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ABSTRACT 

1) A thymus-independent alloimmune system emerges early i n the l i f e 

of the clawed toad, independent of changes i n the lymphoid system 

occurring at metamorphosis. Studies i n Chapter 2 on f i r s t and 

second-set a l l o g r a f t rejection, both i n larvae blocked from 

metamorphosing and i n normally developing toads, show that there 

is no q u a l i t a t i v e difference between the la r v a l and adult a l l o 

immune response. 

2) In the i n t a c t adult, the spleen is shown to be a major site of 

c e l l u l a r r e a c t i v i t y following a l l o g r a f t i n g . Spleen transfer 

experiments between mutually tolerant partners demonstrate that 

t h i s r e a c t i v i t y has an immunological basis. Preliminary studies 

i n Chapter 3 implicate the spleen as a site of alloimmune memory. 

3) Work i n Chapter 4 employs the sensitive ICA technique for invest

igating the role of thymus and spleen i n humoral immunity. RFC 

kinetics i n the spleen following administration of different doses 

of sheep erythrocytes reveal a dose response curve more similar to 

that described i n mammals than i n other amphibian species. Higher 

immunogen doses result i n more rapid and more elevated RFC production. 

Morphological characterisation of rosettes f a i l e d to distinguish 

separate functional populations ( i . e . "helper" and antibody producing) 

of lymphocytes i n Xenopus. Early thymectomy abrogates responsiveness 

to injected SRBC as measured by ce l l u l a r p r o l i f e r a t i o n and RFC levels. 

4) Chapter 5 i d e n t i f i e s a c r i t i c a l role of the thymus throughout much 

of l a r v a l l i f e i n the maturation of humoral immunity. Thymectomy up 



3 to stage 5/ abrogates RFC production to SRBC, and antibody production 
is impaired by thymectomy as late as stage 57. Thjmiectomy later 
than stage 52 has no effect on a l l o g r a f t responses. The larval 
thymus controls development of both alloimmunity and humoral 
immunity but commands the maturation of the l a t t e r for a more 
prolonged period of development. Adult thymectomy has no effect 
on SRBC responsiveness up to 250 days post-surgery. 

5) Chapter 6 provides new insight into the ultrastructure of developing 

thymus and emphasises the rudimentary nature of this organ at the 

time when thymectomy i s routinely performed. 



CHAPTER 1 GENERAL INTRODUCTION 

Although current concepts i n immunology stem largely from studies on 

the immune systems of birds and mammals, immunologists are becoming 

increasingly aware of the importance of examining immune mechanisms i n 

both lower vertebrates and amongst the invertebrate phyla. Such a 

comparative approach avoids the p i t f a l l s inherent i n generalizations 

based upon observations of r e l a t i v e l y few endothermic species or 

"representative types" (e.g. chickens and laboratory rodents). By 

studying a wide range of organisms i t i s becoming possible to i d e n t i f y 

features V7hich are basic to immunological reactivity,as opposed to those 

aspects of the immune system which represent specialized adaptations which 

have evolved i n only a few species or animal groups. Moreover, these 

studies are proving to be invaluable i n elucidating the phylogeny and 

ontogeny of mammalian immunity: see the reviews by Cooper, 1973; 1976a; 

DuPasquier, 1973; Good and Papermaster, 1964; Grey, 1969; Hildemann, 

1972; 1974; Hildemann and Cooper, 1970; Hildemann and Reddy, 1973; 

Manning and Turner, 1976; Marchalonis and Cone, 1973-

Following the important discovery that annelid worms are able to 

destroy foreign tissue transplants, (Cooper, 1965; Duprat, 1964) the 

quest for prototype immune systems has,in recent years, switched to the 

invertebrates. Although invertebrate defence mechanisms consist primarily 

of non-specific phagocytosis and encapsulation, (see Cooper, 1976a; 

Maramarosch & Shope, 1975) recent studies suggest that various levels of 

immunoevolution exist amongst the diverse array of animals without back

bones . (See Hildemann, 1974; Hildemann and Reddy, 1973). The lowest 

l e v e l , or "recognition of non-self" which is apparent i n protozoans and 

sponges,contrasts with the more sophisticated (immune) systems displayed 

by more advanced invertebrate forms. Thus, the two hallmarks of an immune 

sj:m ) 
SECTIOH y 



2 
response, s p e c i f i c i t y and memory, are seen i n the "primordial cell-mediated 

immunity" which has been demonstrated from transplantation experiments i n 

at least two invertebrate phyla. Thus amongst the Protostomia, a l l o g r a f t 

and xenograft responses, which display s p e c i f i c i t y and memory, have been 

demonstrated i n annelids. Moreover, the ce l l u l a r basis of annelid graft 

rejection has been examined: coelomocytes which appear at the site of 

graft rejection can adoptively transfer graft immunity and appear to be 

the 'forerunners' of the vertebrate T-lymphocyte (see review by Cooper, 

1976a). Interestingly, a recent report has sho™ that earthworm coelomocytes 

respond to concanavalin A and transplantation antigens i n v i t r o (Roche et a l . , 

1975). The echinoderms are the second phylum i n which "primordial cell-mediated 

immunity" has been demonstrated. These animals are deuterostomes and are 

considered to be more immediately ancestral to the vertebrates than the 

protostomes,which diverged early from the chordate-line. Specific allograft 

immunity with short term memory has been found i n a sea cucumber (Cucumaria 

t r i c o l o r , Hildemann and Dix, 1972) and two species of sea-star (Protoreaster 

nodosus, Hildemann and Dix, 1972; and Dermasterias imbricata, Hildemann, 

1974; Karp and Hildemann, 1975). Leucocytes (macrophages, small lymphocytes 

and granulocytes) were observed to i n f i l t r a t e the a l l o g r a f t s . 

A variety of natural agglutinin^ and (inducible) bacteriocidal 

substances("antisomes")have also been observed i n the body f l u i d s of invert

ebrates (Cooper, 1976a; Maramarosch and Shope, 1975). However,these bear 

no st r u c t u r a l relationship to the immunoglobulins of vertebrate species 

(Marchalonis and Cone, 1973). Although invertebrate humoral factors lack 

the high degree of s p e c i f i c i t y that characterizes vertebrate antibodies, 

both groups of molecules share a common property of aiding the elimination 

of antigen (e.g. by opsonization:Cooper, 1976a). l-Jhether or not the genes 

coding f o r immunoglobulins only arose with the evolution of the vertebrates 

awaits c l a r i f i c a t i o n . In p a r t i c u l a r , more extensive studies on invertebrate 

(including protochordate) c e l l surface receptors are required since i t has 
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been suggested that immunoglobulin (Ig) precursors were cell-membrane 

associated molecules (Marchalonis and Cone, 1973). 

Integrated c e l l mediated immunity and humoral antibody production are 

immune parameters unique to the vertebrates CHildemann and Reddy, 1973). 

Even the pr i m i t i v e agnathan Hagfish possesses T-̂  and B- lymphocyte-

equivalents i n the sense that i t can reject allografts (Hildemann and 

Thoenes, 1969) and produce IgM antibody (Thoenes and Hildemann, 1970; 

de loannes and Hildemann, 1975). Although the o r i g i n and precise role 

of lymphocytes i n ectothermic vertebrates i s s t i l l controversial (see 

General Discussion Chapter 7), these cell s have been implicated i n immune 

responses at a l l levels of vertebrate phylogenyj . recent studies have 

indicated that i n agnathans (Cooper, 1971);elasmobranch and teleost fishes 

(Cuchens et a l ; 1976; Etlinger, 1976; Lopez et a l . , 1974; Sigel et a l . , 

1973);and i n anuran amphibians (Donnelly et a l . , 1976; DuPasquier et a l . , 

1975; Goldshein and Cohen, 1972; Goldstine, Collins et a l . , 1975; Manning 

et a l . , 1976) ,lymphocytes undergo blastogenesis and p r o l i f e r a t i o n when 

exposed to selective T- and B- c e l l mitogens or allogeneic cells i n v i t r o . 

Basic s i m i l a r i t i e s between ecto- and endothermic vertebrates i n terms of 

humoral and cell-mediated immunity are also suggested by the demonstration 

of c a r r i e r - s p e c i f i c enhancement of anti-hapten responses (suggestive of 

lymphocyte co-operation?) i n amphibians (Ruben, 1975) and fishes (Stolen 

and Makeia, 1975; Yocum et a l . , 1975), and by the existence of both strong 

and weak histocompatibility l o c i i n diverse vertebrate classes (Cohen and 

Borysenko, 1970). 

One of the better studied poikilothermic vertebrate classes with respect 

to t h e i r immunobiology are the Amphibia, which represent an interesting 

t r a n s i t i o n a l stage i n immunoevolution (Cooper, 1976b; DuPasquier, 1976). 

As a class, amphibians are remarkably heterogeneous i n their degree of 

immunological development. Representatives of the primitive orders Urodela 

(Salamanders) and the l i t t l e - s t u d i e d Apoda (caecilians) d i f f e r markedly i n 



their itmnunobiology from the more advanced anurans. In common with the 

cartilagenous and primitive bony fishes (Clem, 1971; Clem and Small, 

1967; Marchalonis and Edelman, 1965),the urodeles possess only a single 

class of immunoglobulin which corresponds to the IgM class of mammals. 

(Ambrosius'et a l . , 1970; Tournefier, 1975; (newts); Ching and Wedgewood, 

1967; Houdayer and Fougereau, 1972 (axolotls); Marchalonis and Cbhen, 

1973 (mudpuppies)). The immunoglobulins of Apoda have not been studied. 

Skin a l l o g r a f t s i n urodeles (Cohen, 1971) and apodans (see review by 

Cooper, 1976b) are rejected i n chronic fashion, which, i n addition to the 

lack of an obvious mixed lymphocyte culture (M.L.C.) reaction, has been 

taken as evidence for the absence of a major histocompatibility locus at 

th i s level of evolution (Cohen, 1976). Structurally, the lymphoid system 

of urodeles is similar to that f i r s t seen i n modern Chondrichthyes 

(Cohen, 1976). Salamanders characteristically possess organized thymus 

and spleen (Cowden and Dyer, 1971; Hightower and St, Pierre, 1971) and 

i n addition, some species possess limited lymphocytic f o c i i n kidney 

(Cowden and Dyer, 1971);buccal areas (Kingsbury, 1912; Klug, 1967) and 

l i v e r (Ruben et a l . , 1973). There is no haemopoietic bone marrow; gut 

associated lymphoid tissue (G.A.L.T.) is almost completely absent (Goldstine, 

Manickavel et a l . , 1975) ;and lymph nodes are not fotind (Cooper 1976a). 

I n sharp contrast to the sit u a t i o n described above, larval and adult 

anuran amphibians resemble manmials more closely i n producing at least two 

antigenically d i s t i n c t classes of serum immunoglobulins (Coe and Peel, 

1970; Geczy et a l . , 1973; Marchalonis and Edelman, 1966; Steiner et a l . , 

1975 - Rana spp., Acton et a l . , 1970; Diener and Marchalonis, 1970; 

Lin et a l . , 1971 - Bufo marinus; Hadji-Azimi, 1971; 1975; Lykakis, 1969; 

Marchalonis et a l . , 1970; Yamaguchi et a l . , 1973 - Xenopus laevis.) These 

two molecules (19S and 7S) have been designated IgM and 'igG-like' on the 

basis of t h e i r general resemblance to the IgM and IgG of mammals. However, 
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i t has been demonstrated (Atx^ell and Marchalonis, 1975; Geczy et a l . , 1973; 

Hadji-Azimi, 1971; 1975; Steiner et a l . , 1975) that there are certain 

differences between the Y~chains from mammalian IgG and the heavy chains 

of the 7S anuran Ig molecule i n terms of molecular weight and electrophor-

e t i c mobility, thus indicating that mammalian IgG and anuran low molecular 

weight Ig molecules are not s t r i c t l y homologous. Both high and low 

molecular weight Ig's are found p r i o r to metamorphosis in anurans, however 

inducable levels of 7S antibody are d i f f i c u l t to detect prior to metamor

phosis (DuPasquier and Haimovitch, 1976; Pross and Rowlands, 1976). Both 

l a r y a l and adult anurans t y p i c a l l y reject skin allografts i n acute fashion 

(although i n some instances (e.g. Xenopus) sub-acute rejection i s the rule) 

(Cohen, 1971). Moreover, mixtures of allogeneic Ijmiphocytes i n v i t r o result 

i n s i g n i f i c a n t stimulation indices (Bufo marinus, Goldshein and Cohen, 

1972; Xenopus laevis, DuPasquier and Miggiano, 1973; Weiss and DuPasquier, 

1973). The anuran amphibians are therefore thought to possess a major 

histocompatibility complex (M.H.C.) which may be homologous to that of 

mammals and birds (DuPasquier, et a l . , 1975). 

The lymphoid complex of the t a i l l e s s Amphibia i s more advanced than 

that of the urodeles or primitive fishes. The primitive pipid Xenopus 

possesses i n addition to thymus, spleen and scattered lymphocytic f o c i i n 

l i v e r and kidney; a lymphopoietic bone marrow with limited a c t i v i t y (Thomas 

and Maclean, 1974),and some G.A.L.T. (Goldstine, Manickavel et a l . , 1975; 

Horton 1969a). The lymphoid system of the ranid and bufid species is s t i l l 

more complex, for they also possess a number of lymph node-like structures 

i n the heck and a x i l l a r y regions (Baculi et a l . , 1970; Diener and Nossal, 

1966; Horton, 1971; Kent et a l . , 1964). Although these are thought to 

primarily f i l t e r blood (see Cooper 1976a), i t has been suggested that they 

are also lymph-filtering organs (Horton, 1971). These structures house 

both antigen-trapping (Diener and Nossal, 1966) and antibody-forming cells 

(Diener and Marchalonis, 1970; Cooper, 1976b). Larval forms often possess 
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lymph glands (see Cooper 1976b) which have been shown to be important i n 

con t r o l l i n g antibody synthesis (Cooper et a l . , 1971). G.A.L.T. i n these 

species i s better organized and more extensive than i n Xenopus (Goldstine, 

Manickavel et a l . , 1975). 

Besides t h e i r obvious phylogenetic interest, the amphibians possess a 

number of features which render them especially suitable for immunological 

investigations. Thus t h e i r embryonic and larval forms are f r e e - l i v i n g , 

thereby f a c i l i t a t i n g studies on the ontogeny of the immune system without 

the attendant complications of matemo-foetal interactions, whose influence 

may be d i f f i c u l t to assess i n the developing amniote. In addition, 

experiments on mammalian embryos are rendered d i f f i c u l t because of their 

r e l a t i v e i n a c c e s i b i l i t y i n utero. A notable exception to this rule however, 

are the f o e t a l marsupials which emerge from the uterus at a f a i r l y r u d i 

mentary stage of development and complete their maturation i n the mother's 

pouch (Ashman and Papadimitriou, 1975; Block, 1967; Lapante et a l . , 1969; 

Stanley et a l . , 1972; Yadav et a l . , 1972). The fact that anuran amphibian 

larvae become immunocompetent (as judged by the a b i l i t y to reject skin 

a l l o g r a f t s (Horton, 1969b), give positive stimulation indices i n M.L.C. 

(DuPasquier and Weiss, 1973), and synthesise specific antibody (DuPasquier, 

1970a; Haimovitch and DuPasquier,1973) when only small numbers of lympho

cytes (1 - 2 X 10^) are present (DuPasquier, 1976) provides an interesting 

system i n which to study the problems of generation of antibody diversity 

(germ-line vs. somatic mutation). Progress i n t h i s sphere promises to be 

further aided by the recent development of isogenetic strains of Xenopus 

(Kobel and DuPasquier, 1975). Although "clones" of amphibians can be 

obtained by the process of nuclear transplantation, the technique is d i f f i c u l t 

and the y i e l d i s low. 

Techniques o r i g i n a l l y devised for experimental embryology i n amphibians 
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have also made important contributions to studies on the ontogeny of the 

immune system. Thus,tolerance induction may be studied by embryonic 

tissue grafts (Clark and Newth, 1972; Volpe, 1971). The use of t r i p l o i d 

c e l l markers (Dasgupta, 1962) i n normal diploid embryos allowed the 

detection of blood c e l l chimaerism following embryonic transplantation 

(Volpe and Gebhardt, 1966) and permitted studies on lymphocyte origins-

(Turpen et a l . , 1973; 1975, Turpen and Cohen, 1976). 

Recently, Chardonnens and DuPasquier (1973) and Chardonnens (1976) have 

described a second period i n ontogeny during which studies on the generation 

of tolerance to self and non-self histocompatibility antigens are possible. 

Thus,at metamorphosis ( i n Xenopus), a time when the amphibian is developing 

new 'adult' antigens, i t i s possible to induce a state of tolerance to 

weak histocompatibility antigens. 

One f i n a l a t t r i b u t e of amphibian studies is that, i n common with other 

poikilotherms, the immune response may be modified by altering the environ

mental temperature at which the animals are; kept; this has provided a tool 

for dissecting various phases of the immune response (e.g. Marchalonis, 

1974; Wright et a l . , 1975). 

A major theme i n immunology i n recent years, and one which i s pursued 

i n t h i s thesis, has been the study of the role of the thymus i n immunity 

and the development of the concepts of thymus-dependencyand thymus-independency 

of certain immune functions (see Greaves et a l . , 1973). A recognisable 

thymus i s present i n young specimens of a l l vertebrates from the elasmobranchs 

onwards (Cooper, 1976a). I n the agnathans, the la r v a l lamprey possesses an 

accumulation of lymphocytes i n the g i l l region \i?hich has been regarded as a 

prototype of the thymus (Good et a l . , 1966). The search for an equivalent 

structure i n the hagfish has been hampered to date by the unavailability of 

young specimens, however Riviere et a l . , (1975) have suggested that a 

'protothymus' may be contained i n a scattered c e l l population associated 
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with the pharyngeal velar muscles. In amphibians, the study of thymic 

function i s f a c i l i t a t e d by the ease with which this organ can be 

removed at the earliest stages of i t s development (see Cooper, 1973; 

DuPasquier, 1973; 1976; Manning, 1975; Manning and Collie, 1976). A 

p a r t i c u l a r l y useful model i n t h i s respect, and the one employed i n the 

present studies, is the South African Clawed Toad or Platanna, Xenopus 

laevis. I n this species, the developing thymus may be readily located 

through the transparent skin and destroyed by microcautery as early as 

one week af t e r f e r t i l i z a t i o n . At this stage each thymus contains 

approximately 1000 cel l s with few, i f any, small lymphocytes (Horton and 

Manning, 1972). Earlier removal (5 days) i s possible, but the survival 

rate i s much lower (Horton and Horton, 1975). Unlike other amphibian 

species, (e.g. Rana pipiens, Curtiss and Volpe, 1971; Rana catesbeiana, 

Baculi and Cooper, 1973; Alytes obstetricans, DuPasquier, 1968) thymic 

regeneration i s a rare event i n Xenopus, probably as a result of thermal 

damage to the pharyngeal epithelium which"may otherwise give rise to a 

new thymic rudiment (Horton and Manning, 1972). Another remarkable feature 

of thymectomized Xenopus, i s the absence of wasting disease (runting) 

(Manning, 1971; Horton and Manning, 1974a) which contrasts markedly with 

the high incidence of t h i s phenomenon i n other thymectomized amphibians 

(see DuPasquier, 1973) and thymus-deprived mammals (e.g. neonatally thymect

omized and nude mice M i l l e r , 1962; Pantelouris 1973). The lack of a 

wasting syndrome in Xenopus allows long-term investigations to be made on 

the effects of thymic ablation i n otherwise healthy animals. The present 

study of thymic function i n Xenopus is designed to give new insight into 

the phylogeny and ontogeny of thymic-dependence of cell-mediated and humoral 

immunity. 

A secondary aspect to be considered i n this thesis i s the role of the 

spleen i n the amphibian immune system. Previous work (Manning and Horton, 

1969) has demonstrated that i n Xenopus the spleen represents the most 
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s t r u c t u r a l l y organized lymphoid t i s s u e and, furthermore, i s the organ most 

a f f e c t e d by e a r l y thymectomy i n terms of c e l l u l a r a r c h i t e c t u r e (Manning, 

1971; Horton and Manning, 1974a). I n order to gain a b e t t e r understanding 

of the precise r o l e of lymphoid tissues i n amphibian immune responses, the 

present work i n v e s t i g a t e s the r o l e of the spleen i n cell-mediated and 

humoral immunity and attempts to define the extent to which splenic 

f u n c t i o n i s c o n t r o l l e d by the thymus. 

The e f f e c t s of e a r l y thjnnectomy on the alloimmune response of the l a r v a 

and a d u l t i s analysed i n Chapter 2. Chapter 3 concentrates on the involvement 

of the spleen i n skin a l l o g r a f t r e a c t i v i t y of c o n t r o l toadlets and a b r i e f 

study i s presented on the e f f e c t of e a r l y thymectomy on such r e a c t i v i t y . 

Chapters 4 and 5 are concerned w i t h humoral immune responses to heterologous 

erythrocytes (sheep red blood c e l l s - SRBC's), Chapter 4 characterizes the 

in f l u e n c e of immunogen dose on the rosette-forming c e l l response i n c o n t r o l 

spleens. The e f f e c t of e a r l y thymectomy on t h i s response i s also examined. 

Chapter 5 i n v e s t i g a t e s the e f f e c t s of thymectomy a t d i f f e r e n t stages of 

development on the maturation of the immune response to SRBC's. Chapter 6 

presents a b r i e f u l t r a s t r u c t u r a l study of the amphibian thymus, p a r t i c u l a r l y 

during the e a r l i e s t stages of i t s d i f f e r e n t i a t i o n . F i n a l l y , Chapter 7 

reviews the major f i n d i n g s of t h i s t h e s i s and discusses these i i i the l i g h t 

of recent studies on the r o l e of lymphoid tissues i n the development of 

immunity. 
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CHAPTER 2 ALLOGRAFT REJECTION IN THE LARVA AND 

ADULT FOLLOWING EARLY THYMECTOMY 

INTRODUCTION 

P a r t i c i p a t i o n o f a thjmius independent component i n g r a f t r e j e c t i o n 

i n anuran amphibians has been imp l i c a t e d from a l l o g r a f t studies on 

Xenopus l a e v i s t o a d l e t s . Thus, thymic removal by microcautery at 7 to 8 

days of age does not r e s u l t i n a complete abrogation of alloimmune 

responsiveness but merely delays the onset of a l l o g r a f t r e j e c t i o n ; many 

g r a f t s are e v e n t u a l l y i n f i l t r a t e d by lymphocytes and rej e c t e d i n chronic 

fashion (Horton & Manning, 1972) . Furthermore, chronic g r a f t d e s t r u c t i o n 

i s s t i l l apparent even when the thymus i s removed at 5 days of age when 

i t contains fewer than 500 c e l l s (many of which are e p i t h e l i a l ) w i t h no 

small lymphocytes (Horton & Horton, 1975} . 

Studies t o date have not assessed whether the capacity of thymectomized 

Xenopus to r e j e c t g r a f t s emerges during l a r v a l l i f e or whether i t appears 

only i n adulthood coincident vzith the development of new lymphomyeloid 

t i s s u e a t metamorphosis. Horton and Manning (1972) have reported h i s t o 

l o g i c a l observations on l a r v a l s k i n g r a f t s applied to thymectomized t a d 

poles, but these were only c a r r i e d out at 12 days p o s t - t r a n s p l a n t a t i o n . 

The eventual f a t e of s k i n a l l o g r a f t s applied to thymectomized larvae i s 

th e r e f o r e not known. This i s an important issue to resolve p a r t i c u l a r l y 

since others (Chardonnens and DuPasquier, 1973;and DuPasquier, 1973) have 

suggested t h a t the l a r v a l and adul t alloimmune systems are q u a l i t a t i v e l y 

d i f f e r e n t , the former being more thymus-dependent than the l a t t e r . 

The work presented i n t h i s chapter has in v e s t i g a t e d the problem by 

examining f i r s t and second-set skin a l l o g r a f t r e a c t i v i t y i n thymectomized 

l a r v a e , some of which are held i n the l a r v a l s t a t e by goitrogen treatment. 

New data on g r a f t r e j e c t i o n i n thymectomized t o a d l e t s i s also presented to 



allow d i r e c t comparison of l a r v a l and a d u l t alloimniune responses. 

MATERIALS & METHODS 

Rearing and oare of animals 

Animals were bred and reared i n the la b o r a t o r y f o r a l l the studies 

presented i n t h i s t h e s i s . The general conditions have been described i n 

d e t a i l elsewhere (Horton and Manning, 1972) and only a summary i s 

presented here. Spawning was induced by the i n j e c t i o n of chorionic 

gonadotrophin i n t o the dorsal lymph sac of male and female adult Xenopus 

la e v i s (Daudin). Larvae were reared i n aerated standing water and fed 

n e t t l e powder. A l l tadpoles were reared at 23° ± 1°C. A f t e r metamorphosis, 

stock t o a d l e t s were maintained a t 18° - 20°C and experimental t o a d l e t s 

were kept at 23°C, they were fed Tubifex worms twice weekly. 

Thymectomy 

Thymectomy was performed on larvae at seven or eight days post-

f e r t i l i z a t i o n when they were at stage 47 or 48 of Nieuwkoop and Faber 

(1967). At t h i s stage the thymus i s a small translucent organ, approximately 

lOOym i n diameter. Lymphoid d i f f e r e n t i a t i o n i s only j u s t beginning as 

revealed by l i g h t microscopic studies and the thymus i t s e l f contains mostly 

large and medium lymphoid c e l l s w i t h few small lymphocytes ( c e l l s <6vim i n 

diam. Horton and Manning, 1972). An El e c t r o n Microscopic study of the 

thymus a t t h i s stage i s presented l a t e r i n the t h e s i s (Chapter 6) . 

The thjmius was removed w i t h the a i d of a Martin-Elektrotom 60 high 

frequency (1.75 MHz) cautery apparatus and the procedure i s summarised 

below. Larvae are po s i t i o n e d v e n t r a l side down i n a small petri-d.ish 

c o n t a i n i n g a layer of charcoal-agar. Under a stereomicroscope the thymus 

i s exposed by l i f t i n g away a f l a p of dorsal s k i n using f i n e tungsten 

needles. The t i p of the n e u t r a l electrode i s pushed i n t o the agar and the 

t i p o f the p o s i t i v e electrode (a f i n e tungsten needle) i s placed on the 
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thymus. Current i s applied and the l o c a l i s e d geneira,t^pn .o;£ heat vfhi.ch 

ensues a t the t i p of the p o s i t i v e electrode destroys the thjmius. For 

f u l l e r d e t a i l s of the operation the reader i s r e f e r r e d to Horton and 

Manning (1972). Th3Tnic absence was always confirmed at autopsy. Both 

sham-thymectomized and non-operated animals served as c o n t r o l s . 

Expevimental design 

A. Fvel-Lminccry studies an the larva 

(i) First-set grafts 

These experiments were designed to extend previous observations 

which had shown an impaired lymphocytic r e a c t i o n t o l a r v a l skin a l l o 

g r a f t s i n thymectomized larvae twelve days p o s t - g r a f t i n g (Horton and 

Manning,1972). Following a p p l i c a t i o n of a 1st set l a r v a l - s k i n a l l o g r a f t 

(to the head region) a t 30 days of age (stage 54 of Nieuwkoop and Faber 

- a stage when c o n t r o l animals respond v i g o r o u s l y to a l l o g r a f t s :see 

Horton, 1969a)larvae were kept f o r as long as i t was possible to observe 

g r a f t s before metamorphosis. The g r a f t s become d i f f i c u l t to see at t h i s 

time due to changes o c c u r r i n g i n the shape of the head. Animals were 

then f i x e d i n Bouins (from 14-20 days p o s t - g r a f t i n g ) and g r a f t v i a b i l i t y 

was assessed by h i s t o l o g i c a l c r i t e r i a on a t o t a l of 10 thjmiectomized and 

8 sham-thjmiectomized animals. A f t e r f i x a t i o n , i n d i v i d u a l s were embedded 

i n p a r a f f i n wax and s e r i a l sections (8jim) were cut through the g r a f t 

regions. Sections were stained i n E h r l i c h ' s Haematoxylin and Eosin. The 

methodology f o r l a r v a l s k i n g r a f t i n g has been described elsewhere (Horton, 

1969b). 

iii) Second-set grafts 

Alloimmune r e a c t i v i t y to g r a f t s applied i n l a r v a l l i f e was also 

assessed by the a p p l i c a t i o n of a second-set g r a f t f o l l o w i n g metamorphosis 

i n a f u r t h e r 6 thymectomized animals. Four sham-thymectomized i n d i v i d u a l s 

I s t - s e t g r a f t e d as larvae were also examined. Metamorphosis occurs at 

5 to 8 weeks of age, and second-set a l l o g r a f t s , from the o r i g i n a l f i r s t - s e t 
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donors, were applied 100 days a f t e r f i r s t - s e t g r a f t i n g . Seven thymectomized 

and two sham-thymectomized s i b l i n g s , which had not received f i r s t - s e t g r a f t s 

as l a r v a e , were also g r a f t e d alongside the above animals w i t h s k i n from the 

same donors. 

B. Studies employing adult-skin allografts 

(i) Larvae 

F i r s t - s e t a d u l t - s k i n a l l o g r a f t s were applied to 24 thymectomized and 

24 sham-thymectomized larvae at 30 days of age. 19 g r a f t e d larvae (9 

thymectomized and 10 sham-thymectomized) were allowed to metamorphose i n 

normal fashion and the f a t e of t h e i r g r a f t s was followed i n t o adult l i f e . 

White, v e n t r a l - s k i n a l l o g r a f t s , applied d o r s o l a t e r a l l y i n the a n t e r i o r t a i l 

r e g ion (see Chardonnens atidDuPasquier,. . 1973 f o r technique) were employed 

i n t h i s group, since, i n contr a s t to l a r v a l - s k i n a l l o g r a f t s applied to the 

head r e g i o n , the f a t e of these a d u l t g r a f t s may be followed a f t e r metamor

phosis when they come to l i e posterodorsally i n the trunk region of the 

t o a d l e t and are r e a d i l y d i s t i n g u i s h a b l e from the surrounding host s k i n . 

(See Fig.2.1) 

The remaining g r a f t e d larvae i n t h i s study (15 thymectomized and 14 sham-

thymectomized) were prevented from metamorphosing by the a d d i t i o n of thiourea 

(0.05% W/V) t o the water. This chemical i s knoTO to block the synthesis of 

t h y r o x i n by the t h y r o i d gland (Turner,1960). Treatment commenced immediately 

p o s t - g r a f t i n g . Eight thjnnectomized and 8 sham-thymectomized larvae were 

g r a f t e d w i t h v e n t r a l s k i n as described above. The remaining blocked larvae 

received d o r s a l - s k i n a l l o g r a f t s to allow a more d i r e c t comparison of the 

r e j e c t i o n process i n larvae and a d u l t s . The dorsal s k i n g r a f t s were applied 

i n the head region as p r e v i o u s l y described (Horton, 1969b). 

To f u r t h e r i n v e s t i g a t e the immunological nature of g r a f t r e j e c t i o n , 

second-set a l l o g r a f t s from o r i g i n a l donors were applied to 6 of the untreated 

animals (4 shams and 2 thymectomized) and to 11 th i o u r e a - t r e a t e d larvae (7 



shams and 4 thjanectomized) a t various i n t e r v a l s f o l l o w i n g f i r s t - s e t r e j e c t i o n 

(see Table 2.3). 

(ii) Adults 

Toadlets received f i r s t - s e t d o r s a l - s k i n a l l o g r a f t s at 70 to 370 days of 

age. This experiment employed 40 thymectomized and 34 c o n t r o l (12 shams and 

22 non-operated) animals. The technique of sk i n t r a n s p l a n t a t i o n i n adults 

has been described p r e v i o u s l y (Simnett, 1965). Second-set g r a f t s were 

applied to 10 c o n t r o l and 8 thymectomized to a d l e t s at various i n t e r v a l s 

f o l l o w i n g f i r s t - s e t r e j e c t i o n . (See Table 2.3). 

C. General 

To ensure t h a t alloimmune reactions observed were not p e c u l i a r to any 

one batch of animals, the l a r v a l - s k i n experiments employed 3 batches, the 

a d u l t - s k i n experiments on larvae involved the use of 2 separate batches 

and the studies on a d u l t s employed the progeny of 8 d i f f e r e n t matings. 

L a r v a l - s k i n g r a f t s were applied from n o n - s i b l i n g donors of the same 

age, each donor supplying s k i n to one. host: A f t e r metamorphosis, each donor 

was used to provide one second-set g r a f t to the o r i g i n a l host and one f i r s t -

set g r a f t t o a c o n t r o l or thymectomized host which had not received a l a r v a l 

f i r s t - s e t a l l o g r a f t . Donors of a d u l t s k i n were n o n - s i b l i n g toadlets (4-8 

months o l d ) and each donor supplied s k i n t o no more than 2 hosts. 

Grafts measured from 1.5 mm̂  (larvae) to 2.0 mm̂  Ctoadlets). 

Firsts-set a d u l t ^ s k i n g r a f t s were examined three times weekly f o r the 

f i r s t 40 days post-^transplantation and then at weekly i n t e r v a l s a f t e r t h i s . 

Grafts were c l a s s i f i e d as being i n e i t h e r Phase 1, i n which the ̂ r a f t appears 

p e r f e c t l y healthy w i t h normal pigmentation and v a s c u l a r i z a t i o n - the l a t t e r 

u s u a l l y o c c u r r i n g w i t h i n 2 - 4 days. (Figs. 2.2,2.3); Please 2, marked by 
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s l i g h t pigmentary defects and v a s o d i l a t i o n (Fig.2.3); or Phase 3, 

characterized by extensive haemostasis and haemmorrhaging, w i t h 

accompanying pigmentary d e s t r u c t i o n and general necrosis (Fig . 2.3^. 

Complete pigment d e s t r u c t i o n marked the g r a f t r e j e c t i o n end poi n t f o r 

ad u l t s k i n (Figs.2.2, 2.3). I n a l l experiments, second-set g r a f t s 

were examined d a i l y and r e j e c t i o n end po i n t s only were recorded. 

Lymphoid organ development following thiourea treatment 

To assess whether or not thiourea treatment had any e f f e c t on 

development of lymphoid t i s s u e s , 4 thymectomized and 4 sham-thymectomized 

tr e a t e d larvae were f i x e d i n Bouin's f o l l o w i n g g r a f t - r e j e c t i o n . S e r i a l , 

8ym, sections were cut through the e n t i r e animal and stained i n haema-

t o x y l i n and eosin. 

RESULTS 

A) Preliminary experiments on the larva. 

(i) Observations on first-set grafts. 

A l l 4 l a r v a l s k i n g r a f t s examined on sham-thymectomized larvae 14 days 

post g r a f t i n g were showing signs of i n c o m p a t i b i l i t y . Grossly, t h i s was 

manifested by vascular enlargement, and opaque patches ( i n d i c a t i v e of 

lymphocytic accumulations (see Horton, 1969b)below the clear g r a f t s k i n . 

H i s t o l o g i c a l examination confirmed the gross observations and revealed 

moderate to heavy lymphocytic i n f i l t r a t i o n of the g r a f t e d t i s s u e . Grafts 

on sham-thymectomized larvae examined a t l a t e r i n t e r v a l s post-transplan

t a t i o n , 2 at 18 days and 2 at 20 days, showed increasing vascular d i s t u r b 

ances (haemostasis and haemmorrhaging and melanophore d e s t r u c t i o n . A l l 

g r a f t s were being invaded by lymphocytes (see Fi g . 2,4)., 

I n c o n t r a s t , g r a f t s on thymectomized animals (4 at 14 days, 2 at 18 days 

and 4 a t 20 days p o s t - g r a f t i n g ) appeared p e r f e c t when examined grossly; 

there was no i n d i c a t i o n of g r a f t d e s t r u c t i o n . H i s t o l o g i c a l observations 
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a t 14 days supported t h i s f i n d i n g . Grafts were d i f f i c u l t t o detect 

h i s t o l o g i c a l l y because they had healed i n so w e l l w i t h the surrounding 

host t i s s u e . None of these g r a f t s showed signs of lymphocytic i n f i l 

t r a t i o n . One out of two g r a f t s examined at 18 days p o s t - g r a f t i n g , 

however, had small numbers of lymphocytes scattered below the g r a f t e d 

t i s s u e . Small numbers of lymphocytes were also seen beneath the g r a f t s 

of 3 out of 4 thymectomized animals f i x e d a t 20 days p o s t - g r a f t i n g . 

(See Fig . 2 , i 4 ) Although t h i s type of response i s markedly d i f f e r e n t from 

t h a t seen under a l l o g r a f t s on c o n t r o l animals, the presence of a few 

Ijmiphocytes (an i n d i c a t i o n of an alloimmune response) under the g r a f t s 

of thjnnectomized larvae confirms Horton and Manning's f i n d i n g s (1972). 

However, the minimal response, even at 20 days p o s t - g r a f t i n g , s t i l l 

prevented any conclusions as to the eventual f a t e of the g r a f t s . The 

second-set experiments looked i n t o t h i s issue by assessing whether or 

not the f i r s t g r a f t had r e s u l t e d i n s e n s i t i z a t i o n of the host. 

(ii) Second-set grafts 

The r e s u l t s of the second p a r t of t h i s experiment are given i n 

Table 2 . 1 . 

A l l sham-thymectomized larvae which were given f i r s t - s e t l a r v a l - s k i n 

g r a f t s showed signs of i n c o m p a t i b i l i t y and g r a f t - d e s t r u c t i o n p r i o r to 

metamorphosis which began approximately 14 days p o s t - g r a f t i n g . These 

ranged from vascular enlargement of the g r a f t i n one i n d i v i d u a l through 

to extensive pigment d e s t r u c t i o n i n another. Only one of the 4 second-

set a l l o g r a f t s applied i n a d u l t l i f e was r e j e c t e d i n accelerated fashion 

(15 days). Grafts on the other three animals were a l l destroyed w i t h i n 

the normal f i r s t - s e t range f o r c o n t r o l s (17 - 25 days) as were g r a f t s on 

2 s i b l i n g s g r a f t e d f o r the f i r s t time i n adult l i f e . 

None of the s i x thymectomized larvae i n t h i s experiment displayed any 

gross signs of r e j e c t i n g i t s f i r s t set l a r v a l s k i n g r a f t . A l l g r a f t s 
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appeared p e r f e c t u n t i l the onset of metamorphosis Q l to 16 days post-

g r a f t i n g ) , I t was s u r p r i s i n g t h e r e f o r e to f i n d t h a t i n adu l t l i f e , 4 

of these animals destroyed second-set transplants w i t h i n the range of 

f i r s t - s e t r e j e c t i o n times normally observed f o r c o n t r o l s , (17 - 25 days). 

Only 2 animals displayed impaired second-set alloimmune r e a c t i v i t y and 

both bore apparently healthy g r a f t s f o r 80 days before the experiment 

was terminated. Seven thymectomized s i b l i n g s which had not received 

f i r s t - s e t g r a f t s as larvae a l l maintained healthy f i r s t set adult skin 

a l l o g r a f t s f o r >80 days. 

I n conclusion, these p r e l i m i n a r y studies have confirmed previous 

f i n d i n g s (Horton and Manning, 1972) t h a t p r i o r to metamorphosis, the 

response of the thymectomized animal to f i r s t - s e t s k i n a l l o g r a f t s i s 

impaired, b u t i n d i c a t e t h a t a s k i n g r a f t applied during l a r v a l l i f e 

nevertheless u s u a l l y ( i n 4 out of 6 cases i n the present experiment) 

s e n s i t i z e s the a d u l t to a second-set g r a f t from the same donor. The 

time a t which t h i s s e n s i t i z a t i o n occurs i s , however, not clear . To 

ob t a i n more d e t a i l e d i n f o r m a t i o n on the ontogeny of alloimmune r e a c t i v i t y 

i n thymectomized animals, experiments were devised employing adult skin 

g r a f t s . (see Materials and Methods). These g r a f t s could be followed 

over metamorphosis and r e j e c t i o n monitored f a r more e a s i l y than w i t h 

l a r v a l s k i n g r a f t s (Horton, 1969a). Furthermore, to determine whether 

or not the thymectomized l a r v a l immune system i s able to e f f e c t complete 

g r a f t d e s t r u c t i o n , these studies also made use of a goitrogen (which 

prevented metamorphosis) to allow prolonged i n v e s t i g a t i o n of the l a r v a l 

alloimmune response. 

B) Studies using adult skin grafts. 

(i) First-set allografts on larvae and adults. 

R e j e c t i o n times f o r f i r s t - s e t a d u l t - s k i n g r a f t s applied to c o n t r o l and 

thymectomized animals are summarised i n Table 2.1and the chronology of f i r s t -

set g r a f t r e j e c t i o n phases i n thymectomized animals i s presented i n Figure 2.5. 



The m a j o r i t y of c o n t r o l s r e j e c t e d a l l o g r a f t s i n sub-acute fashion. 

Of the 34 a l l o g r a f t s applied to c o n t r o l t o a d l e t s , 32 were re j e c t e d i n 

19 to 25 days, as were 9 out of 10 g r a f t s applied t o c o n t r o l larvae 

not t r e a t e d w i t h t h i o u r e a . Chronic g r a f t r e j e c t i o n , t a k i n g 40 days, 

was seen i n 2 c o n t r o l t o a d l e t s . One t o a d l e t g r a f t e d as a l a r v a , s t i l l 

r e t a i n e d a healthy g r a f t when observations ceased 225 days post- t r a n s 

p l a n t a t i o n . 

R e j e c t i o n end-points f o r t h i o u r e a - t r e a t e d c o n t r o l larvae were f a r 

more v a r i a b l e . F i f t y per cent r e j e c t e d g r a f t s w i t h i n 25 days and g r a f t s 

on t r e a t e d larvae i n Phases 2 and 3 of r e j e c t i o n are seen i n Figure 2.3. 

Of the remainder, 2 r e j e c t e d t r a n s p l a n t s i n chronic fashion (36 and 90 

days) whereas 5 animals s t i l l had healthy g r a f t s 160 days post-transplan

t a t i o n . The v a r i a b i l i t y i n alloimmune response i n t h i s group applied 

equally to d o r s a l - and v e n t r a l - s k i n g r a f t s . 

Table 2.2 and Figure2.5,clearly demonstrate t h a t f i r s t - s e t a l l o g r a f t 

r e j e c t i o n i s severely impaired f o l l o w i n g e a r l y thymectomy, since i n a l l 

three experimental groups g r a f t e d w i t h - a d u l t s k i n , g r a f t s u r v i v a l was 

always prolonged (>25 days). Nevertheless, 48 out of 64 thymectomized 

animals were able to mount a chronic alloiramune response; thus 31/40 

to a d l e t s r e j e c t e d t h e i r g r a f t s , and 4 bore g r a f t s i n phase 2 of r e j e c t i o n . 

when observations were c u r t a i l e d at 128 to 417 days post'^grafting. S i m i l a r l y , 

4/9 t o a d l e t s f i r s t - s e t g r a f t e d as larvae and 9/15 blocked larvae r e j e c t e d 

a l l o g r a f t s f o l l o w i n g thymectomy. One t h i o u r e a - t r e a t e d , thymectomized lar v a 

w i t h a r e j e c t e d g r a f t i s seen i n Figure 2.3. H i s t o l o g i c a l l y , the only 

element of the g r a f t remaining was the collagenous stratum compactimi, 

which also p e r s i s t s i n c o n t r o l larvae :(see also Horton, 1969b). Small f o c i 

of leucocytes were seen associated w i t h the g r a f t collagen pad i n both 

c o n t r o l and thymectomized larvae. 

Alloimmune r e a c t i v i t y was not recorded i n 16 thymectomized animals 
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(5 g r a f t e d as t o a d l e t s and 11 as l a r v a e ) . Since observations on many of 

these ceased a t r e l a t i v e l y short periods p o s t - g r a f t i n g (e.g. 100 days i n 

7 cases) i t i s possible t h a t at l e a s t some of these animals would have 

ev e n t u a l l y r e j e c t e d t h e i r g r a f t s . This p o s s i b i l i t y i s strengthened by 

the f i n d i n g (see Fig.2.5) t h a t extremely long phase ones were recorded 

f o r several thymectomized animals which subsequently destroyed a l l o ' g r a f t s . 

Thus although phase 1 p e r s i s t e d f o r 180 and 365 days i n two toadlets 

g r a f t e d as a d u l t s , and f o r 120 days i n one animal g r a f t e d as a l a r v a , 

these animals went on to destroy t h e i r g r a f t s i n 225, 415 and 150 days 

r e s p e c t i v e l y . The f u l l y v i a b l e nature of adult s k i n a l l o g r a f t s on some 

t r e a t e d larvae at prolonged i n t e r v a l s p o s t - t r a n s p l a n t a t i o n (see Fig.2.3) 

demonstrates t h a t g r a f t d e s t r u c t i o n i n these animals i s not simply a 

r e s u l t of p h y s i o l o g i c a l i n c o m p a t i b i l i t y of adu l t s k i n . 

Figure 2.5 emphasizes t h a t g r a f t r e j e c t i o n end points were v a r i a b l e 

i n both thymectomized larvae and adults and shows t h a t t h i s v a r i a t i o n 

was apparent i n the d i f f e r e n t batches of animals used. Where g r a f t 

r e j e c t i o n was followed through t o completion, phase 1 was the most v a r i a b l e 

i n d u r a t i o n (10-365 days), whereas the actual d e s t r u c t i v e process (phases 2 

and 3) was much more uniform i n nature (10 - 55 days) . Extremely prolonged 

r e j e c t i o n times i n thymectomized animals were generally characterised by an 

extended phase 1, whereas phases 2 and 3 were r e l a t i v e l y r a p i d . However, 

degenerative phases may also occasionally become sluggish, and even impaired, 

i n thymectomized animals as evidenced by 4 t o a d l e t s which had retained 

g r a f t s i n phase 2 f o r extended periods when observations ceased. 

(ii) Second-set allografts on larvae and adults., 

Second-set a l l o g r a f t r e j e c t i o n times are given i n Table2-3. A l l c o n t r o l 

Xenopus displayed accelerated r e j e c t i o n of second-set g r a f t s , although i n 

cases where f i r s t - s e t r e j e c t i o n times were r e l a t i v e l y r a p i d (17 and 18 

days), t h i s a c c e l e r a t i o n was only marginal (1 or 2 days). Memory was 
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apparent regardless of the i n t e r v a l between f i r s t - s e t r e j e c t i o n and 

second-set a p p l i c a t i o n (4 t o 137 days). 

A l l 14 thymectomized animals ( i n c l u d i n g 4 blocked larvae) that were 

second-set g r a f t e d from 3 - 112 days p o s t - f i r s t - s e t r e j e c t i o n also 

displayed accelerated d e s t r u c t i o n of these t r a n s p l a n t s , i n times which 

contrasted d r a m a t i c a l l y w i t h the c h r o n i c i t y of f i r s t - s e t r e j e c t i o n . 

A l l but one of the thjmiectomized animals r e j e c t e d second-set g r a f t s i n 

21 days or less and 8 of these times f e l l w i t h i n the time range observed 

f o r second-set g r a f t s on c o n t r o l s . One thymectomized animal took 46 

days t o r e j e c t i t s second-set g r a f t , but t h i s time was rapi d when compared 

to a f i r s t - s e t r e j e c t i o n of 82 days. 

C) Development of Animals. 

Thiourea-treated animals were successfully maintained i n the l a r v a l 

s t a t e f o r the d u r a t i o n (22 weeks) of the study. Development proceeded no 

f u r t h e r than stage 57 ( p r i o r to forelimb emergence) and the maximum length 

a t t a i n e d was 10 cm. Treated c o n t r o l larvae appeared p e r f e c t l y healthy and 

possessed the usual array of l a r v a l lymphoid tissues i . e . thymusi spleen Csee 

Fig.2.6) v e n t r a l c a v i t y bodies and lymphoid accumulations i n the l i v e r , 

mesonephros and i n t e s t i n e (Manning and Horton, 1969). There was no bone^ 

marrow. Treated thymectomized larvae displayed lymphoid d e p l e t i o n i n 

v e n t r a l c a v i t y bodies and spleen comparable to th a t found i n untreated 

larvae f o l l o w i n g thymectomy (Manning, 1971; Horton and Manning, 1974a) • 

The t h y r o i d glands of t r e a t e d larvae became goi t r o u s as shown i n Fig . 2.7 

(see also Colemann, et a l . , 1967). 

There was no d i f f e r e n c e i n the growth rates of thymectomized and 

c o n t r o l Xenopus (see also Horton and Manning,1974a)whether allowed to 

metamorphose normally or blocked w i t h t h i o u r e a . 
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DISCUSSION 

These studies have demonstrated no q u a l i t a t i v e d i f f e r e n c e i n the 

degree of thymic dependency of the l a r v a l and adult alloimmune response. 

Throughout ontogeny s u r v i v a l of f i r s t - s e t s k i n a l l o g r a f t s i s always 

prolonged f o l l o w i n g e a r l y thymectomy, but most transplants are eventually 

destroyed even by those animals blocked i n the l a r v a l state by thiourea 

treatment. 

A c o n s i s t e n t f e a t u r e of the present experiments was the v a r i a b i l i t y 

of f i r s t - s e t g r a f t s u r v i v a l times i n thymectomized animals. This v a r i a t i o n 

may be r e l a t e d t o the degree of h i s t o c o m p a t i b i l i t y antigen sharing; thus 

i n those cases where donor and host share h i s t o c o m p a t i b i l i t y antigens, 

extremely prolonged g r a f t s u r v i v a l would be the r u l e . I n co n t r a s t , where 

sharing i s minimal, the r e j e c t i o n displayed by thymectomized animals, 

although s t i l l chronic, would be more r a p i d . I t should be noted that a 

major h i s t o c o m p a t i b i l i t y complex, homologous to tha t seen i n higher 

v e r t e b r a t e s , i s found i n Xenopus (DuPasquier, Chardonneris and Miggiano, 

1975). Antigen sharing may also account f o r the prolonged s u r v i v a l times 

of f i r s t - s e t g r a f t s on 50% of the t h i o u r e a - t r e a t e d c o n t r o l larvae. Many 

of these were not e f f e c t i v e l y blocked u n t i l stage 57, i . e . w i t h i n the 

c r i t i c a l metamorphic per i o d (stage 56 - one month post-metamorphosis) wiien 

lymphocyte numbers are depleted and when tolerance to sk i n a l l o g r a f t s may 

r e a d i l y be induced i f donor and host share major h i s t o c o m p a t i b i l i t y 

antigens (Chardonnens and DuPasquier, 1973). The use of isogenetic 

s t r a i n s of Xenopus of known haplotype d i f f e r e n c e s would allow a more 

thorough i n v e s t i g a t i o n of the r o l e of h i s t o c o m p a t i b i l i t y antigens i n g r a f t 

r e j e c t i o n i n thymectomized Xenopus (Kobel and DuPasquier, 1975). 

Following chronic r e j e c t i o n of a f i r s t - s e t a l l o g r a f t , thymectomized 

larvae and a d u l t s are able t o destroy second-set g r a f t s from the same 

donors i n r a p i d fashion, thereby confirming the immunological nature of 
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t r a n s p l a n t r e j e c t i o n . I n t e r e s t i n g l y , the range of second-set a l l o g r a f t 

s u r v i v a l times was s i m i l a r i n thymectomized and c o n t r o l groups. This 

suggests t h a t having destroyed a f i r s t r s e t g r a f t , a thymectomized animal 

i s then as immunologically competent ( w i t h respect to a p a r t i c u l a r donor) 

as the c o n t r o l animal. 

The f i n d i n g t h a t c o n t r o l (sham-thymectomized) Xenopus g r a f t e d as 

l a r v a w i t h a d u l t s k i n can r e j e c t second-set g r a f t s applied during a d u l t -

l i f e i s i n d i r e c t c o n t r a s t to an e a r l i e r r e p o r t by Horton (1969a)who 

found t h a t a p p l i c a t i o n of a f i r s t - s e t adult s k i n a l l o g r a f t p r i o r to 

metamorphosis r e s u l t e d i n s p e c i f i c tolerance of f u r t h e r g r a f t s from the 

same donor i n a d u l t l i f e . This d i f f e r e n c e may be explained by the f a c t 

t h a t i n Horton's experiments the second g r a f t s were applied at approximately 

70 - 90 days of age, when the hosts were q u i t e probably i n the perimetamor-

phic p e r i o d . 

The mechanism and s p e c i f i c i t y of alloimmune memory i n the thymectomized 

toad await f u r t h e r i n v e s t i g a t i o n , but p r e l i m i n a r y r e s u l t s using small 

numbers of thymectomized animals which had r e j e c t e d f i r s t - and second-set 

s k i n a l l o g r a f t s suggest t h a t i n some cases t h i r d - p a r t y g r a f t s may also be 

r e j e c t e d i n r a p i d f a s h i o n . I n the absence of g e n e t i c a l l y defined s t r a i n s , 

i n t e r p r e t a t i o n of t h i s f i n d i n g i s d i f f i c u l t , since where r a p i d t h i r d - p a r t y 

d e s t r u c t i o n was noted there may have been extensive sharing of histocompat

i b i l i t y antigens between donors. 

The f i n d i n g t h a t alloimmune r e a c t i v i t y s t i l l p e r s i s t s f o l l o w i n g e a r l y 

thymectomy contrasts w i t h a recent p u b l i c a t i o n by Tochinai and K a t i g i r i 

(1975) who f a i l e d to detect any r e a c t i v i t y t o s k i n a l l o g r a f t s i n 3 - 12 

month o l d Xenopus t o a d l e t s f o l l o w i n g thymectomy during the f i r s t week of 

l i f e . However, i t i s f e l t t h a t t h e i r studies are inconclusive i n demonstrat

i n g permanent a l l o g r a f t acceptance, since they were unable to carry out 

long-term g r a f t observations due t o premature death (from 71 - 146 days 
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p o s t - g r a f t i n g ) of l 2 of t h e i r 13 early^thymectomized animals. Autopsies 

on the l a t t e r revealed appreciable lesions and monocytic i n f i l t r a t i o n s 

of l i v e r and lungs, despite r e a r i n g i n a n t i b i o t i c s f o r the f i r s t 60 days 

p o s t - t r a n s p l a n t a t i o n . The prolonged v i a b i l i t y of g r a f t s i n t h e i r 

experiments may, t h e r e f o r e , r e f l e c t the poor h e a l t h of t h e i r thymectomized 

animals, r a t h e r than a primary consequence of thymic absence. I n t h i s 

respect, germ-free neonatally-thymectomized mice (which remain free from 

b a c t e r i a l i n f e c t i o n ) show less impairment of g r a f t r e j e c t i o n capacity 

than do conventionally-reared thymectomized animals ( M i l l e r et a l . J.967). 

The healthy s t a t e of thymectomized Xenopus i n t h i s l aboratory may be 

r e l a t e d t o the absence of pathogenic microorganisms pre-seat i n t h e i r 

colony of toads. 

I t has been suggested (Cohen,,1975) t h a t early-thymectomy f a i l s to 

prevent a l l o g r a f t r e j e c t i o n i n Xenopus because seeding of c e l l s from 

the thymus has already begun. I f early-seeded, thymus-schooled c e l l s 

are i n v o l v e d , then one might expect such c e l l s to subsequently expand 

or d e c l i n e i n nimiber i n the periphery w i t h concomitant improvement or 

impairment of alloimmunity. However, sk i n g r a f t r e a c t i v i t y does not 

vary w i t h time i n t e r v a l of g r a f t a p p l i c a t i o n post-thymectomy. Moreover 

previous r e p o r t s have shown (Horton and Manning, 1972) t h a t thymectomy 

as l a t e as 14 days of age s t i l l r e s u l t s i n an alloimmune def i c i e n c y 

comparable to t h a t seen f o l l o w i n g thymectomy at 7 days (see also Chapter 5 ) , 

This i s remarkable when one considers . t h a t at 14 days, the thymi now contain 

approximately 5 x lo'* lymphocytes (DuPasquier and Weiss, 1973). I f lympho

cytes are already emerging from the thymus a t 7 days, then a delay of 7 

days i n removing t h i s organ would be expected to r e s u l t i n a markedly 

improved alloimmune response. Furthermore, chronic g r a f t r e j e c t i o n 

displayed by t o a d l e t s thymectomized at 5 days of age (stage 46/7) (Horton 

& Horton, 1975) supports the view t h a t early-seeded, thymus-dependent 

lymphocytes are not responsible f o r a l l o g r a f t d e s t r u c t i o n i n thymectomized 
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Xenopus. Thus i t seems u n l i k e l y t h a t a r a p i d and s u f f i c i e n t burst of 

c e l l emigration from the thjmius p r i o r t o i t s removal could account f o r 

chronic a l l o g r a f t r e j e c t i o n seen i n t o a d l e t s thymectomized at 5 days, 

p a r t i c u l a r l y i n view of the extremely u n d i f f e r e n t i a t e d s t a te of the 

organ a t t h i s time when i t contains e p i t h e l i a l c e l l s and immature 

lymphoid c e l l s and comprises <500 c e l l s (Horton & Horton, 1975.) The 

thymic bud only detaches from the pharyngeal e p i t h e l i u m at 3 days (Manning 

& Horton, 1969). 

The present experiments i n d i c a t e t h a t a thjmius independent alloimmune 

system emerges e a r l y i n the l i f e of the clawed toad, independent of changes 

i n the lymphomyeloid complex occ u r r i n g at metamorphosis. 



TABLE 2.1 

EFFECT OF APPLYING FIRST-SET LARVAL SKIN GRAFT IN 
LARVAL L I F E ON SUBSEQUENT ALLOIMMUNE RESPONSE TO 

A SECOND-SET GRAFT APPLIED AFTER METMIORPHOSIS 

25 

A 
A 
A 

CONTROLS 

1 
1 

3 
4 

METAMORPHOSIS^ 
(Days post-
g r a f t i n g ) 

14 
14 
14 
14 

SIGNS OF REJECTION^ 
AS LARVAE 

+ 
+++ 
++ 
++ 

2nd SET 
REJECTION 
(Days) 

15 
22 
20 
22 

Two shams ( s t o c k A ) , 1 s t s e t graf t e d as a d u l t s gave r e j e c t i o n times of 18 and 

22 days. 

A 
A 
B 
B 
B 
C 

THYMECT-
OMIZED 

1 
2 
3 
4 
5 
6 

METAMORPHOSIS 
(Days post-

g r a f t i n g ) 

11 
11 
15 
15 
14 
16 

SIGNS OF REJECTION 
AS LARVAE 

2nd SET 
REJECTION 
(Days) 

17 
22 
20 

>80 
>80 
23 

Seven thymectomized (2 x A, 3 x B, 2 x C) I s t - s e t g r a f t e d as adu l t s bore healthy 

g r a f t s f o r >80 days when they were k i l l e d . 

•̂ A, B, C = Progeny of d i f f e r e n t parents. ^ G r a f t not v i s i b l e a f t e r t h i s time, 

- = No si g n s of r e j e c t i o n . 

+ = v a s c u l a r enlargment; 
++ = v a s c u l a r enlargment and small opaque f o c i below g r a f t ; 
+++ = e x t e n s i v e d e s t r u c t i o n - haemostasis, pigment d e s t r u c t i o n . 
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F i g . 2.1. F i g . A shows an a d u l t v e n t r a l s k i n a l l o g r a f t a p p l i e d 

to the a n t e r i o r t a i l r e g i o n of a t h i o u r e a - t r e a t e d 

thymectomized l a r v a . I n non-treated l a r v a e ^ g r a f t s 

p l a c e d i n t h i s p o s i t i o n come to l i e p o s t e r o - d o r s a l l y 

f o l l o w i n g metamorphosis: See F i g . B. 
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F i g . 2.2. F i g . A i l l u s t r a t e s a h e a l t h y (phase 1) a d u l t v e n t r a l 

s k i n a l l o g r a f t on a tadpole s h o r t l y (6 days) a f t e r 

g r a f t i n g . I n c o n t r a s t F i g . B d e p i c t s the appearance 

of such a g r a f t f o l l o w i n g r e j e c t i o n . The white g r a f t -

pigment i s destroyed and o n l y a d u l l , grey c o l l a g e n 

pad remains. Host melanophores are v i s i b l e over the 

r e j e c t e d g r a f t . Note the enlarged blood v e s s e l near 

to the g r a f t . Both these t r a n s p l a n t s a r e on thymec

tomized ( g o i t r o g e n - t r e a t e d ) l a r v a e . 
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X 

F i g . 2.3. F i g . A i l l u s t r a t e s a g r a f t i n phase 2 ( s l i g h t pigmentary 

d e f e c t s ) of r e j e c t i o n and F i g . B shows a t r a n s p l a n t i n 

phase 3 ( e x t e n s i v e n e c r o s i s ) . The g r a f t s a r e on two 

c o n t r o l , t h i o u r e a - t r e a t e d l a r v a e and were photographed 

14 and 21 days p o s t - t r a n s p l a n t a t i o n r e s p e c t i v e l y . A 

rim of host melanophores (M) surrounds the a l l o g r a f t 

of a d u l t s k i n a t 2 weeks. Host s k i n i s growing i n over 

the more degenerate g r a f t seen i n F i g . B. T = thymus 

E = eye. 

F i g s . C and D demonstrate the v a r i a b i l i t y i n g r a f t 

r e j e c t i o n response seen i n thymectomized animals. Both 

photographs are of stage 48 thymectomized, t h i o u r e a -

t r e a t e d l a r v a e a t 65 days p o s t - t r a n s p l a n t a t i o n . The 

t r a n s p l a n t seen i n F i g . C remains i n p e r f e c t c o n d i t i o n 

(phase 1 ) . I n c o n t r a s t , the l a r v a i n F i g . D has 

r e j e c t e d i t s d o r s a l s k i n a l l o g r a f t : host s k i n now 

o v e r l i e s the c o l l a g e n pad (which appears white) - a l l 

th a t remains of the donor t i s s u e . Note absence of 

thymus i n these two l a r v a e . 
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F i g . 2.4 shows the h i s t o l o g i c a l appearance of l a r v a l s k i n 

a l l o g r a f t s a p p l i e d to l a r v a e a t 30 days of age. F i g . A shows 

a g r a f t on a c o n t r o l l a r v a 18 days p o s t - t r a n s p l a n t a t i o n . An 

i n t e n s e alloimmune response i s evident and the g r a f t i s being 

invaded by a mass of c e l l s , mostly lymphocytes. Note the 

breakdown of the normal l a r v a l s k i n h i s t o l o g y . F i g . B shows a 

l a r v a l s k i n g r a f t on a l a r v a l host which was thymectomized a t 

8 days of age. Note the h e a l t h y s t a t e of the g r a f t e d s k i n and 

the presence of sm a l l numbers of lymphocytes (arrowed) below 

the g r a f t e d t i s s u e a t 20 days p o s t - g r a f t i n g . 
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F i g . 2.5: Chronology of phases of f i r s t - s e t a l l o g r a f t r e j e c t i o n i n 

l a r v a l and a d u l t Xenopus thymectomized at St.48. 
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F i g . 2.6 shows the h i s t o l o g i c a l appearance of the thymus and 

spleen from a tadpole which had been kept i n 0.05% 

W/V t h i o u r e a f o r 22 weeks. (The t h y r o i d glands of 

t h i s animal are depicted i n F i g . 2 . 7 ) . Both thymus 

and spleen are comparable i n t h e i r h i s t o l o g y to 

the organs of u n t r e a t e d l a r v a e of a s i m i l a r e x t e r n a l 

stage. F i g . A shows the thymus (C = c o r t e x , 

M = medulla) and the s p l e e n , which i s r i c h l y populated 

w i t h lymphocytes, appears i n F i g . B. Red pulp (RP) 

and white pulp (WP) r e g i o n s , although v i s i b l e , a r e 

not r e a d i l y d i s t i n g u i s h a b l e i n t h i s s e c t i o n . 
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F i g . 2.7. Goitrous t h y r o i d of animal d e s c r i b e d i n F i g , 2.6. 

Despite the l a r g e s i z e and abnormal appearance of 

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

e p i t h e l e a l c e l l s (FC) and reduced c o l l o i d ( C ) , 

the immune response of t h i o u r e a - t r e a t e d animals 

i s a p parently normal when compared w i t h t h a t of 

non-treated l a r v a e . 
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CHAPTER 3 PARTICIPATION OF THE SPLEEN IN ALLOGRAFT IMMUNITY 

INTRODUCTION 

Together with e a r l i e r studies (Horton and Manning, 1972; Horton and 

Horton, 1975) Chapter 2 has clearly established an important function of 

the thymus i n co n t r o l l i n g the development of the normal alioimmune response 

i n Xenopus. I t is d i f f i c u l t to discern the level at which this thymic 

governance operates without f i r s t obtaining a more detailed knowledge of 

how a l l o g r a f t rejection is effected i n the intact animal and i n particular, 

of the part played by other lymphoid organs and tissues i n this process. 

Following early ( 7 - 8 day) th3miectomy, the lymphoid tissues of 

Xenopus generally undergo r e l a t i v e l y normal histogenesis. After metamor

phosis however, thjmiectomized toadlets possess spleens which are reduced 

i n size with moderate to severe Ijnnphoid depletion of the red pulp and i n 

eome animals a reduction i n the proportion of white pulp to red pulp 

occurs (Horton and Mannings 1974a; Tochinai, 1975), Since thymic absence has 

no apparent effect on the histology of other adult IjTmphoid organs and 

tissues, i t seemed important to determine therefore whether or not the 

spleen of the intact toadlet is involved i n a l l q g r a f t rejection and to 

assess whether there i s a deficiency i n splenic a l l o r e a c t i v i t y i n the 

thymeeternized toad. 

The role of the spleen i n cell-mediated immune reactions of several 

amphibian species has been studied i n some d e t a i l . Participation of this 

organ i n a l l o g r a f t r e a c t i v i t y i s suggested by Baculi and Cooper's study 

on l a r v a l bullfrogs (1970) which showed increased numbers of small lympho

cytes i n the spleen and other lymphoid tissues following skin grafting. 

Furthermore, Murikawa (1958) showed i n the adult urodele amphibian, Cyhops 

pyrroghaster, that; i f the spleen i s excised prior to i r r a d i a t i o n and 

reautografted. afterwards, the a b i l i t y to reject skin allografts is restored. 
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I n contrast. Brown & Cooper (1976), employing a similar experimental 

protocol, f a i l e d to restore a l l o g r a f t rejection i n irradiated b u l l f r o g 

larvae. Since the transfer of allogeneic spleens to such larvae 

resulted i n a G.V.H. (gr a f t versus host)-like syndrome, (Brown et a l , 

1975), Brown and Cooper (1976) have suggested that the larval b u l l f r o g 

spleen contains 'T-cell' populations or precursors capable of evoking 

a G.V.H. response but does not harbour 'T-cells' capable of effecting 

a l l o g r a f t r e j e c t i o n . Clark and Newth (1972) were able to demonstrate 

G.V.H. a c t i v i t y i n Xenopus by transplanting whole spleens to hosts 

rendered tolerant to the spleen donor by a massive embryonic tissue 

transplant. Induction of G.V.H. r e a c t i v i t y following allogeneic spleen 

implantation i n irradiated Cynops pyrroghaster (Japanese Newt) has been 

reported(Murikawa, 1968) and a GVH-like syndrome following spleen-grafting 

has been described for Diemictylus viridescens (Baldwin and Cohen, 1971). 

Spleen c e l l s can also give rise to G.V.H. responses i n t u r t l e s . (Sidky 

and Auerbach, 1968; Borysenko and Tulipan, 1973). 

The question of splenic involvement i n a l l o g r a f t rejection i n Xenopus 

remains unresolved. Allogeneic spleen implants, i n contrast to thymus 

implants, f a i l e d to restore normal alloimmune r e a c t i v i t y to thymectomized 

animals (Horton and Horton, 1975). Preliminary studies on p r o l i f e r a t i v e 

changes i n lymphoid organs of control ..Xenopus following skin a l l o g r a f t i n g 

were inconclusive i n implicating splenic involvement. However, of a l l 

lymphoid tissues studied (thymus, spleen, l i v e r , kidney and intestine) 

there was a suggestion of increased p r o l i f e r a t i v e a c t i v i t y i n the spleen. 

(Horton and Horton, 1975). Some of the experiments described i n this 

chapter were therefore designed to investigate possible p r o l i f e r a t i v e 

changes i n the spleen following a l l o g r a f t i n g i n more d e t a i l , and have been 

performed on control and thymectomized toadlets. Other experiments have 

investigated the capacity of spleens from sensitized (control) toadlets to 

transfer alloimmunity. 



37 
MATERIALS AND METHODS 

(i) General 

Two separate batches of animals were used as hosts i n each of the three 

studies described below. Toadlets were 4 - 9 months old when allografted 

or given spleen implants. Dorsal skin grafts measuring approximately 2 mm̂  

were applied i n the dorsal trunk region. Skin allografts were from non-

sib l i n g toadlets of similar age to the hosts. 

(ii) Autoradiography and Histology 

These experiments were primarily designed to investigate whether or 

not c e l l u l a r changes could be detected i n the spleen at a time when skin-

a l l o g r a f t s are heavily i n f i l t r a t e d with Ijnnphocytes and are displaying 

acute r e j e c t i o n phenomena (Horton, 1969) . Spleens from 13 allografted 

and 13 autografted control toadlets were therefore studied at 12 days 

post-transplantation. P r o l i f e r a t i v e events i n the spleen prior to 

(5 days:- 3 allografted and 2 autografted toadlets) and following (18 days:-

4 allografted and 4 autografted toadlets) this time were also examined. 

Spleens from 13 non-grafted animals were also studied to assess whether 

the autografting procedure i t s e l f resulted i n any enhanced splenic a c t i v i t y . 

A smaller study was also made on thymectomized animals. Spleens were 

removed from 3 allografted and 2 autografted toadlets at 12 days post-

gra f t i n g (when a l l o g r a f t s appeared healthy) and also from 4 allografted 

and 2 autografted thymectomized animals at later times (55 - 100 days) 

when gross observations suggested that the allografts were i n a similar 

phase of rejection to that seen at 12 days i n controls. Spleens from two 

non-grafted thymectomized animals were also examined. 

Four hours prior to spleen removal, toadlets were injected with 

1 yci/gm.body wt. of t r i t i a t e d thymidine (S.A. 22.4 Ci/mmol Radiochemical 

Centre Amersham) via the dorsal lymph sac. Spleens were removed from 

anaesthetized toadlets, fixed i n Carnoy's f i x a t i v e and embedded i n paraffin 
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wax. Serial sections (8 ym) were cut and mounted on gelatin-coated 

slides. I n most instances individual spleens were used to provide 

information for both h i s t o l o g i c a l studies, alternate sections being 

stained d i r e c t l y with methyl green-pyronin (M.G.P.) or prepared for 

autoradiography. A few spleens were used for only one type of 

analysis. For the autoradiography, sections were dipped i n I l f o r d K5 

nuclear emulsion and exposed f o r 4 weeks at 4°C pri o r to developing 

and staining with M.G.P. (See Turner and Manning, 1973). 

A l l slides were coded pri o r to observation. Both red and white 

pulp regions of the spleen were examined and estimates were made of 

the numbers (low, moderate or high) of large pyroninophilic or labelled 

lymphoid c e l l s . The analysis of pyroninophilia was for the most part 

r e s t r i c t e d to those sections stained d i r e c t l y with M.G.P., since the 

autoradiographs were r e l a t i v e l y poorly-stained. To avoid variations 

i n staining and la b e l l i n g due to experimental technique, a l l the slides 

were processed i n j u s t two batches. 

(•Lii) Scintillation-Counting 

To confirm the h i s t o l o g i c a l data on elevated splenic a c t i v i t y i n 

control toadlets following a l l o g r a f t i n g and to determine when maximal 

p r o l i f e r a t i o n occurs i n th i s organ, t r i t i a t e d thjnnidine (3HT) uptake 

i n v i t r o was examined i n grafted control toadlets at 3, 6, 12 and 18 

days post-transplantation. At least 2 experiments were performed at 

each time and a t o t a l of 12 allografted and 14 autografted control 

animals were studied. Three thymectomized animals (2 allografted and 

1 autografted) were also examined 12 days post-grafting. 

Grafted animals were anaesthetized i n MS222 (Sandoz) and p a r t i a l l y 

exsanguinated by bleeding from the heart. This procedure reduced the 

numbers of erythrocytes (and, presumably other cir c u l a t i n g blood cells) 

i n the spleen. Spleens were removed aseptically and washed immediately 
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i n amphibian culture medium (100 parts L-15 (Flow): 48 parts double 

d i s t i l l e d water: 16 parts foetal calf serum (Flow) decomplemented 

by heating for 30 minutes at 56°C: 1.6 parts Hepes buffer (Wellcome)). 

Spleens were then transferred to approximately 3 mis. of fresh medium 

in a watch glass and a c e l l suspension was prepared by gently teasing 

the spleen with fine forceps. The spleen suspension was then trans

ferred to a s t e r i l e 10 ml centrifuge tube and c e l l clumps and debris 

allowed to s e t t l e out. The supernatant single-cell suspension was 

then transferred to another centrifuge tube, made up to 10 ml with fresh 

medium and washed twice by centrifugation at 200 x g for 10 minutes. 

The r e s u l t i n g c e l l p e l l e t was resuspended i n fresh culture medium and a 

white c e l l count was obtained using a Neubauer American optical haemocytometer. 

The c e l l concentration was adjusted to 5 x 10^ leucocytes/ml. The 

i n i t i a l v i a b i l i t y of ce l l s prepared i n this manner was >95% as assessed 

by trypan blue dye exclusion. 

50 p i of the spleen c e l l suspension (2.5 x 10^ leucocytes) was then 

dis t r i b u t e d into individual wells of s t e r i l e Cooke m i c r o t i t r a t i o n plates 

(M220 25ARTL - GIBCO) using an Oxford, sampler. Cells were then pulsed 

by the addition of one yc i 3HT (S.A. 5 Ci/ramol) to each well. A l l cultures 

were set up at least i n t r i p l i c a t e , and, following incubation for 4 hours 

at 28°C i n a humidified atmosphere, cell s were harvested with the aid of 

a semiautomatic c e l l harvester (Skatron: Flow Laboratories) . Each row of 

wells was flushed for 1 minute with double d i s t i l l e d water, this transferred 

the c e l l s from the culture wells to individual glass f i b r e f i l t e r discs and 

washed away any non-incorporated 3HT in the medium. Hirschberg and Thorsby 

(1973) have shown that harvesting of 3H - DNA i n mammalian lymphocyte 

cultures can be ef f e c t i v e l y accomplished using- only a water wash instead 

of TCA and methanol. The individual f i l t e r s for each well were placed i n 

glass v i a l s and the c e l l u l a r material digested for 1 hour with 0.5 ml 

Protosol (NEM) at 56°C. Five mis of s c i n t i l l a t i o n f l u i d (42 mis Liquifluor 
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(NEM) + 1 l i t r e of Toluene) was added to each v i a l and incorporated 3HT 

was counted i n an N.E.M. l i q u i d s c i n t i l l a t i o n 3 counter. 

A stimulation index (S.I.) for allografted spleens was calculated 

from: 

S.I. = Mean c.p.m. i n spleen cells of allografted animal 
Mean c.p.m. i n spleen c e l l s of autografted animal 

Autografted and allografted animals i n any one experiment were siblings 

of similar size and weight. Where results from more than one autografted 

animal were available f o r any experiment, the highest mean c.p.m. was 

used to calculate the stimulation index. The coefficient of variation 

(S.D./Mean) for a l l 'autografted' cultures ranged from 3% to 35%, (mean 

17% + 2.6%), stimulation was therefore considered significant i f the SI 

was >1.4. 

(iv) spleen. Transfer Studies 

General 

Specific immunological tolerance between 2 individual Xenopus can be 

induced by reciprocal exchange of large grafts of embryonic tissue (Clark 

and Newth, 1972). This part of the study has examined the capacity of 

whole spleen implants to transfer alloimmunity from sensitized control 

donors to mutually tolerant control and thymectomized hosts. Thymectomized 

animals were used to assay transference of immunity, since, i f immunity was 

transferred by the spleen implant, i t was thought that they would reject 

skin a l l o g r a f t s i n times which were readily distinguishable from the 

impaired f i r s t - s e t response they normally display. 

Induetion of Tolerance 

Sibling embryos at developmental stages 2 l - 23 (Nieuwkoop and Faber 

1967) were selected. These were transferred to small p e t r i dishes 

containing f u l l - s t r e n g t h Holfreter's solution and the j e l l y coats and 

f e r t i l i z a t i o n membranes removed with watchmaker's forceps. For each 



4 
experiment, 2 embryos were transferred to an operating dish, the bottom of 

which was covered with a layer of agar. Two oblong wells were cut side by 

side i n the agar such that each was j u s t deep enough to hold a single 

embryo. Embryos were placed on th e i r sides, one i n each well, and using 

fine tungsten needles a large graft of flank tissue (incorporating a l l 

3 germ layers) was excised from each and orthotopically transplanted 

to i t s partner. The grafts were held f i r m l y i n position by a small 

s l i v e r of coverslip glass, placed over each embryo. Grafts were inspected 

regularly to check that they had healed and had not been extruded. Cover-

slips were removed after 2 - 3 hours at which time the grafts were often 

indistinguishable from the surrounding host tissue. Operations were 

carried out under f u l l strength Holfreter's solution and grafted embryos 

were l e f t i n th i s overnight. The following morning they were transferred 

to 50% Holfreter's solution and gradually reintroduced to water over the 

next few days. Mutually tolerant pairs were reared individually. The 

mortality w i t h i n 24 hrs of the operation was extremely high (>80% i n one 

batch of embryos) but 15 mutually tolerant pairs were successfully reared 

beyond metamorphosis for use i n these experiments. Skin grafts were recip

rocally exchanged between toadlets of each pair to test for tolerance prior 

to spleen transfer studies. Two s i b l i n g toadlets, which did not receive 

embryonic g r a f t s , were also reciprocally skin grafted after metamorphosis 

to check for normal alloimmune r e a c t i v i t y i n th i s family. 

Implantation of Spleens 

The spleen donor was anaesthetized and the organ removed aseptically. 

The intact spleen was then transplanted, through a small s l i t cut i n the 

skin, to a position on the ventral surface of the mutually tolerant host's 

thigh where i t remained v i s i b l e as a red lump under the skin for the 

duration of the study. Revascularization was marked by the spleen flushing 

red some 1-3 days post-grafting (see also Clark and Newth, 1972) . Spleen 

implants from 9 animals were examined h i s t o l o g i c a l l y at the end of the 



42 
experiment from Haematoxylin and eosin stained s e r i a l sections. 

Experimental Design 

This i s set out i n Figure 3.1 Experiments 1 to 4 employed pairs of 

mutually tolerant control animals. Experiment 1 examined the effect on 

alldimmunity of transplanting a spleen from a non-sensitized donor. Two 

pairs of animals were used. Skin allografts were applied to spleen 

recipients one week a f t e r spleen transfer. 

Experiment 1 assessed the a c t i v i t y of spleens implanted from animals 

12 days post f i r s t - s e t a l l o g r a f t application. Again, spleen recipients 

received 1st set skin a l l o g r a f t s 7 days after spleen transfer. 

In Experiment 3, spleens,were taken from donors 1 - 3 days post f i r s t -

set a l l o g r a f t rejection. Spleen recipients were skin allografted at 7 days 

(2 animals) or 21 days (2 animals) following spleen transfer. 

Experiment 4 assessed the a c t i v i t y of spleens taken from donors within 

a week of rejecting a second-set a l l o g r a f t . Spleen recipients were skin 

allografted 7 days a f t e r spleen implantation. 

In Experiments 5 and 6 the protocol was the same as in experiments 1 

and 4 respectively, but i n this case the spleen recipients had been thymec

tomized at 8 days of age. 

Skin al l o g r a f t s applied to spleen donor and recipient of any one pair 

( i n experiments 2, 3, 4 and 6) were from the same non-sibling toadlet. 

RESULTS 

A) Cellular changes^in the spleen following allografting 

i) Control- toadlets-

Background levels of pyroninophilia were established from spleens of 

13 non-grafted and 17 autografted animals. In a l l animals, pyroninophilic 
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cells were found scattered throughout the spleen i n both the white pulp 

and amongst the lymphoid accumulations of the red pulp. Levels were 

recorded as low or moderate throughout. Autoradiographic analysis of 

spleens from 11 non-grafted and 15 autografted animals also showed no 

apparent differences between the two groups: low or moderate levels 

of DNA-synthetic cells were always recorded i n the red pulp and i n 

most white pulp regions (see Fig. 3 . 2 ) . However, heavily-labelled 

white pulp was recorded i n 3 spleens from both autografted and non-

grafted animals. Data pooled from studies at 5, 12 and 18 days post-

grafting i s given i n Table 3 .1 . Employing with Yates' correction, 

no s i g n i f i c a n t differences were established between non-grafted and 

autografted animals, i.e. autografting had no apparent effect on 

ce l l u l a r a c t i v i t y w i t h i n the spleen. 

I n contrast, allografted toadlets displayed d i s t i n c t signs of 

elevated lymphocytic a c t i v i t y i n the spleen. Examination of the 

data presented i n Table 3.2 shows that at 5, 12 and 18 days post-

a l l o g r a f t i n g , the white pulp regions are stimulated: 13/16 show high 

levels of label (see Fig. 3.2) and 8/19 high levels of pyroninophilic 

cel l s (see Fig. 3 . 3 ) . The data presented i n Table 3.2 is summarised 

i n Table 3.1 and a s t a t i s t i c a l analysis (x^ with Yates correction) 

confirms that both % l a b e l l i n g and pyroninophilia are s i g n i f i c a n t l y 

higher i n the white pulp regions of allografted animals when compared 

with pooled data f o r autografted and non-grafted toadlets (P<0.001). 

Moreover, the pooled data suggests that pyroninophilia i n the red pulp 

was also elevated i n spleens of allografted animals (P<0.05) although 

there was no si g n i f i c a n t increase i n the level of label i n this region. 

ii) Thymectomized Toadlets 

Spleens taken from thymectomized toadlets were generally reduced i n 

size. Depletion of lymphocytes from the red pulp, p a r t i c u l a r l y the 
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marginal zone (Morton and Manning 1974a) was apparent i n both non-grafted 

animals studied, i n 3/4 autografted animals and i n 6/7 allografted toad

l e t s . The white pulp region of a l l spleens appeared to be r i c h l y popul

ated with lymphocytes but, compared with controls, white pulp regions 

were reduced i n 50% of non-grafted and autografted toadlets, i n 33% of 

allografted animals k i l l e d 12 days post-grafting and i n 75% of those 

k i l l e d during a l l o g r a f t rejection. 

Pyroninophilia and l a b e l l i n g were similar i n spleens of thjmiectomized 

non-grafted, autografted, and allografted toadlets, even when the l a t t e r 

were i n the process of rejecting transplants. The analysis of pyronin

oph i l i a was made on spleens of 2 non-grafted, 2 autografted- and a l l 7 

allografted animals. Low to moderate levels of pyroninophilic cells were 

seen i n a l l but one of these spleens - the one exception being the white 

pulp of a toadlet rej e c t i n g an a l l o g r a f t . Autoradiographic sections 

were available from 2 non-grafted, 4 autografted and 6 allografted toad

l e t s . Low or moderate levels of label were seen throughout the spleens 

of a l l animals studied, except for 1 autografted toadlet where heavy 

label was recorded i n the red pulp. 

B) Chronology of splenic proliferation following allografting 

Table 3.3 shows the results of experiments on ̂ HT incorporation i n 

v i t r o by spleen cells of control toadlets, as assessed by s c i n t i l l a t i o n 

counting. Enhanced splenic p r o l i f e r a t i o n , induced by al l o g r a f t i n g , was 

apparent i n 2/4 animals tested at 3 days post-transplantation. (Mean 

S.I. 1.7). Peak stimulation indices were recorded at day 6 following 

a l l o g r a f t i n g (Mean S.I. 4.3). By 12 days the mean index had f a l l e n to 

2.7 and by 18 days when all o g r a f t s are nearing rejection end-point, the 

mean index was 1.8. The r e l a t i v e l y small var i a t i o n obtained i n c.p.m. 

wi t h i n t r i p l i c a t e cultures from the same animal i s reflected i n the 

standard errors given. 
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One must be wary about placing too much reliance on precise 

quantitative aspects of thi s study because of the small numbers of 

animals used and also because of the presence of experimental variab

les whose influence could not be assessed. For instance, although 

allografted and autografted animals within any experiment were always 

siblings, they were not syngeneic, therefore some variation i n p r o l i f 

erative rates of spleen c e l l s might be expected on genetic grounds. 

In addition, i t was not possible to maintain animals under "germ-free" 

conditions so individual histories of antigenic stimulation (e.g. by 

microbial antigens present i n the water) might also be expected to 

affect splenic p r o l i f e r a t i o n levels. 

In contrast to controls, 2 allografted thymectomized toadlets 

tested at l2 days post-transplantation showed no elevated p r o l i f e r a t i o n 

i n t h e i r spleens. Thus the mean (+ S.E) c.p.m. in the one autografted 

thymectomized toadlet was 4271 + 755 and i n the allografted animals, 

3005 - 263 and 3877 + 133. 

G) Transference of irrmunity by spleen implants 

Toads which were reciprocally grafted with flank tissue as embryos 

were shown to be tolerant of skin al l o g r a f t s from their partners. A l l 

pairs examined displayed t o t a l acceptance of their partner's skin 100 

days post-grafting. In contrast, the 2 siblings which did not receive 

embryonic g r a f t s , rejected skin al l o g r a f t s i n 22 days. Histological 

examination of spleen implants at the end of the experiments described 

below were also indicative of tolerance between embryo-grafted partners. 

A l l spleens appeared healthy and there was no evidence of rejection. 

Implants were well vascularised and large blood vessels were apparent 

beneath the well-defined outer spleen capsule. The white pulp regions 

of implanted spleens (even i n thymectomized hosts) retained apparently 

normal morphology and were always r i c h l y populated with lymphocytes. 

The red pulp regions of 6/9 spleen-implants however displayed some 
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lymphocytic depletion. A typi c a l spleen implant is seen i n Figure 3.4. 

The results of experiments 1 - 6 (see Figure 3.1) are tabulated 

i n Table 3.4. First-set rejection times displayed by spleen-donors 

ranged from 19 - 24 days and second-sets were destroyed i n 13 to 16 

days. 

Recipients of spleens from non-grafted partners and partners which 

had received a skin a l l o g r a f t l2 days previously f a i l e d to show any 

enhanced r e a c t i v i t y to skin a l l o g r a f t s . Indeed rather slow rejection 

times of 27 and 28 days were recorded i n spleen recipients of experiment 

1. In contrast, 3 of the animals which received spleens from partners 

which had already rejected 1 or 2 skin a l l o g r a f t s , destroyed grafts from 

the same skin donor i n accelerated fashion (13 - 15 days). Rejection 

times of 17 and 18 days by the other 3 toadlets i n experiment 3 and 4, 

although accelerated with respect to the rejection times recorded i n the 

spleen donors, f e l l w i t h i n the normal control f i r s t - s e t range (17 - 25 

days). The 3 animals which had rejected skin grafts rapidly had been 

grafted w i t h i n one week of receiving their spleen implants (the other 

two spleen recipients had only received skin grafts 3 weeks following 

spleen transfer) and so i n the rest of the experiments recipients 

generally received skin grafts within one week of spleen-transfer. The 

transference of a second-set response i n 50% of expected cases suggests 

that the spleen i s a si t e of cells or other factors involved i n rapid 

g r a f t r e j e c t i o n . 

Experiments 5 and 6 employed spleen recipients which had been thymect

omized at 8 days of age. Spleens from mutually tolerant, non-grafted 

control partners were able to restore normal f i r s t - s e t r e a c t i v i t y to skin 

a l l o g r a f t s i n thymectomized hosts (2 animals were tested). Furthermore, 

2/3 thymectomized hosts receiving spleens from control toadlets which 

had already destroyed two a l l o g r a f t s , rejected skin from the same skin 
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donor i n less than 17 days. i.e. control second-set rejection times. 

One further experiment was performed using an additional mutually 

tolerant pair, one partner of which was thymectomized. The control 

spleen donor was allowed to reject f i r s t and second-set grafts ( i n 

23 and l2 days respectively) from one skin donor before i t s spleen 

was transferred to the thymectomized partner. After receiving the 

'sensitized' spleen, the thymectomized host was challenged with skin 

from a ' t h i r d party donor' (that is to say a di f f e r e n t skin donor 

than the one used i n sensitizing the grafted spleen). This t h i r d 

party g r a f t was rejected i n 26 days. This finding suggests that there 

is some s p e c i f i c i t y i n the transfer of alloimmunity accomplished by 

spleen implants. 

DISCUSSION 

The f i r s t two series of experiments described i n this chapter 

were designed to investigate p r o l i f e r a t i v e changes occurring i n the 

spleen of in t a c t animals following a l l o g r a f t i n g . The high levels of 

label (%T) i n splenic lymphocytes, p a r t i c u l a r l y i n the white pulp 

regions of allografted toadlets, contrasted sharply with the relative 

paucity of labelled c e l l s i n spleens of non-grafted and autografted 

animals. Cells are known to incorporate thymidine during the DNA-

synthesising (S) phase of t h e i r cycle. Following injection ( i n vivo) 

of a radioactive DNA-precursor only those cells which are i n S-phase 

take up label (See Balls and Godsell, 1973). Since c e l l populations 

may be dividing ^.asynchronously, a single i n j e c t i o n of % Thymidine 

given a short time p r i o r to sacrifice might be expected to result i n 

the prefer e n t i a l l a b e l l i n g of rapidly p r o l i f e r a t i n g populations compared 

with those having a larger c e l l cycle time. The presence of large 

numbers of % labelled spleen lymphocytes i n the present experiments 
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is therefore l i k e l y to be an indication of intense p r o l i f e r a t i v e a c t i v i t y . 

Increased synthesis of DNA has been sho\m following lymphocyte activation 

i n vivo (Hanna, 1964) and i n v i t r o (Dutton, 1967). However, a note of 

caution must be introduced here i n view of the suggestion that DNA 

synthesis i n mammalian lymphocyte populations following antigenic 

stimulation may not always be associated with mitotic a c t i v i t y (Pelc 

et a l . , 1972; Harris and Olsen, 1973). Nevertheless, the autoradio

graphic and s c i n t i l l a t i o n counting studies performed here on the 

toad spleen indicate that this organ displays enhanced r e a c t i v i t y 

following skin a l l o g r a f t i n g . 

This suggestion is strengthened by the histochemical analysis 

using methyl green pyronin, which revealed significant increases i n 

the number of pyroninophilic cells i n spleens of allografted Xenopus. 

Pyronin i s a histochemical agent used to demonstrate the presence of 

RNA, the l a t t e r being associated with the biosynthesis of protein (see 

Weir, 1973). Examination of well-stained autoradiographs indicated that 

large pyroninophilic cel l s were invariably Ĥ labelled. Their large 

size, pyroninophilic cytoplasm and prominent nucleoli together with 

%T incorporation i n the nucleus suggests that they may be activated 

b l a s t - c e l l s . I t is well knora that levels of ce l l u l a r RNA increase 

markedly following lyii5)hocyte activation (see Ling, 1968). 

The changes i n c e l l u l a r a c t i v i t y described here following stimulation 

by allo-antigen are similar to those reported by Turner and Manning (1973) 

following i n j e c t i o n of c i r c u l a t i n g T-dependent antigens into control 

Xenopus. Thus they demonstrated a marked increase i n cellular p r o l i f e r 

ation and formation of pyroninophilic cells i n splenic lymphoid tissue, 

p a r t i c u l a r l y i n the white pulp. They suggested that the pyroninophilic 

cell s may be involved i n antibody secretion, l^hether or not a similar 

function may be ascribed to these c e l l s i n the present study is not 

known, since the part played by antibody i n a l l o g r a f t destruction i n 
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Xenopus has not been c r i t i c a l l y assessed. 

The t h i r d series of studies presented here were an attempt to 

investigate whether elevated splenic a c t i v i t y i n allografted animals 

could be demonstrated immunologically. These studies showed that a 

second-set response to skin a l l o g r a f t s could be transferred by trans

planting a sensitized spleen (from an animal which had rejected 1 or 2 

grafts) to a non-sensitized control host. Findings with spleens taken 

from donors p r i o r to f i r s t - s e t rejection possibly indicate that 

sensitization of spleen cells only emerges after 12 days. However, 

inte r p r e t a t i o n of these findings i s rendered d i f f i c u l t due to the 

small ninnbers of animals examined and the fact that spleen recipients 

s t i l l retained t h e i r own ( f u l l y competent) spleens, whose involvement 

i n the response could not be assessed. In addition, the d i s t i n c t i o n 

between f i r s t - and second-set rejection times i n controls is often 

marginal. These problems were resolved i n part by the use of thymec

tomized spleen recipients, and these studies showed convincingly that 

the spleen of control toadlets i s a major site of alloimmune r e a c t i v i t y . 

An alternative approach to investigating splenic involvement in 

the alloimmune response i s that of splenectomy. However i t has been 

established that i n many other amphibian species splenectomy f a i l s to 

affect a l l o g r a f t r e a c t i v i t y (Rana pipiens - Vogel, 1940; Rana catesbeiana-

Brown and Cooper, 1976; Pleurodeles w a l t l i i - Deparisand Flavin, 1973; 

Diemictylus viridescens - Cohen, 1971). Similar findings have been made 

i n f i s h , (Fundulus heteroclitus - Goss, 1961) r e p t i l e s , (Calotes 

versicolor - Manickavel, 1972) and mammals (Rabbit - Krohn and Zuckermann, 

1954; Mice - Zunker and Agar, 1965; Haller and Jones, 1967). Moreover, 

splenectomy has comparatively l i t t l e effect on the a b i l i t y of Senopus 

toadlets to respond to injected c i r c u l a t i n g antigens, either i n terms of 

antigen clearance or antibody production. (Turner, 1973; 1974). The lack 

of effect of splenectomy may be due to a compensatory increase i n the 
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a c t i v i t y of other organs and tissues f o l l o w i n g a n t i g e n i c challenge (see 

Rosenquist and Wolfe, 1962; Cohen,1971). Regeneration of splenic 

t i s s u e , i s a l s o knoivn t o be a problem w i t h Xenopus (Ruben pers comm.) 

I n c o n t r a s t to the work on i n t a c t Xenopus, the p r e l i m i n a r y studies 

on thymectomized animals demonstrated a complete lack of c e l l u l a r 

r e a c t i v i t y i n the spleen f o l l o w i n g a l l o g r a f t i n g . Thus, h i s t o l o g i c a l l y , 

l e v e l s of ^H-labelled and p y r o n i n o p h i l i c c e l l s i n the spleen were s i m i l a r 

i n non-grafted, autografted and a l l o g r a f t e d animals - even when the 

l a t t e r were i n the process of r e j e c t i n g g r a f t s . 

I n a d d i t i o n there was no i n d i c a t i o n of increased ĤT uptake by 

spleen c e l l s o f thymectomized t o a d l e t s as measured by s c i n t i l l a t i o n 

counting l 2 days p o s t - g r a f t i n g . The alloimmune d e f i c i e n c y i n thymecto

mized Xenopus may th e r e f o r e r e f l e c t , i n p a r t , an absence of those spleen 

c e l l s capable of p r o l i f e r a t i n g r a p i d l y i n response to allogeneic s t i m u l i . 

This i n t e r p r e t a t i o n from i n v i v o experiments i s supported by studies on 

the immune r e a c t i v i t y of spleen c e l l s i n v i t r o . Thus DuPasquier and 

Ho.rton CL97Q have demonstrated abrogation of M.L.R. r e a c t i v i t y i n spleens 

from 8-day thymectomized t o a d l e t s . 

Simnett (1965) and Horton and Horton (1975) have previously suggested 

t h a t the mass of lymphocytes which accumulates under a l l o g r a f t s i n c o n t r o l 

animals may i t s e l f be an important centre of immunological r e a c t i v i t y . The 

r e l a t i o n s h i p between the c e l l s a t the g r a f t s i t e , which are also a p r o l i f 

e r a t i n g p o p u l a t i o n (Horton and Horton,1975), and those of the spleen i s 

th e r e f o r e i n t r i g u i n g . Whether the lymphocytes beneath the g r a f t s of 

i n t a c t animals are a l l o f sple n i c o r i g i n i s not known. I n t h i s respect, 

i t i s of i n t e r e s t t h a t despite the apparent lack of c e l l u l a r a c t i v i t y i n 

spleens of a l l o g r a f t e d thymectomized t o a d l e t s , these animals can c h r o n i c a l l y 

r e j e c t f o r e i g n s k i n . The p r o l i f e r a t i n g lymphocytes which eventually 

accumulate beneath the g r a f t s of thymectomized animals (Horton pers. comm.) 
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may t h e r e f o r e be from an e x t r a - s p l e n i c source, possibly representing 

an alloimmune pathway which assumes a greater importance i n the 

absence of the thjnnus. 

One of the f i n d i n g s to emerge from the l a s t chapter was t h a t 

f o l l o w i n g chronic r e j e c t i o n of a f i r s t - s e t g r a f t , the thymectomized 

t o a d l e t was then capable o f r a p i d l y destroying subsequent g r a f t s from 

the same donor. The c e l l u l a r and/or humoral basis of t h i s enhanced 

r e a c t i v i t y remains unclear, although the present studies suggest t h a t 

the spleen may not be involved. I t would t h e r e f o r e be i n s t r u c t i v e to 

attempt a t r a n s f e r of t h i s second-set immunity from a s e n s i t i z e d 

thymectomized animal to a non-sensitized thjTmectomized t o a d l e t f o l l o w i n g 

i n t r o d u c t i o n of various lymphoid t i s s u e s , c e l l s or serum f a c t o r s . I n 

view of the d i f f i c u l t y encountered i n producing large numbers of mutually 

t o l e r a n t p a i r s , a b e t t e r way of i n v e s t i g a t i n g these issues would be to 

use g e n e t i c a l l y i d e n t i c a l clones of Xenopus. (Kobel and DuPasquier,1975). 

The use o f such animals would also enable the experimenter to more r e a d i l y 

assess and standardize f i r s t - and second-set g r a f t s u r v i v a l times between 

d i f f e r e n t clones since the degree of h i s t o c o m p a t i b i l i t y antigen sharing 

could be s t r i c t l y r egulated. 
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Table 3 . 2 Autoradiographic and M.G.P. analysis of spleens from 

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

DAYS POST-
GRAFTING AUTORADIOGRAPHY M.G.P. 

w.p. r.p. w.p. r.p. 
5 dys A 2 4 * +++ +++ ++ + 

A 2 5 +++ ++ +++ + 
A 2 9 n.d. + + 

1 2 dys A 3 1 ++ + ++ + 

A 3 2 +++ + +++. . ++ 

A 3 4 +++ + +++. . + 

A 3 5 n.d. +++ ++ 

A 3 6 n.d. +++ +++ 
A 5 2 . +++ ++ +++ + 

A 5 3 +++ + ++ + 

A 5 4 ++ ++ + + 

A 5 5 +++ + ++ ++ 

A 5 6 +++ ++ ++ ++ 

A 6 8 +++ +++ ++ ++ 

A 6 9 +++ +++ +++ ++ 

A 7 0 +++ +++ +++ ++ 

1 8 dys A 3 8 +++ ++ n.d. 
A 3 9 ++ ++ ++ + 

A 4 2 +++ ++ ++ + 

A 4 4 n.d. ++ ++ 

T o t a l : +++ 1 3 / 1 6 3 / 1 6 8 / 1 9 1 / 1 9 

+ = low l e v e l of l a b e l or p y r o n i n o p h i l i a 

++ = moderate l e v e l of l a b e l or p y r o n i n o p h i l i a 

+++ = high l e v e l o f l a b e l or p y r o n i n o p h i l i a 

* = Number of i n d i v i d u a l t o a d l e t , 
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TABLE 3.3 LEVELS OF THYMIDINE INCORPORATION (C.P.M.) IN SPLEENS . 

OF AUTOGRAFTED AND ALLOGRAFTED CONTROL TOADLETS AT INTERVALS POST-GRAFTING 

DAYS POST- AUTOGRAFTED ALLOGRAFTED S.I. 
GRAFTING (Mean c.p.m.) (Mean c. p.m.) 

3 dys Expt. 1 4809 + 252 10994 + 1539 2.2 
1919 + 57 (0.4) 

Expt. 2 2939 + 589 9265 + 590 3.2 Expt. 
2785 + 89 (0.9) 

6 dys Expt. 1^ 1969 + 97 8941 + 609 4.5 

Expt. 2^ 2333 + 171 9287 + 932 4.0 

12 dys Expt. 1^ 2633 + 223 6799 + 1223 2.6 

Expt. 2<̂  2367 + 71 8505 + 285 3.6 

Expt. 3 5983 + 386 11931 + 450 2.0 

18 dys Expt. 1 1950 + 156 2447 + 85 1.3 

Expt. 2 1909 + 72 2958 + 281 1.6 

Expt. 3 1611 + 21 3873 + 90 2.4 

(a, b, c, d. A d d i t i o n a l a u t o g r a f t values recorded f o r these times were 

1670 + 153; 1691 + 153; 1691 + 134 and 2240 + 71 re s p e c t i v e l y ) 
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TABLE 3.4. SKIN ALLOGRAFT REJECTION TIMES DISPLAYED BY CONTROL AND 

THYMECTOMIZED RECIPIENTS OF SPLEEN IMPLANTS FROM MUTUALLY TOLERANT 

CONTROL DONORS 

Expt. No. SPLEEN DONOR 

1) 

2) 

3) 

4) 

H i s t o r y 

Non-grafted 

Grafted 12 days prev
i o u s l y 

Rejected 1st set allo'^ 
g r a f t 

Rejected 1st and 2nd 
set a l l o g r a f t s 

Rej. times f o r 
sk i n a l l o g r a f t 
from non-sib 

donor 
1st set 2nd set 

19 
19 
19 
21 

23 
24 

15 
15 

SPLEEN RECIPIENT 
Time to r e j ect s k i n 

from same donor 

28 days 
27 days 

21 days 
21 days 

17 days 
18 days 
15 days 
15 days 

13 days 
18 days J 

Control 
animals 

5) 

6) 

Non-grafted 

Rejected 1st and 2nd 
set a l l o g r a f t s 22 

23 
20 

15 
13 
16 

22 days 
25 days 

14 days 
16 days 
18 daysj 

Thymectomized 
animals 
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F i g . 3.1. Experimental Design 

f o r spleen t r a n s f e r studies. 



F i g . 3.2. Autoradiographs of a d u l t spleen. F i g . A shows the lox^ 

l e v e l of %T l a b e l l e d c e l l s i n an a u t o g r a f t e d c o n t r o l 

Xenopus 12 days p o s t - t r a n s p l a n t a t i o n . I n c o n t r a s t . 

F i g . B shows the spleen of an a l l o g r a f t e d c o n t r o l 

animal a t the same i n t e r v a l p o s t - g r a f t i n g . Here, 

l a b e l l e d c e l l s are abundant p a r t i c u l a r l y i n the 

white pulp regions (arrowed). 
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F i g . 3.3 shows a s e c t i o n through p a r t of the spleen of an 

a l l o g r a f t e d c o n t r o l animal 12 days p o s t - t r a n s p l a n t a t i o n . 

Large p y r o n i n o p h i l i c c e l l s (arrowed) w i t h prominent 

n u c l e o l i are present, p a r t i c u l a r l y i n the white pulp 

r e g i o n (WP). 
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F i g . 3.4. H i s t o l o g i c a l appearance of a spleen implant 20 days 

a f t e r t r a n s f e r to a subcutaneous s i t e i n the t h i g h 

of a mutually t o l e r a n t c o n t r o l host. Note the 

normal appearance of the implant although some 

s l i g h t lymphocytic d e p l e t i o n i s apparent i n the 

red pulp (RP). The spleen r e c i p i e n t r e j e c t e d a 

" f i r s t - s e t " s k i n a l l o g r a f t i n accelerated fashion 

(13 days). WP = white p u l p , V = blood v e s s e l , 

HS = host s k i n . 



59 

1 
200 jum 



60 
CHAPTER 4 IMMUNOCYTOADHERENCE STUDIES ON THE 

SPLEEN AND THE EFFECT OF EARLY THYMECTOMY 

INTRODUCTION 

The work presented i n the l a s t two chapters has revealed t h a t both 

thymus and spleen are i n t i m a t e l y involved i n the alloimmune response of 

the clawed toad. I n t h i s chapter a t t e n t i o n i s focussed upon the r o l e 

of these organs i n humoral immunity. Thjnnectomy experiments i n Xenopus 

have e s t a b l i s h e d t h a t , as i n endotherms, the presence of an i n t a c t thymus 

during e a r l y ontogeny i s e s s e n t i a l f o r the development of serum antibody 

production t d several antigens (Human gamma g l o b u l i n (HGG), Sheep e r y t h 

rocytes (SRBC), Rabbit erythrocytes (RRBC): Horton and Manning,1974b; 

Turner and Manning,1974; Tochinai and Ka t a g i r i , 1 9 7 5 ) . Cooper et a l . , 

(1971) and Cooper (1973) have suggested t h a t the l a r v a l lymph gland, 

r a t h e r than the thymus, c o n t r o l s the development of antibody synthesis 

i n Raniid f r o g s . I n t e r e s t i n g l y , l a r v a l Xenopus do not possess lymph 

glands (Manning and Horton, 1969). 

Serum antibody t i t r e s i n c o n t r o l Xenopus are r e l a t i v e l y poor when 

conqjared w i t h mammals (e.g. - Log2 t i t r e s of 2 - 5 f o l l o w i n g SRBC immun

i z a t i o n . Turner and Manning, 1974). I t i s th e r e f o r e important to in v e s t 

i g a t e the apparent lack of responsiveness to T-dependent antigens i n 

thymectomized toads at the l e v e l of those p e r i p h e r a l lymphoid tissues 

producing the antibody (e.g. spleen,: Auerbach and Ruben, 1970; C o l l i e 

and Turner, 1975) w i t h the a i d of s e n s i t i v e techniques to document the 

absence of c e l l u l a r r e a c t i v i t y . I n t h i s respect, Horton and Manning 

(1974b) and C o l l i e (1974; 1976) using f l o u r e s c e i n - l a b e l l e d antibodies 

have shown marked d e f i c i e n c i e s i n the trapping of T-dependent antigen 

(H.G.G.) i n the spleen of the thymectomized toad. Moreover, the increase 
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i n numbers of p y r o n i n o p h i l i c c e l l s and the increase i n the size of the 

white pulp regions, normally seen i n spleens of c o n t r o l toadlets 

f o l l o w i n g a series of i n j e c t i o n s of HGG, also f a i l e d to occur f o l l o w i n g 

e a r l y thjnnectomy (Horton and Manning 1974b). 

Using the plaque assay and the s e n s i t i v e immunocytoadherence assay, 

DuPasquier (1970a) revealed impaired c e l l u l a r r e a c t i v i t y to SRBC and 

Human ery t h r o c y t e s (HRBC) i n spleens of thjnnectomized Alytes obstetricans 

and Tournefier (1972) has noted absence of any elevated splenic r o s e t t e 

forming c e l l v (RFC) response to SRJBC i n the thymectomized newt (Tr i t u r u s 

a l p e s t r i s ) although d e t a i l s of the l a t t e r experiments were not published. 

Ruben and h i s co-workers (Ruben, 1975; 1976; Edwards et a l . , 1976) have 

r e c e n t l y studied the bi n d i n g c h a r a c t e r i s t i c s of spleen r o s e t t e forming 

c e l l s i n the newt and the leopard f r o g i n response t o various doses of 

heterologous e r y t h r o c y t e s . These workers have i n d i c a t e d t h a t two 

categories of er y t h r o c y t e - b i n d i n g splenic RFC occur ( c . f . mammals -

Greaves e t al.,1970): when the erythrocytes are bound only to the surface 

membrane of the lyn^jhocyte, the l a t t e r are thought to be non-antibody-

s e c r e t i n g , a n t i g e n - r e a c t i v e c e l l s . These antigen binding c e l l s are 

c a l l e d S-RFC. The other tjrpe of RFC, which binds more than one layer 

of f o r e i g n e r y t h r o c y t e s , are thought to represent antibody s e c r e t i n g -

c e l l s and are c a l l e d S+ RFC. I n amphibians, both these RFC types are 

r e a d i l y d i s t i n g u i s h a b l e i n non-fixed assay preparations because of the 

r e l a t i v e s t a b i l i t y of ro s e t t e s a t 4°C and the a b i l i t y of amphibian 

spleen c e l l s t o secrete antibody at t h i s temperature (Ruben, 1975; Edwards 

et a l . , 1976). I n the 2 aii5)hibian species studied, lower concentrations 

of immunogen p r e f e r e n t i a l l y stimulated S- RFC and also r e s u l t e d i n a 

d i s t i n c t l y e a r l i e r RFC peak than d i d high dose immunization (Ruben, 1975). 

Moreover, i n the newt,low r e d - c e l l doses are p a r t i c u l a r l y e f f e c t i v e i n 

achieving carrier-enhancement of anti-hapten responses (Ruben et a l . , 1973; 

Ruben, 1975). From these s t u d i e s , Ruben considers t h a t the two morpholog-
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i c a l l y d i s t i n c t r o s e t t e types may represent f u n c t i o n a l l y d i s t i n c t 

lymphocyte populations; and by analogy w i t h the i n t e r a c t i n g c e l l 

populations involved i n antibody production i n endotherms, suggests 

t h a t the S- RFC are helper c e l l s and the S+ RFC are ahtibody se c r e t i n g 

c e l l s . 

Although the k i n e t i c s o f splenic RFC f o l l o w i n g SRBC a d m i n i s t r a t i o n 

has been examined i n Xenopus (Kidder et a l , 1973) the e f f e c t of immuno-

gen dosage on the response curve and data on S- and S+ RFC i n t h i s 

species are l a c k i n g . I t was ther e f o r e decided i n t h i s chapter t o 

examine these issues i n the c o n t r o l t o a d l e t . The e f f e c t o f thymectomy 

on r o s e t t e morphology and the extent t o which the thymus governs the 

splenic RFC response t o SRBC was then examined i n the l i g h t of these 

f i n d i n g s . The r e l a t i o n s h i p between RFC production and splenic p r o l i f 

e r a t i o n f o l l o w i n g SRBC a d m i n i s t r a t i o n was also studied i n c o n t r o l and 

thymectomized Xenopus, since i t has been demonstrated previously t h a t 

i n Bufo marinus, induced splenic RFC are the product of a r a p i d l y 

p r o l i f e r a t i n g p opulation of lymphoid c e l l s ( K r a f t and Shortman, 1972). 

MATERIALS AND METHODS 

General 

Sheep red blood c e l l s (SRBC) i n Alsevers s o l u t i o n (supplied by 

Wellcome) were washed three times i n s a l i n e and resuspended i n Alsevers 

f o r immunization. Toadlets were given a si n g l e i n j e c t i o n of SRBC, 

(50 y l per gram body weight v i a the i n t r a p e r i t o n e a l route) when they 

were from 20 - 30 weeks of age and weighed from 3 - 5 gms. 

A) RFC Studies 

i) Expep-imentat Protocol 

Control animals 

34 c o n t r o l t o a d l e t s received a s i n g l e i n j e c t i o n of 10% SRBC and t h e i r 
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spleens were assayed f o r ETC at 2, 4, 6, 8, 10, 14, 18 and 22 days post-

i n j e c t i o n . At le a s t 3 i n j e c t e d t o a d l e t s were assayed at each time. 

(See Table 4-.2.) 

28 t o a d l e t s . were i n j e c t e d w i t h 0.01% SRBC and t h e i r spleens were 

assayed a t 2, 4, 6, 8, 12, 16 and 21 days post-SRBC a d m i n i s t r a t i o n . At 

le a s t 3 t o a d l e t s were examined at each time except at 6 days when only 

2 animals were examined (see Table 4.3). 

Backgroiind RFC counts were obtained from the spleens of 16 non-

i n j e c t e d c o n t r o l animals. 

Thymeotomized animals 

I n the second p a r t of t h i s study, the RFC response to SRBC was 

examined i n t o a d l e t s which had been thjnnectomized a t 7 - 8 days of age. 

I n view o f . t h e b e t t e r response obtained w i t h the higher antigen dose 

(see R e s u l t s ) , thjnnectomized animals were tested f o l l o w i n g a single 

i n j e c t i o n of 10% SRBC. ICA assays were performed on spleens of 10 

th3anectomized and 4 sham thjmiectomized t o a d l e t s a t 8 days p o s t - i n j e c t i o n 

(the time of peak RFC response). 

Background l e v e l s of RFC were assessed from the spleens of 16 

thymectomized and 9 sham thymectomized t o a d l e t s which had not received 

SRBC i n j e c t i o n s . 

ii) The IrrmMOcytoadherenae Assay 

The p r o t o c o l followed was very s i m i l a r t o t h a t described by Ruben 

et a l . , (1973). Spleen c e l l suspensions were prepared i n a c u l t u r e 

medium, c h i l l e d on i c e , c o n s i s t i n g of 5 par t s Leibowitz L-15 medium 

(Gibco), 4 p a r t s of d o u b l e - d i s t i l l e d water and one par t (heat i n a c t i v 

ated) f o e t a l c a l f serum (Gibco). This medium was suggested f o r Xenopus 

c e l l s by B a l l s and Ruben (1966). 

I n d i v i d u a l spleens were assayed since these yield e d s u f f i c i e n t l y 
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high c e l l concentrations (3-8 x 10^ c e l l s / m l excluding e r y t h r o c y t e s ) . 

Two assay tubes were set up f o r each spleen. Each tube, containing 

10 IJ1 IZ SRBC and 50 y l of the spleen c e l l suspension, was coded and 

incubated f o r 16-20 hrs at 4°C. Following gentle resuspension, by 

hand r o l l i n g the tubes on ice at an angle of 45°, the assay suspensions 

were scanned m i c r o s c o p i c a l l y i n a haemocytometer chamber (American 

O p t i c a l Improved Neubauer counting chamber). 

Rosette forming c e l l s were c l a s s i f i e d i n t o one of two categories 

according t o t h e i r SRBC bi n d i n g c h a r a c t e r i s t i c s . (Greaves et a l . , 1970 

adopted by Ruben, 1975) Xenopus spleen c e l l s b inding more than 3 SRBC 

on t h e i r surface were designated S- RFC (F i g . 4.1). Cells which i n 

a d d i t i o n to the membrane-bound l a y e r , also bind one or more erythrocytes 

i n an a d d i t i o n a l outer layer were designated S+ RFC (Fig. 4.1). I n the 

l a t t e r case the a d d i t i o n a l e r y t h r o c y t e layers are thought to be bound 

as a r e s u l t o f antibody secreted by the RFC (Ruben, 1975). 

The number of RFC, expressed as RFC/10^ spleen leucocytes, was 

ca l c u l a t e d from the average of at l e a s t 4 haemocytometer counts, two 

from each assay tube. The average number of Ij^nphocytes scanned was 

approximately 15,000 per spleen assay. 

BJ Proliferation Studies 

i) Experimental protocol 

Control animals 

15 c o n t r o l t o a d l e t s each received a si n g l e i n j e c t i o n of 10% SRBC, 

and 11 t o a d l e t s received a c o n t r o l i n j e c t i o n of Alsever's s o l u t i o n . 

T r i t i a t e d thymidine (^HT) uptake by spleen c e l l s of each group was 

measured a t 2, 3, 6, 8 and 10 days post-immunization. 

Thymeatomized animals 

9 thjTmectomized t o a d l e t s were i n j e c t e d w i t h 10% SRBC and 5 thymec-
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tomized animals received Alsever's s o l u t i o n only. P r o l i f e r a t i o n i n 

spleens of thymectomized animals was measured at 6, 8 and 10 days. 

ii) Scintillation counting 

The p r o t o c o l f o r the s c i n t i l l a t i o n counting technique was o u t l i n e d 

i n the l a s t chapter and was also adopted i n the present study. Spleen 

c e l l s suspensions (5 x 10^ leucocytes/ml) were pulsed w i t h %T i n v i t r o 

and the amount of ̂ HT uptake was measured by s c i n t i l l a t i o n counting. 

%T uptake i n spleen-cells from animals i n j e c t e d w i t h Alsever's s o l u t i o n 

only were taken as 'background' and where more than one background 

spleen was used i n any experiment, the highest recorded background l e v e l 

was used t o c a l c u l a t e the s t i m u l a t i o n index ( S . I . ) . 

S.I. = mean c.p.m. i n SRBC i n j e c t e d animal, 
mean c.p.m. i n Alsever's i n j e c t e d animal 

Each c u l t u r e was set up at l e a s t i n t r i p l i c a t e and f o r " A l s e v e r s - i n j e c t e d " 

c u l t u r e s the c o e f f i c i e n t of v a r i a t i o n (S.D./Mean c.p.m.) ranged from 3% 

i n some i n d i v i d u a l s t o 18% i n others (Mean + S.E. 9.2 + 1.6%). Any S.I. 

>1.2 was t h e r e f o r e considered p o s i t i v e . 

RESULTS 

A) RFC levels in spleens of control toadlets 

i) Non-injected animals 

Background RFC were detected i n the spleens of most of the animals 

studied (11/16) - see Table 4.1. The mean (+ S.E.) RFC l e v e l was 
6 

106 + 29 per 10 spleen leucocytes (Range 0-411). The mean percentage 

of S- RFC amongst these background c e l l s was 73 + 21% and the mean 

percentage of S+ RFC was 27 + 11%. 

ii) Animals injected with various doses of SRBC 

Tables 4.2 and 4.3,which are g r a p h i c a l l y represented•in f i g u r e s 

4.2 and 4.3, show the k i n e t i c s of t o t a l RFC production i n the spleen 
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f o l l o w i n g SRBC a d m i n i s t r a t i o n . Although the l e v e l s of RFC v a r i e d 

g r e a t l y from one animal to another, high dose (10%) SRBC gave a 

maximal RFC response (mean l e v e l approximately 60 x background) 8 

days f o l l o w i n g i n j e c t i o n . This i s s i m i l a r to the high dose peak 

seen i n newt and leopard f r o g . Numbers of RFC i n the spleen remained 

a t . t h i s l e v e l u n t i l 14 days p o s t - i n j e c t i o n before f a l l i n g to a l e v e l 

of approximately 30 x background a t 22 days. A thousand-fold lower 

dose of antigen (0.01% SRBC) r e s u l t e d i n a s l i g h t l y delayed (>8 days) 

and less elevated peak response (approximately 40 x background). By 

21 days, l e v e l s of RFC dropped to 30 x background. 

I n view of the d i f f e r e n c e i n RFC l e v e l s f o l l o w i n g the above two 

doses, an a d d i t i o n a l assay was performed w i t h 3 c o n t r o l toadlets at 

8 days p o s t - i n j e c t i o n . These animals were given 50 p i per g.b.w. of 

an increased antigen dose (50% SRBC) but t h i s r e s u l t e d i n a s i m i l a r 

RFC count (Mean 5344) t o t h a t obtained a f t e r the 10% erythrocyte 

i n j e c t i o n . 

The upper graph i n F i g . 4.3 represents the time course curve f o r 

S- RFC f o l l o w i n g 10% and 0.01% SRBC a d m i n i s t r a t i o n . Despite the great 

d i f f e r e n c e i n antigen dose the curves are remarkably s i m i l a r i n o u t l i n e . 

Thus, although the 10% curve peaks s l i g h t l y e a r l i e r , the maximum numbers 

of S- RFC e v e n t u a l l y produced are s i m i l a r (40 - 50 x background) w i t h 

both doses of antigen. S- ro s e t t e s p e r s i s t e d at near maximal l e v e l s f o r 

some 22 days p o s t - i n j e c t i o n . 

The corresponding dose curves f o r S+ RFC in d i c a t e d that the lower 

antigen-dose r e s u l t e d i n the generation of fewer secretor RFC than d i d 

the higher dose (maximally 60 x background compared w i t h a peak of 

150 X background f o r the 10% dose). A s t a t i s t i c a l analysis (student's 

' t ' ) of the numbers of S+ RFC produced from 2 - 2 2 days revealed t h a t 

t h i s d i f f e r e n c e was s i g n i f i c a n t (P<0.001). The f a l l i n t o t a l RFC 
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l e v e l s o c c u r r i n g a f t e r 14 days f o l l o w i n g 10% SRBC a d m i n i s t r a t i o n was 

l a r g e l y due t o the f a l l o f f i n numbers of S+ RFC ( F i g . 4.3). Thus the 

p r o p o r t i o n s of S+ to S- RFC are roughly 50:50 during the f i r s t two 

weeks p o s t - i n j e c t i o n but r e t u r n to a background r a t i o o f approximately 

75% S- RFC: 25% S+ RFC as the number of rosettes f a l l s a t 18 - 22 days. 

On the other hand, the r a t i o of S- : S+ RFC remains s i m i l a r to the 

background r a t i o f o l l o w i n g low dose (0.01%) SRBC a d m i n i s t r a t i o n . 

The lower antigen dose d i d not r e s u l t i n the generation of an e a r l i e r 

peak of RFC as reported by Ruben (1975) f o l l o w i n g a d m i n i s t r a t i o n of 

approximately 10 y l per g.b.w. of low doses (0.25% (6 day peak) and 

0.0025% (2 day peak) SRBC) of immunogen i n the newt and the f r o g . To 

t e s t the p o s s i b i l i t y t h a t 50 y l of 0.01% SRBC used here was too high t o 

generate e a r l y RFC a c t i v i t y a f u r t h e r study was c a r r i e d out on animals 

which had received a si n g l e (50 y l per g.b.w.) i n j e c t i o n of 0.001% SRBC. 

Six animals were examined at 2 days and the mean splenic RFC count f o r 

these animals was 168 + 16 RFC per 10^ spleen leucocytes (Mean 65% S-

RFC and 35% S+ RFC). These f i g u r e s do not d i f f e r s i g n i f i c a n t l y from 

background counts. Three animals were tested a t 6 days and gave a mean 

RFC count o f 547 + 113 (70% S- RFC; 30% S+ RFC) - an i n d i c a t i o n of a 

weak response. Thus, there was no e a r l y RFC peak produced by the 

0.001% SRBC dose. 

Test for cytophilic antibody 

To t e s t f o r passive s e n s i t i z a t i o n of non-immune spleen c e l l s ( i n 

v i t r o ) a d i l u t i o n t e s t was performed. Spleen c e l l s of c o n t r o l (non-

immunized) t o a d l e t s were mixed i n d i f f e r e n t proportions w i t h spleen 

c e l l s from t o a d l e t s g i v i n g a known l e v e l of RFC 8 days f o l l o w i n g 10% 

SRBC i n j e c t i o n . A f t e r incubation i n the standard I.C.A. assay, the 

numbers of RFC i n each mixture was counted. I f no c y t o p h i l i c antibody 

was present, then i n a 50:50 mixture of immune and non-immune spleen 

c e l l s f o r instance, the number of RFC recorded would have been h a l f 
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of t h a t counted i n the 100% immune c e l l assay. I f c y t o p h i l i c antibody 

was present, then the number of RFC recorded i n the mixture would be 

higher than expected. The r e s u l t s of t h i s t e s t are shown i n f i g . 4.4 

and i t may be seen t h a t the r e l a t i v e number of RFC approximates to the . 

100% f i g u r e i n a l l d i l u t i o n s t e s t e d . Passive s e n s i t i z a t i o n of non

immune c e l l s i n v i t r o i s the r e f o r e not suspected. Whether or not 

c y t o p h i l i c antibody binds to lymphocytes i n vivo i s not known. 

B) RFC levels in spleen following early thymectomy 

i) Non-injeoted animals 

The mean background RFC l e v e l i n spleens of 7 - 8 day thjnnectomized 

t o a d l e t s was found t o be 164 + 36 per 10^ spleen leucocytes (range 0-449). 

This f i g u r e d i d not d i f f e r s i g n i f i c a n t l y from the background l e v e l s 

recorded i n animals sham-thymectomized at 8 days of age (Mean 130 + 45, 

Range 13 - 411) or i n non-operated animals (Mean 106 + 29, Range 0 - 411).' 

C h a r a c t e r i s a t i o n of S- and S+ RFC was made on 6 of the non-injected 

thymectomized t o a d l e t s (see Table 4.4a). The mean percentage of S-

background RFC was 72% and the mean percentage of S+ background RFC 28%. 

These f i g u r e s compare w e l l w i t h those obtained f o r non-operated c o n t r o l s . 

E a r l y thjnnectomy, t h e r e f o r e , had no apparent e f f e c t upon the t o t a l 

numbers of background RFC recorded i n the spleen or the r e l a t i v e p r o p o r t 

ions o f S- and S+ RFC i n t h i s organ. 

ii) RFC following injection of SRBC 

Five sham-thymectomized animals a l l possessed,high l e v e l s of RFC i n 

t h e i r spleens 8 days a f t e r i n j e c t i o n of 10% SRBC (Mean 5595 + 902 RFC 

compared w i t h a l e v e l of 6147 + 989 RFC/10^ spleen leucocytes i n spleens 

of non-operated c o n t r o l s ) . I n c o n t r a s t , none of the 10 animals thymec

tomized a t 8 days showed any increase i n RFC over background l e v e l s 8 days 

f o l l o w i n g SRBC i n j e c t i o n . The mean RFC count f o r t h i s group was 121 + 43 

(Range 13 - 444). I n t e r e s t i n g l y the percentages of S- to S+ RFC were the 
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same as i n non-injected thymectomized spleens (70% S-: 30% S+). (See 

Table 4.4b). 

Since i n mammals, a d m i n i s t r a t i o n of high doses of immunogen can over

come the requirement f o r T-dependent c e l l s ( S i n c l a i r and E l l i o t t 1968) a 

f u r t h e r group of 6 early-thymectomized t o a d l e t s received 50 y l per g.b.w. 

50% SRBC i . p . instead of the 10% dose used above. These animals s t i l l 

f a i l e d t o d i s p l a y elevated RFC l e v e l s 8 days p o s t - i n j e c t i o n . Moreover, 

assays performed on f i v e , 8-day thjnnectomized animals at 10, 12, 14, 17 

and 23 days a f t e r i n j e c t i o n of 10% SRBC also revealed background l e v e l s 

of RFC, evidence t h a t a delayed response does not occur i n e a r l y thymect

omized t o a d l e t s . 

C) Proliferative studies in control and thymectomized toadlets 

C e l l u l a r p r o l i f e r a t i o n i n the spleens of c o n t r o l animals f o l l o w i n g 

i n j e c t i o n of 10% SRBC was assessed by %T uptake, and the r e s u l t s are 

presented i n Table 4.5. The v a r i a b i l i t y i n counts between d i f f e r e n t 

i n d i v i d u a l experiments i s q u i t e marked, and indeed t h i s might be expected 

because of the genetic and p h y s i o l o g i c a l heterogeneity w i t h i n the colony. 

However, since w i t h i n each experiment a l l animals were s i b l i n g s of the 

same size and weight, i t seemed reasonable to compare background 

(Alsever's i n j e c t e d ) c.p.m. and experimental (SRBC i n j e c t e d ) c.p.m. 

Elevated p r o l i f e r a t i o n was evident 2 days post SRBC i n j e c t i o n and 

maximal p r o l i f e r a t i o n was seen at approximately 6 days (Mean S.I. = 4.1). 

By 8 days (the time of peak RFC response) p r o l i f e r a t i o n i n the spleen had 

f a l l e n to background l e v e l s i n two out of three animals tested. 

Studies on the spleens of thymectomized t o a d l e t s are also shown i n 

Table 4.5. These animals f a i l e d to show any enhanced c e l l u l a r p r o l i f e r a t i o n 

f o l l o w i n g 10% SRBC a d m i n i s t r a t i o n , indeed, i n 6/9 cases, (%) Thymidine 

uptake by spleen c e l l s of SRBC-injected animals was lower than t h a t recorded 
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i n spleen c e l l s from A l s e v e r ' s - i n j e c t e d animals. 

DISCUSSION 

The i n i t i a l aim of the studies presented here was to characterize 

the anti-SRBC response i n the spleen of c o n t r o l t o a d l e t s i n terms of 

RFC produced a t i n t e r v a l s f o l l o w i n g high (10%) and low (0.01%) dose 

SRBC a d m i n i s t r a t i o n . The experiments reveal o v e r a l l s i m i l a r i t i e s i n 

response curves t o these two doses of immunogen, although peak r e a c t 

i v i t y was achieved a l i t t l e more r a p i d l y f o l l o w i n g 10% SRBC i n j e c t i o n 

and t o t a l numbers of RFC recorded were greater than w i t h a low dose of 

er y t h r o c y t e s . 

These f i n d i n g s are comparable to RFC k i n e t i c s i n the mammalian 

spleen (Greaves et a l . , 1970) but contrast w i t h I.C.A. data, obtained 

using i d e n t i c a l methodology to t h a t used here, on the newt T r i t u r u s 

v i r i d e s c e n s and the leopard f r o g Rana pipiens where an ea r l y peak of 

minimal b i n d i n g RFC's (S-) f o l l o w s low doses of immunogen (Ruben, 1975,' 

Edwards e t a l . , 1976). I t i s conceivable t h a t i n the present experiments 

the f a i l u r e t o detect a comparable e a r l y peak i s due to the f r a g i l e 

nature of minimal b i n d i n g r o s e t t e s i n Xenopus e a r l y a f t e r 0.01% SRBC 

i n j e c t i o n . However a f u r t h e r experiment suggests t h a t an e a r l y peak 

of r e a c t i v i t y t o low dose SRBC's does not occur. This experiment 

assessed whether any enhanced p r o l i f e r a t i v e a c t i v i t y could be detected 

i n the spleen w i t h i n a few days of low dose SRBC a d m i n i s t r a t i o n , since, 

as demonstrated i n t h i s chapter, such a c t i v i t y i s c l e a r l y associated 

w i t h RFC production f o l l o w i n g 10% SRBC i n j e c t i o n . Four animals were 

t h e r e f o r e given 50 y l per g.b.w. 0.01% and 4 were given the same dose 

of 0.001% SRBC. C e l l p r o l i f e r a t i o n was then assessed by s c i n t i l l a t i o n 

counting at 2 and 3 days. P o s i t i v e s t i m u l a t i o n indices were not recorded 

a t the e a r l i e r time and indices of 1.5 and 1.3 (0.01% and 0.001% doses 

r e s p e c t i v e l y ) were seen at 3 days p o s t - i n j e c t i o n . These indices were no 
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higher than those recorded a t 3 days f o l l o w i n g 10% SRBC a d m i n i s t r a t i o n . 

A r e a l d i f f e r e n c e w i t h i n the amphibia i n the response k i n e t i c s to low 

dose immunogen i s t h e r e f o r e i n d i c a t e d . However as noted i n the i n t r o 

d u c t i o n , i t should be remembered t h a t Ruben has suggested t h a t the 

e a r l y RFC response t o low immunogen doses represents helper c e l l r e a c t 

i v i t y . Whether or not helper c e l l s e x i s t i n Xenopus has not been 

demonstrated although c a r r i e r - s p e c i f i c enhancement of anti-hapten 

responses has been reported i n t h i s species (see Edwards and RubeUj 

1976). I t i s possible t h a t helper a c t i v i t y i n Xenopus cannot be r e a d i l y 

v i s u a l i z e d using I.C.A. and p r o l i f e r a t i v e assays. I t should be noted 

t h a t i n mice helper T - c e l l s i n the immune response to SRBC do not form 

r o s e t t e s ( E l l i o t t e t aL,1973; E l l i o t t and Has k i l l ^ 1 9 7 5 ) . Obviously, 

any f u r t h e r c o n s i d e r a t i o n of t h i s issue awaits the necessary c e l l -

t r a n s f e r studies i n the Clawed Toad. ( M i l l e r and M i t c h e l l , 1969). 

Examination of r o s e t t e morphology i n the present experiments 

revealed t h a t high immunogen dose p r e f e r e n t i a l l y stimulates the generation 

of S+ RFC. These c e l l s may ther e f o r e be antibody secreting c e l l s since, 

i n mammals, increasing amounts of antigen are known to stimulate the 

production of greater numbers of plaque forming c e l l s (Campbell and Kind, 

1969). Moreover, RFC c h a r a c t e r i z a t i o n i n other amphibians (Ruben, 1976; 

Edwards e t a l . , 1976) and also i n mammals (Greaves et a l . , 1970, E l l i o t t 

and H a s k i l l , 1973 ) i n d i c a t e t h a t m u l t i l a y e r e d RFC's are antibody secretors. 

I n mice, a p r o p o r t i o n of RFC's are also known t o form haemolytic plaques 

(McConnell 1971; Wilson, 1971). The precise r e l a t i o n s h i p between RFC's 

and PFC's i n Xenopus has not yet been examined, although PFC's can be 

demonstrated i n some spleens 8 days a f t e r a si n g l e i n j e c t i o n of 10% SRBC 

(Horton, pers. comm.) DuPasquier (pers. comm.) has studied the k i n e t i c s 

of PFC production i n spleens of Xenopus and has found that the PFC curve 

lags s l i g h t l y behind the RFC curve reported here. Whether or not S- and 

S+ RFC represent p h y s i o l o g i c a l l y d i s t i n c t sub-populations ( i n terms of 
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e f f e c t o r f u n c t i o n ) i n Xenopus i s not known. Ruben's o r i g i n a l t hesis 

t h a t , i n amphibians, these r o s e t t e types represent "helper" and a n t i 

body-secreting c e l l s , may w e l l be an o v e r s i m p l i f i c a t i o n since Edwards 

et a l . , (1976) f a i l e d to demonstrate p h y s i o l o g i c a l d i f f e r e n c e s between 

S- and S+ RFC i n the leopard f r o g . Moreover, the present f i n d i n g s 

which revealed normal numbers of S- RFC i n spleens of thymectomized 

Xenopus, f a i l t o support Ruben's suggestion (1975) t h a t such c e l l s 

are mostly o f thymic o r i g i n . I t seems l i k e l y t h a t S- RFC represent 

a heterogeneous population of antigen-binding c e l l s w i t h diverse 

f u n c t i o n s . I t i s possible t h a t the high l e v e l s of S- RFC, which p e r s i s t 

u n t i l a t l e a s t 3 weeks post-immunization i n Xenopus. r e f l e c t s a memory 

f u n c t i o n f o r some of these spleen c e l l s . However, the c e l l u l a r basis 

of immunological memory, p a r t i c u l a r l y w i t h respect to humoral immunity 

i n Xenopus, and indeed i n a l l p oikilotherms awaits e l u c i d a t i o n (see 

BoryserikOj1976). 

The RFC experiments on c o n t r o l t o a d l e t s i l l u s t r a t e t h a t the I.C.A. 

technique i s a s e n s i t i v e and r e l i a b l e t e s t f o r a n t i - red c e l l a c t i v i t y 

and as such, i s i d e a l l y s u i t e d f o r i n v e s t i g a t i n g the extent of humoral 

immune d e f i c i e n c y i n the thymectomized animal. Following e a r l y thjmiectomy 

(at 7 to 8 days of age) background l e v e l s of RFC i n the spleen are not 

a f f e c t e d w i t h regard to the t o t a l numbers of RFC or the r e l a t i v e propor

t i o n s of S- to S+ r o s e t t e s . I n Xenopus i t would th e r e f o r e appear th a t 

p e r i p h e r a l c e l l s o r i g i n a t i n g from the thymus may not form background 

r o s e t t e s although t h i s may not be the case i n other amphibian species 

e.g. i n the Midwife Toad (Alytes o b s t e t r i c a n s ) l a r v a l thymectomy r e s u l t s 

i n approximately 50% red u c t i o n of backgroimd RFC i n the spleen (DuPasquier, 

1970b). However, i n mice, neonatal thymectomy does not modify the numbers 

of spontaneous splenic RFC to SRBC (Bach and Dardenne, 1972a). Indeed, 

background anti-SRBC/appear at the same time i n ontogeny i n normal and 

n e o n a t a l l y thymectomized mice (Bach, 1973). 
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Following SRBC a d m i n i s t r a t i o n , there i s no elevated RFC response 

i n the spleen o f the thymectomized toad. This lack of induced r e a c t 

i v i t y was confirmed by the p r o l i f e r a t i v e studies, a f i n d i n g which 

lends strong support t o the suggestion made above, t h a t the enhanced 

p r o l i f e r a t i o n i n the spleen f o l l o w i n g SRBC a d m i n i s t r a t i o n r e f l e c t s 

a n t i - e r y t h r o c y t e r e a c t i v i t y i n c o n t r o l animals. The def i c i e n c y i n 

induced r e a c t i v i t y may be due to the removal of helper c e l l s by 

e a r l y th3rmectomy. Ruben and Vaughan (1974) noted s u b s t a n t i a l numbers 

of h y d r o c o r t i s o n e - s e n s i t i v e anti-SRBC RFC (suggestive of helper c e l l s ? ) 

i n the th5mius of immvinized Xenopus. On the other hand. Cooper (1973) 

has suggested t h a t i n amphibians the thjmius also houses antibody-secret

i n g c e l l s d u r i n g e a r l y ontogeny since PFC have been recorded i n t h i s 

organ i n B u l l f r o g larvae (Moticka e t a l . , 1973). More r e c e n t l y t h i s 

has also been shown to be tr u e f o r a d u l t B u l l f r o g s (Minagawa,1976). 

Cooper's proposal may be strengthened by the f i n d i n g t h a t i n Xenopus, 

both IgG and IgM antibody production to T-dependent antigens i s 

abrogated f o l l o w i n g 8 day thymectomy (Turner and Manning, 1974). This 

i s i n c o n t r a s t t o the s i t u a t i o n i n thymus-deprived mammals where normal 

or sub-normal t i t r e s of IgM can s t i l l be demonstrated, (Taylor and 

Wortis, 1968; M i t c h e l l e t a l . , 1971; Manning et a l . , 1972; Pantei^uris 

and F l i s c h , 1972; T o r r i g i a n i , 1972; P r i t c h a r d et a l . , 1973). Thus i t 

i s p o ssible t h a t helper and/or antibody-secreting c e l l s are removed by 

l a r v a l thymectomy. However, an extra-thymic o r i g i n of a s u b s t a n t i a l 

p o p u l a t i o n of antibody-secreting c e l l s i n amphibians seems l i k e l y i n 

view of the f i n d i n g t h a t e a r l y thymectomy i n Xenopus f a i l s to impair 

antibody production t o E. c o l i lipopolysaccharide ( C o l l i e e t a l . , 1975) 

and to P o l y v i n y l p y r r o l i d i n e (Tochinai, 1976) even when, i n the l a t t e r 

case, the thymus i s removed at 4 days of age. Thymus-independent a n t i 

body production to Salmonella t y p h i i 'H' and 'O' antigens has been 

demonstrated by Tournefier and Charlemagne (1976) i n urodeles ( T r i t u r n s 

alpes_tris^ and Pleurodeles w a l t l i i ) . Thymus-dependent and T-independent 
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lymphocyte sub-populations are known to e x i s t i n Xenopus, since i n 

v i t r o studies reveal t h a t 7 day thymectomy d r a m a t i c a l l y impairs 

lymphocyte r e a c t i v i t y to PHA and Con A, but has no suppressive e f f e c t 

on the p r o l i f e r a t i v e response to L.P.S. and P.P.D. (DuPasquier and 

Horton, 1976; Manning e t a l . , 1976; Donnelly e t a l . , 1976). 

Lack of any apparent p r o l i f e r a t i v e response i n the spleen of the 

thymectomized animal f o l l o w i n g SRBC a d m i n i s t r a t i o n (or a l l o g r a f t 

a p p l i c a t i o n ) may i m p l i c a t e the absence of a mitogenic f a c t o r (or f a c t o r s ) 

f o l l o w i n g thjnnectomy. Studies on lymphocyte surface immunoglobulin ( I g ) 

f o l l o w i n g e a r l y thymectomy i n Xenopus have suggested t h a t the thymus may 

promote m i t o s i s , r a t h e r than d i f f e r e n t i a t i o n , since the amount of surface 

I g per c e l l and the percentage of Ig-bearing c e l l s i n the spleen increases 

f o l l o w i n g e a r l y thymectomy (see Weiss e t a l . , 1973 f o r discussion). A 

mitogenic stimulus could be supplied by s e n s i t i z e d T-(helper?) c e l l s i n 

the i n t a c t toad and indeed there i s evidence of lymphokine f a c t o r s i n 

other amphibian species (Ambrosius and DriSsslet, 1972; Drbssler and 

Ambrosius, 1972; Cohen, 1975). 

An a l t e r n a t i v e explanation of the immune de f i c i e n c y i n thymectomized 

t o a d l e t s does not r e l y d i r e c t l y upon the absence of thymus-derived c e l l S j 

since i t i s possible t h a t a thymic humoral f a c t o r may promote d i f f e r e n 

t i a t i o n o f helper f u n c t i o n amongst non-thymus derived p e r i p h e r a l lympho

cytes. I n t h i s respect, i t has been shown i n mice th a t although the 

numbers of background RFC may not be af f e c t e d by thymectomy, the s e n s i t 

i v i t y of these c e l l s to the drug Azothioprine i s diminished. Background 

sple n i c RFC from nude mice are also less s e n s i t i v e to the e f f e c t s of 

Azothioprine i n v i t r o than those from c o n t r o l mice (Bach^l971). I n t e r e s t 

i n g l y , Azothioprine s e n s i t i v i t y i s induced i n RFC of mouse bone-marrow and 

also i n RFC from spleens of nude and neonatal'or adult-thymectomized mice 

i n the presence of a thymic humoral f a c t o r , which i s present i n normal 

mouse serum but not i n serum from thymectomized animals. (Bach and 
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Dardenne,1972b). M i l l e r e t a l . (1973) have r e c e n t l y demonstrated 

production of f u n c t i o n a l T-cells f o l l o w i n g i n v i t r o treatment of 

bone marrow w i t h thymus e x t r a c t . Using the Azothioprine assay, a 

c i r c u l a t i n g thymic hormone has r e c e n t l y been detected i n normal serum 

from three species of urodele amphibians (Pleurodeles w a l t l i i , 

Ambystoma mexicanum and T r i t u r u s a l p e s t r i s ) but i s lac k i n g i n serum 

from thymectomized animals (Dardenne et a l . , 1973). 

I n conclusion, the studies i n t h i s chapter confirm t h a t the spleen 

i s an important s i t e of immune r e a c t i v i t y i n humoral immune responses 

i n amphibians and demonstrates t h a t the l a r v a l thymus i s e s s e n t i a l f o r 

the development of induced splenic r e a c t i v i t y to sheep erythrocytes. 
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TABLE 4.1 BACKGROUND ROSETTE FORĴ IING CELLS AGAINST 
SRBC IN CONTROL SPLEENS 

INDIVIDUAL TOTALS 
S^ S+ T o t a l 
94 126 220 
74 74 148 

138 0 138 
90 0 90 
0 42 42 

86 86 172 
0 0 0 

68 0 68 
0 0 0 
0 0 0 

274 137 411 
0 0 0 

75 0 75 
248 0 248 
81 0 81 
0 0 0 

S^ 
77 + 22 
(73%) 

MEAN TOTAL 
S+ 

29 + 12 
(27%) 

To t a l 
106 + 29 

A l l values expressed as RFC/10^ spleen leucocytes, 
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TABLE 4.2 KINETICS OF RFC PRODUCTION IN CONTROL SPLEEN 

FOLLOWING 10% SRBC 

OF ASSAY INDIVIDUAL TOTALS OF RFC MEAN TOTALS OF RFC 

Ŝ  s+ TOTAL S^ S+ TOTAL 

2 : 90 0 90 152 + 63 91 + 31 243 + 81 
90 

278 
180 

93 
270 
371 

(63%) (37%) 

4 720 205 925 819 + 55 200 + 35 1019 + 72 
905 
833 

258 
138 

1163 
971 

(80%) (20%) 

6 748 125 873 1204 + 543 1032 + 504 2236 + 1028 
590 
647 

885 
647 

1475 
1294 

(54%) (46%) 

2823 2496 5301 

8 3209 2749 5956 3464 + 419 2683 + 289 6147 + 989 
2512 
1995 

1642 
2137 

4154 
4132 

C56%) (44%) 
4106 2576 6682 
4320 2664 6984 
2861 3206 6067 
2002 1902 3904 
5677 4617 10244 

10 4993 6991 11984 2497 + 764 3139 + 1071 5637 + 1925 

2816 
1351 

1330 
2703 

4146 
4054 

(44%) (56%) 

602 1195 1797 
2724 3478 6202 

14 3370 3000 6370 2994 + 538 2988 + 425 5982 + 909 

2704 
4713 

3386 
3703 

6084 
8416 

(52%) (48%) 

1460 1379 2839 

18 1270 423 1693 2130_+ 398 729 + 420 2859 + 416 

1735 
2422 

1388 
531 

3123 
2953 

(75%) (25%) 

3092 572 3664 

22 1198 545 1743 2233 + 1608 589 + 160 2822 + 1325 

926 
4575 

337 
885 

1263 
5460 

C79%) (21%) 

A i l v a l u e s e x p r e s s e d as RFC/IO^ s p l e e n l e u c o c y t e s . 
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TABLE 4.3 KINETICS OF RFC PRODUCTION IN CONTROL SPLEEN 

FOLLOWING 0.01% SRBC 

DAY OF ASSAY INDIVIDUAL TOTALS OF RFC MEAN TOTALS OF RFC 

S^ S+ TOTAL S^ S+ TOTAL 

2 75 0 75 88 + 56 0 88 + 56 
188 
0 

0 
0 

188 
0 (100%) 

4 0 0 0 82 + 23 29 + 29 111 + 79 
139 
102 

0 
0 

139 
102 (74%) (26%) 

72 144 216 
95 0 95 

6 184 147 311 300 + 116 229 + 83 529 + 200 
415 311 726 (57%) (43%) 

8 1893 1010 2903 1839 + 91 593 + 215 2433 + 261 
1667 
1960 

333 
435 

2000 
2395 (76%) (24%) 

12 1213 0 1213 3072 + 803 1252 + 489 4324 + 1288 
1620 
6088 

577 
3098 

2197 
9186 (71%) (29%) 

2614 654 3268 
716 0 716 

4335 1896 6231 
4920 2540 7460 

16 3095 893 3958 3151 + 640 1158 + 218 4309 + 847 
4954 
2680 

1801 
1090 

6755 
3770 (73%) (27%) 

1904 846 2750 

21 2183 397 2580 2564 + 258 698 + 206 3262 + 712 
3107 
2912 

1036 
1078 

4143 
3990 (79%) (21%) 

2054 280 2334 

A l l values expressed as RFC/10^ spleen leucocytes 
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F i g . 4.1. Both these i l l u s t r a t i o n s d e p i c t s p l e n i c RFC against 

sheep red blood c e l l s (SRBC). F i g . A shows an S" RFC 

bi n d i n g a s i n g l e l a y e r of heterologous e r y t h r o c y t e s . 

F i g . B shows an S+ RFC w i t h e x t r a layers of adherent 

SRBC. XRBC = Xenopus red blood c e l l , L = lymphocyte 

(non-rosette f o r m i n g ) . 
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CHAPTER 5 EFFECT OF THYMECTOMY AT DIFFERENT STAGES OF 

DEVELOPMENT ON THE IMMUNE RESPONSE TO SHEEP 

ERYTHROCYTES 

INTRODUCTION 

Experiments presented so f a r have c l e a r l y shorn t h a t i n order to 

e s t a b l i s h normal cell-mediated and humoral immune responses, the thymus 

must remain i n t a c t f o r longer than the f i r s t e i g h t days of l i f e . But 

f o r how long? With respect to a l l o g r a f t immunity, t h i s question has 

already been i n v e s t i g a t e d by Horton and Manning (1972), who demonstrated 

t h a t the thymus ceases to play an e s s e n t i a l r o l e during the t h i r d week 

of l i f e . Thus, thjrmectomy a t 14 days s t i l l impaired a l l o g r a f t r e a c t i v i t y , 

whereas thymic a b l a t i o n a t 17 and 19 days of age had no apparent e f f e c t 

on g r a f t s u r v i v a l times. I n c o n t r a s t , the time required f o r the thymus 

to e s t a b l i s h humoral immune responses remains an open question. The 

experiments presented i n t h i s chapter were therefore designed t o enquire 

i n t o t h i s issue by examining the e f f e c t s of thymectomy at d i f f e r e n t 

stages of l a r v a l development and also i n a d u l t l i f e . R e a c t i v i t y to sheep 

ery t h r o c y t e s i n the spleen was i n v e s t i g a t e d a t the c e l l u l a r l e v e l w i t h 

the a i d of the I.C.A. technique. Plaque forming c e l l s and serum 

antibody were also measured, f o l l o w i n g a series of i n j e c t i o n s , i n c o n t r o l 

and thymectomized animals. 

MATERIALS AND METHODS 

Thymedtomy 

Xenopus were thymectomized or sham thymectomized at d i f f e r e n t stages 

of development. Table 5.1 b r i e f l y o u t l i n e s the degree of lymphoid 

maturation and the l e v e l of immunocompetence (as suggested by e a r l i e r 

studies) a t the time of the operations. 
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The e f f e c t of thjonectomy at any p a r t i c u l a r stage of development 

was gene r a l l y studied i n a t l e a s t two separate batches of animals. As 

the thymus increases i n size i n older l a r v a e , more prolonged cauterize 

a t i o n was req u i r e d to e f f e c t complete d e s t r u c t i o n of the organ. The 

technique of thymectomy on post-metamorphic Xenopus d i f f e r e d from that 

employed f o r la r v a e . Toadlets were h e a v i l y anaesthetized and the thymus 

was removed s u r g i c a l l y through a small i n c i s i o n made i n the o v e r l y i n g 

s k i n . The thymus i n t o a d l e t s i s surrounded by f a t t y t i s sue which makes 

i t r e l a t i v e l y easy to excise the organ i n t a c t . Sham thymectomy involved 

making an i n c i s i o n i n the s k i n over the thymus and manipulating the organ 

w i t h s t e r i l e forceps. No sutures were required and the wound generally 

healed w i t h i n 3 - 5 days. Thymic absence was always confirmed at autopsy. 

Expern-mental Design 

A Iimioiizdt'Ldn of toddlets 

Animals were i n j e c t e d w i t h saline-washed SRBC resuspended i n Alsever's 

s o l u t i o n (50 p i per g.b.w.) v i a the i n t r a p e r i t o n e a l route. Toadlets 

thymectomized as larvae were i n j e c t e d when they were from 20 to 30 weeks 

of age and weighed 3 to 5 grms. Adult-thjnnectomized toadlets were i n j e c t e d 

a t various i n t e r v a l s from 7 to 240 days post-operation. 

One group o f to a d l e t s (thymectomized and sham-thymectomized) received 

a s i n g l e i n j e c t i o n of 10% SRBC i n Alsever's s o l u t i o n and were s a c r i f i c e d 

8 days l a t e r f o r the I.C.A. experiments. The numbers of toadlets assayed 

f o r each stage of thymectomy are shown i n Tables 5.2 and 5.3. Total numbers 

of RFC i n the spleen were determined as described i n the l a s t chapter. 

A second group of to a d l e t s received 3 single i n j e c t i o n s of 5% SRBC at 

3 day i n t e r v a l s . Animals i n t h i s group were k i l l e d two weeks a f t e r the 

f i n a l i n j e c t i o n when plaque and/or serum haemolysin assays were performed. 

Turner and Manning (1973) have prev i o u s l y demonstrated t h a t good l e v e l s of 
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humoral antibody appear a t t h i s time. The number of toad l e t s assayed i s 

shown i n Table 5.2. 

B Immunization of Larvae 

A b r i e f i n v e s t i g a t i o n of the short term e f f e c t s of thymic-removal on 

larvae i n which the anti-SRBC response has already matured was c a r r i e d 

out on tadpoles thymectomized at stage 53 of development, ( a n t i SRBC 

responses are f i r s t detected at stage 50, Kidder et a l . , 1973). The 

r e s u l t s o f t h i s study are shown i n ta b l e 5.4. 

Larvae were given a s i n g l e i n j e c t i o n of^50% SRBC i n t r a p e r i t o n e a l l y , 

since p i l o t experiments had shown t h i s dose to be e f f e c t i v e i n generating 

elevated s p l e n i c RFC l e v e l s . I.C.A. experiments were performed 8 days 

post-immunization*. 

I n j e c t i o n s were performed w i t h the a i d of a mic r o p i p e t t e , drawn from 

a 50 y l microcap (Shandon). The p o i n t of the micro-pipette was inserted 

though the v e n t r a l t a i l musculature i n t o the p e r i t o n e a l c a v i t y . When the 

p i p e t t e was withdrawn, the muscle t i s s u e prevented any leakage from the 

p e r i t o n e a l c a v i t y . 

Irnmunooytoadherenoe Assay 

The technique was i d e n t i c a l to t h a t described i n the l a s t chapter. I n 

the l a r v a l studies however, i t was necessary to pool 10-20 l a r v a l spleens 

f o r each assay i n order to give a s u i t a b l e spleen c e l l concentration. 

Plaque Assay 

The d i r e c t haemolytic plaque assay, o r i g i n a l l y described by Cunningham 

and Szenberg (1968) and modified by DuPasquier (1970a) f o r amphibian 

s t u d i e s , was used. Spleen c e l l suspensions were prepared as f o r the I.C.A. 

assay and 200 y l of spleen c e l l s were mixed w i t h 20 y l of 25% SRBC and 

50 y l 1:10 guinea p i g complement (Wellcome). The same batch of complement 

was used throughout the present studies since DuPasquier (pers.comm.) has 
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shown t h a t the number of PFC recorded v a r i e s markedly depending upon the 

source of complement used. Control assays were also set up f o r each spleen 

using 50 y i of medium instead of complement: these assays were uniformly 

negative. 

The assay mixtures were prepared on ice and, a f t e r thorough resuspension, 

2 X 100 y l samples were g e n t l y p i p e t t e d i n t o s l i d e counting chambers (Wild 

and Dipper, 1974). A f t e r f i l l i n g , chambers were sealed by dipping the 

edges i n a mixture of molten p a r a f f i n wax and vaseline. The s l i d e s were 

then incubated f o r two hours at 28-30°C. A f t e r t h i s time plaques were 

seen macroscopically as d i s t i n c t c l e a r areas, but were checked under the 

microscope. Only when a c e n t r a l lymphoid c e l l surrounded by red c e l l 

'ghosts' ( F i g . 5.1) was seen, was a FFC scored. PFC were expressed as 
6 

the number per 10 spleen leucocytes. 

Haemolysin assay 

I n our hands the haemolysin assay proved to be more s e n s i t i v e than 

t e s t s f o r haemagglutinating antibody and so the former t e s t was used 

throughout. 

Blood was c o l l e c t e d from the v e n t r i c l e and the serum decomplemented 

by heating a t 56°C f o r 30 minutes. The assays were set up i n m i c r o t i t r a t i o n 

t r ays (Flow). Twenty f i v e m i c r o l i t r e s of serum ( s e r i a l l y d i l u t e d ) was f i r s t 

incubated f o r one hour at 28-30°C w i t h 25 y l of 1% SRBC. A f t e r the a d d i t i o n 

of 25 p i 1:10 guinea p i g complement and a f u r t h e r period of incubation f o r 

two hours, haemolysin t i t r e s were recorded and expressed as -log2 t i t r e s . 

RESULTS 

A Toadlet responses 

(i) ProduGtion of RFC in the spleen 

RFC l e v e l s f o r immunized animals f o l l o w i n g l a r v a l thymectomy are given 



i n Table 5.2. Data f o r non-injected toadlets were given i n Chapter 4 and 

r e s u l t s f o r the 8 day thymectomized &sham-thymectomizedjand non-operated 

i n j e c t e d animals also come from t h i s chapter. 

Table 5.2 shows t h a t 8 non-operated and 11 sham-thyinectomized toadlets 

(5 operated on at 8 days; 5 at 22 days and 1 a t 30 days) a l l possessed 

high l e v e l s of RFC i n the spleen. I n c o n t r a s t , thymectomy at 8, 15 and 

11 days o f age abrogated the RFC response t o i n j e c t e d erythrocytes. There 

was also a p a r t i a l l y suppressive e f f e c t of thymectomy at 30 days of age. 

Animals thymectomized between 37-40 and 47-60 days of age, on the other 

hand, displayed normal elevated l e v e l s of RFC i n the spleen 8 days post-

SRBC a d m i n i s t r a t i o n . 

RFC l e v e l s f o l l o w i n g SRBC i n j e c t i o n i n animals thymectomized as 

toa d l e t s a t 6 months of age are given i n Table 5.3. 'Adult'-thjrmectomized 

animals produced splenic RFC l e v e l s which were s i m i l a r to those observed 

i n sham-operated s i b l i n g s , regardless of the i n t e r v a l between thymic 

removal and SRBC a d m i n i s t r a t i o n . I t was noticeable t h a t older toadlets 

(both sham and thymectomized) gave higher l e v e l s of immune RFC than 

younger animals. 

I n view of previous f i n d i n g s (Horton and Manning, 1972) t h a t thymectomy 

during the t h i r d week of l a r v a l l i f e has no subsequent e f f e c t on alloimmune 

r e a c t i v i t y , i t seemed important to examine the response to a l l o g r a f t s and 

SRBC i n the same animal i n order to confirm the d i f f e r e n t i a l e f f e c t of 

thymectomy on cell-mediated and humoral immune responses. This was also 

important i n view of a r e p o r t by Kidder et a l . , (1973) who found th a t i n 

Xenopus tadpoles whose morphological stage was the same, the degree of 

lymphoid d i f f e r e n t i a t i o n was o f t e n markedly d i f f e r e n t , the l a t t e r being 

more dependent upon the precise age of the animal rather than on i t s 

e x t e r n a l appearance. Thus the present f i n d i n g s might have been due to 
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the f a c t t h a t i n the batches of Xenopus larvae used i n the a l l o g r a f t i n g 

studies of Horton and Manning, (1972) Ijnnphoid development may have 

been more r a p i d than i n the present studies. 

Skin a l l o g r a f t s were the r e f o r e applied to 4 toad l e t s thymectomized 

a t 11 days and t o 1 animals thymectomized a t 30 days. A l l 6 animals 

r e j e c t e d t h e i r a l l o g r a f t s i n normal f i r s t - s e t fashion (17-25 days). 

Three weeks a f t e r r e j e c t i o n , they were each given a single i n j e c t i o n of 

10% SRBC and assayed 8 days l a t e r f o r splenic RFC. The le v e l s of RFC 

recorded i n the 4 animals th3miectomized a t 22 days were 113, 0, 725 and 
6 

194 RFC/10 spleen leucocytes, i . e . they showed no enhanced anti-SRBC 

a c t i v i t y . Two c o n t r o l animals (sham-thymectomized at 22 days) which had 

also r e j e c t e d a l l o g r a f t s displayed normal RFC responses (4,700 and 6,112 

RFC) . The two 30-day thymectomized t o a d l e t s gave RFC l e v e l s of 3555 and 

2595 both of which f a l l w i t h i n the normal response range f o r c o n t r o l 

t o a d l e t s . I n t e r e s t i n g l y , these 2 g r a f t e d animals gave higher RFC counts 

than two animals which were not g r a f t e d p r i o r t o SRBC i n j e c t i o n (see 

Table 5.2). 

(ii) Cellular and himoral antibody production 

This data also appears i n Tables 5.2 and 5.3. Three non-injected 

c o n t r o l s were also tes t e d f o r PFC and serum haemolysins: these assays 

y i e l d e d zero l e v e l s throughout. N e g l i g i b l e background l e v e l s of splenic 

P.F.C. and serum antibody have been recorded i n previous studies on 

anti-SRBC responses i n Xenopus (Auerbach and Ruben, 1970; Turner and 

Manning,1973). 

P.F.C. were detected i n a l l non-operated and sham-thymectomized 

t o a d l e t s two weeks f o l l o w i n g t r i p l e SRBC i n j e c t i o n . I n c o n t r a s t , no 

P.F.C. were recorded i n spleens of 12 toadlefcs which had been thymectomized 

at 8, 15, 11 and 30 days (although only one animal was examined a f t e r 

15- and 30 day-thymectomy). Moreover, 2/3 animals thymectomized between 
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37-40 days displayed only minimal numbers of P.F.C. i n the spleen f o l l o w i n g 

SRBC i n j e c t i o n . Animals thymectomized between 47-60 days of age and also 

during, a d u l t l i f e , a l l displayed elevated l e v e l s of P.F.C. comparable 

w i t h those observed i n c o n t r o l animals f o l l o w i n g SRBC a d m i n i s t r a t i o n . 

The f i n d i n g s on the e f f e c t of l a r v a l thymectomy on splenic P.F.C. 

f o l l o w i n g SRBC a d m i n i s t r a t i o n were r e f l e c t e d i n the serum haemolysin 

stud i e s . Thus, animals thjmiectomized at 8, 15, 22 and 30 days (14 i n 

a l l ) gave no detectable serum haemolysins and of 3 animals thymectomized 

a t 37-40 days o f age, serum haemolysin a c t i v i t y (-log2 5) was detected 

i n only one. Thymectomy a t 47-60 days had no apparent e f f e c t on serum 

haemolysin production. The e f f e c t o f ad u l t thymectomy was examined i n 

only two animals, which were given 3 i n j e c t i o n s of SRBC 240 days a f t e r 

thymic removal: both gave normal haemolytic t i t r e s . 

B. Larval Responses 

Non-operated larvae gave splenic R.F.C. le v e l s f o l l o w i n g SRBC 

i n j e c t i o n of 948-3808 R.F.C./IO^ spleen leucocytes. The mean R.F.C. 

l e v e l from 7 separate assays was 2131 + 458 R.F.C./lO^ spleen leucocytes. 

Background l e v e l s of 0-292 (mean 140 + 35) R.F.C./.lO^ spleen leucocytes 

were recorded from 7 experiments i n v o l v i n g non-injected larvae. 

Larvae thymectomized a t stage 48 f a i l e d to show elevated l e v e l s of 

R.F.C. i n the spleen when tested two weeks post operation. I n t h i s 

experiment the non-injected sham-thymectomized background was 292, the 

SRBC i n j e c t e d shams gave a l e v e l of 1432 and two separate pools of thymect

omized spleens gave R.F.C. counts of 298 and 261 R.F.C./IO^ leucocytes 

r e s p e c t i v e l y , f o l l o w i n g SRBC i n j e c t i o n . 

R.E.e. l e v e l s i n larvae thymectomized or sham-thymectomized a t stage 53 

are given i n Table 5.4. These r e s u l t s i n d i c a t e t h a t the R.F.C. response to 

SRBC was not a f f e c t e d w i t h i n 7 days of thymic removal and only p a r t i a l l y 

a f f e c t e d f o l l o w i n g SRBC i n j e c t i o n at 21 days post-thymectomy (responses 
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were 69% and 36% of sham response). By 33 days a f t e r thymic a b l a t i o n 

however, the thymectomized animal no longer displayed elevated R.F.C. 

lev e l s i n the spleen f o l l o w i n g SRBC i n j e c t i o n . 

DISCUSSION 

The work presented i n t h i s chapter has shown t h a t normal maturation 

of the immune response to sheep erythrocytes i n Xenopus i s dependent 

upon the presence of an i n t a c t thymus f o r much of l a r v a l l i f e , "ihus, 

thjmiectomy as l a t e as 22 days of age completely abrogates the normal 

splenic R.F.C. and P.F.C. responses and also abrogates humoral antibody 

production to t h i s antigen. Moreover, thymectomy at 30 days of age s t i l l 

impairs the anti-SRBC response, although low l e v e l s of induced R.F.C. 

were recorded. A l l animals tested f o l l o w i n g thjnnectomy a t 37-40 days of 

age (stage 56/7) displayed normal l e v e l s of immune R.F.C. i n the spleen, 

but P.F.C. and serum antibody responses were s t i l l g enerally impaired 

or abrogated. This apparent d i f f e r e n c e may simply r e f l e c t the r e l a t i v e 

s e n s i t i v i t y of the techniques used, but nevertheless suggests t h a t although 

the p r o l i f e r a t i o n of R.F.C. i s unimpaired f o l l o w i n g thymectomy at 37-40 

days, the capacity to synthesise and/or secrete antibody i s s t i l l diminished 

by the o p e r a t i o n . Recently independent studies by C o l l i e (1976) have also 

shown t h a t thymectomy up t o stage 57 generally abrogates serum antibody 

production to SRBC. Moreover, her studies are i n agreement w i t h the work 

presented here which shows -no defect i n anti-SRBC r e a c t i v i t y f o l l o w i n g 

thymectomy a f t e r t h i s time ( i . e . d uring the perimetamorphic period and i n 

a d u l t l i f e ) . 

The present experiments on Xenopus i n d i c a t e t h a t those thymus-dependent 

c e l l s which e f f e c t acute a l l o g r a f t r e j e c t i o n become permanently established 

e a r l y i n ontogeny, i n c o n t r a s t to a more slowly established population of 

thymus-dependent c e l l s involved i n SRBC responses. Studies on the larva 

have shown t h a t a popula t i o n of SRBC-reactive c e l l s i s present i n the 
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periphery e a r l y i n l a r v a l development, (stage 50, Kidder et a l , 1973) but 

the work i n t h i s chapter has shown t h a t t h i s r e a c t i v i t y disappears w i t h i n 

a few weeks f o l l o w i n g l a t e r (stage 53) l a r v a l thjnnectomy. This f i n d i n g 

might be due to a lack of s u f f i c i e n t numbers of pe r i p h e r a l i z e d T-cells 

to form a s e l f - r e p l i c a t i n g population i n the a d u l t ( p a r t i c u l a r l y since 

lymphocyte numbers f a l l d r a m a t i c a l l y over metamorphosis; see Table 5.1). 

A l t e r n a t i v e l y , early-seeded c e l l s (and/or non thymus-derived c e l l s ) may 

requ i r e the continued presence of the l a r v a l thymus f o r the maintenance 

(p o s s i b l y by a humoral f a c t o r ) of t h e i r normal fianction. The f i n d i n g 

t h a t a d u l t thymectomy has no de l e t e r i o u s e f f e c t on SRBC r e a c t i v i t y would 

suggest t h a t a continued humoral in f l u e n c e i n the periphery i s not essen

t i a l , a t l e a s t i n l a t e r l i f e . 

A d ult th3nnectomy was shown to have no d i s c e r n i b l e e f f e c t on a n t i -

SRBC responses even i n animals i n j e c t e d as l a t e as 250 days post-thymectomy 

- a time i n t e r v a l which exceeds t h a t which normally elapses between l a r v a l 

thymectomy and t e s t i n g a f t e r metamorphosis. Moreover, 3 toad l e t s thymect

omized a f t e r metamorphosis were s k i n a l l o g r a f t e d 140 days l a t e r and 

displayed normal f i r s t - s e t a l l o g r a f t r e j e c t i o n times. A l a t e r e f f e c t of 

ad u l t thymectomy i n Xenopus cannot be ru l e d out however, since i n mice 

defects i n cell-mediated and humoral immunity may only appear i n some 

animals 6 - 1 8 months post surgery (Metcalf, 1965; Miller,1965; Taylor, 

1965). Short-term e f f e c t s of adul t thymectomy have r e c e n t l y been reported 

by Simpson and Cantor (1975) who showed t h a t the adu l t murine thymus may 

play an important r e g u l a t o r y r o l e i n both c e l l u l a r and humoral responses. 

Thus, a d u l t thymectomy r e s u l t e d i n enhanced primary k i l l e r c e l l responses 

to a l l o a n t i g e n s i n v i t r o and diminished helper memory responses w i t h i n a 

month of thymic removal. Other reports have also suggested a ra p i d loss 

of r e g u l a t o r y f u n c t i o n i n the absence of the a d u l t thymus e.g. mixed 

lymphocyte c u l t u r e r e a c t i v i t y i s increased (Mosier and Cantor, 1971), 

as i s the primary response t o c e r t a i n antigens (Kerbel and Eidinger, 1972; 
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Andersson and Blomgren, 1971). Further evidence of a short-term effect 

of adult thymectomy i s provided by Jacobs and Byrd (1975) who demonstrated 

a loss of c e l l s responsive to T-dependent mitogens (Phytohaemagglutinin and 

concanavalin A) i n spleens of adult mice 10 - 20 weeks after the operation. 

Inte r e s t i n g l y , the response to bacterial Lipopolysaccharide (L.P.S.) was 

not diminished. The function of the adult thymus is therefore of a complex' 

nature and further experimentation i s required to understand i t s role i n 

Xenopus. 

In birds and mammals, experimental evidence has indicated that different 

populations of thymus dependent l3miphocytes possess d i s t i n c t immunological 

functions (e.g. helper c e l l a c t i v i t y i n antibody responses, r e a c t i v i t y i n 

cell-mediated responses etc.) which Droege and Zucker (1975) suggest may be 

generated by the development of separate populations within the thjnnus. 

The present experiments on Xenopus lend support to the concept that 

functionally d i s t i n c t populations of lymphocytes exist i n amphibians (Cohen, 

1975; Ruben et a l . , 1973; Turpen et a l . , 1975) since animals thymectomized 

at 22 days of age display no r e a c t i v i t y to SRBC, but can destroy skin a l l o 

grafts i n normal rejection times. The prolonged thymic presence required 

for the establishment of anti-SRBC responses when compared with the a l l o g r a f t 

response, may r e f l e c t a later d i f f e r e n t i a t i o n and/or seeding from the thymus 

of those T-dependent cell s involved i n humoral immunity. However, recent 

studies have shown that the normal humoral response to HGG i n adjuvant, and 

Rabbit erythrocytes i s only abrogated by thymectomy performed earl i e r than 

stage 50 or 51 (Collie, 1976; Tochinai and Katagiri, 1975). Regardless of 

the nature of the thymus-dependent cells involved i n the generation of 

humoral antibody i n Xenopus,. the establishment of these cel l s i n the periphery 

does not appear to be a common ontogenetic event but rather, i t appears that 

classes of T-cells specific for d i f f e r e n t antigens may mature sequentially. 

In t h i s respect, the acquisition of immunological competence to specific 

antigens at d i f f e r e n t stages of ontogeny i s well documented i n mammals 
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( s i l v e r s t e i n , 1973). 

In conclusion, the experiments presented i n th i s chapter have 

i d e n t i f i e d a c r i t i c a l role of the thymus i n immune maturation after 

the second week of l a r v a l l i f e , a role not apparant from previous 

a l l o g r a f t i n g studies. In Xenopus, the thymus controls development 

of both cell-mediated and humoral responses but commands the maturation 

of the humoral response to sheep erythrocytes for a more prolonged 

period of development. 



TABLE 5.1 THYMUS MORPHOLOGY AND IMMUNE COMPETENCE AT 
STAGES OF DEVELOPMENT WHEN THYMECTOMY WAS PERFORMED 
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Age 
(Days) 

7-8 

15-16 

22 

30 

37-40 

6 months 

Stage 

47-8 

51 

53 

54/5 

56/7 

47-60 Perimetamorphic 

Juvenile 
Toadlet 

No. o f l 
thjmiocytes 

103-2xl03 

5x10' 

105 

5x10 5 

10^ 

3x10^ 

29x10^ 

Other Comments 

Very few or no small lymphocytes 
present in thjmius. Thymectomy at 
this stage impairs a l l o g r a f t reac
t i v i t y ^ , abrogates M.L.R. and P.H.A. 
responses^, also abrogates humoral 
r e a c t i v i t y to T-dependent antigens'*. 

Allograft response matures at St49^. 
Anti-SRBC response detectable i n 
spleen at St50^. Thymus and other 
lymphoid organs have completed their 
histogenesis^. Thymectomy at 17 and 
19 days has no effect on allo g r a f t 
response^. 

) 
) Increase i n size of lymphoid tissues'. 
) 

Thymectomy at this stage does not 
affect M.L.R. response^. 

Lymphocyte numbers i n spleen and 
thymus f a l l during metamorphosis.^' 
Alloimmune response atypical- at this 
time and a l l o g r a f t tolerance may be 
induced across weak H/C differences.^ 

Numbers of thymocytes reach maximum 
at this time; after 1 yr thymus begins 
to regress. 1 

Data from: 1 

2 

3 

5 
& 
7 

DuPasquier and Weiss, 1973. 
Horton and tianning, 1972. 
DuPasquier and Horton, 1976. 
Turner and Manning, 1974. 
Horton, 1969 
Kidder, et a l . , 1973 
Manning and Horton, 1969 
Chardonnens and DuPasquier, 1973 
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TABLE 5.4 EFFECT OF STAGE 53 THYMECTOMY ON ANTI SRBC RESPONSE 
AT INTERVALS POST-OPERATION 

Interval between 
operation and 
SRBC i n j e c t i o n 

Type of 
operation 

RFC/IO^ spleen 
leucocytes 

7 days ShTx 

ShTx 

Tx 

Tx 

5,300 

5,162 

5,082 

4,450 

21 days ShTx 

Tx 

Tx 

3,008 

2,095 

1,100 

33 days ShTx 

Tx 

1,762 

329 

1 • 2 3 ' Background levels i n ShTx larvae: 260; 150; 220, 

99 



Fig. 5.1 shows the microscopic appearance of a ty p i c a l plaque. 

Note SRBC "ghosts" around a central plaque forming 

c e l l ( p f c ) . Several other leucocytes (1) are present 

i n the lysed area. XRBC = Xenopus red blood c e l l . 
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CHAPTER 6 ELECTRON MICROSCOPIC STUDIES OF THE DEVELOPING 

THYMUS 

INTRODUCTION 

The work i n t h i s thesis has centred largely upon the effects of 

early thymic removal on the development of immune responsiveness i n 

Xenopus. To date, there exists very l i t t l e detailed knowledge of the 

fine structure and degree of d i f f e r e n t i a t i o n which has taken place by 

this stage of ontogeny. Manning and Horton (1969) have investigated 

thymic d i f f e r e n t i a t i o n by l i g h t microscope studies of 8 ym sections, 

but as yet there has been no detailed morphological investigation of 

Xenopus thymus early i n development. Curtis et a l . (1972) performed 

E.M. studies of the thymus of larval Rana pipiens (Leopard Frog), but 

th e i r observations only commenced at 14 days of age, by which time 

thymic d i f f e r e n t i a t i o n is quite well advanced. 

The work i n t h i s chapter has examined the thymus of eight . day old 

Xenopus larvae (the time when thymectomy was routinely performed i n this 

thesis) and a study of 5 day thymus was also made, since this i s the 

ea r l i e s t stage at which thjmiic destruction has been achieved i n th i s 

laboratory (Horton and Horton, 1975). The results of these studies are 

compared with the structure of thymus taken from 30 day old larvae; a 

time when lymphoid organ transformation i s complete (Manning & Horton, 

1969). The work provides, for the f i r s t time, insight into the u l t r a -

structure of the amphibian thymus during the earliest stages of i t s 

ontogeny. 

MATERIALS AND METHODS 

Xenopus larvae were bred i n the laboratory and reared at 23°C. 

For the studies on 5 day and 8 day lar v a l thymus, larvae were 

BECltO* 
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heavily anaesthetized i n MS-222 (Sandoz) before being fixed whole i n 

a cold solution of glutaraldehyde (5% glutaraldehyde i n O.IM sodium 

cacodylate) overnight. Following f i x a t i o n , larvae were washed i n O.IM 

cacodylate buffer overnight and post-fixed i n 1% osmium tetroxide i n 

O.IM sodium cacodylate for 2 hrs. After washing f o r half an hour i n 

O.IM buffer the specimens were dehydrated through a graded series of 

methanol di l u t i o n s to 95% methanol. Dehydration was completed with 

two changes of absolute methanol over a period of 1 Hour. Specimens 

were cleared i n two changes of propylene oxide, each for 10 minutes, 

and transferred to a 1:1 mixture of Epon/Epoxypropane overnight. 

I n f i l t r a t i o n was completed by immersion i n pure Epon ( a l l day) and 

the larvae were f i n a l l y embedded i n epon, the plasti c being allowed to 

polymerize at 60°C for 48 hours. The procedure outlined above was also 

followed f o r the 30 day la r v a l thymus except that the organ was dissected 

out pr i o r to processing. 

U l t r a t h i n sections (500-600^) were cut wit h glass knives on a 

Reichert OMU 3 ultramicrotome, mounted on 200 mesh copper grids and 

double stained with saturated uranyl acetate and lead c i t r a t e . Grids 

were examined with an A.E.I. EM801 electron microscope operating at 

80 kV. Thick sections (1-1.5y) were cut and stained i n 1% Toluidine 

blue for the l i g h t microscopy. These sections were photographed with 

a Zeiss Ultraphot photomicroscope. 

RESULTS AND DISCUSSION 

A) Mxture larval thymus 

(i) Light microscopic observations 

At 30 days of age, the l a r v a l thymus shows a clearly defined cortico-

medullary d i f f e r e n t i a t i o n . As reported elsewhere, (Manning & Horton, 1969) 

the medulla i s eccentrically placed (see Fig. 6.1). The thymus i s 

surrounded by a capsule and immediately below this i s a zone of large 
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c e l l s , one to two layers thick. In Toluidine blue stained sections 

these are pale-staining with a high nucleo-cytoplasmic r a t i o . Some of 

these c e l l s are i n mitosis (see Fig. 6.1). In appearance these sub

capsular c e l l s resemble closely the lymphoblasts seen i n the thymus 

of the l a r v a l urodele Pleurodeles w a l t l i i (Charlemagne ,1974) and their 

position i s reminiscent of the large blast cells observed i n the sub

capsular zone of the adult murine thjnnus (see Clark,1973). Autoradio-

graphs of the Xenopus thymus reveal heavy JHT uptake by sub-capsular 

lymphoblasts i n vivo (Horton, unpublished observations). The cel l s 

of the c o r t i c a l region are predominantly of Ijraiphoid appearance i.e. 

round or ovoid cells with a small rim of cytoplasm and characteristic 

pattern of chromatin condensation i n the nucleus (Fig. 6 . 2 ) . There are 

large numbers of small lymphocytes. Large, pale-staining r e t i c u l o -

epitheleal c e l l s with evenly dispersed nuclear chromatin and prominent 

nucleoli are scattered throughout the inner, c o r t i c a l region and frequent 

the medulla (see Fig. 6i>2). This central zone is of a highly complex 

nature with fewer lymphoid cel l s and a variety of other c e l l types. 

Cystic spaces, which resemble those described by Curtis^ et al (1973) 

i n the thymus of l a r v a l Rana pipiens are occasionally seen i n the 

thymus of mature Xenopus larvae. Medullary epitheleal cysts have been 

well-documented i n other species including mammals, (Clark, 1963; 1966; 

1968; Gad and Clark, 1968; Mandel, 1968; Mandel, 1970) birds and 

r e p t i l e s (Raviola and Raviola, 1967) and the urodele amphibian Ambystoma 

mexicanum (Klug, 1967). The role of such cell s remains undefined but 

th e i r products may be involved i n stimulating lymphopoeisis and/or other 

functions. 

•ii) Electron Miaroscopio observations 

A section through part of the cortex i s seen i n Fig. 6 .3 . The 

nuclear chromatin of the Ijmiphocytes i s organized into a series of 

discrete electron-dense zones and there is also a t h i n margin of dense 



chromatin which l i e s j u s t inside the nuclear membrane, The cells possess 

l i t t l e cytoplasm with few organelles. Occasional mitochondria and small 

•vacuoles (which resemble pinocytotic vacuoles) are apparent. 
• 

The medullary region of the thymus i s shown i n Fig. 6.4 and 6.5. 

The epitheleal cells possess nuclei with evenly dispersed chromatin and 

prominent n u c l e o l i . Their cytoplasm i s extensive and stains less 

densely than the cytoplasm of lymphoid c e l l s . Cytoplasmic projections 

extend i n an i n t e r d i g i t a t i n g fashion between the lymphocytes and other 

c e l l types to form a supportive network. Myoid cel l s are also found 

i n the medulla (Fig. 6.5): these have previously been described i n the 

thymus of mammals, re p t i l e s and other species of amphibia, (see T"dr6 

et a l , 1969 f o r review; Raviola and Raviola, 1967; Curtis^ et a l , 1972). 

Typically, myoid cells possess a central nucleus, 

with l i t t l e electron-dense chromatin but with a well developed nucleolus. 

The nucleus i s surrounded by concentric rings of striated muscle fibres 

( m y o f i b r i l s ) . The function of these cells is not understood but i t has 

been suggested that they are involved i n promoting c i r c u l a t i o n of tissue 

f l u i d s w i t h i n the thymus (Tbrd et a l , 1969) or that they may provide a 

source of self-antigen (Mackay and Goldstein, 1967) which might play a 

part i n the development of natural self-tolerance. The absence of 

myoid c e l l s i n the early amphibian thymus however (see below) might 

argue against the l a t t e r supposition. Various other unidentified 

medullary inclusions are also apparent (Fig. 6.4). 

B) Immature larval thymus 

i) Light microscopic observations 

Toluidine blue stained sections through the middle of 5 and 8 day 

l a r v a l thymus are seen i n Fig. 6.6. At these stages the thymus, when 

compared wi t h that of the 30 day larva, i s extremely small and undifferen

t i a t e d . There is no apparent cortico-medullary d i f f e r e n t i a t i o n . 
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ii) Electron•microscopic observations 

Fig. 6.7 shows a low power view of the thymus at 5 days. In this 

electronmicrograph i t is possible to distinguish two types of c e l l ; 

those with nuclei having evenly dispersed chromatin and well pronounced 

nucleoli are the epitheleal c e l l s . As i n the later larval thymus th e i r 

cytoplasmic processes form a network throughout the thymic rudiment. 

The second cell-type may be distinguished from the epitheleal c e l l s by 

their less well defined nucleoli and incipient chromatin condensation, 

often with a d i s t i n c t l y marginated nuclear envelope. They possess large 

amounts of densely-staining cytoplasm with an abundance of free ribosomes 

and mitochondria. These ce l l s are thought to be blast ce l l s and the 

precursors of lymphocytes seen at later stages. Both at 5 and 8 days 

mitoses are frequently seen, usually at the periphery. 

By 8 days, the degree of chromatin condensation i n some lymphoid 

cell s i s more advanced (Fig. 6.8). The vast majority of these cel l s 

s t i l l possess large amounts of cytoplasm although a slight reduction 

i n amount i s evident i n some c e l l s . Lymphocytes with a t h i n rim of 

cytoplasm as noted i n the 30 day thjanus are rarely seen at thi s stage 

of development. 

The cytoplasmic d i s t i n c t i o n between epitheleal and lymphoid cells 

i s i l l u s t r a t e d i n Figs. 6.9 and 6.10. Epitheleal cells possess some 

rough endoplasmic reticulum which contrasts with the dense free ribosomal 

arrangement observed i n lymphoid c e l l s . There are also marked differences 

i n the mitochondria of epitheleal cells and those of lymphoid c e l l s ; 

those i n the epitheleal cytoplasm are generally rounded with sparse, 

f i n g e r l i k e cristae whereas the mitochondria of the lymphoid cells are 

elongate with well-defined septate cristae. 

I n conclusion, the thymus of the 5 and 8 day old larva i s very 

d i f f e r e n t from that seen at 30 days of age. Ultrastructural studies of 
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the l a t t e r suggest that the thymic microenvironment i s much more complex 

than that of the early th}mius. At the time of i t s removal ( 7 - 8 days 

i n t h i s thesis) the thymus i s r e l a t i v e l y undifferentiated and composed 

predominantly of epitheleal cells and lymphoid cells with large amounts 

of cytoplasm. This l a t t e r feature is not readily apparent from l i g h t 

microscope studies and thymic lymphocyte d i f f e r e n t i a t i o n appears to be 

less advanced at 8 days than previous studies might have suggested, 

(Manning & Horton, 1969, Horton and Manning, 1972), At 5 days of age, 

these u l t r a s t r u c t u r a l studies have shown that the thymus contains no 

cells of lymphocyte morphology, but interestingly thymectomy at this 

stage s t i l l f a i l s to abrogate chronic graft rejection. As stressed 

e a r l i e r , the thymus f i r s t appears as a pharyngeal bud at 3 days of age 

and i t seems unlikely that any 'T-lineage' cells could be established 

i n the periphery at t h i s stage; i f they are, i t would suggest that 

even at t h i s rudimentary stage of development only the briefest thymic 

influence i s necessary to establish at least some immunological function 

i n l a t e r l i f e . Further analysis of the developing amphibian thymus may 

provide insight into the nature of the normal factors required for 

T-cell maturation. 



Fig. 6.1. Light microscope 1 ym section of 30 day l a r v a l thymus. 

Note d i f f e r e n t i a t i o n into an outer, predominantly 

lymphoid cortex (C), and an inner medulla (M) 

containing various c e l l types and inclusions, 

(Toluidine blue, x 430). 
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F i g . 6.2. F i g . A. shows a l i g h t microscope s e c t i o n through 

the c o r t i c a l r e g i o n of the 30 day l a r v a l thymus. 

Note the subcapsular l a y e r of large lymphoblasts 

(arrowed) one of which i s i n m i t o s i s (M). Numerous 

small lymphocytes (L) are present i n the cortex. 

F i g . B shows the more complex medullary region of 

the same thymus. Note the l a r g e , pale s t a i n i n g 

e p i t h e l e a l c e l l s (E) w i t h prominent n u c l e o l i . 

Lymphocytes (L) are also present. Cy = medullary 

c y s t . 

Both 1 ym sections are stained i n T o l u i d i n e blue, 

(x 2,000 o i l ) , 
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6.2 A . , 



F i g . 6.3. E l e c t r o n micrograph of the c o r t i c a l r e g i o n of a 

30 day l a r v a l thymus showing small lymphocytes 

(L) w i t h c h a r a c t e r i s t i c chromatin p a t t e r n and 

t h i n r i m of cytoplasm, (x 8,000). 
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Frg,oS)o4!o Low power- eledrroni-mi'cpograpli' depiicU-ing-

the medullary/ re^iom of 3 0 ) daj? l a r v a l 
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F i g . 6.5. E l e c t r o n micrograph of a myoid c e l l i n the medulla 

of 30 day l a r v a l thjrmus. Note c h a r a c t e r i s t i c 

c o n c e n t r i c a l l y arranged m y o f i b r i l s (My) some of 

which are cut i n cross-section ( a r r o w ) . 

Nu = nucleolus; M = mitochondria; E = e p i t h e l e a l 

c e l l (Note cytoplasmic extension around myoid c e l l ) 

L = lymphocyte. (x5,310). 



I l l 



F i g . 6.6. L i g h t microscopic sections through c e n t r a l regions 

of e a r l y l a r v a l thymi. F i g . A = 5 day thymus, 

F i g . B = 8 day thymus. ( T o l u i d i n e b l u e , x600). 
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F i g . 6.7. Low m a g n i f i c a t i o n e l e c t r o n micrograph of 5 day l a r v a l 

thymus. Two major types of c e l l are d i s t i n g u i s h a b l e : 

L = lymphoid c e l l precursors \n.th extensive cytoplasm, 

E = e p i t h e l e a l c e l l w i t h prominent n u c l e o l u s , dispersed 

chromatin and p a l e r s t a i n i n g cytoplasm. Note m i t o t i c 

f i g u r e (M) at periphery. (x2,000). 
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F i g . 6.8. Low m a g n i f i c a t i o n e l e c t r o n micrograph through centre 

of 8 day l a r v a l thymus. Despite some increase i n 

size of the thymus, the c e l l u l a r s t r u c t u r e i s 

e s s e n t i a l l y s i m i l a r t o t h a t seen i n F i g . 6.7. 

(x =2000, captions as i n F i g . 6.7). 
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F i g . 6.9. E l e c t r o n micrograph of an e p i t h e l e a l c e l l (E) i n the 

8 day l a r v a l thymus. Nu = nucleolus; RER = rough 

endoplasmic r e t i c u l u m ; M = mitochondria; J = j u n c t i o n 

between two adjacent e p i t h e l e a l c e l l s , note desmosomes 

(arrowed) on e i t h e r side of an i n t e r c e l l u l a r canal. 

Large arrows i n d i c a t e cytoplasmic extensions of the 

e p i t h e l e a l c e l l . (x8,000). 
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Fig. 6.10. Lymphoid c e l l s of 8 day l a r v a l thymus. Note large 

amount of cytoplasm (cf Fig. 6.3) and free ribosomal 

arrangement. M = mitochondria; P = pinocytotic 

vacuole, (x 8,000). 
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CHAPTER 7 GENERAL DISCUSSION 

Studies i n t h i s thesis have confirmed that early i n l i f e the thjnnus 

plays a v i t a l role i n the establishment of normal alloimmune r e a c t i v i t y and 

have shown, f o r the f i r s t time, that the spleen is an important centre of 

alloimmune r e a c t i v i t y i n the intact amphibian. Although the detailed 

mechanism of transplant destruction i n Xenopus s t i l l awaits c l a r i f i c a t i o n , 

the fact that early thjnnectomized larvae and adults can s t i l l reject f i r s t -

set skin a l l o g r a f t s i n chronic fashion and display alloimmune memory offers 

insight into t h i s issue. Thus the absence of other classical T-cell 

functions i n the thymectomized toad (e.g. lack of M.L.R. or P.H.A. r e a c t i v i t y , 

DuPasquier and Horton, 1976) suggests that antibody may play a v i t a l role i n 

graft r e j e c t i o n i n these animals and may also be of importance i n control 

Xenopus. I n v i t r o experiments employing several mammalian species (see 

Carpenter, 1974; MacLennan, 1973; MacLennan and Harding, 1974) have 

demonstrated that, i n control animals, there exists a mechanism of antibody 

dependent lyn^jhocyte mediated c y t o t o x i c i t y . Thus a d i s t i n c t sub-population 

of lymphoid cel l s (neither T- nor B- cells) has been isolated and shown to 

possess surface membrane receptors for the Fc region of IgG antibody. These 

so-called K cell s are capable of k i l l i n g target c e l l s sensitized i n v i t r o 

with IgG antibodies, and according to Valdimarsson (1975), the role of th i s 

system _in vivo has recently been demonstrated i n nude mice,where passive 

transfer of specific alloantibodies to skin allografts results i n rejection. 

The ^development of sensitive cytotoxicity assays (eg ^ylCr release) for use • 

with amphibians is necessary to determine whether or not a similar mechanism 

can be i d e n t i f i e d i n control and thymectomized Xenopus. Studies on the 

larva would be p a r t i c u l a r l y informative since their antibody response 

following antigenic challenge i s almost e n t i r e l y IgM (DuPasquier and 

Haimovitch, 1976). In mammals serum antibody levels rise following rejection 

of f i r s t - s e t a l l o g r a f t s ( R o i t t , 1974) and indeed low levels of alloantibody 
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to donor red c e l l s (which are known to carry histocompatibility antigens 

DuPasquier and Chardonnens, 1975) cah be demonstrated following skin-

a l l o g r a f t i n g i n Xenopus. (Horton, pers. comm.). Such alloantibody 

production has not been i d e n t i f i e d i n thymectomized individuals even 

after repeated injections of allogeneic red-cells (DuPasquier, unpublished 

observations). The o r i g i n of cells or factors involved i n graft rejection 

i n thymectomized Xenopus also remains unresolved, but the present studies 

have indicated that the spleen appears not to be involved i n allograft 

destruction i n early thymectomized animals. 

The persistence of an alloimmune response i n the thymectomized toad 

is i n t r i g u i n g , p a r t i c u l a r l y since i n endotherms i t has become almost 

axiomatic that there i s no graft rejection i n the absence of the thymus. 

Recently however, a number of experimental studies have brought into 

question the rigorous thymus-dependent nature of alloimmune respenses. 

Thus i n the Quokka, a marsupial, removal of the thymus prior to the 

appearance of small lymphocytes does not impair the subsequent destruction 

of skin a l l o g r a f t s (Ashman et a l . , 1975). Even more remarkable, i n some 

respects, is. the case of the sheep (reviewed by Morris, 1973) where 

thymectomy i n utero followed by treatment with anti-lymphocyte serum 

(A.L.S.), which eliminates most, i f not a l l , residual peripheral lymphocytes, 

f a i l s to affect the development of a whole range of immune responses, 

including skin-allograft rejection. Thus, following the spontaneous re

appearance of a population of lymphoid cells after b i r t h , these T-deprived 

lambs subsequently acquire f u l l immunological competence. I f , as Morris 

argues, these animals do completely lack T-lymphocytes, then this would 

appear to establish a principle of an alternative (non-th}Tnic) pathway 

for the development of immunological competence. I t i mammalian experiments 

of t h i s kind, however, i t is d i f f i c u l t to assess the importance of maternal 

influences on the development of immunological competence i n the offspring. 

I n t e r e s t i n g l y , Bryant (1974) has proposed that there may also exist an 
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alternative bursa-independent pathway of B-cell development i n hormonally-

bursectomized chickens. 

In thymectomized Xenopus, the term "alternative.pathway"is perhaps 

not s t r i c t l y applicable, i n view of the abrogation or severe impairment 

of certain T-dependent i n v i t r o responses (Donelly et a l , 1976; 

DuPasquier and Horton, 1976; Manning et a l . , ,1976). Thus i n anuran 

amphibians, there may exist a thymus-independent component, which normally 

plays a role i n graft destruction i n the intact animal, but whose function 

i s usually masked by the action of other, more vigorous T-dependent 

elements. From a phylogenetic viewpoint, i t is worth mentioning that 

the capacity for immune recognition and chronic destruction of foreign 

tissue with concomitant, memory function ( c . f . thymectomized Xenopus) arose 

pri o r to the evolutionary appearance of the thymus, (e.g. annelids, 

echinoderms and hagfish - see Chapter 1). In both invertebrates and 

vertebrates, the thymus does not appear to provide a unique environment 

for the d i f f e r e n t i a t i o n of cells (and or serum factors) capable of 

effecting alloimmune responses. Perhaps the primary l3niiphopoietic sites 

( i . e . thymus and bursa or i t s 'equivalent') of higher animals serve to 

exert an'amplificatory function' on pre-existing 'T'- and 'B'- equivalent 

pathways, which have th e i r phylogenetic origins i n more diffuse haemopoietic 

sites. 

The a l l o g r a f t r e a c t i v i t y displayed by thymectomized toads suggests 

that the amphibian thymus is not a unique source of lymphoid c e l l s . This 

suggestion i s strengthened further by the findings that the thymectomized 

animal develops r e l a t i v e l y normal lymphoid tissues (Manning, 1971; Horton 

and Manning, 1974a) and a substantial population of lymphocytes bearing 

surface Ig (Weiss et a l . , 1973). Furthermore, i n vivo (Collie et a l . , 1975; 

Tochinai, 1976) and i n v i t r o (Manning et a l . , 1976) responses to thymus 

independent antigens and B-cell mitogens remain unimpaired i n the thymec

tomized toad, even follovjing thymectomy at 4 days of age (Tochinai, 1976) . 
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However, the complete absence of induced r e a c t i v i t y to heterologous red 

cells i n early thymectomized animals demonstrated i n this thesis, along 

with abrogation of other vivo and _in v i t r o immune responses (Horton and 

Manning, 1974b; Manning, 1975; Turner and Manning, 1974; DuPasquier and 

Horton, 1976, Manning et a l . , 1976),indicates that the thymus i s a major 

source of immunocompetent cells i n Xenopus. 

The o r i g i n of lymphocytes i n amphibians i s currently under debate. 

I t has been suggested (Turpen et a l . , 1973; 1975; Turpen and Cohen, 1976) 

from experiments involving the exchange of thymic primordia between diploid 

and t r i p l o i d embryos of the leopard frog Rana pipiens, that a l l lymphocytes 

(both T and B cells) originate from the thymus. Thymectomy experiments 

i n Xenopus may r e f l e c t that patterns of lymphocyte o r i g i n and maturation 

d i f f e r i n various amphibian species. Whether or not such v a r i a b i l i t y exists 

i n endotherms i s unknown: however these amphibian studies stress the 

importance of studying .diverse animal types i n tr y i n g to understand the. 

main themes of immune ontogeny. Experimental evidence from birds and 

mammals (see Greaves et a l . , 1973) has given rise to the concept that a 

proportion of, yolk-sac derived stem cells migrate to the thymus and, 

following numerical expansion and 'education' i n this organ, become non-Ig-

secreting T lymphocytes. The l a t t e r are characterized by specific surface 

markers (e.g.©); a variety of recognition and effector functions (e.g. 

helper, 'suppressor, k i l l e r ) ; and by other physiological properties such 

as t h e i r ecotaxis to T-dependent regions of peripheral lymphoid organs. 

Other yolk-sac derived stem cells are believed to migrate to the bursa 

of Fabricius ( i n birds) or'bursal-equivalent' sites i n mammals (e.g. foetal 

l i v e r , spleen, bone marrow i n mice). Here they become 'B lymphocytes' 

which c h a r a c t e r i s t i c a l l y possess readily-detectable surface Ig and upon 

stimulation by antigens (or polyclonal B-cell activators e.g. L.P.S.) give 

ri s e to antibody secreting c e l l s . A variety of T-cell factors are also 

thought to be involved i n triggering B-lymphocytes. As with T-cells there 
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also exists a marked degree of heterogeneity amongst the B-lymphocyte sub-

population (see Transplantation Reviews, Vols 24 and 25). 

In endotheras, the a b i l i t y of T-lymphocytes to modulate B-lymphocyte 

function has been well documented: T-cells are now known to play a major 

role i n the triggering and d i f f e r e n t i a t i o n of B Ijmiphocytes, and are 

p a r t i c u l a r l y involved i n promoting the IgG response to thymus-dependent 

antigens. T-B c e l l , cooperation involves interaction between both 

populations of lymphocytes i n addition to macrophages (see Greaves et a l . , 

1973). The existence of cooperating lymphocyte. populations i n amphibians 

has been suggested on the basis of a); studies involving hapten-carrier 

systems (see Ruben, 1976) and b ) ; the demonstration of T-dependent and 

T-independent immune responses (discussed i n Chapter 4). Characterization 

of 'T' and 'B' lynqihocyte populations i n Amphibia however, and the 

allocation of exclusive 'helper' or antibody producing function to either 

is hampered by a number of experimental observations. Thus thjmius cells 

of l a r v a l anurans, which i n higher animals would be automatically classed 

as T-cells, possess readily demonstrable surface Ig (DiiPasquier et a l . , 

1972; DuPasquier and Weiss, 1973; Jurd and Stevenson, 1976). This 

f i n d i n g , taken together with the demonstration of PFC i n the thymusi of 

l a r v a l and adult bullfrogs (Moticka et a l . , 1973; Minagawa et ai:;, 1976), 

and the fact that both IgG and IgM responses to H.G.G. - a thymus-dependent 

antigen (Turner and Manning, 1974) are abrogated i n thymectomized Xenopus; 

has been taken as evidence that i n Amphibia, the thymus may produce, i n 

addition to T-cells, antibody producing cells and/or their precursors (see 

Cooper 1973; 1976a; 1976b;). In the l i g h t of these observations, i t is 

d i f f i c u l t to maintain that the abrogation of the humoral response to SRBC 

following l a r v a l thymectomy i s not a consequence of the destruction of 

B-cell precursors, rather than the result of the removal of a helper T-

population as might be supposed by analogy with mammalian studies. 

Although there is s t i l l some controversy as to the nature of T-cell 
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receptors i n mammals, recent reports have hinted that mammalian T-cells 

may possess surface Ig (see Marchalonis, 1975). Readily demonstrable 

surface Ig on thymocytes has been shown to be a characteristic feature 

i n adult fishes ( E l l i s and Parkhouse, 1975) and urodeles (Charlemagne 

and Tournefier, 1976). I t i s conceivable therefore, that the presence 

of readily detectable surface Ig on thjnnocytes may represent a primitive 

condition and that surface Ig becomes vestigeal later i n development 

(e.g. anuran amphibians) or even lost i n T-cells of higher animals (see 

Burnet, 1976). The Ig-bearing thymocytes of amphibians may therefore 

represent phylogenetically primitive or ontogenetically immature T-

lymphocytes rather than B-cells or t h e i r precursors. Similarly, the 

presence of antibody forming c e l l s i n b u l l f r o g thymus does not preclude 

a non-thymic o r i g i n for these c e l l s . 

The work presented i n t h i s thesis indicates that further study on 

the role of the amphibian thymus i n antibody production is essential to 

determine the precise nature ( i , e , helper and/or antibody production) of 

i t s involvement i n humoral responses. Two major lines of research might 

be envisaged. In the f i r s t of these i t should be possible to develop an 

'adoptive transfer system' approach (Mitchison, 1957; Mi l l e r and Mitchell, 

1969) to the reconstitution of the humoral immune response of animals 

rendered immunologically unresponsive by thymectomy and/or \vfeole body 

i r r a d i a t i o n . Such work would of course require the use of mutually 

tolerant or isogenetic Xenopus. The restorative efficacy of c e l l innocula 

from the thymus at d i f f e r e n t stages of i t s development (T-cells?) and/or 

(since there i s only r e s t r i c t e d haemopoietic a c t i v i t y i n the bone marrow) 

spleen c e l l s from thymectomized animals (T-independent cells?) could be 

tested using the haemolytic plaque assay. Techniques involving the use of 

anti-allotype sera (DuPasquier and ¥abl, unpublished observations) and 

karyotypic markers could then be employed to determine the o r i g i n of the 

antibody-forming c e l l s . The second approach would involve the 
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development of i n v i t r o techniques f o r the induction of antibody synthesis. 

In this respect, Auerbach and Ruben (1970) have demonstrated the f e a s i b i l i t y 

of such an approach using cultured spleen fragments. I t should be possible 

therefore, to develop a 'Mishell-Dutton type' assay system to test the 

antibody-forming potential of putative T- and B-cells. Taken i n conjunction 

with the experiments presented here on thymectomy at various stages of 

development, such studies should provide further insight into the phylogeny 

and ontogeny of ce l l u l a r co-operation i n the humoral immune response. 
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