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(v)

ABSTRACT

(1) Functionally mature lymphocytes can be demonstrated in vitro

by their proliferation (measured by scintillation‘counting) in response
to mitogens. Studies in Chapter 2 examine the responsiveness of adult
Xenopus 'lymphocytes from both the thymus and the spleen to B and T cell
mitogens. Optimum mitogen doses and levels of foetal calf serum |
supplementation are established. Good stimulation indices are found when
spienocytes are stimulated with both PHA and Con A. Thymocytes also
respond well to these T cell mitogens, but a small response to B cell"
mitogens (E. coli LPS and PPD) is also found.

(2) The ontogeny of lymphocyte responsiveness toAT and B cell mitogens
is examined in Chapter 3. Very little stimulation is found in the larval
'thymus,:but shortly after the end of metamorphosis a thymocyte response
begins to emerge and by 6 months of aee good stimulation is found with
both T égg_ﬁ cell mitogens. While good levels of thymoeyte etimulation
.with the T cell mitogens are maintained in later life, the response to the
B cell mitogen LPS declines to onlf a low level by 12 months of age.
ﬁitpgeeic responses emerge in the spleen after the end of metamorphosis -
in a similar manner to thymocytes and good responses were found in all
the subsequent ages tested. The transient reéponse of thymic cells
to LPS, which is maximal at 6 months of age, was confirmed by auto-
radiography and was shown to be dependent on a population of nylon-wool
adhereht lymphocytes.

(3) The lafvel thymus plays a critical role in the establishment of
T cell functions, and Chapter 4 looks at the effect of ;hymectomy at
different stages of larval development on the.subsequent alloimmune
response, mixed lymphocyte reactivity and f cell mitogen responsi§eness.
The results reveal that (a) skin allograft rejection displayed by

' 7-day thymectomized animals is effected in the absence of spleen and




(vi)

blood lymphocytes reactive to T cell mitogens, (b) T-mitogen responsive
"cells and MLR T cells cannot easily be separated into distinct
populaeions in terms of their degree of.thymus dependency.

(4) Chapter 5 looks at the ontogeny of both T helper cell and B

cell function by examining the ig_gigg.antigen;binding reactivity

of splenocytes to a T-dependent (TNP-SRBC) and a T-independent (TNP-
LPS) antigen. Good levels of TNP binding cells can be induced in’

the spleen when larvae are only 3 weeks old following injection of
TNP-SRBC (after low dose priming with SRBC) or fNP#LPS. The level

of antigen binding in both cases appears to peak at metamorphosis.
However, when cellular antibody production wae measured, no plaque
forming'cells could be induced in the spleen until after the end

of meﬁamorphosis.

(5) éhaptei 6 presents (a) a brief histological study of the thymus
| in late larval life and at metamorphosis. This work characterises
the dramatic depletion of thymocyte numbers that occurs at the end
of metamorphosis and the renewed lymph0901e51s immediately afterwards,

4and (b) preliminary results on the effect of 7-day organ culture on

thymue histpgenesis.




CHAPTER 1

General Introduction

Toymﬁs function and lymphocyte heterogeneity in birds and mammals

| :It is now beyond question that the thymus is of central immunological
_ importance (Miller, 1979). The first major breakthrough that .clearly
linked the thymus with the development of the ihmuae system came in
1961, when Miller published his findings on the effects of thymectomy
-in the newborn mouse. He revealed that neonatal thymectomy (but not
gggiglthymectomy) was associated with reduced lymphocyte numbers in
blood'and lymphoid tissues and abrogated the ability of the mouse to
reject skin allografts. In the next few years it became apparent

that neonatal thymectomy in mammals not only affected cellular immunity,
but also impaired antibody responses to some antlgens (Mlller, 1962,
1963).» 1t ﬁas realised later that it was only the performance,

not the level of antibody-forming cells which was altered by neonatal

‘thymectomy (see discussion in Miller, 1979).

In birds it became clear early on that two eeparate 'Central'.
lymphoid organs were responsible for establishing humoral and cellular
immunity. Thus neonatal removal of the bursa of Fabricius (a
cloacal lymphoid organ found ohly in birds) impaired antibody
production but not-allograft rejection in chickens, whereas early
thymectomy impaired alloimmune reactivity but had only variable -
effects'on'antibody production (Glick, 1956; Szenberg and Warner,
1962; Cooper, Peterson, South and Good, 1966). The search for.a
mammalian equivalent of the avian bursa involved protracted
investigations (see Greaves, Owen and Raff, 1973, for discussion).
It now appears that the foetal liver and spleen are centrally
involved in production of antibody-forming cell precursors in the
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mammalian embryo (Owen, Raff and Cooper, 1975), the bone marrow

assuming this role in later life.

These extirpation experiments, backed up Qith observatioﬁS'
on mammals with congenital immunodeficient states (such as those on
the nude mouse, with its hypoplastic, non-lymphoid thymus - see
Panteleuris, 1971, 1973; Rygaard, 1973) gave rise to the concept
of thymus-dependent (T) and bursa-(or mammalian buisal-equivalent)-
dependent (B) lymphocytes for the 2 ontogenically—distinct cellular
populations found in the ‘peripheral' lymphoid tissues {(e.g. lymph
nodes). T and B lymphocytes are dlearly also functionally distinct
populatlons, thus T cells, were shown to be centrally involved in
cellular immunity, while B lymphocytes gave rise to antibody-producing

cell precursors.

why the thymus should play a role in antibody production to

certain antigens (called 'thymus-dependent') :eﬁained a mystery until
the late '60s. Then Claman, Chaperon and Triblett (1966) revealed
that cells from'mouse bone marrow and thymus (each independently capable
of very 1ittle antibody production) could, when injected together into
irradiated recipients, act synergistically fo give a good antibody
response when challenged with foreign erythrocytes. Moreover, all the
antibody in this type of experiment was shbwn to be produced by
injected bone marrow cells (Davies, Leuchars, Walls, Marchant and
Elliott, 1967; Mitchell and Miller, 1968). It appeared that the

T iymphocytes somehow 'helped' bone marrow derived cells to secrete

antibody. The other line of evidence showing T/B cell cooperation

came from hapten-carrier experiments. A hapteﬁ is a small, chemically

defined substance (e.g. trinitrophenyl (TNP)) which can combine




|
|

specifically with antibody, but cannot by'itself induce an immune -
reséonse; that is it is antigenic but not immuﬁoéenic., To induce
aﬁ immune response a hapten must be coupled to a maéromolecular
‘car:ier‘to form an immunogenic complex. To obtain a good
restoration of secondary anti-hapten IgG antibody response in
irradiated mice; it Qas necessary to have preseng pr separate
lymphocyte populations, one responsive to the.carrier and one

to the hapten (Mitchison, 1971). Carrier—sensifive_cells were
subsequently shown to be thymus-derived, whereas hapten-sensitive

1ympho¢ytes were bone marrow-derived (Raff, 1970). The precise

. mechanism of T cell help is still under debate, kut it undoubtedly

involves one or more signals from the T lymphocyte that triggers

the B cell directly or indirectly via macrophages (see Miller, 1979).

In more recent years, extensive research has shown that
mammalian effector T cells (unlike B cells, which seem functionally
fairly homogeneous) are a functionally heterogeneous family of

lymphocytes. Cytotoxic (Miller, Brunner, Sprent, Russell and

. Mitchell, 1971), helper and suppressor (Gershon and Kondo, 1972)

T.cell sub-populations, as well as those involved in delayed-type
hypersensitivity reactions, have been identified and, furthermore,
characterised by both their surface differenti;tion antigeﬁs

(e.g. the Ly antigens described by Cantor and BoYse, 1977) an@ by
the;r expression of antigens encoded by the major histocompatibility
gene complex (MHC). It is now beginning to be appreciated that
MHC'antigens play an important role in T lymphocyte reactivity.

Thus in inbred rodents, and possibly also in humans and chickens,
reactivity of helper and cytotoxic T cells are believed to be

restricted by the MHC. It has been known for some time that MHC




antigens are molécular markers of individuality: thus when
transplants are performed between MHC-disparate individuals,
graft rejection will occur rapidly, in contrast to the much
better transplant survival if MHC identity exié;s between donor
and host. The more recent finding is that the MHC is also of
vital importance in T cell recognition of foreign antigens where

| - | the MHC is'nbt serving as the immunisiné difference (Miller, 1979).‘
Thus T helper cell_collaboration with resting B lymphocytes will,

. in general, occur only if these lymphocytes expregs the same,
lymphocyte-defined MHC antigens (Katz and Benacerraf, 1975;
Andersson, Schreier and Melcheré, 1980), and T cell-mediated
cytotoxicity specific for virus-altered (Zinke;nagel and Doherty,
1974), or hapten-modified cells (Shearer, Reh# and Garbarino, 1975)
requires1serologically—defined MHC identity of T lymphocytes with
altered target cells. Although it has seemed likely from mouse
éhimera studies that it is within the thymus that‘T ;ells learn
to become MHC restricted during development (Zipkérnagel, 1978),
recentﬂexperiments suggest that this"learning'.within the thymus
may not alone be responsible for determining the range of MHC

restriction (see Howard, 1980).

: Concomitant with the discoveries of the functional complexity
of the thymus-dependent lymphocyte population in mammals, and the
vpossible role of the thymus iﬂ MHC restriction, have been investigations
to determine the precise role that the thymus pl;ys in T lymphoéyte
vdevelopment and differentiation (see review b& bedan and Robinson,
1981 and by Owen 25 3l: 1977). It has become apparent that the

thymus does not play a ‘static' role in this context but, rather,




is involved in a precise ontogenetic sequence. Early work by
_Moore and Owen (1967) on parabiosed chick embryos showed that

there was an input of haemopoietic stem cells'(T and B lymphocytes
are believed to derive from a common stem cell souree) into the
embryonic thymus. owen and Ritter (1969) showed (using an organ
culture technique) that stem cell inflow to thefthymus begins at

a precise time. Thus explants of 6-day chicken thymuses failed

to become lymphoid in vitro, whereas 7-day old:thymuses displayed
lymphocyte development when placed in culture.. The gquail-chick
chimera system has subsequently proved valuable in.analysing the
brief periods of development when the thymus becomes attractive

for stem cells (see Le Douarin, 1977). After entering the thymus,
stem cells proliferate in the thymic cortex and then lymphocytes

| migrate,tOWards the medulla (Borum, 1968i. Lymphocytes are thought
'to'leaye the thymus through the medullary venules (Saint-Marie, 1973).
It has been suggested that intrathymic MHC restriction of mammalian
T cells is dependent on contact of thymus lymphocyte with the thymic
'epithelium during ontogeny, and is determined by‘the haplotype of
the thymic epithelial cells rather than the thymus-lymphocytes
themselves (Zihkernagel, 1978). This restricting property of thymus
epithelial cells is pelieved to extend through ontogeny at least
until'juvenile stages (see Triesman, 198l). .O;gan culture studies
onithe thymus (see_reviews by Robinson, 1980; -Robinson and Owen,
1976, 1977; Mandel and Kennedy, 1978) and sequential - thymectomy
experiments (Shimamoto, 1980) reveal that there is a sequential

emergence of T lymphocyte populations in mammals.

Phylogeny of T and B equivalent lymphocytes

The central importance of ontogenetic events in the establishment

of the immune system in mammals and birds makes'the study of the




phylogeny of the immune system particularly impertant. The
relationship between the development of the individual and the
evolution of species and lineages has been an enduring question

in eyolutiénary biology. Ontogeny recapitulates phylogeny was
Haekel's answer in the nineteenth century (see Gould, 1978).
Although a belief in recapitulation is no longer tenable, further
understanding of -the relationship between theee two phenomena

is of continuing interest. Heterochronic diffefences in the
ontogeny of diverse immune systems highlight the importance of
phylogenetic study, of not oniy vertebrates but invertebrates

too. Developmental and comparative immunology is now a well
established area of research, and several symposia (see Hildemann
and Benedict, 1975; Wright and Cooper, 1976;ASolomon and Horton,
1977; Horton, 1980; Manning, 1980; Solomon, 198l), review articles
(Du Pasquier, 1973, 1976; Borysenko, 1976; Cohen, 1977) and books
(Manning and Turner, 1976; Cooper, 1976; Gershwin'and Cooper, 1978;
‘Marchalonis, 1977), have defined the cenﬁral iseues of this research
fieid; Primordial cell-mediated immunity, cheracterised by
.cytotoxic reactivity following allograft sensitisation and by
specifically inducible memory, has been demonstrated in parazoans,
coelenﬁerates, annelids and echinoderms. Furthermore, mixed
lymphocyte culture (MLC) reactivity has been demonstreted in
tunicates. These findings suggest that immunocytes functionally-
eqﬁivalent to certain mammalian T lymphocytes can exist in the
ebsence ef a thymus. Thus, although invertebrate immunocytes
often develop within special cellular aggregations (such as the
‘axial oréan of echinoderms and the gill-associated nodules of
tunicates), no true thymus exists in any backboneless animal.

Although humoral factors are known to augment phegocytosis in meny




invertebrates, no immunoglobulin (Ig) molecules nave yet been found.

Functionally-equivalent T and B cells, specific immunological
memory and Ig's exist in all Qertebrates, including agnathan fishes
which are the only vertebrates where there is no convincing evidence
for the presence of a thymus. (Good, Finstad, Pollara and Gabrielsen,
(1966) have described an aggregation of lymphocytes in the larval
lamprey»which they think may be a protothymus;_and Riviera, Cooper,
Reddy énd Hildemann (1975) suggest the presence pf-a protothymﬁs(
within the. velar muscle complex of the Pacific hagfish). T cell-
equivalent_functions, such as acute graft rejectiqﬁ and strong
MLC reactions, are two of the functional assays associated with
disparity at the MHC. The presence of these reactions in 'advanced'
amphibians (anurans), 'advanced' fishes (teleosts),'birds ('advanced’
reptiles?) and mammals, but their absence in 'primitive' fishes'
(e.g.‘agnathans, chondrichthyans and chondrosteans), 'primitive’

4amphibians (urodeles and apodans) and reptile;, ha$ led Cohen and
Collins (1977) to suggest that the MHC may ha&é evolved independently
on four separate occasions during vertebrate'phylogeny, and may
reflect convergent gene\evolution. It seems likeiy, howevgr, that
components of the MHC also exist in some of the 'primitive' forms,

" but allelic polymorphism may be minimal in.these.

?The functiona}l dissociation of the ectothermic iﬁmune system
into heterogeneous populations of lymphocytes has been a major
conside;ation of comparative immunology, and a Yariety of techniques
have been used for this purpose. Differential mitogenesis.has been
| of importance in this respect. In mammals different mitogens .

specifically stimulate either T or B lymphocytes and studies using




these ﬁitogens have now been performed in all vertebrate groups

(see Chapter 2 for review).. A second potent‘mefhod for study of
lfmphocyte‘heterogeneity in poikilotherms has involved the use of
hapten-carrier experiments (see Chapter 5 for review). _Lyﬁphocyte'
cooperation (suggesting at leaét two different lymphoid populations)
in humoral immune responses has been suggested_in both teledst

fish and amphibians, but seems to be abéent in aénathans-(Fujii,

Nakagawa and Murakawa, 1979).

The extent to which immune maturation is dependent upon the
thymus throughout the vertberates has been examined in thymus
ablétion ekperiments. Thymectomy in the teleost fish, the
Mozambique mouth brooder (Sailendri, 1973) reveals aAslow ontogeny
of T-dependent immuhe functions in this species. Thymectomy of
4 month old fish still caused extended survivél.of scale allogréfts,
while at 2 months it suppressed humoral immune reactivity to
subsequent challenge with sheep erythrocytes. The effecﬁ of
thymectomy on T-independent antigens was not examined by Sailendri,
so we cannot conclude that impaired humo;al immuni;y is due to
deletion of T cells. It is possible that both T and B cells are
épawned in the thymus of some fish (see Chapter 2). Adult thymectomy

hasino effect on the allograft response of rainbéw trout (Botham,

Grace and Manning, 1980), as in the lizard, Calotes versicolorxr

" (Manickavel, 1972), although a vital role of the reptilian thymus

in lymphocyte maturation is suggested by the use of antif[]—tﬁymocyte,
sefum in this species, which results in ‘a profound lymphopoenia in

thymus (and spleen) and suppfesses allograft rejection.




Ambngst the ectothermic vertebrates, it is the amphibian
class, in particular the anuran order, which has‘received most
attention with respecﬁ to the effect of thymectomy on immune
maturation. The thymus is clearly the major source of graft
rejection cells in both urodeles (Charlemagne and Houillon, 1968;
Cohen, 1969, 1970; Tournefier, 1972, 1973; Charlemagne, 1974;
| Fache and.Charlemagne, 1975) and anurans (Cooéér’and Hildemann,
1965; Du Pasquier, 1965; Curtis and Volée, 1971; Horton and
| Manning, 1972; Tochinai and Katagiri, 1975; Rimmer and Horton,

1977) . Although the role of the anuran thymus  in. antibody
'prddﬁction seems broadly comparable to that occurring in mammals
(éee below), the situation in urodeles seems hb¥e uncertain in

fhi# respect. Thus responses to mammalian T-dependent antigens

are either minimally impaired (Tournefier and Charlemagne, 1975)

or increased (Charlemagne and Tournefier, 1977). following thymectomy.
Possibly humoral immune reéulation'in urodeles is not effected |
by helper T cells. Indeed it may be that urodeles recognise

all antigens as T-independent (see Ruben and Edwards, 1980, for

discussion).

The clawed toad (actually a pipid frog - see Deuchar, 1972),

Xenopus laevis, has proved particularly useful in the study of

functional dichotomy of the anuran immune systgm into T4dependent

and T-independent components (see'Cohen and Turpen, 1980, for review).
Thymectomy early in life can easily be achieved in this species, which
does not runt after the operation (Horton and Manning,'1974).

It has been shown that early thymectomy impaifs allograft rejection

(Hortdn and Manning, 1972), abrogates humoral immune reactivity to
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classical T-dependent antigens (Tochinai and Katagiri, 1975;

Turner and Manning, 1974; Horton, Rimmer and Horton, 1976) and

abolishes in vitro mixed leucocyte culture (MLC) reactivity

(Du Pasquier and Horton, 1976) and responsiveness to the T cell

. mitogens phytohaemagglutinin (PHA) and Concanavalin A (Con A)

(Du Pasquier and Horton, 1976; Manning, Donnelly and Cohen, 1976;

- Donnelly, Manning and Cohen, 1976), whereas it has no. apparent

1effect on antibody production to classical T-independent antigens

(Collie, Turner énd Manning, 1975; Tbcﬁinai, 1976) or on in vitro
lymphocyte stimulation by the putative B cell m;togens
gbggli_lipopolysaccharide (LPS) and pufified,protein derivative

of tuberculin (PPD) (Manning et al., 1976). Horton and Sherif's
(1977) sequential thymectomy studies have suggested the possibility
of sequential establishment of different T cell subsets in Xenopus

(see Chapter 4).

The work in this Thesis attempts to gain further insight in;o
the development of thymus function and lymphocytéﬂheterogeneity
in Xenopus. Chapter 2 examines the culture conditions necessary
for obtaining good mitogen responses in thymus:and spleen to putative

T and B cell mitogens, and forms the basis for work in the next

Chapter. Chapter 3 investigates the ontogeny of mitogen reactive

cells in thymus and spleen, to gain direct insight into the time
when lymphocytes responsive to putative T and B cell mitogens first
appear, and to follow this responsiveness over the immunologically-

intéresting period of metamorphosis. The possibility of T lymphocyte

_heterogeneity in Xenopus is assessed in thymectomy experiments

performed in Chapter 4. This work centres on the in vitro
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proliferative capabilities (mitogen and MLC reactivity) of
lymphocytes taken from toadlets thymectomised in early or mid-
larval life. Chapter 5 looks at the in _\Erg; ontogeny of antigen-—
reactive T-and B-equivalent cells in the spleen with the aid of
T-dependent and T-independent hapten-carrier complexes. As in
Chapter 3, it is the laryal and perimetamorphid periods whiéh
are the main focus of study. The ontoAgeny of ‘splenic antibody—.
secretiné' cells, and the possibility‘of antigen production within
. the thymus are also briefly considered in Chapter 5. The
penultimate Chapter is concerned with the histological changes
occurrihq in the thymus over metamorphosis. It also examines

, fhé histological outcome of organ culturing the larval thymus.

The major findings from the work in this Thesis are outlined

in Chapter 7.
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CHAPTER 2

Lymphocyte reactivity to 'T' and 'B' cell mitggghs : Studies on Thymus

and Spleen of the adult'

Introduction

The differential responsiveness of lymphocytes to mitogens has
been a major means of distinguishing T and B cells in mammals and birds

Greaves and JanOssy, 1972). The phytomitogens PHA, an extract of

the red kidney bean Phaseolus vulgaris (Nowell,'19605,Aand Con A,

an extract of the Jack bean Canavalia ensiformis (Powell and Leon,

1970), exclusively stimulate T cells. In contrast LPS, an extract

of the bacterium Escherichia coli, and PPD induce prolifération

exclusiVely in B cells. Pokeweed mitogen (PWM), an extract of the

stem of Phytolacca americana (Borejeson.gg.gi.,:1966), seems to

stimulate both T and B lymphocytes.

The use of these mitogens in a variety of .endothermic vertebrates
has demonstrated the presence of both T- and B-mitogen responsive
cells in the peripheral lymphoid system. In céntrast, the thymus
was shown to contain lymphocytes responsive onlyitd T cell qitogens-
(Robinsdn and Owen, 1976) suggesting that this central lymphoid organ
_ié exciusively a T cell domain. Furthermore; fhe importancé of
thevthymus early in oﬂtogeny for the subsequent establishment of
functioﬁal T cells was confirmed by the abseﬁce of T mitogen

responses in the periphery following early thymectomy.

The phylogeny of lymphocyte heterogeneity and, in particular,
the role of the thymus in the establishment of functionally-distinct

lymphocyte populations, is an important question in immunology.




Differential mitogenesis is a useful means of'détecting lymphocytes
functionally-equivalent to mammalian T and B cells throughout the
vertebrates. Of the agnathan fishes, both the hagfish (Riviere
et al., 1975) and lamprey (Cooper, 1971) possess ééripheral
lymphocytes that are stimulated by PHA. Amongst the elasmobranch
fishes, nurse shark peripheral blood leucocytes (PBL) respond .
rather poorly to T cell mitogens. They undergé'blastogenesis to
Con A, but only when large amounts of mitogen (lmg/lo6 cells) are

" used, and the response to PHA is found only in a'population of
gradient-separated PBL (Lopez, Sigel and Lee, 1974; Sigel, Lee,
McKinney and Lopez, 1978). It has recently been shown, however,
 that nurse shark PBL are stimulated.by PHA, Coﬁ A and LPS to become
cytoto#ic to xehogeneic target cells (Pettey and MQKinney, 1981).
Iﬁ the teleosts (Osteichthyes) responsiveness to both T and B
mitogens can readily be demons trated in the pefiphéry. Thus
lymphocytes from spleen and pronephros of the breém respond to

PHA, Con A and LPS (Cuchens, McLean and Clem, 1976). These latter

13

workers also found that the bream thymus contains lymphocytes reactive

to both T and B mitogens (see also Cuchens and Clem, 1977). In
- contrast, the rainbow trout behaves more like the mammalian thymus
‘ in.that it responds to Con A but not to LPS (Etiinger, Hodgins

and Chiller, 1976; Chilmonczyk, 1978).

Recent studies on mitogen responsiveness in anuran amphibians

have revealed similarities between poikilotherm and endotherm lymphoid

sys;ems, to the extent that normal mitogen reactivity of Xenopus
lymphocytes to PHA and Con A in the periphery ig‘dependent on the
'pgesence of the thymus early in development, in éontrast'to the‘;
thymic independence of LPS and PPD responsivene§s (Du Pasquier and 4

Horton, 1976; Manning, Donnelly and Cohen, 1976). The work in this
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Chapter was designed to complenent these studies by investigating
~the ig_giﬁgg_proliferative behaviour of adult 3bnogus lymphocytes
fnom the thymus to mammalian T and‘B cell mitogens. Additionally
it compares thymocyte responses with those of lymphocytes from
the'apléen, the‘latter being the major peripheral lymphoid organ
in this species. The experiments investigate optimal culture |
conditions, in particular mitogen concentration~and.leve1 of serum

supplementation - for mitogen ieactivity of thymocytes and splenocytes.

Materials and Methods

(a)'Rearing and care of animals

All animals used in this Thesis were bred and reared in the
laboratory. Spawning was induced by injectxon of chorionic
gonadotrophln (Xenopus Ltd.) into the dorsal lymph sac of male

and female Xenopus laevis (Daudin). Animals mated overnight and

the eggs laid were transferred to aerated, stanaing water and
maintained at 23°C t 2°C. After hatching, the tadpoles were
distributed at a density of about 10 per tank (one per litre) and
were fed on nettle powder twice a week up until metamorphosis,
after whioh toadlets were kept 4 per tank and were fed on Tubifex

) worms and later on minced meat (liver or heart) twice a week.

All animals used in this Chapter were aged 10-15 months.

(b) Lymphocyte culture

Thymus and spleen were removed from the animal aseptically
in a laminar flow hood, following anaesthesia with MS 222 (Sandoz).
Organs were fransferred to watch glasses containing modified Leibovitz
L-15 culture medium (Flow Laboratories). For each 58 cm> of L-15 |
‘medium the following additions were made:- 24 cm? oouble-distilled:

water, 1.6 cm3 2mM 2-mercaptoethanol, 0.8 cm3 1M Hepes buffer,
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0.8‘cm3 penicillin/streptomycin (Flow), 075 cm3 fungizone (Flowf
" and 0.5 cm’ L-glutamine (Flow). This amphibian medium was
sterilised by filtration through a 0.22 um 'Millex' filter (dillipore).
Tissues were teased apart under a steremichscope using watchmaker's
forceps. The teased tissues were then traﬁsferred to glass
‘centrifuge tubes and the contents allowed to settle for a minute.
The supernatant cell suspension, devoid of all large clumps, was
Vwashed twice (using a refrigerated centrifuge at 350 x g for 10 mins)
and resuspended in medium. Lymphocytes were counted in a Neubauer
Amgrican Optical counting chamber and tﬁeir concentration adjusted

to 5 x lO6 cm_3;

Triplicate lymphocyte cultures prepared from individual
adults were seﬁ up in microtest plates (M25 ARTL, Sterilin), which
have v-shaped wells. Forty pl cell suspeﬁsiop (2 x 105 lymphocytes)
were distributed to each well. Ten ul mitogen (or medium in control
culture#) and finally 10 ul heat—inactivated foetal calf serum

'(FCS, batch 427006, Flow) were then added (both mltogen and serum
being freshly diluted with amphibian medium) . The extent to which
the level of serum supplementation affected Jymphocyte viability
and reactivity to variohs mitogehs was examined:- FCS was added
to give a final concentration of either 10% or 1%; serun-free

cultures were also set up, the ten ul being replaced by 10 ul medium.

flated cultures were placed in a humidified incuﬁator at 28°C
for 2 days. At this time the cultures were pulsed with 10 ul (luci)
trltlated thymldlne ( HTdR, specific activity 5 Ci mmol l
Radiochemical Centre, Amersham). The cells were then mcubated
for a further 18-24 hours at 28°C before they were harvested with

a Skatron cell harvester (water wash modél, Floﬁ). The glass fibre




16

discs containing the recovered cells from individual wells
wére,placed into separate glass scintillation vials, air dried
for 30 minutes, 0.5 cm3 tissue solubilizer (Profosol, New England
Nuclear) was then added to each vial and incupated at 55-60°C for
1 hour. Finally 5 cm3 scintillation fluid ( 42-cm3Liquifluor

3

(NEN) per litre of toluene) was added. HTAR incoxporation was

measured with a Nuclear Enterprise liquid scintillation counter.

Stimulation indices (S.I.'s) for each individual experiﬁeht
were measured by dividing the mean counts per minute (cpm) for the
tripliéate cultures with mitogen added by the mean cpm obtained
with‘contrél (no mitogen) cultures. Stimulation indices from,
on average, 8 separate experiments provided each mean S.I. given
Vin'Figﬁres 2.1-2.4. S.I.'s were considered éositive only when
they reached 1.5, since the mean (t SE) coefficiént of variation
(Sb/mean) in cpm fof triplicate cultures was 23% k4 3.5%, the

highest variation being 47%.

(¢) Lymphocyte viability

The effect of FCS supplementation on lymphcéyte viability
was examined in 72 hour mitogen-free cultures. Cells from both
thfmus and spleen from 5 separate experiments were étained in
0.2% nigrosine for 10 minutes and the percentage of dyefexcluding

lymphocytes calculated from the mean of triplicate cultures.

(d) Mitogens
The fbliowing mitogens were used:- PHA M; Con A, E.coli LPS

055 :B5 (all from Difco), PPD 298 (Ministry of Agriculture, Fisheries

and Food, Weybridge) and PWM (Flow Laboratories) .
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Results

(a) 3HTdR incorporation and viability of lymphocytes in mitogen-

free cultures.

The level of 3HTdR uptake after 3 days in culture by thymocytes
and splenocytes in the absence of mitogeﬁ is gi§én in Table 2.1.
Addition of 1% FCS to spleen and thymus cultures increased mean
background cpm 2-3 fold when compared with seiuﬁ—free cul tures.
'A further 3-4 fold increase in cpm occurred when splenocytes
were cultured with 10% FCS. In contrast, thymoqytes in 10%
FCS displayed only marginally elevated cpm when compared with
1% FCS cultures. Thymocyte background cpm were‘noticeably
lower>than splenocyte cpm for each FCS conéentration. With
respect to O% and 1% serum supplementation, this-could well be
related to the poorer viability of thymus lymphogytes (35% and 55%
viable respectively) when compared with spleeq lymphocytes
(65% and 79%) at 72 hours of culture. Ten per cent FCS supple-
mentation resulted in improved viability of thymuas lymphocytes.
' (84%), directly comparable to spleen lymphocyte‘viability (86%) .
This equally good viability of lymphocytes from both thymus and
spleen in 10% FCS does not explain the very high levels of 3HTdR.
incorﬁoration seen in the splenocyte cultures at this level of
serum supplementation. This feature might bé related toiantigegic
stimulation of spleen lymphocytes by FCS, a stimulation not readily
apparent in thymus cultures. Or it could be that 10% FCS culture

conditions are still not optimum for thymocyte proliferation.

(b) Proliferative respoﬁses of thymocyteSxand‘splenocytes to

T and B cell mitogens

The dose-response curves (based on mean S.I.'s) of thymocytes

and splenocytes to Con A, PHA and LPS are shown in Figs. 2.1-2.3
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respectively. Table 2.1 shows details of cpm recorded in
these experiments, but only for optimally-stimulated and mitogen-

free cultures.

Con A: With 1% FCS supplementation the :euppnse of
thymocytes and splenocytes to this mitogen was alnnst identical.
Maximal S.I.'s of just over 12 were recorded withicells from
both organs when O.5ug cm—3 Con A was used. With 10% FCS, more
mitqgen (2.5ug cm-3) was required to optimally stimulate splenothes
A and thymocytes, and maximal S.I.'s were lower. The uarticularly
low mean S.I. (4.3) found with splenocytes cultured in 10% FCS
appeared to be primarily related to the high background counts
under theée serum conditions. Con A responses ln serum-free

media were not examined.

PHA: 1In contrast to Con A, where substantial stimulation
occurred over only a narrow dose range of mitogen, a widerlrange
of PHA uoncentrations effected good levels of.proliferation.

Wwith 10% FCS supplemuntation, thymocytes and’sélenocytes displayed
identi;al dose-response curves. For both cell types 40ug cm_3’PHA
proved optimal, with mean S.I.'s of around 7. ' The maximal
stimulation of thymic lymphocytes was unchanged‘when cultured in

1% FCS or in the absence of serum; althbugh under these conditions
8ug cm -3 PHA also proved to be ‘optimal’. Maximal stimulation of
splenocytes cultured in 1% FCS or with no serum was almost doubled
when compared with the 10% FCS spleen cultures. Forty ug cm -3 and
8ug cm—3 proved optimal for the 1% FCS cultures,Awhereas 8ug cm_3

achieved 'maximal' stimulation of serum-free cultures.
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LPS: Splehocytes responded vigorously; especially in
serum~-free conditions to this B cell mi togen, displaying a mean
méximal S.I. of 22 with the highest concentration of LPS used

(2mg cm_3

). Addition of FCS resulted in a significantly lower
maximal S.I. (7.4). In both serum-free ahd l%:FCS spleen cell
cultureé, the more LPS added, the greater the uptake of 3HTdR.
-Thymus iymphocytes of these 10-15 month old.aﬁimals responded
relatively poorly to LPS when compared with'spleén cultures. In
serum-free or 1% FCS conditions, mean maximal S.I.'s were only
just grea#er than 2, with only 4/8 and 8/10 thymus cultures
(respeétively) di.splaying significant S.I.'s. ﬁowever, with
10% FCS all 13 thymocyte cultures set up consistently displayed
significant S.I.'s with optimal LPS concentr;tioh (1 mg cm-3).

The mean S.I. of these maximally-responding>cultuies was 4

(range 2.2 - 8.8).

The potential of thymus lymphocytes to respond to 2 other

mitogens - PPD and PWM - was also briefly examined (see Fig.

2.4).

PPD: With 10% serum supplementation, thé maximal mean
S.I. (3.3) was attained with 1.0 ng cm-3 PPD, with only one culture
failing to respond. The background mean cpm in these experiments

was 8l1 hy 145, whereas cpm following PPD stimulation rose to

2,365 ¥ 270.

PWM: With 1% FCS supplementation the maximal mean S.I. of
thymocytes was 4.6 when 25 ug cm-3 PWM was used. Backgrqund mean

4 +
cpm was 790 t 206 in contrast to the mean of 2631 - 292
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cpm recorded in the PWM stimulated cultures. :

Combined PHA and LPS: In order to gather some circumstantial

evidence that the T and B mitogens used hexe"ﬁere, in fact,
Stimulating distinct populations oleenoEus lymphocytes, an
additional expériment was carried out with éplgnocytes.
Thymocyfes were not used because of their relatively poor
response to LPS. In this experiment, cultures from'the. same
splgen were set up with (a) PHA (20 ug cm °) alone, (b) LPS

(2 mg cm ) alone and (c) PHA and LPS combined in the same well.
One % FCS supplementation was used. The results are shown

in Table 2.2, The stimulations achieved khen'the two mitogens
were combined in culture proved to be approxiﬁately that expected
froﬁ adding the S.I.'s achieved by use of PHA or LpS in sepérate
wells. This suggests that these fwolmitpgeng may well be
stimulating separate splenocyte populations, i.é. T and B-

equivalent cells respectively.

Discussion

The experiments have shown that both thyﬁocytes and splenocytes
from 10-15 month old xeﬁogus respond well to the T cell mitogens
éHA and Con A, PHA having-a broader dose-response curve than
that of Con A. The proliferative responSeuof cells f;bm these
2 organs to Con A was virtually identical in.te;ms of‘optimai
mitogen dose, leve; of stimulation and effect of serum supplementation.
PHA reactivity was also comparable in the two drgans, although
maximal stimulation of thymocytes was lowgr than that recorded

in splenocyte cultures when serum-free or 1% FCS supplementation
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conditions were used, i.e. under conditions that allow only
poor thymocyte viability. In texms of mitogen reactivity,
therefore, it appears that functionally-mature T-equivalent

cells exist in good numbers in both organs in Xenopus.

' Reactivity of anuran lymphocytes to these T cell mitogens

has been examined in some detail (Bufo marinus, Goldshein and

Cohen, 1972; Rana pipiens, Goldstine, Collins and Cohen, 1976;

Xenopus laevis, Du Pasquier and Horton, 1976; Manning, Donnelly

" and Cohen, 1976; Donnelly, Manning and Cohen, 1976; Horton and
Sherif, 1977; Green and Cohen, 1979). 1In tezms of optimal

mi togen dose, these studies are comparable with mammalian
findings (see for example, Coutinho, M&ller, Andersson and
Buliock, 1973; Janoésy and Greaves, 1971). The present
experiments on Xenopus highlight the requiremén£ for higher
doses of mitogen to optimally stimulate lymphocytes when these
.are cultﬁred with increasing levels of FCS. __This finding is
 well characterised in mammals and is thoughf.to be related to
binding of mitogen to FCS proteins (see Coutinho et al., 1973).
The finding of good responsiveness to T cell mitogens in the:
anuran thymus contrasts with the_results from the urodele,

Ambystoma mexicanum, where no response to T cell mitogens was found

in the thymus (Collins and Cohen, 1976). This is a good example

of the distinct differences that exist betweenvanuran and urodele

immuné systems (Jurd, 1978).

The demonstration of a substantial response of Xenopus
thymocytes to Con A and PHA contrasts to somelektent wi;h the

work of Donnelly, Manning and Cohen (1976), Green and Cohen (1979),
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who reported only minimal stimulation.of adult Xenopus .
thymocytes with these mitogens. The use df'a higher
concéntration of lymphocytes per culture in fhe experiments
réported here may, to some extent, explain this.disparity.

Thus experiments reported in the third Chapter of this Thesis,
Iatfempting to reduce cell numbers in microtes: plate mitogen

. culturés, were not successful in procuring good S.I.'s.

Donnelly et al (1976) also noted that detection of residual

Con A reéctivity in spleens of early—thymeqtémized Xenopus

was dependent upon maintaining a sufficiently high concentration
of cgl;s 32_32559, In contrast to unfractionated thymocytes,
their experiments did demonstrate an excellen” Con A and PHA
response in the low density fraction of bovine serum albumin
separatéa thymus lymphocytes, revealing heterogeneity of T-
equivalent cells in the anuran thymus, which has been‘previously

demonstrated in mammals and birds (Stobo and Paul,.l973).

Work in this Chapter reveals that Xenopus thymocytes
are stimulated»ﬁy the mitogen PWM, although this response is
relatively poof compared with that to PHA and-één A. Work on
mammals sﬁggests that PWM stimulates a subset of T lymphocytes
that have helper activity,and that this response can be influenced
bf suppressor T lymphocytes (Greaves, 1972; Hirano, 1977;
Keigthley gg_él,, 1976). In humans PWM stimulétion of helper
T cells can lead to polyclonal B cell activation (Hammerstrdm

et al., 1979; Lanzavecchia et al., 1979).
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Under optimal conditions, the splenic reséonse of Xenopus
to LPS was better than that seen with PHA or'cen A, Manning
et al. (1976) revealed quite the opposite in their studies.
However they added 1% FCS in their experiments, which we have
ehown are suboptimal for LPS reactivity. .The fact that very
~high concentretions (1 mg cm-3) of LPS are required to 'optimally'.
stimulate Xenopus splenocytes'was, however, also demonstrated
in their experiments. Less LPS (100-400 ug cm-'3 055 : BS'
preparation) is required to optimally stimulate splenocytes
in other amphibians (Goldstine, Collins and Cohen 1976;
Collins and Cohen, 1976), and fishes (Etlinger, Hodgins and
AChiller, 1976), higher doses of LPS'proving to be suboptimal.
- The reasons for these differences are unclear.' A parallel
between the findings in Xenopus and experimenﬁs-perfbrmed in
mammals exists, however. Thus the more LPS (055 ¢ B5) added
to mouse spleen cells (maximuﬁ concentratioﬁ,used = 100 ug cm-3),
the greater the degree of induced proliferation (Coutinho

et al. 1973).

In contrast to spleen cells, Xenopus thymocytes-respond

. relatively poorly to LPS. Nevertheless, the positive st;mglation
~ of many thymocyte preparations'with this putative B-cell mitogen
and also with PPD suggests the possibility of a population of
ﬁ-equivaleet cells within the anuran thymus. However, one must
be ceutious in drawing this cenclusion since:the highest levels:
of stimelation with LPS were seen in those thympcyte cultures
supplemented with.10% FCS. It could therefore be that the.
induced feactivity was achieved by synergistic inteiaction of

foreign serum components with mitogen, possibly effecting alteration
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of the specificity of this mitogen for B-equivalent cells (see
Etlinger et al, 1976, for discussion). However, the significant
reSponse to this mitogen in half of the serum-free thymocyte
cultures implies that the better response of thymocytes in 10% FCS
might simply be related to increased Qiability of LPS-reactive cells
under these culture conditions. It should also he pointed out
that LPS may be indirectly stimulating Xenopus T lymphocytes. Thus
LPS can, via interaction with macrophages, cause triggering of
some T cells in mice (Roelants, 1978). LPS—reactive Xenopus
thymocytes do, however, appear to be a different population to

_ PHA and Con A responsive thymocytes (see nylon wool separation
experiments performed in Chapter 3). Although the double mitogen
stimulatioh experiments with Xenopus also suggest that PHA and LPS
etimulate>eeparate spleen lymphothe populatrens} similar studies

with thymocytes would ascertain that this holds for the thymus.

ﬁxperiments are currently in progress (cribbin, Horton and

Zettergren) in the laberatory to determine whether B-equivalent cells
can be identified directly in LPS stimulated thymus cell cultures.

These experiments involve the use of anti- Xenopus Ig reagents to

" detect the appearance of cytoplasmlc—Ig-labelled lymphocytes.

RLPS is used in mammals to stimulate B cells ‘to develop into antibody
secreting plasma cells (see Melchers, 1979). In the teleost, the
trout, LPS stimulation ié_z&ggg_does induce B—equivalent cell production
in the spleen (assayed by inducﬁion of PFC's and-by the appearance of

cells with the ultrastructure of plasma cells) but not in the thymus

(Etlinger, Hodgins and Chiller, 1978). The findlng of a B cell activity

within the anuran thymus would not be novel since functioning anti-

body forming cells have been found in the thymus of diverse vertebrate




25

species, e.g. mice (Herzenberg and Herzenberg, 1974; Bosma

and Bosma, 1974; Micklem et al., 1976); rabbits (Chou, 1966; Jentz,
1979), ;ﬁickens (Seto, 1978), snakes (Kawaguchi, Kina and Muramatsu,
1978), frogs (Moticka, Brown and Cooper, 1973; Minagawa, thishi and
Murakawa, 1976) and fishes (Sailendri and Muthukkéruppan, 1975;

Ortiz—Muniz and Sigel, 1971).

_ In endotherms intrathymic antibody forming cells may well
be spawned in the periphery and then have migrated to the thymus,
since a glear separation of T and B cell systemsﬁis believed to
exist'early in their development, the thymus effecting T cell
matu:aﬁiqn, the bursa of Fabricius or bursal-equivalent being
the priﬁary site of B lymphocyte differentiation; There is no
direct bursal equivalent in mammals since B ééll differentiation
fis multifocal, beginning in the placenta and then later emerging
in other sites, e.g. the foetal liver and spleen and eventually

in the bone marrow (Melchers, 1979; Owen} Raff and Cooper, 1975).

In lower vertebrates there is substant1a1 év1dence that the
thymus is the primary ‘site of T—equlvalent lymphocyte di fferentiation
(see the Introduction to this Thesis) but uncertainties reﬁaln‘
concerning the orlgins of B-equivalent lymphocy.es. This is
discussed in the next Chapter in the light of experlments investigating
the éntogeny of mitogen reactivity to putative T and B mitogens in
thymus and spleen of larval and young adﬁlt Xenopus, since these

studies provide additional characterisation of the thymocyte response

to LPS.
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TABLE 2.1 Comparison of cpm obtained in mitogen-free and
optimally-stimulated thymus and spleen cell
cultures under different conditions of FCS
supplementation.
Mitogen Organ FCS Optimal Back round mean Stimglated mean
: : : conc. mitogen cpm - S.E. cpm - S.E.
% conc.
ug cm™3
Spleen 1 0.5 2,555 ¥ 737 . 21,500 ¥ 5,296
10 2.5 10,016 ¥ 1,251 41,000 ¥ 5,489
Con A : .
1 0.5 823 * 127 8,336 ¥ 3,735
Thymus ‘ » ! ‘ '
10 2.5 1,063 T 390 12,365 = 9,831
+ +
o 8 1,651 = 452 17,302 2 667
Spleen 40 3,522 ¥ 887 32,426 ¥ 6,031
10 40 9,131 ¥ 1,294 56,115 % 6,268
PHA
0 8 496 ¥ 72 4,815 ¥ 3,513
Thymus 1 8 1,677 ¥ 494 7,578 ¥ 1,793
10 40 1,936 ¥ 633 12,726 2 4,030
: + - +
o 2000 822 Y166 12,568 - 4,085
Spleen + +
1 2000 2,341 % 489 19,206 * 3,473
LPS o
+ +
o 2000 302 T 33 540 ¥ 130
Thymus 1 1000 957 ¥ 238 2,217 ¥ 611
10 1000 1,073 % 304 4,065 ¥ 1,084

A]_.though‘maximal S.I.'s can be calculated from the Table, such indices

will not agree precisely with those shown in Figs. 2.1-2.3, since the

latter are based on differences between background and stimulated cpm

recorded in individual experiments, rather than on pooled cpm data

(see Methods).
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TABLE 2,2 Effect on spleen lymphocyte proliferation of
combining PHA and LPS in the same culture
Spleen 1 ~ Spleen 2
Mi togen cpm Mean S.I. cpm Mean S.I
(individual cpm (individual cpm
wells) wells)
1,825
_ 2,298 1,831
3,497 2,540 1,129 1,480
29,077 19,263
LPS . 28,389 23,188
(2mg cm 73 31,222 29,563 11.6| 16,221 19,557  13.2
17,358 14,100
PHA 3 36,643 9,831
(20 ug cm ) 12,547 22,182  8.7| 10,669 11,533 7.8
2mg cm—3_ . .
LPS - 53,979 41,328
- 00
20ug cm 3 72,045 &,
68,316 25.5{ 30,579 33,469 22.6

64,780




Figs. 2.1 - 2.4

(o) no FCS supplementation
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: Each point represents the mean S.I. (- S.E.)
i :

calculated from {(an average) 8 separaté

experiments.
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CHAPTER 3

Ontogeny of mitogen responsiveness in thymus and spleed

Introduction

Proliferative reactivity to both T and B ceil mitogens is not
an inherent property of embryonic lymphocytes. ~ Indeed the-
gme;gencé of mitogen.réactivity in mammals is considered to be a
marker for a certain level of functional maturity (Janossy & Greaves,
: 1972- Stobo and Paul, 1973; Mosier, 1974; Kruisbeek, 1979). The
mitogen studies in' this Chapter were desxgned to investigate the
ontogeny of T- and B-equivalent lymphocytes w1thin the anuran
thymus during larval and post-metamorphic lifef The competence
of intra-thymic larval and young toadlet lymphbcytes'to respond in
!iggg’has.been examined by others with respect to MLC reactivity
(Du Pasquier & Weiss, 1973), but there have.been no reports concerning
the development of mitogen-reactive cells within this organ. The
emergence of.thymocyte reactivity'during the first two ye#rs of
life to Con A, PHA and LPS are examined here aﬁd proliferative-
responses are compared, wherever possible, withlthose occgrring-
in the.spleen. The experiments on ontogeny of mitogen reactivity
pay particular attention to the thymocyte LPS response, which
proves to be maximal in the young toadlet. The'celis involved in
the éréliferativé response to this mammalian B cell mitpgen are
compared with thymocytes stimulated with PHA féllowing autoradiography
and nylon wool separation. The effect of metamorphosis on emergence

of‘thymocyte mitogen reactivity is also discussed in some detail.
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Materials and Methods

(a) Miniaturised’ceil culture technique

Larval lymphoid tissues possess relatively few lymphocytes
compared with the adult, so the standard technique of lymphocyte
culture described in Chapter 2 had to be miniaturised. Initial
experiﬁehts with toadlet lymphocytes showed that ieducing cell
numbers in the standard microtest plate reduced the subsequent
scintillation counts to an unacceptably low and variable level.
However, it was possible to reduce cell numbers and volume by

 25% (5.x lO4 lymphocytes in 1lOul) in flat-bottbméd Terasaki

microcul ture plates (Sterilin): this yielded S I.'s comparable to
the standard technique (2 x lOS lymphocytes in 40ul) These
experiments are descrlbed below. Success with miniaturisation

made it pqssible to work with individual larval thymuses, but
larval spleens still proved to contain too few ’ymphocytes for
1nd1v1dual analysis. The standard cell culture technlque described

in Chapter 2 was used with toadlet tissues.

The miniaturised technique is illustrated in Fig. 3.l.
The larval thymus was dissected out and placed in a microtest plate
containing medium (see Chapter 2) where it was broken up.ﬁechanicélly
under a stereomicroscope using tungsten needles. Thymocytes were
"then washed by centrifugation for 10 minutes at»350 x g. The
resuspended cells were counted and adjusted to 5 x lO6 lymphocytes
cm-3. ~Ten il of the cells and 2.5 pl of mitégen (medium in control

cultures) were added to each well of a Terasaki plate. Finally

2.5 pl of FCS was added to give a final concentration of 1%.
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. One per cent FCS supplementation was used tﬁroughout all the
ontogeny experiments, since this helped keep bépkground counts
down (although larval thymocyte background cpm weré still very
high in'the Terasaki plates - see Results). The mitogen |
concentrations used are given in the Tables. Triplicate lymphocyte

cultures were set up.

After 48 hours at 28°C the cells were pulsed with 0.25 uCi

3gmar (2.5 pyl of a1 : 10 dilution 1lmCi o3 3HTdR, specific

activity 5 Ci mmol_l

). 18 - 24 hours later the contents from
individual wells we;e transferred to separate<éositions on
h;rvesting mats of fhe Skatron cell harvestef by maﬂual pipetting.
The mats were then inseited into the head of the harvester aﬁd .
the cells washed thorbughly and prepared for scintillation counting
as in the previous Chapter. The coefficient pf‘variation using

the miniaturised technique was comparable with that in the standard

technique. Therefore S.I.'s of 1.5 and above were considered

positive.

(b) Autoradiography

At the end of the 3 day culture, instead of harvesting the
radicactive wells the latter were washed with amphibian phosphate-
" buffered saline (PB) and then lymphocytes counted. Approximately
1l x lO6 thymus lymphocytes were resuspended in 50 pl FCS and a
smear'pf cells prepared using a cytocentrifuge'(éhandon) as follows.
The cells were inserted into cuvettes and centrifuged for 4 minutes
“at 600 rpm, which forces the cells onto a circtlér area of a
microscope slide. The slides were then fixed in methanol and air-

dried. In the darkroom they were dipped in Ilford K5 nuclear
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emulsion, following the technique described by Rogers (1973},
and incubated for 1 week at 4°C to expose the silver grains.
Following photographic development they were stained with

Leishman's stain, and a permanent mount prepared.

The method for counting labelled‘and blast iymphoid cells
was as follows:- Fifty fields, using the microscope at x1000
magnifiéation, from the centre of the smear were examined and all
lymphoid cells counted and identified. Coded slides were used
and gave consistently-repeatable results. Cells Qere intentionally

‘heavily-labelled to facilitate counting.

(c)'Nylon wool separation

| Thymocytes were separated on a nylon wodl‘column using the
method of Blomberg, Bernard & Du Pasquierx (1980),' Briefly 1 gm
nflon wool ("Leuko-Pak", FEpwal Laboratories - obﬁained from'
Travenol) was washed by boiling 6 times in distilled water.
It was then dried and téased to remove knots, loosely packed into
a lo cm3 éyringe and autoclaved. Lymphocyte separation then
proceeded as follows. The column was saturated with sterile
amphibian sﬁrength PBS containing 10% FCS fb; at least 1 hour
prior to usé. The thymocyte suspension was then added in 1-2 cm’
medium. iWO to three cm3 of the PBS/FCS solution was added and
the column incubated at 30°Cc for 1 hour. Aftervthis time the
non-adherent cells were flushed through with about 20 cm3 of
APBS/FCS, centrifuged and resuspended in medium and the lymphocyte

3

concentration readjusted to 5 x lO6 cm ° for culture. The nylon

' wool-passaged cells were compared for mitogen reactivity with
unseparated cells from the same thymocyte suspeasion. In these

mitogen experiments the miniaturised technique was used throughout.




36

(d) Experimental design

(i) Preliminary studies on miniaturisation

Mitogén responses and background cpm of individual thymus
and spleen cell suspensions (taken from 4-8 month old toadlets)
were.examined using the microtest and Terasaki plates, with

standard and miniaturised techniques respectively.

(iif'Ontheny of mitogen responsiveness

This major series of experiments was designed to investigate
the ohtogeny of responsiveness of thymocytes, from ﬁhymuses taken
from individual larvae of stage 52 (3 Qeeks old) and continuing
until about 2 years of age, to the T cell mitqgéné PHA and Con A
and thg B cell mitogen LPS. Figure 3.2 shows ;he relationship
between agé and developmental stagé, that has begn used throughout

the thesis, and follows the normal table of Xenopus laevis

development of Nieuwkoop & Faber, 1956. As-alreadyAmentioned,
the very low lymphocyte numbers found in larval spleens precluded

mitogen studies on this organ until after metahorphoéis.

(iii) Characterisation of the thymocyte mitogen response

‘This involved autoradiography and nylon wool separation
experiments. The aﬂtoradiography provided ﬁorpholoéic evidence
of stimulation with T and B cell mitogens. Autbradiograph§ were
prepared from fhymocyte cultures (taken from 6 month old animalé)
treated with the mitogens PHA and LPS. fhe nylon wool experiments
looked.at the effect of removing nylon-wobl—adherent cells on
ﬁitogen responses. Thymocyte suspensions from 4 animals (6 or
12 months old - see Results) wére sebarated on nylon wool columns.
After separation, the passaged cellsvwere‘stimulated with either

PHA, Con A or LPS.
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Results

(a) Preliminary studies comparing miniaturised ana standard culture

techﬁigues. |

Figure 3.3 examines mitogen stimulation of thymus and spleen
cells from individual toadlets with standard and miniaturised |
techniques. Although levels of mitogen stimulation of thyﬁocytes
provedlto be rather poor at 4 months of age (éee subsequent
findings below); the microtest (standard technique)-and Terasaki
(microtéchnique) systems nevertheless proved comparable. With the
spleens (taken from 8 month old_toadlets) good and gomparable
stimulations were seen with both techniques. F;qdings with
thymocytes suggested that the miniaturised technique could be

employed for the ontogenetic studies on the larvae.

Analysis of background counts is given in Tabie 3.1, It
had been expected that the level of tritium céunts in the Terasaki
plates would be 25% of those with the microtest'sistem. This
prbved to be the case for splenocytes, whereas thymocyte counts
in the Terasaki platés were, on average, more than sixfold
rhiéher than expected from the counts recorded in the microtest
plates. Thié difference also occurred when‘lo% FCS supplementation
was used (this concentration of FCS promotes gréaﬁer viability
of thymocytes in microtest plates compared with 1% supplementation -
see Chapter 2). It is not known why the miniaturised technique
promotes elevated 3HTdR uptake only in the thymocyte cultures.
Perhaps thynéc cultures are more sensitive than épleen cultures
‘to ig_gi;gg_conditions'(e.g. plate shape and céli number per well)

because the thymus contains (at the outset of culture) a much higher
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propertpnof rapidly proliferafing lymphocytes than does the

~spleen.

(b) Ontogeny of mitogen responsiveness

(1) Studies with Con A

Thymus. The results are given in Tables 3.2jand 3.3 and Fig.

- 3.4. .At the first stage examined (stage 52/3, = 3 weeks old) no
response was found; in fact the wells containing mitogen all gave
counts lerr than that found in control wells. The‘next stage
examined was stage 54/5 (= 4 weeks old) and again the cultures
containing Con A generally gave a depressed cpm compared with
unstimulated cells. Thymocytes from 2 animals in this group

did display a S.I. of just >1.5, possibly indipating the emergence
of Con A reactive thymocytes at this time. By stage 56/7

(6 weeks old) a small response to Con A was found in all cultures
tested, with a meah S.I. of 1.71. This résponée disappears at
the onset of metamorphosis (stage 58/9, = 7 weeks ﬁld) and recovers
only slgwly after metamorphosis. At 4 months of age stiﬁulation
was éositive in only one animal of 6 tested, but after this age all
toadlet thymuses responsed to Con A.  The maximum mean level of

stimulation seen (mean S.I. = 10) occurred in 1 year old toadlets.

Spleen. The results are given in Table 3.4 and Fig. 3.4.
At 4 months of age, which was the earliest tested, 3 out of 4
toadlets responded with mean S.I. = 2.3. Spleﬁocyte respoﬁsiveness
to Con A remained constant (mean S.I. = 6) in 6-9 month old an;mals,
higher levels being recorded only in older animals. The highest

S.I. (17.6) was seen in a 2 year old animal.
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(ii) Studies with PHA

Thymus. The results are given in Tables 3.5 and 3.6 and
Fig. 3.5. With this mitogen, no consistent proiiferative response
-was found in the 4 larval stages tested (3-8 wegks of age). Just
one stage 56/7 larva gave a significant (S.I. = 1.6) response.
At 3% months of age (i.e. 6 weeks after the end of métamorphosis)
2 out_of 4 animals showed a positive PHA thymocyte response. As
with Céﬁ A, the PHA response then increased slowly with age,
giving a maximum mean level (S.I. = 18) by about'Q nohths of agé.
This level of response appears to decline in_later life, since

the mean S.I. at 2 years of age was just under 6.

Spleen. The results are given in Table 3.7 and Fig. 3.5.
The youﬁgest toadlets tested (3.5 months) gave negative responses,
but.a constant positive PHA response appeared—éoon afterwards, by
4 months of age. A high level of PHA stimulétién (S.I.~ 18)
was seen ih spleens taken from 6-7 month old toadlets. In-9 and
12 month 6ld animéls the mean S.I. of splenocytes to PHA was reduced,

but some individual animals still displayed S.I.'s of > 1l0.

(iii) Studies with LPS

Thymus. The results are given in Tablg; 3.8 and 3.9 and Fig.
3.6. There was no mitogenic response to LPS-at the éarliest stages
‘tested (stages 52-55). The mitogen-treaged tbymocyte§ from these
young larvae all showed a depressed cpm level compared with unstimulated
cells}, At stage 56/7 a small response was deteéﬁed in all 3 larvae
tested (mean S.I. = 2.1). LPS reactivity of thymocytes could no
longer be detected at the onset of and just after the completion of

metamorphosis, but re-emerged in 2 out of 3 toadlets tested at 4 months
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of age. After this time consistent LPS responsiveness of
'thymocyte_s was seen in young toadléts, rising to a peak mean S.I.
of = 6 —.at about six months of age. The thymocyte LPS response
gradually diminished after 6 months ana by 12 mohths of age it héd
dwindled to a low level (mean S.I. = 1.6) and this was also found
in latei life. These ontogenetic studies notonly confirm that LPS
respon#iveness occurs_in post-metamorphic Xendéus thymus, but
reve;led-that the response is found consistently in young toadlets,
reaching levels that compare favourably with reactivity to T cell

mitogens.

Spleen.. The resﬁlts are inen in TableA3.lb énd Fig. 3.6.
The yqungest animals testéd for splenodyte responsiveness to LPS
were toadlets of 3% and 4 months old. Only 1 of the 4 animals
tested résponded. After 4 months a responsé r&pidly emerged, with.
a mean S.I. at 6 months being 7.8. Unlike the thymus, this level

of LPS responsiveness is maintained in older animals.

(c) Characterisation of thymocyte mitogen responses

(i) Autoradiographic evidence of T and B mitogen stimulation

These results confirm those obtained by épintillation counting
in.as much as étimulation with both PHA and LPS resu;ts in increased
levels of 3HTdR uptake and blast cell transfo#mztion.in»thymocytes.
Simila? studies on a few spleen cell preparations also provided
morphqlogic_evidénce for enhanced 3HTdR uptake_in mitogen-freated
~cultures. The percentage of tritium-l;belled cells in the unstimulated
cultures was about 1% (see Tab;e 3.11 and Fig. 3.7). In the LPS-

stimulated cultures from the 6 month old animals, the percentage of




41

labelled cells increased to 5.5%. The majority of these labelled
cells were larger than 1Oum in diameter.A In tﬁe PHA stimulated
culturgs the percentage of labelled thymocytes increased to 11.2%.
Aéain the majority of labelled cells were of lymphoblast morphology
(>10 m). This value for PHA fits quite well with mammalian work
where 15% of murine thymocytes respond t§ QOn A (Gerhart et al.,
1976). Figure 3.8 (a-c) shows cytocentrifuge preparations‘of
thymocytes (cultured in medium, LPS or PHA) tha% have been prepared
for autoradiography. It can be seen that thymocytes are agglutinated
in the mitogen treated cultures, particularly witﬁ'PHA. Proliferating
lyﬁphdblasts were generally heavily labelled“(seé Fig. 3.8,4)

although some blasts, with fewer exposed silver.gfains, were also

fbund.

. (ii) The effect of nylon wool treatment on T and B mitogen

stimulation

These expefiments were designed to look at .the effect of removing
nylon wool adherent cells on the proliferativé‘response of thymocyfes
to putative T and B mitogens. Of the 4 animals ﬁsed in these
exéeriments, 2 were six months old (i.e. at an age when the maximum
response of thymocytes to LPS occurs) and 2 were twelve months éld
(when thymocytes respond well only to T cell mitogens) . The results
.are shown in Fig. 3.9. 1In the younger animalé a good response to
1LPS was found in control, non-nylon wool treaté@ cells (S.I.'s = 6.5
and 3.5). Mitogen responses to Con A and PHA weré also as expected.
Passage through nylon wool eliminated the response to LPS (S.I.'s
now 0.9 and 0.3). Interestingly responses to bo;h T cell mitogens

were also appreciably reduced, but reactivity to these genefally

remained at around 50% tﬁe level found in unseparated thymocytes.
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In the_thymocyte cultures prepared frqm the 2 older animals

the lével of LPS response in unseparated cells wﬁs fairly low
(S.I.'S,= 2.5 and 2.1) but the response to the T cell mitogens

was still consistently good. Nylon wool paésaged thymocytes from
these older animals showed no response to LPS. ,_Thymocyte reacfivity
to PHA was now either unaffected or increased by hylbn wool passage.
Con A reaétivity in these 1 year old animals waé‘qnly slightly

lowered by nylon wool passage.

Discuséidn

By about mid-larval development, anuran larvae are competent
to reject skin allografts (Horton, 1969) and respond to cifculating
thymué-depéndenﬁ antigens (Kidder, Rubeﬁ & Stgvens, 1973). Since
both of ﬁhese immune mechanisus necéssitate théprésence of T
lymphocytes (see.ﬁorton & Manning, 1972; Horton, Rimmer &'Horton,
1977) it might be expected that functional T &ells would be found
‘within the thgmué itself during larval life. In:the'mouse the
'ability of thymic lymphocytes to respond to T ce;l mitogens occurs '
by parturition and is used as the first hallmark for the differentiation
'of funétional T cells (Robinson & Owen, 1976), However, the results
of thymocyte mitogen reactivity in developing Xenogué suggest, at
best, only a minimal response of larval thYmothés:to Con A,

and no response at all to PHA.

The results presented here show that an appreciable and
' constant T mitogen response in the Xenopus thymus emerges only after
metamorphosis and maximum levels are not seen in thymus or spleen

. until about 6 months or later. This seems to be rather slow when
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compared to mammals, since sustained adult levels of mitogen
reponsivengss in the thymus to Con A and PWM arz found by 3.5 days
after birth in the mouse (Robinson, 1976; Mosiei; 1977). Adult
levels of reéponsiveness in the thymus to T éell ﬁitogens are
found in the guinea pig by mid-gestation (Leiper And Solomon,
1977) as is also the case with sheep (Leino, 19%8) and humans
(Stites et al.,1974). In Xenopus PHA résponsiveness (but not
Con A reactivity) declines in older animals. This decline in

PHA‘résponsivehess with age has been reported for mammals (on&dy

et al., 1980).

Tﬁe low and transient response of larvai Xenggus thymocytes

to Con A and the apparent lack of their reactivify to PHA could be
due to several factors.' First, sub-optimal microéulture cénditions
used Qith ﬁhe larval thymus may be responsible. As mentioned

in the Results, the Terasaki plates did encou?aée high thymocyte
"background cpm} which may have tended to mask any proliferation
induced by the T cell mitogens. . However thesé‘plates were uséd
succeésful;y in several experiments on thymocytés. The use of an
inappropriate dose of mitogen to stimulate larval thymocytes seems
unlikely, since at the outset of these ontogenetic‘éxperiments other
doses of Con A and PHA were tested:(without'ény_greater success) .
'Secondly, the final stages of functional maturation of T cells nmay,
in the larva, occur predominanfly in éhg periphery, perhaps achieved
by thymus humoral'factors that are known ﬁo exiét in amphibians
(Dardenne et al., 1973). Al though this ﬁay be true for mitogen-
reactive T cells, Du Pasquier and Weiss (1973) stgdies on Xenopus
showing that MLC-reactive thymocytes argiﬁresent at léast by stage.54,

indicate that this is not the caée for all lymphocyte populatioris.
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In mammals, PHA responsiveness of spleen cells occurs prior

to PHA reéctivity of thymocytes, suggesting pogt—thymic maturation

of this.population (Kruisbeek, 1979). Horton and‘Sherif (1977)

found thét an intact thymus was necessary in Xenopus until stage

54 to eétablish PHA responsiveness in the adult spieen. Similar
findings have also been shown for Con A (Manning and Collie, 1977).
Peripheral T cells capable of reacting to T cell mitogens could
therefore be expected to be found in the spléén auring late larval
life. (Experiments were in fact éarried out on pooled larval spleens,
but the results were too inconsistent for conclusions to be draWn,
probably due to mixed lymphocyte reactivity betﬁeen allogeneic

cells). Bowever, the results with the spleen after metamorphosis
suggest that if this is so, then their numbers probably remain

small until well into adult life. Studies onAseveral,larval and
post-metamorphic lymphoid organs are obviously fequired to invéstigate
this issue, although these exéeriments will reguire the pooling of
lymphocytes.from'histocompatible animals to yierld sufficient cells
for analysis. Thirdly, Con A and PHA might, infaﬁurans, selectively.
5ctivate only helper T cells, rather than cytotoxic and MLC reactive
‘subsets. This is dealt with in more detail in the next Chapter,

but élloimmune lynphbcyte populations are knpwn to beAestablisﬁed

in the periphery early in life, whereas those hazlper subsets

involved in humoral immunity are dependent_upon an intact thymus

for a much longer period of devélopment.— even_uﬁtil afterimetamorphosis
when low doses of antigen are used (Gruenewald ahd Ruben, 1979).
Indeed significant levels of Ig "G" antibody productionv(which
depehds heavily on T cell help) occur only in the adult anuran

(Du Pasquier & Haimovich, 1976).
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Differences in the emergence of Con A and PﬁA reactive
thymocytes in Xenopus are possibly indicated from the data
presented here. It seems that the PHA responSive population
is slower to mature, first appearing only after metamorphosis.

Th;s could be because the two T cell mitogeps arevstimulating
different T cell subsets. This has been shown to occur in

mammals ( gayry et al., 1976). Stobo and Paul - N

(1973) have shown in mice that only mature thymic lymphocytes
respond to T ceil mitogens, with one subset responding equally

well to Con A and PHA, whereas another subset responds almost’
é;élusivély to Con A. Additional work (Paetkéu et al., 1976;-
Larsson et al., 1980) has shown that in some stréin§<of mice
thymocytes respond well to Con A, but oniy poorly to PHA.

Howevér it was found that the addition of con A to thymocyte
cultuieS'cauées an increase in the rate of synthesis of a-
costimultor faétor (Interleukin), which is reéuixed for effective .
stimulation of Con A responsive lymphocytes.- Mbreover, Addition :
of this cofactor (taken from the supernatant of éon A stimulated
cells) to thymocyte cultures enabled these to become good responders

to PHA. Whether or not cofactors are involved in anuran lymphocyte

mitogen responses is not yet known.

The emergence of LPS reactive cells in the larval and
young;adult thymus {and their disappearance over me tamorphosis)
parallels the ontogenetic pattern of thymocyte responsiveness to
Con A. This suggests, perhaps, that the LPS response is manifested
by cells actually spawned within the thymus rather than through

cells casually migrating through this organ from the periphery.
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LPS responsiveness in the thymus reaches a maximum level at
abbut six months and then declines, in contrast to the gradual
elevation of LPS reactivity displayed by splenucytes taken from

' older toadlets.

-Morphologic confirmation that LPS results in thymocyte
stimulation in six month old toadlets was provided in the auto-
;adiographic experiments presented. Moreover, the likelihood
that LPStre;ctive thynpcytes are a subset distinct from PHA and
Con A reactive thymocytes was suggested by the nylon wool separation
. studies. Thus, under conditions which are kﬁowﬁ to substantially
reduce surface Ig + ve lymphocytes (i.e. B-equivalént ce;is)
frﬁﬁ the spleen (Blomberg et al., 1980), thymoq&te reaétivity
reméins only to T ceil mitoéens. Interestinély_at six months of
age, but not at 12 months, T mitogen reactivity of thymocytes is
also affected by nylon wool passage, implyingtthét some T-equivalent
cells ére also reﬁoved by this procedure. Thié”éould be explained
by the finding that thymocytes of young adult Xenopus are still

rich in surface Ig (Du Pasquier & Weiss, 1973).

Organ culture studies in mammals have ciearly shown that B
cell differentiation is ﬁultifbcal (Owen, Raff énd Cooper, 1975).
Thus B cells develop first in the placenta (Melchers, 1979},
then in the foetal liver and sp%eén, and latex ;n the bone marfow
in mice. In Xenopus, 19Sand 7S immunoglobuliné are first found
at stage 35 (2 days old) when the larva is just hatching (Leverone
Aet al., 1979), before a thymic ruéiment has even appeared (Manning
& Horton, 1969). Furthermore, cytoplasmic Ig+ cells are found
ih larval ngg_kidney very early in ontogeny (Zettetgren et al.,

1980). These and other findings (showing normal LPS reactivity
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in eariy—thymectomized Xenopus - see‘TUrner’and'Manniné, 1974)
indiéate an-important.extra-thymic origin of certain B-equivalent
populations. B-equivalent lymphocyte development in anurans

may weli be multifocal as in mammals; it appeérs that the bone -
marrow is é site of B cell development in adult frogs (Zettergren

et al., 1980).

it is possible however, that some B-equivaient cell subseﬁs
differentiate within the anuran thymus. A number of experimental
obéervatiéns support this hypothesis. - Following early_thymectomy
in Xenopus, Both IgG and IgM antibody production to thymus-dependent
antigené is abrogated and also reactivity to TN2-Ficoll is dramatically
impaired (Horton, Edwards, Ruben & Mette, lé?é;él This h%pten—
carrier'complex was, until recently, thouéht to activate a subset
df hammalian B lymphocytes and was considered togﬁe a thymic -
ihdependent antigen(Mosier, Mond & Goldings, 1977). However,
recent studies suggest a degree of thymic-dependence of TNP-Ficoll
.reactiﬁiﬁy in mammals (Mond et al., 1980). Certain embryological
experiments, in which gill bud regions (containiﬁg thymic rudiments)
were transferied to ploidy-distinct hosﬁs, suggésted the possibility
tﬁat virtually all peripheral lynphocytes in leofard frogs’
normally originate in the thymus (Turpen, Volpe.& Cohén, 1975;
‘Turpen & Cohen, 1976) . However, more recent findings on the
potentiality of the gill bud region suggestAﬁhat in addition to
- housing the thymus anlage, ;t also contains th; pronephric rudiment,
which may be an important source of lymphoid stem cells, particularlf

of B lymphocytes (Volpe gE_gé,,IIQBl; Zettergren et al., 1980).
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The possibility that the mammalian thymus spawns some B
cells hes also been considered. Micklem et al. (1976) discuss
the possibility that multipotential seem cells exist in the murine
thymus which are capable of differentiating in situ into B cells.
Jentz (1979) has found that, by cell transfer experlments, B
cells in the thymus have different rates of function to B cells -
isolated from other organs (34 times more.productive of entibody

than spleen B cells), in rabbits.

Other experimental observations suggest ;hat the amphibian
.thymus is not a source of antlbody—producing cells. Thus
thymocyte reconstitution experiments on thymectomlzed Xenogus,
both in vivo (Katag1r1 et al., 1980) and in vitro (Ruben et al.,
1977 indicate that the thymus prov1des only: helper actlvity

rather than antibody producing cells.

One major feature of these experiments has been to demonsfrate
thau'metamo;phosis effects a temporery disruption of the emergence
of thymocyte mitogen reactivity. This is not surprisiné since this
period of development is associated with severe depletion of
‘thymocyte. numbers (Du Pasquier and Weiss,_197§;‘see.also Chepter 6).
During metamorphosis adul;—specific antigens are appearing and-
ﬁhere could be a danger that these antigens wiil be destroyed by

an immunologically mature immune system. However it has been

shown that there is an increased susceptibility of the metamoxphosing .

anuran to tolerance induction of MHC antigens; probably achieved
through the activity of (T) suppressor cells, which have been
demonstrated at this time in Xenopus (Du Pasquier and Bernard, 1980) .
Active suppression of lymphocyte reaetivitylanpears to develop

in the larvae at the very time that mitogen responsiveness is




beginning to emerge. The gradual diminution oflsﬁppressor
cell activity within the thymus after adult antigens are
established may effect, in-part, the gradual,;ncrease in thymus
(and spleen) mitogen responsiveness seen in early adult life.
The'co-existence of mitogen-responsive and-éuppressor subsets
in the saﬁe lymphoid tissue has been demonstrated in rats by
density gradient separation (Rocha et al., 1979). There is
cifcumstantial evidence for suppressor activity within the
thymus of adult Xenopus, since Donnelly, Manniné & Cohen (1976)
were able to detect T mitogen reactive cells only in a ceftain
fraction of separated thymocytes, whereas pnseparated cells
failed to respond to Con A and PHA. Active'éuppression within
the thymus during larval life is also suspected (Dﬁ Pasquier,

personal communication) and this could account for the poorl,-'
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mitogen responses displayed by thYmocytes prior to metamorphoéis.




TABLE 3.1 ' Comparison of 3HTdR cpm obt&ihed in unstimulated

cultures in Terasaki and microtest plates

Splenbcyte cultures from 8 month old toadlets

40ul in 10l in ] Terasaki
microtest Terasaki - - microtest
plate plate %

480 260 54.2
3355 847 25.2
2963 347 ST B
3367 647 : 19.2
1292 634 49.1
1994 1665 83.5

Observed 40.4 & 24.6%
Expected 25.0%

Thymocyte cultures for 4 month old toadlets

‘Microtest Terasaki - = Terasaki
plate plate ' microtest %

177 . 207 116.9

202 209 103.5

501 1029 205.4

705 1789 - 253.8

485 754 152.5

249 344 142.1

724 1103 152.3

_Observed 161.9 - 51.0%
Expected A25.O %

Each horizontal row of data reflects cpm obtained for the same

cell suspension.
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TABLE 3.11 ' Autoradiograph Data

% of labelled and unlabelled thymocytes in relation

to cell size following mitogen stimulatioﬁ

Proportion (%) .Proportion (%)
of unlabelled cells of labelled cells
O-10um >1.0um O-1l0um >10um Total
Control
(unstimulated) 98.9 1.1 0 0 0
99.1 0.9 (6] 0 0
99.9 0.1 e} (@] (0]
98.4 0.4 0.4 0.8 1.2
78.0 17.8 0.5 3.7 4.2
94.3 4.8 0.9 o} 0.9 +
1.05 - 0.55
LPS 96.9 0.6 .0 2.5 2.5
95.8 0.8 1.1 2.3 3.4
95.5 0.9 0.4 3.2 3.6
92.8 0.8 2.7 3.7 6.4
77.7 11.4 ( 10.9 10.9
93.8 0.3 0.5 - 5.4 5.9 +
: 5.45 - 1.25
PHA : 84.3 0.6 5.3 9.7 15.0
Co 82.4 2.7 5.4 9.5 14.9
86.4 6.1 7.5 13.6
95.5 1.2 2.2 1.2 3.4
74.6 14,7 1.1 9.6 10.7
87.7 2.8 2.6 6.8 9.4 +
11.17 - 1.81




Fig. 3.1

érgans were transferred to a Microtest‘plate
wﬁere a lymphocyte suspension was prepared'and
wéshed by centrifugation. Following counting .
and adjusting to a concentration of 5 x;'lQ6
lymphocytes cﬁ-%the cells were distributed into
a Terasaki plate for culture. After 2 dayé;
the cells were pulsed for 24 hours and then

hand harvested onto a glass fibre mat and

prepared for scintillation counting.



Fig' 3.1

Technique of cell culture in Terasaki nlates
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Figs. 3.4 - 3.6

Each' point represents the mean S.I. (i S.E.).
For number of animals used, see Tables 3.2-

3.10.
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Fig. 3.4
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Fig. 3.6
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Fig. 3.7
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Fig. 3.8

Autoradiographs of control and ﬁitogen stimulated
thymus cells from 6 month old animals.
(a)'Control cells showing background levels
| of labelling in the absence of mitog=en.
(L-labelled cell). |
.(b) Thymus cells sﬁimulated with LPS.
Some clumping of the cells has occurred.
Several'thyﬁocytes with exposed silver
grains can bé clearly seen.

(c) Thymus cells stimulated with PHA.
Considerable agglutination has occurred.
3HTdR incorporation is extensive, with
many thymocytes silver-labelled.

(d) Higher magnificatioﬁ mic¥ograph of PHA-
stimulated thymocytes.

Note that the majority of labelled lymplocytes

are blast cells. Most blasts are heavily¥

labelled, while others posséss fewer exposed

silver grains.









Fig. 3.9

All mitogens were used at the optimum doses
used for the ontogenetic studies. Culturgs
were supplemented with 1% FCS. |

Animals 1 and 2 were 6 months old.

Animals 3 and.4 were 12 months old.

. Viability of separated cells was Comparable to emtrol cedls .
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CHAPTER 4

Mitogen and mixed lymphocyte culture responses following

thymectomy : Studies investigating putative T lymphocyte heterogeneity

Introduction

In this Chapter a different approach to.the study of the
ontogeny of thymus function in the Xenopus iarvae is used and two
issues, emanating from previous studies on thymectomised Xenogus;
are iaﬁestigated. A few years ago it was demonstrated that following
thymic ablation by microcautery at 7 or 8 days_(Horton‘&‘Manning,
1972 Rimmer & Horton, 1977), and even as early as 5 days of age
(Horton and Horton, 1975)(when the thymus contalns, in total,
<500 cells), a chronic first-set allograft rejection eventually
occurs, usually several months post—graftinq_at 23%¢c. Moreover,
Second—set Qrafts, applied at various intervals (3-112 days)
after first-set rejection, were rejected rapidly.within 2-3
weeks by these early-thymectomized (tx) Xenogus. It‘was
' suggested that this rejection capac1ty is probably achleved by a
thymus-independent component, possibly one that is not normally
active»in the non-tx aﬁimal, or only of secondary importance.
However, tﬁymectomy experiments perforeed at even earlier stages
by others (Tbchlnal and Kataglrl, 1975 Tbmpklns and Kaye, 198l1)
p01nt to the distinct possibility that very early seeding from
the thymus of a few lymphocytes might have occurred prior to
| thymectomy at 5;8'days of age. If this were»true, the memory
response displayed by early-tx toads could well be achieved by
expansion of this small T cell population, possibly induced by

histocompatibility antigens of the grafted skin. In an attempt
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to investigate whether suéh restoration occurs, experiments
were se£ up to look for the reappearance of T cell maxkers,
such as reactivity to the T cell mitogens (PHA and Con A), in
allbgrafted, early-tx toads, since these markérs are virtually
undetectabie in non-grafted, early-tx animals (deton and
Sherif, 1977; Manning and Collie, 1977; Du Pasquiér and Horton,
1976; Manning, Donnelly and Cohen, 1976; Greeé and Cohen, 1979).
The iﬁvestigation concentrates on splenic lymphocytes, but
pefipheral blood lymphocytes (PBL) are also used, sincg‘it
:has previously been shown (Horton, Horton.and Rimmer, l97i)
.thatlfhe épleen is possibly not centrally involved in skin
.Qraft destruction in tx animals (i.e. may not be a site that
houses any restored T cell population), in contrést to its

central involvement in alloimmunity in contrel toads.

The second éart of thié investigation céncerns a re-

" examination of the effects of later larva;‘thymectomy on ig_gi&gé
prqliferative responses. In a study of tﬂe effect of sequential
thymectomy on the ability of Xenopus splenocytes to display mixed
lymphocyte culture (MLC) reactivity and to respond to T cell
mifogens, Horton and Sherif (1977) indicated that the thymus may
be required for a longer period of larval life to establish
mitogen responsiveness than is necessary for the establishment
of MLC reactivity. For example they showed that thyméctomy
a£v3~4 weeks of age (stages 52-54) no longef abrogétes splenic
MLC reactivity(cémpared to the effect of 7 day ﬁhymectomy),
whereés PHA reactivity of spleen cells taken from other-3-4 week-

tx toadlets was abolished. They suggested the possibility
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that MLC and PHA reactive lymphocytes in Xenopus may therefore
be distinctAT ceil populations. In order to determine more
rigorously whether MLC positive iymphocytes,lthét are PHA
negative can bevdetected within the spleen, splenocytes from
individual toadlets thymectomized at 3-4 weeks of age were here
tested in both MLC and mitogen assays. Mitogen studies on
-PBL .in these animals weré also carried out to>examine whether
other»péripheral lymphocyte populations also require a prolonged
fhymus éresence in vivo to permanently establish their PHA

- reactivity.

Materials and Methods

(a) 'Ihzméctémx
‘Thyméctomy was performed by microcautery, following the
- technique described by Horton and Manning (1972i, either at
éﬁdge 47 (1 week) or at stages 52-54 (3-4 wegks). At one week
of age the thymus is a small tranélucent organ, approximateiy
100um in diameter, thymus lymphocyte differentiation has begun,
as revealed by light and electron ﬁicroscope studies (Horton
and Manning, 1972; Nagata, 1977; Rimmer, 1977); but few small
lymphocytes are found. By 3-4 weeks of age the thymus has
enlarged to a diameter of about lmm, disblays cortico-medullary
'diffefentiation, and contains large numbers. of small lymphocytes
(particularly in the cortexf. &hymic ablation was confirmed
wheﬁ the animals were killed. Non-operated animals served as
gontiqls.
(b) Grafting
The grafting technique of Ho:;on and Manning (1972) was

followed. Dorsal skin (2mm2) from a non-sibling donor was transplanted.
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After grafting the toadlets were kept at 26°¢ to. encourage

more rapid allograft rejection in the tx animals than occurs

at 23°¢.

(c) Separation of PBL

A mixture of 34% Triosil ("Isopaque," Vestric) and 9%
Ficoll 400 (Pharmacia) was prepared which gave a final deﬁsity
of-l.094.‘ This mixture was then distributed ‘nto aliquots,
autocla§ed, stored in the dark at 4°c until use. Blood was
collgcted under sterile conditions froﬁ-anaes;hetised animél;
by cérdiac puncture, and was transferred by bipette into
: aﬁphibian L 15 medium containing 20 unité heparin (Roche) cm—3.
The b;éod/medium mixture was made up to 2 cm3 by adding more medium'

3 of tl.e Ficoll/Triosil

-and was theh.éarefully layered onto 2 cm
Vmixtuie iﬁ a lo0 cm3 centrifuge tube. This was cent;ifuged
for 2 Qinutes étl60x g. The top ; cm3 of medium was then
discérded and the bottom 1 cm3 containing lymphocytes at the
interfacevwas carefully pipetted off. The cells were finally

washed 3 times in medium, prior to their use in the mitogen

assays.

}d) Mixed lymphocyte culture

Preparation of cells for MLC is similar to that described
"~ for the étandard mitogen culture in Chapter 2. Control cultures
contained 40ul spleeh cells from one animal at a concéntration_of
5 x lO6 lymphocytes cm-3. .The mixed lymphocyte cultures used
20ul of cells from each animal and consisted of splenocytes from

either 2 control or 2 tx animals. Control and thymectomized
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toadlets belonged to the same family. In addition to 1%

FCS supplementation, lOul Xenopus serum (final concentration

- 0.5%) Qas added. Xenopus serum has been shown to lower
background counts, so resulting in better S{i,is (Du Paéquier
énd Horton, 1976). Pilot experiments tested tﬁe effect of

3 different pools of Xenopus serum on MLC reactivity aﬁd the best
pool was.used throughout all experiments desciibed here. The

" cultures were pulsed at 3 days with 1 uCi 3HTdR and cells
harvesféd 18-24 hours lafer, prior to processing for scintillation
cbuhﬁing; Stimulation indices were calculaped-by dividing

méan cpm of mixed cultures by the' average of lthe mean cpm of

the corresponding control culture values. S.I.'s were considered

positive when théy reached 1.5,

() Experimental design

(i) Preliminary studies on mitogen stimulation of PBL

The ability of PBL to respond to PHA and LPS with our culture
technique had to be assessed prior to the use of these cells in the
2 major investigations. The standard cultufe technique was used

6 3 with 1% FCS supplementation.

andvinvolved separated PBL at 5 x 10 cm
‘Both 7-day-tx and control toadlets (8-10 months old) were used.
PHA was added at a final concentration of 20 ug cm-3 and LPS

at 2 mg cm_3. LPS was used primarily to check for functional

viability of lymphocytes in tx animals.

(ii) Mitogen studies on lymphocytes from control and

'thymectomized alloimhune toadlets.

‘Control and 7-day-tx toadlets were grafted when 8-10 months
old. (Grafts for tx hosts came from contrel or tx donors but this

did not alter their fate!) Grafts were inspected every 2-3 days.
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Eighteen weeks post-grafting splenocytes and'PBL were examined
for mitogen reactivity by étahdard culture technique. The
following concentratiéns of mitogens were used:- PHA - 20ug cm—3;
Con A - 1 ug cm_3; LPS - 2 mg cm‘3. The 18 week interval
between grafting and the mitogen experiments_was selected
because second-sét grafts applied to early;t£ animals at this
pos;-transplantation interval should be rejecﬁga rapidly_% i.e.
any T cell restoration occurring should be detectable by this

time.

- (iii) Mitogen and MLC studies on lymphocytes from toadlets

thymectomized at 3-4 weeks of age.

Animals:uéed in these studies.were 8 moﬁ;hs old. .PBL were used
oﬁly for mitogen experiments and Qere cultured with the standard
technique. Splenocytes from ihdividual animals were usually
tested for mitogen ieactivity (miniaturised technique) and in
MLC>(standard technique); _tPS was again uséd to check fuﬁctiongl

lymphocyte viability. Doses of mitogen used were as in (i) above.

Results

(a) Preliminary studies on mitogen stimulation of PBL

Results are illustrated in Table 4.1 and Fig. 4.1. They
show that although the response of PBL from control toadlets to
PHA was generally low (mean S.I. A4 S.E. = S.S.t 2.8), all the
cuitures gave positive S.I.'s. In contrast PHA stimulated
PBL cultures on thymectomized animals gave negative S.I.'s
throughout (mean S.I. = 0.9 ¥ 0.2. With LPS both control and
tx PBL gave positive S.I.'s (means of 6.0 *'3.4 and 12.0 ¥ 3.0
respectively). These results confirm that responsiveness to T

cell mitogens is abrogated by early tx, whereés reactivity to B




.mitogens'is-left intact. The data is in agreement with recent

findings (Green and Cohen, 1979) on mitogen réactivity of tx

Xenopus PBL.

(b) Mitogen studies on lymphocytes from alloimmune toadlets

| Counts per minute are given in Table 4.2; S.I.'s and graft
rejection.times are illustrated in Fig. 4.2. At 26°C the 7
- control[toadlets on averege rejected allografts in 16 b 0.8 days.
.The 7 tx animals took, on average, nearly three tines as long

(43 ¥ 8.3 days).

Following graft rejection, splenocytes from controls

| dlsplayed good levels of react1v1ty to both PHA and. Con A

(S.I.'s were 15.4 (-4.4) and 7.4 (—3.2) respectlvely. APBL

from these anlmals responded well to both PHA (mean S.I. = 6)

-and LPS (mean S.I. = 12.2). All the spleens from early- tx
alloérafted toadlets failed to respond to Con A (mean S.I.

= 0.5‘(i0.2)). Reactivity to PHA was also abollshed in spleen

' cell‘cultures from 4 out of 5 animals (mean S.I. = 0.9 X 0.3),

the other showing a dramatically impaired response (s.1. =1.8).
The possibility that sites other than the spleen could contain

' restored populatlons of T-mitogen- reactlve cells _seems unllkely

in view of the_results with PBL from 2 tx allografted animals.
Thus PBL from these failed to respond to PHA, although they showed
good mitogen reactivity to LPS. It appears, then, that allograft
rejection occnrs in'tg animals in the absence of lymphocytes able

. to respond to T cell mitogens.
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(c) MLC and mltogen studies on lygphocytes from toadlets

thymectomlzed at 3-4 weeks of age

MLC dato for splenocytes of control and tx animals is given
in Table 4.3. All 9 allogeneic combinations bétween controls
resulted in enhanced 3HTdR uptake compared with background
(autoiogous) cultures (mean S.I. i) S.E. = 3.4 i) 0.5; range
1.5-5;9). In contrast, only half (6/12) MLC combinations
betweénfthéhll tx.animals used displayed posiﬁiVe S.I.'s (overall
the mean S.I. was 1.6 t 0.3, ranging from.0.6-3.4). It appears
thaﬁ in thesé.experiments thymectbmy duriﬁg mid-larvél life
ﬁas iﬁéaired the normal maturation of MLC-reactive lymphocytes

in some, but not all, toadlets.

Mifogen responses of splenocytes and PHA of 8 of these
same tx animals are glven in Table 4.4. Only 3/8 épienocyte
lcultures responded to PHA (mean S I. = 2.2 A ¢.6), the best S.I.
being_6.0. Likewise only 2/7 PBL cultures displayed PHA
reactiQity {(mean S.I. % 1.1 ha 0.3). Reactivity of-splenocytes
and PBL to LPS was, as expected, unaffected by mid-larval

thymectomy (mean S.I.'s were 7.6 - l 9 and 9 4 - l 9 respectlvely).

Since only one individual case of positive MLC reactivity
(animals 10 x 11) but negative PHA reactivity of both partners
occurred in the tx group, it seems’that tx at 3-4 weeks of age
has here impaired both PHA and MLC reactivities to such an extent
that the experiments provide no clear evidence‘that these functions

are afforded by distinct T lymphocyte populations.

Discussion
One major objective of this Chaptef was to determine

whether lymphocyte reactivity to T cell mitogens occurs in early-




19

tx animals that have rejected skin allografts. Responsiveness
to T ceil mitogens is often considered to be a hallmark of all
T cell populations, one which transcends their specific
immunologic function. Indeed T cell mitogens are Qidely used
as an indicator that competent T lymphocy;eéfare present in an
'individuél (see Chapter 3). In the présent_éxperiments on tx
Xenopus, these mitogens have been used to investigate the

possibility of a general restoration of T-equivalent cells.

Cdnsidering first the speed of grafﬁ ;éjeétion in the
7-day-t; toadlets, it is interesting to note fha; keeping the
animals at 26°C rather than 23°C after transplantati§n>coﬁsiderably
réduces the time taken to.effeéﬁ graft rejection (cf. Rimmer and
‘Horton,.l977). Elevating the témperature by_3°C results
in a more répid and unifoxrm alloimmune rejection in early-tx
toads. Pérhaps acute graft rejection at 23°C is critically
dependent onbaﬁplifier iy cells'(MLC—positive lymphocytes are
absent from-tx, non—graf;ed animals - see Du'Pasquier and Horton,

' 1976), whereas at higher temperatures these cells assume less

_importance.

Early-tx animals that have rejecﬁed grafts were shown
to be unrespénsive éo 2T cell_mitogens, at ieast with respect
.fo their splenocyﬁes and PBL. As‘these peripheral_pppulations
of lymphocytes responded well to LPS, the nun-reactivity seems
specific for T,-rath;r than B cell mi;ogens. The mitogen
assaYs were éerfbrmed 18 weeks post-first-set grafting - i.e.

" at a time when second-set grafts should be rejected rapidly -




thefefore it seems likely that even acute aildgraft destruction
in tx aﬁiméls is effected by lymphocytes that are not able tc
respond to PEA orxr Con A. This interpre;ation fits well with
previous sequential tx data, where thymic ablat;on as late as
30 daysvstill abfogates splenic PHA reactivity,-but leaves
allograft rejection capacity to develop quite normally (Horton
and Maﬁning, 1972; Horton and Sherif, 1977; Mahning and Collie,

1977). .

It will nbw be important to detefmine whether‘MLC reactivity
(particulafly towards donor MHC antigens) is restored followiﬁg
allograft destruction in tx animals. If it is not, then in
order'to,argue that ailograft immunity in eaflyrtx toadlets is
mediated'by a thymus—depéndent'lymphocyte_subset (rather than
'a.thymﬁs-iﬁdependent component), one would have to sdggest
that this is achieved by an early-seeded T—equivaleﬁt'cell
population that is PHA and MLC negative; This lipe of research
should be a useful approach in determining whether cytotoxic T
| lymphocytes (recently demonstrated in Xenopus by Bérnard,
Bordmann, Blombe:g and Du Pasquier, 1979) rep;esént a separate
'T—equivalent subset from MLC- and.PHA-responsive lymphocytes
in émphibians. Interestingly it has been shown in mammals that
MLC reactive populations can reqund to PHA and Con A, but that
certain alloreactive T cel;s are non-responsive to these T cell
mitogens (Watenabe et al., 1977). Indeed Hgyry_gs_gi. (l976)(
have found, by long term selective culture, that there is only

a small overlap between these functions in mice.

The second major investigation performed in this Chapter

involved a fresh look at the possibility that thymectomy in mid-
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larval life could reveal that T-mitogen-reactive cells are, at least
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to somé extent, a‘population of lymphocytés distinct from
MLC-reacfive cells. However the studies on in vitro proliferative
behaviour of lymphocytes from toadlets tx at 3—4 weeks of age

have provided no clear distinction between these two popﬁlations

in teims of their degrees of thymus-dependency. The establishment
of both PHA- and MLC-reactive lymphocyte populations in the
periphery would appear to requi;e a prolonged thymus presence
_ig_zizg_compared with the more rapid, but equally graduél,
establishment by the thymus of iE,XiXE ailoimﬁuné reac;ivity

(with respecﬁ to the lafter, see Tompkins and Kaye, 1981).

although é diétinction betweén the'duration of‘thymus4depenQence
,6f‘MIC and PHA reactiveipopﬁlatiqﬁs was suggéétéd by Horton andv
Sherif (1977) (as noted in the Introduction), these workers

did indicate some impairment of MLC responses regularly occurs

féllowing thymectomy at the stages of development studied here.

Further investigations on-sequéntial tbyméctomy and MLC
reéctivity.should make use of'défined strains of Xenopus, using
MLC combinations where the mixed lymphocytes come from toadlets
' Qith strong MHC.differences. _Under such cénditions MLC reactivity
of control cells would be far more uniform than seen here in
expériments which, unfortunately, had to make use of sibling
combinations.  In Xenopus, antigens stimulating in the MLC
reaction segregate as if controlled by a single genetic locus,
and acute graft rejection seems to be governed“by this same region.
This polymoréhic genetic locus has been called the XLA MHC system
(Du Pasquier and Kobel,:l977) and bears certain homology with
mammalian MHC's. 1In Xenogus,'somelerythroéyte antigens segregate
with MLC determinants, while others belong #o different linkage

groups (Du Pasquier and Kobel, 1977). As in endotherms, there
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must aiso be minor ﬁC antigens in Xenopus, since MLC identical
toadlets é;e still capable of rejecting grafts exchanged betweeﬂ
each otﬁer. Du Pasquier and Kobel (1977) have shown that

graft ?ejéction times can be preaicted by MﬁC haploﬁype diﬁferences,
and ;hat the level of MLC reactivity is also related to this

MHC disparity (2 haplotype differences ining-greater MIC

S.I.fé tﬁaﬁ 1 haplotype difference). This linkagg betwveen

MLC ?eacti&ity and Speéd of allograft rejection is discussed
by-Cohen Ana Colliné (l§77).who conclude thét there is some
Acorrgiation between these two>funct;ons throﬁghéut all vertebrates .
| so:far’ihﬁestigated, although Cohen and Horan (l977)'f§und no such

correlation in the newt.




TABLE 4.1

-Controls ,
PHA 20ugcm-3

Mitogen stimulation of .peripheral blood lymphocytes

in non-grafted toadlets :

the effect of 7-day thymectomy

Background counts per min.

124
377

78
630
593
626

146.

LPS 2 mg em”3

680
146
593

7-day thymectomized

PHA 20}1gcm“3

657

599
1241

1315

1180
457

- LPS 2 mg cm-'3

1967

599
1241
183
1315
1180
457

Stimulated counts

- 284
- 1604
1370
1037
1147
2067
464
Mean

2220 -
- 1885
1213
Mean

675
195
1196
1159
- 726
558
Mean

16852
8570
1228

17108
350
2399
2945
Mean

per min.
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TABLE 4.2 - Mitogen stimulation of splenocytes from control
" and 7-day thymectomized toadlets following graft rejection

Controls
Unstimulated cpm PHA stimulated cpm éon A stimulated cpm
1 - 4034 ' 42765 . o 30176
2 3193 . 16818 - 13308
3 | o 438 | 11960 7120
4 S ga1 : 20665 VR ' nd
5 . ;428 13261'4 - 2122

7 day thymectdmiied

'Unstimulated cpm - APHA stimulétgd cpm Con A stimulated‘épm
1 . 18 185 o 181
' 2‘f | o7 1427 ' 593
3 L 2790 o go2 | 623
i . 1426 1630 287
5 R A Cse7 253




85

TABLE 4.3 The effect of thymectomy at stagé 52-54

on MIC reactivity of splenocytes

CONTROLS THMCTOMIZED
12 3 1 2 3
1 3275 20272 18612 1 271 709 794
| (4.7) (3.7) (3.1)  (0.9)
2 5328 9260 2 182 1466
| (1.5) | (1.9)
. ¢ 699 3 4 1356
4 5 6 , S 4 5 .6
4 897 - 3027 2793 4 1053 5035 - 6512
(2.5)  (2.8) (3.9 1.1
s 1560 4903 . 5 1930 . 8283
S (3.7) L (1.3)
6 c 1101 -6 o 10677
7 8 9 _ 7 8 9 10 11
7 2938 . 56921 8361 7 133 2,9 nd nd 1780
(5.9) (4.5) - (0.7) | (0.9)
8 ' 16295 13428 8 446 nd nd 1159
| (1.6) . (0.6)
9 | - 802 9 - 5257 8074 7321
: | (2.0) (1.5)
10 © 2428 5702
(1.8)
11 A 3864

S.I.'s given in parentheses




TABLE 4.4 The effect of thymectomy at stage 52-54 on

reactivity of splenocytes and PBL to PHA and LPS

Animal No. o Spleen - Blood

PHA LPS | _ PM LPS

4 y 1.9 1.9 0.9 3.3

5 . o 1.2 8.4 - ‘-2.6‘ 17.7

6 | 1.1 5.9 - 0.8 10.6
7. 3.9 0.5

8 - | 1.1 1.3 W 5.2

° | ‘é.o" 176 . 0.2 10.3

_'-1_6‘ | .- 1.3 7.8 - 6.9 "13.0

n | L3 7.6 | . 1.0 5.4

Animals’4—li are the same tx toadlets as in the MLC experiments

~ in Table 4.3.




Fig. 4.1

‘Mitogen fesponsiveﬁess of periéheral
. blood leucocytes (PBL) from control and
thymectomized animals. PHA was at 201.1(3cm—3
and LPS 2.0mg cm3. One per cent FCS

supplementation was used throughout.
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CHAPTER 5

Ontogeny of in vive lymphocyte reactivity to the bapten trinitro-

phenyl conjugated to a thymus-dependent and thymus independent carrier.

Introduction

Central to the functioning of all immune systems is the ability
to recognrse antigenic determinants, and crucial to this 1n1t1al
recognitionuphase is the binding of antigen to specific receptors
on'the“surfaces of cells of the immune system. Aan immune response
to c1rcu1at1ng antigen can be characterlsed by an increase in both
‘number of lymphocytes capable of binding antlgen and the afflnlty
.of this‘binding Capacity. Although some antigens stxmulate B cells
| dlrectly to produce entibody, most ('thymus—dependent') antigens
require the lnvolvement of helper T cells before a response can be
e11c1ted The importance of thls collaboratlon between T and B
cell was first investlgated in thymectomized and- restored mice,
using.xenogeneic erythrocytes as a thymus-dependent antigen (Claman -
et. al, 1966; Davies, et al, 1967; Mitchell and Miller, 1968).
Hapten—carrier experiments have also been centrally involved in
this.respect (see Mitchison, 197l). Lymphocyte collaboration has
since been demonstrated (through hapten-carrier Studies) on diverse
vertebretes that include teleost fish (Yocum gt_gl,, 1975; Stolen
& Makela, 1975, 1976; Ruben, Warr, Decker & Marchalonis, 1977),
| urodeles (Ruben, van der Hoven & Dutton, 1973) and anuran amphibians

(Ruben, 1975; Ruben & Edwards, 1980).

This chapter exploits the hapten-carrier system to investigate

the in vivo ontogeny of T-helper cell activity and B-equivalent
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lymphocytes in the Xenopus spleen. ‘In the presenc studies sheep red
bloed celis (SRBC) have been used as a thymus-dependent carrier, and
LPS as e thyuus-independent carrier for the hapten trinitrophenyl
(TNP} . Recent studies on Xenopus (Hortonm, Edwards, Ruben and Mette,
.1979)-haveAconfirmed the thymus—dependent/independent status
respectiVely of these two carriers. Carrier pre-immunisation is
required to achieve good levels of anti-TNP respouses foilowing
TNP-RBC injections. In contrast TNP—LPS requires no such carrier
pre-inhunisation and so one can examine.functional‘B_cell ontogeny

directly.fl-

While at metamcrphesis many anuran immune responses seem
to decline or disappeer (e.g. thymocyte mitogen reectivity)~(Chapter
.3) itlhas-recentiy beern reported that in vivo induced antigen-binding
splenocyte. reactivxty to a thymus—dependent hapten-carrier complex
'actually increases at this time (Ruben et al., 1980). | These authors
suggest that this elevation in 'humoral’ immune reactivity ray be
caused by an enhancement of helper T cell actizity at metamorphosxs,
necessary perhaps as a counterbalance to the suppressed cellular
‘immunity found at this time (Du Pasquier and Bernard, 1980). The
present experiments further investigate the influence of metamorphosis
on the ontogeny of humoral immune reactivity, and examine the possibility

that both T- and B-equivalent lymphocyte reactivity is elevated at

this time.

The work begins with a comparison of plaque-forming cell (PFC)
responses in spleens taken from different aged animals to three antigens -
SRBC, TNP-SRBC and TNP-LPS. The ontogeny of splenocyte reactivity

to the 2hapten-carrier conjugates (using the more sensitive immuno-




cytoadherence (ICA) assay) is then considered in detail. The
chapter ends with a consideration of the thymus as a site containing
antibody-forming ceils, since mitogen'studies eailier in.the

Thesis suggest this organ contains some B-equivalent lymphocytes.

MaﬁerialS'and Methods

(a) Antigens and injections

Sheep red blood cells (SRBC) and horse red blood cells (HRBC)
in Alsever's soiution (Flow Laboratories) were‘Washed tﬁree'times

in saline prior to use in injection and/or asseys).

Tbadlets received a single injection of 10% SRBC, SOul per gram
body welght, ‘via the 1ntraper1toneal (1 p.) routn. ' Larvae vere
. immunized with a single injection of Sul 50% SRBC ;.p:‘ Larﬁal
'injectiene wefe perfermed with the aid of a micropipette, drawn
frem a 50ul microcap (Shandon). The tip of the3micro§ipette was
ineerted through the ventral tail musculatureAinto the peritoneal
cavity; When ehe pipette was withdrawn, the muscle preventee

leakage of injected material from the peritoneal'eavity.

Haptenation of erythrocytes with TINP followee the procedure
of ﬁiﬁtenberg and Pratt (1969). TNP-SRBC for_injection were prepared
- by adding 2.5 cm3 of packed SRBC to 7 cm3 cachdylate buffer (pH 6.9),
containing 0.065g TNBS (BDH). The mixture was stirred constantly
in a foil-covered flask'fer 30.minutes at room temperature, and then
15 cm3 saline were added to stop the reaction. These 'heavily'-
conjugated cells were then washed in gLycyl—giycine (4.5 x 10_3M) to
remove any unbound TNP, and follpwing this were washed three times

in saline. These haptenated cells were injected at the same
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concentration and dose as the unhaptenated SRBC. Carrier
pre-immunieation was necessary to obtain a good RFC response to
TNP—S?BC'(See Results). Here 0.0025% SRBC were:injected 2 days
prior to the TNP-SRQC injection, 504l (g.b.w.) of this low carrier

dose for toadlets, 5ul for larvae.

TNP-LPS was prepared as described elsewhere - (Jacobs and
Morrison, 1975) and was injected at a concentration of 50ug cm”

for toadlets (50u1 g.b.w.) and O.5mg cm_3Afor‘Larvee (5ul) .

f For the PFC and ICA assays, HRBC were used as TNP-carrier,
but with a lighter haptenation protocol than used for TNP-SRBC
injection; only 0.0025g TNBS was used and the reaction was stopped

after 10 minutee.

(b) PFC assay -
~The slide haemolytic plaque assay, origlnally described

by Cunningham and Szenberg (1968) and modified by Du Pasquler (1970)
'for amphiblan studies, was used. Cell suspensxons were prepared
in culture medlum as described in Chapter 2, but here chilled on
icejeand adjusted to a maximum of 5 x lO6 lymphocytes cm 3. Each

PFC aesay mixtﬁre consisted of 200ul spleen cells mixed with 20ul

of 25% assay RBC and 50ul 1:10 guinea pig seruﬁ (Wellcome) as a source
_of complement. Tests of several different complemenﬁ batches were
made and the best was selected for use throughout all the experiments.

Control assays were also set up for each experiment, using 50ul

medium instead of complement; these assays were uniformly negative.

The assay mixtures were prepared on ice, but then allowed

to reach room temperature to prevent formation of air bubbles when

inserted into‘the PFC chambers. After thorough resuspension, duplicate

100ul assay saﬁples,were gently pipetted into PFC slide chambers




(Wild and Dipper, 1974). Chambers were sealed with molten

peraffin wax and vasoline and were then incubated for 2-3 hours

at 28°C; After this time plaques could be'seen macroscopically
es-distinct clear areas, but they were checked-under the microscope.
only when a central Xenopus lymphoid cell could be seen eurrounded
by mammalian red cell ghosts was a PFC scored. PFC were expressed ~
as the number 10 -6 lymphocytes. Anti-TNP PFC were estimated

from the difference in numbers of PFC v. TNP-HRBC minis’ HRBC (Soe

_Results).-

(c) ICA assay.

Cell euspensions were prepared exactly as'described for
the PFC.assay. Two tubes were set up for each assay, each tube
containing loul test RBC (l%), and 50ul of the lymphocyte suspension.
Tubes vere coded (to avoid bias when counting_RFC s) and incubated 4
overnight at 4%c. Following gentle resuspension, the assay
suspensions were scanned microscopically u51ng the whole .9 mm
of an American Optical Neubauer counting chatber. RFC were scored
| when more than 3 test RBC adhered to the lymphocyte nembrane
tsee Fig. 5.3). The number of RFC, expressed es RFC/lO6 lymphocytes,
was calculated from at least 4 haemacytometer'counts (2 from

~each duplicate tube set up).

However, anti-TNP RFC were usually estimated from the difference
in numbers v. TNP-HRBC-HRBC. In a few ICA experiments (see Results),
the specxflcity of anti-TNP reactivity was checked by incubating

the assay suspensions in either TNP- glycine (10 M) or glycine (10 M)

alone.
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(d) Experimental design

(i) ontogeny of induced splenocyte PFC reaotivity

The kinetics of the PFC response of toadlets to a single
injection of SRBC were examined first to ascertain optimum times
to assay. Injected animals were kepﬁ at the elevaped temperature
of 26°C to try and increase the uniformity~oflthe antibody
response (which had been realised with the allograft rejection
studles ‘performed in Chapter 5). Sixteen animals, aged 9-15
‘months, were given a 51ngle lnjection of SRBC and spleen cell
suspensioas from at least 2 separate animals were'assayed on |

days 4,6,7,8,9,12 and 14.

These initial kinetic experiments were prellmlnary to-a

vsecond series of experiments (again carried out at 26°C), which
compared ontogeny of PFC respon51veness to the T- depepdent antigens.
SRBC and TNP-SRBC with that occurrlng to the T-lndependent antlgen |
TNP- -LPS. For each larval assay it was necessary to pool 10-20
ind1v1dual spleens (depending on age) due to the very low lymphocyte
numbers. In these experiments some of the assays on toadlet
spleens were performed on pooled spleen suspensions, to ensure

that the larval results were not an artifact of the pooling of
allogeneic cells in the PFC assay. These poollng experiments

are marked in theATables.

" (ii) ontogeny of induced antigen—binding cells in the spleen

Larval assays consisted of a pool of 10-20 ‘spleens. Initial
experiments on larvae examined TNP-SRBC immunisation schedules
required for good anti TNP-HRBC binding activity in the spleen.

These studies included an experiment\to check whether or not
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'lqw-dose priming with the erythrocyte carrier was necessary

to effect elevated levels of RFC's over backgfouhd-(assays from
saline injécted animéls). ontogenetic ICA experiments (all carried
out at 23°C) with TNP-SRBC:- and also with TNP-LPS were then examined,
with particular emphasis on events at metamorphosis. Again -some

of the toadiet assays were performed on pooled splenocyte éuspensions,

to ensure that larval antigen binding results were not an artifact

of pooling allogeneic lymphocytes.

(iii) Antibody forming cells within the thymus

In ;hé‘{;hird study, the thymus itself is brliefly examined as
a site of PFC activity following immunisatién with TNP-SRBC.
Précedures'were exactly as for the spleen, bﬁt each assay wéf

prepared from an individual thymus.' The thymuées came from

6 month old toadlets, which'had been‘kept at 26°C after injection.

Results

(a) Ontogeny of induced splénoqyte PFC reactivity

Thé resultslshowing the kinetics of the toadle£ response tola
singie injection of SRBC show (see Table 5.1) that moderéte levels
of PFC were induced in the spleen;' In contrast to the absence of
. splenic PfC recorded in non-injected toadlets kept at 260C, by 4 days
post-SRBC injection PFC had appeared. Maximum.PFC levels were
found by 6-8 days post-injection, after which ﬁiﬁe the level of
respohgé deéclined. The kinetics and level of fFC responsiveness
cqrrespond quite well with PFC results from other poikilotherms

(e.g. cyprinid fish, Rijkers and Muiswinkel, 1977).

Table 5.2 shows the results of experiments comparing the

PFC responses of differént aged animals to the three antigens SRBC,
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TNP—SRBC-and TNP-LPS. No splenic PFC toAany of the antigens

were seen here-before 3 months oange - i.e.'until post-metamorphic
life. _ By 4 months of age (two months after the end of metamorphosis)
small numbers of PFC were found to SRBC, and by 8 months, adult
anti-SRBC PFC levels were seen. With regard to TNP-SRBC, anti-

TNP PFC were found in 7 month old animals, although the numbers were -

rather low.- The assay on the 12 month animals was performed.on a

L pool of spleen cells and these again showed a (low level) anti-TNP

’PFC response, suggesting ‘that the lack of PFC responses to TNP- -
SRBC before and over metamorphOSis is not an artefact of pooling
cells!': The results w1th TNP—LPS are 51milar to those with the T-
dependent antigens, in that up to 3 months of ‘age no splenic PFC

~response was_found. _.At six montbs,'however, reasonable levels of

. anti—TN?vPFC were found after TNP-LPS injection,:as tbey were at

' 12Vmonths. | |

lt appears from'these results tbat a significant change‘in
some immune component (s) takes place after the ena of metamorphosis
which-allows the subsequent detection of splenic PFC. However,

a secona series of ontogenetic experiments was undertaken using the

- more sensitive ICA assay.

(b) Ontogeny of induced antigen-binding cells in the spleen

Antigen—binding‘reactivity to TNP-SRBC and TNP-LPS during larval,
metamorphic and adult life is shown in Tables 5.4 and 5.5, also in
Figures 5.1 and 5.2. Table 5.3 shows the results of initial
experiments investigating the TNP-SRBC response with pooled larval
_ spleen oell suspensions. These experiments confirmed the need for
low dose carrier priming (as demonstrated by Ruber and Edwards, 1977)
for adult Xenopus, given 2 days before the main injection of TNP-

erythrocyte complex to produce good levels of TNP-HRBC splenic RFC.
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Lack of such carrier pre-immunisation - i.e. giviag TNP-SRBC

. alone did, however, appear to give a low leve1>anti-TNP—HRBC response
(c.f. saline injected controls). Furthermore; lnjection of 50% |
SRBC alone falled to lnduce TNP-HRBC binding above background

levels. Background levels of anti TNP-HRBC RFC' s_follow1ng NaCl

lnjection were found to be low throughout ontogeny with a mean level

of 782 1 204.

Table 5.4 and Fig. 5 1 show the results of the complete
ontogenetlc study on antl—TNP—SRBC responses, u51ng the standard
lmmunlsatlon (i.e. low dose priming) schedule. _Anti-TNP blndlng
lymphocytes ‘are found in the earllest injected animals (injected
at stage 52/3) In these larvae modest RFC nunbers are also seen
w1th HRBC ‘high background act1v1ty to erythrocyte antlgens early
in ontogeny 1s expected in v1ew of Du Pasquier' s findings on

Alytes obstetricans . (1970) . The mean level of antl-TNP RFC's

followxng TNP—SRBC injection increased through ontogeny, reaching
maximum leVels of 6418 T 3641 and 7684 - T 3776 RFC/lO6 lymphocytes
© at stages 56/7 and 58/9 respectlvely. Animals injected at stage
65/6 (which is at the‘end of metamorphosis, when lymphocyte numbers
are at their lowest) showed a lower mean level of anti—fNP response
than did those larvae injected at stages 56-59 (although S.E.'s

are very high at these stages of maximal response, which precludes
any statistical significance of this;apparent difference). The
anti-TNP RFC level (3402 I 260) at'stage 65/6 fNP—SRBC injected

animals is similar to the mean anti-TNP levels found in the juvenile

and adult animals assayed.
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V‘Table 5.5 and Fig. 5.2 show the ontogeny of splenocyte
RFC. act1v1ty to TNP when the hapten is coupled to the T-independent
carrier LPS. Again a reasonable anti-TNP response is seen in the
carliest stage larvae injected (52/3) 4622 I 755 RFC's). A rather
high background RFC count against HRBC was again seen in one spleen
pool at thlS stage. By the onset of metamorphosis (stage 56/7)
the level of anti-TNP RFC following TNP-LPS 1nJect10n was. significantly
elevated (11,937 - 3579) and this high level was sustained right
through metamorphos;s. At stage 65/6 mean anti-TNP RFC numbers
- were 13,203 ¥ 357, Antl-TNP RFC levels in juvenile and adult stages
tested.uere 7276 - 554 and 8396 - 462 respectively, which were
sxgnlflcantly lower than the levels found over metamorphosrs. Some
~assays. were 1ncubated w1th TNP-glyc1ne (see Table S 4) to demonstrate

the spec1f1c1ty of the anti-TNP RFC response.

(c) Antlbody forming cells within the thymus

_Table 5.6 shows the results of a brief investigation of the

thymus as a centre of PFC activity following TNP—SRBC injection.
A low level of response was consistentlylfound in thymocyte suspensions
assaYed 10 days after low dose carrier primlng, although the PFC
response was afforded almost exclusively to the carrier (SRBC}.

- Thus there were no PFC's in 5/6 thymic suspensions to TNP-HRBC
and no thymic PFC at all to"HRBC. The thymic, anti-carrier PFC
response appeared to have disappeared by 14 days. Other preliminary
findings (not reported) with.the ICA assay support these PFC results.
Thus low levels of antl-carrier RFC's are seen on day 10, but little,

‘if any, response to the hapten occurs.

Discussion
“The initial experlments reported in this Chapter demonstrated

that splenic PFC can consistently be induced in 9-15.month old toadlets
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.follewing injection with the thymus-dependent antigen SRBC.

However, when PFC responses to SRBC, TNP—SRBC and TNP-LPS were
examined in younger toadlets and larvae, no antibody forming cells
were fouﬁd in the spleen until 1-2 months after metamorphosis.

This seems rather surprising, since serum immunoglobulins in Xenopus
have been reported to be present from a very early stage of
develbpment (stage 35 - see Leverone et al., 1979) and because PFC

‘have been found in other anuran larvae (Alytes oostetricans, Du

Pasquier} 1970); Rana catesbeiana, Moticka et al., 1973).

.There are a number of boesiblehreasons why PFC could not.be
‘detected in_spieens of young Xenopus. First, it is.possibie ehat
the spleen is not establlshed as a site of antibody productlon until
after metaﬁorph051s, but this seeme unlikely.as RFC's are found in
this organ‘from_an early age, and antigen binding is a prerequlslte
- fox PFC‘activiﬁy; Perhaps the kinetics of PFC pxoducﬁion differ
before metamorphosis aﬂdAhence the lerval assaYS were performed
'at.the:'wrong' times after injection. Secondiy,(it seems'that
ﬁetamorphosié in-XenoEus signals major changes with ;esPect to
lmmunoglobulln production; these changes 1nclude alterations in both
surface Ig expre351on ‘on thymocytes and the capacity for Ig 'G'
antibody produCtion.: With respect to the latter, it has been found
that although larval serum contains.Ig'G'-like antibodies, such'
antibody is not detected as readiiy as in the adult (bu Pasquier
and Haimovich} 1976). Althouéh deficient Ig'G" antibddy production
woeid not appear‘to.be a causative factor for.the lack of PFC's
encountered here (the assays measured direct plaques, presumably

IgM—secretlng cells) it is pOSSlble that larval Xenopus IgM antibody

is, for some reason, unable to fix mammalian complement efficiently.
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Possibly_ampnibian complement could be nSed successfully here,
although it.may‘pe necessary to use adult serum. It has been
shown tnat-some.genes of the mammalian MHC ccde for, and control
‘expression:of, complement components (see Schreffler, l§78 for
reviem). - If the-Xenopus MHC also controls someé aspects of
complement activation, it could be that the complément genes
involved are activated only in the adult. In tHiS<respect

Du Pasquler et al (1979) suggest that serologlcally—detectable :

MHC antlgens in Xenopus are detected at or only after metamorph081s.

>A1though no PFclwere'found<until after metamorphosis, antigen
blndlng cells can readlly be 1nduced in the Xenopus spleen from
early 'in ontogeny. - Thus Kidder g&_gl (1973) demonstrated
antl;dRBC-blnding'cells in larval'spleens from anlmals injected
at stage 50 onwards. ’ Tﬁe experiments'reported‘here‘employed
the hapten—carrler system to examine the ontogeny of the RFC
response of spleen cells to TNP-SRBC and to TNP-LPS. Good levels
.of 1nduced antlgen—blndlng cells in the larva to TNP after TNP-
SRBC injection required low dose carrier prlmlng. In the adult
amphibian suchvcarrier-reactive lymphocytes are believed to
represent T-helper cells in view of their antigen-binding characteristics
(they are minimal—bindino cells of the non-secretory type - see
Ruben, 1975) and their‘thymus-dependency-(Horton et'al., 1979).
Therefore it would appear from the present experlments with TNP-
SRBC that some T-helper cell poPulatlons are functioning at the
earliest stages injected (stage 52/3). This finding is in
agreement with the work of Ruben, Welch and Jones, 1980.  On the
other hand in order to explain the deficient Ig'G' antibody

responses dlsplayed by anuran larvae (see above), full establishment

of T helper cell activity may -develop only after metamorphosis.
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" The experiments here reveal that stage 52/3 Xenopus larvae also
contain antigen-reactive, B-equivalent, splenic lymphocytes,
since antigen binding reactivity to TNP occurre¢ following TNP-LPS

administration to such animals.

Makimum anti-TNP RFC levels following lon dose SRBC priming
and TNP—SRBC injection 2 days later were seen in the spleen at the
onset of metamorphos;s. This finding is in agreement with srmllar
experlments on opus reported by Ruben, Welch and Jones (1980).
These workers suggest that the elevated TNP response found in the
spleens of metamorphosing-animals may be due toithe effect of
metamorph081s on a population of cells that normally snppresses
A helper function in larval and adult Xenopus. lf this suppressor
population was selectively lost_or.blocked early in metamorphosis,
'then’higher levels of anti-TNP binding cells in the spleen following
TN?—RBC injection might - be expected, due to unrestralned T cell
-help. However, the elevated response to TNP-LPS at metamorphosis
demonstrated here does not altogether fit with their suggestion.
Thus the TNP-LPS results suggest that elevated B:cell_reactivity may
be occqrring at metamorphosis. Alternatlvel&, their could simply
be a temporary increase in proportion of (antigen-binding) B cells
over T cells in the small spleen found at metamorphosis (hu Pasquier
and Weiss, 1973), possibly related to reduced T cell migration from
the thymus'that may be occurring at this time (see Chapter 6).
Whether the RFC's recorded ln the spleen against TNP-HRBC represent
B- rather than T—equivalent antigen-binding lymphocytes is uncertain,
although it is pertinent to point out that'the majority of such
RFC's were of the secretory-type which, it has been suggested
elsewhere (Ruben and Edggggs, 1980, are antlbody—secretlng
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Very recently Jones and Ruben (1981) have re—examined the
effect of metamorph05is on the splenic antigen—binding response
to Tﬁwahen conjugated to an erythrocyte carrier, They reveal
that stage 57/8 is a unique period in which a (low leyel)-anti-
TNP RFC response (3.5 % lo3 RFC' s/lo lymphocytes) can occur

in the absence of carrier (erythrocyte) pre immunisation.

(Interestingly a low level anti-TNP response was also seen here

- in stage 57/8 animals injected with TNP-SRBC without low dose

SRBC priming (see Table 5.3). Jones and Ruben suggest that

an internal hist01ncompatibility between larval and adult lymphOid
cells, which is likely to 'be occurring at this time (see Du Pasquier,
Blomberg and Bernard, 1979), prov1des a substitute.for carrier

priming )1 e. overrides the absolute necessrty for T cell help)

'Interestingly their experiments provrde no -evidence for elevated

B cell reactiVity at metamorphosrs, since although anti-TNP

;splenic RFC numbers follow1ng ‘TNP-LPS inJection at stage 57/8
were higher =10,500 RFC/lO lymphocytes) than in the adult =4,000
ARFC/lO6 lymphocytes), they were no different from RFC numbers in-

- the. group of animals 1n3ected with TNP-LPS at stages.51-54'(10,000

RFC). - This contrasts with the findings presented here, where larvae
injected with TNP-LPS at stage 52/3 yielded significantly fewer

TNP—hinding splenocytes than those animals injected at stage 57/8.

The stage‘52/3 laryae used in this Chapter were all 3 weeks old,

whereas the ages of the stage 51—54 larvae used by Jones and Ruben

were not given. If their stage 51-54 animals were in fact older

than the stage 52/3 larvae used here- i.e. had a more developed

lymphoid system (closer to metamorphosis?) than their external

stage suggested (see Ruben, Stevens and Kidder, 1972 for discussion

of this age/stage effect) - this could conceivably provide an

explanation for the discrepancies encountered.
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" The final experiment in this Chapter revealed that
(EE.YEZE) the young aduit thymus contains anti-SRBC PFC (and RFC)
after TNPésRBC immunisation, whereas anti-TNP plaques in this |
organ were not detected. Although further exoeriments are
obviously required to investigate the signifioance_of.positive
anti-carrier, but negative anti-hapten antibody~produotion, the
_findings do suggest that antigen administration-can achieve
2f¢'appearance in the thymus. | This has’pretiously been demonStrated
in thYmusesjof several Vertebrate speoies (see DiecuSSion in Chapter
‘é). The experlments here do not deflne whether the thymus'
is itself a site for reactlon to the hapten-calrler complex,
‘but the results do suggest that cellular antlbody productlon
in thlS organ is not achleved 51mply by a random rec1rculatlon of
’ 'PFQ,-as only PFC against the carrier were found_;n the thymus.

Recent‘findings (Hsu and Du - Pasquier, 198l) demonstrating the

high,levele of PFC production in vitro by Xenopus thymocytes
'(following in vivo priming with DNP-KLH and reimmunisation
fig_vitztﬂpoint‘again to the thymus as a major site of B-equivalent

cells in this species.
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Fig. 5.3

é&tdcentrifuge preparations of cells from
.‘an ICA éssay using.splenocytes from toadleis
‘immunised against sheep erythrocytes (SRBC);
Rosetﬁe formiﬁg cells (RFC) can be seen in
each micrograph and cbmprise a éentral 

lyﬁphoid cell (small or large lymphocyte)

- binding one or additional layers of SREC.

XRBC = Xenopus erythrocyte.

XL = Xenopus lymphocyte
Scale lcm = 25um
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CHAPTER 6

Thymus histogenesis over metamorphosis and in organ culture

Introduction .

Until quite recently, studies on the ontogeny of the immune
system in anurans have concentrated on events durlng embryonlc and
larval life. Both cellular and humoral immunity develop prlor to -
-netamorphOSLS, the acquisition of lmmunocompetence being concomni tant
.w1th ‘the dlfferentlatlon of lymph01d tlssues, partlcularly the
-thymus (see Horton, 1969; Kidder et al., 1973). In XenoEus early
’ thymus hlstogeneSLS ‘'has been studied in conSLderable detail.

Thus ultrastructural lnvestigatlons have shown the appearance of

large basophlllc cells within (between the thymlc epithelial cells)

and 1mmed1ately adjacent to the thymus at 3 days (stage 40) (Nagata,
l977) Recent experlmental embryologlcal ev1dence on’ p101dy—'

labelled Xenogus reveal that the extra—thymlc origin of these stem
A"cells may well be the nephric region of ‘the embryo (Volpe et al. 1981)

The basophlllc stem cells gradually lncrease in number within the

thymus and are thought to beythe precursors of the first small lymphocytes
seen at‘around 7 days of age (Manning and Horton, 1969; Rimmer,

1978). An extrinsic origin of thymic lymphocytee‘in other vertebrates

has also received considerable experimental support (see Le Douarin,

1977).

In Xenopus the immune system as a whole is thought to undexrgo
maﬁor changes at metamorphosis (which occurs about 7-8 weeks after the
first appearance of small lymphocytes in the thymus and the initiation
of‘immunocompetence). Thus the number of recoverable thymocytes

is known to drop dramatically:at this time (Du Pasquier and Weiss,
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1973),‘élloimmune reactivity is 'suppressed' (Chardqnnens, 1976)
and régglétory T cell activities (e.g. hélp and suppression) are
altered (see Discussion in Chapters 3 and 5 and also Du Pasquier
and Bernaxd,‘1980). Details of histplogic changes in the thymus
over méﬁamorphosis are, however, not available (see>Manning and
Horton, 1969). The first part of this Chapter-thérefére looks

at thg effect of metamorphosis on thymus histogeﬁésié énd attémpts
to correlate the strﬁctgral changeé observed during larval,
me;amorphic“and early post-metamoxrphic life wifh the numbers of
thYmic»lfmphbcytes that can be recovered Whén(thé organ is teased

apart in vitro.

The second part of this Chapter is a preliminary investigation
;on tﬁe effeét of~orgaﬁ culture on larval th&mus lymﬁhbpoiésis.
Orgénvcultﬁring of the amphibian thymus should, if technically
feasibié, prove.to be é powerful'tool to examine development and
differentiatibn of thymic lymphocytes (e.g. in ea#ly-larval life and
at metamdrphosis) in the abéence of ig-zixg_éeilular migrations or
humoral effects. It has been shown in mice (Robinson, 1980;
Mandel and Kennedy, 1978) and-chickens (Sallstrom and Alm, 1973) that
transfer of the thymus early in ontogeny into organ culture does not
pfevent proliferation and differentiation of lymphocytes. Precursor
cells, present in the embryonic thymus before removal, continue to
differentiate normally with respect to their surface éntigenic

markers and T.cell functions, this differentiation paralleling the

developmental sequence observed in vivo.

‘Materials and Methods'

(a) Thymus morphology

The first experiment considered the number of thymic lymphocytes

recoverable from animals of various stages of development, including
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the period over metamorphosis. The cells were prepared as

described in Chapter 3. For each stage examined, an average of 10

animals was used.

" For the histological studies, 3 animals were selected at
the folloming stages; stage .54/5 (4 weeks), stage 58 (7 weeks),
stage 66 k8 weeks), stage 66 (9 weeks, the enc of metamorphosis),
one ﬁeek post-metamorphosis, 2 weeks post—metamorphosis and 3 weeks
post-métamotphosis. The selected animals were heavily anaesthetised
.in MS 222 then,fixed,in Bouins fixative. Aftersdehydration, the
speoimens were wax embedded and 8um sections cut and stained with
haematokylin.amd eosin; Thymoses from two‘additionai stage 66 animals
were. pteoared for lum sectioning.' These thymuses were fixed'in cold
gluteraldehyde (5% gluteraldehyde in 0.1M sodium cacodylate) overnight,
then washed ln 0 lM cacodylate buffer for 24 hours and post -fixed.
| . in osmium tetroXide for half an hour. After washlng for half an
hour im O.iM cacodylate buffer, the specimens were dehydroted in
methanol, cleared in propylene oxide éndlthenAtransferred to a
1:1 mixturs of epon/epoxypropane overnight. Tﬁey were finally
émbedded in epon, the plastic being allowsd to poiymsrise at 60°C
for 48 hou;s. lym sections were cut using a Reichert ultramicrotome
and were stained in toluidine blue. To assess the location of
proliferating lymphocytes within the young adult thymus, two 3-week
post-metamorphlc toadlets were injected w1th tr1t1ated thymidine
(S.A. 22.4 Ci/mmol) 4 hours before killing. Thymuses were then

prepared for autoradiography as described in Chapter 3.

(b] Thymus organ culture

The technique used followed that developed by Robinson and

owen (1976) for mammalian thymus organ culture. Thymuses were
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dissecteduout of anaesthetised larvae aseptically, care being

taken to remove as much connective_tissue as possible from around
the thYmic capsule. Thymuses were placed in a watchglass containing
amphibian.culture medium (see Chapter 2) but with the addition

of sodium bicarbonate (0.085 g em ). Ten cm® culture medium

was added to a Falcon sterile plastic Petri dish, which'was
supplemented with 1.5 cm? decomplemented FCS. Several batches -

of ch were tried in preliminary organ cultureAexperiments,A

but the batch (purchased from Gibco) showing maximum lymphocyte
recovery was selected and used in all experlments presented here.
On the surface of the medium were floated l3mm diameter Nucleopore
o polycarbonate filters (Sterllln) with O.4um pore size. - These had,
been boiled in dlstllled water, w1th 3 changes, and then autoclaved
before,use.. Each'pair oﬁ thymuses was placed on ‘the prepared,

filter, as in the diagram below.

| —_ﬂ—/_";__,L—;—~”thymuses on
t eerlede — 1 : filter.

~Such thymus organ cultures were incubated in a humidified incubator
at 28°C<with 5% CO2 in air. Two stages of development were selected
for experimentation; stage 52, as a young thymus where lymphocyte
numbers are rapidly increasing, and stage 58, when metamorphosis

has just begun. At both stages 9 animals were used. Thymocyte

~ suspensions were prepared directly from 3, as described in Chapter

3, except that after the mechanical disruption the thymus was broken

up by incubation in trypsin/EDTA for half an hour. (Trypsinisation
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proved to‘oe necessary for releasing lymphocytes from organ-cultured
thymuses);.‘Three animals were kept as controls and allowed to
deveiop hormally to determine the extent of ig_zizg changes in
thymusvmorphology over the experimental period. The final 3
animals provided thymuses for organ culture. oOn day 7 the organ
cultured thymuses were taken off the filters end cell suspensions
prepared by teasing and trypsinisation. Thymocytes were then
counted. in a haemacytometer and a cytospin preparatlon made (see
Chapter 3). The cytospins were used to count the numbers of i
' lymphocytes and epithelial.cells present.-- Thyﬁothe cytospin
prepararions’from the 3 control animals were’also made at 7 days.
‘one peir-of 7§day organ-cultured thymuses rrom a steée 52 larvae
Wereep;astic-embedded, sectioned at ium and stained with roluidine

blue (as described in (a) above).

~ Results.

(a) Thymus'morphologx

Flgure 6.1 shows the number of thymic lymphocytes that
can be recovered at various stages of development from stage 50/51
(2 weeks old) up to 3 weeks after the end'of metamorphosis (i.e.
12‘weeks total age). The data show that in the larva a maximom
»level of about lO6 thymic lymphocytes occurs at the very beginning of
metamorphosis (stage56/7(6 weeks)).  This level is similar to that
found .by Du Pasquier and Weiss (1973) at this stege. Du Pasquier
and Weiss recorded that thymocyte numbers decline to I x 105 over
_tﬁe peri-metamorphic period, whexeas the results here show a sharper
fall to oniy 3.5 x lO4 at 9 weeks (the end of metamorphosis);
Thymocyte numbers increase dramatically within 3 weeks post-metamorphosis,

when 1.2 x lO6 lymphocytes are recoverable.
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fhe histolbgy of the thymus in larval, metamorphosing
and'poﬁt—metamqrphic Xenopus is shown in Figs. 6.2 - 6.5. At
_ stage 54 (Fig. 6.2a) and stage 58 (Fig. 6.<Db) the thymus is
highly lymphoid. At stage 60 the thymus (Fig. €.2c) is still
large and continues to be aﬁ extremely lymphoid structure.
Cortex and medulla are clearly defined at all.fhe_ébove 3 stages,
withva greater density of lymphocytes in thé‘cortex. Lymphoblasts
can be seeﬁ in the sﬁbcapsuiar region qf the'cgrtex'(Fig. 6.3a)
buﬁ.thése bécomé less evident-by stage.60 (Fig..6.3b). By the.
end of métamorphosis (sﬁage 66) the thymus is Aot reducéa in
- size sut»hiStologicallylnow looks quite differeat (Fig. 6.4a).
Thére is:a lérgé, essentially.epithelial, meduliary region,
.in which mény‘basophilic granulécytes are found. TheAcdrtex
éppears hérrower than at early stages. Overall the number of
émqil lymphocytes apéeéfs greatly réduced. Fﬁrthermqre, there
-is now no.ihdiéationvof a subcapsulér layer of lymphoblasts (Fig.
6.4a). By one week post-metamérphosis, the thymus appears to be
"slightly reduced in size and is again sparsely éopulated with.
lymphoéytes (Fig. 6.4b). However, there now appears a broad aﬁd
. aiscreet band of lymphoblasts beneath the thymic capsule (Fig. 6.5a).
Towards the medulla there is a small cortical band of lymphocytes,
and lymphocytes are now seen again in the medulla. Two weeks after
the end ofAmetamorphosis, the discréet peripheral band of lymphoblasts
is parﬁicularly noticeable (Fig. 6.4c and 6.5b). By this
time the .area occupied by'cortical small lymphocytes has enlarged
and the thymus as a whole has grown. Increasing numbers of
lymphocytes are visible in the medulla. At 3 weeks post-metamorphosis
the thymus has enlarged considerably (Fig. 6.4d) and takes on its

‘adult! form; it is highly lymphoid in both cortex and medulla,
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© with a narrow pand of lymphoblasts aroundithe periphery of
tne cortex. Autoradiographs of such-thymuses (Fig.
6.6) show that it is the lymphoblasts of the peripheral cortex
which are actively synthesising DNA. This zone therefore
represents,the region where thymic lymphocyte proliferation is

-occurxring.

(b} O gan culture experiments

Development of the stage 52 thymus in organ culture does not
mirror . development occurrlng in v1vo (see Table 6.1). After
culture, the proportion of lymphocytes to eplthellal cells decreases
.when'compared with the thynmuses prepared directly from the control~
rlarvae.. Many large epithellal cell types are noticeable in the
7—day cultured thymus (see Flg.6 7-6.8) . The total number of thymocytes
also decllned after 7 days in culture, in relatlon both to the
number at the start of the culture period (i.e. at stage 52) and the
numberkln the control thymuses, which remained in-vivo for the
duration of the experiment. However, the cells remaining after
7 days in culture showed good viability (70—80%)_as assessed

by dye exclusion).

The results were essentially the same when stage 58'thymus was
cultured. Although thymocyte numbers in the in.yiyg_developing
controls declined‘(as expected) at this time from 0.94 x lo6 to
0.40 x 106, in organ culture the decline was greater (0.17 x 106

cell recovered at 7 days of culture) . The proportion of lymphocytes

to epithelial cells was only marginally decreased in organ-cultured

thymuses compared with in vivo development.
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Figure 6.7 shows a lum section of a 7-day Oréan cultured
thymus taken from a stage 52 animal.. It can be seen that the
cortico—medullary structure becomes rather indistinct. Further-
more, compered with the in vivo picture expected at this time
(see Fig. 6.1a), there are large vesicles in the medulla, -an overall
reductioe in number of lymphocytes and a flattening of the thymus
onto the filter. Melanin deposits are noticeable following organ

. culture.

Discussion-'

The'work in the first part of this Chapter inveétigated
morphologlc events occurring in the thymus at metamorphosxs.
The data on cell recovery confirms previous findings (Du Pasquler
'and Weise, 1973) thet this period ofzdevelopment is associated
with a'consieerable diminution of thymocyte nhﬁbers but highlights
the end of metamorphosrs as being the most dramatlc period in this
respect.. The hlstologlcal study of thymus ontogeny also reveals
that'the end of metamorphosis is associated with significant
structural.alterations in this organ. Thus thymic medullary
lymﬁhocytes are virtﬁally absent at this time and the subcapsular
lymphoblast zone, normally found in the cortek, has disappeared.
Interestingly these morphologic events occur at about the stage
'wher serologically-detectable MHC antigens can first be detected
on leucocytes in Xenopus (Du Pasquier, Blomberg and Bernard, 1979).
If the thymus is centrally involved in M§C restriction of certain
. T lymphocyte subsets in Xenopus (see Bernard, Bordmann, Blomberg
and Du Pasquier, 198l) then perhaps substantiai reduction in
thymocyte numbers, and discontinuity of normal lymphopoiesis,is

an essential prerequisite to reprogramming a new population of T
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ceils to interxact correctly with, and become tolerant to, the

new adult MHC antigens emerging at, or soon after, metamorphosis.
Certainly.the data presented here suggest a new wave of thymus
lymphoqyte proliferation occurs rapidly just after the completion
of metamorphosis, since the peripheral cortical.lymphoblast zone
reappears and lymphocyte numbers throughout the thymus increase

at this time. Thymus lymphopoiesis in Xenopus may well be similar
to that seen in mice, to the extent that lymphocytes at the perlphery
of the cortex divide rapldly and produce a maturlng populatlon
whlch uoves toward the centre of the organ (Welssman, 1967)

Whether or hot the surge in thymus iymphop01e51s seen immediately
after metamorph051s is dependent upon a new wave of stem cell

lnput into the orgah at thls time (from newly euerglng‘bone marrow?)

is unknown {(seé below).

The organ culture experiments on Xenopus thymus, fevealing
relatively low lymphocyte/epithelial cell ratios and low overall
thymocyte numbere compaied to thymuses developing in vivo, appear
' to conflict with findings in birds and mammals, which show that
removal and organ culture of the embryonic thymus does not prevent
proliferation and differentiation of functional.T lymphocytes
(see Introduction). Before considering the possibility of real
physiologic differences, technical factors musttbe considered.
Although many amphibian organs have been cuitured (Monnickendam and
Balls, 1973), this is the first time that intaet Xenopus thymus has
been kept ig_gitgg_and examined histologically after several days
inAorgan culture. Although the culture techhique used was adapted
from a successful mammalian system (Robinson and Owen, 1976), and
one used successfully for culturing the chicken thymus (Sellstom

and Alm, 1973), it may be unsuitable for the amphibian thymus.
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Tt must be remembered that initial attempts at thymus organ

culture in the mouse led to largely epithelial ‘cultures. Improved
culture techniques led to the first demonstratioh of thymic
lymphopoiesis ig_gitgg_(see Robinson, 1980, for review). 1In

» the present experiments on the Xenopus thymus, lymphocytes were
found'at the end of the culture period and their viability was

éuite good However, the decrease in thymus lymphocyte numbers
revealed after culture might suggest that a constant input of
precursor cells into the amphibian thymus 1s requ1red.~ Prollferatlon
of a small number of stem cells that enter the thymus‘early in
ontoceny may be sufficient for lyﬁphopoiesis in'mammals'but.not

ln amphlblans. Although this hypothesis could help to'explain~

the rather gradual establlshment of T-dependent functions in- Xenogus,

further.work on the organ culture system is obviously required.
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© Fig. 6.1

Number of recoverable thymocytes at various
stages of development from 2-12 weeks of

age. The end of metamorphosis is at 9 weeks.,
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Fig. 6.2

‘Thymus histblogy during larval and earlQ
metamorphic life showing the increasé iﬁ
sizé and the highly lymphoid structu#e
of cortex (c¢) and medulla (m)

{(a) Stage 54

(b) Stage 58

(c) Stage 60

8um sections

Sta;n H and E
M%ymhkahén x 100






Fig. 6.3
(a) This micrograph shows the band of
lymphoblasts (L) found at the periphery

of the cortex at. stage 54.

(b) By stage 60, although the thymus is still
lymphoid, this layer of large, rapidly
dividing lymphocytes, is no longer so

readily apparent.

8um

Stain H and E

MQDn Freabion x 250






Fig. 6.4

Thymus histology. during late metamorphosis

and early post—metamorphic life.

(a) Stage 66 - the end of metamorphosis,lum

(b) 1 week after the end of metamorphosis

(c) 2 weeks 8 um

)
)
" " 1" 1" " )
; H and E

(d) 3 weeks " " n "

Majn Fication x 100









Fig. 6.5 =

ﬂicrographs of the thymus

{a) 1 week and

fb) 2 weeks after the end of metamorphosis.
‘A discrete band of lymphoblasts (L) can
be'clearly seen in the peripheral cortiéal
region. Lymphocyte numbers are increasing

in both cortex and medulla.

8um ‘
rV\aJm/'lc}Aho.n x 250






Fig., 6.6

Autoradiograph of thymus from 3-week
toadlet following in vivo injection

of tritiated thymidine.

LL= Labelled lymphocytes in peripheral .

cortex.

/mjr{ icabtion % 100






Fig. 6.7

lym plastic section of a thymus (stain
toluidine blue) from a stage 52 animal
following organ culture for 7 days.

The organ has reduced lymphocyte numbers
with many large non-lymphoid elements in
the medulla (M) membréne to which thymus-
ié attached.

IWQj.XIOC)

Fig. 6.8

Cytospin preparations of thymocytes taken
from larvae that were at stage 52 at the
start of the experiment.
(a) control cells prepared directly ffom
the larva after 7 days in vivo.
(b) cells following organ culture
in vitro for 7 days. Although lymphocytes
(L) can be seen, there are many large

epithelial cells (E) present.
P\{D.X~Q19C)
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CHAPTER 7

Concluding remarks

‘The major findings of this Thesis are outlined in
Figure 7.1 and can be considered in four sections, representing

the main technical approaches used.

(l) Mltogen reactiv1ty of lymphocytes in vitro

Initial culture experlments 1nvestlgated the capac1ty of
‘édult Xenogus thymus and spleen cells.to prollferate following
treatmeﬁt with an array of mitooeoé which, idlmammels,.selectively
actlvate elther T or B lymphocytes. Good proliferative responses
to putatlve T cell mitogens were recorded (u51ng scintillation’
;counting) for both.thymocytes and splenoCytesm These cells reqﬁired
-comparable opthal PHA and. Con A doses and dlsplayed similar levels
of s;imulation,~_Splenocytes responded well to hlgh doses of the
B cell mitogen LPS. Interestingly chYmocyteé also-displayed
e.consistent, albeit loﬁ level, proliferative response to LPS

and PPD, sucgesting the possibility that a population of B-

equivalent lymphocytes resides within the adult anuran thymus.

..The use of a miniaturised culture technique (5 x 104 lymphocytes
per Qell) allowed, for the first time, mitogen erperiments to be
performed on thymocytes taken from individual larvae and
metaﬁorphosing Xenopus. During these stages of development
thymocytes appear fo display little sign of enhanced 3HTdR uptake
following Con A, PHA or LPS stiﬁulation. A low level response
to Con A and LPS wae, however, recordedAjust prior to metamorphosis,

when the thymus reaches its maximal larval size. Metamorphosis
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effected>a temporary disruption of the emergence of thymocyte

. mitoéen reaCtivity. Appreciable and constant T and B mitogen

' responses in the Xenopus thymus W = 'e and spleen gradually
emerge after. metamorphOSLS. Maximum levelslof LPS responsiveness
‘of thymocytes were seen at 6 months of age (when the mean S.I.
reachedfé). LPS reactivity of thymocytes at this tlme was confirmed.
by autoradiography; moreover; nyieniﬁool separation experiments
.shOWedﬁtnatfthis responsiveness lies within, er'isrdependent upon,
a nylon wool adherent populatlon of thymocytes. The distinct |
ontogenetlc pattern of thymocyte respons1veness to. LPS suggestSA
that these B-equlvalent cells may actually be spawned within.the
thYmus rethe;tthan be casually migrating through'this organ from

the periphery._

Thencepacity of larval lymphoid cells other tnan.those fion the
thymuslto react to mitogens was not examined in ény detail here.
Sucn,experiments are.needed to determine the sites where'functionally—
equivalent T and B lfmphecytes firstvemerge in the anuran. These
experiments will require the use of histocompatible animals where cell

pooling will allow study of very early stages.(and during metamorphosis),

when lymphocyte numbers are small. InAXenoEus srme hybrid laevis/gilli
.females lay a proporxtion of diéloid eggs, which can be activated

by irradiated sperm into gynogenetic development kkobel and Du Pasquier,
1975). LG hybrids from a particular clone produeed in tnis way heve
been shown to be identical to one another in a variety of immunolog;cal
assays (e.g. grafting, MLC reactivity and antibody patterns (see

'Kobel and Du Pasquier, 1977). Gynogenetic aevelopment of anuran eggs
through pressure (Tombkins,.l978) or cold shock treatment (Kawahara,
1978) following activation with irradiated spemm are other procedures

that are being successfully used to procure (by suppressing elimination
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of the second polar body) MHC compatible animals for immunological

study (see discussion in Kobel and Du Pasquier, 1977).

Histocompatible colonies of Xenopus occurring naturally have
also been described in some laboratories (Katagiri, 1978). The

increasing availability of histocompatible strains of Xenopus

increases the value of this model system for future.immunologic studies.

-(2) Thxmectomx

Thymectomy was used in conjunctiOn w1th lymphocyte culture

-and grafting studles to 1nvestlgate the extent to whlch different

T cell functlons are dependent upon an 1ntact thymus. .Xenopus
thymectomlzed at 7 days of age are often still capable of rejectlng :
skin;allografts,_albeit in very chronlc fashion. Spleen and blood
lYmphocytesvtaken from.such thymectomized and alloimmune animals were,
however, shown to be unresponsive to the T'cell.mitogens Con A and
PHA, although they responded normally by prollferatlon following

LPS treatment. Lymphocytes 1nvolved in graft rejectlon and T-mitogen-
reactive cells might therefore represent distinct T cell populations
in'Xenopus, a suggestion which fits with previous sequential thymectomy
studies.(Horton and Sherif, 1977). Experiments in this Thesis
involving thymectomy during mld-larval life failed to provide support
for Horton and Sherif's suggestion that T mitogen reactive cells and

MLC reactive lymphocytes represent separate T cell lineages.

Early thymectomy in Xenopus will continue to ke a valuable
technique with which to probe the developing immurz system. With
isogeneic animals, reconstitution experiments are readily feasible

to further dissect possible T lymphocyte heterogeneity. The role
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of the thYmus in MHC restriction can also be profitably examined
in this anuran: thus ﬁhymuses of known MHC haplotype can be imélanted
to early—thymectomized animals, whose subsequeht-thotoxic T cell
reactiviﬁylend T-B cell interactions can be assessed. The lack

of runting or wasting disease in early-thymectomized Xenoéus

- suggests, perhaps, that natural killer (NK)-1like cells assume

considerable importance in this anuran. This ‘is certainly an

interesting area for future work.

3) Hapten-cerrier ihmunisation

Three maln flndings came from these exper;men*s, whlch

employed the hapten TNP conjugated eo either a T—dependent (SRBC)

" or T—lndependent carrler (LPS) Firstly, it was. shown that

respon51veness to these lnjected antlgens can be detected {by
antigen-bindlng) in the spleen from an early~larvel‘ege, revealing
that Tfhelper'cells and B-equiﬁalent lymphocytes are functioning
from this time. The level of. induced RFC's against TNP reached
adult levels by the onset of metamorph051s,'1rre"pect1ve of whether

the hapten was presented on the T-dependent or T-independent carrier.

- In fact the RFC response to TNP-LPS during metamoxphosis was .elevated

when compared with the adult. Secondly, antibody-secreting PFC to

injected SRBC, TNP-SRBC and TNP-LPS were detected in the spleen only

.after the end of metamorphosis. Thirdly, small numbers of anti

SRBC PFC were found in the adult thymus following TNP-SRBC administration.

This work suggests that metamorphosis is associated with
altered humoral immune regulation. Further experiments are required
to characterise the TNP response at metamoiphosis to determine the

basms for the enhanced splenic react1v1ty recorded at this time.

The apparent lack of PFC response until after metamorphos;s is
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intriguing and also warrants further investigation.

(4).Histolo§;c studies on thymus development at metamorphosis
The'histological‘studies highlighted the dramatic drop in
lymphocyte numbers that occurs at the end of metamorphosis. A
.dearth of lymphocytes throughout the thymus occurs at this time,
‘just prior to a rapid reappearance of lymphocyteS'ln the peripheral
'jcortex; Three weeks after the end of metamorphosis the thymus is
| considerably enlarged and is again highly lymphoid : These.-:
ﬂ‘flndlngs correlate w1th altered immune react1v1ty demonstrated

: both in. this Thesxs and elsewhere durlng metamorph051s.

TheAconcept'of'specifio snppressor oells‘as a discrete T
cell subpopnlation, which faced some resistance from immunologists
when first proposed, has now come of age {(Golub, 1981), and advances -
in understandlng immunoregulation in the next few years will, in
part, focus on the central involvement of these cellslln modulating
immune responses. Amphibian metamorphosis (a time'when an internal
histoincomnatibility in the form of the emergence of new adult-
.specific antigens is presented to a competent immune system)
presents a unique opportunity for examining immunoregulatory T cell
. populations, which.may have significance‘outside-of purely

phylogenetic consideration.
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Figure 7.1 - Summary of major findings in Thesis concerning the development

of the immupe system in Xenopus .laevis.

Age (weeks)

Chronic allograft rejection capacity
but not reactivity to T cell mitogens -——r—— @'F,:.—* 1
can develop if the thymus is removed :
at this stage.

Antigen binding responsiveness to T-
dependent and T-independent antigens is —
found in the spleen. "~ Thymectomy at

this stage causes impairment of both T
mitogen reactivity and MLC responsiveness‘

.Small response to both T and B cell
mitogens first found: the thymus.

Larval thymic lymphocyte numbers reach -
maximum level. ’ . .

Thymic lymphocyte numbers are declining
Mitogen responsiveness no longer
‘observed in the thymus. Elevated levels
of RFC reactivity to TNP-SRBC and TNP-
LPS are found in the spleen.

Thymic lymphocyte numbers are at a
minimum. No mitogen responsiveness
observed in the thymus. Elevated
levels of antigen binding to TNP-LPS
found in the spleen.

Thymi¢ lymphccyte numbers reach
maximum adult levels.

Good mitogen responciveness to both
T and B cell mitcgens now found in
both thymus and spleen. Maximum
levels of thymus rasponse to LPS
found. PFC responsiveness to T-
dependent and T-indeperdent antigens
. ig established. PFC's detectable

in thymus.
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