g e n s (Du P a s q u i e r & 

H o r t o n , 1 9 8 2 ) . I n t h e nude mouse - a n i m a l s d e v e l o p i n g w i t h a 

h y p o p l a s t i c , n o n - l y m p h o i d , thymus - l e u c o c y t e s were c a p a b l e 
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o f r e s p o n d i n g , by p r o l i f e r a t i o n , t o Con A i f exogenous I L - 2 

was s u p p l i e d ( G i l l i s et al, 1 9 7 9 ) . Cohen, W a t k i n s & P a r s o n s 

( 1 9 8 7 ) s i m i l a r l y d e m o n s t r a t e d t h a t i n Xenopus, s p l e n o c y t e s 

f r o m i n d i v i d u a l s t h y m e c t o m i s e d a t 10 days o f age, and t h u s 

s e v e r e l y i m m u n o l o g i c a l l y c r i p p l e d , became r e s p o n s i v e t o Con 

A and PHA o n l y a f t e r t h e s e c e l l s had been c o c u l t u r e d f o r 

s e v e r a l days i n m i t o g e n - i n d u c e d ASN w i t h a d d i t i o n a l PHA. 

3.2 MATERIALS AMD METHODS 

3.2.1 A n i m a l s and th y m e c t o m y o p e r a t i o n 

Thymectomy was c a r r i e d o u t on Xenopus t a d p o l e s a t 5-7 

days o f age ( s t a g e s 4 7 - 4 8 ) . Thymectomy was p e r f o r m e d 

f o l l o w i n g t h e method o f H o r t o n & Ma n n i n g ( 1 9 7 2 ) u s i n g an 

e l e c t r o m i c r o c a u t e r y t e c h n i q u e . A f i n e t u n g s t e n n e e d l e was 

i n s e r t e d i n t o t h e t h y m u s , whereupon a v o l t a g e was . a p p l i e d 

w h i c h c a u t e r i s e d t h e thymus. The p r o c e d u r e was c a r r i e d o u t 

u n d e r a d i s s e c t i o n m i c r o s c o p e . S h a m - t h y m e c t o m i e s were a l s o 

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

t h y m u s , b u t l e a v i n g t h e thymus i n t a c t . N.B. Sham 

t h y m e c t o m i s e d a n i m a l s were n o t a l w a y s a v a i l a b l e as a 

c o n t r o l , i n w h i c h case a s i b l i n g , n o n - o p e r a t e d a n i m a l was 

us e d . P r e v i o u s s t u d i e s have shown t h a t no f u n c t i o n a l 

d i f f e r e n c e s have been f o u n d b e t w e e n sham-Tx and i n t a c t 

c o n t r o l s ( H o r t o n & M a n n i n g , 1 9 7 2 ) . 
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The a n i m a l s u s e d i n t h i s c h a p t e r w e r e X.borealis, 

X. tropicalis, L G 1 5 , LG5 and LM3 g e n e r a l l y o f 6 m o n t h s t o 1 

y e a r o f a g e , a l t h o u g h a few o l d e r a n i m a l s ( u p t o 2 y e a r s ) 

w e r e u s e d f o r s p l e n o c y t e SN p r o d u c t i o n . 

3.2.2 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 f o l l o w i n g m i t o g e n 

s t i m u l a t i o n 

A s s a y c e l l s ( e i t h e r s p l e n o c y t e s a n d / o r t h y m o c y t e s ) w e r e 

a d j u s t e d t o a c o n c e n t r a t i o n o f 1 x 1 0 6 l e u c o c y t e s / m l i n 

c u l t u r e medium, ( e i t h e r A L-15:BSA o r A L - 1 5 : F C S ) . The t y p e o f 

medium u s e d f o r e a c h e x p e r i m e n t i s g i v e n i n t h e R e s u l t s . 

lOOjul a l i q u o t s w e r e d i s p e n s e d i n t o 9 6 - w e l l t i s s u e c u l t u r e 

p l a t e s ( C e l l C u l t ) . PHA-M ( F l o w L a b s ) , PHA-P ( F l o w L a b s ) , o r 

Con A ( F l o w L a b s ) a t v a r i o u s c o n c e n t r a t i o n s ( d i l u t e d f r e s h l y 

i n medium) w e r e t h e n a d d e d i n I O J J I a l i q u o t s . C e l l s w e r e 

c u l t u r e d a t 26 ± 1°C ( i n 5% C O 2 ) f o r v a r i o u s l e n g t h s o f 

t i m e . E a c h w e l l was p u l s e d w i t h l p C i t r i t i a t e d t h y m i d i n e 

( Amersham, S p . A c t . = 5 C i / m m o l ) 24 h o u r s b e f o r e h a r v e s t i n g 

a n d s c i n t i l l a t i o n c o u n t i n g . - - -

3.2.3 G e n e r a t i o n o f SNs f o l l o w i n g PHA-M o r Con A 

s t i m u l a t i o n 

S p l e n o c y t e s f r o m 1-2 y e a r o l d Xenopus w e r e c u l t u r e d 

w i t h m i t o g e n i n AL-15:BSA. C e l l s u s p e n s i o n s w e r e a d j u s t e d t o 

4-5 x 1 0 6 l e u c o c y t e s / m l . 1ml a l i q u o t s w e r e d i s p e n s e d i n t o 
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2 4 - w e l l f l a t - b a s e d p l a t e s ( C e l l C u l t , S t e r i l i n ) . To g e n e r a t e 

PHA-M SNs, m i t o g e n was a d d e d t o g i v e a f i n a l " i n w e l l " 

c o n c e n t r a t i o n o f 1/500. To g e n e r a t e Con A SNs, Con A was 

a d d e d t o g i v e an " i n w e l l " c o n c e n t r a t i o n o f l j j g / m l . C o n t r o l 

c u l t u r e s c o n t a i n e d s p l e n o c y t e s i n medium a l o n e . C e l l s w e r e 

c u l t u r e d f o r 24 h o u r s a t 26 ± 1°C a n d i n 5% C 0 2 . A t t h i s 

t i m e , p l a t e s w e r e c e n t r i f u g e d a t 300g f o r 10 m i n u t e s a t 4°C, 

and t h e c u l t u r e SN was t h e n r e m o v e d by p i p e t t i n g . 

Some PHA-M SNs, a l o n g w i t h t h e i r c o n t r o l s , w e r e t h e n 
with 

t r e a t e d A c h i c k e n r e d b l o o d c e l l (CRBC; s e e b e l o w ) t o remove 

r e s i d u a l PHA. Con A SNs and c o n t r o l s w e r e t r e a t e d w i t h 

a l p h a - m e t h y l - d - m a n n o s i d e ( S i g m a ) t o n e u t r a l i s e Con A ( s e e 

b e l o w ) . A l l SNs w e r e f i n a l l y f i l t e r e d t h r o u g h 0.2jjm f i l t e r s 

a n d f r o z e n i n c r y o v i a l s ( N u n c ) . 

T h y m o c y t e SNs we r e g e n e r a t e d i n a s i m i l a r m a nner, 

a l t h o u g h a n i m a l s w e re j u s t 8-10 mo n t h s o f a g e , s i n c e 

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

3.2.4 R e m o v a l o f PHA u s i n g c h i c k e n r e d b l o o d c e l l s 

R e m o v a l o f PHA-M was p e r f o r m e d f o l l o w i n g a m o d i f i c a t i o n 

o f t h e p r o c e d u r e u s e d by W a t k i n s & C o h e n ( 1 9 8 7 ) . 

C h i c k e n r e d b l o o d c e l l s (CRBC; T i s s u e C u l t u r e S e r v i c e s ) 

w e r e w a s h e d t w i c e w i t h A l s e v e r ' s s o l u t i o n ( F l o w L a b s ) . ASN 

o r CSN was i n c u b a t e d w i t h one t e n t h t h e p a c k e d v o l u m e o f 

CRBC f o r 1.5 h o u r s on i c e . T he CRBC w e r e t h e n r e m o v e d by 

c e n t r i f u g a t i o n a t 300g f o r 10 rains a t 4°C. The SN was 

c o l l e c t e d , f i l t e r e d (0.2pm) and f r o z e n . 
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I n a n a d d i t i o n a l e x p e r i m e n t , a r a n g e o f PHA-M s o l u t i o n s 

was made i n AL-15:BSA, T h e s e s o l u t i o n s a l s o u n d e r w e n t t h e 

CRBC a d s o r p t i o n . R e s i d u a l m i t o g e n a c t i v i t y o f t h e t r e a t e d 

P H A - s o l u t i o n s was c o m p a r e d w i t h n o n - C R B C - p a s s e d s o l u t i o n s by 

a s s a y on f r e s h s p l e n o c y t e s . 

3.2.5 R e m o v a l o f Con A by t r e a t m e n t w i t h a l p h a - m e t h y l - d -

m a n n o s i d e (otmm) 

A l j i g / m l Con A s o l u t i o n i n AL-15:BSA was t r e a t e d w i t h 

i t s i n h i b i t o r , amm, a t c o n c e n t r a t i o n s o f 0.01, 0.02, 0.05 

and 0.1M, t o f i n d t h e r e q u i r e d d o s e t o i n a c t i v a t e t h e Con A. 

R e s i d u a l Con A a c t i v i t y was a s s a y e d by t e s t i n g t h e a b i l i t y 

o f t h e s o l u t i o n s t o s t i m u l a t e f r e s h s p l e n o c y t e s . U n t r e a t e d 

Con A s o l u t i o n s w e r e u s e d a s c o n t r o l s . The d o s e s e l e c t e d f o r 

u s e w i t h t h e SNs was 0.1M. 

3.2.6 A s s a y c e l l s 

The c e l l s t h a t had b e e n u s e d f o r P H A - i n d u c e d ASN 

g e n e r a t i o n w e r e c u l t u r e d f o r a f u r t h e r 4-8 d a y s i n e i t h e r 

A L-15:BSA o r A L - 1 5 : F C S medium ( d e t a i l s f o r e a c h e x p e r i m e n t 

a r e g i v e n i n t h e R e s u l t s ) . B l a s t c e l l s w e r e t h e n s e p a r a t e d 

by F i c o l l c e n t r i f u g a t i o n , ( s e e s e c t i o n 2 . 2 . 7 ) , u n l e s s s t a t e d 

o t h e r w i s e . 

C e l l s t h a t w e r e c u l t u r e d f o r CSN-gene r a t i o n ( i . e . no 

PHA a d d e d ) w e r e u s e d a s " u n s t i m u l a t e d " a s s a y c e l l s . 
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3.2.7 P r o l i f e r a t i o n a s s a y f o r SN a c t i v i t y 

SN a s s a y s w e r e p e r f o r m e d a s d e t a i l e d i n 2 . 2 . 7 . 

3.3 R E S U L T S 

3.3.1 M i t o g e n r e s p o n s e o f X. borealis a n d X. tropicalis 

s p l e n o c y t e s and t h y m o c y t e s t o PHA 

X.borealis ( X b ) s p l e n o c y t e s s howed m a x i m a l 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 a t a d o s e o f 1/500 PHA-M, when 

h a r v e s t e d a t 3, 5 a n d 7 d a y s o f c u l t u r e . T h e h i g h e s t 

t r i t i a t e d t h y m i d i n e c o u n t s w e r e o b s e r v e d on d a y 5 o f c u l t u r e 

( s e e F i g . 3 . 1 ) . 

Xb t h y m o c y t e s a l s o r e s p o n d e d b e s t a t a d o s e o f 1/500 PHA-

M, w i t h t h e h i g h e s t c o u n t s r e c o r d e d on d a y 3 o f c u l t u r e 

( F i g . 3 . 2 ) . 

1/500 PHA-M i s t h e c o n c e n t r a t i o n r o u t i n e l y u s e d i n t h e 

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

X.laevis a n d LG c l o n e s ( d a t a n o t s h o w n ) . 

S t u d i e s on X. tropicalis t h y m o c y t e s ( c o m p a r i n g F C S - and 

B S A - s u p p l e m e n t e d m e d i a ) showed t h a t when c u l t u r e t i m e s o f 2, 

3 a n d 4 d a y s w e r e p e r f o r m e d , h a r v e s t i n g a t 3 d a y s y i e l d e d 

t h e b e s t l e v e l o f s t i m u l a t i o n ( s e e F i g . 3 . 3 ) . X.tropicalis 

t h y m o c y t e s i n A L - 1 5 : F C S ( 1 % ) showed m a x i m a l 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 a t a d o s e o f 1/2500 PHA-M. C e l l s 

f r o m t h e same t h y m u s e s c u l t u r e d i n AL-15:BSA medium 

r e s p o n d e d w e l l t o PHA d i l u t i o n s f r o m 1/2500 t o 1/10 000. 
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The r e s p o n s e o f X. tropicalis s p l e n o c y t e s t o PHA-M was n o t 

a s s e s s e d ; i n s t e a d PHA-P ( h i g h l y p u r i f i e d PHA) was t e s t e d . 

T h i s T c e l l m i t o g e n y i e l d e d an optimum r e s p o n s e on d a y 3, 

w i t h a d i l u t i o n o f O . l p g / m l PHA-P ( F i g . 3 . 4 ) . 

I n summary, X. tropicalis t h y m o c y t e s and s p l e n o c y t e s 

r e s p o n d e d w e l l t o PHA. T h i s r e s p o n s e was g r e a t e r i n AL-

1 5 : F C S ( 1 % ) medium t h a n i n AL-15:BSA. X.tropicalis 

s p l e n o c y t e s y i e l d e d r e s p e c t a b l e P H A - i n d u c e d S i s w h i c h 

c o m p a r e d w e l l w i t h t h o s e s e e n w i t h o t h e r Xenopus e x a m i n e d i n 

t h i s l a b o r a t o r y w i t h PHA-P. X. tropicalis t h y m o c y t e s a l s o 

s howed s i g n i f i c a n t s t i m u l a t i o n ( S I > 3.0 a t optimum d o s e s ) 

when c o c u l t u r e d w i t h PHA. 

3.3.3 S t u d i e s on P H A - i n d u c e d c u l t u r e s u p e r n a t a n t s 

3.3.3.1 E f f e c t o f CRBC t r e a t m e n t on PHA-M s o l u t i o n s 

CRBC t r e a t m e n t d r a m a t i c a l l y i m p a i r e d t h e a b i l i t y o f PHA 

s o l u t i o n s t o s t i m u l a t e 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 by 

LM3 s p l e n o c y t e s ( F i g . 3 . 5 ) . Some r e s i d u a l a c t i v i t y ( e . g . S I 

4.5, w i t h 1/500 a d s o r b e d PHA) o f C R B C - p a s s e d PHA was 

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

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

i n p r o l i f e r a t i o n c o m p a r e d w i t h medium c o n t r o l s ( s e e a l s o 

d a t a i n 3. 3 . 3 . 3 b e l o w ) . 
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3.3.3.2 P r o m o t i o n o f m i t o s i s by PHA-M-induced s u p e r n a t a n t s : 

c o m p a r i s o n o f s p l e n o c y t e s and s p l e n i c 

l y m p h o b l a s t s a s a s s a y c e l l s 

The PHA-M ASNs ( p r o d u c e d by LM3) w e r e s t i m u l a t o r y f o r 

s p l e n i c l y m p h o b l a s t s f r o m X.laevis. R e s u l t s o f two SNs a r e 

shown i n T a b l e 3.1. However, CRBC t r e a t m e n t ( o f ASN 2) 

rem o v e d some a c t i v i t y f r o m t h e ASN, r e d u c i n g t h e S I f r o m 

12.2 a c h i e v e d by u s e o f t h e non-CRBC t r e a t e d SN, t o 5.7. The 

same ASNs a l s o a p p e a r e d t o p r o m o t e 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 o f X.laevis s p l e n o c y t e s - i . e . c e l l s p r e -

c u l t u r e d f o r 8 d a y s i n F C S medium i n t h e a b s e n c e o f PHA, 

t h o u g h a CSN was n o t a v a i l a b l e f o r t h i s p a r t o f t h e 

e x p e r i m e n t t o c o n f i r m t h i s p o i n t ( T a b l e 3 . 1 ) . 

3 . 3 . 3 . 3 P r o m o t i o n o f m i t o s i s by PHA-M-induced s u p e r n a t a n t s : 

c o m p a r i s o n o f s p l e n o c y t e s a nd t h y m o c y t e s a s 

a s s a y c e l l s 

T a b l e 3.2 r e v e a l s t h a t PHA-M s o l u t i o n s o f 1/500 and 

1/5000 ( 1 : 2 0 0 0 ) a nd 1:20 000 f i n a l c o n c e n t r a t i o n i n t h e 

w e l l ) c a u s e d c o n s i d e r a b l e p r o l i f e r a t i o n o f LM3 s p l e n o c y t e s . 

The e q u i v a l e n t s o l u t i o n s t h a t h ad b e e n C R B C - p a s s e d s h o w e d 

m i n i m a l a b i l i t y t o s t i m u l a t e . The i n c o r p o r a t i o n o f t r i t i a t e d 

t h y m i d i n e by s p l e n o c y t e s t r e a t e d w i t h C R B C - a d s o r b e d ASNs was 

s i g n i f i c a n t l y g r e a t e r t h a n t h a t a c h i e v e d when c e l l s w e r e 

c u l t u r e d i n C R B C - a d s o r b e d PHA s o l u t i o n s ( c o n t a i n i n g t h e same 

maximum amount o f PHA) t h e r e b y r e v e a l i n g a c t i v i t y g e n e r a t e d 

by f a c t o r s i n t h e SN o t h e r t h a n t h e m i t o g e n i t s e l f . 

T h y m o c y t e s r e v e a l e d a l o w e r l e v e l r e s p o n s e (max S I = 1.7) 
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t o PHA-ASNs. A g a i n , no CSNs w e r e a v a l a b l e f o r t h i s 

e x p e r i m e n t . 

3.3.3.4 A t t e m p t t o g e n e r a t e ASN f r o m t h y m o c y t e s 

T h y m o c y t e s t a k e n f r o m 8-10 month o l d a n i m a l s ( L G 6 - w i l d ) 

and s t i m u l a t e d w i t h PHA-P p r o d u c e d a SN t h a t i n d u c e d a s m a l l 

b u t s i g n i f i c a n t d e g r e e o f t h y m i d i n e i n c o r p o r a t i o n when 

t e s t e d on a s s a y s p l e n o c y t e s ( F i g . 3 . 6 ) . 

3.3.4 S t u d i e s on Con A - s t i m u l a t e d m i t o q e n e s i s 

3.3.4.1 M i t o g e n r e s p o n s e o f c o n t r o l s p l e n o c y t e s t o Con A 

Optimum s t i m u l a t i o n o f J a n d LG5 s p l e n o c y t e s was o b s e r v e d 

a t a c o n c e n t r a t i o n o f l j u g / m l Con A on d a y 5 o f c u l t u r e ( F i g . 

3 . 7 ) . F o r J s p l e n o c y t e s t h e Con A r e s p o n s e was v e r y d o s e 

d e p e n d e n t , w i t h c o n c e n t r a t i o n s e i t h e r s i d e o f l ^ g / m l ( i . e . 

l O ^ g / m l a n d 0.5pg/ml) v i r t u a l l y b e i n g u n a b l e t o i n d u c e 

e x t e n s i v e 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 . LG5 s p l e n o c y t e s 

r e s p o n d e d - n e a r l y a s w e l l t o "Con A c o n c e n t r a t i o n s o f 0.5pg/ml 

and l p g / m l . 

3.3.4.2 E f f e c t o f t h y m e c t o m y on Con A s t i m u l a t i o n 

7 d a y Tx a n i m a l s r e s p o n d e d v e r y p o o r l y t o Con A, t h o u g h 

t h y m i d i n e i n c o r p o r a t i o n o v e r b a c k g r o u n d c o u n t s was o b s e r v e d . 

F i g . 3.8 shows S i s f o r c o n t r o l and Tx X.laevis . 
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3.3.5 S t u d i e s on Con A - i n d u c e d c u l t u r e s u p e r n a t a n t s 

3 .3.5.1 E f f e c t o f a l p h a - m e t h y l - d - m a n n o s i d e on r e m o v a l o f 

Con A 

A d o s e o f 0. 1M amm i n a l f j g / m l Con A s o l u t i o n c o m p l e t e l y 

a b r o g a t e d t h e s p l e n o c y t e r e s p o n s e t o t h i s m i t o g e n ( T a b l e 

3 . 3 ) . W i t h l o w e r c o n c e n t r a t i o n s o f amm, m i t o g e n i c a c t i v i t y 

was s t i l l p r e s e n t i n t h e Con A s o l u t i o n s . 

3 .3.5.2 C o m p a r i s o n o f PHA-P and Con A - i n d u c e d SNs t o 

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

X. laevis 

PHA-P ASN ( C R B C - p a s s e d ) and Con A ASN ( a m m - t r e a t e d ) b o t h 

e n h a n c e d p r o l i f e r a t i o n o f s p l e n o c y t e s r e m o v e d f r o m c o n t r o l 

and t h y m e c t o m i s e d a n i m a l s . S p l e n o c y t e s f r o m t h y m e c t o m i s e d 

a n i m a l s r e s p o n d e d p a r t i c u l a r l y we 11 t o t h e s e ASNs ( T a b l e 3'^-i) 
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F I G . 3.1 

X. borealis s p l e n o c y t e s w e r e d i s p e n s e d (1 x 10r> 

l e u c o c y t e s / w e l l ) i n t o 9 6 - w e l l V - b a s e d p l a t e s i n AL-

1 5 : F C S ( 1 % ) . 

PHA-M was a d d e d t o p r o d u c e " i n w e l l " d i l u t i o n s o f 

1/100, 1/500, 1/1000 and 1/5000. C u l t u r e s w e r e s e t up i n 

t r i p l i c a t e . E a c h w e l l was p u l s e d w i t h l p C i [ 3 H ] T d R 24 h o u r s 

b e f o r e h a r v e s t i n g . S p l e n o c y t e s w e re c u l t u r e d f o r 3, 5 and 7 

d a y s . 

8 3 



F I G . 3.1 RESPONSE OF X. BOREALIS SPLENOCYTES TO PHA-M 
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F I G , 3.2 

K.borealis t h y m o c y t e s w e r e d i s p e n s e d (1 x 1 0 5 

l e u c o c y t e s / w e l l ) i n t o 9 6 - w e l l V - b a s e d p l a t e s i n AL-

i S i P C S ( l % ' ) . 

PHA-M was a d d e d t o p r o d u c e " i n w e l l " d i l u t i o n s o f 

1/100, 1/500, 1/1000 a n d 1/5000. C u l t u r e s w e r e s e t up i n 

t r i p l i c a t e . E a c h w e l l was p u l s e d w i t h l j u C i [. 3H ]TdR 24 h o u r s 

b e f o r e h a r v e s t i n g . T h y m o c y t e s w e r e c u l t u r e d f o r 3, 5 and 7 

d a y s . 
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F I G . 3.2 P ^ I F E R A T I V E RESPONSES OF X.BORFAT.ls THYMOCYTES TO PHS-M 
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F I G . 3.3 

X.tropicalis t h y m o c y t e s w e r e d i s p e n s e d (1 x 1 0 s 

l e u c o c y t e s / w e l l ) i n t o 9 6 - w e ' l l V - b a s e d p l a t e s . T h y m o c y t e s 

w e r e c u l t u r e d i n A L - 1 5 : F C S { 1 % ) o r AL-15:BSA. 

PHA-M was a d d e d t o p r o d u c e " i n w e l l " d i l u t i o n s o f 

1 / 1 0 0 0 , 1 / 2 5 0 0 , 1/7500 a n d 1/10 0 0 0 . C u l t u r e s w e r e s e t up i n 

t r i p l i c a t e . E a c h w e l l was p u l s e d w i t h 1/iCi [ 3 H ] T d R 24 h o u r s 

b e f o r e h a r v e s t i n g . T h y m o c y t e s w e r e c u l t u r e d f o r 2, 3, a n d 4 

d a y s . 
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F I G . 3.4 

K.tropicalis s p l e n o c y t e s w e r e d i s p e n s e d ( 1 x 1 0 5 

l e u c o c y t e s / w e l l ) i n t o 96-we" 11 V - b a s e d p l a t e s . S p l e n o c y t e s 

w e r e c u l t u r e d i n A L - 1 5 : F C S ( 1 % ) o r AL-15:BSA. 

PHA-P was a d d e d t o p r o d u c e " i n w e l l " d i l u t i o n s o f 5.0, 

1.0, 0.1, and O.Oljug/ml. C u l t u r e s w e r e s e t up i n 

t r i p l i c a t e . A f t e r 72 h o u r s { 3 d a y s ) o r 96 h o u r s (4 d a y s ) 

i n c u l t u r e e a c h w e l l was p u l s e d w i t h lytCl [ 3 H ] T d R and 

h a r v e s t e d 24 h o u r s l a t e r . 
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F I G . 3.4 RESPONSES OF X.TROPICALIS SPLENOCYTES TO PHA-P: 

COMPARISON OF MEDIUM SUPPLEMENTED WITH FCS OR BSA 
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FIG. 3.5 

LM3 s p l e n o c y t e s were d i s p e n s e d ( l x l O 5 l e u c o c y t e s / w e l l ) 

i n l O O p l v o l u m e s i n 9 6 - w e l l f l a t - b a s e d p l a t e s i n AL-

15:BSA. PHA-M d i l u t i o n s o f 1/100, 1/500 and 1/2500 were 

made up i n AL-15:BSA. These same c o n c e n t r a t i o n s , t h a t had 

been p r e v i o u s l y a d s o r b e d w i t h CRBC, were a l s o p r e p a r e d . 

The f i n a l " i n w e l l " c o n c e n t r a t i o n o f a d s o r b e d o r 

u n a d s o r b e d PHA was 1/400, 1/2000 and 1/10,000, s i n c e 5 0 p l 

was added t o 100^1 c e l l s p l u s 5:0pi medium ( t o m i m i c t h e 

s u b s e q u e n t a s s a y p r o c e d u r e w i t h SNs), C u l t u r e s were s e t 

up i n t r i p l i c a t e . A f t e r 48 h o u r s i n c u l t u r e , each w e l l 

was p u l s e d w i t h l p C i [ 3 H ] T d R and h a r v e s t e d 24 h o u r s 

l a t e r . 
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F i g . 3 • 5 CRBC_-ADSORPTION REMOVES MITOGEN. IC PROPERTIES FROM PHA-M 
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FIG• 3.6 

PHA-P-ASNs f r o m L G 1 5 - w i l d t h y m o c y t e s were g e n e r a t e d by 

c u l t u r e o f 4 x 1 0 6 l e u c o c y t e s / m l w i t h 0.2pg PHA-P i n AL-

15:BSA. PHA-P-SNs were c o l l e c t e d 48 h o u r s a f t e r 

i n i t i a t i o n o f c u l t u r e and C R B C - t r e a t e d . CSNs were a l s o 

p r o d u c e d f r o m L G 1 5 - w i l d t h y m o c y t e s ( C R B C - t r e a t e d ) . 

A d d i t i o n a l l y , 0.2^g/ml PHA-P s o l u t i o n s were C R B C - t r e a t e d . 

" F r e s h " a s s a y c e l l s ( L G 1 5 - w i l d s p l e n o c y t e s : 1 x 1 0 5 

l e u c o c y t e s / w e l l ) were d i s p e n s e d i n t o 9 6 - w e l l f l a t - b a s e d 
PHA-P 

p l a t e s i n AL-15 : PCS ( 1 % ) . PHA-P-ASN, CSN o r 0 . 2jjg/mlj\.were 

added t o g i v e a f i n a l " i n w e l l " c o n c e n t r a t i o n o f 25% i n a 

t o t a l v olume o f 2 0 0 j u l . C u l t u r e s were s e t up i n 

t r i p l i c a t e . A f t e r 48 h o u r s o f c u l t u r e , each w e l l was 

p u l s e d w i t h l p C i [ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 

The d o t t e d l i n e r e p r e s e n t s t h e dpm o f a s s a y c e l l s 

c u l t u r e d i n medium a l o n e . 

SNs 1 , 2, 3, 4 and 5 r e p r e s e n t f i v e d i f f e r e n t PHA-P-

ASNs, a l o n g w i t h t h e i r c o n t r o l s . 
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3.6 EFFECT OF THYMOCYTE PHA-P-SNs ON LG15/WILD SPLENOCYTES 
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FIG. 3.7 

A r a n g e o f Con A c o n c e n t r a t i o n s was made t o p r o d u c e " i n 

w e l l " c o n c e n t r a t i o n s o f 100, 10, 1.0, 0.5 and 0.1^g/ml, 

t h e s e were a s s a y e d on J and LG5 s p l e n o e y t e s , w h i c h had 

been d i s p e n s e d ( 1 x 1 0 s l e u c o c y t e s / w e l l ) i n t o 9 6 - w e L l 

f l a t - b a s e d p l a t e s i n A L-15:FCS(1%).. C u l t u r e s were s e t up 

i n t r i p l i c a t e . Each w e l l was p u l s e d w i t h l p C i [ 3 H ] T d R 24 

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

7 2 h r (3 d a y s ) and 1 2 0 h r (5 d a y s ) . 
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FIG. 3.7 MITOGEN RESPONSES OF SPLENOCYTES TO CON A 
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FIG. 3.8 

A r a n g e o f Con A c o n c e n t r a t i o n s was made as shown. 

These were a s s a y e d on X.laevis s p l e n o c y t e s f r o m 6 month 

o l d c o n t r o l and 7 day Tx a n i m a l s , w h i c h had been 

d i s p e n s e d ( 1 x 1 0 5 l e u c o c y t e s / w e l l ) i n t o 9 6 - w e l l f l a t -

b a s e d p l a t e s i n AL-15:FCS(1% ) .. C u l t u r e s were s e t up i n 

t r i p l i c a t e . A f t e r 48 h o u r s i n o f c u l t u r e , each w e l l was 

p u l s e d w i t h l y C i [ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 

A l l d a t a i s shown as s t i m u l a t i o n i n d i c e s [ S i s ] . 

c u l t u r e s + Con A (dpm) 

S I = 

c u l t u r e s + medium (dpm) 
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F I G . 3.8 STIMULATION INDICES OF SPLENOCYTES FROM CONTROL 

AND 7-DAY THYMECTOMISED X.LAEVIS 
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TABLE 3.1 

X.laevis s p l e n o c y t e s (4 x 1 0 6 l e u c o c y t e s / m l ) were 

p r e c u l t u r e d w i t h medium (AL-15:FCS; t o p r o v i d e 

" u n s t i m u l a t e d " c e l l s ) o r 1/500 PHA-M ( t o g e n e r a t e b l a s t s ) 

f o r 8 d a y s . C e l l s were t h e n c e n t r i f u g e d o v e r F i c o l l and 

t h o s e c o l l e c t e d f r o m t h e F i c o l l s u r f a c e were u s e d as 

a s s a y c e l l s . 

1 x 1 0 5 a s s a y l e u c o c y t e s were d i s p e n s e d i n I O O J J I 

a l i q u o t s i n t o 9 6 - w e l l f l a t - b a s e d p l a t e s i n AL-15:FCS(1%). 

C o n t r o l o r PHA-ASNs were e i t h e r used d i r e c t l y o r a f t e r 

C R B C - a d s o r p t i o n , t o g i v e a f i n a l " i n w e l l " c o n c e n t r a t i o n 

o f 25% i n a t o t a l volume o f 200/J1. C u l t u r e s were s e t up 

i n t r i p l i c a t e . 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d w i t h 

I j i C i [ 3H ] TdR and h a r v e s t e d 24 h o u r s l a t e r . 
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TABLE 3.2 

Assay c e l l s - LM3 s p l e n o c y t e s and t h y m o c y t e s - ( 1 x 

1 0 5 l e u c o c y t e s / w e l l ) were d i s p e n s e d i n t o 9"6-well f l a t - b a s e d 

p l a t e s i n AL-15:FCS(1%). PHA-M-SNs [ g e n e r a t e d by c u l t u r e o f 

LM3 s p l e n o c y t e s (4 x 1 0 6 l e u c o c y t e s / m l ) w i t h 1/500 PHA-M 

i n AL-15:BSA, t h e n C R B C - t r e a t e d ] , were added t o a s s a y 

c e l l s t o g i v e a f i n a l " i n w e l l " c o n c e n t r a t i o n o f 25% i n a 

t o t a l volume o f 2 0 0 > 1 . PHA-M o r PHA-M ( C R B C - t r e a t e d ) 

s o l u t i o n s were added t o t h e a s s a y c e l l s . C u l t u r e s were 

s e t up i n t r i p l i c a t e . 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d w i t h 

l p C i [ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 
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TABLE 3.3 

I n o r d e r t o f i n d t h e i n h i b i t i n g c o n c e n t r a t i o n o f amm, 

l p g / m l Con A s o l u t i o n was made up i n AL^15:BSA and amm was 

added a t c o n c e n t r a t i o n s o f 0.0, 0 . 0 1 , 0.02, 0.05 and 0.1 

M. The s o l u t i o n s were t h e n a s s a y e d f o r any r e s i d u a l 

m i t o g e n i c a c t i v i t y . 

A s s ay c e l l s ( J s p l e n o c y t e s : 1 x 1 0 5 l e u c o c y t e s / w e l l ) 

were d i s p e n s e d i n t o 9 6 - w e l l f l a t - b a s e d p l a t e s i n AL-

15 : F C S ( 1 % ) . The Con A s o l u t i o n s were added t o g i v e a 

f i n a l " i n w e l l " c o n c e n t r a t i o n o f 25% ( i . e . d i l u t e d 4 - f o l d 

t o m i m i c t h e SN e x p e r i m e n t s ) i n a t o t a l v o l ume o f 2 0 0 j i l . 

C u l t u r e s were s e t up i n t r i p l i c a t e . 

A f t e r 48 h o u r s o f c u l t u r e , e ach w e l l was p u l s e d w i t h 

l p C i [ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 
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TABLE 3.4 

Con A-SNs ( L M 3 - d e r i v e d ) were t r e a t e d w i t h 0.1M amm and 

a s s a y e d , a l o n g w i t h PHA-P-SNs (CRBC t r e a t e d ) , f o r t h e i r 

p r o l i f e r a t i v e a c t i v i t y on " f r e s h " s p l e n o c y t e s f r o m 

c o n t r o l and Tx X.laevis. 

Assay c e l l s {X.laevis s p l e n o c y t e s ! 1 x 1 0 5 

l e u c o c y t e s / w e l l ) were d i s p e n s e d i n t o 9 6 - w e l l f l a t - b a s e d 

p l a t e s i n AL-15:BSA). The Con A-SNs o r PHA-P-SNs were added 

t o g i v e a f i n a l " i n w e l l " c o n c e n t r a t i o n o f 25% SN i n a t o t a l 

v o l u m e o f 200;ul. C u l t u r e s were s e t up i n t r i p l i c a t e . 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d w i t h 

l j u C i [ 3H ] TdR and h a r v e s t e d 24 h o u r s l a t e r . 

c u l t u r e s + ASN (dpnt) 

S I = 

c u l t u r e s + CSN (dpm) 
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3.4 DISCUSSION 

M i t o g e n - d e r i v e d ASNs from t he s p l e n o c y t e s of XTLA-1 

p o s i t i v e Xenopus {X.borealis, X.laevis, LM and LG c l o n e s ) 

r o u t i n e l y produced p r o l i f e r a t i o n , as 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 , of " u n s t i m u l a t e d " s p l e n o c y t e s 

(assayed when ta k e n d i r e c t l y from the a n i m a l , or p r e c u l t u r e d 

w i t h o u t m i t o g e n ) , as w e l l as m i t o g e n - t r e a t e d l y m p h o b l a s t s . 

A l t h o u g h r e s i d u a l PHA may be p r e s e n t i n CRBC-passed ASNs, i t 

i s i n s u f f i c i e n t t o cause the p r o l i f e r a t i v e e f f e c t s o f the 

PHA-ASNs. T h i s a b i l i t y of PHA-ASNs t o s t i m u l a t e p r e v i o u s l y 

" u n s t i m u l a t e d " s p l e n o c y t e s was a l s o demonstrated by t h e MLC-

ASNs, as di s c u s s e d i n Chapter 2, and suggests t h a t these 

ASNs can t a r g e t c e l l s t h a t may i n c l u d e a v a r i e t y of c e l l 

t y p e s , o n l y one of which i s a T c e l l a c t i v a t e d b l a s t . I t i s 

pr o b a b l e t h a t a v a r i e t y lymphokines are p r e s e n t i n our crude 

Xenopus SNs, s i n c e a v a r i e t y o f s o l u b l e m e d i a t o r s have been 

d e s c r i b e d i n c u l t u r e SNs (mitogen and a l l o a n t i g e n d e r i v e d ) 

i n mammals (Hagiwara e t a i , 1987; C h e r w i n s k i e t al, 1987). 

The- a b r l i t y of both MLC and PHA-derived SNs t o cause 

p r o l i f e r a t i o n i n the " u n s t i m u l a t e d " s p l e n o c y t e as w e l l as 

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

r e s u l t s (Watkins and Cohen, 1987). The PHA and MLC-SNs 

generated by Watkins and Cohen o n l y s t i m u l a t e d mitogen 

t r e a t e d s p l e n o b l a s t s , and were i n e f f e c t i v e a t d r i v i n g 

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 s p l e n o c y t e s . [N.B. The spleen 

c e l l s t r e a t e d w i t h mitogen, t o produce b l a s t s , are 

d i f f e r e n t from the " u n s t i m u l a t e d " s p l e n o c y t e s . T h i s i s 
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demonstrated by the r e f r a c t o r y e f f e c t ( i n terms of 

p r o l i f e r a t i o n ) of f u r t h e r mitogen t r e a t m e n t on b l a s t s ; t h i s 

i s d iscussed more f u l l y i n Chapter 4.] 

Cohen, Watkins and Parsons (1987) performed o n t o g e n i c 

s t u d i e s on thymocyte SN p r o d u c t i o n , b u t were unable t o show 

t h a t thymocytes produced m i t o t i c f a c t o r s a t the stages t h e y 

t e s t e d ( s t ages 52-53, 55 and a t 18 months of age). However, 

t h e i r s t udy d i d not i n c l u d e t he responses of 8 month o l d 

animals. P r e v i o u s work has shown t h a t Xenopus thymocytes are 

most r e s p o n s i v e t o PHA from animals of t h i s age ( W i l l i a m s et 

al, 1983). Thus, i t seemed p e r t i n e n t t o examine thymocyte SN 

p r o d u c t i o n i n animals of t h i s age. These s t u d i e s showed t h a t 

PHA-P-stimulated thymocytes from 8 month o l d animals were 

capable of p r o d u c i n g a SN t h a t induced some degree of 

m i t o s i s when t e s t e d on s p l e n o c y t e assay c e l l s . As has been 

shown t o be the case w i t h mammals ( C e r e d i g et al, 1983,1987; 

P f i z e n m a i e r et al, 1984) a c t i v i t y from Xenopus thymocyte 

b u l k c u l t u r e s was s m a l l , b u t d e t e c t a b l e . These a u t h o r s 

propose t h a t t h i s i s because o n l y a s m a l l subset of 

thymocytes are p r o d u c i n g the necessary T c e l l growth f a c t o r . 

The IL-2 p r o d u c i n g ~ cell's "have been shown t o be the 

f u n c t i o n a l l y - m a t u r e thymocytes (Rothenberg et al, 1988). 

To date t h e r e has been no i n v e s t i g a t i o n of the 

mitogen responses of the XT-1 n e g a t i v e species Xenopus 

tropicali s. The r e s u l t s p r e s e n t e d here show t h a t w i t h 

r e s p e c t t o PHA s t i m u l a t i o n , b o t h X.tropicalis thymocytes and 

s p l e n o c y t e s can respond. As i s t h e case i n o t h e r Xenopus 

(e.g. W i l l i a m s et al, 1983), X.tropicalis s p l e n o c y t e s showed 

b e t t e r p r o l i f e r a t i v e responses t o PHA than d i d thymocytes. 
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T h i s may w e l l r e f l e c t t h a t t h e r e are a h i g h e r p r o p o r t i o n of 

f u n c t i o n a l l y mature T c e l l s i n the spleen t h a n i n t h e 

thymus. A l t e r n a t i v e l y , the poorer p r o l i f e r a t i o n by 

thymocytes c o u l d be due t o a l a c k of the r e l e v a n t c y t o k i n e s 

i n the thymus needed t o achieve c e l l p r o l i f e r a t i o n - e.g. 

I L - l / I L - 2 f see Watkins & Cohen, 1987) 

Att e m p t s t o produce m i t o t i c a l l y a c t i v e f a c t o r s from PHA-M 

t r e a t e d X.tropicalis s p l e n o c y t e s were u n s u c c e s s f u l ( d a t a n o t 

p r e s e n t e d ) . However, t h i s may r e f l e c t i n e x p e r i e n c e i n 

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

s p e c i e s does n o t produce lymphokines. Indeed, many more 

expe r i m e n t s v a r y i n g c u l t u r e media, d e n s i t y of c e l l s 

( p a r t i c u l a r l y s i n c e X.tropicalis l e u c o c y t e s are v e r y much 

s m a l l e r t h a n f o r o t h e r Xenopus) , and l e n g t h of c e l l c u l t u r e 

t i m e are r e q u i r e d t o f u l l y i n v e s t i g a t e t he b e s t in vitro 

c o n d i t i o n s f o r ASN g e n e r a t i o n i n X. tropicalis. 

Con A was a l s o used i n t h i s Chapter t o e x p l o r e mitogen 

induced SN a c t i v i t y . C o n t r o l Xenopus responded w e l l t o 

l f i g / m l Con A, whereas Tx animals gave a much reduced 

response t o Con A (see a l s o Green & Cohen, 1979). The 

a d d i t i o n o f 0 r l M amm "to t h i s Con A c o n c e n t r a t i o n c o m p l e t e l y 

i n h i b i t e d i t s a b i l i t y t o induce s p l e n o c y t e 

p r o l i f e r a t i o n . I n c o n t r a s t , Con A-induced ASNs from 

s p l e n o c y t e s t r e a t e d w i t h t h i s dose of crmm s t i l l produced 

s u b s t a n t i a l p r o l i f e r a t i o n of (PHA-induced) s p l e n o b l a s t s and 

a l s o " u n s t i m u l a t e d " s p l e n o c y t e s , s u g g e s t i n g the presence of 

induced m i t o t i c f a c t o r ( s ) i n the ASNs. 

Spl e n o c y t e s from 7 day Tx Xenopus p r o l i f e r a t e d w e l l when 

g i v e n PHA-SNs or Con A-SNs. Th i s was a d i r e c t e f f e c t of the 
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SNs and no p r e t r e a t m e n t of t h e c e l l s from the Tx animals was 

r e q u i r e d t o make them r e s p o n s i v e . T h i s may i n d i c a t e t h a t 

a l t h o u g h Tx animals d i s p l a y i m p a i r e d T c e l l responses, t h e y 

do possess c e l l s t h a t bear t h e necessary r e c e p t o r s f o r the 

f a c t o r s i n the T c e l l m i togen-induced SNs. The n a t u r e of 

these c e l l s a w a i t s e l u c i d a t i o n ; however, the f i n d i n g s 

p r e s e n t e d here suggest t h a t such f a c t o r s are able t o t a r g e t 

T-independent c e l l t y p e s . These p o s s i b i l i t i e s are more f u l l y 

addressed i n the f o l l o w i n g Chapters. 
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CHAPTER 4 

DEVELOPMENT OF A MINIATURISED CULTURE SYSTEM TO ASSAY 

SUPERNATANT ACTIVITY; USE OF CONTROL AMD THYMECTOMISED 

XENOPUS 

4.1 INTRODUCTION 

I n o r d e r t o f u r t h e r probe the c e l l u l a r o r i g i n s and 

t a r g e t s o f mitogen- and a l l o a n t i g e n - i n d u c e d c u l t u r e 

s u p e r n a t a n t a c t i v i t y , i t was decided t o a t t e m p t 

m i n i a t u r i s a t i o n of t h e s u p e r n a t a n t bioassays. T h i s would 

a l l o w s m a l l e r volumes of c u l t u r e s u p e r n a t a n t s t o be 

t e s t e d , such economy b e i n g of importance when the amount 

of " p o t e n t " SN was l i m i t e d , f o r example, when the source 

of c u l t u r e SN was from s p l e n o c y t e s removed from e a r l y -

thymectomised (Tx) a n i m a l s . Both t he numbers of Tx 

Xenopus a v a i l a b l e f o r t h i s work and the number of spleen 

l e u c o c y t e s c e l l number o b t a i n a b l e from these animals were 

l i m i t e d . F u r t h e r m o r e , m i n i a t u r i s a t i o n of- the SN assay 

c u l t u r e would a l s o n e c e s s i t a t e fewer assay c e l l s , 

a l l o w i n g s t u d i e s on Tx t a r g e t s t o be c a r r i e d out i n some 

depth. 

Weiss and Du Pasquier ( 1 9 7 3 ) were the f i r s t t o 

att e m p t " m i n i a t u r i s a t i o n " of a Xenopus lymphocyte 

c u l t u r e . They succeeded i n c u l t u r i n g thymocytes, which 

p a r t i c i p a t e d i n an MLC r e a c t i o n i n 40JJ1 of c u l t u r e medium 

( c o n t a i n i n g a t o t a l of 2 x 1 0 5 lymphocytes per c u l t u r e 

w e l l ) i n the bottom o f V-based p l a t e s . T h i s MLC response 
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was as good as when 5 x 10 s lymphocytes per c u l t u r e were 

used i n 100^1 volumes. They d i d n o t a t t e m p t t o c u l t u r e 

fewer than 2 x 10 5 lymphocytes per c u l t u r e . Weiss and Du 

Pasquier a l s o noted t h a t FCS s u p p l e m e n t a t i o n was 

e s s e n t i a l f o r l e u c o c y t e s u r v i v a l and p r o l i f e r a t i o n . 

H orton et al (1980) s u c c e s s f u l l y c u l t u r e d 5 x 10 4 

thymocytes i n f l a t - b a s e d T e r a s a k i p l a t e s , i n I O J J I 

volumes, i n t h e i r s t u d i e s on t h e ontogeny of mitogen 

r e a c t i v i t y i n l a r v a l Xenopus (see a l s o W i l l i a m s et al, 

1983). U n f o r t u n a t e l y these c e l l s had t o be h a r v e s t e d 

manually ( t h i s procedure was t e c h n i c a l l y d i f f i c u l t and 

l a b o r i o u s ) , i n c o n t r a s t t o the i n v e r t e d c u l t u r e s (see 

b e l o w ) , f o r which T e r a s a k i h a r v e s t e r s are a v a i l a b l e . 

Mammalian workers have r e f i n e d the m i n i a t u r i s a t i o n 

t e c h n i q u e and have been able t o measure l e u c o c y t e 

p r o l i f e r a t i o n t o PHA (O'Brien et al, 1979; F a r r a n t et al, 

1980), and p e r f o r m l i m i t i n g d i l u t i o n assays (Goodacre e t 

al, 1987) and s t a n d a r d mammalian I L - 2 assays 

(J.H.Robinson, U n i v e r s i t y of Newcastle-upon-Tyne, 

u n p u b l i s h e d o b s e r v a t i o n s ) . I n these mammalian 

e x p e r i m e n t s , c e l l s were c u l t u r e d i n i n v e r t e d T e r a s a k i 

p l a t e s i n the meniscus of a 15-25yl "hanging drop" 

(Fainboim & F e s t e n s t e i n , 1979). ( C e l l c o n c e n t r a t i o n s 

ranged from 1 x 10 4 t o 5 x 10 4 c e l l s / w e l l ) . 

I n t h i s Chapter the i n v e r t e d T e r a s a k i p l a t e c u l t u r e 

system i s used t o develop a m i n i a t u r i s e d SN assay system 

f o r use w i t h c o n t r o l and thymectomised Xenopus 

lymphocytes. F u r t h e r study of 7-day-thymectomised animals 

was necessary t o e s t a b l i s h whether s p l e n o c y t e s , i n the 
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absence of T c e l l s , c o u l d respond t o a l l o a n t i g e n - or 

mitogen-induced SNs. Fur t h e r m o r e , t h i s Chapter a l s o 

i n v e s t i g a t e s whether c e l l s from Tx Xenopus can produce 

ASNs f o l l o w i n g s t i m u l a t i o n w i t h T c e l l mitogen. 

S t u d i e s on c o n g e n i t a l l y athymic mice have shown t h a t 

c y t o t o x i c "T" c e l l s can be i d e n t i f i e d i n these animals 

in vitro (Htlnig & Bevan, 1980; Ando & Hurme, 1981) and in 

vivo (Wagner e t al, 1980), as l o n g as an I L 2 - r i c h SN i s 

s u p p l i e d a t t h e time o f a n t i g e n o r mitogen a d d i t i o n . 

Other a u t h o r s have shown t h a t l e u c o c y t e s from nude mice 

can produce I L - 2 when s t i m u l a t e d w i t h T c e l l mitogens 

(MacDonald et al, 1982), though t o a l e s s e r e x t e n t than 

t h e i r euthymic c o n t r o l s (MacDonald & Lees, 1984). I n nude 

mice t h i s p r o d u c t i o n o f I L - 2 i s age a s s o c i a t e d , 

i n c r e a s i n g amounts of I L - 2 b e i n g produced w i t h age ( K l e i n 

& Bevan, 1983; MacDonald & Lees, 1984). 

Previous s t u d i e s on Xenopus, thymectomised a t 10 

days (Cohen, Watkins & Parsons, 1987), a procedure t h a t 

i m p a i r s subsequent a l l o g r a f t r e j e c t i o n , MLC r e a c t i v i t y 

and PHA responsiveness (see Horton and S h e r i f , - 1977 ) ̂  

r e v e a l e d t h a t t h i s procedure does n o t abrogate the 

a b i l i t y o f s p l e n o c y t e s t o produce ASNs f o l l o w i n g PHA 

s t i m u l a t i o n . F u r t h e r m o r e , c u l t u r e of l e u c o c y t e s from 10 

day Tx animals w i t h PHA-ASNs and PHA r e v e a l e d t h a t t h e y 

became able t o d i s p l a y a p r o l i f e r a t i v e response, when 

t e s t e d i n PHA and Con A assays. T h i s suggests t h a t the 

exogenously s u p p l i e d TCGF may a l l o w t h e development of T-

l i k e c e l l s from Tx an i m a l s . Thus f a r , the s i t u a t i o n from 

the experiments on Xenopus by Cohen e t al r e v e a l a 
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s i m i l a r s t o r y t o t h a t found i n the mammalian nude mouse 

model (Hunig & Bevan, 1980; Ando & Hurme, 1981), i n t h a t 

10-day-Tx Xenopus can produce m i t o t i c f a c t o r s and t h e i r 

c e l l s can be made re s p o n s i v e t o T c e l l mitogens w i t h 

p r i o r c u l t u r e i n TCGF-rich SNs ( w i t h a d d i t i o n a l m i t o g e n ) . 

T h i s Chapter has a l s o addressed a t e c h n i c a l i s s u e 

t h a t was noted i n Chapter 3. There i t was r e v e a l e d t h a t 

CRBC-adsorption d i d n o t c o m p l e t e l y e l i m i n a t e a c t i v i t y o f 

PHA-M. For t h i s reason i t was decided t h a t t h e p u r i f i e d 

form of t h i s m i t o g e n , PHA-P, should be examined t o see i f 

CRBC-adsorption was any more e f f e c t i v e a t removing 

m i t o g e n i c a c t i v i t y . 

4.2 MATERIALS AND METHODS 

4.2.1 Animals 

Euthymic Xenopus aged 6-12 months were used t o 

generate assay c e l l s . -Thymectomy was "performed" between 7-

10 days of l a r v a l l i f e , these Tx animals were used a t 

a p p r o x i m a t e l y 6 months of age f o r SN p r o d u c t i o n o r f o r 

use as assay c e l l s . LM3, LG15 and LG5 c l o n a l animals 

were used i n the f o l l o w i n g experiments. 
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4.2.2 M i n i a t u r i s e d assay f o r s u p e r n a t a n t a c t i v i t y u s i n g 

T e r a s a k i p l a t e s 

Assay c e l l s were a d j u s t e d t o a c o n c e n t r a t i o n of 1 x 

10 6 l e u c o c y t e s / m l i n FCS- or BSA- supplemented medium. 

15pl a l i q u o t s (1.5 x 10 4 l e u c o c y t e s ) were dispensed i n t o 

6 0 - w e l l T e r a s a k i p l a t e s (Nunc). [ 1 x 10 5 l e u c o c y t e s per 

c u l t u r e w e l l (lOOpl) i s used f o r SN assays i n 9 6 - w e l l 
solution 

p l a t e s . ] 5pl SN ( o r 5 p l m i t o g e n ^ i f mitogen assays were t o 

be c a r r i e d out i n T e r a s a k i p l a t e s ) was added t o b r i n g the 

" i n w e l l " c o n c e n t r a t i o n t o 25%. G e n e r a l l y , c u l t u r e s were 

s e t up i n r e p l i c a t e s of f i v e . 

I m m e d i a t e l y p r i o r t o i n c u b a t i o n , the p l a t e was 

i n v e r t e d and c e l l s were c u l t u r e d i n t h e meniscus of each 

"hanging drop" (see diagram t o i l l u s t r a t e t e c h n i q u e 

d e s c r i b e d i n F i g . 4.1). C e l l s were c u l t u r e d over s h a l l o w 

t r a y s of d i s t i l l e d water t o produce s u f f i c i e n t h u m i d i t y 

t o p r e v e n t the s m a l l volumes from d r y i n g o u t . C e l l s were 

i n c u b a t e d a t 26 + 1°C i n 5% C0 2 i n a i r , u s u a l l y f o r 48 

hours. 

For p u l s i n g a 1/10 d i l u t i o n of [ 3H]TdR (Amersham; Sp 

Act = 5Ci/mmol) was made i n AL-15 medium t o p r o v i d e l p C i 

of 3HTdR per lOpl medium. Using a H a m i l t o n raicrosyringe 

d i s p e n s e r , 2JJ1 [ 3 HjTdR (0.2pCi) was dispensed i n t o each 

w e l l . D u r i n g p u l s i n g the p l a t e was s t i l l h e l d i n v e r t e d 

and was s l i g h t l y t i l t e d so t h e s y r i n g e t i p c o u l d be 

i n t r o d u c e d a t the o p p o s i t e end of the d r o p l e t (where the 

c e l l s had s e t t l e d - see F i g . l b ) . The c e l l s were then 

103 



c u l t u r e d f o r a f u r t h e r 20 hours. 

To h a r v e s t the c e l l s a T i t e r t e k m i c r o h a r v e s t e r was 

used (Flow Labs; F i g . 4.1c). The h a r v e s t i n g head has 60 

w e l l s , each w i t h a h o l e i n the bottom. The w e l l s 

correspond t o the p a t t e r n of w e l l s on the T e r a s a k i p l a t e . 

A f i b r e g l a s s f i l t e r mat was pl a c e d over the h a r v e s t i n g 

head and s m a l l d i s c s were punched out ( t o l i e i n each 

w e l l ) u s i n g a h a r v e s t i n g punch. The h a r v e s t i n g head, w i t h 

f i l t e r s i n p l a c e , was t h e n t r a n s f e r r e d t o the h a r v e s t i n g 

main base u n i t and a vacuum a p p l i e d . S t i l l h o l d i n g the 

t i s s u e c u l t u r e p l a t e i n v e r t e d i t was placed over the 

h a r v e s t i n g head. The hanging drops p l u s c e l l s from 

i n d i v i d u a l w e l l s were sucked down onto i n d i v i d u a l 

f i l t e r s . The f i l t e r s were washed w i t h a p p r o x i m a t e l y 

500^1 double d i s t i l l e d water and d r i e d i n an oven a t 

60°C . 

One hour l a t e r f i l t e r s were t r a n s f e r r e d t o v i a l s 

(Packard; p i c o hang-in v i a l s ) , by u s i n g a f i n e needle. 3 

mis of s c i n t i l l a t i o n f l u i d was added ( N a t i o n a l 

D i a g n o s t i c s - B e t a f l u o r ) and the v i a l s analysed on a 

s c i n t i l l a t i o n c o u n t e r ( T r i c a r b 300; Pac k a r d ) . 

D i s i n t e g r a t i o n s per minute (dpm) were measured f o r each 

sample. 

4.2.3 Mitogen assay u s i n g c o n v e n t i o n a l 9 6 - w e l l p l a t e s 

These mitogen assays, u s i n g the " s t a n d a r d t e c h n i q u e " 

d e s c r i b e d i n e a r l i e r Chapters, were performed f o r two 
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reasons. F i r s t l y , t o compare PHA-P r e a c t i v i t y o f Xenopus 

l e u c o c y t e s i n the two media - FCS and BSA-supplemented, 

i n o r d e r t o f i n d the best c o n d i t i o n s f o r SN g e n e r a t i o n . 

Secondly, these mitogen experiments i n 9 6 - w e l l p l a t e s 

were t o be compared t o c e l l s c u l t u r e d w i t h mitogen i n the 

T e r a s a k i p l a t e s . 

The assay c e l l s were a d j u s t e d t o a c o n c e n t r a t i o n o f 1 

x 10 6 l e u c o c y t e s / m l i n e i t h e r BSA- or FCS- supplemented 

medium. IOOJJI a l i q u o t s were th e n dispensed i n t o 9 6 - w e l l 

t i s s u e c u l t u r e p l a t e s . PHA-P (Flow Labs) a t d i f f e r e n t 

c o n c e n t r a t i o n s was added i n 10^1 a l i q u o t s t o g i v e a range 

of " i n w e l l " c o n c e n t r a t i o n s o f 0.002 - 1.0 pg/ml. C e l l s 

were c u l t u r e d a t 26 ± 1°C and 5% C0 2. A f t e r 48 hours 

c u l t u r e , each w e l l was pu l s e d w i t h ljuCi [ 3 H] TdR and 

h a r v e s t e d 24 hours l a t e r . 

4.2.4 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 u s i n g PHA-P 

The same procedure was used t o generate mitogen-

induced SNs (PHA-P-ASNs) and t o remove r e s i d u a l PHA, as 

i n Chapter 3, w i t h 0.2pg/ml PHA-P p r o v i n g o p t i m a l f o r 
flx>m 

s t i m u l a t i o n . CSNs werej ( l e u c o c y t e s t h a t had been c u l t u r e d 

f o r 24 hours w i t h o u t PHA-P and then CRBC-treated. 
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4.3 RESULTS 

4.3.1 P r o l i f e r a t i v e responses t o PHA-P 

4.3.1.1 PHA-P dose response o f LM3 s p l e n o c y t e s i n 

"st a n d a r d " t e c h n i q u e ; e f f e c t o f serum s u p p l e m e n t a t i o n 

The optimum PHA-P dose was somewhat d i f f e r e n t f o r 

the two media used ( F i g . 4 . 2 ) . I n AL-15:FCS(1%) l y g / m l and 

0 . 2 j L i g / m l of PHA-P e l i c i t e d e x c e l l e n t s p l e n o c y t e responses 

of almost equal magnitude. I n AL-15:BSA, s p l e n o c y t e s 

d i s p l a y e d o p t i m a l p r o l i f e r a t i o n w i t h 0 . 2 p g / m l and 

0 . 0 2 j L i g / m l PHA-P. Background [ 3HjTdR counts were g e n e r a l l y 

h i g h e r i n the c u l t u r e s where AL-15:BSA medium had been 

used, whereas f o l l o w i n g PHA s t i m u l a t i o n , c e l l s c u l t u r e d 

i n BSA have f a i l e d t o achieve comparable l e v e l s o f 

th y m i d i n e i n c o r p o r a t i o n t o those kept i n FCS. A PHA-P 

c o n c e n t r a t i o n of 0 . 2 p g / m l was su b s e q u e n t l y used f o r the 

g e n e r a t i o n of PHA-P-SNs, where we. needed t o keep serum 

s u p p l e m e n t a t i o n t o a minimum, by u s i n g BSA 

sup p l e m e n t a t i o n . 

4.3.1.2 PHA-P dose response o f LM3 thymocytes i n 

"st a n d a r d " t e c h n i q u e ; e f f e c t o f serum s u p p l e m e n t a t i o n 

I n AL-15:FCS(1%) l y g / m l PHA-P produced the l a r g e s t 

thymocyte response, as measured by [ 3HJTdR i n c o r p o r a t i o n , 

w i t h 0 . 2 p g / m l a l s o p r o v i n g s t i m u l a t o r y . I n AL-15:BSA, 
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0.2fjg/ml and l p g / m l PHA-P b o t h achieved s u b s t a n t i a l 

thymocyte responses ( F i g . 4.3). The h i g h e s t [ 3 H]TdR 

counts were seen ( a f t e r PHA s t i m u l a t i o n ) i n the FCS-

supplemented medium, r a t h e r t h a n i n the BSA-supplemented 

medium. 

I n t h e above two s e c t i o n s , b o t h thymocytes and 

s p l e n o c y t e s came from t h e same LM3 an i m a l . S p l e n o c y t e s 

y i e l d e d markedly h i g h e r s t i m u l a t i o n i n d i c e s t o PHA-P th a n 

d i d thymocytes ( F i g . 4 . 2 & 4.3). For example, t he h i g h e s t 

SI a c h i e v e d f o r thymocytes was 16.0, whereas S i s f o r 

s p l e n o c y t e s reached g r e a t e r t h a n 50. Other e x p e r i m e n t s 

( d a t a n o t shown) c o n f i r m e d these f i n d i n g s . 

4.3.1.3 R e a c t i v i t y t o PHA-P e f f e c t e d by s p l e n o c y t e s 

c u l t u r e d i n serum f r e e , AL-15:FCS(1%) or AL-15:BSA media 

i n " s t a n d a r d " t e c h n i q u e 

T h i s e x p e r i m e n t was performed i n o r d e r t o determine 

i f AL-15:BSA medium (and even serum-free medium) would be 

s u i t a b l e t o use i n the s t a n d a r d 3 day p r o l i f e r a t i v e assay 

as a (more d e f i n e d ) replacement f o r AL-15:FCS(1%). A PHA-

P assay was s e l e c t e d t o observe how w e l l AL-15:BSA, AL-

15:FCS(1%) and unsupplemented AL-15 c o u l d s u p p o r t t h e 

p r o l i f e r a t i o n of Xenopus s p l e n o c y t e s i n 9 6 - w e l l p l a t e s . 

Unsupplemented (serum f r e e ) AL-15 c o u l d s u p p o r t t h e 

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

(Table 4 . 1 ) , b u t t o a lower e x t e n t than t h e o t h e r two 

media, b o t h i n terms of dpm and S I . S p l e n o c y t e s c u l t u r e d 

i n AL-15:BSA and AL-1 5 : FCS ( 1% ) both y i e l d e d h i g h [ 3H'j TdR 
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counts and h i g h S i s . AL-15:FCS(1%) produced a m a r g i n a l l y 

b e t t e r response from the s p l e n o c y t e s i n terms of [ 3H]TdR 

counts ( f o l l o w i n g PHA s t i m u l a t i o n ) t h a n AL-15:BSA. Since 

AL-15:BSA gave e x c e l l e n t s p l e n o c y t e responses, i t was 

used i n experiments 4.3.2.3 and 4.3.2.4 i n t h e 

m i n i a t u r i s e d system. 

4.3.1.4 Comparison of st a n d a r d and m i n i a t u r i s e d t e c h n i q u e s 

t o measure PHA-P s t i m u l a t i o n and e f f e c t o f CRBC 

a d s o r p t i o n 

PHA-P induced p r o l i f e r a t i o n o f s p l e n o c y t e s from an 

LG5 animal t h a t had been c u l t u r e d i n e i t h e r 9 6 - w e l l f l a t -

based p l a t e s o r T e r a s a k i p l a t e s (Table 4.2).[ 3H]TdR 

counts (and S i s ) of the assay c e l l s were of a much h i g h e r 

magnitude i n t h e 9 6 - w e l l p l a t e s compared t o the T e r a s a k i 

p l a t e s . The r e s u l t s from the T e r a s a k i p l a t e s , suggested 

t h a t CRBC-treatment o f PHA-P s o l u t i o n s removed v i r t u a l l y 

a l l the PHA, s i n c e the S i s and dpms i n the PHA-P(CRBC-

t r e a t e d ) s o l u t i o n s were n o t s i g n i f i c a n t l y d i f f e r e n t from 

those o f the assay c e l l s c u l t u r e d , i n .medium a l o n e . 

However, i n t h e 9 6 - w e l l f l a t - b a s e d p l a t e s , where PHA-P 

induces much g r e a t e r p r o l i f e r a t i o n , a s m a l l , b u t 

s t a t i s t i c a l l y s i g n i f i c a n t p r o l i f e r a t i o n (p<0.01) was 

observed f o r s p l e n o c y t e s c u l t u r e d i n the CRBC-adsorbed 

PHA s o l u t i o n s . 
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4.3.2 Use of " s t a n d a r d " and " m i n i a t u r i s e d " assays t o 

measure responses t o PHA- and MLC- induced s u p e r n a t a n t s 

4.3.2.1 Comparison o f PHA-P, PHA-P-SN and MLC-SN on 

p r o l i f e r a t i v e responses; s t a n d a r d t e c h n i q u e 

LM3 s p l e n o c y t e s p r e c u l t u r e d w i t h or w i t h o u t PHA-P 

and s p l e n o c y t e s assayed a f t e r b e i n g t a k e n d i r e c t l y from 

the animal were able t o respond by p r o l i f e r a t i o n when 

c u l t u r e d w i t h PHA-P, PHA-P-ASNs and MLC-ASNs. The MLC-

ASNs appeared t o possess l e s s m i t o t i c a c t i v i t y than t h e 

two PHA-P-SNs used ( F i g . 4.4). 

4.3.2.2 E f f e c t o f PHA-P, PHA-P-SNs and MLC-SNs on 

p r o l i f e r a t i v e responses o f p r e c u l t u r e d c e l l s , assayed 

w i t h t h e m i n i a t u r i s e d t e c h n i q u e 

T h i s experiment demonstrated t h a t s p l e n o c y t e s 

p r e c u l t u r e d w i t h or w i t h o u t PHA-P c o u l d be induced t o 

d i s p l a y enhanced p r o l i f e r a t i o n i n T e r a s a k i p l a t e s i n 

response t o PHA-P and b o t h PHA-P-SNs and MLC-SNs ( F i g . 

4.5). As was the case i n the 9 6 - w e l l p l a t e s ( F i g . 4.4) 

the PHA-P-ASNs possessed more m i t o t i c a c t i v i t y f o r the 

spleen c e l l s t h a n d i d the MLC-ASNs. 

The LG5 c e l l s p r e c u l t u r e d w i t h PHA-P f o r 4 days 

d i s p l a y e d r e l a t i v e l y h i g h background counts and were o n l y 

m i n i m a l l y s t i m u l a t e d by a f u r t h e r dose of PHA-P. T h i s 

c o n t r a s t e d w i t h the b e t t e r PHA s t i m u l a t i o n index seen i n 
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the e q u i v a l e n t c e l l s t h a t had r e c e i v e d no PHA-P d u r i n g 

t h e i r p r e c u l t u r e . 

4.3.2.3 E f f e c t o f PHA-P , MLC-SNs and PHA-P-SNs on 

p r o l i f e r a t i v e responses of p r e c u l t u r e d s p l e n o c y t e s : 

comparison o f s t a n d a r d and m i n i a t u r i s e d assays 

A good c o r r e l a t i o n was observed between t h e sp l e e n 

c e l l s assayed i n the 9 6 - w e l l p l a t e s and those assayed i n 

the T e r a s a k i p l a t e s ( F i g . 4.6). Both systems showed t h a t 

c e l l s p r e c u l t u r e d w i t h PHA-P, t o produce b l a s t s , gave 

h i g h e r background counts ( i . e . when c u l t u r e d f o r a 

f u r t h e r 3 days i n medium alone) than the e q u i v a l e n t c e l l s 

p r e c u l t u r e d i n medium alone. These PHA-P p r e c u l t u r e d 

b l a s t s were o n l y m i n i m a l l y s t i m u l a t e d by f u r t h e r PHA-P 

s t i m u l a t i o n , w h i l s t the c e l l s p r e c u l t u r e d i n medium 

responded w e l l t o PHA-P. C e l l s p r e c u l t u r e d w i t h PHA-P and 

then c u l t u r e d w i t h MLC-ASNs produced S i s of 1.3 & 1.5 

(p<0.01), i n the m i n i a t u r i s e d and sta n d a r d system, 

r e s p e c t i v e l y . Spleen c e l l s " p r e c u l t u r e d i n BSA 

supplemented medium responded b e t t e r t o MLC-ASNs tha n t h e 

PHA-P p r e c u l t u r e d c e l l s g i v i n g S i s of 2.5 & 3.0 (p<0.001) 

f o r the m i n i a t u r i s e d and st a n d a r d system, r e s p e c t i v e l y . 

Medium- or PHA- p r e c u l t u r e d s p l e n o c y t e s assayed i n the 

T e r a s a k i p l a t e s responded t o PHA-P-ASNs (PHA-P-ASNs were 

not t e s t e d on c e l l s i n the 9 6 - w e l l p l a t e ) . 
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4.3.2.4 E f f e c t o f MLC-SNs and PHA-P-SNs on p r o l i f e r a t i v e 

r e s p o n s e s o f p r e c u l t u r e d t h y m o c y t e s : c o m p a r i s o n o f 

s t a n d a r d and m i n i a t u r i s e d t e c h n i q u e s 

A good c o r r e l a t i o n was o b s e r v e d f o r t h e t h y m o c y t e s 

a s s a y e d i n t h e 9 6 - w e l l p l a t e s and T e r a s a k i p l a t e s ( F i g . 

4 . 7 ) . P r e c u l t u r i n g w i t h PHA-P e l e v a t e d b a c k g r o u n d [ 3 H j T d R 

l e v e l s f o r t h y m o c y t e s . T h y m o c y t e s p r e c u l t u r e d w i t h o u t PHA 

p r o d u c e d o n l y a s m a l l r e s p o n s e t o MLC-ASNs. However, a 

b e t t e r r e s p o n s e was seen t o ASNs when t h e t h y m o c y t e s had 

been p r e c u l t u r e d w i t h PHA-P. The same was t r u e f o r 

t h y m o c y t e s g i v e n PHA-P-ASNs. T h i s was i n c o n t r a s t t o 

s p l e n o c y t e s , w h i c h r e s p o n d e d e q u a l l y as w e l l t o SNs 

w h e t h e r t h e y had been p r e c u l t u r e d i n medium a l o n e o r when 

t h e y had been p r e c u l t u r e d w i t h PHA-P ( s e e 4 . 3 . 2 . 3 ) . 

( T h e r e were i n s u f f i c i e n t c e l l s t o s e t up t h e 9 6 - w e l l 

p l a t e e q u i v a l e n t ) . 

4 ; 3.3 S t u d i e s on 7 - d a y - t h y m e c t o m i s e d Xenopus 

4.3.3.1 A b i l i t y o f MLC-SNs t o i n d u c e p r o l i f e r a t i o n o f 

s p l e n o c y t e s f r o m c o n t r o l and t h y m e c t o m i s e d Xenopus 

T h i s e x p e r i m e n t , u s i n g t h e s t a n d a r d 9 6 - w e l l a s s a y , 

c l e a r l y d e m o n s t r a t e s t h e i n a b i l i t y o f s p l e n o c y t e s f r o m a 

t h y m e c t o m i s e d a n i m a l t o r e s p o n d t o PHA-P ( T a b l e 4 . 3 ) . The 

same t h y m e c t o m i s e d a n i m a l ' s s p l e n o c y t e s , however, 
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d i s p l a y e d e l e v a t e d p r o l i f e r a t i o n i n t h e p r e s e n c e o f MLC-

ASN as d i d c e l l s f r o m a s e c o n d Tx a n i m a l . The s p l e n o c y t e s 

f r o m t h e s i n g l e c o n t r o l a n i m a l showed an e x c e l l e n t 

p r o l i f e r a t i v e r e s p o n s e when c u l t u r e d w i t h PHA-P, and a 

s i g n i f i c a n t r e s p o n s e t o t h e MLC-ASN compared w i t h dpm 

a f f e c t e d by t h e MLC-CSN. 

4.3.3.2 E f f e c t o f PHA-P, PHA-SNs and MLC-SNs on 

p r o l i f e r a t i v e r e s p o n s e s o f p r e c u l t u r e d s p l e n o c y t e s f r o m 

c o n t r o l and t h y m e c t o m i s e d a n i m a l s : use o f T e r a s a k i p l a t e s 

When s c a l e d down t o t h e m i n i a t u r i s e d s y s t e m , i t was 

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

e x t r e m e l y w e l l t o a dose o f 0.5 and 0.05/jg/ml PHA-P [ t h i s 

l a t t e r dose was used s i n c e t h i s r e p r e s e n t e d t h e optimum 

dose - 0.2pg/ml ( o f t h e doses s t u d i e d ) used t o g e n e r a t e 

SNs, w h i c h i s t h e n d i l u t e d f o u r t i m e s i n t h e SN a s s a y ] 

and a l s o showed a s i g n i f i c a n t p r o l i f e r a t i v e r e s p o n s e when 

c u l t u r e d w i t h b o t h PHA-P-ASNs and MLC-ASNs. As e x p e c t e d 

t h e PHA-P-ASNs p o s s e s s e d more a c t i v i t y t h a n t h e MLC-ASN 

( F i g . 4 . 8 ) . 

Compared w i t h t h e c o n t r o l , t h e s p l e n o c y t e s f r o m t h e 

Tx a n i m a l showed a much r e d u c e d , b u t s i g n i f i c a n t , 

r e s p o n s e t o 0.5pg/ml and 0.05pg/ml PHA-P. A good 

p r o l i f e r a t i v e r e s p o n s e o f t h e Tx a n i m a l s c e l l s was 

r e c o r d e d when t h e PHA-P-ASN #1 and a l s o when t h e MLC-ASN 

were added ( F i g . 4 . 8 ) . The MLC-ASN a p p e a r e d t o be a more 

p o t e n t s t i m u l a t o r o f t h e s p l e n o c y t e s f r o m t h e Tx a n i m a l . 
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4.3.3.3 E f f e c t o f PHA-P and PHA-P-SNs on p r o l i f e r a t i v e 

r e s p o n s e s o f p r e c u l t u r e d s p l e n o c y t e s f r o m control, and 

t h y m e c t o m i s e d a n i m a l s ; use o f T e r a s a k i p l a t e s 

T h i s e x p e r i m e n t ( p e r f o r m e d i n BSA s u p p l e m e n t e d 

medium t h r o u g h o u t ) c o n f i r m e d a number o f o b s e r v a t i o n s 

( F i g . 4 . 9 ) . F o r exa m p l e , PHA-P- p r e c u l t u r e d b l a s t s f r o m 

c o n t r o l a n i m a l s , p r o d u c e d h i g h e r b a c k g r o u n d c o u n t s (when 

c u l t u r e d v ? i t h medium a l o n e ) t h a n t h e i r non-PHA t r e a t e d 

c o u n t e r p a r t s . PHA-P p r e c u l t u r e d b l a s t s were shown t o 

p r o l i f e r a t e p o o r l y i n r e s p o n s e t o f u r t h e r PHA-P 

t r e a t m e n t , w h i l s t non-PHA-P p r e c u l t u r e d c e l l s 

p r o l i f e r a t e d i n r e s p o n s e t o PHA-P. B o t h s e t s o f c e l l s 

p r o l i f e r a t e d when c u l t u r e d w i t h PHA-P-ASNs. 

S p l e n o c y t e s f r o m 7-day-Tx a n i m a l s t h a t had been 

p r e c u l t u r e d w i t h o r w i t h o u t PHA-P were b o t h r e f r a c t o r y t o 

f u r t h e r PHA-P t r e a t m e n t . B o t h p o p u l a t i o n s o f c e l l s , 

h o w e ver, r e s p o n d e d w e l l t o PHA-ASNs. 

4.3.3.4 E f f e c t o f thymectomy on s u p e r n a t a n t g e n e r a t i o n 

T h i s e x p e r i m e n t i n v e s t i g a t e d w h e t h e r s p l e n o c y t e s 

f r o m 7-day-Tx Xenopus c o u l d g e n e r a t e a c t i v e SNs, 

f o l l o w i n g c u l t u r e w i t h PHA-P. C o n t r o l s i b l i n g s were a l s o 

used t o g e n e r a t e t h e p o s i t i v e PHA-P-SNs. 

When t h e PHA-P-SNs were a s s a y e d on p r e c u l t u r e d 

c o n t r o l c e l l s , t h o s e g e n e r a t e d f r o m s p l e n o c y t e s o f t h e 

c o n t r o l a n i m a l s d i s p l a y e d good m i t o t i c a c t i v i t y ( F i g . 

4 . 1 0 ) . I n c o n t r a s t , t h e PHA-P-ASN g e n e r a t e d f r o m t h e Tx 
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a n i m a l was much l e s s s t i m u l a t o r y . 

The a s s a y s p l e n o c y t e s t h a t had been p r e c u l t u r e d i n 

t h e absence o f any PHA-P showed h i g h e r p r o l i f e r a t i o n t o 

ASNs and PHA-P t h a n t h e s p l e n o c y t e s w h i c h had been 

p r e c u l t u r e d w i t h PHA-P t o p r o d u c e " b l a s t s " . The l a t t e r 

w e r e , u n l i k e t h e medium p r e c u l t u r e d c e l l s , r e f r a c t o r y t o 

s u b s e q u e n t PHA s t i m u l a t i o n . 
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FIG. 4.1 

A) C e l l s a r e c u l t u r e d i n t h e m e n i s c u s o f a 2 0 J J 1 " h a n g i n g 

d r o p " . 

B) C e l l s a r e p u l s e d w i t h [ 3 H ] T d R d i s p e n s e d w i t h a H a m i l t o n 

s y r i n g e . 

C) C e l l s a r e h a r v e s t e d o n t o f i l t e r d i s c s . 
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F I G . 4.1 MINIATURISED CELL CULTURE TECHNIQUE 
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FIG• 4.2 : " S t a n d a r d " t e c h n i q u e 

LM3 s p l e n o c y t e s were d i s p e n s e d ( 1 x 1 0 5 l e u c o c y t e s / w e l l ) 

i n t o 9 6 - w e l l V-based p l a t e s i n AL-15:FCS(1%) o r i n AL-15:BSA. 

PHA-P was added t o g i v e t h e f o l l o w i n g " i n w e l l " c o n c e n t r a t i o n s 

o f 1.0, 0.2, 0.02, 0 . 002jug/ml.' C u l t u r e s were s e t up i n 

t r i p l i c a t e . A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d 

w i t h lpCi [ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 
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FIG. 4.2 PROLIFERATIVE RESPONSES OF LM3 SPLENOCYTES TO PHA-P WHEN 

CULTURED IN BSA- OR FCS-SUPPLEMENTED MEDIA 
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FIG. 4.3 : " S t a n d a r d " t e c h n i q u e 

LM3 t h y m o c y t e s were d i s p e n s e d ( 1 x 1 0 5 l e u c o c y t e s / w e l l ) 

i n t o 9 6 - w e l l V-based p l a t e s i n AL-15:FCS(1%) o r i n AL-15:BSA. 

PHA-P was added t o g i v e t h e f o l l o w i n g " i n w e l l " c o n c e n t r a t i o n s 

o f 1.0, 0.2, 0.02, 0.002^g/ml. C u l t u r e s were s e t up i n 

t r i p l i c a t e . A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d 

w i t h l j u C i [ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 
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FIG. 4.3 PROLIFERATIVE RESPONSES OF LM3 THYMOCYTES TO PHA-P WHEN 

CULTURED IN BSA- OR FCS- SUPPLEMENTED MEDIA 

m MEDIUM 

• 1.0 ug/ml 

0.2 ug/ml 
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FIG. 4.4 : " S t a n d a r d " t e c h n i q u e 

LM3 s p l e n o c y t e s were p r e c u l t u r e d (4 x 1 0 6 l e u c o c y t e s / m l ) 

i n AL-15 i FCS ( 5% ) w i t h o r w i t h o u t 0.2yg/ml PHA-P. A f t e r 8 days 

t h e c e l l s were washed and a s s a y e d f o r t h e i r a b i l i t y t o r e s p o n d 

t o PHA-P, PHA-P-SNs (CRBC t r e a t e d ) and MLC-SNs. 

Assay c e l l s (8 day p r e c u l t u r e d and a l s o " f r e s h " LM3 

s p l e n o c y t e s , t a k e n d i r e c t l y f r o m t h e a n i m a l ) were d i s p e n s e d ( 1 

x 1 0 5 l e u c o c y t e s / w e l l ) i n t o 9 6 - w e l l V-based p l a t e s i n AL-

15 :FCS(1%). SNs were added t o b r i n g t h e f i n a l " i n w e l l " 

c o n c e n t r a t i o n o f SN t o 25% i n a t o t a l volume o f 2 0 0 j ; l . PHA-P 

s o l u t i o n s were added t o g i v e an " i n w e l l " c o n c e n t r a t i o n o f 

0 . 0 5 f i g / m l . A l l PHA-ASNs were CRBC-passed and t h e PHA-CSN ( b l a c k 

b a r i n F i g . ) was f r o m a c u l t u r e o f n o n - P H A - t r e a t e d c e l l s w i t h 

s u b s e q u e n t C R B C - a d s o r p t i o n o f t h e SN. C u l t u r e s were s e t up i n 

t r i p l i c a t e . 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d w i t h l j j C i 

[ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 
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FIG. 4 . 5 s " M i n i a t u r i s e d " t e c h n i q u e 

LG5 and LM3 s p l e n o c y t e s were c u l t u r e d f o r 4 and 8 d a y s , 

r e s p e c t i v e l y , i n AL-15 •. ECS ( 5 % ) w i t h o r w i t h o u t PHA-p/, t o 

g e n e r a t e a s s a y c e l l s . These were t h e n washed and d i s p e n s e d ( 1 . 5 

x 1 0 4 l e u c o c y t e s / w e l l ) i n t o T e r a s a k i p l a t e s i n AL-15:FCS(1%). 

SNs (PHA-SNs (CRBC t r e a t e d ) and MLC-SNs) were added t o b r i n g 

t h e f i n a l " i n w e l l " c o n c e n t r a t i o n o f SN t o 25% i n a t o t a l 

v o l u m e o f 2 0 u l . PHA-P s o l u t i o n s were added t o g i v e an " i n w e l l " 

c o n c e n t r a t i o n o f 0.05jug/ml ( 5 J J 1 o f 0 . 2jj.g/ml) . A l l PHA-ASNs were 

CRBC-passed and t h e PHA-CSN ( b l a c k b a r i n F i g . ) was f r o m a 

c u l t u r e o f n o n - P H A - t r e a t e d c e l l s w i t h s u b s e q u e n t CRBC-

a d s o r p t i o n o f t h e SN. C u l t u r e s were s e t up i n r e p l i c a t e s o f 5. 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d w i t h O a ^ i C i 

t 3 H ] T d R and h a r v e s t e d 20 h o u r s l a t e r . 
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FIG. 4 . 6 

LM3 s p l e n o c y t e s were c u l t u r e d i n AL-15:BSA w i t h o r w i t h o u t 

PHA-P/. A f t e r 6 days c e l l s were washed and a s s a y e d f o r t h e i r 

r e s p o n s e t o PHA-P, PHA-P-SNs and MLC-SNs. A l l PHA-ASNs were 

CRBC-passed and t h e PHA-CSN ( b l a c k b a r i n F i g . ) was f r o m a 

c u l t u r e o f n o n - P H A - t r e a t e d c e l l s w i t h s u b s e q u e n t CRBC-

a d s o r p t i o n o f t h e SN. They were now c u l t u r e d i n AL-15:BSA i n 

b o t h 9 6 - w e l l f l a t - b a s e d p l a t e s and i n T e r a s a k i p l a t e s . 

9 6 - w e l l p l a t e s : A s s a y c e l l s were d i s p e n s e d ( 1 x 1 0 5 

l e u c o c y t e s / w e l l ) i n t o 9 6 - w e l l p l a t e s i n AL-15:BSA. SNs were 

added t o b r i n g t h e f i n a l " i n w e l l " c o n c e n t r a t i o n o f SN t o 25% 

i n a t o t a l volume o f 2 0 0 j u l . PHA-P s o l u t i o n s were added t o g i v e 

an " i n w e l l " c o n c e n t r a t i o n o f 0 . 5 j j g / m l . C u l t u r e s were s e t up i n 

t r i p l i c a t e . 

T e r a s a k i p l a t e s : A s s a y c e l l s were d i s p e n s e d ( 1 . 5 x 1 0 4 

l e u c o c y t e s / w e l l ) i n t o T e r a s a k i p l a t e s i n AL-15:BSA. SNs (PHA-

SNs (CRBC t r e a t e d ) and MLC-SNs) were added t o b r i n g t h e f i n a l 

" i n w e l l " c o n c e n t r a t i o n o f SN t o 25% i n a t o t a l volume o f 2 0 j u l . 

PHA-P s o l u t i o n s were added t o g i v e an " i n w e l l " c o n c e n t r a t i o n 

o f 0.5^g/ml ( 5 p l o f 2.-0-ju'g/ml) . C u l t u r e s were s e t up i n 

r e p l i c a t e s o f 5. 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l o f t h e 9 6 - w e l l and 

T e r a s a k i p l a t e was p u l s e d w i t h l p C i o r 0 . 2 j i C i [ 3 H ] T d R , 

r e s p e c t i v e l y . C e l l s f r o m t h e 9 6 - w e l l p l a t e were h a r v e s t e d 24 

h o u r s l a t e r . The T e r a s a k i p l a t e was h a r v e s t e d 20 h o u r s l a t e r . 
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FIG .4.7 

LM3 t h y m o c y t e s (4 x 1 0 6 l e u c o c y t e s / m l ) were c u l t u r e d i n 
(0'2.^//va) 

AL-15:BSA f o r 4 o r 6 days w i t h o r w i t h o u t PHA-p/ These a s s a y 

c e l l s were t h e n washed and d i s p e n s e d i n 9 6 - w e l l p l a t e s o r 

T e r a s a k i p l a t e s . [ A l l PHA-ASNs were CRBC-passed and t h e PHA-CSN 

( b l a c k b a r i n F i g . ) was f r o m a c u l t u r e o f n o n - P H A - t r e a t e d c e l l s 

w i t h s u b s e q u e n t C R B C - a d s o r p t i o n o f t h e SN.] 

9 6 - w e l l p l a t e s : Assay c e l l s were d i s p e n s e d ( 1 x 1 0 5 

l e u c o c y t e s / w e l l ) i n t o 9 6 - w e l l p l a t e s i n AL-15:BSA. SNs were 

added t o b r i n g t h e f i n a l " i n w e l l " c o n c e n t r a t i o n o f SN t o 25% 

i n a t o t a l v o l ume o f 2 0 0 p l . C u l t u r e s were s e t up i n t r i p l i c a t e . 

T e r a s a k i p l a t e s : Assay c e l l s were d i s p e n s e d ( 1 . 5 x 1 0 4 

l e u c o c y t e s / w e l l ) i n t o T e r a s a k i p l a t e s i n AL-15:BSA. SNs (PHA-

SNs (CRBC t r e a t e d ) and MLC-SNs) were added t o b r i n g t h e f i n a l 

" i n w e l l " c o n c e n t r a t i o n o f SN t o 25% i n a t o t a l v olume o f 20pl. 

C u l t u r e s were s e t up i n r e p l i c a t e s o f 5. 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l o f t h e 9 6 - w e l l and 

T e r a s a k i p l a t e was p u l s e d w i t h l p C i o r 0.2uCi [ 3 H]TdR, 

r e s p e c t i v e l y . C e l l s f r o m t h e 9 6 - w e l l p l a t e were h a r v e s t e d 24 

h o u r s l a t e r . The T e r a s a k i p l a t e was h a r v e s t e d 20 h o u r s l a t e r . 

[ A l l PHA-ASNs were CRBC-passed and t h e PHA-CSN ( b l a c k b a r 

i n F i g . ) was f r o m a c u l t u r e o f n o n - P H A - t r e a t e d c e l l s w i t h 

s u b s e q u e n t C R B C - a d s o r p t i o n o f t h e SN.] 
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FIG. 4.8 : " M i n i a t u r i s e d " t e c h n i q u e 

Assay c e l l s (LM3 s p l e n o c y t e s f r o m c o n t r o l and 7 day Tx 

a n i m a l s ) were p r e c u l t u r e d ( 4 x 1 0 € l e u c o c y t e s / m l ) i n AL-

15:FCS(5%) f o r 4 da y s . A s s a y c e l l s were d i s p e n s e d ( 1 . 5 x 1 0 4 

l e u c o c y t e s / w e l l ) i n t o T e r a s a k i p l a t e s i n AL-15:BSA. SNs [ P.HA-

ASNs ( C R B C - t r e a t e d ) , PHA-CSNs (SNs f r o m c u l t u r e s o f s y n g e n e i c 

c e l l s t h a t were C R B C - t r e a t e d ) arid MLC-SNs] were added t o b r i n g 

t h e f i n a l " i n w e l l " c o n c e n t r a t i o n o f SN t o 25% i n a t o t a l 

v o lume o f 2 0 p l . 5pl o f 0.2jug/ml o r 2.0/jg/ml o f PHA-P s o l u t i o n 

were added t o g i v e a f i n a l " i n w e l l " c o n c e n t r a t i o n o f 0.05 and 

0 . 5 j j g / m l C u l t u r e s were s e t up i n r e p l i c a t e s o f 5. 

A f t e r 48 h o u r s o f c u l t u r e , e ach w e l l was p u l s e d w i t h 

0.2jL/Ci [ 3H ] TdR, and h a r v e s t e d 20 h o u r s l a t e r . 
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FIG. 4.9 : " M i n i a t u r i s e d " t e c h n i q u e 

A s say c e l l s (LG5 s p l e n o e y t e s f r o m c o n t r o l and 7 day Tx 

a n i m a l s ) were p r e c u l t u r e d in-AL-15:BSA w i t h o r w i t h o u t PHA-P 

f o r 4 d a y s . They were washed and d i s p e n s e d ( 1 . 5 x 1 0 4 

l e u c o c y t e s / w e l l ) i n t o T e r a s a k i p l a t e s i n AL-15:BSA. SNs [PHA-

ASNs ( C R B C - t r e a t e d ) , PHA-CSNs (SNs f r o m c u l t u r e s o f s y n g e n e i c 

c e l l s t h a t were C R B C - t r e a t e d ) ] were added t o b r i n g t h e f i n a l 

" i n w e l l " c o n c e n t r a t i o n o f SN t o 25% i n a t o t a l v o l ume o f 2 0 ^ 1 . 

5^1 o f 0 . 2 f j g / m l PHA-P s o l u t i o n was added t o g i v e a f i n a l " i n 

w e l l " c o n c e n t r a t i o n o f 0.05^g/ml. C u l t u r e s were s e t up i n 

r e p l i c a t e s o f 5. 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d w i t h 

0.2juCi [ 3H ] TdR, and h a r v e s t e d 20 h o u r s l a t e r . 
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FIG. 4.10 : " M i n i a t u r i s e d " t e c h n i q u e 

24 h o u r PHA-P-SNs were g e n e r a t e d f r o m LG15 c o n t r o l and 7-

day-Tx a n i m a l s , u s i n g t h e s t a n d a r d p r o c e d u r e . A ssay c e l l s (LG15 

and LG5 s p l e n o c y t e s ) were p r e c u l t u r e d (4 x 1 0 6 l e u c o c y t e s / m l } 

i n AL-15:BSA w i t h o r w i t h o u t PHA-P f o r 8 d a y s . They were t h e n 

washed and d i s p e n s e d (1.5 x 1 0 4 l e u c o c y t e s / w e l l ) i n t o T e r a s a k i 

p l a t e s i n AL-15:BSA. SNs [PHA-ASNs ( C R B C - t r e a t e d ) , PHA-CSNs 

(SNs f r o m c u l t u r e s o f s y n g e n e i c c e l l s t h a t were C R B O t r e a t e d ) ] 

were added t o b r i n g t h e f i n a l " i n w e l l " c o n c e n t r a t i o n o f SN t o 

25% i n a t o t a l volume o f 20 p i . 5jul o f 2.0pg/ml PHA-P s o l u t i o n 

was added t o g i v e a f i n a l " i n w e l l " c o n c e n t r a t i o n o f 0.5pg/ml. 

C u l t u r e s were s e t up i n r e p l i c a t e s o f 5. 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d w i t h 

0.2juCi [ 3H ] TdR, and h a r v e s t e d 20 h o u r s l a t e r . 

124. 
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TABLE 4. 1 

Assay c e l l s were d i s p e n s e d ( 1 x 1 0 5 l e u c o c y t e s / w e l l ) i n t o 

9 6 - w e l l V-based p l a t e s . S p l e n o c t e s were c u l t u r e d i n serum-

f r e e , AL-15:FCS(1%) o r i n AL-15:BSA media. S p l e n o c y t e s were 

c u l t u r e d i n medium a l o n e o r g i v e n PHA-P. C u l t u r e s were s e t up 

i n t r i p l i c a t e . 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l was p u l s e d w i t h l p C i 

[ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 

c u l t u r e s + P H A s o l n . (dpm) 

S I = , . 

c u l t u r e s + m e d i u m (dpm) 

12 5 
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TABLE 4.2 

PHA-P s o l u t i o n s o f 2.0 and 0 . 2 j j g / m l were p r e p a r e d and 

e i t h e r C R B C - t r e a t e d o r l e f t u n t r e a t e d . The s o l u t i o n s were t h e n 

a s s a y e d u s i n g LG5 s p l e n o c y t e s . LG5 s p l e n o c y t e s were a s s a y e d i n 

9 6 - w e l l f l a t - b a s e d p l a t e s o r T e r a s a k i p l a t e s . 

9 6 - w e l l p l a t e s : s p l e n o c y t e s were d i s p e n s e d ( 1 x 1 0 5 

l e u c o c y t e s / w e l l ) i n AL-15 : FCS ( 1 % ) i n a t o t a l v olume o f 2 0 0 ^ i l . 

C u l t u r e s were s e t up i n t r i p l i c a t e . 

T e r a s a k i p l a t e s : s p l e n o c y t e s were d i s p e n s e d ( 1 . 5 x 1 0 4 

l e u c o c y t e s / m l ) i n AL-15:FCS(1%) i n a t o t a l v olume o f 2 0 ^ 1 . 

C u l t u r e s were s e t up i n r e p l i c a t e s o f 5. 

A f t e r 48 h o u r s o f c u l t u r e , each w e l l o f t h e 9 6 - w e l l o r 

T e r a s a k i p l a t e was p u l s e d w i t h l p C i o r 0.2pCi [ 3 H ] T d R , 

r e s p e c t i v e l y . C e l l s f r o m t h e 9 6 - w e l l p l a t e s were h a r v e s t e d 24 

h o u r s l a t e r . The T e r a s a k i p l a t e s were h a r v e s t e d 20 h o u r s l a t e r . 

c u l t u r e s + PHA s o l n . (dpm) 

S I = 

c u l t u r e s + medium (dpm) 
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TABLE 4.3 

Assay c e l l s ( " f r e s h " s p l e n o c y t e s f r o m 7-day-Tx and c o n t r o l 

LG5) were d i s p e n s e d ( 1 x 1 0 5 l e u c o c y t e s / w e l l ) i n t o 9 6 - w e l l 

p l a t e s i n AL-15:FCS(1%). SNs were added t o b r i n g t h e f i n a l " i n 

w e l l " c o n c e n t r a t i o n o f SN t o 25% i n a t o t a l volume o f 2 0 0 ^ 1 . 

50pl o f 2.0/L/g/ml PHA-P s l u t i o n was added t o g i v e an " i n w e l l " 

c o n c e n t r a t i o n o f 0.5^g/ml. C u l t u r e s were s e t up i n t r i p l i c a t e . 

A f t e r 48 h o u r s o f c u l t u r e , e ach w e l l o f t h e 9 6 - w e l l p l a t e 

was p u l s e d w i t h l j u C i and h a r v e s t e d 24 h o u r s l a t e r . 

PHA-P c u l t u r e s (dpm) 

(PHA-P) S I = 

medium c u l t u r e s (dpm) 

ASN c u l t u r e s (dpm) 

(SN) S I = 

CSN c u l t u r e s (dpm) 
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4.4 DISCUSSION 

These e x p e r i m e n t s a r e t h e f i r s t t o d e m o n s t r a t e t h a t 

a m i n i a t u r i s e d , h a n g i n g d r o p c u l t u r e t e c h n i q u e can be 

s u c c e s s f u l l y used f o r t h e c u l t u r e o f a m p h i b i a n c e l l s . As 

few as 1.5 x 1 0 4 Xenopus l e u c o c y t e s c o u l d be c u l t u r e d i n 

t h e m e n i s c u s o f a 2 0 p l h a n g i n g d r o p , compared w i t h t h e 1 

x 1 0 5 l e u c o c y t e s p e r w e l l u s u a l l y e m p l o y e d when 

p r o l i f e r a t i v e a s s a y s a r e c a r r i e d o u t i n 9 6 - w e l l p l a t e s . 

S l i g h t m o d i f i c a t i o n s o f t h e mammalian t e c h n i q u e were 

n e c e s s a r y t o o p t i m i s e c o n d i t i o n s f o r a m p h i b i a n c e l l s . F o r 

ex a m p l e , t h e p u l s e t i m e f o r mammalian h a n g i n g d r o p 

c u l t u r e s i n T e r a s a k i p l a t e s i s u s u a l l y f a r s h o r t e r t h a n 

t h e 20 h o u r s used i n t h e Xenopus s y s t e m ( F a r r a n t e t aJ, 

1 9 8 0 ) . S h o r t e r p u l s e t i m e s i n t h e a m p h i b i a n m i n i a t u r i s e d 

c u l t u r e s gave t o o few t h y m i d i n e c o u n t s t o be o f any 

m e a n i n g f u l v a l u e ( d a t a n o t s h o w n ) . 

The r e s p o n s e o f l e u c o c y t e s c u l t u r e d i n i n v e r t e d 

f a s h i o n i n T e r a s a k i p l a t e s c o r r e l a t e d c l o s e l y w i t h t h a t 

o f c e l l s c u l t u r e d c o n v e n t i o n a l l y i n t h e 9 6 - w e l l p l a t e s . 

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

s y s t e m were o f a l o w e r m a g n i t u d e t h a n t h e c o u n t s f r o m t h e 

9 6 - w e l l p l a t e s , t h e S i s o f t h e two s y s t e m s were o f t e n 

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

m e a s ured, i n c l u d i n g PHA r e s p o n s i v e n e s s and t h e r e s p o n s e 

t o PHA-P-SNs and MLC-SNs. 

AL-15:FCS(1% ) and AL-15:BSA b o t h s u p p o r t e d 
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p r o l i f e r a t i o n o f l e u c o c y t e s c u l t u r e d i n PHA, o r w i t h PHA-

SNs o r MLC-SNs i n t h e two s y s t e m s , i . e . m i n i a t u r i s e d and 

s t a n d a r d . AL-15:BSA was used i n o r d e r t o b e t t e r d e f i n e 

t h e c u l t u r e medium. A f t e r p e r f o r m i n g numerous e x p e r i m e n t s 

( n o t a l l d a t a shown) i t became a p p a r e n t t h a t a l t h o u g h AL-

15:BSA gave a d e q u a t e r e s u l t s , more c o n s i s t e n t r e s u l t s and 

b e t t e r a s s a y c e l l v i a b i l i t y were o b t a i n e d when u s i n g 

medium s u p p l e m e n t e d w i t h FCS. 

E x p e r i m e n t s w i t h PHA-P-SNs ( b o t h s t a n d a r d and 

m i n i a t u r i s e d s y s t e m s ) r e v e a l e d t h a t s p l e n o c y t e s f r o m 

c o n t r o l Xenopus n o t i n t e n t i o n a l l y s t i m u l a t e d c o u l d 

r e s p o n d t o such f a c t o r s ( s e e a l s o C h a p t e r 3 ) . I n 

c o n t r a s t , t h y m o c y t e s c u l t u r e d i n t h e T e r a s a k i s y s t e m , as 

w i t h t h e 9 6 - w e l l s y s t e m , showed a h e i g h t e n e d r e s p o n s e t o 

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

m i t o g e n . T h i s o b s e r v a t i o n i s i n a g r e e m e n t w i t h W a t k i n s 

and Cohen ( 1 9 8 7 ) who n o t e d t h e a b i l i t y o f Xenopus 

m i t o g e n - p r e c u l t u r e d t h y m o c y t e s t o r e s p o n d t o t h e i r 

m i t o g e n - i n d u c e d SNs ( c o n t a i n i n g TCGF). Our e x p e r i m e n t s , 

t h e r e f o r e , i n d i c a t e t h e i n v o l v e m e n t o f a T.CG.F.. 

Our u n d e r s t a n d i n g o f T c e l l m a t u r a t i o n i n Xenopus i s 

a t an e a r l y s t a g e o f i n v e s t i g a t i o n . To d a t e , t h e o n l y 

r e a g e n t t h a t s p e c i f i c a l l y l a b e l s Xenopus T c e l l s i s t h e 

XT-1 McAb o f N a g a t a , 1985. T h i s a n t i b o d y r a i s e d a g a i n s t 

t h y m o c y t e s , l a b e l s >95% t h y m o c y t e s f r o m many s t r a i n s o f 

Xenopus. I t a l s o l a b e l s a p r o p o r t i o n o f p e r i p h e r a l T 

c e l l s , b u t i s n o t a pan T c e l l m a r k e r . The a n t i b o d y 

l a b e l s an a n t i g e n - XTLA-1. U n t i l f u r t h e r a n t i b o d i e s a r e 

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

thymus w i l l r e m a i n u n c e r t a i n . N e v e r t h e l e s s , f o l l o w i n g 

s u r g i c a l t h y m e c t o m y ( T x ) a t 7 days o f age, X T - l + v e 

l y m p h o c y t e s a r e e f f e c t i v e l y d e p l e t e d f r o m t h e s p l e e n , as 

r e v e a l e d by N a g a t a ( 1 9 8 6 ) and c o n f i r m e d by o u r l a b o r a t o r y 

( b y f l o v ; c y t o m e t r y ) f o r s i b l i n g s o f t h e a n i m a l s u s e d h e r e 

i n t h i s T h e s i s f o l l o w i n g Tx a t 5 o r 7 days by 

m i c r o c a u t e r y ( V a r l e y , Ph.D t h e s i s , 1 9 9 0 ) . D e s p i t e t h i s 

l a c k o f X T - 1 + V e l y m p h o c y t e s , Tx a n i m a l s s p l e n o c y t e s c o u l d 

s t i l l r e s p o n d by p r o l i f e r a t o n t o b o t h PHA-P-ASNs and MLC-

ASNs. The T e r a s a k i p l a t e c u l t u r e s y s t e m p r o v e d u s e f u l 

h e r e , s i n c e numbers o f l e u c o c y t e s i n Tx a n i m a l s were 

r e d u c e d compared w i t h c o n t r o l s . 

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

p r o l i f e r a t i n g on a d d i t i o n o f ASNs ( i n Tx and c o n t r o l 

Xenopus) i s a m a t t e r o f c o n j e c t u r e . 

The a b i l i t y o f 7-day-Tx a n i m a l s ' s p l e n o c y t e s a) t o 

r e s p o n d m i n i m a l l y t o PHA-P and b) t o s e c r e t e " l o w 

a c t i v i t y " ASNs upon m i t o g e n s t i m u l a t i o n , s u g g e s t s t h e 

e x i s t e n c e i n t h e s e a n i m a l s o f such " T - l i k e " c e l l s . 

R e s i d u a l r e s p o n s e s t o T c e l l m i t o g e n s by c e r t a i n d e n s i t y 

g r a d i e n t f r a c t i o n s o f c e l l s d e r i v e d f r o m Tx Xenopus have 

a l s o been d e s c r i b e d by Green, D o n n e l l y & Cohen ( 1 9 7 9 ) . I t 

seems such Tx t o a d s s t i l l p o s s e s s a few c e l l s t h a t a r e 

f u n c t i o n a l l y e q u i v a l e n t t o t h e m a t u r e T c e l l s f o u n d i n 

e u t h y m i c Xenopus. I t i s p o s s i b l e , t h e r e f o r e , t h a t t h e s e 

XTLA-1-, T - l i k e c e l l s sometimes f o u n d i n Tx Xenopus ( s e e 

a l s o N a g a t a & Cohen, 1983) a r e r e s p o n s i b l e f o r t h e 

enhanced t h y m i d i n e i n c o r p o r a t i o n o b s e r v e d when 
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s p l e n o c y t e s f r o m Tx a n i m a l s a r e c u l t u r e d w i t h MLC-ASNs o r 

PHA-ASNs. [The p o s s i b i l i t y t h a t t h e s e T - l i k e c e l l s i n Tx 

Xenopus a r e p r o d u c e d e x t r a t h y m i c a l l y has been s u g g e s t e d 

e l s e w h e r e ( s e e N a g a t a & Cohen, 1 9 8 3 ) . ] 

A l t e r n a t i v e l y , s i n c e Tx a n i m a l s a r e d e f i c i e n t i n a 

who l e a r r a y o f T c e l l r e s p o n s e s ( M a n n i n g , D o n n e l l y & 

Cohen, 1976; H o r t o n & S h e r i f , 1977; H o r t o n & M a n n i n g , 

1972; Du P a s q u i e r & H o r t o n , 1976; N a g a t a & Cohen, 1983; 

Green, D o n n e l l y & Cohen,1979; M a n n i n g & C o l l i e , 1977; 

W i l l i a m s et al, 1973) ) , i t seems l i k e l y t h a t , a t l e a s t 

i n Tx - f r o g s , some o t h e r c e l l t y p e r e s p o n d s t o t h e ASNs, 

e.g. B c e l l s . The p o s s i b i l i t y t h a t B c e l l s a r e b e i n g 

t a r g e t t e d by t h e SNs i s e x a m i n e d i n t h e f o l l o w i n g 

C h a p t e r . I t i s a l s o r e a s o n a b l e t o assume t h a t t h e SNs may 

c o n t a i n a v a r i e t y o f l y m p h o k i n e s w h i c h may t a r g e t a 

number o f d i f f e r e n t c e l l t y p e s ( s e e C h a p t e r 3 ) . 
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CHAPTER 5 

USE OF ANTI-IqM MONOCLONAL ANTIBODY TO EXPLORE THE MATURE 

OF SPLENOCYTES RESPONSIVE TO CULTURE SUPERNATANTS 

5.1 INTRODUCTION 

S t u d i e s w i t h s p l e n o c y t e s f r o m Tx Xenopus have 

s u g g e s t e d t h a t , a l t h o u g h ASN p r o d u c t i o n i s t h y m u s -

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

T l y m p h o c y t e s . 

I n m i c e , t h e r e i s e v i d e n c e t o s u g g e s t t h a t I L - 2 i s 

i n e f f e c t i v e a t c a u s i n g t h e p r o l i f e r a t i o n o f r e s t i n g B 

c e l l s (Boom, L i a n o & Abbas, 1988; K i l l a r e t al, 1 9 8 7 ) . 

However, i n b o t h mice and humans t h e r e a r e many r e p o r t s 

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

t h e i r s u r f a c e I g by a n t i b o d y ) B b l a s t s p r o l i f e r a t i n g i n 

r e s p o n s e t o I L - 2 ( a f f i n i t y p u r i f i e d f r o m T c e l l m i t o g e n 

c u l t u r e s ) ( P u r e e t al, 1981; M e l c h e r s e t al, 1980; 

N a k a n i s h i e t al, 1984; P r a k a s h e t al, 1 9 8 5 ) . L a t e r 

s t u d i e s r e v e a l e d t h a t s u c h mammalian B b l a s t s c o u l d , a l s o 

r e s p o n d t o r e c o m b i n a n t I L - 2 ( r I L - 2 ) ( H a s h i m o t o e t al, 

1986; Nakagawa e t al, 1985; Z u b l e r e t al, 1984; R e y n o l d s , 

Boom & Abbas, 1 9 8 7 ) . I L - 2 r e c e p t o r s have been f o u n d on B 

b l a s t s , b u t n o t f r e s h ( u n s t i m u l a t e d ) B c e l l s ( Z u b l e r e t 

al, 1984; Tsudo, Uchiyama & U c h i n o , 1 9 8 4 ) . W i t h t h e use 

o f r a d i o l a b e l l e d r I L - 2 o r McAbs r e a c t i v e w i t h t h e p55 13 

c h a i n o f t h e I L - 2 r e c e p t o r ( I L - 2 R ) , i t has been shown 

t h a t B b l a s t s ( i . e . a c t i v a t e d B c e l l s ) e x p r e s s t h e p55 (3 
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c h a i n a t o n l y a t e n t h o f t h e d e n s i t y e x p r e s s e d by 

a c t i v a t e d T c e l l s ( i . e . T b l a s t s ) { N a k a n i s h i e t al, 1984; 

M u r a g u c h i et al, 1 9 8 5 ) . 

Karasuyama e t al ( 1 9 8 8 ) p r o p o s e t h a t I L - 2 p o s s e s s e s 

a B c e l l g r o w t h f a c t o r (BCGF) b e t a a c t i v i t y . BCGF-alpha 

a c t s i n t h e l a t e Gi phase o f t h e c e l l c y c l e , a f t e r 

i n i t i a l a c t i v a t i o n o f t h e B c e l l e.g. t h r o u g h a n t i - I g 

s t i m u l a t i o n (Go - Gi ) . BCGF-or r e g u l a t e s t h e e n t r y o f t h e 

B c e l l i n t o S and G 2 phase. BCGF-R i s t h e n a b l e t o push 

t h e a c t i v a t e d B c e l l i n t o m i t o s i s ( G 2 - M). 

D e s p i t e t h e d e m o n s t r a t i o n t h a t r I L - 2 c a n pr o m o t e 

m i t o s i s o f B b l a s t s , t h e m a g n i t u d e o f t h e p r o l i f e r a t i v e 

r e s p o n s e s o f B c e l l s i n c u l t u r e s s u p p o r t e d by r I L - 2 a l o n e 

has u s u a l l y been s m a l l e r t h a n when compared w i t h t h o s e 

m a i n t a i n e d by m i t o g e n - d e r i v e d SNs c o n t a i n i n g a v a r i e t y o f 

T c e l l - d e r i v e d l y m p h o k i n e s (Nakagawa e t al, 1985; J u n g , 

H a r a & Man Fu, 1 9 8 4 ) . I n a d d i t i o n , t h e c o n c e n t r a t i o n s o f 

r I L - 2 r e q u i r e d t o p r o m o t e B c e l l r e s p o n s i v e n e s s have 

u s u a l l y been s e v e r a l o r d e r s o f m a g n i t u d e h i g h e r compared 

w i t h t h o s e n e c e s s a r y t o m a i n t a i n T c e l l g r o w t h ( J u n g , 

H a r a & Man Fu, 1984; r e v i e w e d by J e l i n e k & L i p s k y , 1 9 8 7 ) . 

S i n c e t h e c o n c e n t r a t i o n s o f r I L - 2 used t o p r o m o t e B c e l l 

r e s p o n s i v e n e s s a r e g r e a t e r t h a n w o u l d be f o u n d u n d e r 

p h y s i o l o g i c a l c o n d i t i o n s , t h e r o l e t h a t I L - 2 may p l a y on 

B c e l l d i f f e r e n t i a t i o n in vivo i s u n c l e a r . 

I n t e r e s t i n g l y , when i n v e s t i g a t i n g t h e r e l e a s e o f 

l y m p h o k i n e s i n t h e m u r i n e MLC r e s p o n s e , t h e e x i s t e n c e o f 

a BCGF w i t h p r o l i f e r a t i v e a c t i v i t y f o r B b l a s t s 

( g e n e r a t e d t h r o u g h s u r f a c e a n t i - I g s t i m u l a t i o n ) was 
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d e m o n s t r a t e d ( P u r ^ , I n a b a & M e t l a y , 1 9 8 8 ) . I t was 

r e v e a l e d t h a t t h e m a j o r i t y o f t h i s a c t i v i t y was d i s t i n c t 

f r o m I L - 2 , s i n c e an a n t i - I L - 2 a n t i b o d y r e d u c e d t h i s 

r e s p o n s e by a b o u t 20% o n l y . 

I n t h i s C h a p t e r , one m a j o r g o a l was t o d e t e r m i n e i f , 

i n Tx Xenopus, B c e l l s a r e r e s p o n d i n g t o t h e MLC- and 

m i t o g e n - i n d u c e d ASNs. I t i s p o s s i b l e t o s e p a r a t e B c e l l s 

f r o m a p o p u l a t i o n o f Xenopus l e u c o c y t e s , on t h e b a s i s o f 

t h e c o n s t i t u t i v e e x p r e s s i o n o f i m m u n o g l o b u l i n ( I g ) f o u n d 

on t h e s u r f a c e o f B c e l l s . The p r i n c i p a l I g e x p r e s s e d on 

t h e s u r f a c e o f u n s t i m u l a t e d Xenopus l e u c o c y t e s i s IgM 

( H a d j i - A z i m i , Schwager & T h i e b a u d , 1 9 8 2 ) . McAbs r e a c t i v e 

w i t h Xenopus IgM have been p r o d u c e d ( B l e i c h e r & Cohen, 

1981; L a n g e b e r g e t al, 1 9 8 7 ) . These McAbs have been u s e d 

t o "pan" f o r s u r f a c e IgM p o s i t i v e ( s I g M + ) l e u c o c y t e s 

( B l e i c h e r & Cohen, 19 8 1 ; Schwager & H a d j i - A z i m i , 1985; 

L a n g e b e r g e t al, 1 9 8 7 ) . A l t h o u g h " p a n n i n g " ( u s i n g a n t i - I g 

p l a s t i c c o a t e d p e t r i d i s h e s ) i s a r e a s o n a b l e method f o r 

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

i n v a r i a b l y some c r o s s - c o n t a m i n a t i o n o f l e u c o c y t e s . 

A n o t h e r way o f s e p a r a t i n g c e l l p o p u l a t i o n s v i a t h e use o f 

McAbs i s by u s i n g a f l u o r e s c e n t a c t i v a t e d c e l l s o r t e r 

(FACS). I f a McAb t o a p a r t i c u l a r c e l l s u r f a c e 

d e t e r m i n a n t i s c o n j u g a t e d ( t h r o u g h i t s Fc r e g i o n ) w i t h a 

f l u o r e s c e n t m a r k e r , e.g. f l u o r e s c e i n - i s o t h i o c y a n a t e 

( F I T C ; w h i c h f l u o r e s c e s g r e e n u n d e r UV i l l u m i n a t i o n ) , 

c e l l s b e a r i n g t h a t c e l l s u r f a c e d e t e r m i n a n t can r e a d i l y 

be d i s t i n g u i s h e d f r o m u n l a b e l l e d c e l l s , f o l l o w i n g 

i n c u b a t i o n w i t h t h e a n t i b o d y . T h i s i s a " d i r e c t " way o f 
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l a b e l l i n g c e l l s . A s e c o n d a r y , f l u o r e s c e n t - l a b e l l e d 

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

a n t i b o d y ( i . e . an a n t i b o d y t h a t r e c o g n i s e s t h e c e l l 

s u r f a c e a n t i g e n u n d e r s t u d y ) , can a l s o be used t o 

v i s u a l i s e t h e c e l l . A FACS i s a b l e t o d i s t i n g u i s h and 

s e p a r a t e f l u o r e s c e n t - l a b e l l e d c e l l s f r o m u n l a b e l l e d c e l l s 

w i t h a h i g h d e g r e e o f a c c u r a c y ( r e v i e w e d by S h a p i r o , 

1 9 8 7 ) . A d i s a d v a n t a g e o f u s i n g a FACS machine i s t h a t t h e 

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

n e g a t i v e (no a n t i b o d y l a b e l l i n g ) p o p u l a t i o n s i s a t i m e -

c o n s u m i n g p r o c e d u r e . However, i t was hoped t h a t by u s i n g 

t h e ( T e r a s a k i p l a t e ) m i n i a t u r i s e d t e c h n i q u e ( C h a p t e r 4) 

t o a s s a y f o r SN a c t i v i t y , t h e low number o f c e l l s ( w i t h 

r e s p e c t t o l e u c o c y t e s / w e l l ) r e q u i r e d f o r t h i s a s s a y 

method w o u l d keep t o a minimum t h e r e q u i r e d s o r t i n g t i m e , 

and t h u s m i g h t l e s s e n t h e l i k e l i h o o d o f c e l l d e a t h 

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

The McAbs 8E4:57 and 8E4:13.3 a r e s p e c i f i c f o r 

Xenopus laevis IgM ( L a n g e b e r g et al, 1 9 8 7 ) . The use o f 

-8E4r57 and 8E4:13.~3 h y b r i d o m a " c e l l s u p e r n a t a n t s t o l a b e l 

B c e l l s i n c o n t r o l and Tx Xenopus and t o p r o b e t h e n a t u r e 

o f c e l l s r e s p o n d i n g t o ASNs i s d e m o n s t r a t e d i n t h i s 

C h a p t e r . I t was d e c i d e d t h a t Tx a n i m a l s w o u l d be used t o 

p r o v i d e t h e s o u r c e o f B c e l l s f o r i n v e s t i g a t i n g t h e 

n a t u r e o f t h e c e l l s t h a t r e s p o n d t o ASNs. Tx Xenopus 

p o s s e s s a g r e a t e r p r o p o r t i o n o f sIgM+ s p l e n i c l e u c o y t e s 

t h a n c o n t r o l a n i m a l s ( W e i s s , H o r t o n & Du P a s q u i e r , 1973; 

Na g a t a & K a t a g i r i , 1978; B l e i c h e r & Cohen, 1 9 8 1 ) . 

F u r t h e r m o r e , Weiss et al ( 1 9 7 3 ) s u g g e s t e d t h a t s I g M + 

135 



l e u c o c y t e s f r o m 7 day Tx Xenopus may p o s s e s s more s l g M 

p e r c e l l t h a n c o n t r o l s I g M + l e u c o c y t e s , b u t w h e t h e r t h i s 

r e l a t e s t o a p a r t i c u l a r s t a t e o f a c t i v a t i o n o f such B 

c e l l s has n o t , t o my k n o w l e d g e , been i n v e s t i g a t e d . Tx 

a n i m a l s a p p e a r t o p o s s e s s B c e l l s w i t h n o r m a l B c e l l 

f u n c t i o n s ; f o r e x a m p l e , t h e y r e s p o n d t o B c e l l m i t o g e n s 

such as p r o t e i n d e r i v a t i v e o f t u b e r c u l i n (PPD) ( M a n n i n g , 

D o n n e l l y & Cohen, 1976) and pokeweed m i t o g e n (PWM) 

(Schwager & H a d j i - A z i m i , 1 9 8 4 ) . The mammalian B c e l l 

m i t o g e n l i p o p o l y s a c c h a r i d e ( L P S ) , i n i t ' s p u r e s t f o r m , i s 

n o t m i t o g e n i c f o r Xenopus B c e l l s a t c o n c e n t r a t i o n s 

m i t o g e n i c f o r mammalian B c e l l s ( B l e i c h e r et al, 1 9 8 3 ) . 

However, i t was shown t h a t a c o m m e r c i a l p r e p a r a t i o n o f 

LPS c o u l d i n d u c e t h e e x p r e s s i o n o f c y t o p l a s m i c I g M + B 

l y m p h o b l a s t s i n c u l t u r e s o f Xenopus l e u c o c y t e s ( W i l l i a m s 

et al, 1983; Hsu & L e a n d e r s o n , u n p u b l i s h e d ) and t h a t t h i s 

m i t o g e n can s t i m u l a t e p r o l i f e r a t i o n o f B c e l l s f r o m Tx 

a n i m a l s ( M a n n i n g , D o n n e l l y & Cohen, 1 9 7 6 ) . 

To g a i n i n s i g h t as t o t h e n a t u r e o f t h e m i t o t i c 

f a c t o r s p r e s e n t i n t h e ASNs, i n i t i a l a t t e m p t s were made 

i n t h i s C h a p t e r t o b e g i n t o " c o n c e n t r a t e " Con A-ASNs, 

t h r o u g h ammonium, s u l p h a t e p r e c i p i t a t i o n . 

5.2 MATERIALS AND METHODS 

5.2.1 A n i m a l s and t h y m e c t o m y o p e r a t i o n 

LG15, LG5 and LM3 c l o n e s , t o g e t h e r w i t h X.laevis and 
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X.borealis were u s e d . Some X.laevis, s i b l i n g s t o t h e 

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

s e c t i o n 3 . 2 . 1 . Thymectomy was p e r f o r m e d a t 5.5 o r 6.5 

days o f l a r v a l l i f e . 

5.2.2 C u l t u r e o f mouse h y b r i d o m a c e l l s 

Mouse h y b r i d o m a c e l l l i n e s , 8E4-.57 and 8E4:13.3, 

were a g e n e r o u s g i f t f r o m Dr R.H. C l o t h i e r , N o t t i n g h a m 

U n i v e r s i t y . These h y b r i d o m a s s e c r e t e anti-Xenopus IgM 

a n t i b o d y . 

The h y b r i d o m a c e l l s were c u l t u r e d i n D u l b e c c o ' s 

m o d i f i e d E a g l e s medium ( 5 0 m l DMEM (10 t i m e s n o r m a l 

s t r e n g t h ) ; G i b c o ) d i l u t e d w i t h 370ml s t e r i l e d o u b l e 

d i s t i l l e d w a t e r , s u p p l e m e n t e d w i t h 10ml L - g l u t a m i n e 

(200mM), 5mls n o n - e s s e n t i a l amino a c i d s (100 t i m e s n o r m a l 

s t r e n g t h ) , 10ml so d i u m p y r u v a t e (lOOmM), 25ml s o d i u m 

b i c a r b o n a t e ( 7 . 5 % ) , 1 % p e n i c i l l i n , 1 % s t r e p t o m y c i n , 1 % 

f u n g i z o n e 10% FCS ( a l l f r o m Flow L a b s ) and lOOjul 2-

m e r c a p t o e t h a n o l (50mM; BDH). The medium was f i l t e r e d 

t h r o u g h 0.2pm f i l t e r s ( F l o w p o r e ) . 

H y b r i d o m a c e l l s were grown i n 10ml o r 25ml v o l u m e s 

i n t i s s u e c u l t u r e f l a s k s ( F a l c o n ) and c u l t u r e d a t 37 + 

1°C and i n 5% C O 2 . H y b r i d o m a s were seeded a t a b o u t 1 x 

1 0 5 c e l l s / m l . They were r e - s e e d e d when t h e y had r e a c h e d a 

d e n s i t y o f 1 x 1 0 6 c e l l s / m l ( a p p r o x . 3 d a y s ) , i n o r d e r t o 

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

t h e h y b r i d o m a c e l l s i s shown i n F i g . 5.1. 
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S t o r a g e o f h y b r i d o m a c e l l s by f r e e z i n g 

H y b r i d o m a c e l l s t h a t were s u r p l u s t o r e q u i r e m e n t 

were f r o z e n u s i n g t h e f o l l o w i n g p r o t o c o l . C e l l s were 

f r o z e n down when t h e y were i n l o g a r i t h m i c g r o w t h . l O m l s 

h y b r i d o m a s u s p e n s i o n ( i . e . c u l t u r e SNs p l u s c e l l s 

( a p p r o x . 10 x 1 0 6 ) ) was spun down i n 10ml c e n t r i f u g e 

t u b e s ( S t e r i l i n ) a t 300g a t 4°C f o r l O m i n s . The c u l t u r e 

SN was d i s c a r d e d and t h e h y b r i d o m a c e l l s were r e s u s p e n d e d 

i n 200JJ1 o f f r e e z i n g m i x t u r e ( 8 % DMSO ( d i m e t h y l 

s u l f o x i d e ; ( S igma) i n FCS ( G i b c o ) ) . The f r e e z i n g m i x t u r e 

c o n t a i n i n g t h e c e l l s was p u t i n t o 1ml c r y o v i a l s ( N u n c ) . 

The v i a l s were p l a c e d u p r i g h t i n a p o l y s t y r e n e b o x, 

s u r r o u n d e d w i t h c o t t o n - w o o l , and p u t i n a -80°C f r e e z e r 

o v e r n i g h t . The v i a l s were t h e n t r a n s f e r r e d t o r a c k s and 

s t o r e d i n l i q u i d n i t r o g e n . 

R e c o v e r y o f f r o z e n h y b r i d o m a c e l l s 

H y b r i d o m a c e l l s c o u l d be s u c c e s s f u l l y r e c o v e r e d 

a f t e r 2 months i n l i q u i d n i t r o g e n ( a l o n g e r f r e e z i n g t i m e 

was n o t u n d e r t a k e n ) . C r y o v i a l s r e c o v e r e d f r o m l i q u i d 

n i t r o g e n were swabbed w i t h a l c o h o l . 300jul o f DMEM 

( p r e v i o u s l y warmed t o 37°C), s u p p l e m e n t e d w i t h 20% FCS, 

was added t o t h e v i a l c o n t a i n i n g t h e f r o z e n h y b r i d o m a 

c e l l s . The c e l l s were t r a n s f e r r e d t o a s m a l l s t e r i l e 

p e t r i d i s h ( C o s t a r ) c o n t a i n i n g 2ml DMEM ( 2 0 % FCS). The 

h y b r i d o m a s were c u l t u r e d o v e r n i g h t a t 37 ± 1°C and i n 5% 

C O 2 . The n e x t day t h e h y b r i d o m a s were t r a n s f e r r e d t o a 

10ml volume i n a 25ml f l a s k and c u l t u r e d i n t h e u s u a l 

manner ( s e e a b o v e ) . 
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5.2.3 P r o d u c t i o n o f h v b r i d o m a c u l t u r e s u p e r n a t a n t s 

F o r t h e p r o d u c t i o n o f h y b r i d o m a c u l t u r e SNs r i c h i n 

s e c r e t e d McAbs, h y b r i d o m a c e l l s were c u l t u r e d f o r 4 - 5 

days ( p a s t t h e p o i n t o f l o g a r i t h m i c g r o w t h ) . The c o n t e n t s 

o f t h e t i s s u e c u l t u r e f l a s k s were t r a n s f e r r e d t o l a r g e 

10ml o r 25ml c e n t r i f u g e t u b e s ( S t e r i l i n ) , d e p e n d i n g on 

t h e volume o f c o l l e c t e d c u l t u r e medium. The t u b e s were 

spun a t 300g a t 4°C f o r 10 m i n s t o p e l l e t t h e h y b r i d o m a 

c e l l s , w h i c h were d i s c a r d e d . The c u l t u r e SN was c o l l e c t e d 
v/v 

and s t o r e d a t -20°C. 0.04%/sodium a z i d e (BDH), an a n t i 

b a c t e r i a l a g e n t , was added t o t h e c u l t u r e SNs, u n l e s s t h e 

SN was t o be used t o l a b e l c e l l s t h a t were t o be c u l t u r e d 

f u r t h e r . 

5.2.4 F l u o r e s c e n t m i c r o s c o p i c s t u d i e s on l e u c o c y t e s 

s t a i n e d w i t h t h e m o n o c l o n a l a n t i b o d i e s XT-1, 8E4:57 and 

- - - 8E4:13.3 

The medium used f o r t h e s t a i n i n g o f t h e l e u c o c y t e s 

was a m p h i b i a n p h o s p h a t e b u f f e r e d s a l i n e (APBS; see 

a p p e n d i x ) s u p p l e m e n t e d w i t h 0. l%v/vsodium a z i d e (BDH) and 

0.1%w/vBSA ( S i g m a ) . T h i s medium was a d j u s t e d t o pH 7.2 

7.4. 

S p l e n o c y t e s a n d / o r t h y m o c y t e s s u s p e n s i o n s were 

p r e p a r e d f r o m t h e s p l e e n o r thymus by d i s s o c i a t i n g t h e 

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

s c i s s o r s ; t h i s p r o v i d e d a g e n t l e r way o f p r e p a r i n g t h e 
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l e u c o c y t e s t h a n g r i n d i n g t h e o r g a n s b e t w e e n g l a s s s l i d e s . 

T h i s method was used so t h a t t h e c e l l p r e p a r a t i o n w o u l d 

c o n t a i n o n l y a minimum o f c e l l d e b r i s ( t h i s may i n t e r f e r e 

w i t h t h e c o u n t i n g p r o c e d u r e w h e t h e r p e r f o m e d by eye o r by 

FACS). The w a s h i n g p r o c e d u r e was t h e same as d e t a i l e d i n 

s e c t i o n 2.2.3. The s t a i n i n g p r o c e d u r e was c a r r i e d o u t on 

i c e . 

S p l e n o c y t e s o r t h y m o c y t e s u s p e n s i o n s were a d j u s t e d 

t o 1 x 1 0 6 l e u c o c y t e s / m l . 1ml a l i q u o t s were d i s p e n s e d 

i n t o t h e r e q u i r e d number o f e x p e r i m e n t a l sample t u b e s . 

The l e u c o c y t e s were c e n t r i f u g e d a t 300g a t 4°C f o r 10 

m i n s . The medium was removed and 4 0 0 / i l o f t h e p r i m a r y 

a n t i b o d y ( i . e . XT-1, 8E4:57 o r 8E4:13.3) was added. 

L e u c o c y t e s were s t a i n e d w i t h a 1/100 d i l u t i o n o f XT-1 

a s c i t e s ( g e n e r a t e d by i n t r a p e r i t o n e a l i n j e c t i o n o f XT-1 

h y b r i d o m a c e l l s i n t o p r i s t a n e - p r i m e d B a l b / c m i c e and 

s u b s e q u e n t r e m o v a l o f p e r i t o n e a l f l u i d , w h i c h i s 

e x t r e m e l y r i c h i n a n t i b o d y ) i n APBS o r a 1/3 d i l u t i o n o f 

8E4:57/13.3 c u l t u r e SN (much l e s s r i c h i n a n t i b o d y 

compared w i t h a s c i t e s f l u i d ) i n APBS. L e u c o c y t e s were 

i n c u b a t e d w i t h t h e p r i m a r y a n t i b o d y f o r 45 m i n s . They 

were t h e n washed - t w i c e " i n 2ml cold-APBS- a n d - i n c u b a t e d 

w i t h a 1/30 d i l u t i o n ( 5 0 0 f i l ) o f s e c o n d a r y a n t i b o d y . T h i s 

was a F I T C - l a b e l l e d , p o l y c l o n a l a n t i - m o u s e IgG ( F a b > 2 

f r a g m e n t ( D a k o p a t s ) . [A ( F a b ) 2 f r a g m e n t was used t o 

p r e v e n t n o n - s p e c i f i c b i n d i n g by t h e Fc r e g i o n o f t h e 

F I T C - l a b e l l e d a n t i b o d y . ] The mouse ( p r i m a r y a n t i b o d i e s ) 

McAbs use d h e r e have p r e v i o u s l y been shown a l l t o be 

mouse IgG i s o t y p e . L e u c o c y t e s were i n c u b a t e d f o r 45 mins 
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w i t h t h e s e c o n d a r y a n t i b o d y . C o n t r o l s t a i n i n g s i n v o l v e d 

i n c u b a t i o n w i t h s e c o n d a r y a n t i b o d y o n l y . The l e u c o c y t e s 

were washed t w i c e i n 2ml APBS and, f o l l o w i n g t h e l a s t 

c e n t r i f u g a t i o n , were r e s u s p e n d e d i n 2 5 p l o f medium. 

A p p r o x i m a t e l y 10pl o f s t a i n e d c e l l s u s p e n s i o n was 

p l a c e d on a c l e a n g l a s s s l i d e , and a c o v e r s l i p a p p l i e d . 

L e u c o c y t e s were v i e w e d u s i n g e i t h e r phase c o n t r a s t o r 

i n c i d e n t l i g h t f l u o r e s c e n c e . The m i c r o s c o p e was a N i k o n 

O p t i p h o t , f i t t e d w i t h e p i f l u o r e s c e n c e i l l u m i n a t i o n and a 

F I T C - f i l t e r s e t . P h o t o g r a p h s were t a k e n on t h e a t t a c h e d 

N i k o n M i c r o f l e x U F X - I I camera. 

A t l e a s t 400 l e u c o c y t e s were c o u n t e d i n each 

e x p e r i m e n t a l sample. However, i n t h e case o f XT-1 

s t a i n i n g o f t h y m o c y t e s , where t h e m a j o r i t y o f l e u c o c y t e s 

s t a i n e d p o s i t i v e , c o u n t i n g o f l e u c o c y t e s proceeded u n t i l 

200 XT-1+ l e u c o c y t e s had been r e c o r d e d . 

I n e x p e r i m e n t s where t h e p e r c e n t a g e o f p o s i t i v e l y 

l a b e l l e d l e u c o c y t e s f r o m Tx and c o n t r o l Xenopus were 

compared, t h e o b s e r v e r d i d n o t know w h i c h o f t h e a n i m a l s ' 

s p l e n o c y t e s _ were, b e i n g -counted-. T h i s was t o a v o i d 

u n i n t e n t i o n a l b i a s i n t h e c o u n t i n g p r o c e d u r e . 

5.2.5 F l o w c y t o m e t r i c a n a l y s i s o f l e u c o c y t e s s t a i n e d w i t h 

a n t i - I q M m o n o c l o n a l a n t i b o d i e s 

S p l e n o c y t e s f r o m c o n t r o l and Tx a n i m a l s were 

l a b e l l e d w i t h t h e p r i m a r y a n t i - I g M a n t i b o d y (8E4:57 o r 

8E4:13.3) and t h e s e c o n d a r y , F I T C - c o n j u g a t e d a n t i b o d y as 

d e t a i l e d i n s e c t i o n 5.2.6. L e u c o c y t e s were a d j u s t e d t o a 
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c o n c e n t r a t i o n o f 1 x 1 0 6 l e u c o c y t e s / m l i n APBS. C o n t r o l 

l e u c o c y t e s c o n s i s t e d o f 1 x 1 0 6 l e u c o c y t e s t h a t had been 

i n c u b a t e d w i t h s e c o n d a r y F I T C - l a b e l l e d a n t i b o d y o n l y . An 

a d d i t i o n a l c o n t r o l o f 1 x 1 0 6 l e u c o c y t e s t h a t had been 

k e p t i n APBS o n l y was a l s o a n a l y s e d . 

T h e r e i s u s u a l l y a b o u t 3% n o n - s p e c i f i c s t a i n i n g o f 

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

o f n o n - s p e c i f i c a l l y s t a i n e d c e l l s i n t h e s t a t i s t i c s 
second 

^ c u r s o r ( o n t h e FL 1 a x i s o f F i g s . ) was s e t so t h a t a l l 

c e l l s ( i n r e a l i t y t h e FACS c o u n t s " p a r t i c l e s " ) t h a t f e l l 

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

s t a i n e d ( i . e . t h e c u r s o r was s e t so t h a t a p p r o x i m a t e l y 3% 

c e l l s f e l l t o t h e l e f t o f t h e c u r s o r ) . I n a d d i t i o n , g a t e s 

were s e t so t h a t v e r y s m a l l p a r t i c l e s ( d e a d o r d y i n g 

l e u c o c y t e s ) and v e r y l a r g e p a r t i c l e s ( t h e m a j o r i t y o f 

e r y t h r o c y t e s ) were e x c l u d e d f r o m t h e s t a t i s t i c a l 

a n a l y s i s . The l e u c o c y t e s were a n a l y s e d on a FACS 420 

( B e c t o n D i c k e n s o n ) , i n t h e D e p a r t m e n t o f S u r g e r y , 

U n i v e r s i t y o f N e w c a s t l e . 10 000 " p a r t i c l e s " p e r sample 

were a n a l y s e d . A n a l y s i s o f d a t a was p e r f o r m e d on a BDIS 

C o n s o r t "30 programme. 

5.2.6 P r o t o c o l f o r l e u c o c y t e s o r t i n g u s i n g t h e FACS and 

s u b s e q u e n t c u l t u r e o f s o r t e d c e l l s 

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

f o l l o w i n g c e l l s o r t i n g , f o r s u b s e q u e n t c e l l c u l t u r e t o 

m o n i t o r t h e i r r e s p o n s i v e n e s s t o ASNs, sodium a z i d e was 

o m i t t e d f r o m b o t h t h e medium used f o r s t a i n i n g and t h e 
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c u l t u r e SNs c o n t a i n i n g t h e McAb u n d e r s t u d y . I n t h e s e 

c e l l s o r t i n g e x p e r i m e n t s , s p l e n o c y t e s f r o m 6 - 8 month 

o l d X.laevis, p r e v i o u s l y Tx a t 5.5 o r 6.5 days o f l a r v a l 

l i f e , were use d . I d e a l l y , t h e s o r t i n g e x p e r i m e n t s s h o u l d 

have been p e r f o r m e d u s i n g s p l e n o c y t e s f r o m c l o n a l a n i m a l s 

t h a t had been l a r v a l l y Tx. However, Tx c l o n a l Xenopus were 

u n a v a i l a b l e and c o n s e q u e n t l y a p o o l o f s p l e n o c y t e s f r o m 

Tx w i l d X.laevis s i b l i n g s ( t h a t do n o t show a l l o - M L C 

r e a c t i o n s ) were use d . 

a) P r e p a r a t i o n o f S p l e n o c y t e s 

S p l e n o c y t e s u s p e n s i o n s were p r e p a r e d ( f o r s u b s e q u e n t 

a n t i b o d y s t a i n i n g and c e l l s o r t i n g ) t h e day b e f o r e . T h i s 

was because s t e r i l e s o r t i n g f a c i l i t i e s on t h e FACS i n 

N e w c a s t l e were o n l y a v a i l a b l e i n a m o r n i n g , f r o m 09.00 

h o u r s ; t h u s , p r e p a r i n g t h e c e l l s u s p e n s i o n s w o u l d save 

t i m e on t h e m o r n i n g o f t h e s t a i n i n g . A s p l e n o c y t e 

s u s p e n s i o n i n AL-15:BSA was made, by t e a s i n g a p a r t t h e 

s p l e e n u s i n g f o r c e p s . The s p l e n o c y t e s u s p e n s i o n was 

l a y e r e d o n t o H i s t o p a q u e ( d e n s i t y 1.077g/ml; Sigma) and 

spun i n a c e n t r i f u g e a t 250g f o r 4 mi n s ( a t 4°C) t o 

remove e r y t h r o c y t e s . S i n c e FACS m a c h i n e s c o u n t and a s s e s s 

a l l t h e c e l l s p r e s e n t ( i n c l u d i n g r e d b l o o d c e l l s ) when i n 

s o r t i n g mode, r e m o v i n g t h e RBCs w o u l d s h o r t e n t h e s o r t i n g 

t i m e n e c e s s a r y t o c o l l e c t enough l e u c o c y t e s f o r c u l t u r e 

i n t h e SN p r o l i f e r a t i v e a s s a y . S p l e n o c y t e s i n AL-15:BSA 

were washed t w i c e and c u l t u r e d o v e r n i g h t ( a t 3-4 x 1 0 6 

l e u c o c y t e s / m l ) i n 2 4 - w e l l p l a t e s ( C e l l C u l t ; S t e r i l i n ) a t 

26 ± 1°C and i n 5% C0 2-
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b) S t a i n i n g o f s p l e n o c y t e s f o r FACS s e p a r a t i o n 

The medium used f o r s t a i n i n g t h e s p l e n o c y t e s was 

APBS w i t h 0 . 1 % BSA, and a t a pH o f 7.2 - 7.4. The 

p r o c e d u r e was c a r r i e d o u t on i c e . 

A f t e r o v e r n i g h t c u l t u r e , e a r l y n e x t m o r n i n g , 

s p l e n o c y t e s were washed and v i a b l e s p l e n o c y t e s c o u n t e d by 

t h e i r a b i l i t y t o e x c l u d e t r y p a n blue,- c e l l v i a b i l i t y was 

>98%. C u l t u r e SN , f r o m 8E4:57 h y b r i d o m a s , c o n t a i n i n g 

a n t i - X e n o p u s laevis IgM was added a t a d i l u t i o n o f 1/3 

( 2 0 0 ^ 1 o f p r i m a r y a n t i b o d y p e r 1 x 1 0 6 v i a b l e 

l e u c o c y t e s ) . S p l e n o c y t e s were i n c u b a t e d i n t h e d i l u t e d 

p r i m a r y a n t i b o d y f o r 45 mi n s and t h e n washed t w i c e by 

c e n t r i f u g a t i o n a t 300g f o r 10 mins a t 4°C. 200^1 

s e c o n d a r y a n t i b o d y ( F I T C - l a b e l l e d a n t i - m o u s e IgG ( F a b ) 2 

f r a g m e n t ; D a k o p a t s ) a t 1/30 was added t o 1 x 1 0 6 

s p l e n o c y t e s w h i c h were t h e n i n c u b a t e d f o r 45 m i n s . 

S p l e n o c y t e s were a g a i n washed t w i c e t h e n a d j u s t e d t o 2 x 

1 0 6 l e u c o c y t e s / m l . C e l l s were t h e n t r a n s p o r t e d , i n i c e , 

t o t h e De p t . o f S u r g e r y i n N e w c a s t l e . 

c ) S o r t i n g o f f l u o r e s c e n t - a n t i b o d y l a b e l l e l e d s p l e n o c y t e s 

by FACS 

The f l u o r e s c e n c e l i m i t s on t h e FACS were s e t 

c o n s e r v a t i v e l y t o c o l l e c t o n l y s t r o n g l y - f l u o r e s c i n g 

s p l e n o c y t e s ( I g M + ) and t h o s e s p l e n o c y t e s w h i c h showed no 

s i g n o f f l u o r e s c e n c e ( I g M - ) . The s p l e n o c y t e s t h a t f e l l 

b e t w e e n t h e two l i m i t s ( i . e . w e a k l y f l u o r e s c i n g 

l e u c o c y t e s ) were d i s c a r d e d . D u r i n g t h e s o r t i n g p r o c e d u r e 
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s p l e n o c y t e s were c o l l e c t e d i n t o 5ml t u b e s ( F a l c o n ) w i t h 

l m l o f i c e - c o l d AL-15:FCS(20% ) i n t h e b o t t o m t o p r o t e c t 

t h e c e l l s d u r i n g h a n d l i n g . A f t e r t h e s o r t i n g p r o c e d u r e , a 

s m a l l number o f l e u c o c y t e s were removed and t r e a t e d w i t h 

p r o p i d i u m i o d i d e ( F l u k a ) , t h i s l a b e l s dead c e l l s w i t h i n a 

p o p u l a t i o n , w h i c h can t h e n be c o u n t e d on t h e FACS t o 

g i v e t h e p e r c e n t a g e o f v i a b l e c e l l s ( f o r t h e s e 

e x p e r i m e n t s c e l l d e a t h d i d n o t e x c e e d 5 % ) . 

5.2.7 M i n i a t u r i s e d s u p e r n a t a n t a s s a y f o r F A C S - s o r t e d 

s p l e n o c y t e s 

On r e t u r n t o t h e c e l l c u l t u r e l a b o r a t o r y i n Durham, 

s p l e n o c y t e s were washed and t h e i r v i a b i l i t y a g a i n 

e s t i m a t e d , u s i n g t r y p a n b l u e dye e x c l u s i o n ( a r o u n d 95% o f 

l e u c o c y t e s were v i a b l e ) . S p l e n o c y t e s were a d j u s t e d t o 1 x 

1 0 6 v i a b l e l e u c o c y t e s / m l i n AL-15:FCS(1%). 15pl a l i q u o t s 

(1.5 x 1 0 4 l e u c o c y t e s ) were d i s p e n s e d i n t o w e l l s o f 

T e r a s a k i p l a t e s ( N u n c ) . 5^1 SN ( o r PHA s o l u t i o n ) was 

added t o p r o d u c e a f i n a l " i n w e l l " c o n c e n t r a t i o n o f 25% 

SN i n a volume o f 2 0 ^ 1 . C u l t u r e s were s e t up i n 

r e p l i c a t e s o f 5. The T e r a s a k i p l a t e s were i n v e r t e d and 

s p l e n o c y t e s were c u l t u r e d a t 26 ± 1°C i n 5% C0 2 and i n 

100% h u m i d i t y . 

A f t e r 48 h o u r s , each w e l l was p u l s e d w i t h 0.2;jCi 

[ 3 t f ] T d R and h a r v e s t e d 2 0 h r l a t e r , b e f o r e a n a l y s i s on a 

s c i n t i l l a t i o n c o u n t e r ( s e e C h a p t e r 4 f o r d e t a i l s o f 

h a r v e s t i n g ) . U n s o r t e d ( n o t l a b e l l e d ) , slgM- and sIgM+ 

l e u c o c y t e s f r o m t h e same i n i t i a l p o p u l a t i o n were 
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examined. 

5.2.8 P r o t e i n " c o n c e n t r a t i o n " procedures 

P r o t o c o l 1 

A Con A-ASN (24 h r s ) from a c u l t u r e of X.borealis 

s p l e n o c y t e s ( a t 5 x 10 6 l e u c o c y t e s / m l ) , t h a t had 

p r e v i o u s l y been shown t o possess a c t i v i t y , was used i n 

t h i s p u r i f i c a t i o n procedure. 

S o l i d ammonium s u l p h a t e (SAS) was added up t o 50% 

and t h e n 75% s a t u r a t i o n t o the SN (15ml s t a r t i n g v o lume), 

f o l l o w i n g the method of Watkins (1985). The c o r r e c t 

w e i g h t of SAS t o produce the r e q u i r e d s a t u r a t i o n s were 

c a l c u l a t e d from Dixon's nomogram (Dixon, 1953). T h i s 

t a b l e a l l o w s the amount of SAS ( i n g/1) t o be c a l c u l a t e d 

f o r any SAS s a t u r a t i o n percentage t o the n e x t r e q u i r e d 

percentage SAS s a t u r a t i o n . 

SAS was added v e r y s l o w l y t o the ASN, w i t h 

c o n t i n u o u s g e n t l e s t i r r i n g , u n t i l 50% s a t u r a t i o n 

(312g/ 1) was reached. The s o l u t i o n was s t i r r e d f o r 2 

hours a t F6o"f t e m p e r a t u r e - b e f o r e i t was c e n t r i f u g e d a t 

18000g f o r 20 mins a t 4°C. The SN was removed, and the 

p r e c i p i t a t e was d i s s o l v e d i n 1ml of double d i s t i l l e d 

w ater ( f r a c t i o n A ) . The r e m a i n i n g s o l u t i o n had SAS added 

u n t i l 75% s a t u r a t i o n had been reached (an a d d i t i o n a l 

1 7 2 g / l ) . The s o l u t i o n was c e n t r i f u g e d a t 18, OOOg f o r 20 

mins a t 4°C. A l a r g e r amount of p r e c i p i t a t e was formed a t 

t h i s c o n c e n t r a t i o n . The SN was removed and the 
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p r e c i p i t a t e was d i s s o l v e d i n 1ml double d i s t i l l e d water 

( f r a c t i o n B). 

F r a c t i o n A and B were d i a l y s e d u s i n g b e n z o y l a t e d 

t u b i n g w i t h a m o l e c u l a r c u t o f f of 2500 (Sigma). The 

f r a c t i o n s were d i a l y s e d a g a i n s t 11 of APBS o v e r n i g h t a t 

4°C. T h i s d i a l y s i s procedure was repeated t w i c e more. The 

d i a l y s e d f r a c t i o n s were f i n a l l y f i l t e r e d (0.2jjm; 

M i l l i p o r e ) and f r o z e n i n c r y o v i a l s (Nunc). 

The f r a c t i o n s were t e s t e d i n the sta n d a r d 

p r o l i f e r a t i v e assay f o r SN a c t i v i t y , u s i n g X.laevis 

s p l e n o c y t e s p r e c u l t u r e d f o r 5 days w i t h or w i t h o u t PHA-P. 

A range of d i l u t i o n s of A and B were assayed on the 

l e u c o c y t e s . 

P r o t o c o l 2 

A Con A-ASN (24 h r s ) from a c u l t u r e of LG15 

s p l e n o c y t e s was used here. I n t h i s p u r i f i c a t i o n p r o t o c o l , 

t h r e e SAS c u t s were made a t 50% ( f r a c t i o n A ) , 65% 

( f r a c t i o n B) and 85% ( f r a c t i o n C). The re m a i n i n g SN was 

a l s o . a s s a y e d - • ( f r a c t i o n D). ~ 

SAS was added v e r y s l o w l y t o t h e ASN, w i t h c o n t i n u o u s 

g e n t l e s t i r r i n g , u n t i l 50% s a t u r a t i o n (312g/ 1) was 

reached. The s o l u t i o n was s t i r r e d f o r 1 hour a t room 

t e m p e r a t u r e b e f o r e i t was c e n t r i f u g e d a t 18000g f o r 20 

mins a t 4°C. The SN was removed, and t h e p r e c i p i t a t e was 

d i s s o l v e d i n 2.5mls of double d i s t i l l e d water ( f r a c t i o n 

A ) . The rem a i n i n g s o l u t i o n had SAS added u n t i l a 

c o n c e n t r a t i o n of 65% had been reached (an a d d i t i o n a l 

9 8 g / l ) . The s o l u t i o n was c e n t r i f u g e d a t 18 OOOg f o r 20 
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rains a t 4°C. The SN was removed and the p r e c i p i t a t e was 

d i s s o l v e d i n 2.5ml double d i s t i l l e d water ( f r a c t i o n B). 

F i n a l l y , the r e m a i n i n g s o l u t i o n had SAS added u n t i l 80% 

s a t u r a t i o n had been reached ( a d d i t i o n a l 1 0 0 g / l ) . T h i s 

s o l u t i o n was c e n t r i f u g e d a t 18 OOOg f o r 20 mins a t 4°C. 

The SN was removed and the ( l a r g e amount o f ) p r e c i p i t a t e 

was d i s s o l v e d i n 2.5ml double d i s t i l l e d water ( f r a c t i o n 

C). The r e m a i n i n g s o l u t i o n was a l s o k e p t ( f r a c t i o n D). 

I n t h i s second p r o t o c o l , A, B, C and D were d e s a l t e d 

u s i n g a PD10 column (Pharmacia). T h i s i s a/.gel f i l t r a t i o n 

column t h a t removes low m o l e c u l a r w e i g h t (<12 kD) 

compounds from a sample. The column was e q u i l i b r a t e d w i t h 

2.5 column volumes o f APBS. 2.5ml of f r a c t i o n A was 

a p p l i e d t o the t o p of t h e column. When t h i s had run i n t o 

the column 3.5ml APBS were a p p l i e d t o the t o p of the 

column. The r e s u l t i n g e l u e n t ( c o n t a i n i n g a l l p r o t e i n s 

>12000kD) was c o l l e c t e d from the bottom of the column and 

was f i l t e r e d (0.2pm? M i l l i p o r e ) and f r o z e n i n c r y o v i a l s . 

T h i s procedure was rep e a t e d f o r f r a c t i o n s B, C and D. 

The f r a c t i o n s were t e s t e d i n the st a n d a r d 

p r o l i f e r a t i v e assay f o r SN a c t i v i t y , u s i n g X.laevis 

s p l e n o c y t e s p r e c u l t u r e d f o r 5 days w i t h or w i t h o u t PHA-P. 

A range of d i l u t i o n s of A, t- D were assayed on the 

l e u c o c y t e s . 
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5.3 RESULTS 

5.3.3 I n i t i a l c h a r a c t e r i s a t i o n o f a n t i - I q M and a n t i - T 

c e l l monoclonal a n t i b o d i e s by f l u o r e s c e n c e microscopy 

5.3.1.1 S t u d i e s on s p l e n i c lymphocytes p r i o r t o and 

f o l l o w i n g PHA s t i m u l a t i o n 

T h i s e x p e r i m e n t was performed t o g a i n p r a c t i c a l 

e x p e r i e n c e o f u s i n g the McAbs and i n o r d e r t o determine 

i f p r o p o r t i o n s of B c e l l s (IgM+) and T c e l l s (XT-1+) 

changed w i t h p r e c u l t u r e i n medium w i t h and w i t h o u t PHA. 

I n c u b a t i o n w i t h XT-1 p r i m a r y a n t i b o d y and subsequent 

F I T C - l a b e l l e d secondary a n t i b o d y r e v e a l e d t h a t i n 3 

expe r i m e n t s ( i n separate animals) an average of 18 ± 4.4% 

LM3 s p l e n o c y t e s ( s t a i n e d d i r e c t l y a f t e r removal from t he 

ani m a l ) s t a i n e d p o s i t i v e l y . I n c u b a t i o n of the same c e l l s 

w i t h t h e a n t i - I g M McAb p l u s f l u o r e s c e n t probe showed an 

average of 32.8 ± 12% of LM3 s p l e n o c y t e s expressed 

s u r f a c e IgM ( s l g M ) . 

LM3--splenocytes t h a t had been c u l t u r e d f o r 5 days i n 

AL-15:FCS(5%) medium alone c o n t a i n e d an average of 27.7 ± 

9.6% sIgM+ c e l l s . I n c o n t r a s t , t h e r e was a lower mean 

p r o p o r t i o n (15 ± 9.8%) of sIgM+ c e l l s i n the LM3 

p o p u l a t i o n c u l t u r e d w i t h PHA (Table 5.1). Thus, c u l t u r i n g 

s p l e n o c y t e s w i t h PHA reduced the p r o p o r t i o n o f sIgM + 

spleen c e l l s , presumably due t o an i n c r e a s e i n T c e l l 

numbers. U n f o r t u n a t e l y , t h i s was not t e s t e d 

e x p e r i m e n t a l l y , as a p r e l i m i n a r y experiment had shown 
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t h a t j u d g i n g t he XT-1 s t a i n i n g i n spleen c e l l p o p u l a t i o n s 

( t h a t had been c u l t u r e d ) was t o o d i f f i c u l t t o be done 

c o n f i d e n t l y by eye, because of t h e amount of c e l l d e b r i s . 

5.3.1.2 S t u d i e s o f s p l e n o c y t e s and thymocytes s t a i n e d 

w i t h the McAbs 8E4:57, 8E4:13.3 or XT-1 

Thi s experiment was performed i n o r d e r t o g a i n i n s i g h t 

i n t o the p r o p o r t i o n s o f sIgM + c e l l s (B c e l l s ) and XT-1+ 

c e l l s (T c e l l s ) p r e s e n t i n the spleen and thymus of the 

p o p u l a t i o n o f X.laevis animals t h a t were t o be used f o r 

subsequent s t a i n i n g e x p e r i m e n t s . 

X.laevis s p l e n o c y t e s t h a t were l a b e l l e d w i t h t h e 

a n t i - I g M McAbs 8E4:57 and 8E4:13.3 showed s i m i l a r 

s t a i n i n g p a t t e r n s (17.7 ± 3.2% and 22 ± 2.5% sIgM + 

l e u c o c y t e s , r e s p e c t i v e l y ; Table 5.2). There were v e r y few 

(<3%) sIgM+ c e l l s i n the thymocyte c e l l suspensions. 

I n one experiment on X.laevis s p l e n o c y t e s , 16% c e l l s 

were l a b e l l e d w i t h t h e a n t i - T c e l l McAb, XT-1. I n two 

thymocyte p r e p a r a t i o n s s t u d i e d , over 95% c e l l s were 

XT-1 + tT&Jb\(*. 5-X y 

5.3.1.3 Comparison, o f s p l e n o c y t e s from c o n t r o l — a n d 

thymectomised Xenopus l a e v i s , s t a i n e d w i t h a n t i - I q M 

a n t i b o d y (8E4:57) 

This experiment was performed t o compare the 

p r o p o r t i o n of IgM+ s p l e n o c y t e s i n Tx Xenopus w i t h t h a t of 

t h e i r s i b l i n g c o n t r o l s . I t was demonstrated t h a t Xenopus 

laevis Tx a t 6.5 days of l a r v a l l i f e possessed a h i g h e r 

p r o p o r t i o n of l e u c o c y t e s e x p r e s s i n g slgM (56 ± 10%) than 
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t h e i r s i b l i n g c o n t r o l s (36 + 5%) as measured by FITC-

l a b e l l e d a n t i b o d y s t a i n i n g u s i n g 8E4:57 p r i m a r y a n t i b o d y 

(Table 5.3) 

5.3.2 Flow c y t o m e t r i c analyses o f l e u c o c y t e s s t a i n e d w i t h 

a n t i - I g M a n t i b o d i e s ; Comparison o f s p l e n o c y t e s 

from c o n t r o l and thymectomised X.laevis 

FACS a n a l y s i s o f sIgM+ s p l e n o c y t e s from c o n t r o l and 

Tx X.laevis r e v e a l e d t h a t Tx animals (Tx a t 6.5 days) 

possessed a h i g h e r p r o p o r t i o n of sIgM + l e u c o c y t e s . A Tx 

Xenopus had 63.9% sIgM+ c e l l s when the p r i m a r y a n t i b o d y 

used was 8E4:57, and 65.8% sIgM+ when the c e l l s from t h e 

same p o p u l a t i o n were s t a i n e d u s i n g 8E4:13.3. I n c o n t r a s t , 

i t s c o n t r o l possessed 21.6% sIgM+ c e l l s (when 8E4:57 was 

used) and 26.9% sIgM+ c e l l s (when 8E4:13.3 was used). I n 

another e x p e r i m e n t Tx and c o n t r o l animals possessed 44.5% 

and 19.9% sIgM + r e s p e c t i v e l y when l a b e l l e d u s i n g 8E4:13.3 

(Table 5.4, F i g . 5.2). 

C o n t r o l s p l e n o c y t e s i n c u b a t e d w i t h secondary 

a n t i b o d y o n l y , showed n e g l i g i b l e f l u o r e s c e n c e when 

analysed by FACS ( F i g . 5.2). 

I g M - s t a i n i n g of s p l e n o c y t e suspensions from a 

f u r t h e r f i v e X.laevis, t h a t had been Tx a t 5.5 or 6.5 

days o f age, were assessed by f l o w c y t o m e t r y . I n c o n t r a s t 

t o the above, these c e l l s had i n i t i a l l y been i n c u b a t e d 

o v e r n i g h t a f t e r c e n t r i f u g a t i o n over Histopaque ( t o remove 

RBCs), s i n c e these c e l l s were t o be s o r t e d on the FACS i n 
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Newcastle, which r e q u i r e d c e l l suspension p r e p a r a t i o n i n 

advance. These Tx animals possessed an average 51 ± 6.6% 

sIgM + c e l l s compared w i t h an average o f 21.4 

± 2.1% from t h e i r c o n t r o l s . 

Comparison o f the d o t p l o t s from c o n t r o l and Tx 

Xenopus ( F i g . 5.3) shows a s i m i l a r ' s c a t t e r ' of the two 

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

5.3.3 E f f e c t of PHA-P, PHA-P-SNs and MLC-SNs on u n s o r t e d 

and on s!gM+ and slqM- s o r t e d s p l e n o c y t e s from 

thymectomised Xenopus 

Splenocytes from Tx animals were s o r t e d i n t o sIgM + 

and slgM- p o p u l a t i o n s a f t e r a l a b e l l i n g procedure w i t h 

t h e a n t i - I g M McAb 8E4;57 ( F i g . 5.4). Some s p l e n o c y t e s 

remained u n s o r t e d t o a c t as c o n t r o l s . 

Contour dot p l o t s , which p l o t f o r w a r d l i g h t s c a t t e r 

(FSC) - a measure of c e l l s i z e , a g a i n s t g r a n u l a r i t y (RTO) 

- an i n d i c a t i o n of c e l l d e n s i t y , r e v e a l e d t h a t the sIgM + 

p o p u l a t i o n c o n t a i n e d a r e l a t i v e l y homogeneous p o p u l a t i o n 

of l e u c o c y t e s (dots, each one r e p r e s e n t i n g a c e l l ) were 

c o n c e n t r a t e d i n t h e same, area o f the p l o t ; F i g . _ 5 T 5 ) 

w h i l s t the slgM- p o p u l a t i o n was more heterogeneous ( d o t s 

s c a t t e r e d over a l a r g e r area of the p l o t ; F i g . 5.5). 

The u n s o r t e d , sIgM+ and slgM- s p l e n o c y t e p o p u l a t i o n s 

from Tx X.laevis were t e s t e d f o r t h e i r a b i l i t y t o 

p r o l i f e r a t e when c u l t u r e d w i t h PHA-P or v a r i o u s ASNs. 

Unsorted s p l e n o c y t e s from 5.5 day Tx Xenopus were, i n 

t h i s e x p eriment, s t i m u l a t e d by an o p t i m a l PHA-P dose ( S I 

= 6.3; Table 5.f). Unsorted s p l e n o c y t e s a l s o showed 
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enhanced t h y m i d i n e i n c o r p o r a t i o n when c u l t u r e d w i t h T 

c e l l m i togen-induced or MLC-induced ASNs. One of the MLC-

ASNs ( f r o m a two-way MLC) seemed p a r t i c u l a r l y p o t e n t , 

c a u s i n g the u n s o r t e d c e l l s t o p r o l i f e r a t e 1 1 - f o l d 

( a d m i t t e d l y the CSNs produced v e r y low co u n t s , which may 

exaggerate the SI r e c o r d e d ) . 

The s p l e n o c y t e s t h a t had s t a i n e d p o s i t i v e l y when 

l a b e l l e d w i t h the a n t i - I g M McAb, 8E4:57 ( s I g M + ) showed no 

induced uptake of [ 3H]TdR when s t i m u l a t e d by PHA-P. 

However, t h i s same p o p u l a t i o n of c e l l s , when c u l t u r e d 

w i t h PHA-P-ASN, d i s p l a y e d a low l e v e l of induced 

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

medium c o n t r o l s (p < 0.001). C u l t u r e of the sIgM+ 

s p l e n o c y t e s w i t h MLC-ASNs responded by a s m a l l , b u t 

s i g n i f i c a n t (p = 0.01) p r o l i f e r a t i o n when c u l t u r e d w i t h 

the two-way MLC-ASN. However, t he one-way MLC-ASN d i d n o t 

achieve a s i g n i f i c a n t p r o l i f e r a t i v e response from t h e 

sIgM+ s p l e n o c y t e s . 

The slgM- p o p u l a t i o n was able t o d i s p l a y 

p r o l i f e r a t i v e responses t o the PHA-P-ASNs ( S I = 7.0) and 

both MLC-ASNs ( S i s = 13.7 and 12.7, f o r the two-way and 

one-way MLC-ASNs, r e s p e c t i v e l y ) . There were n o t enough 

c e l l s t o check t he response of slgM- c e l l s t o PHA-P. 

However, i n another e x p e r i m e n t , such c e l l s responded 5-

f o l d t o o p t i m a l doses o f t h i s mitogen. 

5.3.4 At t e m p t s t o " c o n c e n t r a t e " Con A-SNs 

Atte m p t s t o p u r i f y Con A-ASNs were u n s u c c e s f u l (see 

D i s c u s s i o n ) . None of t h e f r a c t i o n s r e t a i n e d a c t i v i t y i n 
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the SN assays. 
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FIG. 5.1 

Hybridoma c e l l s t h a t s e c r e t e Hcftbs 8E4:57 or 8E4.-13.3 are 

p i c t u r e d here (under Nomarski t r a n s m i s s i o n ) . 

A) shows l a r g e and s m a l l hybridoma c e l l s . 

B) shows a l a r g e c e l l i n m i t o s i s ( t h e chromosomes l i n i n g 

up on the s p i n d l e can be d i s t i n g u i s h e d ) . 

i 1 - 15 ̂ rr\ 
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FIG. 5.2 

Splenocytes from c o n t r o l and Tx X.laevis were l a b e l l e d 

w i t h the a n t i - I g M McAb 8E4s57, and then i n c u b a t e d w i t h t h e 

F I T C - l a b e l l e d secondary a n t i b o d y . As a c o n t r o l , a p r o p o r t i o n of 

both p o p u l a t i o n s was i n c u b a t e d w i t h secondary a n t i b o d y alone. 

For FACS a n a l y s i s t h e m a j o r i t y o f XRBCs were gated o u t o f 

the a n a l y s i s by s e t t i n g s i z e l i m i t s (Xenopus RBCs are much 

l a r g e r than l e u c o c y t e s ) . 10, 000 s p l e n o c y t e s were counted per 

e x p e r i m e n t a l sample. 

F i g s . w i t h one v e r t i c a l marker show the 2-3% background 

s t a i n i n g ( t o the r i g h t of the ma r k e r ) . F i g s w i t h two v e r t i c a l 

markers denote the p r o p o r t i o n of s p l e n o c y t e s t h a t s t a i n 

b r i g h t e r than c o n t r o l s t a i n i n g s (between 1 s t and 2nd marker) 

and t h e p r o p o r t i o n of s p l e n o c y t e s t h a t s t a i n v e r y b r i g h t l y 

(between 2nd and end m a r k e r ) . 

x = f l u o r e s c e n c e i n t e n s i t y ( l o g s c a l e ) . 

y = p r o p o r t i o n o f c e l l s l a b e l l e d . 

N.B. I n Tables the p r o p o r t i o n of c e l l s t h a t f a l l t o t h e 

r i g h t of the f i r s t marker are scored as p o s i t i v e (e.g. see 

Table 5.4). These p r o p o r t i o n s are c a l c u l a t e d by the computer 

d i r e c t l y . 
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FIG. 5.3 

A and B are t h e FACS "dot p l o t s " o f s p l e n o c y t e s from 

c o n t r o l (A) and Tx (B) X.laevis s i b l i n g s . Each dot r e p r e s e n t s a 

c e l l / p a r t i c l e (10 000 d o t s ) . 

x = RTO ( g r a n u l a r i t y ) , t h i s i s an i n d i c a t i o n of d e n s i t y of 

the analysed c e l l s . 

y = FSC ( f orv/ard s c a t t e r ) , t h i s i s an i n d i c a t i o n o f the 

s i z e of the analysed c e l l s . 
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FIG. 5.3 DOT PLOTS OF CONTROL AND THYMECTOMISED 

XENOPUS LAEVIS SIBLINGS 
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FIG. 5.4 

Splenocytes from Tx X.laevis, were l a b e l l e d w i t h the a n t i -
IgM M'cAh 8E4:57, and th e n i n c u b a t e d w i t h the F I T C - l a b e l l e d 
secondary a n t i b o d y , b e f o r e b e i n g s o r t e d and analysed by FAGS. 
10 000 c e l l s per sample were a n a l y s e d ( e x c e p t ( B ) , where 5000 
c e l l s were a n a l y s e d ) . 

x = f l u o r e s c e n c e i n t e n s i t y ( l o g s c a l e ) , 

y = p r o p o r t i o n of c e l l s l a b e l l e d . 

A) = the f l u o r e s c e n c e p r o f i l e o f t h e IgM- p o p u l a t i o n 

B) = the f l u o r e s c e n c e p r o f i l e of t h e IgM + p o p u l a t i o n 

C) = the f l u o r e s c e n c e p r o f i l e o f t h e u n s o r t e d p o p u l a t i o n . 

D) = a composite diagram of the above t h r e e diagrams ( w i t h 

10 000 c e l l s analysed f o r a l l t h r e e p o p u l a t i o n s . 

The v e r t i c a l marker i s i n the same p o s i t i o n on A, B and C. 

C e l l s w i t h the p r o f i l e s A-C are those whose p r o l i f e r a t i v e 

f u n c t i o n s are s t u d i e d i n Table 5.5. 

158 



FIG. 5.4 FACS PROFILES OF FACS SORTED SPLENOCYTE 

POPULATIONS FROM THYMECTOMISED XENOPUS LAEVIS 
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FIG. 5.5 

A, B and C are c o n t o u r diagrams from a FACS a n a l y s i s o f 

s p l e n o c y t e s from Tx X.laevis, t h a t were l a b e l l e d w i t h t h e a n t i -

IgM McAb 8E4-. 57, and the n i n c u b a t e d w i t h t h e F I T C - l a b e l l e d 

secondary a n t i b o d y , b e f o r e being s o r t e d by FACS. 10 000 c e l l s 

per sample were an a l y s e d . 

The i n n e r m o s t c o n t o u r d e s c r i b e s t he area where t h e 

m a j o r i t y of analysed c e l l s l i e , t h e o t h e r c o n t o u r s d e s c r i b e 

areas where c e l l s are l e s s densely d i s t r i b u t e d , w h i l s t t h e 

dot s r e p r e s e n t s i n g l e c e l l s . The r e c t a n g u l a r box seen on t h e 

diagrams i s t h e same s i z e and i n the same p o s i t i o n on a l l t h r e e 

diagrams, and i s t h e r e as a r e f e r e n c e t o compare p l o t s . 

A = u n s o r t e d s p l e n o c y t e p o p u l a t i o n . 

B = " p o s i t i v e " s p l e n o c y t e p o p u l a t i o n ( i . e . IgM+). 

C = " n e g a t i v e " s p l e n o c y t e p o p u l a t i o n ( i . e . IgM-). 

x = RTO ( g r a n u l a r i t y ) , t h i s i s an i n d i c a t i o n of d e n s i t y o f 

the a nalysed c e l l s . 

y = FSC ( f o r w a r d s c a t t e r ) , t h i s i s an i n d i c a t i o n of t h e 

s i z e of the analysed c e l l s . 
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FIG. 5.5 CONTOUR PLOTS OF FACS SORTED SPLENOCYTE 

POPULATIONS FROM THYMECTQMISED XENOPUS LAEVIS 
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TABLE 5.1 

LM3 s p l e n o c y t e s examined d i r e c t l y a f t e r removal were 

i n c u b a t e d w i t h 8E4:57 c u l t u r e SN { d i l . 1/4), or w i t h XT-1 

a s c i t e s ( d i l . 1/100). Leucocytes were s u b s e q u e n t l y i n c u b a t e d 

w i t h F I T C - l a b e l l e d secondary a n t i b o d y ( d i l . 1/30). Leucocytes 

were examined by f l u o r e s c e n c e microscopy, and 500 l e u c o c y t e s 

per sample were counted. 

S p l e n o c y t e s from the same p o p u l a t i o n were c u l t u r e d f o r 5 

days i n AL-15:FCS(5%) w i t h o r w i t h o u t PHA. A f t e r 5 days 

l e u c o c y t e s were s t a i n e d f o r slgM u s i n g 8E4:57 and analysed as 

above. 

The r e s u l t s from t h r e e animals are shown here. 
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TABLE 5.2 

X.laevis l e u c o c y t e s were i n c u b a t e d w i t h 8E4:57 or 8E4-. 13.3 

c u l t u r e SN ( d i l . 1/4), or w i t h XT-1 a s c i t e s ( d i l . 1/100). 

Leucocytes were s u b s e q u e n t l y i n c u b a t e d w i t h F I T C - l a b e l l e d 

secondary a n t i b o d y ( d i l . 1/30). 

I n most cases, 500 l e u c o c y t e s per sample were counted and 

scored as f l u o r e s c e n c e - p o s i t i v e o r n e g a t i v e . For XT-1 s t a i n i n g 

of thymocytes, o n l y 200 c e l l s were counted. 

The r e s u l t s from t h r e e animals are shown here. 
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TABLE 5.3 

Sp l e n o c y t e s from c o n t r o l and Tx X. laevis were i n c u b a t e d 

w i t h 8E4:S7 c u l t u r e SN ( d i l . 1/4), and s u b s e q u e n t l y 

i n c u b a t e d w i t h F I T C - l a b e l l e d secondary a n t i b o d y ( d i l . 1/30). 

500 s p l e n o c y t e s were counted f o r each e x p e r i m e n t a l sample. 

Spl e n o c y t e p o p u l a t i o n s from c o n t r o l and Tx animals were coded 

so as t o a v o i d b i a s when c o u n t i n g . 

The r e s u l t s from 2 c o n t r o l and 2 Tx X.laevis are shown 

here. 
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TABLE 5.4 

Splenocytes from c o n t r o l and Tx X.laevis were i n c u b a t e d 

w i t h 8E4:57 or 8E4:13.3 c u l t u r e SN ( d i l . 1/4), and 

sub s e q u e n t l y i n c u b a t e d w i t h F I T C - l a b e l l e d secondary a n t i b o d y 

( d i l . 1/30). 

Splenocytes were an a l y s e d on a FACS. Each r e s u l t i s the 

percentage of f l u o r e s c e n t c e l l s i n a sample of 10, 000 c e l l s . 

The f l u o r e s e n c e p r o f i l e s o f t h e samples from e x p t . 2 (8E4:57 

c u l t u r e SN) are shown i n F i g . 5.2. 

The r e s u l t s from 2 c o n t r o l and 2 Tx X.laevis are shown 

here. 
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TABLE 5.5 

A s p l e n o c y t e s u s p e n s i o n from pooled Tx X.laevis (6-8 

months o f age) was s e p a r a t e d over F i c o l l t o remove KRBC and 

c u l t u r e d o v e r n i g h t (2-3 x 1 0 s l e u c o c y t e s / m l ) i n AL-15:BSA i n 

2 4 - w e l l f l a t - b a s e d p l a t e s . S p l e n o c y t e s were t h e n i n c u b a t e d 

w i t h 8 E 4 s 5 7 c u l t u r e SN ( d i l . 1 / 4 ) , and s u b s e q u e n t l y i n c u b a t e d 

w i t h F I T C - l a b e l l e d secondary a n t i b o d y ( d i l . 1 / 3 0 ) . S p l e n o c y t e s 

were t h e n s o r t e d on a FACS. T h i s produced an IgM* and IgM-

p o p u l a t i o n s , an u n s o r t e d c e l l p o p u l a t i o n was a l s o a v a i l a b l e as 

a c o n t r o l . 

The u n s o r t e d , and b o t h s o r t e d s p l e n o c y t e p o p u l a t i o n s 

were p l a t e d o u t ( 1 . 5 x 1 0 4 l e u c o c y t e s V w e l l ) i n T e r a s a k i p l a t e s 

i n AL-15: FCS (1%) . 5JJ1 SN was added t o b r i n g t h e f i n a l " i n w e l l " 

SN c o n c e n t r a t i o n t o 25% i n a t o t a l volume o f 20pl. C u l t u r e s 

were s e t up i n r e p l i c a t e s o f 5. A f t e r 48 hours of c u l t u r e , 

each w e l l was p u l s e d w i t h 0.2juCi [ 3H]TdR and h a r v e s t e d 20 

hours l a t e r . 

R e s u l t s shown are from one of two e x p e r i m e n t s ( w i t h 

s i m i l a r outcome) c a r r i e d o u t . 

S I (PHA) ° PHA c u l t u r e s (dpm) 

med. c u l t u r e s (dpm) 

SI (PHA-SN) = ASN c u l t u r e s (dpm) 

CSN c u l t u r e s (dpm) 

S I (2-way MLC-SNs) = w i l d x LM3 ASN (dpm) 

w i l d x w i l d CSN/2 + LM3 x LM3 CSN/2 (dpm) 

N.B. PHA-SN have been CRBC-passed t o remove r e s i d u a l PHA-P 
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5.4 DISCUSSION 

The anti-Xenopus T c e l l McAb, XT-1, r e c o g n i s e s t he 

XTLA-1 a n t i g e n on the m a j o r i t y of Xenopus T c e l l s 

(Nagata, 1985, 1988). I n t h i s Chapter, the XT-1 McAb ( i n 

c o n j u n c t i o n w i t h a secondary, f l u o r e s c e n t a n t i b o d y ) was 

used t o l a b e l Xenopus l e u c o c y t e s , t h i s produced a s i m i l a r 

s t a i n i n g p a t t e r n as had been p r e v i o u s l y r e p o r t e d (Nagata, 

1988). That i s , v i r t u a l l y a l l thymocytes (96.5*0.7%) and 

17.5±3.7% of Xenopus s p l e n o c y t e s s t a i n e d p o s i t i v e l y w i t h 

XT-1. 

The Xenopus a n t i - I g M McAbs, 8E4:57 and 8E4:13.3, 

were a l s o used f o r f l u o r e s c e n c e - l a b e l l i n g s t u d i e s on 

Xenopus l e u c o c y t e s . Thymocyte suspensions showed minimal 

s t a i n i n g w i t h these a n t i b o d i e s , as has been observed w i t h 

o t h e r a n t i - I g M McAbs ( F l a j n i k et al, 1988; B l e i c h e r & 

Cohen, 1981). T y p i c a l l y , about 20% of s p l e n o c y t e s i n 

suspension were s I g M + . The e f f e c t o f c u l t u r e on the 

d i s t r i b u t i o n of sIgM + l e u c o c y t e s r e v e a l e d t h a t a f t e r 5 

days i n c u l t u r e w i t h PHA ( t h e same c o n d i t i o n s used t o 

generate T c e l l b l a s t s ) , the p r o p o r t i o n of sIgM + 

l e u c o c y t e s dropped c o n s i d e r a b l y , i n d i c a t i n g t h a t t he 

p r o p o r t i o n of B c e l l s was d e c r e a s i n g , p r o b a b l y due t o the 

in c r e a s e i n the p r o p o r t i o n o f T c e l l b l a s t s (though t h i s 

l a t t e r p o i n t was n o t d e m o n s t r a t e d ) . 

Thymectomy a t 5.5 and 6.5 days of l a r v a l l i f e 

produced a d r a m a t i c i n c r e a s e i n the p r o p o r t i o n of sIgM + 

l e u c o c y t e s , i n agreement w i t h o t h e r a u t h o r s (Weiss, 
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Horton & Du Pa s q u i e r , 1973; Nagata & K a t a g i r i , 1978; 

B l e i c h e r & Cohen, 1981). I n most cases, more than 50% of 

s p l e n o c y t e s from Tx animals s t a i n e d p o s i t i v e w i t h t h e 

a n t i - I g M McAbs, as analysed by f l u o r e s c e n c e m i c r o s c o p i c 

s t u d i e s , o r on a FACS. FACS a n a l y s i s showed t h a t t h e 

f l u o r e s c e n c e i n t e n s i t y f o l l o w i n g a n t i - I g M s t a i n i n g was 

the same f o r s p l e n o c y t e s from b o t h c o n t r o l and Tx 

animals. T h i s i n d i c a t e s t h a t a s i m i l a r amount o f slgM 

molecules per c e l l are expressed on s p l e n o c y t e s from 

c o n t r o l and Tx an i m a l s . T h i s i s i n c o n t r a s t t o e a r l i e r 

f l u o r e s c e n c e m i c r o s c o p i c s t u d i e s (Weiss, Horton & Du 

Pasquier, 1973) which suggested t h a t Tx Xenopus l a b e l l e d 

w i t h a n t i - I g a n t i b o d i e s f l u o r e s c e d more b r i g h t l y t h a n 

l a b e l l e d s p l e n o c y t e s from c o n t r o l a n i m a l s . Splenocytes 

from the 5.5 and 6.5 day-Tx animals showed a 

p r o l i f e r a t i v e response when c u l t u r e d w i t h m i t o g e n - d e r i v e d 

ASN or MLC-derived ASN, as had s p l e n o c y t e s from Xenopus 

Tx a t 7 days, as shown i n p r e v i o u s experiments (Chapter 

4 ) . The T c e l l mitogen, PHA-P, a l s o induced a 

p r o l i f e r a t i v e response i n l e u c o c y t e c u l t u r e s o f these 5.5 

6.5 day Tx a n i m a l s , a l t h o u g h t h i s i s of a much lower 

o r d e r of magnitude compared w i t h c o n t r o l c e l l s (see 

Chapter 3 ) . P r e v i o u s s t u d i e s on such parameters as 

alloimmune r e a c t i v i t y and PHA responsiveness have 

suggested t h a t r e s i d u a l , " T - l i k e " c e l l s are p r e s e n t i n 

such e a r l y - T x Xenopus (Nagata & Cohen, 1983; Green, 

D o n n e l l y & Cohen, 1979). 

The Xenopus laevis Tx a t 5.5 - 6.5 days of age were 

shown by FACS a n a l y s i s not t o possess XTLA-1 ( V a r l e y , 
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Ph.D t h e s i s , 1990). These were the s i b l i n g s of t h e 

animals used i n the s l g M - l a b e l l i n g experiments p r e s e n t e d 

here. T h e r e f o r e , thymectomy a t t h i s stage had 

s u c c e s s f u l l y removed t he XTLA-1+ p o p u l a t i o n of T c e l l s . 

Thus, s p l e n o c y t e s from Tx animals t h a t were s o r t e d by 

FACS [ a f t e r i n c u b a t i o n w i t h a n t i - I g M McAb and FITC-

l a b e l l e d a n t i b o d y ] y i e l d e d a p o p u l a t i o n o f slgM-(XTLA-1-) 

lymphocytes and sIgM+ (XTLA-1-) B c e l l s . 

Mammalian B c e l l s can be a c t i v a t e d t h r o u g h t he 

b i n d i n g o f a n t i - I g a n t i b o d i e s t o the B c e l l s l g , t o 

become B b l a s t s . T h i s i s a l s o t r u e o f Xenopus B c e l l s 

(Schwager & H a d j i - A z i m i , 1985). Xenopus B c e l l s 

p r o l i f e r a t e markedly, as measured by [ 3H]TdR 

i n c o r p o r a t i o n , when c u l t u r e d w i t h a n t i - I g M a n t i b o d i e s . I t 

has a l s o been r e v e a l e d elsewhere t h a t B c e l l s from Tx 

Xenopus animals responded by p r o l i f e r a t i o n when c u l t u r e d 

w i t h 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 , 1985). 

I n the l a b e l l i n g experiments p r e s e n t e d here, i t was 

p o s s i b l e t h a t i n c u b a t i o n w i t h the a n t i - I g M McAb would 

t h e r e f o r e induce B c e l l s t o p r o l i f e r a t e . T h i s d i d n o t 

appear t o be the case, however, s i n c e sIgM + s p l e n o c y t e s 

c u l t u r e d i n medium d i d n o t y i e l d e l e v a t e d [ 3H]TdR counts 

compared w i t h t h e o t h e r c e l l p o p u l a t i o n s . There are a 

number of p o s s i b l e e x p l a n a t i o n s f o r t h i s , the most 

l i k e l y b e i n g t h a t these c e l l s were i d e n t i f i e d u s i n g a 

d o u b l e - l a b e l l i n g p r o t o c o l , which may have i n t e r f e r e d w i t h 

t he normal a c t i v a t i o n of B c e l l s by t h e s l g - b i n d i n g 

a c t i v a t i o n r o u t e . 

The experiments r e p o r t e d here show t h a t sIgM+ 
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s p l e n o c y t e s (B c e l l s ) d i d n o t respond t o PHA-P, 

su g g e s t i n g t h a t t h i s p o p u l a t i o n d i d n o t c o n t a i n any 

mature, f u n c t i o n a l T - l i k e c e l l s . The sIgM+ s p l e n o c y t e s (B 

c e l l s ) responded by p r o l i f e r a t i o n t o the PHA-P-ASNs and 

showed a s l i g h t b u t s i g n i f i c a n t response t o one of t h e 

MLC-ASNs. I t i s u n c l e a r as t o whether these SNs were 

a c t i n g on r e s t i n g B c e l l s o r B b l a s t s , b u t c l e a r l y t h e 

PHA-P-ASN possessed a low l e v e l m i t o t i c a c t i v i t y f o r B 

c e l l s . 

The slgM- (XTLA-1-) s p l e n o c y t e s c o n t a i n e d t h e 

p o p u l a t i o n t h a t c o u l d p r o l i f e r a t e i n response t o PHA-P 

( s u g g e s t i n g t h e presence o f " T - l i k e " c e l l s ) and which 

showed a h e a l t h y response t o a l l the SNs t e s t e d (PHA-

ASNs, MLC-ASNs, one-way and two-way). I n nude mice, 

f u n c t i o n a l l y - m a t u r e T c e l l s c o u l d be induced, when t h e i r 

l e u c o c y t e s were c u l t u r e d i n IL- 2 p l u s a n t i g e n ( G i l l i s e t 

al, 1979; HQnig & Bevan, 1980). I n Xenopus a l s o , PHA-

res p o n s i v e s p l e n o c y t e s were found i n c u l t u r e s o f 

sp l e n o c y t e s from Xenopus Tx a t 10 days of age, t h a t had 

been c u l t u r e d i n PHA-ASNs w i t h a d d i t i o n a l PHA (Cohen, 

Watkins & Parsons, 1987). However, i n the experiments 

p r e s e n t e d i n t h i s Chapter, t h e s p l e n o c y t e s from Tx (5.5 -

6.5 days) animals were a b l e t o respond t o the PHA-ASNs 

and MLC-ASNs d i r e c t l y , w i t h o u t p r i o r s t i m u l a t i o n (e.g. 

c u l t u r e w i t h PHA). T h i s suggests t h a t the a p p r o p r i a t e 

m i t o t i c f a c t o r r e c e p t o r s may be c o n s t i t u t i v e l y expressed 

on the s p l e n o c y t e c e l l s u r f a c e , or may have been induced 

t h r o u g h in vivo or in vitro a c t i v a t i o n as d e s c r i b e d i n 

p r e v i o u s c h a p t e r s . I t would be of i n t e r e s t t o i n v e s t i g a t e 
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whether the slgM- (XTLA-1-) ( T - l i k e ? ) c e l l s become XTLA-

1+ a f t e r t r e a t m e n t w i t h ASNs. 

Watkins (1985) was able t o show the appearance of a 

15-25kD p r o t e i n i n PHA-ASNs from c o n t r o l , o u t b r e d 

X. laevis, by SDS-PAGE. However, an a t t e m p t was not made 

t o e l u t e a c t i v i t y from t h i s band. U n f o r t u n a t e l y , a t t e m p t s 

t o " c o n c e n t r a t e " Con A-ASNs i n t h i s l a b o r a t o r y were 

u n s u c c e s s f u l . There are a number of e x p l a n a t i o n s f o r why 

no a c t i v i t y was d e t e c t e d . For example, i n c u l t u r e f l u i d s , 

lymphokines are o n l y p r e s e n t i n pg-ng /ml c o n c e n t r a t i o n s 

and t h u s v e r y l a r g e volumes are r e q u i r e d t o overcome 

l o s s e s on s e p a r a t i o n ( G e a r i n g , 1989). T h e r e f o r e , i t seems 

l i k e l y t h a t t h i s was a problem when t r y i n g t o p u r i f y t h e 

Con A-SNs, sin c e o n l y about 20mls were a v a i l a b l e f o r 

p u r i f i c a t i o n . 
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CHAPTER 6 

ATTEMPTS TO CHARACTERISE AMD ISOLATE SPLEHOCYTE DENDRITIC 

CELLS 

6.1 INTRODUCTION 

The work p r e s e n t e d i n t h i s f i n a l Chapter was, i n 

f a c t , undertaken a t the b e g i n n i n g of my Ph.D. s t u d i e s . 

A l t h o u g h the f i n d i n g s are somewhat i n c o m p l e t e , t h e 

experiments r e p r e s e n t my i n i t i a l a t t e m p t s t o c h a r a c t e r i s e 

aspects of the Xenopus MLC, which the subsequent 

lymphokine experiments e x p l o r e d i n more d e t a i l . The aim 

of t h i s p r e l i m i n a r y study was t o t r y t o i d e n t i f y , i s o l a t e 

and probe the f u n c t i o n o f c e r t a i n Xenopus a n t i g e n 

p r e s e n t i n g c e l l s (APCs) c a l l e d d e n d r i t i c c e l l s . 

APCs are i n c l u d e d under t he g e n e r a l term "accessory 

c e l l s " . A v a r i e t y of APC types can "p r e s e n t " a n t i g e n t o 

s e n s i t i s e d T c e l l s , i . e . T c e l l s t h a t have been 

p r e v i o u s l y s t i m u l a t e d by a n t i g e n or mitogen, ( A u s t y n , 

1988). Such APCs express c l a s s I I MHC a n t i g e n s , which can 

pre s e n t a n t i g e n i c p e p t i d e s t o s e n s i t i s e d T c e l l s . 

For example, B lymphocytes, B b l a s t s or B lymphomas, 

c l a s s I I t r a n s f e c t e d f i b r o b l a s t s , p e r i t o n e a l macrophages 

e x p r e s s i n g c l a s s I I ( i n d u c e d w i t h gamma-interferon (8-

I F N ) ) , and even liposomes c o n t a i n i n g p u r i f i e d c l a s s I I 

MHC molecules, can a l l p r e s e n t a n t i g e n t o p r e v i o u s l y -

a c t i v a t e d T c e l l s , t o e l i c i t secondary immune responses 

(Shimonkevitz et al, 1983; Chesnut, Colon & Grey, 1382; 
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M a l i s s e n et al, 1984; Inaba & Steinman, 1984; Walden, 

Nagy and K l e i n , 1985). I n c o n t r a s t t o t h e above t y p e s o f 

APC, d e n d r i t i c c e l l s (DCs) may be the o n l y c e l l t y p e t h a t 

can e l i c i t a p r i m a r y immune response from " r e s t i n g " T 

c e l l s . These are T c e l l s t h a t have not been s e n s i t i s e d by 

in vivo or in vitro s t i m u l a t i o n . Thus DCs are s a i d t o 

p l a y an " i m m u n o s t i m u l a t o r y " r o l e , by a c t i v a t i o n o f 

r e s t i n g T c e l l s , e i t h e r in vivo or in vitro. These DCs 

possess a number of m o r p h o l o g i c a l and f u n c t i o n a l 

c h a r a c t e r i s t i c s . 

Mammalian DCs i n c l u d e i n t e r d i g i t a t i n g c e l l s (IDCs) 

and Langerhans c e l l s . I n mammals, IDCs are found i n t h e T 

c e l l r i c h areas of the lymphoid t i s s u e , such as spleen 

and lymph node; t h e y are a l s o found i n the medulla of the 

thymus. Langerhans c e l l s are a d i s t i n c t i v e DC type found 

i n the s k i n . Mammalian DCs are bone marrow-derived and, 

as t h e i r name i m p l i e s , are d e n d r i t i c i n morphology, and 

produce a v a r i e t y of c e l l processes, i n c l u d i n g 

pseudopods, d e n d r i t e s or v e i l s . DCs have l o b u l a t e d n u c l e i 

and, i n a d d i t i o n , t h e y c o n s t i t u t i v e l y express c l a s s I I 

molecules on t h e i r c e l l s u r f a c e ( A u s t y n , 1987; Steinman, 

1981; Sunshine, Katz & Feldman, 1980; Steinman et al, 

1983). 

I n mammals, the DC ( i s o l a t e d from spleen) has been 

shown t o be a p o t e n t s t i m u l a t o r of in vitro responses 

such as mixed l e u c o c y t e r e a c t i o n s (MLR; Sunshine, Katz & 

C z i t r o m , 1982; Green & J o t t e , 1985; Inaba & Steinman, 

1986). D e n d r i t i c c e l l s have a l s o been shown t o be of 

p r i m a r y importance i n the in vitro g e n e r a t i o n of Tc c e l l s 
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from T c p r e c u r s o r s ( R o l l i n g h o f f , P f i z e n m a i e r & Wagner, 

1982; Steinman e t al, 1983) and c e l l p r o l i f e r a t i o n i n 

response t o s o l u b l e a n t i g e n (Sunshine, Katz & Feldman, 

1980; Guidos, Wang & Lee, 1984). In vitro DCs are found 

i n c l o s e c o n t a c t w i t h lymphocytes. C e l l t o c e l l c o n t a c t 

appears t o be a p r e r e q u i s i t e t o e l i c i t s u c c e s s f u l 

i m m u n o s t i m u l a t i o n i n such responses as MLC, Tc g e n e r a t i o n 

and p r o l i f e r a t i v e responses t o s o l u b l e a n t i g e n s (Inaba & 

Steinman, 1986; Inaba, Witmer & Steinman, 1984; Austyn, 

W e i n s t e i n & Steinman, 1988). In vivo the mammalian DC i s 

t h o u g h t t o be t h e passenger l e u c o c y t e i n v o l v e d i n 

promo t i n g acute a l l o g r a f t r e j e c t i o n ( L e c h l e r & B a t c h e l o r , 

1982; S i l v e r s e t al, 1987; Benson e t al, 1987; O d l i n g , 

H a l l i d a y & M u l l e r , 1987). 

DCs should be c o n t r a s t e d w i t h t h e f o l l i c u l a r 

d e n d r i t i c c e l l s (FDCs) found i n the B c e l l areas of 

lymphoid t i s s u e s (Klaus e t al, 1980). FDCs have a DC 

morphology, b u t i t i s t h o u g h t t h a t they may have 

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

b e i n g bone marrow d e r i v e d . I n a d d i t i o n t o being l o c a l i s e d 

i n the B c e l l ( r a t h e r than T c e l l ) areas of lymphoid 

t i s s u e , FDC a l s o d i f f e r from DCs i n t h a t they r e t a i n 

a n t i g e n - a n t i b o d y complexes on t h e i r s u r f a c e s , and do n o t 

c o n s t i t u t i v e l y express MHC c l a s s I I a n t i g e n s . 

Baldwin and Cohen (1981) d e s c r i b e d a c e l l , d e n d r i t i c 

i n morphology, i n the spleen o f X.laevis. T h i s c e l l type 

was l o c a t e d i n the p e r i p h e r y of the w h i t e p u l p f o l l i c l e s 

of the sp l e e n , which are B c e l l r i c h areas of t h i s 

lymphoid t i s s u e . I n some cases t he d e n d r i t i c processess 
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extended i n t o t h e m a r g i n a l zone. T h i s l o c a t i o n suggests 

resemblance t o the mammalian FDC. I n Xenopus s p l e e n , t h i s 

d e n d r i t i c c e l l , w i t h h y p e r l o b u l a t e d nucleus and d i s t i n c t 

c e l l p rocesses, was named the "XL" c e l l . These c e l l s were 

p r e v i o u s l y known as " d e g e n e r a t i n g macrolymphocytes" (see 

d i s c u s s i o n Manning, 1971). The XL c e l l s appear t o t r a p 

and t r a n s p o r t f o r e i g n m a t e r i a l (human IgG and c o l l o i d a l 

carbon) from the T c e l l r i c h zone [ f o u n d j u s t o u t s i d e the 

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

of a n t i g e n ( C o l l i e , 1974; Horton & Manning, 1974], across 

the B c e l l f o l l i c l e boundary i n t o the B c e l l r i c h 

f o l l i c l e o f the Xenopus spleen (Baldwin & Cohen, 19.81). 

F u r t h e r s t u d i e s showed t h a t X.laevis XL c e l l s are 

g l a s s - a d h e r e n t and are a b l e t o c l u s t e r w i t h lymphocytes 

in vitro t o form a p r i m i t i v e f o l l i c l e - l i k e s t r u c t u r e 

( Baldwin & Sminia, 1982). Thus, a l t h o u g h XL c e l l s are 

l o c a t e d i n t h e B c e l l a reas, as are mammalian FDC, t h e y 

show some s i m i l a r i t i e s t o mammalian DCs, i n t h a t the 

l a t t e r a l s o have a d e n d r i t i c morphology, are g l a s s 

adherent and a s s o c i a t e w i t h lymphocytes when i n 

suspension (Steinman e t al, 1979; Inaba & Steinman, 1986; 

Austyn, W e i n s t e i n & Steinman, 1988). 

Large c e l l s w i t h a d e n d r i t i c morphology and capable 

of r e t a i n i n g a n t i g e n have a l s o been i d e n t i f i e d i n t h e 

spleens of X.laevis by o t h e r workers ( C o l l i e , 1974; 

Mughal, 1984). The a n t i g e n - r e t a i n i n g c e l l s were 

i d e n t i f i e d by g i v i n g m u l t i p l e i n j e c t i o n s of human IgG t o 

X.laevis p r i o r t o s a c r i f i c e , then subsequently s t a i n i n g 

spleen s e c t i o n s w i t h f l u o r e s c e n t anti-human IgG a n t i b o d y 
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( C o l l i e , 1974; Horton & Manning, 1974; Mughal, 1984). 

Mughal suggests t h a t the a n t i g e n - r e t a i n i n g c e l l s may a l s o 

be t h e d e n d r i t i c (XL) c e l l s d e s c r i b e d by Bal d w i n and 

Cohen (1981); since t h e y are l a r g e and d e n d r i t i c i n 

morphology. F l u o r e s c e n t l a b e l l i n g a l s o i d e n t i f i e s t h e i r 

l o c a t i o n i n the B c e l l r i c h zones of t h e sp l e e n . I t was 

a l s o demonstrated t h a t t h i s a n t i g e n - r e t a i n i n g c e l l 

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

suspensions on P e r c o l l g r a d i e n t s (Mughal, 1984). I n 

a d d i t i o n t h e r e i s evidence f o r d e n d r i t i c c e l l s , which may 

have a n t i g e n p r e s e n t i n g c a p a c i t y i n the Xenopus thymus 

(Turpen & Smith, 1986; Crouse, Turpen & Sharp, 1985). Du 

Pasquier and F l a j n i k (1987) have demonstrated the 

e x i s t e n c e of d e n d r i t i c c e l l s i n Xenopus s k i n t h a t are 

s t r o n g l y c l a s s I I p o s i t i v e and so resemble Langerhans 

c e l l s . 

I n t h i s Chapter, experiments were performed t o 

i d e n t i f y Xenopus DCs on the b a s i s of such c r i t e r i a as the 

presence o f pseudopods and v e i l s , m u l t i - l o b e d n u c l e i , 

a b i l i t y t o r e t a i n s o l u b l e a n t i g e n (human IgG) and the 

c o n s t i t u t i v e e x p r e s s i o n o f s u r f a c e c l a s s I I MHC molecules 

( u s i n g t h e McAb AM20: Du Pasquier and F l a j n i k ( 1 9 8 7 ) ) . 

F u n c t i o n a l s t u d i e s were a l s o undertaken i n o r d e r t o 

examine t he r o l e of v a r i o u s s p l e n o c y t e p o p u l a t i o n s i n 

s t i m u l a t i n g the Xenopus MLC. These s t u d i e s i n v o l v e d 

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

s e p a r a t i o n over P e r c o l l d e n s i t y g r a d i e n t s , o r t o d e p l e t e 

such c e l l t y p e s , t h r o u g h t h e i r expected adherence t o 

p l a s t i c s u r f a c e s (Baldwin & Sminia, 1982). 
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6.2 MATERIALS AMD METHODS 

6.2.1 Animals 

X.laevis were 1-2 years of age when used i n these 

e x p e r i m e n t s . C l o n a l a n i m a l s , LM3, LG17 and LG15 were 6-8 

months o l d when used. 

6.2.2 P e r c o l l d e n s i t y g r a d i e n t s 

I n p r e v i o u s experiments p u t a t i v e DCs from Xenopus 

s p l e n o c y t e p o p u l a t i o n s were separated on P e r c o l l 

d e n s i t i e s o f 1.07g/ml and 1.08g/ml (Mughal, 1984). 

I n t h e p r e s e n t e x p e r i m e n t s P e r c o l l (Pharmacia) o f 

d e n s i t y 1.07g/ml or 1.08g/ml was made up u s i n g a one-step 

procedure, as d e t a i l e d below. 

One t e n t h of the f i n a l d e s i r e d volume of P e r c o l l 

s o l u t i o n was comprised of 1.5M NaCl (Sigma). To t h i s t h e 

r e q u i r e d volume of P e r c o l l ( d i r e c t from the s t o c k b o t t l e ) 

was added, and the f i n a l volume made up w i t h d i s t i l l e d 

w ater. The f o r m u l a f o r c a l c u l a t i n g the r e q u i r e d volume of 

P e r c o l l i s : -

V 0 = V 9-0.1 x £ 1 0 - 0.9 

0 0 -1 
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v o l . of P e r c o l l from b o t t l e (ml) 

v o l . of f i n a l w o r k i n g s o l u t i o n (ml) 

d e s i r e d d e n s i t y of the f i n a l s o l u t i o n 

(g/ml) 

d e n s i t y of P e r c o l l (1.13 ± 0.005g/ml) 

d e n s i t y o f 1.5M NaCl (1.058g/ml) 

e.g. I f lOOmls of P e r c o l l w i t h a d e n s i t y of 1.07g/ml i s 

r e q u i r e d t h e n t o lOmls of 1.5M NaCl add: 

Vo = 100 1.07-0.1 x 1.058-0.9 

1.13-1 

Vo = 49.3 

Thus, 49.3ml P e r c o l l ( f r o m the b o t t l e ) would be 

added t o the 10ml NaCl and 40.7ml d i s t i l l e d H 20 added t o 

make 100ml of 1.07g/ml P e r c o l l . 

The d e n s i t y of the P e r c o l l s o l u t i o n s was checked 

u s i n g d e n s i t y marker beads (Pharmacia) of d e n s i t i e s 

1.064, 1.077 and 1.09 g/ml. The beads are c a l i b r a t e d t o ± 

0.0005g/ml. 

where Vo 

V 

e° 
0 i o 
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6.2.3 S e p a r a t i o n of spleen c e l l s on P e r c o l l 

P e r c o l l s o l u t i o n s of d e n s i t i e s 1.08g/ml and 1.07g/ml 

were s e q u e n t i a l l y p l a c e d i n a 10ml c e n t r i f u g e tube 

( S t e r i l i n ) i n the r a t i o o f 3:4 ( m i s ) . Using a Pasteur 

p i p e t t e , s p l e n o c y t e s from e i t h e r a n t i g e n - i n j e c t e d animals 

( f o r f l u o r e s c e n c e e x p e r i m e n t s ) or c o n t r o l animals ( f o r 

MLC and PHA work) a t a c o n c e n t r a t i o n o f no more than 10 x 

10 6 l e u c o c y t e s / m l ( i n AL-15:FCS(1%) i f c e l l s were t o be 

c u l t u r e d , or 5 : 3\^ L-15 : d. d. H2O ) medium i f t h e y were t o be 

l a b e l l e d w i t h f l u o r e s c e n t a n t i b o d y ) were g e n t l y l a y e r e d 

( i n 2ml medium) onto t h e P e r c o l l . The c e l l s were th e n 

spun a t 350g f o r 30 mins a t 4°C. Spl e n o c y t e s were removed 

from the top l a y e r ( t h e l a y e r on t o p of the P e r c o l l of 

1.07g/ml d e n s i t y ) and the bottom c e l l p e l l e t u s i n g a 

Pasteur p i p e t t e , and washed t w i c e (see F i g . 6.1); [ c e l l s 

a t the i n t e r f a c e (1.07/1.08g/ml) were n o t u s u a l l y u s e d ] . 

6.2.4 P r o t o c o l f o r the enrichment of "non-adherent" 

s p l e n o c y t e s f o r use as s t i m u l a t o r s i n MLC 

Splenocyte suspensions from c o n t r o l animals were 

p l a t e d out i n 2ml a l i q u o t s (2-4 x 10 6 l e u c o c y t e s / m l ) i n 

AL-15:FCS(10%) i n t o s m a l l (30mm x 10mm) s t e r i l e t i s s u e 

c u l t u r e grade p e t r i d i s h e s ( C o s t a r ) . The dishes were th e n 

i n c u b a t e d (26 ± 1°C) f o r 2hrs ( s i n c e mammalian DCs adhere 

t o p l a s t i c by 2 h r s , t h i s t i m e p o i n t was chosen as the 

i n c u b a t i o n time f o r the Xenopus c e l l s ) . D u r i n g t h i s t i m e , 
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a t h a l f h o u r l y i n t e r v a l s , t h e dishes were rocked g e n t l y 

t o ensure c e l l c o n t a c t w i t h the p l a s t i c . A f t e r 2 hours 

i n c u b a t i o n t he non-adherent Xenopus s p l e n o c y t e s were 

g e n t l y p i p e t t e d o f f . 

As a c o n t r o l t o the above t r e a t m e n t , o t h e r 

s p l e n o c y t e s were i n c u b a t e d f o r the same amount of time i n 

round bottom 5ml p l a s t i c c e n t r i f u g e tubes ( F a l c o n ) . T h i s 

" t r e a t m e n t " was designed t o minimise c e l l c o n t a c t w i t h 

the p l a s t i c s u r f a c e . 

6.2.5 I n j e c t i o n o f human immunoglobulin G 

Human IgG (Sigma) was d i s s o l v e d i n APBS ( d i l u t e d 

from 10 ti m e s c o n c e n t r a t e : Flow Labs) and i n j e c t e d v i a 

the d o r s a l lymph sac (DLS) i n t o X.laevis toads o f 

a p p r o x i m a t e l y 15g w e i g h t . The dose used was 0.03mg/g body 

we i g h t i.e.0.5mg t o t a l human IgG was a d m i n i s t e r e d f o r a 

15g animal i n a volume of 300^/1. 24hours a f t e r i n j e c t i o n 

the t o a d was s a c r i f i c e d and a s p l e n o c y t e suspension made 

as d e t a i l e d i n s e c t i o n 6.2.3. 

6.2.6 I d e n t i f i c a t i o n o f human IgG a s s o c i a t e d w i t h s p l e e n 

c e l l s by f l u o r e s c e n c e microscopy: s t u d i e s on c e l l 

suspensions and c e l l smears 

The procedure was c a r r i e d out on i c e u s i n g 5:3v/v(L-

15:d.d.H20) medium (see Appendix). 
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Spleen suspensions, from Xenopus p r e v i o u s l y i n j e c t e d 

w i t h human IgG, were washed i n medium and th e n goat a n t i -

human IgG F I T C - l a b e l l e d a n t i b o d y (Sigma) was added a t a 

c o n c e n t r a t i o n of 1/30. A f t e r 30min i n c u b a t i o n , i n the 

dark, the s p l e n o c y t e s were washed t w i c e and resuspended 

i n 2 0 p l of medium. A drop ( l O y l ) of the suspension was 

p l a c e d on a g l a s s s l i d e and a c o v e r s l i p a p p l i e d . The 

c e l l s were then viewed under a f l u o r e s c e n c e microscope 

( N i k o n ) . Spleen suspensions from u n i n j e c t e d c o n t r o l 

animals were a l s o i n c u b a t e d w i t h f l u o r e s c e n t a n t i b o d y . 

400 l e u c o c y t e s per e x p e r i m e n t a l sample were counted and 

scored as e i t h e r f l u o r e s c e n c e p o s i t i v e ( i . e . " b i n d i n g " 

human IgG) or f l u o r e s c e n c e n e g a t i v e . 

Since Mughal (1984) was able t o show t h e presence of 

human I g G - r e t a i n i n g c e l l s i n c y t o s p i n p r e p a r a t i o n s of 

c e l l suspensions, a t t e m p t s were made t o produce such 

p r e p a r a t i o n s i n t h i s l a b o r a t o r y . T h i s would y i e l d the 

o p p o r t u n i t y t o s t u d y p u t a t i v e "XL" c e l l s i n a f i x e d c e l l 

smear and compare the morphology of these w i t h the 

f l u o r e s c e n t - p o s i t i v e c e l l s i n a spleen c e l l suspension. 

Splenocyte suspensions from toads p r e v i o u s l y 

i n j e c t e d w i t h IgG, were a d j u s t e d t o a c o n c e n t r a t i o n of 2 

x 10 6 l e u c o c y t e s / m l i n APBS. 50pl of l e u c o c y t e suspension 

p l u s 50/il (0.2j/m) f i l t e r e d FCS (Gibco) were added t o the 

c y t o s p i n v i a l s . The s p l e n o c y t e s were spun a t 600rpm f o r 4 

mins i n a Shandon c y t o s p i n ; t h i s t r a n s f e r s t he c e l l s t o a 

m i c r o s c o p i c s l i d e . The s l i d e s , w i t h the t r a n s f e r r e d 

c e l l s , were a i r d r i e d f o r 30 min then f i x e d i n methanol 

f o r 1-2 min. 
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C y t o s p i n p r e p a r a t i o n s were s t a i n e d by adding a few 

drops of goat anti-human IgG (Sigma) a n t i b o d y (1/15 f i n a l 

c o n c e n t r a t i o n ) and i n c u b a t e d i n a dark humid atmosphere 

f o r 30 min. S l i d e s were then g e n t l y washed by immersion 

i n APBS i n c o p l i n j a r s . The p r e p a r a t i o n s were mounted i n 

APBS and viewed under a f l u o r e s c e n c e microscope. 

6.2.7 I d e n t i f i c a t i o n o f c l a s s I I MHC p o s i t i v e c e l l s by 

f l u o r e s c e n c e microscopy 

AM20 i s a mouse IgG McAb d i r e c t e d a g a i n s t c l a s s I I 

molecules on Xenopus c e l l s . The hybridoma c e l l l i n e t h a t 

produces AM20 was a generous g i f t from Dr M. F l a j n i k , 

Basel I n s t i t u t e of Immunology. 

Sp l e n o c y t e s from c o n t r o l Xenopus ( i . e . n o t i n j e c t e d 

w i t h human IgG) were kept on i c e t h r o u g h o u t t h e 

procedure. They were i n c u b a t e d w i t h AM20 c u l t u r e SN, 
(L-i5-.dciMa.CO 

d i l u t e d 1/5 i n 5:3^medium, f o r 30 min. The AM20 s t a i n e d 

s p l e n o c y t e s were th e n washed t w i c e and su b s e q u e n t l y 

i n c u b a t e d w i t h secondary a n t i b o d y f o r 30 mins. Secondary 

a n t i b o d y was a 1/30 d i l u t i o n of e i t h e r F I T C - l a b e l l e d 

anti-mouse IgG a n t i b o d y (Sigma) or F I T C - l a b e l l e d a n t i -

mouse IgG [ ( F a b > 2 f r a g m e n t ] (Dakopats). Subsequently, 

s p l e n o c y t e s were ag a i n washed t w i c e , b e f o r e a l i q u o t s were 

viewed under a f l u o r e s c e n c e microscope ( N i k o n ) . 

" C o n t r o l " s t a i n i n g i n v o l v e d s p l e n o c y t e s l a b e l l e d 

w i t h FITC l a b e l l e d secondary a n t i b o d y o n l y . 
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6.2.8 PHA-M assay 

AL-15:FCS(1%) was used i n these experiments. 

Spleen c e l l s were a d j u s t e d t o a c o n c e n t r a t i o n of 1 x 10 6 

v i a b l e l e u c o c y t e s / m l and 100^1 a l i q u o t s were dispensed 

i n t o 9 6 - w e l l V-based p l a t e s ( C e l l C u l t : S t e r i l i n ) . PHA-M 

(Flow Labs) was added i n l O p l a l i q u o t s t o gi v e a f i n a l 

" i n w e l l " c o n c e n t r a t i o n of 1/500 (shown elsewhere t o be 

o p t i m a l f o r i n d u c i n g m i t o s i s ) . C o n t r o l c u l t u r e s were 

g i v e n l O p l of AL-15:FCS(1%) i n s t e a d o f PHA. Splenocytes 

were c u l t u r e d a t 26 ± 1°C and i n 5% C0 2. A f t e r 48hr 

c u l t u r e , each w e l l was p u l s e d w i t h l p C i [ 3H]TdR 

(Amersham; Sp.A. = 5Ci/mmol) and h a r v e s t e d 24hr l a t e r . 

Samples were then analysed on a s c i n t i l l a t i o n c o u n t e r . 

The s t i m u l a t i o n index was c a l c u l a t e d u s i n g the f o l l o w i n g 

f o r m u l a : 

SI = PHA-M c u l t u r e s (dpm) 

Medium c u l t u r e s (dpm) 

6.2.9 Mixed l e u c o c y t e c u l t u r e assay 

Responder and s t i m u l a t o r spleen c e l l suspensions 

were prepared i n AL-15:FCS(10%) ( t h i s c o n c e n t r a t i o n was 

used si n c e mammalian workers use r e l a t i v e l y h i g h FCS-

sup p l e m e n t a t i o n when c u l t u r i n g DCs). S t i m u l a t o r c e l l s 
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were g i v e n an i r r a d i a t i o n dose of 6000R from a 6 0Co 

source. Responder c e l l s were a d j u s t e d t o a c o n c e n t r a t i o n 

of 1 x 10 6 v i a b l e l e u c o c y t e s / m l , whereas s t i m u l a t o r s were 

a d j u s t e d t o a c o n c e n t r a t i o n of 5 x 10 5 l e u c o c y t e s / m l . 

100/;1 a l i q u o t s each o f the responder and s t i m u l a t o r 

s p l e n o c y t e suspensions were dispensed i n t o 9 6 - w e l l V-

based p l a t e s ( C e l l C u l t : S t e r i l i n ) . C o n t r o l c u l t u r e s 

c o n s i s t e d o f 200pl of i r r a d i a t e d s t i m u l a t o r suspension, 

or 20 0 f i l i r r a d i a t e d responder suspension, or 100/il 

responder c e l l s w i t h lOOpl i r r a d i a t e d responder c e l l s ; 

a l l a d j u s t e d t o have t h e same c e l l number/well as t h e 

e x p e r i m e n t a l c u l t u r e s . S p lenocytes were i n c u b a t e d a t 26 ± 

1°C and i n 5% C0 2. A f t e r 72 hours, each w e l l was p u l s e d 

w i t h l y C i [ 3H]TdR (Amersham: Sp.A.= 5Ci/mmol) and 

h a r v e s t e d 24 hours l a t e r . Samples were then analysed on a 

s c i n t i l l a t i o n c o u n t e r . 

S t i m u l a t i o n i n d i c e s were c a l c u l a t e d u s i n g t he 

f o l l o w i n g f o r m u l a ( u n l e s s s t a t e d o t h e r w i s e ) : 

SI = resp. x s t i m . R - s t i m . R ( 2 0 0 ^ 1 ) / 2 

resp. x r e s p . R - re s p . R ( 200JJ1 ) /2 
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6.3 RESULTS 

6.3.1 Fluorescence m i c r o s c o p i c s t u d i e s on a n t i g e n -

r e t a i n i n g s p l e n o c y t e s 

6.3.1.1 A n t i g e n r e t e n t i o n by s p l e n o c y t e s : enrichment by 

P e r c o l l s e p a r a t i o n 

Spleen c e l l suspensions from animals p r e v i o u s l y 

i n j e c t e d ( 2 4 h r ) w i t h human IgG r o u t i n e l y showed a s m a l l , 

b u t d i s t i n c t p o p u l a t i o n of c e l l s t h a t r e t a i n e d human IgG 

( F i g . 6.3). These c e l l s were l a r g e (20jjm), had pseudopods 

and possessed h y p e r l o b u l a t e d n u c l e i w i t h prominent 

n u c l e o l i ( F i g . 6.2) i . e . t h e y possessed c h a r a c t e r i s t i c s 

of "XL" c e l l s . T h i s human IgG+ p o p u l a t i o n c o u l d be 

e n r i c h e d by s e p a r a t i o n on P e r c o l l . C o l l e c t i n g the t o p 

l a y e r from t he P e r c o l l r a i s e d t h e average percentage of 

human I g G + s p l e n o c y t e s from 0.26 ± 0.1% (unseparated 

c e l l s ) t o 4.2 ± 0.9%. The s p l e n o c y t e s r e t r i e v e d from t he 

c e l l p e l l e t (CP) were 0.24 ± 0.2% human IgG+, 

(see Table 6.1). 

The number of l e u c o c y t e s r e t r i e v e d from the t o p 

l a y e r was 8.7 ± 2.0% of the t o t a l , whereas the c e l l 

p e l l e t c o n t a i n e d 23 + 4.3% of the t o t a l l e u c o c y t e s . The 

c e l l s unaccounted f o r by these f r a c t i o n s were p r e s e n t i n 

the m i d d le l a y e r , a t the i n t e r f a c e of the two P e r c o l l 

d e n s i t i e s and i n the P e r c o l l i t s e l f . 
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6.3.1.2 Morphology o f human IqG + s p l e n o c y t e s : use of 

c y t o s p i n p r e p a r a t i o n s 

C y t o s p i n p r e p a r a t i o n s r e v e a l e d t h a t s p l e n o c y t e s 

w i t h bound human IgG possessed d i s t i n c t m o r p h o l o g i c a l 

c h a r a c t e r i s t i c s . They were l a r g e c e l l s , 15-20pm i n 

diame t e r , and i r r e g u l a r l y shaped, o f t e n w i t h pseudopodia. 

I n a d d i t i o n , the human I g G + c e l l s had lobed n u c l e i w i t h a 

dense r i n g of h e t e r o c h r o m a t i n around the n u c l e a r membrane 

and possessed d i s t i n c t n u c l e o l i . They were n e a r l y always 

observed i n a s s o c i a t i o n w i t h lymphocytes ( F i g . 6.4). 

6.3.1.3 S t a i n i n g w i t h anti-Xenopus c l a s s I I monoclonal 

a n t i b o d y (AM20) 

I n s p l e n o c y t e suspensions of c o n t r o l X.laevis AM20 

appeared t o l a b e l the m a j o r i t y of l e u c o c y t e s , which o f t e n 

capped t he a n t i b o d y ( F i g . 6.5). C e l l s w i t h t h e 

m o r p h o l o g i c a l f e a t u r e s of human I g G - r e t a i n i n g c e l l s 

d e s c r i b e d above ( s e c t i o n 6.3.1.1) were a l s o s t a i n e d w i t h 

t h i s a n t i - c l a s s I I a n t i b o d y ( F i g . 6.5). I d e a l l y , a double 

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

a t t a c h e d d i r e c t l y t o the AM20 a n t i b o d y (and t o the a n t i -

human IgG a n t i b o d y ) , t o t e s t f o r the a b i l i t y of c e l l s t o 

r e t a i n human IgG and t o express c l a s s I I MHC mo l e c u l e s , 

would have shown i f a s i n g l e c e l l c o u l d d i s p l a y b o t h 

these p r o p e r t i e s . 
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6.3.2 Response of P e r c o l l separated and unseparated 

Xenopus s p l e n o c y t e s t o PHA-M 

Splen o c y t e s from non a n t i g e n - i n j e c t e d animals were 

used f o r these e x p e r i m e n t s . I n a l l cases the unseparated, 

to p l a y e r (TL) and c e l l p e l l e t (CP) f r a c t i o n s a l l 

produced s i g n i f i c a n t responses t o PHA-M (Table 6.2). I n 2 

experiments o u t o f 3, s p l e n o c y t e s from the CP gave h i g h e r 

PHA-induced s t i m u l a t i o n i n d i c e s than e i t h e r t he TL or 

unseparated s p l e n o c y t e p o p u l a t i o n s . I n the 3 r d experiment 

S i s were h i g h i n a l l cases, w i t h the h i g h e s t S I rec o r d e d 

f o r the TL. 

O v e r a l l , s p l e n o c y t e s r e c o v e r e d from the TL or CP 

were a b l e t o p r o l i f e r a t e i n a sta n d a r d T c e l l assay. 

Cle a r evidence f o r enrichment of PHA r e a c t i v i t y f o l l o w i n g 

P e r c o l l s e p a r a t i o n was t h e r e f o r e not o b t a i n e d . 

6.3.3 A b i l i t y of P e r c o l l - s e p a r a t e d and -unseparated 

s p l e n o c y t e s t o s t i m u l a t e i n one-way MLC 

6000R i r r a d i a t e d spleen p o p u l a t i o n s of unseparated 

and P e r c o l l - s e p a r a t e d TL and CP f r a c t i o n s from c o n t r o l 

animals were a l l e f f e c t i v e as s t i m u l a t o r c e l l s when s e t 

up i n MLC a g a i n s t n o n - i r r a d i a t e d unseparated responders 

(Table 6.3). The magnitude of the responses of the 

responder c e l l s when c u l t u r e d w i t h t h e d i f f e r e n t 

s t i m u l a t o r s p l e e n p o p u l a t i o n s were s i m i l a r - i . e . t h e r e 

was no c l e a r c u t evidence t h a t the t o p l a y e r of c e l l s 
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( e n r i c h e d f o r c e l l s able t o r e t a i n i n j e c t e d s o l u b l e 

a n t i g e n (see s e c t i o n 6.3.1.1)) were b e t t e r s t i m u l a t o r s . 

6.3.4 A b i l i t y of p l a s t i c non-adherent s p l e n o c y t e s t o 

s t i m u l a t e i n one-way MLC 

The goa l of these experiments was t o examine the 

e f f e c t of removing adherent c e l l s ( d e n d r i t i c r i c h ? ) from 

th e s t i m u l a t o r p o p u l a t i o n f o r assay i n MLC. 

The "complete" p o p u l a t i o n o f l e u c o c y t e s proved a 

b e t t e r s t i m u l a t o r p o p u l a t i o n t h a n the non-adherent c e l l 

p o p u l a t i o n (p < 0.01), when assayed f o r s t i m u l a t o r y 

c a p a c i t y i n MLCs (Table 6.4). Both p o p u l a t i o n s , however, 

induced s i g n i f i c a n t (p < 0.001 f o r c o n t r o l c u l t u r e s and p 

< 0.02, 0.01 & 0.001 f o r the non-adherent p o p u l a t i o n s ) 

responses from the responder s p l e n o c y t e s . Adherent c e l l s 

were n ot t e s t e d f o r t h e i r a b i l i t y t o s t i m u l a t e i n these 

experiments. 
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FIG• 6.1 

S e p a r a t i o n of l e u c o c y t e s i n v o l v e d s e p a r a t i o n over P e r c o l l 

g r a d i e n t s o f d e n s i t i e s 1.07g/ml and 1.08g/ml. 

187 



FIG. 6.1 SEPARATION OF LEUCOCYTES OVER PERCOLL GRADIENTS 
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FIG 6.2 

X.laevis s p l e n o c y t e suspension showing t h r e e " X L - l i k e " 

c e l l s w i t h " d e n d r i t i c " morphology,, i n c l u d i n g lobed n u c l e i , 

d i s t i n c t n u c l e o l i , pseudopods and c h a r a c t e r i s t i c c l u s t e r i n g 

w i t h l e u c o c y t e s . 

(Phase c o n t r a s t . 0 b j . x 4 0 , M a g n i f i c a t i o n x400) 
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FIG. 6.3 
X.laevis s p l e n o c y t e suspensions from animals i n j e c t e d 

p r e v i o u s l y w i t h human IgG, and s u b s e q u e n t l y (24 hours l a t e r ) 

s t a i n e d w i t h an F I T C - l a b e l l e d anti-human IgG. 

A. and B . s p e c i f i c " r i n g " of f l u o r e s c e n c e observed i n 

a s s o c i a t i o n w i t h X L - l i k e c e l l . 

C. and D. "Speckled" f l u o r e s c e n c e a s s o c i a t e d w i t h X L - l i k e 

c e l l . 

E. and F. I n t e r m e d i a t e type o f s t a i n i n g (between r i n g and 

spe c k l e d s t a i n i n g ) observed i n a s s o c i a a t i o n w i t h an X L - l i k e 

c e l l . The l a t t e r shows d i s t i n c t pseudopods and c l u s t e r i n g 

c h a r a c t e r i s t i c s . (Obj. x40, M a g n i f i c a t i o n x400) 

PstC 8- B UV t r c x o s m i s s i o n 

&}V> S - F P h a s e oonbrG^st-
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FIG. 6.4 

Views under phase c o n t r a s t arid UV t r a n s m i s s i o n of a 

c y t o s p i n p r e p a r a t i o n o f X.laevis s p l e n o c y t e s from an animal 

i n j e c t e d p r e v i o u s l y w i t h human IgG, and s u b s e q u e n t l y s t a i n e d 

w i t h an F I T C - l a b e l l e d anti-human IgG. 

Note l a r g e c e l l s w i t h s p e c i f i c f l u o r e s c e n c e ( O b j . x40, 

M a g n i f i c a t i o n x400) 
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FIG. 6.5 

Views under phase c o n t r a s t and UV t r a n s m i s s i o n of 

X.laevis s p l e n o c y t e suspensions l a b e l l e d w i t h t he a n t i - c l a s s I I 

McAb, AM20, and sub s e q u e n t l y l a b e l l e d w i t h an F I T C - l a b e l l e d 

anti-mouse I g a n t i b o d y . 

Large X L - l i k e c e l l s s t a i n p o s i t i v e l y , i n a d d i t i o n t o 

l e u c o c y t e s which tend t o "cap" t h e a n t i b o d y ( Obj. x40, 

M a g n i f i c a t i o n x400). 
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TABLE 6. 1 

Spleen c e l l suspensions t a k e n from X.laevis, t h a t had been 

i n j e c t e d 24 hours p r e v i o u s l y w i t h human IgG, were separated on 

a P e r c o l l g r a d i e n t (1.07 and 1.08g/ml). The top l a y e r (TL) and 

c e l l p e l l e t (CP) o n l y were c o l l e c t e d and s t a i n e d w i t h a r a b b i t 

FITC-anti-human IgG a n t i b o d y . Unseparated c e l l s were a l s o 

s t a i n e d and counted. 400 l e u c o c y t e s per e x p e r i m e n t a l sample 

were counted and scored as human I g G - p o s i t i v e or - n e g a t i v e . I n 

a d d i t i o n , the y i e l d o f l e u c o c y t e s was counted (see t e x t ) u s i n g 

the f o l l o w i n g formulas 

no. of l e u c o c y t e s r e c o v e r e d from TL/CP x 100 

Y i e l d = 

t o t a l no. of l e u c o c y t e s b e f o r e s e p a r a t i o n 

Composite r e s u l t s from 4 ex p e r i m e n t s , u s i n g separate 

a n i m a l s , are shown. 
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TABLE 6.2 

X.laevis s p l e e n c e l l s u s p e n s i o n was s e p a r a t e d on a P e r c o l l 

d e n s i t y g r a d i e n t ( 1 . 0 7 : 1 . 0 8 g / m l ) , and t h e t o p l a y e r (TL) and 

c e l l p e l l e t (CP) were c o l l e c t e d and used f o r a s s a y . S p l e n o c y t e s 

were d i s p e n s e d o u t a t 1 x 1 0 5 l e u c o c y t e s / w e l l i n AL-15:FCS(1%) 

i n 9 6 - w e l l V-based p l a t e s . PHA-M was added t o g i v e a f i n a l " i n 

w e l l " d i l u t i o n o f 1/500. C u l t u r e s were s e t up i n t r i p l i c a t e . 

A f t e r 48 h o u r s i n c u l t u r e , e ach w e l l was p u l s e d w i t h l j u C i 

[ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 
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TABLE 6.3 

S p l e e n c e l l s u s p e n s i o n s were s e p a r a t e d on a P e r c o l l 

d e n s i t y g r a d i e n t ( 1 . 0 7 : 1 . 0 8 g / m l ) , and t h e t o p l a y e r ( T L ) and 

c e l l p e l l e t (CP) were c o l l e c t e d . These p o p u l a t i o n s were 

i r r a d i a t e d (6000R) and were u s e d as s t i m u l a t o r s i n a one-way 

MLC. Responder s p l e n o c y t e s ( 1 x 1 0 5 l e u c o c y t e s / w e l l ) were 

c o c u l t u r e d w i t h 6000R i r r a d i a t e d s t i m u l a t o r s (5 x 1 0 4 

l e u c o c y t e s / w e l l ) i n 9 6 - w e l l V-based p l a t e s i n AL-15:FCS(1%). 

C u l t u r e s were s e t up i n t r i p l i c a t e . 

A f t e r 72 h o u r s i n c u l t u r e , each w e l l was p u l s e d w i t h lpCi 

[ 3 H ] T d R and h a r v e s t e d 24 h o u r s l a t e r . 

r e s p o n d e r x s t i m u l a t o r R c u l t u r e s (dpm) 

S I = 

r e s p o n d e r x r e s p o n d e r R c u l t u r e s (dpm) 

( S t i m u l a t o r " and r e s p o n d e r " = i r r a d i a t e d p o p u l a t i o n s . ) 
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TABLE 6,4 

S p l e e n c e l l s u s p e n s i o n s were i n c u b a t e d i n p e t r i d i s h e s ( 2 -

4 x 1 0 6 l e u c o c y t e s / m l ) i n AL-15:FCS(10% ) f o r 2 h o u r s . Non

a d h e r e n t c e l l s were t h e n c o l l e c t e d and used as s t i m u l a t o r s i n 

one-way MLC. C o n t r o l s p l e n o c y t e s t i m u l a t o r s were i n c u b a t e d i n 

r o u n d based t u b e s . 

R esponder splenoc.yt.es ( 1 x 10 s l e u c o c y t e s / w e l l ) were 

e o c u l t u r e d w i t h 6000R i r r a d i a t e d s t i m u l a t o r s ( 1 x 1 0 5 

l e u c o c y t e s / w e l l ) i n 9 6 - w e l l V-based p l a t e s i n AL-15 •. FCS ( 1 % ) . 

C u l t u r e s were s e t up i n t r i p l i c a t e . A f t e r 72 h o u r s i n c u l t u r e , 

each w e l l was p u l s e d w i t h l j u C i [ 3H]TdR and h a r v e s t e d 24 h o u r s 

l a t e r . 

r e s p . x n o n - a d h e r e n t o r c o n t r o l s t i m . c u l t u r e s ( i r r a d ) (dpm) 

S I = 

r e s p . x r e s p . ( i r r a d ) c u l t u r e s (dpm) 
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6.4 DISCUSSION 

These e x p e r i m e n t s r e v e a l t h a t Xenopus s p l e n o c y t e s 

t h a t can t r a p and r e t a i n a n t i g e n (human I g G ) , and w h i c h 

seem l i k e l y a l s o t o e x p r e s s s u r f a c e c l a s s I I MHC 

m o l e c u l e s , a r e m o r p h o l o g i c a l l y s i m i l a r t o t h e XL c e l l s 

d e s c r i b e d by B a l d w i n and Cohen ( 1 9 8 1 ) and B a l d w i n and 

S m i n i a ( 1 9 8 2 ) . T h a t i s , t h e y a r e l a r g e , i r r e g u l a r l y 

s h aped c e l l s w i t h m u l t i - l o b e d n u c l e i . They a l s o p o s s e s s 

p r o m i n e n t n u c l e o l i , a dense r i n g o f c h r o m a t i n and have a 

t e n d e n c y t o a t t r a c t and c l u s t e r w i t h l y m p h o c y t e s . These 

f e a t u r e s a r e s i m i l a r t o t h o s e d e s c r i b e d by Mughal ( 1 9 8 4 ) 

i n h i s i d e n t i f i c a t i o n o f human I g G - r e t a i n i n g c e l l s i n 

Xenopus. 

To f u r t h e r c h a r a c t e r i s e t h e s e ' a n t i g e n - p r e s e n t i n g ' 

c e l l s t h e i r m o r p h o l o g i c a l c h a r a c t e r i s t i c s need t o be 

c o r r e l a t e d w i t h a d d i t i o n a l f u n c t i o n a l s t u d i e s . Thus, 

a t t e m p t s were made t o p r o d u c e an e n r i c h e d p o p u l a t i o n o f 

t h e a n t i g e n r e t a i n i n g c e l l s , u s i n g P e r c o l l d e n s i t y 

g r a d i e n t s . P e r c o l l - s e p a r a t i o n p r o d u c e d some ( f a i r l y 

m i n i m a l ) e n r i c h m e n t o f human I g G - r e t a i n i n g c e l l s . 

However, i n f u n c t i o n a l s t u d i e s t h e r e was no c l e a r 

e v i d e n c e t o l i n k t h e s e ' a n t i g e n - p r e s e n t i n g ' c e l l s w i t h an 

a b i l i t y t o s t i m u l a t e i n MLC. A much g r e a t e r e n r i c h m e n t 

t h a n t h a t a t t a i n e d i n t h e s e e x p e r i m e n t s i s r e q u i r e d t o 

d e t e r m i n e t h e r o l e ( i f a n y ) o f t h e XL c e l l s i n t h e 

Xenopus MLC. S i n c e a n t i - c l a s s I I s t a i n i n g was p r e s e n t on 
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a l l Xenopus l e u c o c y t e s , i t may be t h a t many MHC c l a s s 11+ 

c e l l t y p e s can s t i m u l a t e i n Xenopus MLC. These 

p o s s i b i l i t i e s need t o be i n v e s t i g a t e d f u r t h e r . 

A s e p a r a t e a p p r o a c h i n t h i s C h a p t e r , t o p r o b e t h e 

n a t u r e o f t h e s t i m u l a t o r c e l l s i n MLC, has been t o remove 

a d h e r e n t c e l l s , s i n c e t h i s i s a t e c h n i q u e u s e d i n 

mammalian s t u d i e s t o d e p l e t e l e u c o c y t e p o p u l a t i o n s o f 

d e n d r i t i c c e l l s . S p l e e n c e l l s t h a t d i d n o t a d h e r e t o 

p l a s t i c upon i n c u b a t i o n , were somewhat l e s s e f f e c t i v e as 

s t i m u l a t o r s i n MLC t h a n t h e c o n t r o l s p l e n o c y t e s . Thus, i t 

a p p e a r s t h a t a c e l l t y p e t h a t a d h e r e s t o p l a s t i c may be 

o f some i m p o r t a n c e i n s t i m u l a t i n g r e s p o n d e r s p l e n o c y t e s 

i n t h e Xenopus MLC. When e x a m i n e d u n d e r l i g h t m i c r o s c o p y , 

p l a s t i c a d h e r e n t c e l l s i n c l u d e d c e l l s t h a t were 

m o r p h o l o g i c a l l y s i m i l a r t o XL c e l l s ; o t h e r p l a s t i c 

a d h e r e n t c e l l s i d e n t i f i e d i n p r e l i m i n a r y s t u d i e s were 

macrophages and r e d b l o o d c e l l p r e c u r s o r s ( d a t a n o t 

show n ) . 
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CHAPTER SEVEN 

MAJOR CONCLUSIONS AMD SUGGESTIONS FOR FURTHER WORK 

P r e v i o u s s t u d i e s have s u g g e s t e d t h a t t h e a m p h i b i a n , 

Xenopus, i s c a p a b l e o f p r o d u c i n g an i n t e r l e u k i n - 2 ( I L - 2 ) -

l i k e m o l e c u l e . The e v i d e n c e f o r t h i s comes f r o m t h e s t u d y 

o f s u p e r n a t a n t s ( S N s ) , w i t h I L - 2 - l i k e a c t i v i t y , g e n e r a t e d 

in vitro by s t i m u l a t i o n o f Xenopus s p l e n o c y t e s w i t h T 

c e l l m i t o g e n s ( p h y t o h a e m a g g l u t i n i n (PHA), C o n c a n a v a l i n 

(Con A ) ) . The p r o d u c t i o n o f I L - 2 a c t i v i t y was a l s o 

i n v e s t i g a t e d , t h o u g h t o a l e s s e r e x t e n t , i n SNs p r o d u c e d 

by a l l o a n t i g e n s t i m u l a t i o n ( m i x e d l e u c o c y t e c u l t u r e , 

MLC). A l l t h e SNs g e n e r a t e d s u p p o r t e d t h e p r o l i f e r a t i o n 

o f T c e l l b l a s t s ( s p l e n o c y t e p o p u l a t i o n s t h a t had been 

m i t o g e n t r e a t e d t o cause t h e l e u c o c y t e s t o u n d e r g o 

" b l a s t o g e n e s i s " ) , b u t n o t t h e p r o l i f e r a t i o n o f 

" u n s t i m u l a t e d " l e u c o c y t e s . The PHA-ASN a l s o s u p p o r t e d 

g r o w t h o f T c e l l b l a s t s , as measured by c e l l number. 

C h a p t e r s 1 and 2 

The w o r k p r e s e n t e d i n t h i s T h e s i s d e m o n s t r a t e s t h a t 

when Xenopus s p l e n o c y t e s a r e s t i m u l a t e d by a l l o a n t i g e n 

( e . g . i n MLC) o r t h r o u g h m i t o g e n a c t i v a t i o n ( e . g . PHA, 

Con A) s o l u b l e f a c t o r s a r e p r o d u c e d f r o m t h e s t i m u l a t e d 

c e l l p o p u l a t i o n t h a t cause m i t o s i s o f b o t h Xenopus 

s p l e n o b l a s t s and s p l e n o c y t e s t a k e n d i r e c t l y f r o m t h e 
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a n i m a l . T h i s i s i n c o n t r a s t t o t h e f i n d i n g s o f W a t k i n s 

and Cohen ( 1 9 8 7 ) . These a u t h o r s f o u n d t h a t o n l y s p l e n i c 

b l a s t s r e s p o n d e d t o t h e ASNs, w h i l s t " u n s t i m u l a t e d " 

s p l e n o c y t e s were u n r e s p o n s i v e . I t i s p o s s i b l e t h a t t h e 

s p l e n o c y t e s f r o m t h e t o a d s i n o u r l a b o r a t o r y were i n a 

d i f f e r e n t s t a g e o f a c t i v a t i o n , p e r h a p s due t o t h e i r 

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

g e n e r a t e d by e i t h e r a l l o a n t i g e n o r m i t o g e n s t i m u l a t i o n i s 

n o t s p e c i f i c t o a p a r t i c u l a r Xenopus g e n o t y p e , i . e . 

m i t o s i s o f s p l e n o c y t e s / l y m p h o b l a s t s i s a t t a i n e d i n a 

v a r i e t y o f s t r a i n s / s p e c i e s . 

W i t h MLC-ASNs maximum s t i m u l a t o r y a c t i v i t y i s 

d e t e c t e d a t 48 h o u r s a f t e r i n i t i a t i o n o f c u l t u r e , w i t h 

a c t i v i t y r e m a i n i n g h i g h f o r up t o f i v e d a y s , w h e r e a s i n 

PHA-ASNs and Con A-ASNs, a c t i v i t y i s f o u n d t o be a t i t s 

h i g h e s t a f t e r 24 h o u r s o f c u l t u r e w i t h m i t o g e n . I n t h e 

PHA-ASNs t h e r e i s g e n e r a l l y a s m a l l amount o f r e s i d u a l 

PHA l e f t a f t e r t r e a t m e n t t o remove t h e m i t o g e n 

( a d s o r p t i o n o v e r c h i c k e n r e d b l o o d c e l l s ) . However, i n 

t h e case o f Con A-ASNs a d d i t i o n o f amm removed a l l t r a c e s 

o f t h e m i t o g e n , as measured by b i o a s s a y s , w h i c h a l l o w e d 

c l e a r e r i n t e r p r e t a t i o n o f t h e r e s u l t s f r o m Con A - i n d u c e d 

SNs. A t t e m p t s t o c o n c e n t r a t e / p u r i f y t h e a c t i v i t y i n t h e 

SNs were u n s u c c e s s f u l . 

C h a p t e r s 4 and 5 

A n o v e l a p p r o a c h t o t h e c u l t u r e o f Xenopus c e l l s was 

a c h i e v e d u s i n g a m i n i a t u r i s e d " h a n g i n g d r o p " t e c h n i q u e . 
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M i n i a t u r i s a t i o n o f t h e SN s c r e e n i n g a s s a y 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 1 0 4 l e u c o c y t e s p e r 

2 0 j i l " h a n g i n g d r o p " c u l t u r e , i n t h e w e l l s o f a T e r a s a k i 

p l a t e . 

" U n s t i m u l a t e d " s p l e n o c y t e s f r o m Xenopus, 

t h y m e c t o m i s e d i n e a r l y l a r v a l l i f e , r e s p o n d e d by 

p r o l i f e r a t i o n t o ASNs (MLC-, PHA- o r Con A - i n d u c e d 

ASNs). S i n c e t h y m e c t o m i s e d a n i m a l s a r e i m p a i r e d w i t h 

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

c e l l t y p e other than a T cell ( a s d e f i n e d by t h e 

m o n o c l o n a l a n t i b o d y XT-1) c o u l d p r o l i f e r a t e i n t h e 

p r e s e n c e o f ASN. 

U s i n g an a n t i - I g M ( i . e . a n t i - B c e l l ) t h e n a t u r e o f 

t h e c e l l s ( f r o m t h y m e c t o m i s e d a n i m a l s ) t h a t r e s p o n d e d t o 

t h e ASNs was p r o b e d . S p l e n o c y t e s were s e p a r a t e d by FACS 

t o y i e l d two p o p u l a t i o n s o f c e l l s : - I g M + ( X T L A - 1 - ) and 

I g M - ( X T L A - 1 - ) . U s i n g t h e m i n i a t u r i s a t i o n t e c h n i q u e t h r e e 

d i f f e r e n t p o p u l a t i o n s ( u n s o r t e d , I g M + and IgM-) were 

a s s a y e d f o r t h e i r a b i l i t y t o r e s p o n d t o t h e SNs. IgM+ (B 

c e l l s ) r e s p o n d e d m i l d l y t o t h e PHA-P-ASN ( t h i s was n o t 

due t o r e s i d u a l PHA-P, s i n c e PHA-P a d m i n i s t e r e d a l o n e d i d 

n o t cause p r o l i f e r a t i o n i n t h i s p o p u l a t i o n ) . However, t h e 

IgM- p o p u l a t i o n r e s p o n d e d w e l l t o b o t h t h e PHA-P-ASN and 

t h e MLC-ASN, and were a l s o r e s p o n s i v e t o PHA-P a l o n e . 

Thus, e a r l y - t h y m e c t o m i s e d Xenopus p o s s e s s an Ig M - ( X T L A - 1 -

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

a l l o a n t i g e n - and m i t o g e n - i n d u c e d ASNs and r e s p o n d t o t h e 

T c e l l m i t o g e n PHA. T h i s may r e p r e s e n t a " T - l i k e " c e l l 

i n t h e s e a n i m a l s . 
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The s t u d y o f t h e " T - l i k e " p o p u l a t i o n i n t h e 

t h y m e c t o m i s e d Xenopus i s w o r t h f u r t h e r s t u d y . F o r 

e x a m p l e , i f t h e IgM- p o p u l a t i o n was c u l t u r e d f u r t h e r w i t h 

ASN, w o u l d t h a t p o p u l a t i o n d e v e l o p t h e XTLA-1 T c e l l 

m a r k e r o r T c e l l f u n c t i o n s ? 

F u r t h e r e x p e r i m e n t s t o c o n c e n t r a t e and p u r i f y t h e 

" a c t i v e " f a c t o r s i n t h e SNs a r e e s s e n t i a l and w o u l d 

d e t e r m i n e t h e n a t u r e ( p r o t e i n ? ) and s i z e o f t h e 

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

a c t i v i t y i n t h e SNs l e d t o t h e i d e n t i f i c a t i o n o f a 

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

gene r e s p o n s i b l e f o r t h e p r o d u c t i o n o f t h i s p r o t e i n . 
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APPEMDI2 

Phosphate b u f f e r e d s a l i n e 

N.B. 10 t i m e s mammalian s t r e n g t h ( d i l u t e 1/15 f o r 

amphibian use) 

PER LITRE 

NaCl 80.Og 

KC1 2.0g 

Na2HPCU anhydrous 11.35g 

KH2PO4 2.0g 

D i s s o l v e i n j u s t under lOOOmls, make up t o almost lOOOmls, 

pH the s o l u t i o n (pH 7.2-7.4) and make up t o lOOOmls. T h i s 

s o l u t i o n can be a u t o c l a v e d . 

Amphibian r i n g e r 

TO MAKE 1 LITRE 

NaCl 6.6g 

KC1 0.15g 

CaCl2 1.35ml ( i f i n s o l u t i o n ) 

Na 2HC0 3 0.3g 

D i s s o l v e i n j u s t l e s s than lOOOmls. When the s a l t s have 

d i s s o l v e d pH t h e s o l u t i o n and make the volume up t o 
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lOOOmls ( 1 l i t r e ) 

5:3 medium 

TO MAKE 80MLS 

L e i b o v i t z - 1 5 50mls 

Double d i s t i l l e d H 20 30mls 

HEPES b u f f e r 0.8mls 

F i l t e r medium t h r o u g h 0.2jjm f i l t e r . 
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